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i nvent i wo cogbames to thin fil mdeposition at a single ataawusdoaneo2
“precision for manuf aclmwwummmnu’@ m conduct or devi ces. Mre particularly,
this invention descri y of apparatus configurations to enable
atom c | ayer chemical vapegiiss depositidn of thin films of various materials
on the surface substrate. BACKGROUND OF THE | NVENTI ON The manufacturing of

advanced i nteqr i i I ] ronic 1 i

acconpl i sh eémg’ﬁ%nt% %ﬁé Mf@i&g@ﬁ%ﬁﬁ@i@&y‘ék 6&%§g‘iﬁ$ﬁ,{0%
patterning 10 and etching of thin filns on the surface of a silicon wafer.
An extrenely conpl ex, nonolithic and three-di nensional structure with
conpl ex t ety of thin filmmaterials such as

sem pond%@*@%@ﬁ nmetals is generated in a typical I1C -
fabrication prpoges@sent iveRfi®sfiMted forhith filth 8¢ sitioh at ¥Eingle dtSmidakyig t o
continue in the foreseeable future, is to increase the wafer size and
decr ease preaisionfer manufdefyring of Smicendustesideyises. Ablage pakigwierly, thisHaventioncon
waf er siz S..Rr.ogar i e f . now t o
T e R el

Si gul tan kiYion lofihifs Fildnk 6 el aritRisimsteddlen siexurfaessubegateased from 0. 3S
mcron to 0.25 mcron to 0.18 mcron. Research and devel opnent for the
future device dinmension devices at 0.13 and next to 0.10-m cron

t echnol ogj } i r-fhlﬁ ﬁdré}y several |eading |IC manufacturers.
Such stepis;ggzrkeélr}g%@gga(?g 0 itIncrea’ggaltvhe devi ce speed, sophistication,
capabi | ity andTHé elalufathefg dfadngiwed intédratel CirpuicdUCE) theintiaoblocttagy have

pl aced extrenely stri.ngent, and di vergent demands on the per.f or mance, of
sem condutdgsTitrsFemplished guoneh BREAIOUS ABE TEPSPEYS HePSRitdeBPHUYH PatieRIng
Prigar essi ygl &cﬁﬂg'o'f%n?ﬁfﬁ's Of tRS SHBLEbES siiloh Mafe UnAGSrefelPootidibEON Waf er.
Thi's in turn translates 1nto extrenely precise 25 control "of the critical
process patoacithic sndthede-dimehsibmaltstiucturewith compleidbpagyaphyrad veoety aftih st ep

cover age er conpl ex topogra and, uni form oyver an increasin | ar ge
roa wat o BmAGELS Strlh GBI RBA e oy BBt St eSlsTn eParuS FEL FRIDIF eq Tor
thinfil ”!fé%?i%@ﬁ%:{ ?ﬁ)@es@r THR PhddentHréel ih GRIIG) whith i§ GoinBds séAtihudlin Beesent , the
nost prom nent bel ng chem cal vapor 1 9 DEC 2Q03 WO 001 79019

PCT/ US00/ faregeable folire, iote it@ede thawafirgize @ad doerpse thiepiitial deicq PVD). Bot h
of these techniques, howeve tare.fl ux tde%engent. Thi?.ml;anst that.the
nubber ~of IGEEISIIS- <i5An RAMPI, Rl HRPLTNFY DA RIRETSP R R ISP YA FYHce nust
be const ankg nd 18200 AL Rhd A6@/to GVPnith A€ B ndkRa kR §izF 0K A00 fim & dithay ed
evenly froma | arger di aneter showerhead, with hundreds of 5 ~ gi nhol es in

it, faci ndotkemchimulippensly,she eriticahdevice dimension bredecreasediprer0-37 BHEROBS |
t hi t ai, | . sh d.wi i.nhol i th
L str ot RS e PRt KRR e dcheloBhB o MR LeRE LR B2 2110

the tinme. dmerdendericeeat HiBuadineRt (oS0, Ehadcmhecchtoloies i4 being cominceddyses,
that are spont aneo_usllé reactive tqowayds each other, are required to deposit

a 2hin filssverphleadiag Ig reapudactyrges. SR AIFPHAFCIIRCESEVLY IFLASE fRet VIS SBEHosi t
large ar easobﬂfsﬂ?itidm”ﬁag}ﬁgﬁf?? Eﬁd gﬁlcﬁxﬁéé‘%ﬂdﬂhﬁﬁé ]?G'Fxtodhé‘t%‘n teM{ofopsPhave
tenperature uniformty o e deposition surface plays an extrenmely crucial
rol e i n afplecdiextretriety stahgendfind divergtepdenardsen ththperfdrawnos ofbssmigonductoer
crucial in CVD as .conpared to PVD. In racti.cal examl e he, waf er

t enper at urB2Hfa¢UERS AAVIATSNHEA! daetpqsrl},_pa%clgxéﬂrei@ REOQFS%%YE gepicery; o

| eads 10 CopRhit atheRNPRISL Lsiloch RERECTRMTA LA SraAllbkel BTD SLRHEIG phQNe! O

har dware a timtely to added cost and conplexity. The averagé rate of
fi 2t depostdritoohof theG@yificainptecesa patametas bushed flmethicknesisdmorpholpgy, e rate of
deposi ti Onconxﬁ’grrr?ﬁ s e% cr«:])iv r?tgéle gvelx-()c%(r)np'f‘éxngogoér%pﬁf arluf) uV}/ﬁﬁ)Sfm]ﬁ?/%ver an increasingly
large area wafer surface.
Various well-developed and established technologies for thin film deposition are

being practiced in the IC industry at present, the most prominent being chemical vapor
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- A/mn. However, yet another fundamental shortcom ng of CVD gsl % dynam ¢
process (and PVD also) is extrenely | ow degree of filmunif ré‘ttq\y %81 ow a

certai n WO 0/781Aum val ue of thickness, typically bel ow 20@cTaistoasdos on) .

"Wth conplex device topography, this [imtation is exacerbated to bring

hi ghly non-uniform fil mdeposition. The PVD process requires a high vacuum

apparatus to throw vaporized material i cluster formtowards the surface

of the wafer. This |leads to poor control on filmdeposition rate, expensive

appar at us, .al sq himtations on the type materials to be 25

deposi t ed .de%’]s S%‘% @ébi%‘ﬁﬁ glé‘fs ?gaqqr ,qlgpqﬂt}% (ngtD)prPcﬁléggthe&;,e teglmqhess s

amenabl e hewaes eansOddpRhde:. T t tHeQfhn L opoar aphy.
Such fundanmental attri blg’t@es of T?ﬁreﬂgéeﬁgggbgeent %?F%gaégg%gg%p%lg%uﬁ%@ﬁﬁ%l ogi es
pl ace sev@FRURbASE phthe walensurfase aypst pereonstape r nor commerttionah€VD proaks; e and

e s staper T cmnertionhEVD Bake; e
and r api afg® FARPHS SPRAES sl RECH el disbeiterehewaen. Soubereisrins! on

and 30 | apgreiolewdh &t fﬂﬁg@?&ﬂ%ﬁéﬁf&ﬁ@wafcr.V\Q’igpfnzgggig%\l)ﬁ??rﬁz%?p $his

PCT/ US00/ 17202 A varijant of called rapid therma C 'I'S"bei ng

enpl oyed E€BESAAN §Veblaggarishowerpeatwith largertnupibeonf pinhotesiorithsi sriictvondition | N a

typi cal . e wafer . s rapigdl eated or, cool ed by radjation
from swi Fgﬁ(\ég"}g%‘g%ﬁ@%‘f% ?%C}vgreagalba%%mg?{i#@ﬂt BRE’F IAd’rﬁYsent%mP%émﬂ‘é@Pr ed
' reaction tieemouatetsdewh&i fd sraneRYskas, tHabﬁc‘éﬁé&ﬁnéo%slg_ré’ﬁ&g% f’cﬂvﬁrgs Eggctive
gases. The optinmum tenperature thus achieved for deSired tine duration acts
i ke a re&thsrowre ssquied to fepaskeythisr ftlow sk suone case, thewpbratian bf @ @3 byactor
siypul tane j [ rds t fer. This technique,
o QH?F%OSZI%%%%&%MM%%&M&XVQ gﬂ%a?emgg%\ﬁ? tagk.

t hough rapi gi ng, has sone Serl ous t, rapid heating

and cool i ng mayMbeaset, tentpdiaturenatiformity of tHelepoeltiomsasict phly8 ahiekFemkResS-
Second, RTCVD . s i.nvg{qi abl%‘elo susceptible to conplexities arising from
undesi r ablCEAA¥JBLE ipadiscing the safe aé flrg depesitions Thisdlpetpekeing ratherramesialmat er i al s,
expensi ve &g £Q PARITE of | raggiarion control. Al so.
required is the gﬁl gn%g?aconsthrelSﬁécéﬁmngﬁpﬂ&etﬂgfﬂgkﬁc %Fﬁé?%Ber apid and
repeat ed trh@ntminedshdotkisdegrete€ ah5@hdsgresiOm THAS Raiictol c@)ﬁgﬂe;pm,%@hsiv@por

d siti oriwgéLﬁlD orqnﬁerel ALD) is g simple 15 variant of CVD. It was

i nVent ed i1T2¥EF AFIETY 409 tPmperaise conteol handyare andipltimately (oradded aestiands of
compound BMpISRTUHR sVerapH j ot ol s | _attributes
of ALD that, n%ke it an g( rgﬁglagﬁgﬂag%%ﬁ{%gg}gg% |°3{’§8§?q¥°§%‘?%"%‘chni que
for its appideangeodhegatsiof dopdsigvirmay be anhigh ts Y000M Bningo as {dwixs L@8lependent

t echni que it,ls based on the principle of self limting surface
reaction. %ﬂ?shéﬁ"vseé{ef»&egﬂ%r?“‘t 8-@2 °PH%%H£¢YR}‘§’.‘“8 #dymanaict ypi cal
ALD sequeneecdssandi RVID)aldod acdxitiétheB RN e8I fifh Mo?nga %Qidvgafzéxjtﬂh and a

gaseous reaction by-product is forned. It is carrie t 1n discrete steps

as?4 ol | ongninipgm velyeofthicknesyatypisally balowdiide At (Amgstrom). DWithomessexgeties wi t h

two inert , MO . ive .pul ses. Firsg a reacgtive gas (A
o pul sed SE2RHS Bhs AR i RAE DR RSB WER o i bor U o g |
surface by chenThaPVY prooes ireiret b high vcBurd Bppaafud itk ow WAt AsESal0!f t he
surface. T.hl? rocess I s called chemsorption. Next an inert gas %P? pul se

is sent ovBrClMYE fomR foykards fhgrsusfarecpfdthe waler o Thisdsads dorpeer aphtrghen fithecul es

that are | : I I 0 . e a thu

monol aver SR ER T Caerol CHRLATERRE ko LibHSREON BB T md GBS o e
NeXi the sdaposited: ebiso; the Py béiBy ailine plbightiprovess if Mach\REeimakhbis o /GRve Thi S
reacts rapi dlf%/ Wi t he rmnolﬁ%er of first 30 gas al ready adsorbed and a

. desired fifHh ’?‘ar‘t@E‘HéGPml{IHHP ahomalextopegraphy. « uchdundasentalattribyies 061 79019
4 1 9 DEC s ‘o ' ' . gas pulse (P) is
i ntroduce dt%% ?1 a @gﬁ&ﬂe{gg Q‘géé,é g@é ? g‘%g‘@ ﬁ@%xegﬁga@g Ee\%ge c‘j:eds?lg&i&)lf’%ta%etgg 88%&%& pe of
reactive gessforihapcatlietr schle-spaddaesult i tolieficiensies @ibrévesacaRaN i afe Wing
desired film E%AB taglgt is,as.thin as . a single atomc |ayer. The surface is
left in a PEEEHP JeRidbpieltan theapid repgressdqwaris smalexdeyice dimsnsiomyand
desdred filafger wafdt didne®scdritinied. | t by repeating the conplete reaction
sequence descri bed above for definite nunber of tinmes. There are nunerous
practical advantages that ALD can offer over the state-of the art

t echni ques such as CVD and RTCVD. Being a flux independent techniques ALD
is transparent to the wafer size. It neans in an ALD reactor a 300 nm waf er
can be coated




*10 as sinply and as precisely as a 150 mm wafer. ALD al so cgﬁsﬁr ly
si npl i fi‘?é é);}?‘) eactor design. Also being a chemcally driv R S, it
is much 184 éérperat ure sensitive. ALD usually offers a PERyEIULITIPT wi ndow
“that can be as wide as 10-15 degree C as opposed to a precise, single
nunerical value as required in C/D. Thigs sinplifies the heater design and
controls. Due to the surface saturation reaction 15 mechani sm of ALD, gas
dynam cs plays a relatively mnor role in the operation of an ALD reactor.
Al such fact osvaiint oNCYDEEHME apid EREASCDIRTEIVIY i§ 8bingRniglojdie desi gn
and operation of equipnment but also its scalability wthout 'nich effort:
Wth resp&eninioachicys prosaseaonirelan film deposition satan Inum typécab BT \SA preness, of

