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Atomic layer deposition (ALD) is an alternative to CVD prdcesses to deposit very thin
ﬁ‘lins. ALD can be performed at comparatively lower temperatures which is compatible with
the industry’s trend toward lower temperatures, has high precursor utilization efficiency, and
can produce conformal thin film layers. More advantageously, ALD can control film
 thickness on an atomic scale, and can be used to “nano-engineer” complex thin films. In an
ALD process cycle, each reactant gas is introduced independently into a reaction chamber

through, for example a shoWerhead, so that no gas phase intermixing occurs. A monolayer of
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provided. The adjustable gas distribution apparatus of the present invention allows one to
alter the size and/or direction of gases exiting the gas distribution apparatus and thus

selectively tailor the configuration of the apparatus to achieve a desired end response.

In one aspect, the present invention provides a gas distribution apparatus comprising a
plurality of outlets and at least one replaceable insert placed in at least one of the outlets. The

insert is provided with a passageway adapted to alter the size of and/or the direction of gases
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Description of the Drawi ngs O her objects and

advant ages of the present invention becone apparent

upon readi ng dBritfPesdeiptioh of tiskePeaviipé on of the

i nvention provided bel ow and upon reference to the

d)%lfiewdbﬁitsl and WiV difagel bfShe brdsentaivéatiba bedonfMpphredt upon reading

shower head .showing a plurality of through outl et I?1ol es
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draMnéHiﬁ%SH}&h;i nvention can be installed.

FIG. 1 is external view of a showerhead showing a plurality of through outlet holes in

which one or more replaceable inserts of the present invention can be installed.

FIG. 2 shows an internal gas distribution network within the showerhead as illustrated
in FI1G. 1,

FIG. 3 is a front view of a screw type insert according to one embodiment of the

present invention.



FIG 2 shows an internal gas distribution network
within the showerhead as illustrated in FIG 1. FIG
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FIG. 12 is a top view of the press-fit type insert illustrated in FIG. 11 according to one

embodiment of the present invention.

FIG. 13 is a cross-sectional view along line C-C of the press-fit type insert illustrated

in FIG. 12 according to one embodiment of the present invention.

FIG. 14 is a partial cross-sectional view.of a showerhead installed with the press-fit

type insert illustrated in FIGS. 11-13 according to one embodiment of the present invention.

FIG. 15 is a front view of a press-fit type insert showing details of press fit

engagement region according to one embodiment of the present invention,

FIG. 16 is a top view of the press-fit type insert illustrated in FIG. 15 according to one

embodiment of the present invention.
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Detailed Description of the Invention

An adjustable gas distribution apparatus useful in semiconductor fabrication is
provided. In general, the adjustable gas distribution apparatus of the present invention
comprises a plurality of gas outlets and one or more inserts installed in one or more of the
outlets which allow altering of the size of the outlets and/or the direction of gases exiting the
gas distribution apparatus and thus selectively tailoring the gas flow velocity and pattern to

specific process requirements.

Referring to the drawings where like components are designated by like reference

numerals, the present adjustable gas distribution apparatus is described in more detail.
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provided. In general, the adjustable gas distribution
apparatus of the present invention conprises a
wohkouali2y of gas outlets and one or nore i NSePCE/US2004/016949
installed in one or nore of the outlets which allow
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unit, for exanpl e by urality of bolts.
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i nternal gas

. h . ho
peripheRy SitFien 40 sl vk »b%@%_» <haanels Vi teifartenthsedrilingifrom the
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to the periphery surface 20 of the cyli
shown)1 §iasesrase introduced through the inlet passage 22 and distributed into the horizontal

channels 14 via the converging point 18.

