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WO 2004/ 034443 PCT/ US2003/ 030732 DESCRI PTI ON ATOM C
LAYER DEPCSI TI ON METHODS AND ATOM C LAYER DEPGSI Tl ON

W Q0u834483 Techni cal Field This invention rel at BGT/US82003/030732
atom c | ayer deposition nmethods and to atomc | ayer
deposition tools. Background Art 10 Sem conduct or

processing in the fabri%Etg(gmpaﬁdmt egrated circuitry

typically includes the ion of |ayers on
sem conduct or ATNIG BA¥ER DREROSHTIEON METHQDSs at omi ¢

| ayer deposit] j [ osition
of successiveAﬂﬁﬁgﬁQ@%F%ﬁGG%?DE%ﬁﬁﬂiﬁigﬁgﬁ“gfﬁin a
deposi tion chanber typically maintained at
sgbatgggggeric pressure. Wth typical ALD, successive
T ic layers are adsorbed to a substrate “
an d/ Bhisr i@la@rﬁtﬁﬁn Wdl4tBs ttb eatori® Nlayer a3eposition thetheud dridatee atomic
t he successive feeding of different

é icall \é
lay EG@PP?' ?\“é?‘é%ursors to the substrate surface. An
exenpl ary ALD met hod includes feeding a single

VaEOI‘i zed {)recursor to a deposition chanber effective
rst nmonol ayer over a 20 substrate
I ecep¥RfitonBedST proceElRgaR tHetbriddtionfof Medplted BRcilry St -

deposition precursor 1s ceased and an inert pur g
typscaﬂlv daHdeh sy Qﬁp‘?%*éorb REABYarS Uty pemiGopaugtar ISHH%'{}@ %nyOne

sU@RdIhE if iatethicPERSUBSEsitdH CALDS vafith dledrdsnthet Qeécﬁﬁhon

substrate fromthe chanber. Subsequent lo%é a second
of; éld@?eséé'ﬁo%‘ioﬂ?'éy\er SREE R §GPStr%ﬁef WE'P'@rﬂ PESition é’hﬁmbﬂ

ty‘p?caflly AneRtdised Be sGBﬁH’R%‘bh@ﬁé Qﬁéééﬁ@et Q/\/ﬁtﬁrt%@aﬁﬂLﬁ)e(‘thﬁgesswe

nonol ayer on/with t first nono econd

The
mMebABIoRYE Y s G ad%%%&d( tog gypstrate anq\f%rtre?ﬁs%wﬁwe outer

laeeﬁilow ﬂféabuwr%%”t%lb&hﬁ 3 ther §0ceesSies Jeding B NAexat S,
or the above process can be repeated until a desired

depeilieie PEeCURIRIS dB riPg ssubsHate ﬁ?'@'?c%as been formed over
the anbstdradigry R[@Sﬂ@fhoﬁLﬂchﬂ%sfeéﬂlﬂgr@tsh@@é vbpélizEde

both single wafer depositions 30 and nultiple wafer
PERSYEAMt fooR depapikign Shagher efestiveg 4P SREM Qufifstrmppglayer over a

stbYhEE RicelvedtHeAdih. Omﬁer%ftélhﬂfélmpéﬁthél ft aébo%hti@w

deposition rate of the process in sin
P\Eﬁ%‘é”éﬁ's’ﬁnﬁfasmﬁﬁdpﬁ% %ﬁt é?“r%;ﬂ?§| I8 %qvgedeﬁmgw fﬂeﬁ &Qe@ber

eFféé’tﬂ/et Rplrénwu Ry Ir¥iafihd sf.rétembnrs%@w@éh mohat wahefisg to the
therein for deposition. Accordingly, such have ve%a/rs
5

spbstgaie e 1bp PEMARES Pysecaenty. r%qﬁﬁcw% yapeh fepes
pﬁgidr: :dﬁfgbsr@ﬁte%%si‘% firgt SR fidVRES to ABe WARMbBP PUEBR &RJorm a
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
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. Multiple 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
deposition precursor pulse times, as well as purge gas pulse times, which

can negate a significant part of the throughput gain in processing muiltiple
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can negate a significant part of the throughput gain
in processing nmultiple WO 2004/ 034443
weFonAesaeN3/ 030732 2 wafers at a tinme. FurthePCT/BE82903/030732
| arge reactor volunes createq nherent cleaning
probl enms and short cleaning intervals to prevent the

wPPe%ieﬁga Qe B iR sJJhonréQ(?eéﬁgre% n%soéﬁ%fﬁeinherent
ur naces I'ch can 'deposit”on the wafers. Ile the
cleaniogt prohleness andtshest eldaning aidterealsitagorementalbevieslingueis
m3bsial Frd Fh8 Vdi Gy ROS fh@egﬁp%é% ARRA" Lhe %epéé}{""aﬁ%é’ wafers.
It IS 1h noway SO |IImted. e Invention I's only
| i m Vlebthet wenticrompanyotivated dn rasidsessing gheabbgveavigstied and
(WLt i nte ' f: ce to
g beh DEEBIELRL S SR | ST 1 DBy o
Therinventonois omg lispitedi by dhe iasnpmpanyihg drimsi agdjeralynworded
i i . ' f. equi n
CoyRGRR AR 2 bich TR ERE LRS! el Yol &b nd ar
delspipionj cemaipirgopsertians! odittbei specifisation,deptis diawvings)olasd in
' een i.on, j | ayer deposition
a%rﬁ%@cé.nchuﬁsﬁﬁcﬁ%@%]&f ﬁ%ug}a@ﬁﬁ%t er processing tool
havi ng a subat nospheric 15 transfer chanber, a
ssubat npspheric | oad chanber connected with the
r, chanber, and a plurality of subatnospheric
at onTael iayenticthe imokides criomitaldyer slepositioe ahettiods tandt dtemic

transfer..chanber., A pluralit f sem conduc

18ypB Hep5EA R Ey sl A Plemenidlon Al ERIMGREEr dfidfih
meshgd inclued prdviding bheusteagproodsaimye taol Hasingad esubatmospheric
carrier with fers thereon i.s [ .
S R A e N e
chambenadret & ploeligonf issbamospghériomtehies layandépositidrachambers
and i.nto.ong of the atomc |ayer 0Sd L] h

oRieatd it e’ brabfier 2haer ol Syre 5 bR RpaSlRP Wafers are
plaedtvordtuad wadérecarrier @ndi thedwbfer tdaerievaiseprovimiedi within the load

Lthin the one atom c lLayer. de L1

RePRl et Pafer S WA refEIRERBh IF FORA Bom i R3S
chamaberdat th@ frapsfer ¢chaortieng The platar ahirtey with weders trerelercisor

waf ers into an om [ ,depositi C el.. "
s Feinolrd FRadb BbamkaY Bhe EE°Bhe, f MharJBRS aver, geposition
chainbess. s saterddidd atomnic laydr deguositecdbbontchthenafdtidual wafers
received within the. r, effecti f .

rF et BY B A e SRR S bl Jafer, Bgesfion chamber.
r eceilv exhewinifiementation,chargbiemic Myeerdepositiomgnéthed includes
no.nol.aver,, r as | 11 f Lndivi ._as
e T S
chambew e Depdsitiom prleeursohasreenitted 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
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
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
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In one inplenentation, an atom c | ayer deposition too
i ncl udes a subatnospheric | oad chanber configured to
WO eweiosd4n wafer carrier holding a plurality BET/US2003/030732
sem conduct or wafers. A subatmospheric transfer
chanmber is 35 connected wth the | oad chanber and

aﬁ{?%%:?é&ﬁglgflﬂdﬂ/?a‘ﬁgwg #‘%ur\é@ft Mreatfy 't‘ﬁ% wlé‘fél' Q:'aﬂgefatlli‘cﬂding the

semcC ers. p uralit
pksmmy mbsq@mcwmucwomfers fgreeolipsively tatomic l?dﬁbé‘leﬁo%lt'@ onto

t f hamber WD 2004/ 034443
'"@%iﬁ%%@%e " and ?Ls;eitisgly i ndi vi dual | 'y
conf igenednpiemenaiione arhatamicelayendepesitierotei ngcludes a
| .
dgéo% i3 (ithégln% g&{pgﬁr%tﬁqﬁ ?éc%fve"?{:lﬁ%aﬁp{/ Q&Sg‘ﬁéolgg&gtgﬁ’\gé%rs
invaf lmtsh | A pjnrahtynpﬂ dammn orecuaspraintats @re agegived within the
clg%rﬁggrl t I|R@VItngll of {hcel Hgfésltl?on gréjct‘?i?g ' In\e%‘ a?g &liated with

ured to receive a sem con uc_t_or
r&@ée’mse iinrdliveidl e t @'htheANpﬂem alsi me;ceuedo\eqﬂueithe alepesiionrehamber.