*process cqnt . j i i.s:controlled i.n a digital fashion at a
G gl o at 8 eetee s dfifaly ool SHPRE By i SN s ¥ita Byl s ar s
surface r efihigh@owes hintyy th ek ddsfred feabtisie@beratiitel SHAlanss By, GRY @aRPEs OvVer
-conpl ex topography of devices all, over the wafer. H gh and spont aneous

reactivit §XRASEE ofeprtitegases Hecuinim tgperaiure s ashbieyed foatdesined timet he
desi gn an ' f : E.LAC ( V. ffects e film
uni form t&?ﬁpﬁﬁgﬁsx{&ﬁqﬁ%&g}s{ EWE tﬁ?gﬁﬁg}ﬁ%Bgﬁg%tcgéggfu%anﬁjgfg e\‘/’F‘% §Y of

pr ecur sor sinugdtansodsicswiltdiging thechas flowhbwardn theivafed EhipteRhhigde thohgdiSrapidly
advant age. Furthernore, in an ALD sequence,, the reaction is carried to

conpl et i ofMEIHRE hap some serQusdrawkacks sk rapid hgatingsandasoling asytleahto

by- pr oduc r eq1id { i th | eads to filns
that are tp"‘{"jarf %arr@éz}h{gi@tsolm %@nun-r@ggﬁa%gén%lrf%*ég%u%gbg’ygg?)elét@é%%@o npared to

t hHl r CVDsuspeptitele pacdrapledies arting fbmoieges fableadepbsitidh Bnivinddw wiptitaixed and
is solely dependent.  upon the 30 speed of conpletion of a single ALD
sequence. rtlﬁf!ﬂ FB“BEEUH%“H@E@BW‘@ %"S_CPH‘Q{"X I\RESI‘F)QTF f@mmwi_agfi DEC 2003
PCT/ US00/ 1180%%dik@8! A%o!redlifed!i9idthiMber donsHitkioR tibrist WMLkh Wiktand

t hroughput. Hence, it is i ngerau ve to conplete one ALD sequence conpri sing
of four gaepigandeepentad shermiabshocks wnslenbighossiupt.e, in practical terns ~ 1

d. This pl . Limt on the fil it te at .
100-200 A ApRe (et sl Rl RPostin ARCYP R Rty A1l s Sire ey o
5 ppvi ce dbARRYITVD. v64s RahtHSSFin ledi@#@s&@aeﬁsﬁmi%nafmﬂogﬂlg{ra' y

desirabl e and applicable for several future device generations a
several f @f gpmappundgemiorrfdactons, awal asrzénc suifidex diherecare seleesalrattpibutes offATIe

f undanment d. | i,cati,ons of ALD.a t.he Qgr.ess it "has de so far is
of forea | 1 ok ERPLIERia ) Moy By RgrRlsr i for S SPETRABOBRC of
Crystal Gmiekdtlechic iBdusiyi AT hmﬂ@nmdasﬂnuaatxectﬂﬁgie 28d ifiPbaded oh thiur I e 10
editor), publj ?hed by El sevier Science B. V. in 1994. Although in

princi pl e PRl efssiiimuingssuplacs spetionsitas lsg redativelidiemperayars inseapitivpeIn

i nglyistry pj t i -‘@ég it n

co?nyﬁr ci aﬁ@g@hg@@;@g&%gg@% reg;é/téi I E‘fgggﬁgp@ys ae%q@hf'é@ flﬁs)f%apabl e of
deposi t i nggasdniug rédction bgrproductris formed At ioasdpdaue irs dissretesst s dsfoowt.l y bei ng
used for early ess devel opnent. As 1 scri bed above, ALD is a sl ower
process than C,\%rcgﬁ ‘Wé‘g}ﬁ’%ﬁt{cﬁr{g_CPHYeé‘_t‘BFSd’gg%QFQGFWyé Wb twe IRGTHERS as sl ow
as the | atifnscQRRs twd fealli®d BRI Fhﬁlasl@&\fﬁegagng})t ilggmﬁk@o@émg WHFGCRS SOf

system has been devel oped. a hatch proces 'e substrates are
coat ed si nihe gasenelsdules saturatethawafer h@ surface byichericallipweacting withnpéo ed to a

si ggl e waf er .processor.. bat rocessar.s_have.a f erious, di sgdvant ages
Sl o R BIRE Phuadd oSt R RS TS B R o cllfell Per PR MO8 bat ch
and from biaks Bad @)Ppatsehs sh e tHE sitaRe fat 5WEpAwah @x¥&k AnARHEEASS

contam nation to note a few Also, both of these ALD systens are based on

t he princippleceles thaharseossly gtashed (hysioserbast rathesnriatsand thnsla awrodayet b

pol sed_ sechentratsly sBiselsformi Yol AR 18 olbrde” N R BEn itV el
reactor 12(Bjii¢ Egmemcﬁsesaafek OWs@Pite] Msa&éd@mbméymmhé Bonoadyef oflfirst | €5
stationary wthin a narrow gﬁg in the reactor an ases A, P, "and B are

e

puP8ed i n” #3sSireadadsprhed gnd aifiesiredafilnbis formadewitly the ediminatian of thd @asapus hys
sonme i nherent and serious drawbacks. One drawback is that increasing
substrate size requires increasingly longer gas pulse intervals, referred
to as pul se wi dths because the gas has to 30 traverse the full length (or
wi dt h) of the substrate before the next pul se can be introduced.
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further y affects throughput. It is nust be reiter f -t hat
v ¥is é)%é‘&%g ,‘5{}55

ALD is basically a slower process. Al so, such a reactor 1 tion is
“inherently susceptible to adverse downstream m xi ng of reactive gases due
to flowinstabilities inposed by thermed convection, Mreover, in the
transverse gas 5 flow configuration, if the pulse wwdth is shortened the
reactive gas can be depleted downstream |eaving the trailing end of the
subst r at PTedict adgaiy amisar ganpulsodDinineducadthet seseps awhy byupdodust erdsat y

affectin . : 0 | ar _angd single wafer Atom c
Layer Degegtsc%id?nlﬂ%c acrr]gcgﬁ)'f ﬁg?é@gv%%%agﬁx gg%%fegggglhr e}cﬁés g’wsﬂﬁ%r%ﬁlg?i on

sequence méndlafdr o defifEsilbl AR i as ¥hid 8s demislodibaic ikher. bR suembdrnes tine
t (or pulse width), in an ALD reactor is given by the equation: t = L/v (1)

Here, v |18 arRectiygstajefoshe sompleteisequengatastaseyen Bie desived fitm iinthidkoesslip

' I bst. di i0n. Thi
o at i onsiirt bl ForsaiRg ke SR8 iapllod Serhies B! St TR afEr of | o,
For effi ctiraed. operation of the ALD reactor the gas residence tinme above the

substrate nust_be as small as possi ble. However, the reactive gas during
the pul se nust IRGABTEIERSOuTBractnal advaniagenihat AL cassetferiavepthesije-ofrtheanl y

| ar ge di ] } eact ar j j i ral| el
oiate typ: pRand SRRUELITIT RIVHT. TREhR R ARORE AWl da s PP Nt ough

hundr eds winsparehd toltht eafdrriz. [ Béas ik ARA LD regtdrad oshinmeyafeedsh be coated
per.pendi cul arl ﬁ’ on to a heated substrate surface that is directly opposite

100 t. Mafs FOPY Pdasercqiealy aya { Homam yatrn ddd alspicapuderpblysimplifigithe t ask of
equal ly dj L Buting oV, i . of hol es.
However , i{e?n&gf ?%vé;? |%Ls?3)% |{d ca'recelggggs he gegghgcae? ﬁqﬂé?\%%%n? ?Sggn@ﬂ%%ﬂ’g?y. Thus a
CVD r eact sansitizry. BRIV ssuch] 1Yo ffets penfperaturawiAd®vithstican be ps widd 48 €0-150wever, in
practice i

it is. highly inefficient, and thus unsui-table. Jt is qujte clear
rom t ho FEFERGiAnGPRUSED BErGireotn B G AH AN ra b §Pe TO8S ar t o
. ALD react gmpligisé g2 Heaet g&ﬁgﬁﬁ?@%ﬁoﬁ?'ﬁﬁé’mﬁlﬂg stiEeSardnreadnt abl e to the

m croel ectroni c industr uni que and novel ALD reactor design nust be
i Afr oduc enecizmissuofiALD) gasHywiiniics plays orelatbelyymimergdletinvke apdratidneoffanl | owi ng

ttributes: 19 2f 3. WD 001.79019 PCTNS00/ | 7202 7. . Stahle fluid fl
2bove t noALRERSISE A HiCh FARIR Mo LY RS mERoRS TR BLiPB IR B SRRt ve
gas or Vapsy op¥atior d¥eqRifhsdnt %tealidJ{t:{) Safbilfty itk bish eRekh mﬂ?xg{eilboew( 13;1

rapid gas pul'sing to enabl e rapi npletion of an ALD cycl e,
Smal | est  precessiparameteisd oo ffers pi Unprasedertetddenss of procestematrol. Tlonfilngur at i on

t hat can Lntain d c ents agnd.hardwar.e,servi ce i,t hout nuch
di fficul t)t}'8 %“%%‘5&8& %@?&@%&Pf}?ﬂé,a 5(“1‘%% gani"ﬁﬁ?"ieﬁ’teyg,' %%#If)cé'ffcness and
cQ@user vat iAts, tRoALDOostbedis bbing saifate(rgictiBaroaaoledbHerg Rmpipe ad Bidk sl step
processing, Wat is clearly required is a confi gur ation or configurations

of an At ofPY¥eriassier somplsxdapagranhycfsepees Hlhaverdne wafirq ftichard sneatansense to
devel op a glfbitfof twh freblrdf S4E brings extreme complications to the design and -

operation of a CVD reactor and adversely affects the film uniformity. Inan ALD

process, high and spontaneous reactivity of precursors is in fact highly desirable and is
25 'exploited to its advantage. Furthermore, in an ALD sequence, the reaction is carried to

completion. This ensures complete removal of undesirable reaction by-products from the

film. The completion of reaction thus leads to films that are purer and contain much

smaller number of defects as compared to their CVD counterparts.

The rate of deposition in ALD is almost fixed and is solely dependent upon the

30 speed of completion of a single ALD sequence. For ALD to become acceptable to the



“the substrate with a mninmumpath length to cover the conplete substrate
surface ynifornly. The minimum path length, coupled with std$ PEEy20@* fluid
flow, of YT+t est pul se wi dth and satisfies the throu@&FdSOPATRI2 r ement

"with high degree of reproducibility. SUMVARY OF THE | NVENTI ON The present
invention provides an atom c | ayer deposgition (ALD) reactor that 20 25 30

i ncludes a substantially cylindrical chanber and a substrate nounted w thin
t he chanber. The ALD reactor further includes at |east one injection tube
mount ed winfibriosletienic hatuary, inavkIGHa dBinpeativé ralehBRE TidHe S A iﬁgﬁrz@ﬂ% \ﬁi de
that direct gas emanating fromthe apertures towards the substrate. ile
gas is pulesalets ¢ip AkP seapence Fomprisipa of &uriges prlses inuab shoratimeas pobsible,

i njection; : 1 tiny y t in.a Longitudinal .plane within the
chamber 14 Bagicel <88 CYBSTAOTRR R Rh DnBora e e R adioffionBhg it (e
gas. | n. aappreker00e2DeAlMIh, MROWithtdedbion bEas LN WidMnEndoldBf Edcrsadfigt rat e
wth a gasd depg_sl tion seqklljence" conprising a first reactive gas (A), an

i nn‘gsrzi ~gas PfS ’ft??é‘sé’é‘é:oﬁﬁ‘ﬁ features Banlg) the argessef Alnléﬁlfgl?}ages_(lﬁbleand one
enbodi nen r hs rotated in a

hori zont a}ap%}caahee}‘ioﬁé&gfagm% %eggc{é%gﬁ%ﬁé%sf#@ﬁﬁf %E@?‘ﬁ g lgig(%W&Peénbodi ment ,

the waf er dianteté¢rsatim dxselidnatiesariptiyn of theifanddneentdiamibippliastidRFIATIBGhOr t ube
is rotated in relation tqQq the wafer substrate. |n another enbodi nent, the
ALD r eact &¢ PIRBTeSE fag miade sq far dceiferad i Eayighp avtickawiiktemby TupmoSatadem i n

parallel, f#hdBaddyosk o?@gf&&li@@wth,% %Q}I‘ mé a.{fcllj Egl | s%Q& Ifgfg/ Jr’SP?—Q)]ﬂ;?Zgﬁ d.

