WO 97/ 22992

PCT/ US96/ 19819 ' METHOD OF FORM NG
Dl ELECTRI C FI LM5 W TH REDUCED METAL
CONTAM NATI ON 5 ] Rel atste)dg; 4.8

| i cati ons wo 97722992 This is a continuation-i frRAfsheRfs1d’ S
égltoent Appl i ca?i o,?]zgseri al No. 0815 73, 318, filed Decenber 15,
1995. Brief Summary of the Invention
10 This invention relates generally to the formation of
films on sem conductor and Integrated circuit substrates, and
nore particularly to a nethod of formng dielectric o | ayers
havi ng reduced netal contam nation by chem cal vapor deposition (CVD).
Background of the Invention I n the manufacture of

sem conductors and i nt agpfiyesh OFFORMING DIELRPETRIOELMP! 15

material s are deposit eOwITHREPOEEDMEBTABCONTANVIINATION €l ectric |ayers are
general ly used to electrically isolate conductive |ayers and

enabl e useful interconnects between such | ayers.

Dielecstric layers are often forngdijid Agpasdiend vapor deposition (CVD). The
CVD process deposits a material on a surface by transport and reaction of

certain 20 gaseous precursors on the surface. CVD reactors cone in

many fornms. Low priagsid ®ntinuation-in-part of U.S. Patent Application Serial No. 08/573,318,
filed December 15, 1995,
f vention
10 This invention relates generally to the formation of films on semiconductor and
integrated circuit substrates, and more particularly to a method of forming dielectric
layers having reduced metal contamination by chemical vapor deposition (CVD).
ckground of the Invention
In the manufacture of semiconductors and integrated circuits, various layers of
15 materials are deposited in formation of such devices. Dielectric layers are generally
used to electrically isolate conductive layers and enable useful interconnects between
such layers.
| Dielectric layers are often formed by chemical vapor deposition (CVD). The
CVD process deposits a material on a surface by transport and reaction of certain
20 gaseous precursors on the surface. CVD reactors come in many forms. Low pressure
CVD systems (LPCVD) and atmospheric pressure CVD systems (APCVD) operate on
thermal CVD principles. Plasma may be employed to assist decomposition of
chemicals for reaction in plasma enhanced CVD systems (PECVD).
Since CVD deposits the components of the precursor chemicals, it is important
25 for the precursors to be of high purity and substantially free of contaminants because
such contaminants may react and become deposited in the resultant film.
Contaminants in the film damage the function of the devices on thie wafer and reduce
the device yieids.
Of particular concern are metal contaminants found in oxide layers, which is
30 aproblem in the semiconductor industry. CVD systems are comprised of a variety of
metal components and the potential source of metal contamination has proven difficult
to locate and eliminate. One widely used CVD process employs tetraethylorthosilicate

(TEOS) and ozone to react and deposit a silicon oxide film. To generate the ozone
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CVD systens (LPCVD) and at nospheric pressure CVD systens (APCVD) operate on
thermal CVD principles. Plasma nay be enployed to assist deconposition of
chemicals for reaction in plasm enhanced CVD systens (PECVD).

Since CVD deposits the conponents of the precursor chemcals, it is

| nportant 2 for the precursors to be of high puri

subst anti al F‘Q"’f"?’é%”%f contam nants because suché%réﬁébg/ﬁ?sﬁ%nts
may react and becone deposited in the resultant film

Contam nants in the filmd?ma e the function of the devices Qn t he waf er
and reduce Precursor, convenjipna &‘é{& .&yé‘teylﬁé!il bee_semncon uctor industry use a2 p apart i cul ar
concern are disthaige ¢etithigugrawhigh fhghnglrity oygesl@nd syall Smoukdty 6fhnitr6ged 0

a problemin the semgonductor indu . CVD syste re. gonprised of a
Jari ety of ey IS A Rk R s tal ken aet EPRIE Bt APTRBRAEL of et al
cont am nat i ahe gi@snapraledesthé feactiohtwith the oxygen and nitwgbrondbden axvde @b,). M nate. One
wi deky used CVD process enpl oys.tetr; l.or t hosi. | i-cat ( TECS)
And Syone. t STEHBRARIRHETRL 105 BeieREh NS PSR IO R inmrnaci® he ozone
WO 97/ 22992 a catalyst to the reaction, aiding in the generation of ozone at high concentrations with

PCT/ US96/ 19 ; T cu : ent{ ghal CVD systens in the
sem conduct g’#%l"‘r:\ec'i‘gg"t‘ornymg‘slgy g‘%&%ﬁ?ﬁa&ﬁ%wmg‘gms ) i'{izl)‘ly‘]"scharge cell, through

whi ch hi gh puri t yhexygarorahabeshmbyeredrofiert rsuabfstlytand gresestigation, that a
(i cal Ty AGARRNcaF i conabb Pt A RONSEiG SR 80 | e

di scharge c ) . asima accel erates the reaction with the
oxyden and rvetemghming 9zdrsraenesatione Ni@g)re is Bie main contamipgat e e lsystdmn a ni xture
of up to 5. 3iWehGhind il ik tHerbzgﬁé/gﬁ{én{]Qn%{e]rﬁtricIE\@ wWheh sQf&eAGL S as

a catalyst to the reaction, alding I'n the generation of ozone at high
concent r at i ogeiapdythe plasma discharge. oThewttie pgid affqclsihat ¥Bisystery in avarige range of

appr oxi mat elof whys. Gnédecurrence is that nitric acid collects il 8mh N YHflded With W @o@i scover ed,
after nmuch study and |nvest"|wgrat|on eri ous_source of

that a ) S
met al  cont arftEatychAs mass flow pankraller (MFC hiansqrdubse isgd fubeEY D Y5t Re ThBone

15 causes clogging of the MFC sensor tubes, and ultimately leads to failure of gas flow
control.

Of significant further detriment, the nitric acid has been found to attack the
metal conduits and components of the CVD system. In particular, nitric acid attacks
surface hydroxide layers of the stainless steel conduits which causes the release of

20 metal contaminants such as volatile chromium oxides into the gas stream. The
contaminant is delivered, alony with the ozone, to the semiconductor substrate where
it deposits as a contaminant in the film. |

Thus, it is desirable to provide a method which reduces the generation of such
contaminants in the ozone delivered through out the CVD system and results in

25 deposition of films with low metal contamination and desirable film quality.
n mary o Invention

It is an object of this invention to provide an improved method for formation
of dielectric layers.

More particularly, it is an ‘object of this tnvention to provide a method for

30 reducing metal contamination in dielectric layers deposited by chemical vapor
deposition.

Moreover, it is an object of the present invention to provide a method adapted

for minimizing the formation of metal contamination in an ozone gas stream.

2
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10 ‘ system during ozone generation. Misture is the main contam nant
In the system Ni trogen and noisture in the ozone system
generate nitric acid when subjected to oxygen and the plasm
di scharge. The nitric acid affects the CVD systemin a variety

of ways. One @greshbsace is that nitric acid collects in smal pcRtsdeshoes W t h

| ow fl ow rates, such as nass flow controller (MFC) sensor
tubes used in the CVD system This 15 causes cl oggi ng of the MFC
sensor tubes, and Ale{dnapbiGhy om@qﬁve@,go.{ R P,roe.deti nibddlof 8Myvering ozone
control. Ignificant further detrinment, the nitric

aci d has beenfrp@md)zpwqttbraw 3 wetem comamms metal qopduits Whesi fhe azons ds

conponent s of gfGnkaP a3y 5t @MosildlcdA@intihdntt @r, nitric acid attacks
surface hydroxide | ayers of the stainless steel conduits which causes the

rel ease of 20 These andeathgr obigvisapre raghiexeds by theygnethod hergin disslased um oxi des

into tyie gas gdmmRM thEBRps of delivering gases c&idi zaﬁemxrdu§h fehl d6RaEH frodl Ong Wi th
the ozone, to the seni conductor substrate it deposits as

a cont ani nant ¥} 9FOPHAC iptoWich oxygen and dilution gases are "T*FRS’é’ced The dilugjgr pasegy| e t o

provide a nmet Bedotddhiin niRshen.and theosgRRapAE Whidh WouRltGiode the conduits are
contam nants in the Ozﬂﬁé del.i ve%d t hrou stem and results

ut
in 25 notyubstantarly ogreds prdnhe gates H'%(AF‘??'BT’&IS"'&S&?{ gms%%&i’oﬁe‘éhd