| e L RoLSE Shy Bt LAl e EliRMRlea! ULV dual of

t he I'on "precursor "I'niet's are dssocCiated with
respective individual of the wafers as received within

th eposi.tion ro. her aspects and
%@%@E—%&%I ated. 10 Brief
Descﬁr@ﬁa’rred @hbodimebtsani thgs iteatien raze ctasbduédmntosv @ffith
fh nven ane descri bed. be reference to
RG] othentp

I
Bubengeammrins gl £ o 1 o
di angagm'atls @ blralgrephmatwitepvmén airevabdranc alomjedayer deposition
td‘ﬁ osi tion 15mt 0ol gﬁjgordan ﬁ wi th an aspect of
IRE FFRPERCE N ﬁ‘i"j‘sp‘i“ i© 'B‘é?”g,(é ctive view of a wafer
car riFey. 2dald perspeetmeomdwnofea wafeh caspacusabdé in lascordance
vent i i$n di agrammati c sectional view as

u?%oe'ggs P&Q@% '?)VC?Q# Plonal | y through line 3-3 in Fig.
1. 2CFid:i g.is4h ldagaamlmagc aentdnal tieop s evald bedbkerl ansitionally

vi ew qf £xe ry horizontal section taken through
t}gﬁuﬁf?gmec F%dzlpo& tion chanber in accordance wth

an asjeetis afdlatgnanmatmmpl e{beuauEnzg pleh view ahaabxemplatye
o 28R SR Bh Ao 8D, i B P geBabiioRnprper
aicsor@aned tviithnah easpatiodi ﬁminv@epom;ti on. of Fig. 4. Fig.
8’ | Srfgg | gl|§earnn%ftgmg{ébggibggi%enttodetph ondgpt:%t eﬁfj by Fig.

Fig. 6 is an alternate embodiment depiction of Fig. 4.

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.

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
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,
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di agrammati c sectional view as woul d be taken
positionally through line 3-3 in Fig. 1 for such

wa@bdoeoswase enbodi ment. 30 Best Mddes for Carr yPCUSn3/030732

the I nvention and Di sclosuregof Invention Referring
to Fig. 1, an atom c |ayer deposition tool configured

nd c@fg{lgggner\gbt&e%lﬁ gf% %%ﬁél%é%%ﬂfé i%g.aé:c%rdance with

erence nunera . )
céntaah aaspedtsenbditd inventiorpol Préferied embokiméndrwafet carrier 18 is

oBbRLED, HEoRFREbY Al ORISR PRI bing o puaity
of abpyparts @B ewhich adedinme ca Ipayehtyd@‘pwsfetru Yotschhadepted1®r 14

m? ﬁ/gd #éﬁ re%gm?@c& %dof tag)?lforgm% %Fwa@rsc‘ féﬁgégh%&foﬁ Iglﬁé J\JIMé:pti%jle@d
ctbeansfuare.c huafmrcamer VY v Gvipio sl aBoPeT /dgsR9itsl 0BerY 3wthin

tr]% glj(l: s, éro %géwg t%h%Pnb%)é r\mle%r X%ﬁé%lt‘ﬁ{go?)@@argegn mf%@ qu%.kgived

anc certain as nven
tHerelhyer rRydfezatblpdicamiet 1\8afsemadarwf arma@riak hadspiavery low

t}]tﬁeg(epa[] E)g?fig[e&\? aqlf ?%x%gh pr?r %ﬁ‘{brglg éwha? c%&aéyiféauﬁ?ereon from
flqaihmg aff.i Ay eaémpﬂhepre@r@lsnaenadsaghm dabids. Waﬂer?/l dual l'y
cofe? i POty e lard B dhy ot otk S ) Whefer
ekigiing @ir | yet-do-be devethpedsiis ednisgpuriatedt ini the vdrwusaaspeots of the
BT e L BB S A AR A 2P iy %8 iAo 1
holit o |rabrehmanngom waberg; Ilm\anotﬁeeremlbod]meﬁf ind emtre dhan 100
VRN g R BB S of oo™

psafeired renclaodimeat, tw\fvmfer carrieres dﬁmflgaraubtcehyld no more

tkga))he :v%f Ic')sr \Q/’gi Z?Wn QBS 95 %véq@; eﬁeﬁar{)ute{)ne M\%&E@& example.

to- be evelo 8a,
t he VYarthetustrapst pefeired rmbqohmemt, |tbe selnmccmductor wafers are

h?@eaqéllndﬁw gﬁgdg td’ ltfogn’m%iye Fetgﬁlreﬁl \ﬁirthlbsthg %rldrﬁ@to?qhe
ilesfoatdd warmier. Atbemailety bfmmr@ﬂwel\ﬁafﬁea‘mdd prajedt dutwarsty

AR SR e Wefer ORI Burdly By Pt
réceiven themebym\nlé ot:hlmy a5oagddd velunve defihedipy2d produb of three
o505, B i RRL S e KB S i g g,
thvea filastratede prefetred wintbtdimette, siootds b80thanproduet @fndllmaisgons A,
oGRS b V9,75 S uhF et o b B fgror. o
epemplacy productaf &, ﬁahdd)nstctﬁé icarrier. The illustrated

o Al iy BB o8 BRI 1 57 AR v
dppositlom todl 1Orieeconfigured to receive a wafer carrier 18 holding a
plurality of semiconductor wafers. The depicted preferred embodiment load
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
the plurality of semiconductor wafers for collectively atomic layer depositing

onto indjvidual of such wafers within the respective chambers. A transfer

robot 20 is diagrammatically shown for moving respective wafer carriers 18
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maxi mum external |inear dinensions of the carrier with

the wafers which, in the illustrated preferred
wepdvets4ent s, woul d be the product of di nensi oPGI/BS2085030732

B and C. By way of exanple ongy, for a 25-wafer

carrier for eight inch wafers, an exenplary product

fffm Aoad® cRBfbET 115 Thed traRsrer Qﬂaﬁ{ﬂérn@ bAdh Fh%aaﬂd out of the

subat nospheric | oad chanber 16 of atomc
reRRRedive | BAMic lavel glepasition fahg e 118, r1éc%nd/é5a waf er

carrirgsfedfhgh® #id1®,an Mtdimal VbMined 2@36@ 59%&@%&6 atomic layer

wafers. The depicted preferred enbodi nent

depasitien ci@mb@rs?ﬁwmdagrmmahgalb{ndem@tednaPraf@wabm igtepral

VORIMeEE®is R e@ﬂek‘ﬂéh'1t25%0$f tﬁé‘%?dé\@(lﬁ[um%%f%ég%?m and

Further, su at nosp heric transter c

eQIRf Prgierablye gor wéwethanwaw&» of agucheloaded tyslumeng Rriaterably,

u r t |

1B} BiShrid) Hoime B8 I ol A8/ deposit! SRAMML f cluster

Aregassingutdol y10cbave asedrespestivie maxinumafalymesmoi greated than

1'29%1'09911%5' to?ﬁh@'lHé@%d‘ WuRfe SPRLERAOUE LAY N & &Eﬁ{igured to
| ecti ve atom ayer eposli Tl ng onto In

h@fle SO MGAT I@Fe;fn%VPWWP ip trmseas goantity. eEmnlbe/rtempﬁrature

cohfBREéils 25080k 28 hentdl! BGIAMIB drisii ¥ ggg%%%gﬁm? internal

nmovi n respect Ive wafer carriers
vplome 82003 co@nhen 15 for temperatite ctrniio dutiegi dapgsition.