t ube di spenses gas (A)7, the second I'njection pensés gas
t h&0 t hi r d edripmcmibdished ineEleapeSsescedhsV Bn 1984yet ot her enbodi nents, the at
| east one inject,|

on be .may, be configured in Cross, i njector tube
confi gurati on, m}oétlgf‘gq‘ pﬂﬁ"ég}ienf%ﬁé? hﬂ"%rﬁiﬁ?&?ﬁe’@rﬁ \?a;xglt)gédé@g@ges over the
ci rcunt er ididtry Prévaltds tecBhiqdss ficAaK €V ARG PV iKY nblh &l Biinerf iR 9! ¥

the present invention inproves the efficiency of an atom chﬁ%yer c%em cal
vapor depdsi tA surerslyavailable ALLR sydtem hdt dincapableaifdepasitingthirofilngs ort H@mm

substrate w4 h one of the variou as injection configyrations achieves
conpl ete \ﬁg%’i’“’éﬁﬂ%%%‘tbéwﬁ adee y&r’? “453 ‘.”d%aﬁllyéf?‘ifzﬁg Hﬁvcﬁqul%'o est _
possi bl e tdeb®itled aBBve, MID @A5s16WELHoL &S teRNEVasrat tovD @ftﬁa'ﬂtg Bk!lep"‘d&itf&am e
to realize large area, uniformand -highly conformal 10 atomc | ayer '

deposi t i ortlmpstH Opinaes asslqyy axthedatenenaso To BRremeDEBTRSEATATAEz RN PHED BashY NGS

pul ses anchTse T Supr i blarleyBlbeet yEs BRER Brolfn Rultble bRyt e B cact or

Wi th transienamebldwtcingtdageha ttheghgut CHoweven Wemp el kgl kikgleoRafep! | Nj ector
tubes in an ALD reactor. FIG, 4A shows the schematic of an ALD reactor with
three fixdIOHS0T; bateh processprsdave adewy seripusidisadvaniages sueh as inpdeguatempraeasts t he
debgi | s of .ghitB1. SH ilifogk t ni pur ge
gas asserrbcl y. I’—“?Géﬁgpésﬂ%?/\lsh t heﬁ%ggyeé}é%va%é ﬁ%ﬁ’esax%b@gg%t g%@vﬁdégsﬁ%

el ect r odesorf the wgderaand crosy centaminatioheo pbreenfew, FAIS, tbtls bbilesd ARDOSStems

ul se-rotation nchroni zatfiqgn for a typjcal ALD deposition
P are %aseﬁ%n Lne pnnc131te o% transverse ga% FHow conﬁguratlog above and across the

heated substrate, in which a finite amount of reactive and/or inert gaslis pulsed
sequentially, as shown in FIG. 2.

25 F1G. 2 shows a compact ALD reactor 12 with transverse flow confi gﬁration in
which the wafer_ 10 lies stationary within a narrow gap in the reactor and gases A, P, and
B are pulsed in from one side of the reactor. This tyi;e of reactor design has some
inherent and serious drawbacks. One drawback is that increasing substrate size requires
increasingly longer gas pulse intervals, referred to as pulse widths because the gas has to

30 traverse the full length (or width) of the substrate before the next pulse can be introduced.



- sequence, where T is the tinme required for one conplete rotation of the
substrate around 25 its vertical axis and they-axis denotes1§uBfgi2g3 of the
gas  at aWoMBPMary scale. FIG 7 shows the top view of arrcaiusnonaozve
“configuration of an ALD reactor with RF electrodes for generating a
suitable plasma. FIG 8 shows the top view of an alternative configuration
of an ALD reactor with nultiple gas inl 8ts for fabrication of atomc | ayers
of non-stoichionmetric materials. 30 FIG 9 shows the top view of an

alternati : i i f e 9 .DEC 2003. WD 00] 79019
hCT) Usa0) 1 TS SRS Hocile HmEhdIntth b O by afibed bl Pt ¥
non=st oi cn¢itemeted herenthateXliBlis badidaly allovedtPrseebd) eA RS IR hirSachdr 1@ 0SS i nj ect or

t ube asseanP/. FLG .1 | shows the schematic of an ALD reactor with radial
gas i nj ecCORIEBALRisiaRseHly suseeptible toradvierse dewsstreamemixing6f ractielasesact or

W th gas iggi ' @crotat | L h acked,. peripheral O-
T ngs”r b FERER I iRt BPo HRRRAI By o, FAECTS 5 bierte e
| ordgi t udi kol cpigurgtizat ifitise pulsawidih i shogesadtié reaaktve fdsGan bé deprews t he

schematic of an inverted ALD reactor, with a statjonary IO "upsi de-down"

subst r at e SQNAST A ering thedeailine engpidhe subsirate surfeqs wishent any ceatingindct i on. -
DETA! LED BREGRH GOk BevaRidts 8RLcnBYRIALOmbeLs@t es to thin film deposition
at a single atom c’ | ayer precision for manufacturing of sem conductor
devi ces. The f dlHuswi pompies,cnoulamandisinglSwpfee Atoriddyer Popdyitorofteintfer
ordi nary and pyse the invention and is provided in

il.l in.th t L
t he cont eiﬁétcﬁ CIQS%P&? gﬁ’?{e&}}t}b‘i?g g Lhhreastipn; sequense as fashasnossiblgs ihighly

mogy fi cat idegisati® The ghy eliats&dikebes pEE g \ j,l-uh %ﬂ%ﬂé&%@&@%ﬁ%ﬁ)ot hose

skilled in the art and the generic principle elrn my

ot her enbedhagmts. Thus, the present invention is not intended to be
limted to the enbodi pent shown but is-to be 20 accorded the, wi dest scope
consistent with the p Ynei pl es and features described herei A This pressi ng
i nvention provilder, ROk Gad P16¢ityBIRGS sl leh Al (RPPA A HESAEPYELGHY @bd ONs
that can achi eve conplete wafer 'substrate coverage Dy reactive gases In a
shortest pacleselysginslagdtn the sbstratadimensionaflisiralationshuppstipulated thewhortest

cofdi nat i Q.. r ' tion of .t he..substrate w of the vari.ous gas
i njfge)cti on(ysz)éﬁ{e’le gah?iné“éﬁ‘eg?g?snﬁ%‘% bt T?F‘Sﬁeei?l?eﬁﬁm&a tFeegg‘Ba‘E?ﬁ?t%&e E¥npl et e
surface caesdage tithé bsuve tiPSubdRNe @lisOBe ad dmd1Bas AULSILROPRWRVE:, 1R Rikctive
individual skilled in the art that such an apparatus Is a generic one in

nat ure andas Suring thepilsq mpsticomplstely rad npifemly coverarsubstrate of amysuitablyi s of

any desi relgrlgfeicfi@eﬂﬁs rial. Hence, it has a secondary purpose to synthesize,

usi ng one or’ nore envodi ments described herein, a variety of thin filnms of

metal s, sem conduoheersioasldCYD feactort @infigaratiog i§albé:a@élglét@ eNAtheFBActivBer eof
019 [

Wi atom c | evel precisign on.a subsfirate WO 001 7 0 under suitable
pr %@es s coffift ‘?roY??Brslafg u&@"‘?‘d@@»‘ eﬁ@f%/thn@@léh hyndyeds of small holes in a plate, that is
called shower-head, perpendicularly on to a heated substrate surface that is directly

opposite to it. Manifold plates behind the showerhead achieve the difficult task of

equally distributing reactive gas mixture to each of the hundreds of holes. However, this
invariably increases the gas path length tremendously. Thus a CVD reactor may be used
25 to perform an ALD task in principle; however, in practice it is highly inefficient and thus
unsuitable.
It is quite clear from the foregoing description of the advantages and the state-of-art
of ALD reactor design that to become rapidly and successfully adaptable to the |
microelectronic industry, a unique and novel ALD reactor design must be introduced.

30 Such a novel ALD reactor design must have all the following attributes:



- It should be noted herein that the operational range of process devel opnent
for the atom c | ayer deposition configurations is suffici eﬂtQPEﬁﬁww’th
respect YOOBY®&ure and tenperature. At high pressures, tRET/USO&/1RO2
~confined to the vicinity of their respective axes whereas, at |ow pressure
they tend to expand laterally. The suitabl e operational pressure range may
be from 760 Ton to several mlli-Torr. The reaction tenperature is
dependent upon the reaction chemstry. It is highly desirable to set the
flow rate in AR at SthsleTiul HHM atdyé treuibitetenid \Lf&liat?ﬁ@feactsfzﬁpl ete and

uni form surface coverage wiith the help of mass flow controllers, so as to
maxi m ze the udBye ONO AepletiemeLreaqtive gas 41 panor everehe suttstratermunfacef t he

t i ti : I t om i I
Vapor deposi t L‘E"cﬁ:jiﬁ;%@f%ﬂ%%ﬁé@& BBl BRI B B o Sl BILRRR 7,
substantially cylindrica § ﬁ%hape, such that the height is preferably |ess

.than its dianet(dy. |Smalbéseintemaiiastiunaifer ragidges exchasgr, axi al |y nounted so as
to define an ag(ggl a;%gq% t hepe between. substrat e-processing region is
I ?Iﬁ?

adapted to 15 0 copHEHALPR that,f BripREned;ang compaes el oad port
opening to the substRa¢waLsssEaces: Wighaut grush diffcplioipiraderettbe shuiriomartimpe
substrate 1nto @nd OREligBhidyNeorib st MEROGEAN ol BEH-Bitns, fyd et el Y
oper abl e vacuumval ve i's pfovided to o_gen and close the T oad/unl oad port
openi ng. The va@ium Beprodudibleandperedtabls pyoepssiug a vacuum seal to the
ché@rber in the closed position. The substrate- processing region is

i nt er posed bet n 20,the gas inj ection region agnd the pedestal region
that supports t aLigslear trgq‘H{ﬁdi IIﬁQCB_ : §%‘?‘If§.c_°?ﬁ5“’§‘é%n§9ﬁ3@cﬁogﬂc Fa¥ffon
conpri ses P&RslonBhaMbeRthatatd WhRRR and 'iﬁrﬁﬁﬁﬂi@“to'd@bﬁ&éa s&%fé‘ﬂt‘ﬁ’dﬂ%vvao@f' table
pneumatic valve that is nornally closed and an upsttream nass ow

cont r ol | erthe substrateuwish & mainipoantpiathylengthite acter the @asgpletn ditmtrateogmofacé | owi ng

th hit,.Th i ni._.ection. inl et i.nt ot b t e- i
oot on rrini{REELEE Thd Mlinifia S forBEd ol iy of ik At Rr SRt Bea
engsgy to fuise widdshridétishies kiRohghfin rélfslenet Wik Highdlegf@athbRbadmstiibner

are also cooling lines adapted to cool the body of the chanber and al’so the
lid of the chanber that houses injector tubes. The pedestal is nounted

co-axi al |y, Wﬂ& r, on a device that enables the
rotation o?ﬁ e peIIggIsiatﬁg a@ﬁﬁﬁ@qﬁwverti cal common axis at a constant and
pre-defined angThepreséht itentibh providesaxatoinic | fﬁeﬂo%itﬁi%e(g readtbfhty i n the

vicinity of the pedestal reqgijon far WO 00/ 79019 11 EC 2003
PCTI US00/ 1irolydesd sebstantialy yiindsica] ehambea pest 2 substrate meousteswishin the chameber.

