;e3elvi.6"TvHO  Apparatus for Atom c Layer Deposition Technical Field s

This invention relates generally to apparatus and nethods for the _
deposition of thin filnms and particularly to apparatus and ne m

deposition nmethod referred to as atom c | ayer deposition. Bacu mmmmmmnWe

I nvention io Many aspects of nodern technol ogy require the deposi{jinn, of '
thin filnms on a substrate. For exanple, integrated circuit technol ogy
requires the deposition of dielectrics, 1mat al s and sem conducti W

Exanpl es of dielectrics include silicon oxide and silicon ni trlmmm M WW“‘
gates in field effect is transistors as well as tantal um oxide usedﬁoim@z*

o}

capacitors for dynamc rand@@f‘-@ﬁ%ﬁﬁmﬁ ﬁiér @@2@,”“ Exanpl es
conducting materials inclu make el ectri cal
connections between circuit elenments as well as Ti N and TaN which are used
as barrier |ayers between, for exanple, sili c?n oxi de and copper. The
deposited | ayers may be single 20 cr-y@thJQi'E&Q/crystal |l i ne, or anorphous
dependi ng on factors which include the material, the deposition conditions,
and the substrate on which filns are deposited. A variety of deposition

t echni ques has beéhisdoventipertlatehgenkallydoafppsatasEmd methals foethai que i s
determ ned % contzi def tiﬁ s inc¢ludin iyhe mat eri al deposited and the
under | yi ng nBYRPT " 8F WY BLRs aPE Papitulanaiqserpargiipsand meiheds faldesi ti on,

such as Sputdesésiton Wisihb®RéfeHato fatdRRORiykt 88p8Ligh UM num and ot her
or e,

materials. In this method, a particle, xanp an ion, strikes a

target and nonentum transfer dislodges material fromthe target so 30 that
it travels to the substrate. Al ugh adeguate for many applications and
materials, this deposition tec%@%&%—@ﬂt to use with, for
exanpl e, 10 2 tungsten, when di.nensi ons becane approximately .5 mcrons or

smal l er. Deposition of sufficiently conformal coatings proved difficult and
filling of small M3RYyAspesis dompdedntechesloy reawise therdepositienof thimdilms

coating is i n Sk j 1 niformy in all
directions gén“ g ﬂu?%’_crp dngépgx%ﬁg%f '}é’{?@l’;a@§(r&lﬂ£’fe%pﬁ\§?ocg&gteg%eﬁ €a uniform
thi ckness owdepasitiorsof dieteetiics, ewstbisrarid ssmiobhaliberg GRROS Ekb/ipldLehni que s
chem cal vap rg%%)osjt One or nore precursor gases, possibly

' VD ). . A ! ] .

t oget her wi t#€ %éPPnggrﬁa/C&r")%@? apd silicoptnitriderusest ingates imbield effaet ai ni ng
t he substsr at I d I i f the
desi rgd 1Esnt etr??’ggfigoi-é]hgé ?@zlalc%sl %ﬁ?@gﬁf@ﬁ%é ?’ﬁé@l'%ggégt %fféﬂu(&rﬁrgicj%ﬁﬁ?ﬁbugh
there nay al2gsess raenoees (m’vls )ofExaxpﬂefsrdﬁa:saﬂuetmg hate riélb;‘;mnb el o

recursor re .continuo renoved, fromthe reaction chanber. This
Itoechni que ??’ﬁigg \Wlf:ﬁ %Weﬁ?%’??@ §|3Fﬁ6’la[18??fbecgior‘§ vegn|GirgBik oxi de, and
tungsten. A dlgpients aSVRIKLTRE and TaN WARH 418 (dasdd Béﬁi&%ﬁg@%mﬁént o high

tenperatures; often nmuch higher than 400 i s degrees centi ese high

t enper at ur eSORE¥AMBIS, Sllisongjde ADdBeapeb| Eheideposited tayersmmayabé sinete

t enper atir e ViGe: St [ integrated circuit di Sj,ons
have deciréeazcergétla Ewy#tﬁﬁ'ggt ﬁﬁ%@ﬁﬁ%‘!ﬁ@%ﬁ@%?“ﬁé@% . %ﬁg the
descri bed depatsrial,thetdepsitionasoriditiont aha tRE sLByeste i WhiéPPﬁIH\cfté\% desired
t hi cknesses gnd ?torrposi tions has become nore difficult, and additional

deposition t ﬁges have been devel oped. One such technique is comonly
referred to as atom c | ayer deposition ( ALD ). A first precursor gas is
i ntroduced into the reaction chanber where it adsorbs and fornms a nonol ayer

on the substrat e. A Marietyodfadbposition teehnigass inaisibgeedevisiopd @ MThB&hoRECHf ON
chanber,_ and a aeancz 8r ecursor gas,is Introduced into the
25 a particular technique is determined by considerations including the material
deposited and the underlying material or substrate. For example, physical
vapor deposition, such as sputtering, was long used for deposition of
aluminum and other materials. In this method, a particle, for example, an ion,
strikes a target and momentum transfer dislodges material from the target so
30 that it travels to the substrate. Although adequate for many 'applications and