chlARSERE rn‘émchlﬁo@ngodkﬁ‘tb% ARyt %ﬁ%%ntahg of ghe 1lgrternacl

respective atom c er deposition c

volumer@0e mertillyt & F¢rgplet§ly @mbaqipled rwithin dherahapdenfwalis, or
offwRkLary atomc layer deposition chanber 15 is
diagrammatically depicted. Preferably, internal 5

vol utedipigupls deposifierapeacurseargas2 Bletsf2h hee isbawrdassotiates with: -

r&SpeeBld liRdivikdal grgﬂarg‘%ﬁer&reﬁ/fe rﬁ?lcﬁérrﬁ?qégraﬁﬁt\ﬁﬁlcﬁ r?Qr}efelved

110% of such ed vol une i nterna
folofepaesitiast Prrgessing withing @aﬂﬁaﬁérﬁdeﬂ@sma aspeashathiseingention

cBhiétiFhtes pérp%\?tﬁ'ﬁ?cnlgééroeépd'sq cﬂ\g\’c?ol té%gfﬁ.sfr%s % O(%d %EIOH chamber -

maxi mum vol unes no reater t
cpafigieer tporeaeie aflwalily pesemigondustor mgferd én 2 batch guiereint o

alglupém;‘? oft d‘é{%ﬁﬁ@n' BHe64R8) |ﬁfé’t§u£‘?% in@luhggmﬁltrﬁﬁ tﬂé'adﬂtah'mér with

| ar nper ature control coil
lﬂf&\aﬂ@al %othesdem%ﬂ%'hémuwrrlé@@ \bémgv\msncmtedwemnmsr)ectlve

|ﬁ6?\hélﬁ§ SOtHef w%?@g%r re]c%lvgerwﬁrﬁﬂptﬁ éHo%nt néﬁﬁ%be‘i‘“”l‘ﬂ@refore |

epOSI tion. - course alternat e SUC col
syeh raéeéptv@dmﬁpemmthf Aty plnételrmreemlmg {asil iaspects, and

nﬁ@lﬁ&dsaéésﬁc@fedQHé'FQlNﬁﬁ &l a%mgﬁ@ﬁp %&%ﬂe‘?\déﬁeof ChARR ions

|S, or herw se. pOSItIO
insluding depd ghambarseasd Imngfas ehesmperasansc regasdiess of :whether any

wWaESPestieY §s Iutfirad dual wafers 24 received by carrier 18
and which is received

In the depicted and preferred embodiment, at least one individual
deposition precursor- gas inlet 25 is associated with each individual wafer 24
that is 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.

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
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for deposition processing wthin chanber 15. In one

aspect, the invention contenplates an atomc |ayer
waelepass4idn tool conprising a deposition chanbeCT/B82003/030732

configured to receive a plurglity of sem conductor

wafers in a batch, wherein a plurality of deposition

recursar inlet j I i ' : '
B aferpatian Grrites oybas {5, S edrHe R i Rliradtt {1
pipes BRI fuir eskhausiing @samicddrvand otiwirvdases! fron theecheatkars

as received wthin.t Yy : f
suchSaEFENEd; yichgé%gﬁdgﬁﬁggl tz'g?}c;bng %%Sldgﬁc;aéégsﬁ]\gng
reépé@livﬁw | deppoditidh mtadbesi§34awiibmi titeedharhbereand pvermdnich

accordingly,, Is. e lent of - '
P TelRg) b SRR Aol PP ORE e BBRted,
prdléfét}téﬁdénﬁﬁéqliﬁ'{ené\h@dihdualaggs inletbe25 @ae rshewni lseing idonfigered to

n e depi ct ed and. ' :
erihgpa; A0y TSHRASSUP LR B RO S B el g o sestREive Gt
dePposiaeh aduethcek t31.each i ndividual wafer 24 30 that is

w ¢ At papiemenfion; Fidyatiiap FRESLES ol oo B6ffbured to
enflepRge ltgbg l(i.éé,fslafdngh g_uitamki pibithg ainddajpirg assodiategmvéttiur sor

.gas Inlets Aar I agr ticall d
PibES A S GPBBRErEr A 25 YT e BRI ARG s e
segﬁreft@ rfréif rthécdiépmmdnt preomgoplinletspraze sassbaibtesl with respective
ndreal o Bt PSRBT gl Ui ekofgPaeTbaea n
th@rﬁfbﬁ?éc{t Qﬂap@@’mgdl d;ﬁdmﬁblas fbﬁéfa@basaswiﬂ‘t ¢k \geposition precursor
. respectiv I vi dual . 24 . i i
s, ReaHEb el e Ui 92 iRars adeond i i S el "
ingﬁlﬁma_ﬁ {)?‘Q\@Qﬁ&fﬁéé48cé?féﬂ WRRARD FHeD@6Fatieh chapber.

eposition anber. tlets 31 ;
R of hesoes U Bl e PR HRHEAPRERS S5 KRpces
disgrf%@«ﬁnétré%wtdvmwbﬂwbe_va By waycei;] eadmpiescanlyj eachLs,

waf ers can consi der havi i .
RSB I T OR, DUPP R o O, o FEREE g teined by @
calﬁﬂéiﬂsl\dgitmh an?tmﬁi|qrﬁddﬁmmebhahamed effigs4 tlepictbya singteri ¢

ayer depositian e icted. fer '
oo e a0 SSRGS Sl G0 OB B eBlon cous
bé& Bohfig@@daiop ngnittir@pbothi depdsitives p@Budnir cindapergeagas, | for

to the respective, gl obal deposition surfaces 34. In
XFHRPIE N éiﬁgﬁrfctéﬁq R‘%’ei'ndi vidual gas inlets 25 are al so

conf Fgureedepiets hodepusttiopuprgeurgas iflet @0, anchmopbe gas inlet 42
oL B 2 M 2R SR B M 0,
oppeEe ge®ss N eéshective raihadeal fwaler e ddipositely dy way of
e%rﬁ&‘ér gr?lgl, Ieglzl'?to ’inl%{se4 Sasn%chftc%%ldm btehcgn(?@eﬁe%l i‘o\feemitting both
deposition precursor and purge gas as selected by the operator. Accordingly
in one aspect, the invention contemplates the provision of a plurality of
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
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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i ndi vidual of the wafers received by the carrier when

the carrier is received in the subject deposition
webaniosr43 Preferably as with the deposition preCU/DSIIN3/030732

15 inlets, individual of t purge gas inlets are

as?om ated with the respective individual of the

wafers as received within the
roqmponmicabed Samcn e sRGabLaRgeY BPafio R ekpe e
perﬁ?&e%eef g{eeqlesﬁ@cggé AR 201 thewwalersivgmn recivedywiikiy the

exanples only, each diagranmatically depicts, ,in
chamharzfghtb@ItCI'SQEtheéﬁmgone of wafers 24 re%/al ngd by a 20