desirable fil mmﬁhatto)s Obj ects and
Summa of the Invention i It is a | ect of this

i nvenﬁlon to proviQ® aERHY SWE%d‘WE'fth?fdthFo'Pvef‘B?'Pré’ﬁvbcﬂes B! € el bF'
dielectric | a;iqros:xmg oxide layers having reduced mh@l’ieorpadﬁtcbmtaltiali by;heisﬁrfacs ofdn obj ect
of this |nvengub9 19 t al

contamination i n die gﬁ:%l q"ﬁp JTF"Sq‘d’ef, fgateg* ThﬁeVb g%{gfln ,%;JE%S an

deposi tion.  ozonesystemand a CVD reaclor I\,ﬁxmueas angp dnlsmmrx,aeb}rémtmgﬁltrom pr esent

i nvention to Q.few.;oﬁ.?ce@.nm@&%n&%m,%m s stream mc.udtrg;ozmg Bloabag the

formati on of contamnation 1n an oZone gas St
2 IS The gas stream is delivered through metal conduits to the CVD reactor. The gas

stream is substantially free from corrosive elements and as the gas stream flows
throughout the system the gas does not substantially react with the metal conduits,
thereby generally eliminating metal atom contamination in the gas stream. The gas
stream and a reactive gas are separately conveyed through an injector whereby they exit
20 the injector and enter the CVD reactor, wherein said gases interact and deposit a layer
of material substantially free of metal contamination on the surface of a wafer
positioned proximate to said injector.
rief Description of the Drawing
Other objects and advantages of the invention become ﬁpparcnt upon reading
25 of the detailed description of the invention provided below and upon reference to the
drawings in which:

FIG. 1 is a schematic view, partially in cross-section, of a chemical vapor
deposition (CVD) system apparatus which may be employed to practice the method
of the invention.

30 FIG. 2 is a schematic of an ozonator apparatus suitable for delivering a pas
stream in accordance with one embodiment of the invention.

FIG. 3 is a table illustrating metal contamination levels achieved according to

one embodiment of the method of the invention set forth in Example 1.

3
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WD 97/ 22992

PCT/ US96/ 19819 A further object of this invention is
to provide a nethod of delivering ozone from an ozonat or
t hrough a system containing netal conduits wherein the ozone is
substanti al | # corrosive contam nants. e and
ot her obj ect gwérozﬁzgg%i eved by the nethod herein disclosed SPCT’US%’T&%
conprising the steps of delivering gases containing ozone through netal

conduits from _ an_ozonataqgr into which oxygen and dilution gases
are introduced. ThECdf safablsihepqagiesulant metal contamiggtiipvelSASERAIRE 47 #1 ogen, and
corrosive vapglignaié ehbotatiédd o£ME iMvedRidnlRer FERNRExMpRI3E not

substantal 1 TOr e, o084 APy RS SoBL AN SAoPLSRAR 04 Bhiehb® ©

enbodi ment of (SEM) ofa\crisi-seRriopofavdieledrié Ryerdhdvah$ thd ¢ fill and step coveraggleposi ti ng
oxi degayers havi n(ﬂ?re uced net al 20:*‘ m.concentration on the surface of a
substrate in ¥ HERIE "\%81""&3&8 fedepE®) system The CVD system

i ncl udes an FIG. 6 is gaplestoweigensMBlplat 60\I? corratioa fikagpssitedsn and a
di l ution gas, exrcllydi r}g‘ ‘Eﬁi Inr%c‘;.en. are introduced into the ozone
syst em wher e ¥CYEAMEM DA XEAGE ng ozone is produced. 15 The gas

streamis delivered through Detdited Desanigtis Dintdugiof’VD reactor. The gas
streamis substanti.all ree.fromcarrosive. ele a he,.gas stream
1 ows Tl o o alh SHEIDT HESBTERL & MBI OG0 P
react!ni t h t heeferencemuntamisi BiGss], and 2 are schematical represeatationgefiapratatus tielt can nat i ng
nmetal atom co i RE Ll dp %Q Sifat 1 I o . _stream and
a reactive gagé%EBe%e%adr%ét ef gg%\?;g?e% "?‘%’rnlgﬁvgh%agaﬁarlr?’g%t{ogracc r%‘?% °y t hey
exit 20 thetmethochplibe presemanventian: Elffe | ducts eabemical vapenr depesisen d gases
interact and gapgSivstedh 1PWRkh can be used with BE ifRARE! Al PBlARLLAl 1oy free of
nmetal contam nation on the surface of a wafer positi oned
proximate to senegplly m%@pq ozone generator 15 which generates a gas stream containinggy | of

Descrispti on Opzohb ghdldiiRVid3dhhs chemicals. The gas stream is deliC¥rB®Via ARIaEEdndub

advant ages of the inyvention becone a‘ﬁg)arent upan _readi ng 25 of the
det ai | ed descF1HPPEA BY AWRULTV/AR OHP FRE0T Hed DE B3I SR B%er ence to
t he convéliofivddngifiospherittprésflire CVD (APCVD) type reactor, whidh@s mbreifilya
schematic vie artially.in cr -section, .of a chem cal. vappr
Gepostti on' (Ui REd i @ BuhNG s AIRGR TH W SlecrRe et B Bence ¢ ne
net hod It is important to note that although an APCVD reactor is shown, the inventive method

20 may be practiced using other types of CVD reactors such as jow pressure CVD

(LPCVD) and plasma enhanced CVD (PECVD) reactors. APCVD reactor 20 shown
in FIG. | typically includes a muffle 31, a plurality of injectors 30 defining multipie
stages (for simplicity only one injector 30, and thus one stage is shown) and a conveyor
belt 34. Typically the reactor 20 comprises four stages, cach of which are substantially

25 identical. Within the muffle 31, a plurality of curtains 32 are placed around both sides
of the injector 30 to isolate an area, and therebetween forming a deposition chamber
area 33. The cunains 32 include a plurality of inert gas plenums 36 which causes inen
gases to flow downwardly and along the belt 34, thereby aiding to isolate the
deposition chamber area 33. ' |

30 To deposit a layer of matertal on the surface of a semiconductor device, a
substrate 35 is placed on the conveyor belt 34 and is delivered into the muffle 31 and
through the deposition chamber area 33. In the deposition chamber area 33, gaseous

chemicals are conveyed by the injector 30 to the area proximate the surface of the

4
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of the invention. 30 FIG 2 is a schematic of an ozonator
apparatus suitable for delivering a gas streamin accordance

wi th one enbodi mrent of the invention. FIG 3 is a table
illustrating nmetal contanination |evels achieved according to

one enbodi nentyghs496 Met hod of the invention set forth I N EpaiRisteribsio

3 WD 97/ 22992

PCT/ US96119819 FIG 4 is a table show ng resultant
metal contam na e . aat |

enbodi nent of ' é‘%{gr?\klen%feénntﬁgga? “9* aﬂﬁ&& and ?L«go%t.alaycrgmlﬁgl%%ﬁ the

FI Gs. 5A and 5®rfa¢e@fa1ephmt@gr3éphs made by Scannl ng EI ectron M croscope

(SEM of a cf 055~ Sefk Lol ondhilliChe flilvbied IAKE FeadBON iods 0B1iiARy i and

step coverage 5 i'éved. accor Ing to

i nventi on. 39, wherein said gaseous ¢he@icaly arg indivgrhiajih cem'emdrig the Be9RT 300t of Cr
contents in a f 1V 1idlds 16, 26 and 27. In ACGRMPRR EnbBlzInRknt, iR dalient i on.
Det ai | ed Descrﬂlh%)({nl %99?4 g,(} Irl'%/lentz and n &b 9 nurnlén to the

drawi ngs, wher @nveyed ub@:gécmﬂ;hm &nearl @ 26an4 g haree azapg/oxygen mpgure. TEOS,

ref erence numeglSitrofdd dxyden ﬁﬂgu:% (ﬁpﬁa@mqrsa&pb&alewr PR YodiieR theOf
apparatus that_can enpl oyed to deliver a gas stream

cont ai ni ng | oW B@¥ #1d ozeNeeaTe Wf%‘éﬁ‘ﬂfﬂ&%é’m’“de (5i0) o the susface it hod of

the present | nMEEUbktE&Eb35F@thekasdﬁ@&&h$h@deEMnCoﬁth@ﬁ&ﬁ Bﬂ%%UEdt%d

(CVD) soystem 10 whic¢ch can be used wth the inventive system 10
 unreacted chemicals are generally removed through exhaust lmes ass own

general direction of the arrows.