materials, this deposition technique became difficult to use with, for example,



" chanber. A second nonol ayer is formed. The process conditions have been

adjusted in such a way that the first and the second nonol ayer chemcally
react with each other. Again, the unreacted precursor gas) together with
any reaction products, are purged fromthe chanber. Both nonol ayers are 30
formed in a self-limting manner; that is, after a single layer forns on

t he exposed surface, the adsorption term nates. Mdre than two precursor
gases may be used, and the precursor gases may be introduced together
with a carrier gas. Process conditions favorable for the pronotion of
reacti ons between the two nonol ayers include the choice of gases, the

substrate te K t4 jon such as gas

adi cari zat | nost e AP holTRRpRro iR 5 HEERR o HhjpIE ¢

rel atively sDepositian ofistfficiérelyAdnfemealasatings pedel ¢ifflouit@ndofiig bhywall

t hi cknesses an’g f#el r’? conformality as well as filmconposjtions 1 s obtained.
One obvi ous FPYBFERRIGS DFCAMS Peanhimpassidlee AnernfPHal GaatingHe obtained

mutually re i ; - i i 0 L th
precursor gaang! g espasi TR o REohSRrBHhATHE dfctBeb o Bbnfihar

possi bi | isy sdbattetecthghis, piaseatirgahas anmifoBuahiekabss ovemthergimazki on of ALD
requires purging, of. the rg};ecursor .gases from¢the reaction chanber, and

there are noWe&9 _fﬁﬂt'@ﬁs A t@?%ﬂ%%%s' on taebniqueds ahericalyapep deapsiontid
net hods for @vrg).nonkhs m&%cbﬂe%ﬂréﬁ?@%ggé, ?&%il?l? tﬁ%&h‘é%v‘itﬂ%ﬁiﬂ%rt%'mér in the
effects of"the p

exhaust system fromthe detrinental recursor gases and
t hei r react i@, flovdinte &.reratien ngambet hentairing éhe ssbsttate dndetheanally required

f t chi | L,.as. d iti .S | of th
 of erences WITTOBFHIS DrifEs (N S ahTakar of 308 CRETed Mataials HiR iactiands 7. 338
i ssued o Mysradly diPthe é&bét’iaﬁé%lthd@@ﬁ'tﬁé?éﬁné‘)é dRROS his%mr@syheglbﬂaﬁvégﬂrng an

inert gas together with the precursor ( terned "reaction” sser gas.

A cool ed tr aphase eastion oprepeteddqracarspngpsendre hentiremusiyoremdvetbieom and

t he unreact ; Lot ndenses i.n the cogl ed trap.. The
condensed gﬂe%?gﬁigﬁ?ﬁ%ﬁe?ﬁs %gﬁ?@geﬁ? 4p® Pmaggmaqgggksdgaggmgnd
woul d thus dsiliews sliicenoxiaie, arl 1edst. t etyprRICY PprddRes reddifed #f¢Ui red in
the reaction chanber) another inert gas iS fed into the system between the

cool ed trap g i haheatedite bighdaipesatires; efteRemuoh highesdhamd00her eby

P ching B oc2yBeeaRfoRifed) feks fibh i PElatuds R n bl InbolTRible s oper
5, 1993 to Wiftattekimaxénumi diksvechtsmpearatwrep@f neapdevité strudiurés.an exhaust

systemthat includes a trap. Myazaki recognized that sone source gas m ght
remain in the flowrate controllers, used individually for the precursor

and inert gases, A@ib@ratee cichiPARheRIoRARERS otk BAGHlfloPRyg fPVEd before

another gas is introduced into the reaction cha yazaki
t eaches the Su¥migforaragion use oftbe abovefdeseribad eepositionitéehsiqaesitd bistain

haust .. Uni . Pat ent .5, 704, 214 | d on J 6, 1998 t
Pl T2 1 deRars v Bt et fisird PlokipRasmany Coftstionedias becaume piacen
the reacti ondifficaltband ageitiohal xpseisen té/&hh?dhefsrrﬁcﬁiee@e&@as\?elbgé&. Fghé kawa

ternms "tranp” materials. The term "tranp” Includes unreacted gases as well
as reacti on SHcHdeehRiques crREVBONIE ceipietde ashatomindayeratgposiioer( AlLB )niAght

condense in t: .or even cl t he pi pe between
the is reactflironp@%%%&%gﬂgﬁﬁwn{%géggpgn PﬁﬂW&ﬁﬁ@g&% -qg{)sgat_)s The
first is teramdifonmerarichotyerontdthatubstte. a0Arddtted pFetiifsbSga£isMtgadr ough
or dry punp._The cold trap precedes both punps in the exhaust systém
25~ from the reaction chamber, and a second precursor gas is mtroducedy into the
chamber. A second monolayer is formed. The process conditions have been
adjusted in such a way that the first and the second monolayer chemically
react with each other. Again, the unreacted precursor gas, together with any
reaction products, are purged from the chamber. Both monolayers are
30 formed in a self-limiting manner; that is, after a single layer forms on the