A plurality of outlet passages or holes 26 are formed along the path of the horizontal
channels 14. These outlet holes 26 extend downwardly and through the bottom surface 28 of
the unitary member 16. For clarity and simplicity, only some outlet holes are shown in FIGS.
1 and 2. It should be noted that numerous horizontal channels and outlet paésages or holes

alongAthe horizontal channels can be formed. Various patterns and configurations of outlet
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peri phery surface 20 is closed. The hori zont al
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dlsmblﬁibﬁfﬂeﬁwrl%%ﬂﬂﬁ’ tlﬁf hOWEnSd oGhd R0l
PCT/ US2004/ 016949 hol 65 gané/@ %gé%?%% gion;; The insert may
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the outl et es can be larger in the inner region

exp'ansngﬁao HRpIoVe ﬁeaqhng torevesn therinestsingtho shavreshead dndy dgnl used at

clevatch ARG, 26810 OV RPN BE A o
methodrsmyh as drillingereaminignelectiicslelischarge thaokining, had e llika/
nodi fication of the outlet size or dianeter and/or
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insert, is designed to, be |nstaII onto, for exanple,

inventiop. s Hhsjasesciiisaovisled iwith direads 33 forsngaging thmigset 3@ with an outlet
psss AR R KOS BELDIRSARE L RV B e

i'nt ernal. gas
30. Thehwtellatiesid ateomplished b}c sewingahdmeero80 (g iRshowbhead outlet 26

rt . b hi ned t Th
e

passageg h%?‘@‘?ﬁf’zﬁ @&g’?“eﬂﬁ’i&'ﬁ‘% h E’? IOﬁ ge%sénééﬁﬁ? erenc es | n

cylindrigphpassageway dpisrforreed intthe msert a@ and ettbmls throaph #® bottom surface

36 of thg'ufxgeﬁr T twhS one1fn];:‘tlaﬁecie r131‘t1e$1n§)efrt Igaggagewlay 34 is coaxial and in fluid

communication with the outlet passage 26. Gases from the internal distribution network 12

exit the showerhead 10 via the insert 30 in a direction perpendicular to the bottom surface 28
of the showerhead 10. The diameter of the insert passageway 34 can be varied to tailor gas
flow velocity to specific process requirements. For example, the insert passageway may have
a first portion 38 with a smaller diameter proximate to the gas distribution channel 14 and a

second portion 39 with a larger diameter distal to the distribution channel 14, The smaller
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expansion to i nprove sealing between the insert and
t he shower head body when used at el evated
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PGS e 10dbal 4 %g%%@ﬁ&?ﬁ@hé& 1,?g %@%ﬁ%ﬂ?ﬁé@ﬁt of the

) i nsert 30_ into ead outle
inventipmskess fitsnstalldtioniablavihies ieateed fardhrendadrjeinitpatA faén pasgeway

i g R By eSS By
this em]lc)&iiﬁiéﬁt, E&ﬁ%&ncﬁ%sége\g%}s'm%é ﬁ%edﬁ@ﬁﬁ?xﬁiﬁ%ﬁpaﬁé@e@as 44

ormed in the inse and extends t tom
extend gupyghche side swffaceHs dfitlyeinsertB40. Bivbrofitimsbrahd¢hemhssaghways 44 are

[ t N i al d.in.flyid
- angld RS AT AREIRAK PR Al 3By 00 B e e
insert 40heinistalled, lied indérd ialpHssRBWRE I doakidl with ithe SRt passage 26. The
shower head 10 via the insert 30 in a direction

insert 49 exfsaduputof fhe hojtorhairfice S af thashewerhem! 100 thatghe openings of
the bra@%c?gsﬁgg\g%% onTl!ﬂ? sﬁil'e %ﬂ]}?%c%r%gcgf tfl&??xsérp&@ Pltg gf&?@%ﬁ%? Ntdide of the

arted to ta g oW ve
plane of the boftom sprface2Sof the shovestkead .0 tbdireeppasaslitio af fi6edsiiagfdgion.