In order to deposit layers of a desired composition and purity on the surface of
the substrate 35, it is important to minimize the contaminants wn the CVD system. and
particularly the contaminants present in the gas streams dclivered to the substrate. The

15 present invention promotes the deposition of such desired films by the method of
delivering an ozone gas strearﬁ substantially free of metal contamination. Referring
to FIG. 2, the methad is described in detail with reference to the ozone system depicted
therein. As referred to above, after much investigation and analysis, the inventor
discovered that a significant source of metal contamination in the deposited film is due

20 to corrosive contaminant vapors present in the ozone gas stream produced by the
ozone generator. These cofrosive contaminant vapors attack metal conduits in the
system causing the release of metal atoms, most notably Cr atoms. The Cr atoms pass
through the system along with the ozone gas stream. and are delivered into the CVD

system whereby the Cr ends up as a metal contaminant in the deposited film.

[
n

To reduce such metal contamination. the inventive method employs particular
dilution pases in the ozone generator to generate the ozone gas stream. A conventional
plate discharge ozonator 40 is shown in FIG. 2. The ozonator 40 is generally
comprised of two discharge plates, 41 and 42, spaced apart and opposed by way of a
‘discharge area 47. Discharge plates 41 and 42 are coated with a dielectric material 43.
30 High voltage 48 is applied to one plate 41, while the other plate 42 is grounded. A
heat exchanger 49 is placed in contact with the discharge plates 41 and 42 to remove
heat generated during the process. To create ozone, oxygen and a dilution gas are
introduced via gas lines 12 and 14, respectively, and then gases mix and are conveyed

to the ozone generator via gas line 18 and are passed between the plates 41 and 42. In

5
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generally includes an ozone generator 15 which generates a gas stream

containing 15 ozone and ot her gaseous chem cals. The gas streamis
delivered via netal conduits 16 and mass flow controller 17 to
a CVD reactor 20. CVD reactor 20 is shown as a conveyori zed

at nospheri c u CvD (APCVD) type reactor, which is nor
descri bed in% §221!9§tent No. 4.834,020, and which is incorngg)Pééfywsw

ref erence herein. It is inmportant to note that although an
APCVD reactor is shown, the inventive nmeth pr acticed

usi ng ot her tPJISESTOYSIEVD HEh BYHY LXUgRI a“a%f?%\xfg'esr*é% Lﬁ“lé’“&\%g? nitroge

(LPCVD) and RiyvgisdIR 19418395 Gveiah D) ubddmSy Bl utio® a4t zﬁé ftrodRENDito theokatator0 shown

in FIG | t |caII i ncl ude ffl I f 3
def i ning. mul P Penet s il troueh s ipge e 3 VAR TN PSS AP R ect or 30,

and thus one lﬁih@@ﬁed The Bﬁ&ﬁb)acéﬁftﬁlaték aﬁaﬁb{tﬁwﬂfereby oxygen (0,) fonb@dzbné?(ﬁ(),) Typical ly
the reactor 20 conprises four are .su bstgn bally 25

i dent Pcal . WH! HP$F“tﬂ‘1'§ aﬁﬁf’?tflé“é‘ithéqfﬂcﬁ?'hla\dfv 'theél???r%f' n-of pzonca aced

?LOUHS bot h Sd?d&%trauons Typically, thé okdne gaﬂstemh(prodﬁaedtlma nexthatof upo S6ea, and
er ebet ween for eppsition chanb Jhe curtains

32 include a W&l z{] gt'ycﬂd % ﬂg? 22005 8551 EML ?Tosm%'éesvﬂﬁm ?ﬁo’ggﬁ’gé@h%gﬁr%&g

gases to fl ovgad@ummdgﬂsytrandemk dre@zbraeor lebighds linehldr eby ai ding to isolate

the d OS k L et a?%?{hegrfg Gt 1§§cntlgh provides for th deuse of dlfferel;'t-o deposi t

a layer of materi € surface a sem conductor evl ce
substipate 35 d:lannim(bmoﬂmhm onm&ymeammmch:mclamteﬂ%eddéFﬂat/@Feémento t he

miffle 31 and tream is subsmggz;ln ﬁ%ymoﬁ'&%qu%%&nll Qﬁo&hmﬂckﬂ{e% white | Nt he

deposi tion cHAMDEr hem cal s are conveyed by
the injector rﬁﬁnmwm,heceaﬂabla Omr@xpmﬂféattohé"%ﬂ?lf"a‘deRGFF"t"Hé&-a'“ to FIG. 2

g CT/ US96/ 198 ]_t}ée present mvemn%%v?doeg 9 the use of helium, argon or carbon dioxide as the
dilution gas which is introduced through gas line 14. Oxygen is introduced through

15 gas line 12. The gases are mixed and introduced into ozonator 40 via line 18. Power
is applied to discharge plate 41 which creates a plasma discharge within discharge area

47. The plasma in association with the dilution gas aids the reaction of the oxygen into

ozone. The ozone gas stream exits the ozonator 40 through gas line 46, and gencrally

comprises 2 mixture in the range of substantially 2t0 5.5 wt % O, in O.. Referring

20 now to FIG. 1, the ozone gas stream is conveyed throughout the gas delivery system
39, where said gas stream passes through metal conduits 16 to the mass flow controller

17, and then through more metal conduits 16 1nto the injector 30, where the ozone gas

stream exits the injector 30 into the deposition chamber area 33 proximate the surface

of the substrate 35. The ozone gas stream interacts with reactive gases also exiting the

25 injector 30 and forms a laver of material on the surface of the substrate 35. Of
particular advantage, throughout the entire gas delivery system 39, the ozone gas

stream does not substantially react with the metal conduits and components, thereby

enabling the delivery of an ozone gas stream substantially free of metal contamination.

Moreover, the ozone gas stream is substantially free of nitrates which are found to clog

30 MFC sensor tubes and ultimately lead to failure of the MFC in prior art systems. The
ozone gas stream will contain a metal atom contamination level of equal to or less 0.07

ng metal atoms per gas-liter, and preferably less than or equal to 0.02 ng metal atoms

per gas-liter after the ozone gas stream has traveled the delivery system and at the point

where the gas stream exits the injector 30. Such a low metal atom contamination level

6
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substrate 35, wherein the gaseous chenicals react and deposit a |ayer of
material on the surface of the substrate 35.

The gaseous chem cals are delivered to the reactor 20 via gas delivery
system 39, wherein said gaseous chem cals are individually
conveyed to t{pdyBbeetor 30 5 t hrough gas del i ver ypd1/os96n14819 26
and 27. In an exenplary enbodi nent, the gases conveyed t hough
gas delivery lines 16, 26 and 27 are: ozone/oxygen m xture, TEGCS,

and a ni trOge%h%%qsg\sg&éﬁ#&ﬁu&.ﬁﬁw adREidoRKd urfade@F pRGUbsWREBS il N this
enbodi nent , TECS and ozoneYlgases {)]eact to forma | ayer of

silicon dioxi éh? gegogfien plambsharep 43 sxyeh Al hgying desirable metal copminaligh: r 5t ¢ 35,
As the gases IgREdtratibh 4t BgualiS BPRiskhaR Mx RITAERE htoAk Rk’ Idhichiy pelow ttisveind 10
unreacted chem cals are generally renoved through exhaust |ines 37 as shown
by the where devige.damage Wil %St i on of the arrows. In

order §0 deposit | aAnRéikhQhe Predbini rdeﬁnﬁtﬁhmeabstchm Witldirefenénice Yo oZohe surface
of t he substrate 35,

it 0, m ni_m
cont ani nant s iSRAPEHY rigse dlischaras fype. it Sl Eg)““dersm%é F“’%ﬁﬂfgfﬂz's‘i”’f ﬂ‘g]
contam nants [ @5tk thad tHehiQvegitise &iemamaf&ydxelprambedwttb otheetypudhst sz@he. The 15
present invention grormt es the de}?%{ﬁ |on of . suchonggigeeqnfki)l ?\3 .bgl t he
net hod of generators. - Morgovey, the method of e present tavention ay oo SIRINSE USM8y free of
et al cont am nay émRef theetdived nglon gases, i.e. Ar , He or CORIv@th @riomﬂtwmfcimdei S

descrihed in detail th erence.. Z icle

t her ellﬁ As r EFETRFEY 8‘886% frgd elgg?dé ceﬁcnﬁ’nves({e?%'}ie?’gh g)l['l) ar?gq ysis, the
inventor  as the dilutiodigaceiulene dSThXttyre cogpmerfknoentin ghewart e T ARESS]