E Iagfarg{erl& wa&hbmeﬁdin;ﬂé Qiﬁlyl Flgye’r delgiptss an i alernste rexemple

t
corapaing A geRRSiAB PRCHSa TR A 250 BT MAR alg L 40
eqlﬁa‘ﬁpf éﬁgéﬁdakfdﬂft tR&1 debpiciell lpetimetiapoisivafers Jrecur sor and

as exa
dechl‘ttISserathélrﬁYSPf ?éﬁ‘nfglb'geg” Yd?g}%c %F%?a%‘ggv"%ﬂ‘ Fésg)ectBto the
Flgg%sﬁbsuELLCtl|6ﬁ1 ler&gcsgﬁgfgﬁd aﬁzedthHse iphath vedl specifielly rargy only
w Smperaeniira e gﬁH@fgs%%gmﬂ%@fand
onlgfg wﬁd@i’@ ﬁ% gé‘ ¥s inRAE bvl'fé?eldyﬁhebargé%aanme&kndcbm d be
I'gured r-emtting 03|t|?  RGULSBE R
depusiian gaestssorsialeie ALETHE AEvb I BeUMeal Bl fePse

md‘R{J‘(‘fueﬂ e, the invention contenplates the provisi on
a plurality of 3o deposjtion pr r sor

ass & waEchvﬂamFﬂ%wé’ctqr\/ alterngls, FH&’&’E' gty %tgkw%faé/ FS

de 390:’{ ehamee gat tddbid |'H§ a@B@ﬂbﬁéa iwitha céraio methodistile aspects
el ng processe

of reciocaron reshwerin sk §o Lige e Somo e 2ss PR Sone
B rﬁgﬁnglﬁg 'uﬁfhedpﬁvﬁér‘ér §}§’c5robﬂét%t SrvrehOdlffé?enoéS iy dglicated
constitute a plurality_ of de osition pre ets
withhtheh siaffis @qua@h?m%rai@%i inejy %ﬁyol?ﬁ WlaHe r& aﬁeﬁ%l H(.}l
exgej‘[hw%‘ée?véﬁ térﬁﬁerém @hirylechirdRZ4 durdth irovide tevapenature

conttbbfom e gidseoc BUBERT, 3 PIagUf RNy g o i 262

inFORRLE 58 FoRtthe Y, Ghd BE efhdllstgas ot G2 depmis
NS00 5&%%44% PCT/ uSzoos/ 8307§2g7 pt}eecu?sg‘rmlsnliatsg Zg
fremdhaxhgmbsi. are equal | y spaced about the respective
a;g:}&%@%élsvéggc’ééq 8f Tlﬁsfﬁ@htlm indigdey iatbmic lafert hepasitiosr s
in
methodessThe. emmﬁaférdw%;?“gfc@%ﬁ‘-ﬁpPBp%ﬁE@S epables practice of
sg) QRIS bP 178 ifldnBbRah acedrRiERLE with mnmeusomgaspmty t owever,
eposition precursor inlets 40 and r%thare
tha(ntleth@djmilaspeﬁf)aﬁ@é inysBtiRn ?rﬁén 88 gt |5Hteagly i ﬁgéer ®of

%@Jc?sr %lg%%s IEQ{a‘(iEIg‘%ﬁclf?dYethﬁ%’ Itqlféc ckxasp! Eikenisg, dmedl tdadlapparatus
ec 0
aspects of the |nvent|on are not llmlted by any methodical aspects unless

literally claimed.

in accordance with one aspect of an atomic layer deposition method, a
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 transfer chamber. Further, the wafer
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
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Fig. 6 construction, inlets 40 and 42 could be plunbed

specifically and only as deposition precursor inlets
w@pa4josd4es s 46 and 48 coul d be specifically aneCT/L82003/030732

only plunbed as purge gas ingets, wher eby the purge

gas inlets and the deposition precursor inlets

al t er nat t : ] : nes ' ; i
oS R apd T8y P8LoMBRRls Thoril6y 1 MECARF carmer, withi
thendredatoenit layemiepdsitioar chatelpersby iamy suitabise exighizg @ aet-to-be

B e e e s
aridtieerf plusdlityl @ ceniemhdestoodiafers ontoe anether maderwbasrier and
i at i t.h dif -1 i i i i.

i flingg Alstner Wty A RIERS, OF] ooty WA Ehgttid
thexabmqvieedazttiped atorhier lagel yepasiting: e dlheretyh epracessing throughput

trol .coil 2 ' [ | .
o B She AR e g ho A S GBS e e,
thenprefergdh afinic Nhyerddemsitgas emits ndepositioo ppreaugoa from

 GRBRAT5R R  RE DR, g

extapdsy of the abuet bodther lomielegepdapogitide pogipmantamtiether
cl.ai med apparat ys enabl es practice of aspects of the
eXISHNgL oI gﬁgf%gacdég?lagﬁ e wWith the method aspects.
Howelebne 2fsptbie thetimaditionl consereplagesofiepdsitiamot matenal onto

are jn no.way JJjnte [ ” .
the; Wafes| e c ATGEF Pﬂrgﬁ}é%gF%P@C%T’i%ig‘%?’é%f'“ Within the
cluster /rogevshiguas despriisdds abbve, hfier i exaepie, otheaineention
limted by an t hodi cal Cts l.ess ' I
Qi Enhgtes Ssaia 5% WARE soer FRBRGAoieiasy vid SGHR | ¥
lalyay elepdsifiors ichamberset Mydicaly aBd pleferablyt ymookafers are received
or wafers,is.placed onto a wafer carrier

bsggi conﬁucﬁ% n o

¥%10e (RESIfEING 2P &89 ovi ded within the | oad
chanmaéter aldmicplagen depasditintg) eceplain aldthgdicd! agplestswaf éres

.onto the wafer .carrjer | d o Al 0

e Rt el SnyFRp Rl e e BaMg b LGS SpleDBES pranster

clegmibérerndvinto anotiiee ofsthé latomaio hayies depasitiod chembetshand oad -

hamher into the transt. apher. . F t%% e

bR D are ettt P BhE], of(aE e ol Wdtere! [eelRtihy the

wafensdreer alitanbée andtheomoroic faper depodiiord ahamber. Of course,

deposi ti,on, chanbers [_RQr. SS| . .

i DR S AR i dpe uEnitSbE And RERCRsRE ki in this or
anpaspecisof eratpositidnsi san benthet same CHifoGent G 4de another.

PCT/ US2003/ 0307 3 .| r Sit t o,

P °P8é’8?‘§§‘&“ga\?'83’hée“ SrRgerds 2F'M t hi n
nistikod pesitibnsiac pluslity of eyparicancuctarhaatees ity amptomic layer
déBbéi |gr|| echgr)ﬁlb%F.I r‘Q,lc%raycer)1ta'rr1tboe'rbcean 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
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
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
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devel oped nethods. Further, the invention preferably
conprises placing another plurality of sem conduct or

wowdoenss4ant o anot her wafer carrier and 5 provPdi/nsonses0732
anot her wafer carrier wthingthe | oad chanber while
conducting t he above-descri bed atom c | ayer

SRR T BE SEBEPLS, MSRHTAMS Wil Sgpect o

th@fnn\térﬁuohn\seclﬁia)methddmnlpcemnseoboadoﬁing hagtber deposition

depositin t s _deposi ti.on nr rsarefno i.0di Vi I
eGP eEnS At sRE oo, i BRelLESH) B fishefrect! ¥ foh
arloet fesputtive mionglaker ¢thengdrae oradiffeteat ascthe ﬁnst)oorhterthe

B e e T

gR0BiftRY at Aﬁerﬂ&i@@scbmsﬁ@emﬂ mammaeaswerde:posmhe Q}f/amenolayers
carrjer f ur al of ;a i ngs

'Svﬁocnﬁf*‘ﬁtefihé prhgt|8¥erp? i?éféllﬁ b dtggﬂ'f]aé Jétﬁ{%ed a g\éigé f or
exanpy Gvayt be ekawipiet om;n irfetioarica moaapparatusaasmts loé the
waf er carrier i ndi vi | a 4

inyRIBisg; £21Pec téjl?ﬁgqg pr?y‘rﬁil A aaﬁat%’ﬂ 8fl b‘?%ﬂsalon Eftles,
artPprefesrednaminae ghs/folvs tbithé respeativieiveaferdifor depositicin and.