. ssageway nmay .hav a first portion 38 with a smaller
In this {gpbadient éﬁss&g’ﬁﬁ&’é%{%‘d@ PRSSAREIVays & it B diredionciearnsErendigular to
the botBfithuptacd 8 6Fhe BRNARELD dhrofl foricREr W £k Gito & biteess
region, A@GAAMPROBarR@Pld B0 GbO@11634 @boutiSerderees vithiréspedtito de bottom -

rtyon, 38 provides .a netering.,functipon to greate,
surtuce PR} (b HQn pRAGK mlipides Pl it PERRUERS of SfetiBe. of veine
depositAGRIOkndIS tHat MiAtchSs fhkloBist spiingd. CBY BlddeRingfth@flolvelidettiths, the
effect of the gas streamand facilitate installation
downwardcmoraerivia of dhe gasstrpan enterigg themr@®ss weian is tedubesdyand as a result

r ' ' r r.di ng t net her c
gaes 55 bty R BP e ARAS AU DO IR D g fpgrcion
or flowphitauicai bs alidred by eeledtivelyt dhoesiag thej sl begweeh th@banch

e\faﬁglsige eg‘e 42 is formed in the insert 40 and branched
Passagewaye,) a‘\é\f? MR paspeeytidar y passageways 44. In this
enbodi nent, four branch passageways 44 are forned. The

BIGhdi - Ieshestpniies preas-fib e insert 110 agefiding do enelembodimentef the
present @gﬁﬁo& h&s b&ﬁﬁa[rgd #me FREH 48 fillﬁslﬁ%’ceariffil ﬁf@spﬁf&%ﬁeeﬁ‘{?é’r? 5 (f' sAhown

in FIGS. 11-14 has a main passageway 52 and four branch passageways 54 intersecting with

the main passageway 52 in 90 degrees. When the insert 50 is installed, gases from
distribution channels 14 exit the openings of the branch passageways 54 in a direction parallel

1o the bottom surface 28 of the showerhead 10.



angl ed fromthe main passageway 42 in the range from
about 10 to 89 degrees. After the insert 40 is
wonsd4alitomel, the insert nain passageway 42 i s ceaxiuakoo4/016949
with the outl et passage 26. The insert 40 extends out
of the bottom surface 28 of the showerhead 1Q so that
ﬂi@so&m Zﬂg@owfin detadl the enpapement of g prany-dit fpednsetttd cfithte
|ns 40 are i tioned outside of
presentifiidniR it ¢ obele 2638 isrshetp et PO5inghe Prissdhemur fioa 2 the
outer dikthete? (DR) 8Ethe GRBRBOIiE 51;% y Pro&aRSd 18 oufY Riheter Z{D ? 15 tﬁe non-
enbodi ment, gases exit the branch passageways 44
engagemenfer@gioorMn dnasestipg ndiriadi ftage, e prelichipatydnsephean befsied s@ ﬂlat the

wer head .10 or no ar .t o.
sectondsy e B MRt TR uhanBlly BFRF Db i e o
engageﬂa@ﬁtl @gfohqmalbmb eddd ihQaidtioH land Feril@ N Sﬁﬁxe\i‘ﬁs‘eﬁ MR8l 70 can
the bottom surface 28. This flow pattern mnim Zes

be provrgdqddn the prebmgpmmge@ to fagibitate ingigllatien andeneniona] of the insert 60.
onee SRS ORI RANES i B R A Bomoves

and rephaes® withra fidal hisert gash# haeahr g efgdgethehh R cb0SEHISstERE ATFIGS.
' ced,, and_as_a result gases are nore evenl

19 and gy &E dinghinsert 7hdhe erpagement é@“ﬂ’@ﬁ is sehstantialiglopgertthan the non-

a0 KT N B 5o B

mnnmlpa;sntegmlvgyps atpoelesd vohenenmidrenpas salimead sedlng bétGBen tht-idsért and
not her press-fit type insert 50 according to one

theShOE’ 6‘?ment of the present invention. As conpared to

the insert 40 illustrated in FIGS. 7-10, the insert 50

539 torR4mshews angthen serews &yps insertSOneserdingda pne smbpdiment of the

in
meni U BIER GRSERAGHRAD 3ol B SIS b o
cylindricakseatibre8d 1sgns*ﬁded withtldeats 86kt ¢rpagimgahnimbart 86 witkithe outlet 26