exposed surface, the adsorption terminates. More than two precursor gases



United States Patent 6,506, 352 issued on January 14, 2003 to Lindfors 20
and Hyvarinen ( Lindfors ) uses a |large surface area trap to capture
unreacted precursor gases prior to the point at which they would enter the
punp. The trap is called a secondary reaction space or reactant trap and
has a | arge surface area such as that provided by a porous material. The
secondary reaction space i s naintained under conditions that are
substantially the same Zs as those in the prinmary reaction space. The
simlar conditions and | arge surface area3result in deposition of the gases
in the reactant trap. Unreacted precursor materials and reaction products

are thus depgsy LAt i r h .1.he punp.
However, t heﬁ%J e@%Hggd’o%wq ﬁfegg%r%gﬁgsg r%dtsg%irg{i?p%%g%cg?%e@(e%gﬁﬁe&&'gh%e of the
trap as conpeaeigrigast iRro8ess caonditibas éx/ovhblelfer theapromdtimudf rehetiees ous
material. Lipdfors explicitly nmentjons use of ALD with his apparatus.
United State e&?ﬁ%&‘e&ﬁﬂ morelayers '@’%ﬁ\eﬁm'%oﬁg@%%im% sthatsl i shed on
Decenber 12, i j i ! ' that..r in the
or ovi ous pat SfPeet Ty e MAe datadRLbA ShEas AR rediaizp
aspect, the withenpliasma.nthedeswihhrate ofithevfilpomagdrosiativaly sippaibat withitagi ng
rces, io, first and second val ves

first and d . . ( .
R o TN R = IR NNE N O R
source, sai dw@ura&ernﬂﬁéorﬁpééiﬁfsn@%vmgir%dt hope oB@onl%gquBfeqn AR, ﬁl?lﬂri%gﬁqéer

operating sequentially to define a deposition cyc a reaction c

sai d reacti ofecmgthnd inyelveg themsexnfadutually rgattive rgasess Bapasatimpthe and sai d

third val ves; C t i.d reaction chanmber; said tr S
havi ng. an- | ek i BRE e pipdRsfr (o8 IRl oBs Hat Peans RizBERbact i on
chanber, 1sai dimiraed|akie possibileg of Gieee ddsPhade ferfbngqual to the deposition
cycle; and a backing punp connected to said outlet of said trap and to

exhaust. 20 Viewed from anot her apparatus aspect, the invention includes

atom c | ayer vapo it i first and cond _precursor

gas sources, fi rs?ugﬁg siélc'hﬁge@%ﬁgééi?%ﬁr&@{%@'fe& %LérQH‘Q‘?f po{ﬁﬁgrs?gﬁpnd

precur sor gagasesifroestheaenutige chambes Hrittthesdath RUWIRIASHUEAf&enb&Y iMy a

third val ve, as sources operating sequentlalkg to define a deposition
®

sai.d , {
cycle; a 2s W@QEPF wrectRARRATatUsANY Metledoler oHESIDG the seagticnosharberand sai d
first) sgd hd it h . t '
reaction cham%mgat?‘%dqﬁgg iﬁ%}%‘ﬁﬁsyﬁﬁsette ﬁwanéﬁ'grq%coalg{ﬁ@ttesgaslae?f(?%l?gngfetthebei ng
connect ed t opresutsargases@ndtheirireacticraprbduckp Rargimg ofitheeshatabereistalse at
| east equal ﬁ_g Ghei deposi t.i.on . .

quently required for etching processes as well as deposition processes.

Several of these references will now be briefly described.

20 United States Patent 4,647,338 issued on March 3, 1987 to Visser
describes a deposition technique using an inert gas together with the
precursor ( termed “reaction” by Visser ) gas. A cooled trap is positioned
between a pump and the reaction chamber, and the unreacted precursor or
other gas condenses in the cooled trap. The condensed gas retained in the

25 cooled trap may be very corrosive and would thus damage the pump. To
reduce the amount of inert gas required in the reaction chamber, another inert
gas is fed into the system between the cooled trap and the pump in an
amount equal to the condensed gas thereby optimizing the process according
to Visser. Visser explicitly describes etching processes.

30



cycle; and a backing punp connected to said outlet of said trap and to 30
exhaust . 6 Viewed froma nethod aspect, the invention includes
sequentially flowng first and second precursor gases into a reaction
chanber; flowing a purge gas after each of said precursor gases thereby
defining a deposition cycle; and renoving the gaseous effluent fromsaid
reaction chanber in a s trap, said renoving including trapping the gaseous
effluent in a trap, said gaseous effluent having a residence tine in said
trap at | east equal to said deposition cycle. Viewed fromyet another
apparatus aspect, the invention includes io deposition apparatus having

first and second bfAHlesa9cAPH AR sk BROARAANS YUY B9 MAGIIgS! o

to said first and second precursor’gas sourcCes,; id

purge gas sodeserieaviehgnigal Vapat deplositionseititam aixiaupesystérmithat inoRidesgas
flow, first and i d second precursor gas sources and said purge gas
operate sequlfPi y§zaig ree?qriee tfgféﬁsmewqmceﬁeﬁéwgatwﬁa@ 'Qé@_eiﬂ@“_ér(%‘?ce)
sai d purge gé‘ént?&}&r&euéb%vfngg/i&éll?f'fBFJth r\é@urs%?'aﬂd"fﬁéﬁ%a@gg,”ﬁéfbwgwé nert gas
flow, first and said second precursor gas sources and™sard purge gas