ptfflgtel’]%gla]‘nggr Aijggé%r? I@og:},lﬁg L%%gfr}ﬁ?glﬁ?é%% 'vﬁﬁr \{vﬁmeeré a*nﬂ'nmlzmg the

volGmb et atdamuumrtd&poearom ehanmerla oamfl Bitewvisen tuininiize
transfer er and in ?nother of the atomc

reasifed Qﬁﬂ9§@PF| 8H%ﬁ%8?§;pu d"2FBmi ¢ 1 ayer depositing
a material onto the individual wafers received by the
wafer carrier within the another atom c |ayer
deposition chanber. O 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 fromone another. 25 In accordance
with one inplenmentation, an atom c | ayer deposition
met hod positions a plurality of sem conductor wafers
into an atom c |ayer deposition chanber. Such a
chanber can be an existing or a yet-to-be devel oped
chanber, and i ndependent of use of a cluster-type
processing tool or any other tool utilizing |oad
chanbers and transfer chanbers, and 30 independent of
use of a wafer carrier. Regardless, a deposition
precursor is emtted fromindividual gas inlets
associ ated with individual of the wafers received
within the chanber effective to forma respective
nonol ayer onto such individual wafers received within
the chanber. After form ng the nonolayer, a purge gas
is emtted fromindividual gas inlets associated with
35 individual of the wafers received within the
chanber. Any of the above described processings and
appar at uses associ ated therewith can be utilized
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as descri bed above in each of the other enbodi nents.

Typically, in a WD 2004/ 034443 PCT/ US2003/ 030732 9
w@eomesainl |y viable atom c | ayer deposition, PCI/US2003/030732

accordance with an aspect ofqqthe invention, such a

met hod will conprise conducting anot her deposition

precursor emtting (the s different fromthe

first) effective to forn1%g%%@ﬁ%r respecti ve nonol ayer

(the sane or different as the first) onto the 5

i ndi yi dual fers, r i At hi H‘FICRF r, and
condﬁ'ct i nén\zg%8ﬁ1°e}ray§ﬁ?8é8%gé\ﬁ er!r?nét?f) ?% Eﬁg? nately
conspawiding aaclestec sadessindetvotinaving afsubetmdspperis transfer
conducted to forma | '

ot Subdifioriiell Paalny R o eEiat B B RahSr | oo

clariberp pmdah Ysuratityeoft sulEtmblphernatomic dayeragiemsition chambers
utilized.to, provide ve fast atomic |ayer deposition

c?:'y’lﬁct%d,ew'ﬁfothgnt&arbs? 't %’?%’ﬁ%er aminar gas flows to the
r espplkingeavadrality éfoserdizpodudtoowaderd gnio g mgfexf Caier and
Further, in using a carrier |o 1.t h waf ers,

PIRVIR'RY fli“?]dv#ﬁrecgr\?sr d@@'%?h‘? ﬂ%a%g?gla"neﬁ%é{’]ayer deposi ti on
chamhevmhgthe whick earisewith wiaferg thereargiom ¢ Idag olsambem

. an rge.ga | se tines. WO 2004/ 034443

'“%t’%ﬂ%gﬁ%@g‘o M0 CLAIMS 1. An atonic |ayer
deposidvirgntiieetvhfed congar ivithngafeps thvirdomdrom cheigtamsfer chamber

rQcessi

ng.t.pol_ havi a subat.nospheric .t sfer 5
apg Jfigepne g’fstﬁﬁeﬁt?m%%gﬂ 9eP8%{£§°Q:hc§ﬁ‘ﬁlgF%Cann?;ct ed with
t he ttamisflayerctiepdsting andateripl ontd iHey indiividual wafers received -
sybat nospheric. atom c | ayer deposifi. rs
o Hioedpe et i B e B Bl QR MRebe i SRR,
plurality of sem conductor wafers onto a wafer carrier
and _providin h fer carrier. wthin. I .
chanﬁer; Ig'en%$f*ﬁ§ %ﬁ%‘amg‘e.""h&%‘?%? mdmg%'ﬁ\%éftgggp lurality of
wialfesrs emto f the nwvafbe chod adeargevithin titeo Itakdechanalvest er
chanber; noving the wafer carrier with wafers thereon

fromthe transfer chanmber and into one of the atomc
| aye. depdéietnatinoddfateiariswhenaih the evsfer daaiee witddiposi ti ng

i al h di Vi | .waf ' .
oy S e s, DA, BB RS RIS ooy o
peenEs idfi threec haiperm Xterfibe linedrhdichekionk adfnihe edreieeiwith the
the p

waiers; Elslé: Ié_’ggu%fgn\tﬁh%){ghu eﬁlgisiﬁiéggghgm\é%g{aﬁin%ngﬁ iﬁ@?n%o%me

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 atomic layer 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 atomic layer deposition chambers having respective internal

volumes which are no greater than 110% of the loaded volume.
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20 3. The nethod of claim1 wherein the wafer carrier
wth the plurality of wafers received thereby occupies
w@200gmsigaB vol une defined by a product of threRCTHEKI003/080732

external |inear dinensions qff the carrier with the
waf ers, the one atonic |ayer deposition chanber having

an internal v A | g t
t he 1 oade ev%ﬁgkﬂli’e@.%fz?ﬂh'ﬁ %r@“eﬁg {hga\kgfer é&%ll%vﬁéﬁél n
pliraiityvall eafaarecavedithdrebheccppies iqagedf valigimerdefined by a

i ve e u
PR e Tt e dear SEFeh/dHs, BP L Lah ih fhe
wafbes, calr of e wiontic tilyeer defasition chambsre raavang @ tepeon internal
fjon cha meol une 30 whi ch

GRS e SRERE TR g hofBaRgyre! e 30

met hod of claim| wherein the wafer carrier with the

plur [ity. cei r [ o

Vol e deRTnairtisy 3F BBl SndsBrt RLeRREHP of et pRede
orltb tR@rwafeneasieoris raf gtezterctrani 200.wi th the 35 wafers,

all of the atomc |ayer deposition chambers having

respective internal volunes which are no greater than

1109%.0f ttte methde df vlaimu revhevdn HR0ARRE o4 Yafers placed

PCT/ US2003/ 030732 11 The d of claiml wh [
ontpdhG¥ET cafrardr N Pﬁeﬁtﬁr n‘aﬂm?pglol t)? o? \?\I/Iagners srern

received thereby occupies a | oaded volune defined by a

product o thr i um 'WW

t he @arrl-@?e W Ro‘ﬁa? Cl%z ergﬁ] toef Bfﬂ?ig“tgt om C &;élég\%%d
otepmei wafen calrierhierso lgm/atelgtlmmﬁmmn internal 5 vol unme

which is no greater than 110% of the | oaded vol une. 7.

The nmethod of claim| wherein the plurality of wafers
pl acesl oOThe® nidtrodhvalf eslaicar r whereirs theo plurality eof wafars pECed

net hod. o erein the plurality of
R])\}tﬁftg'les %5(9@5"” 'ﬁt%orph@ w&]zeéchar rier is no greater
than 100. 9. The ~.nmethod of claim1l wherein the
plurality_of ers .place the wafer carrier is
no g?{'aat e;”%? W\é\\%L%% of céa'qu "f‘ﬁgge?rrﬁt hod of claim1l
wher ﬂieméférecanherwﬁﬂhl thy phiralitypbfewafers raceded ﬂ)atecbytdﬁeum er
carr to 25 .1
aigased ol PRSP Brpqtd of KAfss Fiadif ofical lear
dmﬁi?érfsicﬁwsr efc thev eatriehavitkabtheowafgrs ethe one atomic layer deposmon
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.

12. The method of claim 1 further comprising while conducting the
atomic layer depositing, placing another plurality of semiconductor wafers onto
another wafer carrier and providing the another wafer carrier within the load
chamber.