preperred oo FRRketo R Iﬂx[%IxIdQQ L1408 i In'Sec‘iIQSn?o’éCI?&In‘?éc?%tBﬂanOt h ends
closed with a center gas Inlet, ahd Wit h appropriately space Ow openi ngs
al ong its themten havieg e piurelityest aperturtee alpag onepide diat diteqi@as einbndtingsfranmnect ed
to the gas or, vapor souyce 5 of lrst type through a renotely, operable
pneunati c _@%ﬁ%eséﬂ‘ﬁaﬁls Wbs(rals, ?%ﬁsllég‘%seﬂémﬁége IpFCEeR it B the
attached ehitifhtedr tﬁéﬁiﬁ%'ééﬁaﬁﬁibe% thIiIﬁxLIoHQ? r&atedin QTtﬁxg‘PcEdﬁ%P 1R ithil Yhe
.portion of the tube with openings generally exceeds the |%mater of the
subst r at e. chamber tp ersair¢ eomplatseandsmpionn edveragedfl the substratedyshelgam cl ose

inty of i pl.e_dj | t he. eh . The t t,
PLBSt rat s such IREPRERES B8 AmeRh e RL D RS coud i AT SR YA Beni ngs
in it inpidgsitidnaklhshce Rokpasiig Mtreadiveldde (£)) hs el d@sqig ,qhe @BGhe that is

preferably smaller than 90 degrees. In preferred enbodine I t he val ue of
t hi s angl eT9astivpgasdid)nandethe inest gasdR). 1 casembodimeant o€ hevA LD reastqrethe wafet he

normal . A : nnect e a pneumatic,val.ve. t i's_connected to
a nmass flogv@%ggr%%rI(E)IIIjthed? ]IEIg opgorgglhﬂ&et lgdgllaggrébgtgg 1rg;c%\?§g'§$e.szlara(§gc second
type, is_ spmbedinmngfithe aafes sibdtald Blstdionéryaviltin Be dhainBbLartli e PijadioPfubt ie
chgﬂoer in close proximty, but equi-distance opposite to the first tube

fr

the protatedpn eelationferths wafessubsieates ia anaiper emeadimentathe: ARR reacsen t he
i i g . . i_mmi nae .di kect | the .di apet f
CPe supat r dicbitfs et inbbodolhBEAB Mt RERLTRG DR i hialel”Phel i HIcBHEA U

suitably spaced apertures along its wall, that is connected to a pneunmatic
val ve that is connected to a nass flow 20 controller is nounted exactly

al ong the principle diagonal of the chanmber such that the | ets enmanating
fromit directly inpinge on the dianeter of the substrate. The gas i nj
ection tube, that is mounted directly along the principle diagonal, is
connected to an inert or a non-reactive gas source such as N2 or Ar or He
t hrough a pneumatic valve and a nass flow controller. 25 FIG 3A and 3B
show configurations of injector tubes in an ALD reactor for use in a
preferred enbodi nent of the present invention. Referring to FIG 3A, an

- . A e




~1 9 DEC 2003 PCT/ US00/ 17202 centerline. FIG 3B shows an end1 ﬁgﬁ_g L ni ector
t ube 14888(%@%@ an end fed gas inlet of concentration C and t end
cl osed. Pations on, . . .., C 1 decrease towards PREUSENIRAZ | ne
“and again symetrically |ncrease towards the trailing edge of the tube 14B
past the centerline, in the direction ofgflow. 5 The adverse effects of
depletion of the reactant within'the tube and sinultaneous increase in the

area of the sector of the substrate that is proportional to the square of

the radi usy, r rant for the
efficient opera |}oPs(r%S ?QW ﬁf @cgbg,gg e&t?&n?ﬂHXZSChcﬁs%sgnﬂ% aﬁ‘gqg‘h hat t he
anmount of ggewionsubedispensts eiB1dnejeectherernbodihens|bEtat ddast SheAgRBAdN tube

i ncreases proportignately as it progresses radjally 10 outward fromthe
center .in € SPREBYIED HE2 GROSHITHECEY “l? 1gmt@n»%ra@¢ﬁ|g@wdeqs9r one or nore

means as -f g&;ﬁ%ﬁ tidndhs [ ?

symetrical | r%lm fﬁeﬁ%:éelﬁle:ﬁ}g%‘??& e I nj %ge;b&kg ESr%?ng}rnéys% ecmrf he
nunser of apertlArceesrdpfg‘ly,uhe presam givention nnqimaésithdlef@diém@bff@%ﬁﬁt 1 dﬁﬁ center
of the injector tube PSH l ncr easi ng the w dth of ertures space

fromthe cERTBicalorPPdenosition apparatyge A %‘i‘&’/"&tmn(‘tf)re‘@gf’?Fﬁlopwéth%l@fﬂﬁ%tp f1 ow
Cross sect hgfh Bk dfiig VaHoRs ermﬁéé%n@@tﬁf 5tld?1§%% Nieveleo lﬁlet%w 531?

schematic of an ALD reactor 13" conpri si g a substantialtly cyﬁl n |caI
chanber 15 cheeragegwdhoutlges de;ﬂethmrmdhesshomgstnmgubh tirhe lfratrer cfhefgax @ifeg@im

injector tubes |14.and a rpfat i. uscept 16 for,holing. a wafer_ substrate
22.- Accor dlcﬂbég%ataorﬁraé?}é\ggg' ﬁ? %fgetq{ga d‘\’%‘g AuaiHY copformalang B
arejg eact i \é%rﬁﬁaﬁk'ﬂ@édsﬁﬁm&ﬂ% rebﬁeﬁfbchwohtrgﬁs suppl y, whi ch are provided

by mass flow controll'ers ets emanating 25 fromslots in three
fixed tubes 14A, 14B, and 14C i rrpl nge directly on the diagonal of a wafer

substrate / s | i pon nmechani sm 24 ensures that

the rotati ﬁ‘@sﬁgﬁmﬁﬁﬁ%@iﬁﬁwm ate 22 in a horizontal plane

around its vertimggl 1 akdws the seheffafis bERL AAMOPIORESS \&gkecw&ut\!v@n?msgeams%' zed
e

fashion with the gas pul ses, which are controll by pneumati c” val ues 20.
Synchr oni zaﬁlﬂé\ﬁomytlmgawlmu rely necessary as 30 Iong as the wafer

o DR 2003 W0 070t e Pl ATt st MRt st Bl BB e i 1 o

of susceptor 16 FI@nemwSaioﬁﬂgd&eﬁ&ﬁofz@ecmfﬁibaﬁ i&ﬁz@@ﬁﬁb@m 28 and purge
gas assenbly. The susceptor 16 is a co-axially mounted pedestal that holds

the substrate 2FIGn44 shews therckamagicafan LIp reactorguith thipe fixest sasinisstor4 5
directly o i stance or an infrared |anp heater 26 is
nount ed copcg%é #ﬁfrgtnghﬁf&ecgﬁ%b underneath in close proxinmity to the
suscept or 16 to Fiéh#Btdhewsdlivsdetaiiscof2Be susceptom héatensupoct, extatidrevhtclthfisng ad
Srature in closed l.oop control node. In a preferred enbodi nent, for the
of si nPIBEEESI™ Y ppl ying the powex to the heater 26, the heater 26
s elther her rretmﬁlslsno@ea{qu%am éfQhe WS DRSO wifh 1P cRREASUOL g RrdtliRta | S
continuously 10 being purged by an inert gas. The inert gas pre%sure I'nsi de
encl osur e 3®9nifablepddsmaai ned hi gher than the chanber pressure. The rotation

d | h | ed d t t,ant ..
anoul ar ot on By tlaiks pus Thelhn BBt e T £ fyeich AT aetisyion
under neat h §dugedteawhéreZbis tﬁé‘tﬂn@%c}ulﬁﬁffoxf d&%o&ﬂ:lét@&@l‘d%n bhﬁler s%bﬁ*dté’&oﬁﬁ&' ce

28 and the heater cavity is subsequently e gap between
sus@épt or 18s amcalaxméhe\é@xzs@@nouemumnty @f fdmgas aﬁarambwamusom ds

Rot ati on of the 16 _and t ves on.each
inj ector tube .ER‘% éltk}ets?%'& 8§m§ cfnfatlrv"%ﬁ%{'ﬁ‘&ﬁgg?#é?@%ﬁiﬁeﬁgﬁpafm@‘n of
t he reactorRFeldaqbdsggfot@en@ag[gadQMbgfplm chanber a first type of

reactive gas or gas or vapor A) . is inj ect ed throu gh tube 14A by

\ . g.
openi ng t he pneuﬁH§1 S:Shsaaws\ﬂee @ac,vuf:w pban %lf@azwegagﬁsurauap@f ap maciog avitthe

Sunstrat e 2B S HERIG By o BBE ATl a3 oTERATR SO AR Bhhia,

rot &@oi on during WGsHowsRh®pivily bhgn ﬁlterrﬁénvtemaﬁgﬁ:ahaﬁ@flaﬁ@ugaseaeforVapor
is injected directly on the diagonal of the substrate 22. The pneumatic
valve is closed as soon as half the substrate 22 rotation is conpl eted.

Thi s ensures conpl ete and uni form coverage 25 of the substrate 22 nounted
on the pedestal by the reactive gas or vapor. Subsequently, an inert ‘gas
(e.g. P) is pulsed on the substrate 22 dianmeter through tube 14C during the
next half rotation of the substrate 22, thus conpleting a one ful

substrate 22 rotation. In a simlar fashion, the substrate 22 is
sequentially treated to the pulse froma second type of reactive gas or
vapor (e.g. gas/vapor B) through tube 14B that is followed by an inert




- 30 gas pulse (e.g. P) through tube 14C, each pul se having a wi dth of at

| east halg h@%owm 00/ 79019 14 1 9 DEC 203 PCTNS00/ 17202 sub$t DEG €032
rotation. 9' us, during four consecutive gas or vapor pul seSCTMS0YA383 r at e
“22 hol ding pedestal rotates through at | east two conplete rotations. This
conpl etes one atom c | ayer- chem cal vapor deposition or ALD cycle that is
repeated for a desired nunber of tinmes. Referring again to FIG 4A, the ALD
reactor is provided with capabilities for in situ plasma clean. Two radio
frequency mRtplegasdnletsdesfabticatsymletonicdbyers pHsor-stoiRAbmMED {8 REct to the
fixed gas inj ec[; 1§uges %14, can be used.for this purpose. The RF

el ectrodes 30 comsi8tQYs e sehepatic of crags injecterohp pssemdihel s gr ooved acr oss
their surfaces,Ficthat sp&s ; t I e. top surface of
the reactor. A suitable mﬁiﬂ%&‘%@g(ﬁ%ﬁ%ﬁn?&%@%%&linC&Potro t hese

el ect r odescoBfgumtion. suit abl e gaseous m xture of gases containing fluorine,

chlgrine or simdJdar,atons,can be inj.ec fromthe tubes to strike a

pl agma and genre]iillgi'i 823 ?‘ﬁ/@eg%@'f‘%@ %mgtrﬁ@t?re‘&@ §#S Inpactton gn gHplAsing he t op
view of t hebdikde wethGtRkedVipehphtrarbeghgodes 30 for generating a suitable
plasma. Al'so shown are three gas injector tubes 14 and gas supply 15 lines
each with an NG ghewsthy laterst gasvinjectivmGopratacked hnd ioalgitadid@l gabligjectors

| ongi tudi n t in the inj ector tubes 14 face downward towards
t he substrﬁ%@%hﬁéﬁ%{%gshom for the sake of explanation only. The part

of the ALD r cackil. 14ShohoWE soerihf3 ofdh inbEHAINLDGeAHSINTi S takiBary) N X X
rerrgl ns unchanged. Referring back to FIG 4A the top portion of "the
redlt or cariPpiesioune gubsicate andaotating dnjetar tubes providiing ai ophy awdf fldvh énjecivat or
with suitable nmeans and an O-ring to nmaintain vacuum-ti ght seal that is
necessary to achi eve clean and reproduci bl e processing. The cross-section
line X-X BETAILED DESERKIPTION separates the |id fromthe body of the ALD
reactor. The body of the reactor may be namde of suitable material such as
al umi num andl orTé‘? Briepine &yventiensrelateitorihin Glnpdepositionrat & singlroatbmid laytrannel s

W thin itsglf; i I tar | | -.t,enper at ur.e. const ant
during pr o@Jgéslg?)%g. &@%ﬁ“ﬂﬁ%%@%@“ﬁ@&@?ﬁﬁ?@%ﬁﬁ°i}ﬂ§’P%€°éF“%mnc‘ﬁ the gas
pull§es canprogentesitb dhyblewht ohedinasy siiHl ik 4t Bahhle andfust fige SOt MHOIHATE

bet ween the pneumatic val ve. 20 and tBECe injector tybe 14 and al so wthi zi

t he react ol?m?‘{%@r?t. efRBtekLpfApatent dpplicationiand &g requirements |Varipushe pneumati c

val ve 20 agogifRsgoR%o W%dk&b%ﬁﬁnérﬂmﬁtbgE'ezidglp??gar%ﬁt to‘mti)slggsgflgc[di' ih?fxeer

can be achi eved by, careful optimzation of the nce of s

bet ween. t hat andithe gBEEICpMcWlEORNHFIAGhSy Udagplied so dthePembbdimepRe THysAEM and
the substrate plane,. PCT/USQ0/17202 |.n.a preferred enbodi ment of the.
present i n@tgﬁtﬁg}{en?%mmﬂyggg dtlff‘é‘? Eﬁhnggfﬁéﬁﬂt?rﬁf%ﬁdi‘@ﬁmﬁ@ew&rh“éiﬁ@bei s

pragi ded t accoriedeREwidedtscBhé bsrspRy with thE BrifbiPies 828 Fturds i
schematically in FIG 4A ?f the tine forsoneplco%g?ete su%és{agg%tleh?rgltnéti on

around its vert FBigIPresging ipvention pravidesyatamisdayerdiepositien(A1D) epprrates pul se
(either re i | oy ompl.eted i.n T econds. ,Thus,. one cqnpl ete
ALD deposi t@%ﬂ#\(’gaet%‘sé h}{c!’g E%’)saéch?)er?’%l"gﬁ‘é’g"tt? H"ag"f Sgésgﬁﬁ%?vﬁ?g& Pyradtiye grEss iga [y G,