oper at e sequegadtiahlcghambeatefridiehauldépasimoved befolecanatheegas isointrodacder, sai d

reacti on chanber, bei ng connected to said first, said second, and said third
val ves; and ¥ ‘PF%@&?%HE&P@H‘CQ%- é'i\‘?rlfer X@?%E%}?}ﬁﬁgh? usgidf a¥ap having an
20 inlet andpafivest ihtflow fatd ddh!tr?‘le%eéﬁ!ﬂth‘éom%‘ﬁs?d to said reaction

chanber, said trap having a residence tine at |east equal to one deposition
cycle. Brief Description of the Drawing 2s FIG 1 is useful in describing

of Can anbodi mant AR sipGR BRERESTea % is8und of BRI b Tost B BUARNE. 3
a schemaig ¢ Mepikaaf ainat Haanef( anikaWaqckirfwga@Bldﬂa@p,%%%ﬁeuttgieféé%&rbrpf an

enbodi ment of apparatus according to'this invention.
Descri pti on SMEAE and iheiexkawst, whichtfreazes gases thabbuijikaventesmsceraspii | | be

o whi onar oiRtonde, TheltEhBHEAAR A uireatlBtBaddh & fe heYeBefoh . Lot T e
5 which are prudiucss.eBujikawa Rtbgnizedahattie tvaihng-m&efiblﬂni cohdvhbe T ocess,
er

the substrate 1 is located in a reaction cha (. .not shown ), typically

heated, and H'&PYEP gidiays SamagatheorraP o fyessied the pippdatwepBdiRed i nto
the champer. Réé%tiéggh%ﬁ\@éf%n%etﬁlﬁnﬁ.' Tﬁ%r@é@ﬂ%@ﬁ@w@@ﬁépﬁg@@?Gl‘rhléefﬂsﬁ'g the

surface of the su rate e ‘excess anobunt precursor gas,;
that is, theteretesra preaision @bsicagpdmp, anthke spooye s fermedidpugheondy, and a

ool ayer of PRRE: SR AR L EL8RE Heth BUBBSAR BUSSHEeHSVBIRt rate 1 A
reacti on between the
United States Patent 6,506,352 issued on January 14, 2003 to Lindfors
20  and Hyvarinen ( Lindfors ) uses a large surface area trap to capture unreacted
precursor gases prior to the point at which they would enter the pump. The
trap is called a secondary reaction space or reactant trap and has a large
surface area such as that provided by a porous material. The secondary
reaction space is maintained under conditions that are substantially the same
25  as those in the primary reaction space. The similar conditions and large
surface area result in deposition of the gases in the reactant trap. Unreacted
precursor materials and reaction products are thus deposited in the porous
material trap and do not reach the pump. However, the presence of the
porous material reduces the conductance of the trap as compared to the
30 conductance of the trap without the porous material. Lindfors explicitly
mentions use of ALD with his apparatus. United States Patent Application



is absorbed first and second precursors |eaves only the first and second
species 3 and 5, respectively, on substrate 1. The chanber is now purged
and the unreacted portion of the second precursor gas together with the
reaction products are renoved fromthe reaction chanber 20 Variati ons of
the process described are possible. For exanple, nore than two precursor
gases could be used. Additionally, the second precursor gas could be
activated by a plasma to effect a chemical treatnment of the first

nonol ayer. Nunerous materials, for exanpl®, nmany oxides and nitrides, may
be deposited with this process for the applications previously described as

2s well as o : | 4 ! I ess~af t adm .11 n

precar sor  gasagioailth 4080 8R0s4 HELREREEH ORbeRBRNT2: ol ks & Bobhidtin,

pul ses, is toktheraiebtidn titatgesuteasinnhelpradidutipafeit. | ayers as desired. An
enbodi ment of apparatus according to this invention is 30 schematically
depicted in FIG 2. Reaction chanber 211 contains substrate 213. The
substrate support is not shown. First and second precursor sources 8 215
and 217, respectively; are connected to reaction chanber 211 through val ves
219 and 221, respectively, and appropriate pipes. Purge gas source 223 is
connected to reaction chanber 211 through valve 225 and an appropriate

pi pe. The purge gas is an inert m | ' 227 s renoves the
unwant ed gases; that is, the gaseous effluent, fromthe reaction chanber
211 and will be described in detail with respect to FIG 3. Pipe 229
connects reacti onVwerfonPad appdratubd aspécts it ienved8dn inBhedegastesmigakef f | uent

i ncludes, for_exanple,.the unreacted precursor gases and the reaction
product s, ThEARAIAERASHO, aPRRRTIgavial FEsl@nd SACORGRIRCUIRST BESISOHES%

el ement s;@r efi@hind ¥Rcbh8 Yaftd @rfheltld @ S5 Firdtehd éé‘di')nd%&@?ﬁo‘?g)a@f the
apparatus will now be described. The first precursor gas is alldowed into
t he reacti onsS@Uigabed PUrge gps 0utas; saiteplirgegas souraa thaking athirdedavey sdided