13. The method of claim 12 wherein the placing of the another
plurality of wafers onto the another wafer carrier occurs within the load

chamber.
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a | oaded vol une defined by a product of three maximum

external linear dinensions of the carrier with the
wWOwRd0e1034443 he one atom c | ayer deposition chanP&r/Uus2003/030732
havi ng an internal vol une 4¢h is no greater than

110% of the | oaded volune; and 25 the plurality of

waf e‘iff p| ?ﬁ%%éﬁﬁ&& eh a@@ﬁefurﬁ%? 'do p{l%ﬁgngftgrr &abi6Fality of

t han aiml her conprisi'ng
atgiic éayan rdhp@sutmgswwawm gherdlustermpeacegsipa ek, rajganing éhegvafer

&g fr\kﬁtrhlrplaﬁ il idlaPt fﬁﬁéﬂ SRRYELEF J¥Bd&fich %ﬂ%ﬁ’lbe?so
anot h

er carrier an provi di ng e anot
carrier within the |load chanber. 13. The net hod of

clal 12 YRerRihd Sridih A% iMbrBh b8 A RlceivBl by dhe L Y

of waf'ers e anot her er carrier occurs

carier |dusidg {88 adeniber. WO 2004/ 034443 PCT/ US2003/ 030732
12 14. The nmethod of claim 1l further conprising after
a plurality of atomc |ayer depositings within the
cl ustiér pTbeeassthnd ¢fodhim cll wheieiy théatemicelayet gepositing

Byl AP oy ek L G458 JEPETAH Mot

Mt?frespgecﬁneéridivﬁdeélm meia\yaibl'aaas ?Ia:\ir/dra:]bgy t\:h@gag?enm?ﬁén tgf om ¢c
eani n )

oﬁ% pm eﬁggﬁﬁpﬁggsetlgﬁ crﬂg%bgi

Conprises em tting deposition
precursor fromindividual gas inlets associated 10

with_ resp Y divi S [ :
by tﬂz ca?ﬁ%erpgthoph‘!)fnd? e 106Lr)1(é"h£31{E %m\{\@é %21&8? I(?&glc%b?ggtmg
comaribes enilifing Thegergasottonf salblalndwttieal/\paoelrsortm; inlefsi c
| ayer depositing conprises emtting purge gas from
sai d individual precursor gas inlets. 15 18. The

rret hdé. of Tokaneihdbd ehelagn rﬂ& mbheetimthe atamier lagepdepositing
rises t r | V]

c§ePPeT il kB B ASr AL R ThAVELE Bl hE pdied
\mﬂmerespéeiws msllvrchméloidlje byafetse as aecéieed iyt Wmencam'er within the
ato nber 20 19. The nethod of
Ogﬁagﬁ&i%%er eﬁegﬁhé Cg% | ng fromthe individual gas
inlets is along respective lines which are parallel

W th 1"988’3%5 %gtr%ldogma laim 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 atomic layer deposition chamber.

20. The method of claim 16 wherein the emitting is from at least
one individual gas inlet associated with each individual wafer as received by

the carrier within the one atomic layer deposition chamber.

21.  The method of claim 20 wherein the emitting from the individual
gas inlets is along respective lines which ares parallel with respective global
deposition surfaces of the respective individual wafers as received by the

carrier within the one atomic layer deposition chamber.
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deposition surfaces of the respective individual
waf ers as received by the carrier within the one
w@toriost4hnyer deposition chanmber. 25 20. The neCT082003/030732
claim 16 wherein the emttinggis fromat |east one
i ndi vidual gas inlet associated with each individual
waf €3S FReebabd¥f cldif f@rﬂflr’tl’?err Mﬁﬂl@%%eiﬁiﬁe atomlc layer
atomi c |l ayer deposition chanb
depasith@omamriegethe e3reee witht Wﬁfjrﬁ infen hRetrangiex Ph@@begagd into
dndtrd Sof the 2AtBREL r@y%?%do¥ﬁoh' Mg %d%t%?m@%)@ér' &positing
W th respecti vemgl obal = deposition surfaces of
a eprial ionto itheliindivdaal wafess sre@%v%@éuth@qwe@?rtq?éner within the
dritil slomt! LrudoBSanenanpsr ¢ | ayer deposition
rrt) V\DVZOO O|3|4443 PCT/ US2003/ 030732 13 22. The
met hod of claim 16 further conprising after the atomc
| ayetys, dePOShidnild: B bllshditth FRUIIL coMdrynf ers into
the trans chanbe into another o e atomic
| ayerpoéélpb@gt 2 cmur@hwn@ﬁesgmmadmtgwferayleto @apafomi¢ fryer
g&h@ﬁ'cﬂbm‘%@f'o the individual wafers received by the
carrier within the 5 another atonic |ayer
deposimiitiog depesitisarpreagsordroraingividsial g@ﬁelnlmmplataﬁwnh
if&LBeS o dtcf?fgpﬁvb?érggrec@@éa it % %hQﬁwPEF‘le'fFeth\Fg to form a
sem conductor wafers into an atomc [ayer deposition
respgdbiee ;marplayert enta gsaik podividvadnwafess ueerived matwin the chamber;
jadi vi dual gas inlets associated with individual.of
the wafers received within the chanber effective to
f or madter ferspag tthe emaneleyery emiting opwae dgasndrioni ingividual gas
H@(s%séo&fl&&bv%ﬁ%d{‘{h&ﬁbll B i3Sy RO TD& veddlithir é{eeéhghfb{ effi ng
nmonol ayer tting purge gas fromin gas
15 inlets associated W|th |nd| vi dual of the wafers
receisyed h e f
23wy ci 1 PnSel s of CRCES yifreid e WEOIRHIcR. piEcBhelt and
the eoucgr wee carer enittedefremnthel paimeiiadisidughgas nnI@tSS associated with
a i ndi vi dual of the wafers. 20 25. The
Iﬁn@?ﬁﬁﬁ %fﬁ\g"‘gvita%%B wherein the deposition precursor
and the purge gas are emtted fromdifferent

i ndi wig dualTh%a&e;HéﬂoeﬁFﬁ cf’a"‘?rﬁog% yh%?elw th8 ad 'it‘b'ndyr%lcur%or and

the wafers claim
tbe miigs 99§ argoehidied from different individual gas |nlets assomated with

individual of the wafers.

26.  The method of claim 23 comprising conducting another
deposition precursor emitting effective to form another respective monolayer
onto said individual wafers received within the chamber, and conducting
another purge gas emitting.

27. The method of claim 23 wherein each positioned wafer has at
least one individual deposition precursor inlet associated with it from which
deposition precursor is emitted effective to form a monolayer on each

positioned wafer.
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deposition precursor emtting effective to form

anot her respective nonolayer onto said individual
wowdoenss4arcei ved within the chanber, and condup€T/D§2003/030732

anot her purge gas emtting. 4@ 27. The nethod of claim

23 wherein each positioned wafer has at |east one

i ndi vigdualtrdepraidd 8n cRiiMcy Whérnécﬁﬁp@sﬁﬁ@fd ah»%&htwotrh
it fromwhich deposition precursor is emt

deppeitien \PEe¢USPIoinista FfRsAeiat8He Wit I eéa%%'VGp'ﬁéMql@h@cﬂ the wafers
réedigdd WiRInZ A CRAAA43 PCT/ US2003/ 030732 14 28. The

met hod of claim 23 further conprising a plurality of
deposition precursor inlets associated with respective

i ndi \2'9dua|Thefméth8d Eﬁélshﬁzs \Fvﬁér%tnvtﬁé pmrélﬁy Bf &éﬁ%sﬁl groer .