6 shows t hshayeest gath agthovnh low stabilityraaiid alcbRPadiVohans.y Rl otibifidandgrosi ti on
sequence, where T is the tine required for one conplete rotation of the
substrat e H¥i§anoton ofthe substratevith emiof the yarousegadnjotion sthemesimtthe forof t he

gagsat an gf PofdcahY g8ittsSchiaded &ﬁnﬁ%@ sﬁﬁggce&%%raig% vw.'slﬁl%\{l\pggsde[pfétiog.’ B, Pl
It is thus apparent to an individual skilled in the art that such an apparatus is a
generic one in nature and is thus not limited by the reaction chemistry of synthesis of any
desired film material. Hence, it has a secondary purpose to synthesize, using one or more
embodiments described herein, a. vari'ety of thin films of metals, semiconductors and

30 insulators and suitable combinations thereof with atomic level precision on a substrate



- Operation of an ALD reactor in CVD node may al so be realized in the event
‘when both the reactive gases and vapor flows A and B are in{8iBE0=@d003

si mul t anU¥ POy openi ng the respective pneunatic val ves pomessarr202Under
“such a circunstance, the jets emanating fromthe both the reactive gas or
vapor injectors inpinge on the diagonal of |I S the substrate, in close
vicinity of each other, that is set in angular notion around its axis.
Hi gher deposition rates nay be realized, than normally attainable in an ALD
node, in th " ration. There are several possible
vari ati onslmtd‘cg)r %%%B}fﬁ%oégsgg@g&rmggﬁfi guration described in FIGS. 4A and 4B
that can achi evi shtuddibe noteddrerelr tins ithd aperarfontiviangd 61 precess devloptRent for
i ndividual  skilled in the art, however, they are well wthin the scope of

this i nverff 8iPmiglayepAepopition contignrationsis SuEtmbGHIYHEAE Veth RepRECINOPrPSSHER or |
only the t L I Loakly | G 5 1is
sui %labl y n%!gi I tf&{n 8%1&&15? &ﬁc‘%’ﬁgﬁ‘% @?ﬁék%%ﬁg%ﬂéﬁ%ﬁgﬁg&%@oépﬂeﬂéw of :an
al t®rnat i viespeotifé grosavhaveaspit law piedlurecthey tendwo expakl 1stballyr Qe suitadle

generating a suitable plasma. In this odi nent of an ALD reactor, A and B
constitut e°9'eéa<i’c°P3ﬁ?r§s%‘l%‘f Tange may| g‘?mﬂgg o sevesal mpllinforrn dherragionas P i s

substit ut ed Bik Y4 §&le ' LRket, i1 ' ge gas
i nes 40A SRRUTOR o LT an S Ao RThCA i e ARRTE T G 2%, D
series, soflowWattepuAgd ghthe insnwuppitisefficient 8Doltsinlronipdete and tthifemyasface

injector tubes 14A apd.14B..1n such a configuration, the purge gas 19
DEC 2-3 WSOET IS PEHEI RS AP FeniollatiySo pioREKimFRIE BFALSIOT pepstants.

reagtive gases f ARG radhbodiRRnPdiSiAe PREht RtVeaBol Q%oin"ﬂh&?ﬁ e§tti%%§§ and

sweep away any excess of either of the reactant accunulated on

subst r at e. leTipth atemic layentdhemidabvaperciepesitiers clwnthen (SRLACHs ptéyidedl ow t he |ine
X- X' remai ns_unchanged. . The ALD depositiqn sequence i uch a.configuration
can be bestCBPYRRER| Bg}ﬂt@_éls[.s& F;anpﬁ?yggygmaﬁfﬁ lﬁligleﬁé’\?es}"‘,c{lttﬁ?é ﬂber%ed%lgés sequence
[A P, B, Fﬂeféiﬁlﬂy@és%%ﬂﬁté dRmR R NinSehiciEX 8iB¥uAtethdlder 360 A%ial1 ¢ FRRH| AR B as Of
the present invention, the top portion of an ALD 10 reactor” can be further
nmodi fi ed t t» drfinoentanaulanigap thayasbesweén. nd qubstratecprioosssingiregiontivadapted teuch as
Si | - X, - Fabricat.ion,aof such terial.s require as
ey s+ ofielGier P bt Snetel HrbCALRE A oA TROE oh e IR SHRIAES, 1°
t wo sub- gr pepessig regivhiia picviddiah tRinefeh ihglRustrdaintd Mal dwInkissudagdte Ot her .

For exanple, one such group of reactants is h){dr_i des and anot her one is

hal i des of PEICEHFHHE ISERe A Banefelypnerabls vassum wilvg is peyridedrtecopen pnéloshthea D
reactor as ' ' b t vaL ] ed
nunber and k%?%% gdag%&e%:éign% ;I‘ ﬁgﬁ@&g}%ﬁ iv%gr % d %‘%gwgg? gé)%g&sg%ﬂ%\%n&ni% g‘lltlog'é 8.

FI G 8 showbarhier ih tie closed poksition. Alteesubsttateprosiingtugidn Rrinefpossd Kétweergact or

with multiple gas inlets for fabrication, of atom c |ayers of )
nortst oi chi ARECHRR Eeion and t%ﬁée‘%émjF\e&f‘?’bﬁ’@hff‘we%“%@‘eé%s‘ﬁt%@‘gﬁl& n a bank

of three togoBdhs. THE gRRILEbA ?eé&@@&nﬁ%eg %Hégxg n%rg gﬂ!s'?ﬁ ﬁﬂ?gl' fr?gecttilaﬂt opens

into the injector tubeS 14A and B. 'A," B, C a actants
wher eas P iigletsnedchevith gasitable preunidtic velvetthatfis homrmatiylosed and an upsiregiromass n
FIG 4A, be|ow thell i ge X- X' ream ns uo?n(l;hagged. a variation R\{o tgls
confi gur at i, CYAvEeLieh i pegsiice the quantity of Feachve g4 VAR BRVING4ToEER tant s
-upstream asTHeh@YhjBotidn ialetrsiradntd the subbtrafeXAaBdsSing rdgi6n Alrke p&fstaPlegion
configuration as described in FIG 8 can be sinplified by incorporating a
sepdr at e i ripearperatesiatjeater drat suppdies thecheabenengyo the eubistrgtetoaffecifthe desired

| t ti fi ti f ALD t L tipl i nl et
Fabri cat i orfteR SHeAohER Brdte alsd doRRss Bhethhielis eolidne Podil & ey,
pneunat i ¢ tkyhember &l AEEtHRIVOFARE cHAEBE that houses injector tubes. The pedestal is

mounted co-axially to the body of the chamber, on a device that enables the rotation of

the pedestal around its vertical common axis at a constant and pre-defined angular

30 velocity. An exhaust exit is adapted suitably in the vicinity of the pedestal region for



-1 9 DEC 2003 WO 001 79019 PCT/ US00/ 17202 17 two pneumatic val ves are pl aced
in a bank 52 with mninum dead place. Each pneumatic bl ock 52 DEfs 283 conmon
outlet tAP YR in to the injector tubes 14A and 14B, repppubivehs A B,
"C and D constitute reactants whereas P is an inert gas purge that is
injected through the injector tube 14C. The part of the ALD reactor, as
shown in FIG 5 4A below the line X-X Yeam ns unchanged. DESCRI PTION OF
ALTERNATE EMBODI MENTS There are a variety of other configurations that can

potenti al | s|ly .des ed conditions necessary to adapt the
t echnol ogy¥oé¥%a£tkr§nt¥le%§¥éecf @%ggm &Sﬁg 10 to deposit large area,
atom cal |y uni fIrrmcqmd‘ehegEﬂn%oalﬂrgnﬂraﬁqﬁJeéﬁynqu$é With gng' W?PQ@BQ&B%%WS

are deened equal Ig promsing to achi evé the desired resu
the foregofREFdVY G§§m§h$ast1ﬁbet»99é1§ Wiy m@natqlubwcdcnﬂhwa\opeﬂmgmalloaggel y 15

| ongi t udin n er at to achi eve conplete
covglra;eI %éﬁsgf)csow %%?%etg? Egéjﬁ] Bt é? rt'ﬂ%bﬂﬁj’ﬁlﬂgﬁ c‘f@i@? 8a%%F Wb@g%’écenghe ,

ALDSr eact oof zcﬁrsft tsgmrth:tolugl‘.n agemotedy SpbrdtAdpieuigc vhRd a.FId’ arn?a% ﬂ%W‘&nﬁ?ﬁ I
Iongltudlnig ector tube by a sinple cross, such as plus sign S

four aims CHEN BARLAS %téﬂ':b‘;d gither pidBe carigraf thaaibe of ﬂ)qnewtfxtshmdh cmhea
oross i 'rlfeg‘?r&?“‘é’giﬁéwm ARl Eeh s UL exskod g CtbeE P e antatir. sl 64
FI G éLO( b% mjtsztlanttuhr mpmn/cd)ngal?lglrtoﬁc n%ml 1ﬁ§lc@é pﬁlﬁﬁnﬁﬁﬁf Pndipt te@aébhﬁlsosfthe

i nj ector e an combi ned in close proxim

i nldl vi dual W&é‘i‘oq" he g"%efﬁ‘éesélf’%i‘gsfrﬁﬁeéﬁ?lbﬁh? tbgﬁtsa@ﬁ:gaggsvm epwnating Hymd i n
thaot op pate @ten@@s ALPHBAEE ArelBSE] Rk e R Lkl E LG A EROVE L NE

line X-X. wel | 25" under at to achieve corrp F’ége by
ariy one tpliﬁécrébl}'rseaﬂmauhamﬂmdbgmes: ringgefenteanbsdifént, HRWAKES of thidGnglehst rat e

22 ds t d | t h t 90 d Thi
ot ont 1 a1 | BB BenbEate O Hattes Wil espert pinciormal heccspainebg st one
full rotat térhectsd (@Y Bheurhilfd SASESthhllis Qaﬁﬁkclegggﬁ?nasﬁ Bg&'c@gtrgiler %? jQr three

. ti
separate ' and concentric cross injectors In the vicini 2ach’ ot her

and short efATHgCted te A gasgor vapposcancmf spmdtlypsus *)moerhptefdndﬂly bﬁll@ﬂ@&ﬂe with
pulge-r ot Y. Thus ~3. WO 00/79019 18

b Usoor 1B AR AR: shitnaiih Bhsd proninic Bt ediiisimce poBpsiscnde my
of fer a f efirsachberficagese sries ladl BaAll TRE pAl benefits
and conpl exities .involved rr%st E%e car ef%ﬁ?ﬂ\%‘?ﬁ ggemggmnﬁﬂmgttlﬂ—f% 11(a)
and 11(b) Wﬁf’éfllﬁ%ﬁéw%(aléeﬁ&wwmddﬂbammmdmnymammmmbfgwsabsme| n

whi ch |.ong [ re db nj ector tubes 80
t hat exteng{a?%v\é/ga%“élw 6 %tot{:%ﬁ, ?ﬁtaﬁr &@gag'feb awgttl} g‘?bji' 32‘!231389@4'% and a
short di st alpng 1tbev;alinﬂ1at tsscomaitai to ddrGumbiic ¢atve SIOWoANNREd ioCAinasy ASS

se bl ona e and FI G b) .10 shows .a top view of the ALD reactor with

radral tub&%“ %‘ef iSdP%‘&‘ttP%ax%? yakmgdbﬁen@%lp diagoaalrcé&hq qham&eoemnhatchm er
injector t emddhei f r 4A bel o t he
line X -X }Hl?ﬁam ns ngﬁf:%ﬁéhﬁm%ﬁlﬁggiggﬂ& dl e cont ‘.lbgh’?%&%% 835 %eﬁ % in
FI G 4A anthibsBbhatis lmnmetdeaﬂrdody a.imrgphe prihgiple dingetisihisgatindctddetandners 60 NE,

t he reacta%g?agv ected o tatlglg tgrtrate 22 15 fromthe tubes 80
proj ecting on the" Same i Vs" BT l‘?é“”lf 5’2 ough  preymafigiealyeend pmasshat i s
set in ci rﬁu{vadonﬁanélon at a constant angul ar speed. The radial injector
tubes 80, can be_e oyed in the top part of an ALD reactor described in
de#dil in FIG. Hﬁg&‘%d BBeshioimeonigitatioihef ihjectyt tubed incan ADperehctor forlase | S

i ntenti ona tha he radius of the.suybstrate in order to
provi de CO\&/Aer geg'gd lgﬁf‘te f}?pﬁeﬁ%‘tmgﬁl?’ht efyring tp Kk 13 A 80 ARIEFtPRACT OF

confi gur at tube 14@gisisheéwn hbﬁl’&lgtab@m%ﬁ?ﬂhﬁé‘h? redifus®! f\lzdhéi'@ Rrxﬁﬁt@hgsdort&'égéﬂg i, t

| east one full rotation during a gas pulse in order to achreve co
cover age byRdiveofithe sibstratedra mtegéedgméct of gasesustﬂearstantsrpﬁcrmﬂcemﬁdmam aﬁade
conpl ete ALQ ed t ur conplete rotations
.of the subst " Q{Dggggalae%%n%og%n E@@Fﬁq %“g‘s rfg‘P mcgease towards the
30 edge of the substrate, and the concentration profile is symmetric with respect to the



- An alternative ALD reactor configuration is described schenalt' Iy in FIG
12. FIG o?9es the Schematic of an ALD reactor with gas éﬁi{g‘}% igﬁéon a
rotating substrate 22 with stacked, -peripheral O rings 90t ¥ of the

"ALD reactor, as shown in FIG 30 4A below the Line X -X ream ns unchanged.