time foll owed by the rge.gas in a.predeterm ned antity for is, a
plr edet er i ne a%‘ﬁeﬁlﬁesgﬁjpe??wgg g?%ﬁ‘ée@%éfﬁﬁ dﬁﬁ@‘élﬁ‘r@’cﬂ&é&” %%d?;ri%ﬁeéaq%%wed into
the reacti onclfArABEE said rehdlioR tHaPiBBrRIng B8Rhédt¥d 40 Saldfirsh JRiE48E&IdN ned

time and is also followed by the purge gas in a predetermned quantity for
a predet er ni AR saidothitd valvas; @etrap gamnecied to saisk reagtien chgabes; said tiapt r oduced

sequenti gl | yhmiﬁg.ﬁhnﬁle?‘érrﬁearggﬁq&?lgéi@ﬂH%fggﬁﬁté’&en%&ggbegﬁ%é?ga@?orﬁo the

precur sor gases. e sequence O SOr econd

precursor gasharabdr, Baidtrapatvirg asesidenceivRi dtiloast@ttiat to Hedgossifiorpws are
control |l ed bg qih_ea;\gl ves associated with the individual g_ases. As will be
appr eci at ed, CY@& angd 3 dacking Pwep seangeied tesaidipytietofisaid Bapansiear at us
efficiency. | al so be appreciated, the exhaust system nust operate 2s
efficiently not only for apparatus efficiency but to insure the quality of
the deposited material. Appropriate precursor gases wll be readily

sel ected by those skilled in the art after consjderation of rameters such
as the nterial dgéqVY%‘;LﬁQﬁha'f‘ eBgPpARYS 9??1%&5‘5@3'{‘}/%@“ ‘%.?r%f@"ﬁ%s is

stteg_n chosen|gyar bepadépiifiordasparatlls RaviAG 9irst-arld ééé%ﬂ\%“pﬂ@%ﬁrs%?rﬁ%rsi mes be

sources, first and second valves connected to said first and second precursor
gas sources; a purge gas source, said purge gas source having a third valve,
said gas sources operating sequentially to define a deposition cycle; a

25 reaction chamber, said reaction chamber being connected to said first, said
second, and said third valves; a trap connected to said reaction chamber; said
trap having an inlet and an outlet, said inlet being connected to said reaction
chamber, said trap having a residence time at least equal to the deposition
cycle; and a backing pump connected to said outlet of said trap and to

30 exhaust.



9 The exhaust system 227 is depicted in FIG 3. Depicted are reaction
chanber 211, gate valve 311, process punp 313, trap 315, and backing punp
317. The gate valve 311 is between process punp 313 and the s reaction
chanber 211. Trap 315 is positioned between process punp 313 and backi ng
punp 317. Trap 315 has inlet 321 and outlet 323. The effluent from backing
punp 317 goes to the main exhaust 319. Additional elenents, such as |oca
scrubbers, may be present as desired but their depiction is not required
for an explanation of the invention. Al é&lenents except the reaction io
chanmber 211 are included in the exhaust system 227 shown in FIG 2. The

appar at us, except r il R i e thgse skill ed
in the art and ad\élfqt%{eo%lg?ﬁ]ea;,ﬁeéng@ iagﬁgﬁshﬁeg&'\/?éa%ﬁmd(y&%% g?(ﬁ%%'ag}/enents.
The fol | ow nifpwingrfizst andragcdred prezsiestr gasésvhtol a heactionastidpeiser: flowfiga ! i s
| ater. El ectrode 329#5 in t(sfl .315 and I_ground connection 331 to made to
trap 315. HeRY'F GasAftRnLach S%détpée%ﬁﬁ? 93585 therebysdelining ARerasiinesser

335 is conneglgst iy RIRORA %?éﬁag SefiugAt ﬁ‘gﬁh Qaﬂ&rr%éét%@% théPin3a15 .
requi res additional explanatio o for an understanding o % € 1 nvention.
It is designi&aptsaid nempgingtacludang napring thes ghsecuseffluegt nes trdensaidt i me in
the trap. The_longer.the residence tine for, the gas | ecul es, the greater
the likeli ho%%s%“%g%fgu%q?é"’F%Qd??'gﬁgcﬁé'%@rﬁac"ﬂ ap; Ei‘qg?a%rﬂﬂ%&%ﬁﬁld

precur sor gmm,p djgduce the possibility of the gases reacting with
each other after entering the backing punp where 2s they m ght danage the
punp or interfere with the proper operation of the punping nmechanism The

e
resi dence t i d@pcfitich Qppar@mseﬁa'\l'i\ﬁ/? gasteandoéém]d\br%b%da@a%tso@r %élﬂ,}ﬂrétaélrgj Qin

a gas streamof pressure Pis P Thus, |ow pressure and s

vol une, suchsaeondvalyrs eennacteshte Baidifsst andsecand precursorgas sewces e tine

and |l ow |ikeli 0, [ The . ne _increases downstream
fromthe r e;é:térjgggﬂacsh%o&gg;é, %@%@r@%@%é SguE%eﬁ%‘&gf}ﬁﬁdS’ﬁlvreegéﬁ 6@3& s in the
punpi ng systmenittieg inkrt gastfiloy, firstsand saidisebend pré@irsbs gas abliscedehdsaid