contam nation Qnaw}?s cg}‘?lpe zﬁlI .LSQ {l Ileﬁncélisplgﬁﬂ% oggzhan.e type wnth wtatQ,r &RIihSi ve

cont am nant vapors present In the ozone c1gqas stream produced by the

ozone generator. The@s!l ewenimenisere eandpgtechwubich pepror diffgrentgebodisteats o€ ondui t s
in the t emvenﬁtyrﬁth’?fm: %U@in@%r&Qﬁaﬂﬁés%@dlﬁtremﬁr{at&; Q'Q?‘é’o dmeh notably
Cr atons. The at ons pass t hrough the system al ong with the
ozone !§as st r eathrapriced gastrpanmpseaceerding tte) t*teﬁée‘wf the present inventignswithn wher eby

the O ends URpAsaRs ARLRIWNGRREAN MANG. 3. NThOReUEPAst HiRfiehled mmgﬁn oil
To reduce such netal contam nation, the inventive !gEt hod egcp és parti cul ar
egg

di | ution gase<oPisd dishasse prong ensrateToknqvl ke Al 35 A &SRS d&tream A
conventi onal element 40 in FIG. Zpﬂ'haE&ordi SHERT @R utizRd abater é&)ldd&t—&bﬂl&ﬂo&tdﬂe FIG 2.
The ozonator 40 is ner ri se char ge

pl ates, 41 andgeﬂ?'?wgga‘(’:‘é’ﬂ "hﬁﬁr‘l" anhe rﬁo%"é’ﬁ"'g& ‘EYFd d gh RSOOSR

di schapge ar eageﬂe?ator{mmhﬁrcgemﬁﬁ'lai ﬁ&e Ae’baﬁfwk éstechwizh eaohbadle\gertelmm afldel ectric
mat eri al 43. . g ( 481| sda|c1ﬂ1|edel1l erRs cos - whi | e
t he ot her pl at"éel%za RS “@P%ﬁ’h’ﬁ & ‘3&65 Were ‘ahalyze hest “exchan ™ pl aced
in contact w tdempheratitheiedugion pf metgkatehi camamid@iangn thermpore s,a< Stream toa heat

generated duri roce C gen and a dilution gas
are Jlﬂretdhgfggug’g%&\?;?rgl%% r??%gré&?gpgﬁﬂw respectively, and then
gases m x and Esamplednveyed to the ozone generator via gas line

18 an@Sar e passed t?ﬁttM@%Qarﬁm& aﬂloﬁtc%ﬁleé:hiseﬁHiIgeAlgzoné Uenerator was used. Two
' separate tests were conducted, each test using a different gas (Ar and He) as the
dilution gas. Typical test process conditions are set forth in Table 1.
Table 1 - Oil ischarge Qzo enerator Operating Para
- Dilution Gas
30 Ar He
Dilution Gas Flow Rate

210 sccm 528 scem

' THIS SHEET HAS BEEN |
REPLACED

This Sheet Has Been Replaced
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5 ' SUBSTI TUTE SHEET (RULE 26)
WD 97/ 22992 -

PCT/ US96/ 19819 prior art systems, high purity oxygen, and
relatively small anbunts of nitrogen (typically 1%to 5% by

wei ght) used | uti on gas, are introduced into the ozo .
40. Power isv‘g%%ﬂze& t hrough vol tage source 48 to the ozona{}gﬁ.’%\%?ﬁ“@ﬁw

excites a plasm in the gases. The plasma accel erates a
reacti on whereby oxy enH%%,err ) forms ozone ((Jerr]). 5 Ni t rogen
acts as a cat%‘l"&%‘t"%g"?‘c ygn&@¥ on, aiding in the generation of ozone at

hi gh 3. 500G I 8i8ivonhsne %y pi cal |y, the ozone gas stream produced
is a mxture of up to 5.5 weight %9 Jerr] in Jerr]. The ozone
gas stream conprises ozone, oxygen and the dilution gas, and
sai d gas stre@2Gas®lbw Ratee ozonat or through gas |ine 16.

In contrast, th% inat Igop of the present invention provides for the use of
different 10 SIS ST ution gases to produce an ozone gas stream which
I s char act er i Gsale Condehtadtionhe ozone gas streamis substantially
free of corrosiu\ép cont am nant vapors that ]%t%/aek nmet al ; 1\9@

_ L)@
mai nt ai ni ng aa&‘:ept abl e ozone concentration”afd stabili ty” g?é'f erring again
to FIG 2, t he present i nvent{dHd vatoiid€s) f d4.8¢ slse of
hel ium argon_ gy carbon dioxide as the dilution gas which is

i ntroduced throdgh gas line 14. Oxygen is introduced through 15

gas |0ne 12. Givape fmnesyoniaeveni xed and i ntro®¥eed i nto ozorfd¥or 40 via line
18. Power % of full |s applied to discharge plate 41 which creates a
pl asma di scha(r g% \1/1\} f%‘?’er{;di scharge area . 47. The plasma in
associ ati on w t Refeymnggenerly smFlasfontagh expprment psvyes vap fntopeced syepsh | nt o

gas line 44 at the flow rate depicted in Table |. Ar and He were separatelv introduced
via gas line 45 according to the flow rates and concentrations depicted in Table |. As
15 shown in Table 1, the concentration and flow raté of the dilution gas depends on the
gas being used, and as will be apparent 1n the examples below also varies depending
on the type of ozone generator used. Accordingly, it should be apparent to one of
ordinary skill in the art, that the method of the present invention may be practiced with
a variety of ozone generators and associated process conditions in addition to the three
20 types presented herein. |
| To produce ozone, power is applied to plate 41 via power source 48, thereby
creating a plasma discharge in discharge area 47. In the discharge area 47, oxygen
reacts to form ozone, and a gas stream of approximately 2t0 5.5 O, wt % in Q. is
produced and delivered through gas outlet line 46. The concentration of ozone in the
25 gas stream is shown in Table 1 for each test, and is within desired specifications.
The ratio of dilution gas to oxygen introduced in the ozone generator was found
to affect the concentration and stability of the ozone produced in the ozone pas stream.
Experiments were conducted to determine the most desirable ratio, and preferably the
volume % ratio of Ar ranges substantially from 3.5% to 9.4%, when Ar is used as the o
30 dilution gas; and the preferred volume % ratio of He is substantially from 8.8% to 18%
when He is used as the dilution gas.
Metal contamination 1n the ozone gas stream was tested using a bench test
whereby measurements were made using the following procedure: the ozone generator

40 and CVD system 20 werc employed as generally shown in Fig. 1. A single wafer

8
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ozone.  The ozone gas streamexits the ozonator 40 through gas line 46, and
generally conprises a mxture in the range of substantially 2
to 5.5wm %Jderr] in Jerr]. Referring 20 nowto FIG 1, the
ozone gas streamis conveyed throughout the gas delivery system

39, where saiWogfsess ream passes through netal conduits 16 tpe-rhidgeisBfS fl ow
controller 17, and then through nore netal conduits 16 into
the injector 30, where the ozone gas streamexits the injector
30 into the h I d 6

of the subst%g éﬁ‘égwé}hﬁ ozogtélle%aﬁag?%gg%g )ﬁ}ﬁ%%é‘%%ﬁ\fm&t ?egé?dl t\}/'g gases

al so exi ti ng itykaor38 as shown in FIG. 1. ﬁl'hsclb'oce Bscpvesitoftent pentamingngdavelsin that eri al on
the surface of t age,

thr oughout t REIEHEs ?*é?'é%%%*ﬁfﬁ@ew%“%wgre spongpescpgEhts S e RS

stream does roftime,abspastrcuiaa by rateandtozoe dontentratiast Jlypicdiesusanditignsiare onponent s,
ther ey an ozone gas FEQB'quHa&*&Ps A éoyps" Hinles 34 PZLICUARS inb! €
Ssubstantially free of contam nat 1 on. Mbr eoVer, the ozone
gas stream i Pesfons theestal wafer is placed imihe dgyise 3fwaAnd Hhaypeone gandres® iel og 30

MFC sensor t yhgsaedfh débﬂdtmb%d’ls l.6dyddQhdoait #He8 1 8find dién MFaC}ed ek or art
systens. The zone gas streamw ||l contain a nmetal atom

cont ami nat i orion ke degee %&mﬂ pntp ghe gqpsideaithgwefer surface. The effluentigditegted| at ons

per gas- IIteroutaﬁd,emoas.%r@m/dek,ﬁsSstan@mt&rheeﬁ;uabr 30 WleddndighsiBl,@k at oms
per gas-liter after the ozone fgas stream_has travel gd t he deli very system

and aP the pdhgusted. After the specifigd time. theavafer wag remayRd fromithe deyice; Thect or 30.