The details of the configuration as shown in WO 00/79019 19 FIG 4A and

4B are omtted for sinplicity.. 1 9 DEC 2003 PCTNS00/ 17202 In such a

configuration, the reactants are inj ected fromcircular Orings 90 pl aced

in indivi gerterlipealés. 3D ohews mreersifoed mjectoragbaivB haengackdded padaleyof The

the e er CPRACTRR G SARs OFE" o aiegi Fangmusbara Cone. Cabot Fardaso. Th
subst r at e t@dariB¥helRnteplidi ﬁﬂnégi@in_ BcdllySin&RER tS{ercE:QH@{rt%ﬁng e?gé{c‘ﬁf’ﬁxr It

may become apparent to an individual skilled in the art, an ALD
react or caéulfe R past the aenterliney inathe dirhetioudffiavat e rotation as the O-ring 90

i njeects the f,romadll . sides.on t circular..substrate 22. The critical

| i rrslfa ting factqgir%sia,dv?rge ?%%ﬁt? gg&zglq%gp62%rr8%°%ﬁﬁiwlg?% %%Bﬁﬁ‘ié@?xfaﬁe%ch a
conf i gur atindease i thermbabHthe BetrO N iBBTAE tHA S ﬁr@?&&ﬁha%%@ﬁkﬁré ghgeh of
the gas (circunference) of the Orings 90. The volunme of the ALD reactor V,

i s def i nedadiys, fenst bogounjered apgropmytely. [tdy highlyeimportagt fonéhe effiicient oferstian

chamber a A Bt er height. .lt j | so_understood that hei ght h of
tho chambat SAEPSEGH IR a12pBBbintioh R R FRp I B R0R e e bEhE g
stream Thgectdd snuiit gulsyhae: dibgdrnaPinttdasdsgasiditionatéls a6 of progebsats rh@hlpws:
L=2~.R (3) Both of which determ ne the path |ength and thus the residence

ti R of gautwardifrum Mesepies i bath dirgptians within the mbeisThisgerchieved tene arhe gas,

fromthe i L0} ion into 20 the Oring 90 nust cover the path
| engt h eqﬁ?ﬁ?%&hgkgrogﬁ)%she circunference and additionally at |east tw ce

the radius of t(apAketiag thetspacidg bedveee thetapegues sjahaicatidalliyarom &k dehtsof he
surface of the subsirate 22. Thus the mnimum path I ength "d", of the gas
in such a tBOHYSERRHPSon is defined as: d =~ ~r.r + 2 r 25 Exanple 7 (4)

FICS. 13(2) andy§fdbdasiiliie hhees agmé‘{)&%ﬁ@%é@‘?%a@&%&F%m‘l%m(’a)

longitudinal gas’inj ectors rotating su rate
shbiws a sittecertenvofahelinféotor thB{,b) shows a tap view of the stacked
| ongi tudi nal inj . ectors 100. The _part of the ALD 30 reactor shown.in FIG
4A bel ow the | i (Ghingreasing; %Wi“Hg of Rremacefiw aydfom, the eqntenpd the miegtosec
2003 WO 00{,59QA8/oFCT/ US00117202 20 configuration as shown'in FIG 4A and 4B
are omtted for sinplicity. In this ALD

(d) Varying the internal flow cross section of the injector tube appropriately.

20  FIG. 4A shows a schematic of an ALD reaétor 13 comprising a substanﬁally
cylindrical chamber 15 having a substrate processing region with three fixed gas injector
tubes 14 and a rotating susceptor 16 for holing a wafer substrate 22. Accordingto a
preferred embodiment of the present invention, A and B are reactive gas supplies ﬁnd Pis
an inert gas supply, which are provided by mass flow controllers 18. Gas jets emanating

25 from slots in three fixed tubes 14A, 14B, and 14C impinge directly on the diagonal of a
wafer substrate 22, A pulse-rotation syncrhonization mechanism 24 ensures that the
rotating susceptor 16 rotates the substrate 22 in a horizontal plane around its vertical axis
at a constant angular velocity in a synchronized fashion with the gas pulses, which are
controlled by pneumatic values 20. Synchronization may not be entirely necessary as

30 long as the wafer completes at least ' rotation during the pulse width of the gases A, B



- reactor~configuration, the substrate 22 is | ocated approxi mately m dway
bet ween tX‘P-'? i njector tubes 100 that are stacked substantially DEG 2003

hori zont ?)q/zg{hg and the exhaust that is situated di ametriRE3/V§P047202he
“opposite end of the reactor fromthe inj ector tubes 100. 5 The reactants
and purge gas jets inpinge on the substrgte in the vicinity of its

di aneter. The substrate 22 is set in an angular notion around its verti cal
axi s in horizontal plane during the gas pulses. Example 8 10 FIG 14 shows
t he schematandPof an inverted ALD reactor 106 with stationary "upsi de-down"
Substrate 112 ag,ij rotating injector tubes 110 with upward flow i njection.
In this ALD r ea&t@r4R shawsihe detatn of susecnterad: emmapsidated hedterc2 @ drotpivar ds

t hrough rof.ali | B} t~a statjonary substrate 112 that is
el d Tace. Sun ek 26 864 Bhrds AR Bastn R B @RloP 1830 o B sl i

ar r angenenpedesahttasheldy desubytedeiel in Therizaks blaat diththd Bas inhRid thiksROSi ti 0N
with the h J%éof t he, vacuum chuck from backside. The configuration of the

ALD’r eact oPTERIYRRPOFIRAONL. XA resistares oy iap dafrared lamp heaisr 26 aminosnted cgeixally

cont 1 gur ai P ety RSN oIFEE BRI R Bl LERRRE DaPystrn 22 e

bot t om of &heifomvend eshsfinDdestvad tanperaturd if cldied 1ddRcbh@sl @bd& OB 4 ?‘é?&fédo n,
the rotati onbgﬁchani sm 108 i s placed outside and 20 underneath the ALD
react or 108™PmeREfRr the sakq of simplicih{srpplyins shapeweito theoheatestZ6n thefsater

efficient i peraleloy : : are separately i n"
ected int obt@_z%elggég?i onar ?/IT%geraEeﬁga?lh? ﬁ%ﬁ%l gg’%fl g?%%@%}%ﬁqﬁglaéﬁ?g BYOYS iyts J
bodf. The beiagipurged\byparinent gas (Fhe ihert gss prasshregaside Bhdosite B0 Maitahed

| eak-proof,rotary feed-through that is attached to each jnjector tube 110.

25 I'n sychhé%%‘elfé\ fléea%"‘a&cﬁﬁ%ﬁ?“ﬁﬁr ztirthF(S?ltatt“i’fbg‘i"_l*ﬁe’ #lee Bermatisally seabed andder ar e

placed in phee, BidphAialdbnbtnteRAgHaPidGbn tHhd ﬁ%@elpfd}.tl%ti?ﬂbo%@?@ﬂ' cto@ef}{?ﬂi?' y and
at, u arry

paral l el to each other in a horirzontal plane t i's ‘'substanti
paral | el tand dscotlynmdemeathgheheater e Aremettaas Sowinpsthrpughtthé fotitiay di@idey on

th bst f 112, fl t . d t ab d behind th
hoat or 1 ofb A Mg HRater Eadity i s MRl e e Sararer e B SRR 30 VD
001189019 2heditcuduen Shak iAW 1aA0NG RETUAQIATALE thd lsSertlSfs £RIGEI Vab! e

that the substrate be rotated in an inverted ALD reacto guration
with stati 8WHFRIng af prevmeaticrvabiss onteacthiaidotor tuhmis precisglysyhchrearedfidrs onto a

substrate gl?]a%ilﬁmtetfﬁaetn%ggraﬁi%ﬁ%f&%‘é\@?ﬁqnd rotated in a horizontal plane.

Such a 5 ¢ I'guration’is exact "ar to the one that is described in

detail -earlier DuringGhe épersticiestthechdniin filstgpe OF faBliRIER Jrh%%ml (eggﬁs an
addi ti onal wafer hal dl,;\q% mechani sm such as a vacuum chuck, incorp t ed
Wit hin t he 95 V3R A4F injediedthsouehfybertdh by apenies thepacupatiavalve suchitbhtther ot at e

i f ' i,zont al. pl during th
B adnsi ng 2 P Ik e bnuRine Ml 03, SORUERN o pilmt "¢ "
accor dance ensurés thitethe shistiate2 ™ wtatésOiroughn €0 dégreéLorae halkiflthe tdmplag art

w | readi Ig {.ecg nize IBat there could be variations to the enbodi nents
and those ¥R WBishdinpeperiadithe fifst ype 9if Feactivheasr 3j8pobis injectepr esent

i nvention. dheétl I e L i i bed
in terns of a!St fi??r%?%%ﬁ%ﬁs%gzéﬁgﬁk %agtgﬁ %ﬁolgggggafrg% wth .

15 | ayers &glfithe ﬁ@smtcﬂﬁeomibnimwnplptpé Bhisenfises ainpletswol umifotra@bseraghi ch
Tt i oat 1 Shge bl TSl srenB pRiatal Rt rstve seror vepos, SubsgRY,
departing fahonert §& (81l P) is pMLd SBQRE sWstrhiB 22 ARRREErdilpR tiBe 14C during the
next half rotation of the substrate 22, thus completing a oﬁe full substrate 22 rotation. In
~ asimilar fashion, the substrate 22 is sequentially treated to the pulse from a second type
of reactive gas or vapor (e.g. gas/vapor B) through tube 14B that is followed by an inert
30 gas pulse (e.g. P) through tube 14C, each pulse having a width of at least half the



-1 9 DEC 2(~3 22 What is clained is: 1. An atomi c |ayer deposition (ALD)

. reactor, conprising: a substantially cylindrical chanber; 5 % DEQGb2M]I ate
nount edwoiodh9mot he chamber; and at | east one injection twerwsponted Wt hin
“the chanber having a plurality of apertures along one side that direct gas
emanating fromthe apertures towards the substrate, wherein the substrate
Is covered wth a gas deposition sequence conprising a first reactive gas
(A), an inert gas (P), the second reactive gas (B), and the inert gas (P),
10 wher ei mbstrafe@2gatatios. Ttihs eldrihp donrtdeasdcnjiec gasor iapbepulsdsahes siistrat@t2d i s

st ationer Lthin the chanmber and, the at | east I nj t t ube |

r ot a]t' ed i %Olgg’}&ﬁfaﬁté]dpﬁé?sq‘&%ﬂa af ]r?a'f‘té}"ﬁt@m???tﬁ T%H&§E@$§®¥§S gﬂ“lézr e

co ete LR : 4 . & The ALD
nmp ?ﬂ%rlg Fﬂrﬁgémgﬁgﬁﬁﬁt ddplositiBh of ARTS ERUE 1Y is fﬁ%ﬂ?ﬁr 3dediredThe

reactor o 1 e substrate Is"rotate ori zontal plane
in rel ati anmber ¢fitenes | east one injection tube. 3. The ALD reactor of claim

A o ot o ! oo e LD T eE
Fedctor furt neReTHERE BRI 1P LS EAor ALEL 6T I ARVidrav AR PR SE oot | on
tube mountgd pyisticlesh NG wilaEREERRAS (Rt btholiBs 30, A5 AR gaitfoRe®PPOSI t €

sides of the first injection tube. 4. The ALD reactor of claim3 wherein
t he first with respdcoto tha ffixed gapinfests tybes 14, carhize wsed donthispusposconTheRE

di A, jn the third injection, tube di i ~
oL SPenses ot Wl P it S0 ot Bl BPE0E00, 280 oy mhpleb e, 22
CONpri ses (faiCclsPy their&hna of HRGr&OHH the WPdurABe obthe readiér. A RiitDRCHednsf

claim 2 wherein the at |east one injection tube conprises a radial gas
i njGect or cxxaitatipur caniberapplied Mithesaldleatrodes 30 awst a suitabln gasppusmaixtureé gases| east