at nosphere. As the pressure increases, there is the increased |ikelihood of

gas phase r HBEERS eprtata srantially fpdatine pslapasition excterd Puwe @28 he

det 11 monis of ogp, &4 HkIENs STLAR PiNnd 3 (ERASHIVACLald Iy L BetbRiAgTHerd 12,

reactive precursor gases are present In
is, the firxgasfawskrsbadd satsecond pesesongasmoesesd and suld purgeusdsy and

thus to react_to, forma er. that remaips in the trap 315. Trap 315 is
construct ed %c‘tfﬁtea?%ﬁm{éﬂ% gef\%ﬁ’/é p_r°t§§|°di’e%€,°ée-tq rrackipn cdasmbesgsaid to one
ggrﬂﬁé e C%/ﬁr‘gﬁcfoi’d;)]ré chambePbBirfésinectdd tosAB TSt 551 Stdndt BRd'S3R fifce time
valves; and a trap connected to said reaction chamber; said trap having an
20 inlet and an outlet, said inlet being connected to said reaction chamber, said

trap having a residence time at least equal to one deposition cycle.

Brief Description of the Drawing

25 FIG. 1 is useful in describing the atomic layer deposition process;

FIG. 2 is a schematic representation of an embodiment of apparatus
according to this invention; and

30 FIG. 3 is a schematic representation of an embodiment of the exhaust
section of an embodiment of apparatus according to this invention.



conplete cycle of the ALD process. is In another enbodi nent, the process
punp 313 is omtted and the trap 315 is connected to reaction chanber 211.
Al t hough this configuration has advantages with respect to the prior art,
it is less preferred than is the enbodinent with the process punp 313. The
foll owi ng explanation will be hel pful in understandi ng why this enbodi nent
is less preferred. The process 20 punp 313 insures that trap 315 is placed
in arelatively high pressure environnment. The trap can thus be physically
smaller than it would be in a |ow pressure environnment. It al so increases
the Iikelihood of gas phase reactions prior to the backup punp. In the high
pressure region in trap 315, the gas density is relatively high and the

nol ecul ar mean free path is short thereby 2s increasing the |ikelihood of
gas phase reactions prior to exitiDgtdilbe Dasgpptidwidi tionally, the | ow gas
vel ocities decrease the possibility that the powder will be entrained in
the gas as it exits the trap. The conductance of the trap shoul d not
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gas could be activated by a plasma to effect a chemical treatment of the first
monolayer. Numerous materials, for example, many oxides and nitrides, may
be deposited with this process for the applications previously described as
25 well as other applications. The process of sequentially admitting precursor
gases into the reaction chamber, with intermediate purge gas pulses, is then

repeated to grow as many additional layers as desired.

An embodiment of apparatus according to this invention is
30  schematically depicted in FIG. 2. Reaction chamber 211 contains substrate
213. The substrate support is not shown. First and second precursor sources



1. Chem cal vapor | ayer deposition apparatus conprising: first and second
precursor gas sources, first and second val ves connected to said first and
second precursor gas sources; a purge gas source, said purge gas source
having a third valve, said valve permtting inert gas flow, first and said
second precursor gas sources and said purge gas operate sequentially to
define a deposition cycle, a reaction chanber, said reaction chanber being
connected to said first, said second, and said third valves; a trap
connected to said reaction chanber; said §rap having an inlet and an
outlet, said inlet being connected to said reaction chanber, said trap

having a resbqgngfy i17@e§beétﬁ%ﬂ{)§§‘é@hn%&e8@8r9§&f@ﬁf SHADEYS Pthr@[]

backi ng punp connected to sa et of said tra an 0 exhaust
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inlet of sai épbr@}ﬂla@élg.p%whégafgé Qé'sfé"é’ﬁm%rrt as. 1Bx# A@gglegﬁ?nas recited

inclaiml in which said residence™tinme is atert eposi tion
cycle. 5.5 App@mavesthesumwenteebgasescttwtns 3he @aa/aoum effhient tfram thareaetion

Further - compPlaaLe" 247 arebFigf d8scrbetinidet winfeSpeftdatdccanides 288 1o
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sour ces;
10 elements are not depicted and are not always reqmred.

Operation of the apparatus will now be described. The first precursor

gas is allowed into the reaction chamber in a predetermined quantity and for a
predetermined time followed by the purge gas in a predetermined quantity for

15  a predetermined amount of time. The second precursor gas is then allowed
into the reaction chamber in a predetermined quantity and for a
predetermined time and is also followed by the purge gas in a predetermined
quantity for a predetermined amount of time; that is, the precursor gases are
introduced sequentially with the purge gas introduced between the pulses of

20 the precursor gases. The sequence of first precursor gas, purge gas, second
precursor gas, and purge gas forms one deposition cycle. The gas flows are
controlled by the valves associated with the individual gases. As will be -
appreciated, the valves must be operated rapidly to increase apparatus
efficiency. As will also be appreciated, the exhaust system must operate

25 efficiently not only for apparatus efficiency but to insure the quality of the

deposited material.