Such a | ow netafér s&ﬁWCSQBInﬁEHercQﬁednEU&ﬁammants which can now be measured
6 str am ;e lbltsmaf m deposited

on
on the surface®s? “‘?’W«Ba"%%'f"i"‘é‘feg %ﬁa gy‘g uaric Vapor St FUBBEIPTBNn chanber
area 33, suclknbwh mtxeari r1ge chsslumadﬁieeuamwal th&o miafuredadingorknown Graphite

concentrat I Or}- at qu\qomlct RbSOI'pthn %%e%rrog(g]ogixor qh{ﬁlc{l}d& gl?lr@?tp?r?g%\/gﬁ\qisgr r ] and

preferrably equa
atongbcnierr ]Spewi'nrmdwnechbe;he)w duatify ercall cantnguiearskefpundordtiragréce ofthe

Wi ll occur. "-?er ex osure the ozone g Lﬂ Stllj‘:!»lg‘!‘J %r L&Spat—'g‘srpg‘géfg’q”gQé&d uQE,kO " p: :t e

"described wit nce o an ozon nerator of t
~di schar ge typeozine smstrtanbm@mwéwsxblomdxtrbyntahﬁséllaﬁémﬂmq}owﬂm the

prior art methods. The results of the foregoing bench tests are depicted in FIG. 3. As
shown the level of Cr contamination is dramatically reduced by use of Ar or He as the
20 dilution gas in accordance with the invention.
Example 2
In another experiment, a conventional water cooled 4-stack discharge ozone
generator was used to generate a ozone gas stream in accordance with a second

embodiment of the invention. Two dilution gases. Ar and He, were tested in two

25 separate experiments pursuant to the process conditions set forth in Table 2A.
Tabte 2A - Water d 4- r
Dilution Gas Ar He
Dilution Gas Flow Rate 1.26slm 1.32 slm
30 '
Concentration of Dilution Gas 5.25 volume % 5.5 volume%
02 Gas Flow Rate 24 slm . 24 sim
9
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in the*art that the inventive nmethod may be practiced with other types of

ozone - generators. Mreover, the nmethod of the present

i nvention may be enpl oyed using 10 any one of the recited dilution

gases, i.e. Ar, He or CJerr], with various types of ozone

generators. referred enbodlnent described in detai err|
~i's enployed \!ngTy,;&‘zgpf as the dilution gas with an ASTeX %nggggg’%ﬁgﬂ)r

known in the art. The ASTeX ozonator is of the all-netal,

seal ed-cel | Bl asna di scharge type with water cooling
Several expePPMEMOBSSIERYPIConduct ed which present different enmbodi ments of

15 t hgniapvention. In the foll ow ngietwme exanpl eslo7ighire di fferent
ozonat ors were operated and produced gas streans according to
t he met hod of the present invention with appar atus as shown

general | y i nOkdneGegeratthPowiet hod was first 62%st ed usi ng a62%oi |

cool ed di scharge ozone generator,. known in the art, as the generator

depi cted at elenent 40 in FIG 2. The second experi nent
utilized a V\(%effun(pe{vegl 4- modul e ozone 20 generator known in the
art. The third ment errp agyed, an ASTeX ener ator.
Di | ution cheni sth Q%%w grean arsa?tmquce*as e"ed'alv% ?%grébggﬁn g’z‘%"ﬁ%eéer?g’r ator and
metal atom cmmmasmammamIlmblusthmztmegmtryzre.culelé'dmc ygrewermdeiositaonsi st ent | y
dermonstrate tnhs?ubst?age%cilts1n8 Jzome%@ftr& Oﬂ‘a &L&B‘E’ %te 'sn%ltrﬁtgs \Rrg-g Regge 9as
streamto a . eex erinments are §esTribed in
det aid bel owin thg deposition ch@lgmptee 33, under the injector 30 in the CVI} reagtpi 20 sxanpl e, an
oi | -cool ed dj PZYSHGAY et QbcrPrydSEete ddiited utijizing the ozoEPAT at €
tests were c%’% uct e§ ng) ﬁ'tegt usigncé a ‘éélflss e?en%&g%su l(lZ'rm’ar?d’zHe) as the
di | ution gassasPymosherated withAserthe diwingises Rapite theopermins gendiionab| e 1.

Balblf 1- Gg hss§RlaShnihesaNaY &era%emec@a@ao%&{w&a{.&teu AEoRasABRIEr S 30
util on S

REPLACENMENT gepepers sct forth below '“ﬁﬂPl?t%n Gas Fl ow Rate 210
sccms 528 sccm B - CVD onditio 7
Injector | Injector 2 Injector 2/3 || Injector 3 Injector 4
flow (slm) flow (sim) flow (sim) flow (slm) flow (slm}
| 02/03 487 485 - 4.83 .86
[| Ditution N2 2.09 2.07 - 2.07 2.03
Scparator N2 92.98 9.97 - 9.95 989
20 Liquid Source - ]| 3.39 - 6.79 . 3.89
Dopants
Dilution N2
Si Source N2
25 Deposition 550 degrecs
Temperature C
Belt Speed 3"/min.
Chamber 1.18"H20
Pressure
30
As shown in Table 2B, dielectric layers were deposited by passing a substrate
35 through four separate injector and associated deposition chamber area 33 stages
with the CVD reactor 20. In this exemplary embodiment, the ozone gas stream is
conveyed through each of the four injectors at the gas flow rates depicted in Table 2.
35 Dilution N. is provided to each injector, and is ticd into the ozone gas stream line

generally at point A on FIG. 1. Since nitrogen is introduced down stream from the
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WO 97/ 22992

PCT/ US96/ 19819 , Concentration of Dilution Gas

3.5 volune % 8.8 volume % 02 Gas Flow Rate 5 6
slm 6 slm Ozone Concentration act ual

124 g/inferr] woemr2992 128 g/nferr] PCT/US96/19819
(4.74 % derr] in Jerr]) (4.89 wt% gerr] in Jerr]) 10
Ozone Cenerator Power 52% 52%

(%of full pows)m discharge ozonatr non oflﬁssfareﬁ,mgmaﬁmm ﬂarxglkﬂs B Gintaioh 07 €ach

experi nment , en was o niroduce line 44 at the
flowrate depquvmr acrd alRbissasiated meal mémi*@tlmfems ekha Sapasiter N opvered d

via gas |ine 45:0%%896#5@&& Ihb?oufr tr@é’&&%ﬁé a@%vﬁ%(}%ﬁ&tﬁ%‘?l(ﬂqp' cted in
Table 1. As shown in e concenfration and fl ow rate of

the dilution gH@L&é'ﬁ’e??HE?eQH“‘E%‘é“ Fow rate representy; the injEqdpgrion obdopapaip the wi | | be

apparegt in t%aﬁ&&”@&&%s%k&%r%h%@hﬁ%k Qﬁmﬂ%};‘éh Iagthe carrier gas. SucRN the
type of ozone generator used. Accord %‘b} - {houl be agfarent to one of
phg-sih

ordinary ski | 199P#fit Fay bF psed; i depgshia frﬁs?ﬁ tite plpssJBRIC) oxidentilon nay be

practiced W t hreos is mtroduced vk déAvdretie Bf wﬂlﬂﬁ@géﬂ%ﬁfe%ﬁxﬂéﬁg@@siﬂﬁ&qm at ed
process condltlons in_ad ""I'%JI on to the three resent ed

herei n. Table 2B as the rowr) Sopige Nee T8 Hifwid %Weq"“f n %EH ﬁ"éﬂd E'o”kﬂcat e 41 via
power source %ogkmm»eb)es are represented on TabI€2B Lafl‘gnﬁctBJ s Awdiisclvaciogsi n

di scharge area In the disc e area. 47. oxy reacts to
f or m 0Zone, Harﬁsag‘é"é"'g‘fnr il %b%%‘t"ﬁﬁ‘t’"éf‘gﬁz to 5 5 Jerr] w %in
Jerr] is Example 3 produced and delivered through gas outlet line 46.