5 29. The nmethod of claim28 wherein t pluralit of

RIGGHSITt indsts a5e erAuady rSHaﬁP‘ét@OHP eesnpetive pesimetens

' réﬁ?a%ﬁsél.mv.eaéu BEUR Wvafdrst B vé&%ﬂﬁﬁrﬁ 'tN@d %\é\rdual of
t e chanber

wafers received within The met hod
of cI aim 28 wherein the plurality of dep03|t| on 10
pr ecuwpsor I
P eapolt i va e ot B Cam R Aot R R a0l dsprie
areruirsainiets arenelj appiglisnased abew respactive permetersef th%t hod
e r d the
i N L T R L o
inlets associated with 15 respective individual of
the wgfer Sl’hea chiRRF bf %%%We?élﬂﬁhgr%}&isﬁﬁh P2ursor and
i nl et and east one purge gas In
the Pyede |gea|ar9 prﬁ@ﬁleﬂm@cﬁlﬁ@@f\% Hedividgghoas uméts associated with
réiﬁ@c{f\Péleall\ndWQIfcﬁrtﬁe wafers; E@%a%ﬂ%p&gltl% ?Fé@u?s%rﬁgﬁn%tn o
osition precursor and as - are
angh at @98# PBPN RUTG® cgasninlatriefting dirmetggally npms;ed across the
r@s"p?%?bé‘tlﬁ&w\%élhwafe?épem ive individual of the wafers;
urther conprising a plurality of deposition
precursor inlets and a plurality of purge gas inlets
assoghat eG\‘h‘é" HéthdoeéP%%hV% '\Aﬁ%‘réfh% osFtE&ﬁ B\%}G&%r and
received with he chanber.
the pyree gas @fﬁe?r@ltwdtfm diépest mﬂwwuekmnlgtﬁrassrqpleteg withnd
rEgk?edBUé 9Rdidiaaal Bf i wakdrer Bad Q’uﬁRQIUEOIInBﬁSIﬁSré {Hﬁfrﬁﬁt el
he respective individual fers recefved w thin %’he
Q@Iﬁaﬁ'ﬁ@m Preaursqh dletst anst aopluedlity af PgrgméﬁéglﬁletanSSOCiated with
r@gﬁéctn{/é‘gn&flldhgﬁoﬂ\ﬂ%Waﬁ‘é@Wec@ige rvﬁﬁﬁ‘ﬁ ?‘tﬁ’i chanfbePNY
respective lines Ich are parallel with respective
gl obal deposition surfaces of the respective

i ndi zdualTHaah&hsd afscIQiﬂ?'ﬁé WRERHh ik RbSsifidHprecursor inlets

and the purge gas inlets alternate about the perimeter of the respective
individual wafers received within the chamber.

34. The method of claim 23 wherein the emitting of the deposition
precursor is along respective lines which are parallel with respective global
deposition surfaces of the respective individual wafers as positioned within the
chamber.
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chanmber. WO 2004/ 034443 PCT/ US2003/030732 15 35. An
atom c | ayer deposition tool, conprising: a

w@aivansmaspheri c | oad chanmber configured to recPCTESHE03/030732

wafer carrier holding a plugglity of sem conductor
waf ers; a subat nospheric transfer chanber connected

Wit h3§5he 'A‘P\agtd?ﬁ\@r@%r dépo@ﬂ%ncfb%f | gdmheiking, receive the
waf er carrier holding the plurali'ty of sem conductor

waf e@ssukgigogpherig iaac ghamber eritfignsgshée ireceiye @ wafesyearrier
hgﬁiﬂfgz'at biRPa|ff) T RhfcofRRF GigdraM th the transfer

er and Tespectively individually configured to
r eceidveuhaimogpheric &ansiek chrmibar wgnpeced| withathe Joagk chamber
aﬁa%ﬁﬁqwé’cﬂo%céﬁéﬁ{ e c%@erq{yldu?&me";ﬁur)iht?to@m c_layer

epositing onto In |du of sai'd wafers . The

semigongtictor aVafeBs altferein the wafer carrier with the
pl ural by, Iltﬁé)f\é.\@{b%fﬁoér@n%ﬁbvaq d& y@PXie%SﬁMBh Shafbers

| oaded vo i ned ree nmaxli num
corneated | with ﬁt@ﬂraasi%r@amr @‘ndt respeelivelie indjyigyallyheonfigured to

rdGdi $he Hafdr ch nﬁ%ﬁho?&@? 'iJ}Sll t&f”b&nice){&uct?r wafers for

deposition chanbers espe tive I nterna

ocpligctively atgmie laygr deprsitipe @atcemdltnldaal of 28iphwifetishe | oaded
vol une. 37. The tool of claim35 wherein the wafer
carrier with the plurality of wafers received thereby

occu@Pes- Thel tnaded cda@muA® whereinethepbyaterpeastieic witbfthe Jgurality
of M6 TRRUeEY %@%glﬁgjdl%ﬁ@rlo%é@%hﬁ‘ﬁl§ d%f‘lﬂé@%ty a product of

carrier with _ . |'east sone of
thr@yemawptmuQ)qtemabhmﬁfedlmenar@nﬁgofrf@gp@afflewwﬂﬂnth@rwaﬁers at

S} 78 ol SN ligbig it lochiik fdR
volnmesewhight Bre: ne @eateslthay 1238 of thgfleaded velemeed

t hereby occupi es a | oaded vol une defined by a product

of three nmaxi num external |inear dinensions of the '

carridr withe tand afidlaims 35 avhereinf thenwataroeargen wjtarthe plurality
g o

SISPRR AR RRELS) LI, SOBRERA LERRSIRIIAY b Esuct o

tl:&@emaxmrrh@ edsshaldinean dinangenspfdne rarmenwithvieavalersr o er

l%%t%n’ﬂé’ ofthe atBPa 1/8P d B&ﬁm ﬁmeEFgehEOiﬂb @Ep&étﬁb“‘htemal

relnt er carr nor e t han
vplineess whish we zoogr/eetamthen Hd974UsP 6bs/Ieaders yolume.

38. 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, all
of the atomic layer deposition chambers having respective internal volumes
which are no greater than 110% of the loaded volume.

39. The tool of claim 35 wherein the wafer carrier holds no more
than 200 wafers.

40. The tool of claim 35 wherein the wafer carrier holds no more
than 100 wafers.



10

15

20

25

30

35

16 41. The tool of claim35 wherein the wafer carrier
holds no nore than 50 wafers. 42. The tool of claim

w0l n t he wafer carrier holds no nore 5PETESRAS030732

wafers. 43. The tool of clai#fg35 wherein, the wafer
carrier with the plurality of wafers received thereby
occuphes Thel RANQE Kpnuss vﬂ%fré.ne@heb\)oaerpéeﬁﬁékcholeé [io more
three maxi num external |inear 10 di nmensions of

thedy PPeWalffs-h the wafers, at |east some of the atom c

| ayer deposition chanbers having respective internal

vol umes which are no greater than 125% of the | oaded
vol uffig: aridet ipo! WAfcdaimc3e whareiRolhgswater et Relds gtp more
W B Wafet® 44. The tool of claim35 further conprising
wthin at | east one of the atomi c | ayer deposition
chambers, individual deposition precursor gas inlets

assoghat eq-h\gl fd@)l lof PR gye,vﬂer,lg,hw dual of wafers
received by the carrier when the carrier is received

wi t hithe vraen earrier d\*ﬁf\:theapblfallﬁ\emﬁéwfﬁﬁﬁw regeivasketherelppoccupies
4@adg&‘@o‘ilﬂﬁe defflnﬁli% A eg@ﬁr@ﬁ fhré@@né)ﬂﬁln'u\'ﬂ Qk‘@'negéﬁ'lear

inlets are | so con to emt pu .
dirgysians of Iﬂéﬁ earaer wnmthﬁ srafersngiieast ﬁgmau ff@r@nmlc Iayer

degélﬁbﬁ%IanWé?Q%avﬂesreb &fv? ARSTAS %I@ﬂg@" \Klmch zare no greater

respective I ndivid ers recelve

than ARe% ﬂhé’ﬂﬁﬂwega\wweﬁ, BBdr ecei ved wi t hi n the one
at oMiyge @ Wﬁn’ cgﬁ"@‘? didsORo rﬁ@%’*ﬁfﬁn 5¢ tyaféhe tool of
ua

cl aim 44 erein e i ndi vi gas |nIets are
configured to emt gas along respective lines which

are paral | e t bitdh claidd 35 RFHMEF bb o @fvlﬁhm%@%%%ﬂéde%

surfaces o € resp ective |n fers as
tm%@écpm@dlauyr 1dﬁe0$5ta¢rr pbamhpltshurmdlwﬁéabdep%&lm eracafaer gas

ifleROgéddc e %fﬂé?és pebifre HY |c§d¥?|oqula%'r@'r£%e4\feof By “Ré€ carrier

conpri sing at ast one |n tion

wheacies earrighds ira¢aivedawibini Heeangiatemisa@iyel slgpositiemichamber.
waf er when the 35 carrier wwth wafers is received
wthin the one atom c |ayer deposition chanber. WO
200449344 FheFeq cUSAD0 44 BRETIPthEAndividual gPRdnielare B0

cBhﬁ?d’FbéStoV\@ﬁﬁ ebdtgbgasi Ndi vi dual gas inlets are
con

Igured to emt gas along respective |ines which
are parallel with respective gl obal deposition

surfages ofnhd PRI 'F A 1Y Guithél ¥bHBASinYedifE@nRSndividual purge
gas inlets associated with respective individual of wafers received by the
carrier when the carrier is received within the one atomic layer deposition

chamber.