Appropriate precursor gases will be readily selected by those skilled in
the art after consideration of parameters such as the material desired and the
30 underlying substrate. The purge gas is often chosen to be an inert gas such
as argon. Nitrogen may sometimes be used.



a purge gas source, said purge gas source having a third valve, said valve
permtting inert gas flow, first and said second precursor gas sources and
said purge gas operate sequentially to define a deposition cycle, a
reacti on chanber, said reaction chanber being connected to said first, said
second, and said third val ves; 14 a trap connected to said reaction
chanber; said trap having an inlet and an outlet, said inlet being
connected to said reaction chanber, said trap having a residence tine at

| east equal to one deposition cycle; and @ backing punp connected to said
outlet of said trap and to exhaust. 9. Apparatus as recited in claim8 in
which said inlet and said outlet are at the top of said trap. 10. Apparatus
as recited in claim9 further conprising: a process punp, said process punp

bei ng connected bFheeshassi systémei20fk @\?}i]&eﬁijcgnﬂ. S@fﬂ)iété&%&é?é‘acﬁmnber-
C

11. Apparatus as recited inclaim8 in ich said residence tine I1s greater

than sai d defd@mbpbaltygate valve 3 hhrrogess pumpr ¥, tep 316,dns backing whi ch

said trap fu r i X ter. Lecit inclaim8
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reaction chanber in a trap, said renoving including trapping the gaseous
ef fl uent in %?W"&H,nfoéaﬂc? lanation ofithe invientinay Alelamests aéqﬁfg the pRaGtiensaj d

trap at heasghgapal 2?1@a?@iar%wéwﬁj@q%%&h%me{nﬁ;stéé-zﬁ SESWAGh ﬁFG{jf.C'*rh@d in

claim14 in which said renoving her co I ses: punping salrd gaseous
ef fl uent wi t appanetiskiaxgeptiop trapt &5, w4l betreagily fabricatedeb it sasskilksei indHei n

claim114 in ich sai.d removing.further conprises: punping,said gaseous
ef fl uent wi t%ﬁf?"é’r%@@%”aﬁm‘%%“BP $ Bog’éﬁodl’r'?épafﬁfﬁﬁg eH\BW@?’Fﬁ)d as recited in
claim14 in which said residence tine is greater than said deposition

cycl e.
The following elements may be present and will be described in detail

15 later. Electrode 329 is in trap 315 and ground connection 331 to made to trap
315. Heater 333 may be used to heat trap 315. Surge flow suppresser 335 is
connected to outlet 323.

The design and operation of trap 315 requires additional explanation

20 for an understanding of the invention. It is designed to insure that gas
molecules have a long residence time in the trap. The longer the residence
time for the gas molecules, the greater the likelihood of gas phase reactions
between the first and second precursor gases which reduce the possibility of
the gases reacting with each other after entering the backing pump where

25 they might damage the pump or interfere with the proper operation of the
pumping mechanism. The detailed design of trap 315, including the meaning
of long residence time, will be better understood from consideration of the
following.

30 The residence time of a gas molecule in a volume V flowing at a flow
rate Q in a gas stream of pressure P is PV/Q. Thus, low pressure and small



18. Deposition apparatus conprising: first and second precursor gas
sources, first and second val ves connected to said first and second
precursor gas sources; a purge gas source, said purge gas source having a
third valve, said valve permtting inert gas flow, first and said second
precursor gas sources and said purge gas operate sequentially to define a
deposi tion cycl e, 16 a reaction chanber, said reaction chanber being
connected to said first, said second, and said third valves; and a trap
connected to said reaction chanber; saidiorap having an inlet and an
outlet, said inlet being connected to said reaction chanber, said trap

havi ng a resj e fl | ope It cyele. 19,
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conpri ses: %ﬁh?éﬁtb??ﬁgﬁ‘eﬁi@'&c% "Tgé? a1 ;8 ORI W HRUL Wat ReSai d trap.
25. Apparatus as recited’in claim1l urther conprising: a surge flow
suppr esser creactve piecwssrgasasuaiegireséntsiaithe trapp315 akthe/famaédiAte; that is,
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6-.. /LI of the ALD process. It is preferred that the residence time be longer than one

complete cycle of the ALD process.

15 In another embodiment, the process pump 313 is omitted and the trap
315 is connected to reaction chamber 211. Although this configuration has
advantages with respect to the prior art, it is less preferred than is the
embodiment with the procéss pump 313. The following explanation will be
helpful in understanding why this embodiment is less preferred. The process

20 pump 313 insures that trap 315 is placed in a relatively high pressure
environment. The trap can thus be physically smaller than it would be in a low
pressure environment. It also increases the likelihood of gas phase reactions
prior to the backup pump. In the high pressure region in trap 315, the gas
density is relatively high and the molecular mean free path is short thereby

25  increasing the likelihood of gas phase reactions prior to exiting the trap.
Additionally, the low gas velocities decrease the possibility that the powder
will be entrained in the gas as it exits the trap.

The conductance of the trap should not decrease during operation.
30 This can be accomplished by placing the inlet 321 and outlet 323 at the top of
the trap as shown; that is, most of the volume of the trap is below the inlet and
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10  for the reaction to occur. For example, in the case that the two reactant gases
are WFs and H,, the reaction will proceed at room temperature at a low rate.
To ensure that the reaction occurs in the trap 315, trap 315 or a portion
thereof may be heated with heater 333 to a sufficiently high temperature. This
temperature will be readily determined by those skilled in the art. Additionally,

15 aplasma may be created in trap 315 by applying an appropriate voltage
between electrode 329 and ground connection 331.