The concentrationof t xréset flen en ntzs an AST zZphne g:Pert rﬂneowi;; esa Q:vva\x@ in Tabl e
1 for each test, &ha% ¥ ‘h H’@s R e e (ROl The
rati o of dil utusehtogmaerite theyopgmergas firaaocio eaairdance wich mgmgngmimcrabf)thewas f ound

to affect the GoRGaRldaAbd. OthBldtntbR Rhded ¥, 191 IRCOANERESAUERHaddy t NE OZONE

gas stream
15 in three experiments pursuant to the exemplary ozone generating process conditions

set forth in Table 3A. Again, an ozone gas stream is produced as described above.
From the experiments conducted the preferred method of practicing the invention
utilizes the ASTeX generation with CO, as the dilution gas and preferably the weight
% ratio of CO, ranges substantially from 2% to 3.6%. The concentration level of
20 contaminants present in the various ozone gas streams was tested by a number of
means. First, a bench test was conducted on the ozone gas stream produced using CO2
as the dilution gas. The bench test was similar to that performed in Example 1 above,
whereby the single wafer sampling device 38 was installed in the ozone gas line 16
between the MFC 21 and the injector 30 as shown in FIG. 1. Generally, wafers placed
25 in device 38 were sprayed with the ozone gas stream at a flow rate of 6 sim and a
concentration of 4.0 - 4.5 wt% O, in O, for 15 minutes. The results of the bench test
are shown in FIG. 4, and show that the level of Cr contamination is dramatically
reduced by use of CO, as the dilution gas accordance with the present invention, and

in contrast to the wafer tested using N, as the dilution gas in FIG. 4.

30 T 3A- n r
Dilution Gas Ar He CO,
Dilution Gas Flow Rate  4.62 slm 9.30 slm 900 sccm -
Concentration of Dilution 18.9 volume % 38 volume % 3.6 volume%
Gas
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SUBSTITUTE SHEET (RULE 26)



Experinments were conducted to determ ne the nost desirable ratio,
preferably the

3.5%to 9.4%

when He is us t he dilution gas.
‘Sgﬁé?zr eam was tested using a bench test

when Ar

in the ozone”
measurenents were nmade using the followi ng procedure the ozone generator

40 and CVD system 20 were enp

waf er

volune % ratio of Ar

is used as the 30 :
preferred volune %ratio of He is substantially from38.8%to 18%

2 Gas Flow Rate

WO 97/ 22992 gzone Concentration
PCT/ US96/ 19819

?osing

sanpl i ng dev
gas line 16 @ebdken the MFC B8 t he

FIG 1. The @t @RnaSoSRPsWERS 100%t €st cont peospant
ozone gas stream by ex

speci’fi ed angpkfull power

| oyed as generally shown i
24 Zlm 9 24 slm y

55528 ves

diluti

i nst

n Fig.

24 sim

on gas;

1.
8

led in
injeéﬁgﬁﬁﬁo as
| evel s 527 t he
a wafer to the ozone gas streamfor a

of tinme, at a particular flow rate and ozone

and

ranges substantially from
and the

et aly GARLGRfIR. | O

er eby

A single

t he ozone
shown in

concentration. Idydditonko thebénch eRtdesribed atve, didectric layers weradepgidsdeongas St ream

fl te of | mfor. 15 ni t 4.0 - 4.5 w% ]
perfor m tho TeeeRsgrine v 6 BRae oot ot Stk ol

streamis

d,into,th
SR PRy e Ui an APC

e e

e

rspy bRy B s o RS

Ir

r]. To
e gas

with the desiralgje nesuhttfdow mena woakminatiGn anthei fimc omveansaklarhr ough
lines 16 and,.then SR

onto the topSPEa"Gp

38 and

out @ the butahdpuredant loahaiocesecdditianmchei fotth in Fablé 3B bedowr 30, where the
gases were 10

ex ha%g@esﬁ £6D ﬁb&m

PG
or

removed from the device er surface contains ¢
stream cont afi nants whj Ra&an [Newide wfgd. | injccor3 | njckbr@
are renoved jpy a Hydr of idwugii d dapan RiiessinDecorfpiosidmon|| fewosies s
known in t he“ 8o e g&ul ti n%.(ghem ¢al was the ry.()a}nal yzpdgdisi ng
Graphite
Dilution N2 0.98 0.98 - 0.98 1.00
15 Scparator N2 || 9.96 9.92 - 9.93 9.96
II Liquid Source || 3.88 - 3.96 - 3.88
Dilution N2
' Si Source N2 0.867 — 1.728 - 0.868
Deposition 500
20 Temperature degrees C
Belt Speed 3.75"/min
Chamber LiI"H20
Pressure
25 Dielectric films of 4800 angstroms to 7000 angstroms thickness were deposited on 6"
silicon substrates by placing the silicon substrates 35 on the convevor belt 34 and
passing the substrate through each of four stages. Within each stage, the substrate 35
passes under the injector 30 in deposition area 33. Reactive gases O, and TEOS,
among other gases, exit injector 30 and interact proximate the surface of the substrate
30 35 whereby the gases form a layer of material on said surface.

Each film was tested for metal contamination level, and the quality of the film was
evaluated. In particular, substrates were tested for metal contamination levels using
known analysis techniques, and in particular the Secondary Ion Mass Spectrometry
(SIMS) technique was used as shown in FIG. 6. The standard SIMS analysis shows a

35 Cr content of fess than 1x10" metal atoms/cm’® deposited in a dielectric fitm atop the
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a known



Furnace’ At om ¢ Absorption Spectroscopy or
Spectronetry technique to quantify netal
waf er after exposure to the ozone gas

13

the surface of the
stream For conparison a wafer was tested using

| nductively Coupl ed Pl asma Mass
cont am nants found on

an ozone gas

stream producqgpleya4esi Ng nitrogen as the dilution gas as enplpdtaskoesivside

prior

exper

art net hods.
FIG 3. As

reduced by us
wth the inve

i ment,

second
He, were test edniamingfourdsposition chambeserpaﬁ?astabewp@vqhmm@rqgéﬁsmvmso t he

procesy Cond' tin 0@&2&%0“ ﬁ'{dt {he 'film IR &epbéited by conveying the wafer through the

2A - Wter
Ar
1.26 sIm
5.25 volume %
24 slm
9

10

15

20

25

30

The results of the foregoing bench tests are depicted in

shomm the IeveI of Cr contam nation is dramatically

e invention tron gases

Stack Ozone Gener at or Dilution Gas
apparatus 20 in twyqppasses. The dielectric filp is depasiedmisthewalgr :at wavels

?ﬂ.\ﬁ%ﬁte pifed Had tnelif lﬂjﬁxtgf 3q in dﬁposmon%ln‘s‘l;e'r Q2 985S R'ef.‘:rrﬁ%ftﬁr dance

a KGrv, depidtegingthe m‘atoetennm@ﬁbni depositeddly canvering r gafeod bikeough
generator was Ysedn! aﬁgg%[}sﬁ@%h%wg PFRIS, gﬁﬁhanxs%gg 0 a@fa?a%dm%ﬁmw h a

Ar and

Tabl e

through .t}ga. véu@%ﬁz m%gsses under four sepaoggé"ﬁcgéséfdiﬁﬁé Qfﬂxcﬂfdegér ution Cas

| ow Rat
reactive chemical prgpyssors in each of the four deposition chamber area 33 stages.

The wafer also passes through an entry nitr%ﬁ%xh;w&t Skl IGBULn?ec?o@)
nitrogen curtains 32, and an exit nitrogen curtain (not shown) as it is carried on the
conveyor belt 34 through the muffle 31. Referring again to FIG. 6, each deposition
chamber area 33 stage is represented by a letter A through H. Letters A-D represent

the first pass with four deposition chamber area 33 stapes. and Letters E-H represent

the second pass with four deposition chamber area 33 stages. The film was deposited

using He as the dilution gas to generate the ozone gas stream 16 from the ozone
generator 15, and the CVD apparatus 20 was operated generally according to the
process conditions set forth in Table 3B. -

Referring again to FIG. 6, the graph shows the Cr abundance (Cr atoms/cm’) as a
function of the film thickness {microns) deposited on the silicon wafer. Chromium is
deposited onto the wafer in varying amounts depending on the location of the wafer
as it travels through the apparatus 20. As shown at points A-H, the dielectric film
exhibits a Cr content of less than 1x10" metal atoms/cm* deposited in the film placed
under each of the injectors 30 in each deposition chamber area 33. The chromium
values greater than 10" are in the areas outside of the deposition chamber areas 33, in
the so called inter-injector zones. where vapor phase Cr accurmulation occurs. The Cr
content in this area is within a standard deviation value of 10" which meets desired
target content levels sought by the semiconductor industry.