47. The tool of claim 44 wherein the individual gas inlets are
configured to emit gas along respective lines which are parallel with
respective global deposition surfaces of the respective individeal wafers as
received by the carrier within the one atomic layer deposition chamber.

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.
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received by the carrier wwthin the one atom c | ayer
deposition chanber. 5 50. The tool of claim 35 further

w@eooposaisng within at | east one of the atom cPCHYS2003/030732

deposi ti on chanbers, individgg deposition precursor
gas outlets associated with respective individual of

waf €149, r eciieV /bl BY ddif @Qrvﬂhé?ém thehpividifil “g%%rlh%rts iabe
received within the one atom c | ayer deposit

CeRbgnyer to amitsgas ?*I‘?@gtrﬁépe‘ﬁf"ec|l'rlﬁsn¥"95‘h\/\ﬁér lé"l‘rﬁ"?'h‘e"ﬂl‘ oad

rESEER0E JIGsal abpositieh r@lrfacé@'d#“fﬁesﬂégé’cﬂv@ hBRRILGE wifers as
plurality of said wafer carriers atom c | ayer

reregdviad by dhet esrier Wﬁﬁ'ﬁrﬁh@l fee atomig %Bbgﬁp?%ﬁo% I‘?B?f‘ﬂ? pr-
configured to receive a plurality of sem conductor

wafers in_a batch; and a plurality of deposition
prec®sor |h$| taok ofidaiinn 38 Hurthera ger@prising dvithig ) leagif one of

thd &tSIRRORY b %@p&lﬁ&ﬂ%ﬁ%bbfg %éuvi&%ﬁ@leﬁ'és?tﬂfd PRt rrt dhs
respective individ fers as received

opiletsi Assasiaterd it tﬂS@ﬁCf@ﬂPalméﬂdUQQ(PfS‘Saf@méef_t%‘lﬁd gy the carrier.
wWHed {ﬁe53a|’ﬁ€?ﬁ§'ré‘cé|¢l=ﬁi ARARStH BRe FHt&ﬁtH @Er 'd@b@%iﬁor?rcﬁamber.
al so configured to emt purge gas. he tool o

claim 52 further conprising a pl ural [ ty of purge gas

25 i et s JRPARLE JIJM?!’TBS Reh&eROfe! i028 ‘FH rSids an internal
inlets within the chamber, indi vidual the purge gas
vohing $ized; iegreceveca Awality ohsaigi ‘daf%sﬂ@ér(ﬁfﬁve

i ndi vi dual of, the wafers when received within the
deposi tion chanber in the batch. 30 55. The tool of

cl ai B252 A¥mPrANIF rigyelt derasdiorotsl eRIMPIiENG deposition

prec |
1 et 08 oS B e
waseys @facbaéﬂ'l‘n%»@further conprising a plurality of ‘
deposgy Pluﬁ’é‘ht y o & Eft‘iBﬁ%reb%SF ﬁ?léés\ﬁﬁhnﬁttﬁg dMaHber individual

respecti ve IndIVI ers when recel ved

'Qf\nthﬁlqﬁploﬁé'oﬁh%fﬁﬁ‘@lsof mlmeb@ag a@ssovigiezowith ogaperdive individual of

tRCWAASR093/r-830¥AL wiBin e ddp&sifi@Plchafnbet.ai m 56 wherein

the plurality of deposition precursor 1nlets are
equal Iy spaced about respective perineters of the

respegt | VeI'he| s \oF i 8% Wﬁ@eﬂ‘@ﬁ@ depbSibr BRRUVES inlets are
wi thin the chanmber in the batc
also configured to emit purge gas.

54, The tool of claim 52 further comprising a plurality of purgé gas
inlets separate from 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.
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5 58. The tool of claimb56 wherein the plurality of

deposition precursor inlets are not equally spaced
W@boui3qespect i ve perineters of the respecti vePCT/US2003/030732

i ndi vi dual of the wafers recqigved within the chanber.

59. The tool of claimb52 further conprisi ng a

plurdzity THe el @€ s 58 Quihdibmt ﬁheS ﬂL%ffde‘b%hBﬁ precursor
osition B{recursor inlets W|th|n C

'rﬂﬁ giedGevalyr sSRaced rhqyk r@aeethree@%rm@refﬁgoﬁé@%ée%nqsave

|Nu|hBu§Iabfthee§/B\%¢§ wen retdivdddiithinOthet EaniBdreinStnehBatch.
received wiwthin the deposition chanber in the batch;

and at |east one deposition precursor gas inlet and at

| eastsgone TaES of Biakn 56 mbré?@tﬁéqol%mv%? Héé‘&'ltio)‘u ﬁ?@&%&‘rd

across the respective individual waférs 15
inlgtseptregOWPHIYE! %n?éeaeﬁwttrﬁéﬁethammtﬁrq ﬁé tharespective

iffividiieot 8l wafers raédve® vithit AeS cRaMBEE.SI Ng a
plurality of purge gas inlets separate fromthe

deposition precursor inlets within the chanber; and
further commar !o%l B¢ chaim 92 afbhﬁé!r %mgﬁﬁﬁé'é ' Fﬂalﬁ’cpe&fuﬁﬁr@é gas

inlets and a plurality of O purge gas In

injets separatalfrom tﬂh? depositien .rw:urm infeta withinghe ehambess er s ‘
|Nd1\ﬂ8uéle§ﬁtﬁéer9#ﬁgbt Gadlidibe E@ﬁ&%@oblatetdh@ltﬁasta‘?@ re&pectivde

tool of cl ai wherein the g05|t|on precur sor
indiyidual ehthe waterp whed [resived witkingtheedenasiioapehamperein the

bR&H: B bt Rlast Bﬁercfe?ﬁ%ﬁfohvﬁre'cﬂg'o}”g‘é%aihlet 7a51d""§’f feLaé%t }Mggrpurge

recejved wthin th inth ]
98f iplehikaing dwmt@wlyt %ocmeéc@mg@? thwr@i@cavee individual wafers

viHRATE BRIt mldépbéiﬁor?sﬁém@ér if %e%&t&i'ht he deposi tion

precursor along respective |iInes are parall el
with respective global deposition surfaces of the

respept | Vel'h%oto'of‘@f \Hfinab2 Wﬁftﬁérscmgﬁsmﬁcaeﬁ}(ﬁghty ofhpurge gas

positioned within the chanb in t
inlgig] SeRarateaiTmster @ﬁﬂ%fomerﬁ&wwngle@s pithinathe ghaynber; and

fmesmpwg.n?raeﬁuuraw o9 afepRutibRt sretiirsbi mlétE%rW%ﬂBﬁFa|.ty of

i ndi vi dual osition _precursor outlets being
PHEISRASIIEt aFseated avitndapractive adivisyalefdarwatsrs when
réediRdcP withih 82 ERSiRbaCHh Wd Bhfent he deposition chanber.

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.