inthe shovBBRDI $Ridh isalsS o tRrCvEB GRS Lok Femne Bipoqy. A main

passagw i €srehel Quithif tHALRyRAGal ; 3&9812 giPadd b&?t@l@&“iﬁ@)]tﬁg ﬂ&agonal

) 15 to 20 show in detail the engagenent of
section§2e Jhe main pgssegaway Btis Banelfedtin éltheggml sactiomB2 mﬁo wiuitiple

horizonttegg)a?s%%vge{ys?ﬁ Wlﬂgl%f)’tﬁd&ﬁ%ﬁﬁ@hea % (L]?r ?ﬂgh&ﬂ%@?ﬁ rIgl:é%gtgaways

90 extend tibughhtht ¥ide 3t8des D an tliehﬁx&édin@l se@iiei8L ®Y difdt dased fto a
t he non- eng genent region 64. In a testing or trial
28

processytgargélona The wnﬁrcynﬁ&@réwn dampiowides 2 sepl sBgagrment means for

[
1nstallaﬁﬁ1’f &l‘tlcgllr%xdtoﬁ af &qhgﬂlg%g ??ﬁ {nﬁlfén ﬁ? ﬁr?s’grt 80 iS HRE1RA tth@hé)éégonal section
82 of the insert extends out of the bottom surface 28 of the showerhead 10. The insert 80

main passageway 88 is coaxial with the outlet passage 26 in the showerhead 10. Gases flow
through the main passageway 88 and change flow directions from vertical to horizontal with

respect to the bottom surface 28 of the showerhead 10 as indicated by the arrows in FIG. 24.

Advantageously, the inserts of the invention can be placed in any selected outlets to
alter the size and/or direction of the gases exiting the apparatus. Process results can be used

as feedback to change the corresponding inserts to achieve the desired end response. The
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engagenent region (L2<L1l) to ease installation and
renoval of the insert. Threading 70 can be provided
wonodshe2qeel i m nary insert to facilitate instabPCamiSem4/016949
and renoval of the insert 60. Once the desired insert
. bassageway size is determned, the prelimnary insert
resultinggpniguraiem candthembelusedas isc eviusgil td providerthe desigreeriteri2to

replicat 8 shO0Byan O 95ke HORANRRhIENE b ooy by pRAEdTa
producBROaHTRMenSRAGIAION a hiinisiths bEFbEaRE Wiridags Hedifzan t he

non- engagenent section (L2>L 1). A |arge engagenent

A@&és@ﬁbéﬂe&%@,%%{)ﬂgtﬁﬁ?ﬁ das almhtﬁﬁoﬁ gbgﬁams Mﬁ%hﬁ)ggvéded by the

i nternal gaps or et~ vol une and” ensure enha
presentdweention, Bhe faregoingdescriptiont ofapetific Brmbsdimenatshufalck inFérEon have

been prEgpnlsR oL AR GBI oF BRotilion 3 TP They 118 261 Piaehipbe
exhausfivd 48 igf18dhe 3Rkt ON t3Be PRAisE y&ﬂqﬁdﬁm@ed,%atdbog)g%géna}%f

..cylindrical section 84 is provided with threa
modificafigag emodinenis, sied vargdiond arp pessible in light of éhe abave teaching. Itis