R g T N N e T
| ongi t udi nAbsthdindEgdrREa%e active species within the reactor.
FIG. 5 shows the top view of the ALD reactor with RF electrodes 30 for
generating a suitable plasma. Also shown are three gas injector tubes 14 and gas supply
15 - lines each with an MFC 18 and a fast switching pneumatic valve 20. The longitudinal
apertures 32 in the injector tubes 14 face downward towards the substrate 22 and are
shown for the sake of expia.nation only. The part of the ALD reactor as shown in FIG.
4A, below the cross-section line X-X’ remains unchanged.
Referring back to FIG. 4A, the top portion of the reactor can be opened and is
20 attached to the main body of the reactor with suitable means and an O-ring to maintain
vacuum tight seal that is necessary to achieve clean and reproducible processing. The
. cross-section line X-X’ as shown in FIG. 4A, separates the lid from the body of the ALD
reactor. The Body of the reactor may be made of suité.ble material such as aluminum
and/or stainless steel and has a provision for coolant channels within itself so as to
25 maintain the reactor wall temperature constant during processing.
One of the most important conditions under which the gas pulses can be rapidly
switched is the minimization of the dead volume between the pneu.fnatic valve 20 and the
injector tube 14 and also within the reactor itself. The former can be achieved by

installing the pneumatic valve 20 as close as possible to the injector tube(s) 14. While

30 later can be achieved by careful optimization of the distance of separation between the



- 9. A nethod for depositing an atom c layer of a solid fil mogpge r
substrate, 15 conprising the steps of: (a) placing at |east one injector
tube sub¥PAN7I%4% |y parallel and in proximty to the subst PSTAISOMMEORI n t he
“injector tube includes a plurality of slots for gas flow towards the
substrate; (b) pulsing a first reactive;gas through the inj ector tube to
chemcally 20 saturate the substrate; (c) pulsing an inert gas through the
i njector tube to renove an excess of the first reactive gas, creating a
chem sor badbasuaQr iRy @sped blonlin did thé s@gatelshinedul sing a second react i ve gas
through the inj ector tube to formone layer of the film 19 DEC 2003 24
(e) pul sing t hdnjarpseferrgd smbpdisaagh of e prefentinyentionbthetpulseestationan excess of

t he secon i , d conti nyousl y rotatd ng one .qf substrate
and tho atPEREHERu ARG 24 tyoPeT BB Ase B 2hiihaRonsdie AP RiFithe
pul sing stapEowiBeHetiaticalRin FIME 440 Tf @itetik o fdH e omphid siddsalelbakioAn i S
denoted by T seconds, one gas pulse is conpleted in T/2 seconds, and a

depdsi t i orfreEEUtseEtica axinas denoted hyef seqopds.ghen the pae gaepulseteither teactivecasnd

ti ' _ . i i T. i Th
Tethod of A EREmblREA A <Rk THATBREL Splcl ATDIREOTHI seBRE i30T e
in place amthplatdin 21fsédoadsadxhionalia RIG. 6.F1@. 6@howdiheghd pulkd-rotitien et hod of
claim9 further jincluding the step of pul:sing the gases through
| ongi t udi rPCRARERYSY for ag&wfﬂo@a&)é’cﬁpw o} $egueRcs, Whereshisdhe Hme TRaNiredgfos paced
apert ur es Sffcolmbigle FEAMGE 1B Sub IR H5udd s PAIEH bRiGna ey ROE dERbHEY Of

claim1l furth I'ncluding the step of rotating t substira rough at
| ed8t 180 qlmgtityes theigasy anadiitrafy dchie apd shpALDesequétite 18sholreas(ee, PoB, 8]. cl ai m

10 further inclyding the s s of proyiding, cross-injector tubes for

pul si ng the gas@g?ragﬁﬂa ?Ihéfﬁ{éa%tﬂgg’t {Jgemg@e may also & replized &1 fi¥Pig each
of the gasyRs SRE thREHRTLE! a0 PoFRORS Al B SRIHGARR uhslfcohglp%ty .

reactive gas, the inert gas, the second reactive gas, and the ineft-gas in
a 360 _degrwnmgtthc 'regspeati‘vc_tnneumaﬂmsvalaesstogeth&r.. I%@E@dmﬁrcﬁﬁnsmme;rﬂhe jetet hod
SI a'? : gln(ranr gergéﬁ? QE rfrolrr{ﬁlelf)%lttpgxctrga%tﬁ'%%gssog \f/a'pop gjgcltor}g irtngﬁlg%%gs ergliagonal of

15 the substrate, in close vicinity of each other, that is set in angular motion around its axis.

Higher deposition rates may be realized, than normally attainable in an ALD mode, in
this type of reactor operation. |

There are several possible variations to the ALD reactor configuration described
in FIGS. 4A and 4B that can achieve atomic layer deposition of thin films. To.an

.20 individual skilled in the art, however, they are well within the scope of this invention.

Example 1
In an alternate embodiment of the ALD reactor, only the top of the ALD reactor
as described schematically inFIG. 5 is suitably modified, as shown in FIG. 7. FIG. 7 |
25 shows a top view of an alternative configuration of an ALD reactor with RF electrodes
for generating a suitable plasma. In this embodiment of an ALD reactor, A and B
constitute reactants but the tube at the center carrying the purge gas P is substituted by
bifurcating the purge gas inlet in to two separate purge gas lines 40A and 40B with an
individual fast switching pneumatic valve 42 in series, so that purge gas P is supplied to

30 both the reactive gas injector tubes 14A and 14B. In such a configuration, the purge gas



-rotating the at |east one injector tube in relation thereto SDé[i. he
nmet hod o OC@ZJ 10 further including the steps of: holding gﬂe lg rate ’
f ace- down; 3[}1&“ sing the gases upward towards the subst r2tEUSWARMBA t he
-at | east one injector tube. 10 1 G An integrated circuit conprising |ayers
of thin films, the layers of thin filns dgeposited on a substrate during
fabrication by; (a) placing at | east one injector tube substantially
parallel and in proximty to the substrate, wherein the injector tube

i ncl udes appH&d @l thé YndhenthAlof thefeadivePasesiA O BONRASNIANS k&#gﬁ%rggf}ﬁy (b)

pul sing a first reactive gas through the injector tube to c
sat urat e tgeciqriubesaand: sweeh apay sny gxeess ofmither ofithe rdactangaccuhmldted @cther t ube

mono- | ayer (Pt e e e dus ALD reasiatr S Bt §RebABader et v ougn
the inj ect @mdisderchangdd, "THNRLDABbsiBn §daBeddelilbudtd cdtiflghtigntchené Bt gas

t hrough the injector tube to renpve an excess of the second reactive gas;
and> 1 9 @E@{ZM [26+R,fP), BobnPl.nHowevsy, thopaacessyseqnence A ReB sRishmisbdeand
t he at leaﬁﬁ 120e gcgj ector tube in relation to one another during the
pul si ng step%, Wherein a time for one conpl ete substrate rotation is
denoted by T seconds, one gas pulse is conpleted in T/2 seconds, and 5 a
deposi tion sequence of the first reackiMppgas, the inert gas, the second
reactive gas, and the inert gas is conpl e?ed in 2T seconds. 17. The

i nt egrat ed ci r clp anathergmbadiment afithéipresdns nvientaorg dhenop lpottivm aftanpAldd fi xi ng

the, i nj ection tube i.n.place.and rotat.j the substrate.in rel.ation,

t haDeto. 1 treEhr oip e s BRRiGRE vl @Rl fmis By OBerts Binbiors SiF sl wi ¢
the step ofudhdsHiRGelReoHABEF(11X) AL TRBrRAGSE SICURR mAtdtial £61aRY rdqute ss hasgt ed
parallel to the substrate having spaced apertures for directing gas towards

t he subst r a8 @ur deffergnt repgtants Thessireastants canibe cetegerizadin1e two suthgroupsipf i cat ed

with the s | e e uri ng. each of the gas
ul ses.  2orkls it 2L by RBeTHARWaRls P e % GSRatlple B FERRARALT The
steps of preuciaisig hgdndes dndjan6tHep bnd i8RV elimhenits ich RS gerde@%im 3Rd r ot ati ng
the substrate 90 _degrees during each of the gas pul ses; and conpleting a

deddsi t i onSsicglehBe Iopr ok the ALL Eqactos ag desprbeghin FIGhd cpmbe magified tohe second

reactive 938.on0dadtl the VHelel et Pty ofteffilis LS B inRR g% p&%@ a8 YORE ate.
in FIG. 8. FIG. 8 shows the top view of an alternative coh.ﬁguration of-an ALD reactor
with multiple gas inlets for fabrication of atomic layers of non-stoichiometric materials.
The ﬁenumatic valves 50 are placed in a bank of three together. The pncum;iic block 50

20 ' has a common outlet that opens into the injector tubes 14A and 14B. A, B, C and D

constitute reactants whereas P is an inert gas purge. The part of the ALD reactor, as
shown in FIG. 4A, below the line X-X’ reamins unchanged. As a variation of this
configuration, the inert gas P can be mixed with the respective reactants upstream as
shown by the dashed line.

25
Example 3

The ALD reactor configuration as described in FIG. 8 can be simplified by
incorporating a separate inert gas injector tube. FIG. 9 shows the top view of an
alternative configuration of an ALD reactor multiple gas inlets for fabrication of atomic

30 layers of non-stoichiometric materials. Two pneumatic blocks 52 are provided where



-21. The integrated circuit of claim16 further fabricated with the steps
of: 1 9 DEC 2003 27 holding the substrate stationery: and1rfoPBEi2 the at
| east oM@ 9% or tube in relation thereto. 22. The int RFHVSWIFRR2cuit of
~claim17 further including the steps of 5 holding the substrate face-down;
and pul sing the gases upward towards thg substrate through the at |east one
I njector tube. 23. An atom c | ayer deposition (ALD) reactor, conprising: 10
a substantially cylindrical chanmber, the cylindrical chanber having a

di agonal ; v pRluahAR!varRE ARSHIated TRYHaRK 58 A BidinuM dehil BladcBe mhanber for
hol ding a wafer substrate, the wafer substrate having a diagonal; and at

| east onepheymatici Wock $bkasrcomieadn wirtidtithattopenschaotherinjspiootibes 144 anid 4B,
rot at abl e_pedest al -Located substantially alo t he di agonal  of .the
Chanber  THESHY Bk Kot © A8 DeonRti maintls whafter D v Bl eBEPUREFHAS T aci ng
the rot at gljgteeaRsig the $ii6dtot BE 186S ’I‘ﬂg?ﬁﬁbf e ArpmdchR, ansshads Fig, t he inj
ection tube inpinge upon the diagonal of the wafer substrate, wherein while
ga$ enanaﬂésbﬂpwr]%t:ﬂiee%?(émaindns undbengadne rot at abl e base rotates around its
axis at a predefined velocity to rotate the wafer substrate in a

| ongi tudi nal 20 plane within the chanber to ensure conplete and uniform

cover age PESCRIFEIGN GBI TERNADE HMBOIMMENTSTh ALD reactor of claim 23
wherein the injection tube has at |east one end cl osed. 1 9 DEC 2(~3 28
25. The ALD r eddwets aref varigiyrafather gpnfigurations|thaticaypetertially satisfy previpesy t o

the center . | kM- ' . f I: rther
el udi ng e b SnaliBH ARG aclodfe 1otiol P o{ ARSIy o ALY ' 1o
ALID r eact o dedositl 1aigenarsa, ibati&illy uniferané hightncdnftrenat diin filae.s Thedel I st

i njection tube, the ALD reactor further includin% a second i njection tube,
and the t §PRiaurstions we deeyped epally prupismea asltipys the desired rejulise proxinity to
opposite sides of the first injection tube.