Of particular advantage is the excellent step coverage and gap fill achieved by the
method of this invention. Such film qualities are appreciated with reference to FIGs.
5a and 5b, which show SEM photographs of a portion of the cross-section of wafers
with a dielectric layer formed according to two embodiments of the present invention.
In FIG. 5a the wafer contains aluminum lines 51 and 52 formed on the surface of
substrate 35. The fines 51 and 52 were spaced apart at one micron. The aspect ratio

of the gap between lines 51 and 52 was 0.4 microns high to 1.0 microns wide. A
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WD 97/ 22992

PCT/ US96/ 19819 Ozone Concentration act ual

207 g/ nB 107 g/ nB Qzone Cenerator Power

22% 62%d (% of full power)

n ozone gas stream was produced as generally described in

measure cont MAKEM?2| evels in the ozgne gas gtream di el ect H?Jg@gélg wer e
deposi ted on substrates using the ozone gas stream as a
precursor. The substrates were placed 10 he dep03|t|on chanber

area 33, undeilicomexidpjdietecic BYeriSa wascdepsaned alop By "2?5 sésa“d Zand the  ghoun
in FIG 1. SpagihieGalusits obdife add SEGS TS b&cﬂr@&%ﬁs&s WEThe o£bRR @8d stresh Whi | 1 zi ng t he
ozone gas stream generat ed with Ar as the dilytion as pur suant
to the oper atPrQﬂgCQsio‘rYdi"é watgs cooled 4-stack ozone,geagiaios UHAE (f Eth FH@“‘N‘ in

Tabl e 2A. CVD,AGHASH hePbpefRing A6dHRNAY sRATOINCTdBE 2R IOV deposition was
paraneters set forth below in Table 2B. 15

Tabl e52B - cCvefometrisuantio e Ppemias parameters in Table 2B. As shown in FIG. Sa, th? nj ector 1

I njector 2 gieleliri@ fySihaddniorrhip ffiR€d ME ofe micRinaRp Withdut any voids, hillocks or
flow (sl m flog\ive(sln') flow (sl m flow (sl m flow (sl m

0_2/ 03_ other - 4.85 4.83 4. 86.

[S)l lution Nﬁ2 B1D b is a SEM phdtddraph of a cross-section portion of a wafer 2nd)¥/dielectric 2.03
epar at .

20p or Ia)ﬁr gq-ﬂ%g\wgdb?o&@gg t907t§¢_e grgferred eml_)gdiment of the mvgm.?(glg 5l'he wafer i 9.89

3.8910 contains alD@f@e lihes 55 and 56 formed onfhd sutfacerof bibstrate 35 and spaced i

Source N2 ]é'pgr?gt 1.5 microns. The aspect ratio of §1e7g,§;]' between lines 55 and 56 was 0.4 1.895

micron high 1o 1.0 microns wide. Silicon oxide dielectric layer 57 was deposited using
ozone and TEOS as precursor gases. In this preferred embodiment, the ozone gas
stream was produced by using CO, as the dilution gas pursuant to the operating
15 conditions shown in Table 3A. CVD deposition was performed pursuant to the
operating parameters in Table 3B. Again referring to FIG. 5b, the dielectric layer has
uniformly filled the one micron gap without voids, hillocks and other defects.
The foregoing description of specific embodiments of the invention have been
presented for the purpose of illustration and description. They are not intended to be
20 exhaustive of to limit the invention to the precise forms disclosed, and obviously many
modifications, embodiments, and variations are possible in light of the above teaching,
It is intended that the scope of the invention be defined by the claims appended hereto

and their equivalents.

14

SUBSTITUTE SHEET (RULE 26)



25 * Deposition 550 degrees Tenper ature C
Bel t Speed 3"/ mn. Chanber 1.18"H20

Pressure 30 As [ lygggeB, di el ectric |ayers were
deposited by passing a substrat e”mm"l"lmmmmit hrough four separate
injector and J¥pemhehed depositioh chamber afear 33 stages  perusosnesiy W th
the CVD reactor 20. In this exenplary enbodi nent, the ozone gas streamis
conveyed t hrough each of the four injectors at the gas flow rates depicted

in Table 2. 3 l\;H_:ll):ution N err] is provided to each injector, and

Is tied into t A%So lémgas stream | ine . generally at point A on
FIG 1. Since nitrogen is introduced down streamfromthe
R VA3 o -
. fd h s | tal atom concentration on the
PCT/ US96/ 1981§ A method of deposit: Zr? as erélesvéﬁ’a?‘élemeozgnat oP, none of the

af or enent i onedurfics ofia subistratpingishemisal yapor deneaitiphi{~ VD) system. said CVRsysiem ri ¢ aci d
and associ at e%c;mbgh?]sa,gé gﬁm@w sPerP S cludingSnea® BRI AIsQhd NC#/ deadigt, CONveyed
each o e four b

i nto one port of ec I nj ector stages as shown by reference 27
in FIG 1. comprising the stqi$ef i qui d Source Dilution Nerr] flowrate

represents the i pih@fialdnQRydeh oal0RRLH ttd Qid &Rne Senerating sysieManber, such as

boron or phosphorous, using nitrogen as _ the carrier gas. Such
dopants nay be udEeduciHeaalyessnires diljtion S35 pIQ ifzeng sYstaetoproguce theselys) oxi de
film a gas strddntShdluilidgNéZoRE WHAH dbed nBCiubMBRUANY irék€t Z4thWhd Mefdi t r Ogen as
the carrier gas,,6 as shown in Table 2B as the row Si Source
N[err]. The | 8" source dilution nitrogen and Si source

delivering said gas stream through the metal conduits to said CVD reactor, whereby

to deliver a gas stream substantially free of metal atom contamination: and
reacting said pas stream with a reactive pas in said CVD reactor to deposit a layer

substantially free of metal atoms on the surface of said substrate.

2. The method of Claim 1 wherein said dilution gas is argon.

3. The method of claim 1 wherein said dilution gas is helium.

4. The method of Claim 1 wherein said dilution gas is carbon dioxide.

5. The method of Claim | wherein said gas stream has a metal atom concentration of

substantially equal to or less than 0.05 ng metal atoms per gas-liter.

6. The method of Claim | wherein the layer has a metal atom concentration of

substantially equal to or less than 1x10" metal atoms/em’.

7. The method of Claim 1 wherein said CVD reactor 1s an atmospheric pressure CVD
reactor having a muffle, at feast one CVD chamber area within said muffle, at least one
injector for conveying gases into said at least one CVD chamber area, and a

conveyorized belt for moving wafers through said chamber area and said mufile.

T, R
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nitrogéen flow rates are represented on Table 2B as "Injector 2/3 flow

since each gas 10 shares—a—eemmn—deh—vew line for the two

|njectors Exanpl e B In a third set of

experinments. an ASTeX ozone gen he art was

used to gen ozone gas nce with a third enmbodi ne

of the e‘rvat’ﬁn;@;present i nventi on Three d| | ution gases’;(’“r/ﬁ"s96 P 1And

were tested i ndependently 15 in three experinments pursuant to the
in

exenpl ary oz n en cess condj t.iQns y ..set forth
Tabl e 38 Aok rrirabahab Sl Bhgin rad bVBifeeer nehdes et S dove.
From t he expedmayaﬁuj ﬂ:mmegadtr&dmeamrsefdmsadamb bBepdsiofaidiaged havihg t he

i nvention t he eneratio ,yvlt rr] as the
dilution gas™SRLYP %?"8?";5'5?‘3}‘ #ﬂ%s'ﬁﬁlaﬂﬁ%& than S ORafto' 15 'F"é‘lf}lla(‘) T err]
ranges substantially from2%to 3.6% The concentration |evel of 20
contam nant s ese i he variaus e gas .Streans wa ested by a
nunber of oPhiSethod é}rﬁtil%H'Sl W r?'gfa‘ggq@erﬁ l ’?e% °”W§§SS‘E:'8§XEC%C(H°'M t he