s 4 e Mo LR B L G L

equivalessmed within the cylindrical section 84 and extends
into the hexagonal section 82. The nmi n passageway 88
is branched in the hexagonal section 82 into nultiple
hori zontal passageways 90 which extend radially and
outwardly. The horizontal passageways 90 extend
t hrough the side surfaces 92 of the hexagonal section
82 to direct gases into a processing region. The
hexagonal configuration also provides a too
engagenent nmeans for installation and renoval of the
insert 80. Once the insert 80 is installed, the
hexagonal section 82 of the insert extends out of the
bott om surface 28 of the showerhead 10. The insert 80
mai n passageway 88 is coaxial with the outlet passage
26 in the showerhead 10. Gases flow through the nmain
passageway 88 and change flow directions fromvertica
to horizontal with respect to the bottom surface 28
of the showerhead 10 as indicated by the arrows in
FIG 24. Advantageously, the inserts of the invention
can be placed in any selected outlets to alter the
size and/or direction of the gases exiting the
apparatus. Process results can be used as feedback to
change the corresponding inserts to achi eve the
desired end response. The -9 WD 2004/112092
PCT/ US2004/ 016949
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resulting configuration can then be used as is, or
used to provide the design criteria to replicate the
wehowantmad in a fixed, non-adjustabl e versi onPCnAS2008416949

be preferred in a production environnment in which a
m ni mum of process vari is desired. As described
above, an adjustable gagegzéggfbutidn appar at us has

W Clbeen provi ded by the present invention. The foregoing

CYB%cription of specific enbodiments of the invention

haég been presented for the purpose of illustration
aln o @as distriution apperatys, SPEPHYELY nt ended to be
exhaustive or to limt the invention to the precise
feohady laivig conslgoe Bagolproesssingregiary  nodi fi cati ons,
enbodi nents, and variations are possible in |ight of
tewumbityef autlatpdseages fdrmied withit thededy tdextemding thomeghothe

p etaﬁe inv(gfnti on blg ﬂgfi ned .b% t he cl ai ms appended hereto
SUrtaceOf PIGYATIRE SaE IRV A e AIQCEsSIRHICEIOMMANS 004/ 112092
PCT/ US2004/ 016949 CLAIMS, W Caim 1. A gtas . )
928t onerreRlacaaplsdnsertudaced i lpast ape obthp guijctpassages, aid insert is

it
providwftﬂ%?)agﬂgé\g%g e?qag{eﬁQ@ §1§ért | %Eﬂzllgtﬂg 2 eBlt %é@éi {h)eé r%)gélﬁt gpassages

et "pasSa rmed w y an
and/or titer ditegtion bfgasssiefitugetht at lepst@ve Of tiy aydsemastapeoiritd the processing
. _processing region; and at |east one repl aceable insert
Ieglollp| aced in at | east one of the outlet passages, said
insert is provided with a passageway adapted to alter
t?h elhs; appagtusiol £lagm | whereingyard igpert prssigstvags Plhsentaly
cylindr'i’t{ﬁg/ or the direction of gases exiting the at |east one
of the outlet passages into the processing region. 2.
|

ar at us .Claim1.wher.ein said insert . .
o URDRRBGHEDr Lt Eelf YRt Giakeny Shorises o st portion
havingappaillet @anefer Gh@h Becbndperiidh hating al gicértdipassagevay
conprises a first portion having a smaller dianeter

AR HPHAAM P ONdilONwhedin Qi PinSrepdseigetliad B fkial Hrith the
apparatus of Claim 1 wherein said insert” passageway Is
passage ohbhe gutlel nléced ydth the insert.

5. The apparatus of Claim 1 wherein the insert passageway comprises a first portion
coaxial with the passage of the outlet placed with the insert and a plurality of second portions

branched and angled from the first portion for directing the gases into the processing region.

6. The apparatus of Claim 5 wherein said second portions of the insert passageway

- are angled from the first portion in the range from about 10 to about 90 degrees.

7. The apparatus of Claim 5 wherein said second portions of the insert passageway

are perpendicular to the first portion.

8. The apparatus of Claim 5 wherein said second portions of the insert passageway

are in parallel to the surface of the unitary body.