Example 4
In the foregoing discussion, the gas injector tubes 14 have been largely
15 longitudinal ones in shape. Thus, it is imperative that to achieve complete coverage, the
| substrate must be rotated through at least 180 degrees. |
The ALD reactor configuration can be suitably modified by reﬁlacing the
longitudinal injector tube by a simple cross, such as plus sign (+) with four arms as
shown schematically in FIGS. 10(a) and 10(b), which show a schematic of a. Cross
20 injector tube 60. FIG. 10(a) shows an individual cross injector 60A with a gas inlet 62
and longitudinal downward slots 64. FIG. 10(b) is a top view of a cross injector 60B
having three cross injecfor tubes 70A, 70B, and 70C combined in close proximity with
individual gas inlets. The cross injectors 60A and 60B can be employed in the top part
of an ALD reactor described in detail in FIG. 4A above the line X-X'. Itis well
25 understood that to achieve complete coverage by any one type of reactant with a cross
injector 60, however, the substrate 22 needs to be rotated only through at least 90
degrees. This can potentially speed up the ALD process cycle by completing the cycle
just one full rotation. However, increase in path length, spacing of two or three separate
and concentric cross injectors 70 in the vicinity of each other and shortening of the

30 rotation span must be carefully balanced with pulse-rotation synchronization. Thus, a



- 28. The ALD reactor of claim27 wherein the first injection tube is coupled
to an inert gas source, the second inj ection tube is coupled to a first
reactive gas source, and | S the third injection tube is coupled to a
“second reactive gas source. 29. The ALD reactor of clai m 283 \ik€r 2009 t he

rot at ab al includes a heater for supplying heat ener/%y to the wafer
substrate to affect a desire chenmical reaction. 500/17202
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Example 6
An alternative ALD reactor configuration is described schematically in FIG. 12.
FIG. 12 shows the Schematic of an ALD reactor with gas injection on a rotating substrate

22 with stacked, peripheral O- rings 90. The part of the ALD reactor, as shown in FIG.
30 4A below the line X -X’ reamins unchanged. The details of the configuration as shown in
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Ior éﬁﬁﬁﬁn@ycﬁfdﬁ%gﬁ@ow gh&f(g%,gr@) );2 ) e stacked closely. The O-rings 90 have

at
apertures that project the reactant or purge gas stream on the wafer in such way that it

5 completely covers the substrate 22. The substrate 22 may be rotated to enhance its
complete coverage. Hdwever, it may become apparent to an individual skilled in the art,
that such an ALD reactor configuration may obviate the substrate rotation as the O-ring
90 injects the gas from all sides on the circular substrate 22. The critical limiting factors,

to realize a large area uniform ALD process in such a configuration, are mainly the

10 volume of the reactor and path length of the gas (circumference) of the O-rings 90.
The volume of the ALD reactor V, is defined as follows:
V=n(r*2)h )

Here, 1 is the radius of the chamber and h is the chamber height. It is also
understood that height h of the chamber is closely related to the angle of inclination of
15 the gas stream. _
The circumference of the ALD reactor L is defined as follows:
L=2mR - e
Both of which determine the path length and thus the residence time of gas in the
ALD process chamber. It is thus imperative that the gas, from the point of injection into
20 the O-ring 90 must cover the path length equal to half of the circumference and
additionally at least twice the radius of the substrate 22 before it is completely removed
from the surface of the substrate 22. Thus the minimum path length “d”, of the gas in
such a configuration is defined as:
d=nr+2r 4
25
Example 7
FIGS. 13(a) and 13(b) show lateral gas injection from stacked and longitudinal
gas injectors 100 on a rotating substrate 22. FIG. 13 (a) shows a side view and FIG.
13(b) shows a top view of the stacked longitudinal injectors 100. The part of .thc ALD
30 reactor shown in FIG. 4A below the line X -X’ reamins unchanged. The details of the
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during the gas pulses.

Example 8
10 FIG. 14 shows the schematic of an inverted ALD reactor 106 with stationary
“upside-down” substrate 112 and rotating injector tubes 110 with upward flow injection.
In this ALD reactor configuration, the reactants are injected upwards through rofating
injector tubes 110 at a stationary substrate 112 that is held face down horizontally abut to
the heater 114 with a suitable arrangement such as a vacuum chuck. The substrate is
15 . held in position with the help of the vacuum chuck from backside. The configuration of
the ALD reactor below line X-X’ as described in FIG. 4A remains largely unchanged,
except the rotary mechanism. The rotary mechanism 108 conﬁguratidh is integrated with
fast switching pneumatic valves at the bottom of the inverted ALD reactor. -,
. In this particular configuration, the rotation mechanism 108 is placed outside and
20 underneath the ALD reactor 106. The wafer is clamped closely to a heater from behind
for efficient heat exchange. The reactants and the purge gas are separately injected into
the stationary part of the reactor 106 that is attached to its body. The stationary part in
turn feeds each gas into an individual leak-proof rotary feed-through that is attached to
each injector tube 110.
25 In such an ALD reactor configuration the injector tubes 110, that are placed in
close proximity to each other, and are rotated simultaneously and parallel to each other in
a horizontal plane that is substantially parallel to the substrate plane. The reactants
subsequent to impinging on the substrate surface 112, flow outwards and depart above

and behind the heater from an outlet that is attached to exhaust and/or pump.
30
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configuration with stationary injector tubes at the bottom td inject reactants onto a
substrate 112 that is held face down and rotated in a horizontal plane. Such a
configuration is exactly similar to the one that is described in detail earlier in FIG. 4,
except with one minor difference that it has an additional wafer holding mechanism, such
as a vacuum chuck, incorporated within the susceptor. This arrangement enables the
operator to hold, rotate and uniformly heat the substrate face down in a horizontal plane
during the processing. | .

Although the present invention has been described in accordance with the
embodiments shown, one of ordinary skill in the art will readily recognize that there
could be variations to the embodiments and those variations would be within the spirit
and scope of the present invention. For example, although the present invention has been

described in terms of a preferred embodiment where a wafer substrate is coated with

‘layers of films by the ALD, any type of substrate, such as tools, which need layers of

films may also be placed within the ALD. Accordingly, mé.ny modifications may be
made by one of ordinary skill in the art without departing from the spirit and scope of the

appended claims.
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at least one injection tube mounted within the chamber having a plurality of
apertures along one side that direct gas emanating from the apertures towards the
substrate, wherein the substrate is covered with a gas deposition sequence comprising a
first reactive gas (A), an inert gas (P), the second reactive gas (B), and the inert gas (P),
10 wherein while gas is pulsed from the injection tube, the substrate is stationery
within the chamber and the at least one injector tube is rotated in a longitudinal plane in
relation to the substrate to ensure complete and uniform coverage of the substrate by the

gas.

15 2. The ALD reactor of claim 1 wherein the substrate is rotated in a horizontal plane

in relation to the at least one injection tube.

3. The ALD reactor of claim 2 wherein the one injection tube comprises a first
injection tube, the ALD reactor further including a second injection tube and a third
20  injection tube mounted within the chamber parallel and in close proximity to opposite

sides of the first injection tube.

4. The ALD reactor of claim 3 wherein the first injection tube dispenses gas P, the

second injection tube dispenses gas A, in the third injection tube dispenses gas B.
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radial gas injector configuration.

7. The ALD reactor of claim 2 wherein the at least one injector tube comprises
stacked circumferencal O-rings.

10
8. The ALD reactor of claim 2 wherein the at least one injector tube comprises

stacked longitudinal injectors.

9. A method for depositing an atomic layer of a solid film on a wafer substrate,
15  comprising the steps of:

(a) placing at least one injector tube substantially parallel and in proximity
to the substrate, wherein the injector tube includes a plurality of slots for
gas flow towards the substrate;

(b) pulsing a first reactive gas through the injector tube to chemically

20 saturate the substrate;

(c) pulsing an inert gas through the injector tube to remove an excess of the
first reactive gas, creating a chemisorbed mono-layer of the first-gas;

(d) pulsing a second reactive gas through the injector tube to form one layer

of the film;
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a time for one complete substrate rotation is denoted by T seconds,

one gas pulse is completed in T/2 seconds, and
a deposition sequence of the first reactive gas, the inert gas, the second reactive

gas, and the inert gas is completed in 2T seconds.

The method of claim 9 further including the step of fixing the injection tube in

place and rotating the substrate in relation thereto.

11.

The method of claim 9 further including the step of pulsing the gases through

longitudinal injector tubes located parallel to the substrate having spaced apertures for

15  directing gas towards the substrate.

12.

The method of claim 11 further including the step of rotating the substrate

through at least 180 degrees during each of the gas pulses.

20 13.

The method of claim 10 further including the steps of:
providing cross-injector tubes for pulsing the gases;
rotating the substrate at least 90 degrees during each of the gas pulses; and

completing a deposition sequence of the first reactive gas, the inert gas, the

second reactive gas, and the inert gas in a 360 degree rotation of the substrate.
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holding the substrate stationery; and

rotating the at least one injector tube in relation thereto.

5
15. The method of claim 10 further inciuding the steps of:
holding the substrate face-down; and
pulsing the gases upward towards the substrate through the at least one injector
tube.
10
16.  An integrated circuit comprising layers of thin films, the layers of thin films
deposited on a substrate during fabrication by;
(a) placing at least one injector tube substantially parallel and in proximity
to the substrate, wherein the injector tube includes a plurality of slots for
15 gas flow towards the substrate;
(b) pulsing a first reactive gas through the injector tube to chemically
saturate the substrate;
(c) pulsing an inert gas through the injector tube to remove an excess of the
first reactive gas, creating a chemisorbed mono-layer of the first-gas;
20 (d) pulsing a second reactive gas through the injector tube to form one layer

of the film;
(e) pulsing the inert gas through the injector tube to remove an excess of the

second reactive gas; and
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5 a deposition sequence of the first reactive gas, the inert gas, the second

reactive gas, and the inert gas is completed in 2T seconds.

17.  The integrated circuit of claim 16 further fabricated with the step of fixing the
injection tube in place and rotating the substrate in relation thereto.

10
18.  The integrated circuit of claim 16 further fabricated with the step of pulsing the
gases through longitudinal injector tubes located parallel to the substrate having spaced

apertures for directing gas towards the substrate.

15 19.  The integrated circuit of claim 18 further fabricated with the step of rotating the

substrate 180 degrees during each of the gas pulses.

20. The integrated circuit of claim 19 further fabricated with the steps of:
providing cross-injector tubes for pulsing the gases;
20 rotating the substrate 90 degrees during each of the gas pulses; and
completing a deposition sequence of the first reactive gas, the inert gas, the

second reactive gas, and the inert gas in a 360 degree rotation of the substrate.

21. The integrated circuit of claim 16 further fabricated with the steps of:



- 10%V&' ()- 109VE ()- 109%v& ()- & 109V ()-"9109%W& ()- 10 10, [: dEH@ 10!,
"109v&' ()- S109VE' ()- 10%VE' ()- S10%VE' ()-&F10%&' ()- 10%V& ()-: pDdEH@ 10!,
f, 1098 ()-L*10%VE ()-%10%&' ()-#S 109%V& ()-!10%' ()- @QUVBEC)2003
"C2345dYNCO!, 10M 10M 10M 9@L0%V& ()- 37 10%& ()- 5109%WE& () -

21 10%VE () - 010%W&' ()-5CFdEYNCI)! ,  1s10%% ()- , 10%v& () -

109%v& () - 10%v& () - &L0%VE ()-1"" 10%V&' ()- E$SABYNCO!, ! @5-#10%

10551 & 5100658 ﬁam(tﬁéilbbéﬁé‘%%l%%% e e 5"
S- #109M&! () - CuV7C0 0%VE:
109V () - &(10%\/& {‘)ta@b%fgﬁféﬁ é%‘ one Wgﬁ%&el% freto

22. The integrated circuit of claim 17 further including the steps of:
5 holding the substrate face-down; and
pulsing the gases upward towards the substrate through the at least one injector

tube.

23. An atomic layer deposition (ALD) reactor, comprising;:
10 a substantially cylindrical chamber, the cylindrical chamber having a diagonal;
a rotatable pedestal mounted coaxially within the chamber for holding a wafer
substrate, the wafer substrate having a diagonal; and
at least one injection tube mounted within the chamber opposite to the rotatable
pedestal and located substantially along the diagonal of the chamber, the injection tube
15 having a plurality of spaced openings facing the rotatale pedestal, such that gas
emanating from the openings in the injection tube impinge upon the diagonal of the
wafer substrate,
wherein while gas emanates from the injection tube, the rotatable base rotates
around its axis at a predefined velocity to rotate the wafer substrate in a longitudinal
20  plane within the chamber to ensure complete and uniform coverage of the wafer

substrate by the gas.

24.  Th ALD reactor of claim 23 wherein the injection tube has at least one end

closed.
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27.  The ALD reactor of claim 23 wherein the injection tube comprises a first
injection tube, the ALD reactor further including a second injection tube, and the third
10 injection tube located parallel and in close proximity to opposite sides of the first

injection tube.

28.  The ALD reactor of claim 27 wherein the first injection tube is coupled to an
inert gas source, the second injection tube is coupled to a first reactive gas source, and

I5  the third injection tube is coupled to a second reactive gas source.

29.  The ALD reactor of claim 28 wherein the rotatable pedestal includes a heater for

supplying heat energy to the wafer substrate to affect a desire chemical reaction.