Surge flow suppresser 335 between trap 315 and pump 317 avoids
pressure transients and the resulting high gas flows that would entrain powder
20 already in trap 315. These surge flow suppressors are well to those skilled in
the art and need not be described in more detail.

Although the invention has been specifically described with respect to
atomic layer deposition, it should be understood that the apparatus may also
25 be used for other chemical vapor deposition processes in which the precursor
gases are sequentially admitted and spaced from each other by an inert gas
pulse. Itis also to be understood that the removing step involves the use of
the trap, and other steps may be present. It is also contemplated that
advantages may result from use of the trap even absent a pump.
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What is claimed is:

1. Chemical vapor layer deposition apparatus comprising:

first and second precursor gas sources, first and second valves connected to

said first and second precursor gas sources;
a purge gas source, said purge gas source having a third valve, said valve
permitting inert gas flow, first and said second precursor gas sources and said

purge gas operate sequentially to define a deposition cycle,

a reaction chamber, said reaction chamber being connected to said first, said
second, and said third valves;

a trap connected to said reaction chamber; said trap having an inlet and an
outlet, said inlet being connected to said reaction chamber, said trap having a
residence time at least equal to one deposition cycle; and

a backing pump connected to said outlet of said trap and to exhaust.

2. Apparatus as recited in claim 1 in which said inlet and said outlet are at the
top of said trap.

3. Apparatus as recited in claim 2 further comprising:

a process pump, said process pump being connected between said inlet of
said trap and said reaction chamber.
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said deposition cycle.

5. Apparatus as recited in claim 3 in which said trap further comprises:
a heater.

6. Apparatus as recited in claim 3 in which said trap further comprises:
an electrode in said trap;

and a ground connection to said trap.

7. Apparatus as recited in claim 1 further comprising:

a surge flow suppresser connected to said outlet of said trap.

8. Atomic layer deposition apparatus comprising:

first and second precursor gas sources, first and second valves connected to
said first and second precursor gas sources;

a purge gas source, said purge gas soufce having a third valve, said valve
permitting inert gas flow, first and said second precursor gas sources and said
purge gas operate sequentially to define a deposition cycle,

a reaction chamber, said reaction chamber being connected to said first, said
second, and said third valves:
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outlet, said inlet being connected to said reaction chamber, said trap having a

residence time at least equal to one deposition cycle; and
a backing pump connected to said outlet of said trap and to exhaust.

9. Apparatus as recited in claim 8 in which said inlet and said outlet are at the
top of said trap.

10. Apparatus as recited in claim 9 further comprising:

a process pump, said process pump being connected between said inlet of
said trap and said reaction chamber.

11. Apparatus as recited in claim 8 in which said residence time is greatér
than said deposition cycle.

12. Apparatus as recited in claim 8 in which said trap further comprises:
a heater.

13. Apparatus as recited in claim 8 in which said trap further comprises:
an electrode in said trap;

and a ground connection to said trap.
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sequentially flowing first and second precursor gases into a reaction chamber:
flowing a purge gas into said reaction chamber after said first and after
second precursor gases, the flowing of said first and said second precursor
gases and said purge gas forming a deposition cycle; and

removing the gaseous effluent from said reaction chamber in a trap, said
removing including trapping the gaseous effluent in a trap, said gaseous
effluent having a residence time in said trap at least equal to said deposition
cycle.

15. A method as recited in claim 14 in which said removing further comprises:

pumping said gaseous effluent with a backing pump after said trap.

16. A method as recited in claim 14 in which said removing further comprises:
pumping said gaseous effluent with a process pump prior to said trap.

17. A method as recited in claim 14 in which said residence time is greater
than said deposition cycle.

18. Deposition apparatus comprising:

first and second precursor gas sources, first and second valves connected to
said first and second precursor gas sources;

a purge gas source, said purge gas source having a third valve, said valve
permitting inert gas flow, first and said second precursor gas sources and said
purge gas operate sequentially to define a deposition cycle,
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a reaction chamber, said reaction chamber being connected to said first, said
second, and said third valves; and ‘

a trap connected to said reaction chamber; said trap having an inlet and an
outlet, said inlet being connected to said reaction chamber, said trap having a
residence time at least equal to one deposition cycle.

19. Apparatus as recited in claim 18 further comprising:

a backing pump connected to said outlet of said trap and to exhaust.

20. Apparatus as recited in claim 18 in which said inlet and said outlet are at
the top of said trap.

21. Apparatus as recited in claim 19 further comprising:

a process pump, said process pump being connected between said inlet of
said trap and said reaction chamber.

22. Apparatus as recited in claim 18 in which said residence time is greater
than said deposition cycle.

23. Apparatus as recited in claim 18 in which said trap further comprises:

a heater.
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an electrode in said trap;
and a ground connection to said trap.
25. Apparatus as recited in claim 18 further comprising:

a surge flow suppresser connected to said outlet of said trap.