9. The apparatus of Claim 1 wherein said outlet passages are substantially cylindrical.
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passage of the outlet placed with the insert. 5. The
apparatus of Claim1l wherein the insert passageway
woaoiiz™s a first portion coaxial with the pastage0anico49
the outlet placed with the insert and a plurality of
i br ahched. d. fr irst .
o5 P BRA TS B BRG SR, el R BBl e orion

havingl£@h#Alkr dfameldt@nad BREJoAt Portivh Havidig dembedighstesai d
second portions of the insert passageway are angled
1o "‘Tﬂehag)pﬁl‘aﬁl%tof Rty PRh&Rin 6 ilsBR 4p1hécdTh M’cle@ﬁas‘s_ﬁ’%}e by
about 90 degrees. 7. The apparatus 'of Caimb5 wherei

press fdai d second portions of the insert passageway are
perpendi cular to the first portion. 8. The apparatus
oif2. 'teei apparanef €lldimslawtersicthe dutha phssagsaraf inkdrearepsevitied with

assageway. are ji.n parallel to the surface of the

thread mfg?ws%aw aepd il cushpaseee bierdingy 1 wherei n sai d
out | et passages are substantially cylindrical. - 11
V8. 20w arpaatys »f btamUS, Bibeyen do Ausert comprises TR fol engaging

instalh%l?tit%lg wherein said outlet passages conprises a first

‘ portiron having a smaller dianeter and a second

ortion having a greater dianeter . Th us
OFF o s PGl o R dRe fhuptl ol SRR dutibeone
replacdABRSAGRt pliicedh @6Radt ohe oflfhe ohhiets, 3RRFINSIS pedvidddwith &
wherein the outl et passage and insert are provided
passaggyehadapkrdda alierthel size ef andierrthe digeqbion o€ gasen exiHag dar atdeast one of
the out\?a?;sage by threading. 13. The apparatus of Caim12,
érein the insert conprises nmeans for engagi ng

RSP e e LR 0B

cylinddicp! aceabl e i nsert pl _aced i n at I east one of the
outlets, said insert is provided wwth a passageway

aa F”Itlf%qlgf)él'aﬂlls e idite 4%H&eiﬁft11@ﬁ9érpﬁas§£g%\xﬂ§rF@EJ&B{P&T Xg& the

gases e [ ets. ,

ting the at | east one of "the ou
outlet piheedapifathativssriof Cl ai m 14 wherein the insert
passageway is substantially cylindrical.
17. The apparatus of Claim 15 wherein the insert passageway comprises a first

portion having a smaller diameter and a second portion having a greater diameter.

18. The apparatus of Claim 14 wherein the insert passageway comprises a first
portion coaxial with the outlet placed with the insert and a plurality of second portions

branched and angled from the first portion.

19. The apparatus of Claim 18 wherein said second portions of the insert passageway

are angled from the first portion in the range from about 10 to about 90 degree.

20. The apparatus of Claim 18 wherein said second portions of the insert passageway

are perpendicular to the first portion.

21. The apparatus of Claim 14 wherein the insert is placed in the outlet by press fit.
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16. The apparatus of Claim 14 wherein the insert
passageway is coaxial with the outlet placed with the
wonemrti20917. The apparatus of C aim 15 wher ei nPCIAIS2004/016949

insert passageway conprises a first portion havi ng a

S er d|a 3t and econ o)

Ao B o CIAR L S RS B BT By e B/ treacs
and thé HSet is Iﬂa&ﬂdﬂmﬂ@%@méﬁﬁ a fi fSt portion coaxial

with the outlet placed with the insert and a plurality

{ t

o e e D g P foF

engagisgauatallapion tdodms of the insert passageway are angl ed
fromthe first portion in the range fromabout 10 to
about 90 degree. 20. The apparatus of Cl aim 18 wherein
sai d second portions of the insert passageway are
perpendi cular to the first portion. 21. The apparatus
of Claim14 wherein the insert is placed in the outlet
by press fit. -12 WO 2004/112092 PCT/ US2004/ 016949
22. The apparatus of Claim 14 wherein the outlet and
insert are provided with threads and the insert is
placed in the outlet by screwing. 23. The apparatus of
Caim22, wherein the insert is provided with nmeans
for engaging installation tools. -13
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