- 0zone gas stream pr oduced usi ng C02 as the dilution gas. The

bench test was ﬂ‘ rdto?daﬁ‘ %;%anﬁevygreﬁé&@ag? aé)n \a’neded”\]/é)ozone gas

wher eby the si'ngle I|n evi ce was 1n
line 16 reactor. betmeen the MFC 21 and the injector 30 as shown in
FIG 1. Generally, wafers placed 25 in device 38 were sprayed with

the ozone gas streamat a flowrate of .6 simand a
concent r at i oht. ok méthgd of delizenmereaclivg gdses ani@néngrlpw fmetal dt6mrontamawtionThe resul ts

of the benchytash F that the |evel
of Cr cont am natl Stﬁofog eéjr/séer?ac?néﬁﬁ’ﬁ” s PNl Jxgﬁ’p"%mauced LElgfl{vuse of CJerr]

as the diluti onngabwweeepmeéawrWIt%sapﬁr%@emvsieﬁwnt| on, and

in contrast to 153?&&6@2%%&@%& B ek @Q; x%%&nﬂ]oz&»‘é shdgn:dilution gas in FIG 4.
30 Tabl e 3A- ASTeX Czone Gener at or
Dil uti on Gas ozonaling salﬂroxygcn gas and said me{.qé,as thereby producing a rcactxve:@%r r]

Di | ution Gassifdhfinéiadify ofbnﬁancﬁlbemg, substanllgll@@eeﬁifﬁhds that d!td(.k megzﬂoanﬁccm

Concentration of Dilutigon 18.9 volune % ? rge 6 vol ume%
Gas elivering said reactive gas stream through thc metal conduits contamef in said

ozone system, wherein said reactive gas stream does not substantially react with the
metal conduit, thereby minimizing the formation of metal atom contamination in said

reactive gas stream.

12. The method of claim 11 wherein said reactive gas stream has a metal atom

concentration equal to or less than 0.05 ng metal atoms per gas-liter.
13. The method of claim 11 wherein said reactive gas is argon.
14. The mcthod of claim 11 wherein said reactive gas is helium.

15. The method of claim I | wherein said reactive gas is carbon dioxide.

. This Sheet Has Been Re‘p
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-_
PCT/ US96/ 19819 02 Gas Flow Rate 24 sl m

24 sl m 24 sl m _ Concentration

(actual) 48. GHMI!UWLHW "mﬂm g/nferr] 107
g/ merr] wo 977220082 0Ne Gener at or Powdr $100% - PCT/US9BA 081
52% 5 (% of full. power) In addition to the benc

test described above, dielectric |layers were deposited on :
substrates accprdi ng to.the nef 1 BYE @ £SHE, | avers
were fornmed 13 ’qmegmd OF\E}mgfvﬁH’F%%}Q %ecglgt?%[ﬁe& Ir;'ge:tg{agli‘of Iownrrefsallg 3

cont ani nat i onozanatbivetofwhiomoxysen peirdilistiasizases are introduced charactefjzed mdpatithe | ayer s
were deposi t edy s} DA BEOMRERARLP LnEESHRLHN Ao SRR LRI Brbdds 10

1, and pursuant to~“the process conditions set forth in Table 3B bel ow

Tabl e 3B - CVihePsanduits a@neli subsiargially formed, thereby providing gases which afehj ect or 1

Injector 2| 'éﬁﬁa%#ééf Ll Btafinaflon. | Nj ector 4 flow (slm
f1 ow(sl m et Trow (sim —flow (sl m 02/ 03

5.96 .99 5.97 - 5. 97

Dilution N2 9. B method of CImA% wherein said dilutlo® as is argon. 1.00 15
Separat or N2 9.96 9.92 - - 9.85 9. 96

Li quid Source 3.88 - 3.96 -- 3. 88
Dilution N2 18 The method of cfblim $8 WheRin'N2id dilltidtOghs is helium, 1.728

0. 868 Deposi tion 500 20 Tenperat ure degr ees
C

19. The method of Claim 16 wherein said dilution gas is carbon dioxide.

20. The method of Claim 16 wherein said gases are further characterized in that the
metal contamination is said gases is substantially equal to or less than 0.05 ng metal

atoms per gas-liter.

21. A method of depositing oxide layers having low metal atom concentration on the
surface of a substrate in a chemical vapor deposition (CVD} system, said CVD system
including an ozone system and a CVD reactor, comprising the steps of:

introducing an oxygen gas stream into said ozone system;

introducing a dilution gas into said ozone system. the dilution gas excluding
nitrogen, to produce thereby a gas stream including ozone which does not substantially
react with the metal conduits, thereby substantially climinating metal atom
contamination of said gas stream,

delivering said gas stream through the metal conduits contained in said ozone
system to said CVD reactor; and

reacting said gas stream with a reactive gas in said CVD reactor to deposit a layer
on the surface of said substrate, said layer having a metal atom concentration equal to

or less than 1x10'" metal atoms/cm3.

22. The method of Claim 21 wherein the flow rate of said gas stream delivered to said

CVD reactor is approximately in the range of 4.0 to 10.0 sim.
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Belt Speed 3.75"/ mn Chanber 1.11"H20

Pressure 25 Di el ectrl c filnms of angstrons to 7000 angstrons
't hi ckness were deposited on 'U”‘”\' U jl i con substrates by placing
the silicon substrates 35 on i lg m, 34 and passi ng
t he substr gh each of four taes® Wthin each st bstrate
35 %899;9{32;1;% under the injector 30 in-depositi ona‘g‘l?rélé 9?'2?5 eactive
gases (Jerr] and TEGCS, anong ot her gases exit injector 30 and
interact proximate the surface of the substrate 3 5 whereby
the gases f&tmlhe mather °6F13r‘r'ﬁt2ér‘f"&‘1’°‘bﬁa'§é?aﬂt"éetﬁaféﬁ:@el"’e’ed to said CVD Each
filmwas teshask 8 HoWRiidhpprcihably hthe adhgb 8VED to BOEIn he qual ity of the film
was eval uated. In particular, substrates were tested for
metal contam nation | evels using known anal ysi s techni ques,
and in part2gulraé mbined SECRRRAI yvhb@n; M&s&aﬁpeg&rmﬁ &¥mprises a silicon (Sl Mb)
t echni que was used as sgown in FLG The standardlSI VS aB Iésdrs shows a
35 Ppaf‘b‘?gmf‘ﬁ%ﬁ’aslﬁ"fbf"@tbﬁ"gﬁﬁaﬁ’fe KEBHRE 141 deposited
in a diel eC(CVDCwi:ﬂoI', saiddiligon cbi@aining gas having a flow rate approximately in the range

12

of 1.0 to 5.0 slm, and said dopant containing gas having a flow rate approximately in

the range of 3.0 to 8.0 sIm.
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deposition chanber area 33. Referring to

the Cr content

the CVD appar gfg/ebbzshown in FIG 1.

cont ai ns

each chanber area 33 containing 5
was deposited by conveying the wafer tfhifo§gh the

FIG 6,

substrate placed. under the injector 30 in

depicted is

ina filmdeposited by conveying a wafer 35 through

In this instance the apgpi8sensss0

contai ning four deposition chanber area 33 stages,

an inj.ector 30, and the film

apparatus 20

in tw passes. The dielectric filmis deposited on the wafer as it travels
through the muffle 31 and passes under four separate injectors 30 which
del i ver Teactive them cal precursors in each of the four
deposition chanber area 33 stages.: The waf er al so passes
through an entry nitrkoggn curtain (not shown), inter-injector 10
nitrogen curtains 32?“&ﬂd an exit mitrogen curtain (ngi _showh) as it
carried on the conveygr belt 34 throughf \nuf le 31
Referring again to Fl 6, each deposition chanper area 33
stage is represented byl a letter Ajthrough H Lefter§ A Direpresent
the first pas$ with four depositi o) chanber rareap33 gtages, and Letters E-H
repr esent I Thevsecond gass with four|depfsition ¢hanber area 33
stages. The fil mwas sited 15 usisyg s~¥he dilution gas to
generate the ozone gas |stream 16 filom the omope generator 15,
and the CVD apggratus 20 was operatled generall [lding to|the

| e 3B. Ref erring again

process condi tons set [forth in:Tat
lbundan /cnferr]) as a

to FIG 6, thesgfaph shows the €
| m t hilckness (ri_chons) ||t he silijcon wafer.
ont j{[varyi ng| amount s

function ofthe
Chromiumis 2Q |— deposi tefl

cation of fer st travel s t hr ough
5 ric fil

dependi ng on the-
1 atons/cij err]

t he apparatus:20. As shown
exhibits a Cr !cont®nt of |ess
g%l ofidthe iinjectors 30 in
hrgﬁhu val ugs greater
de of mHhe depgsi

is

faV¥al
C)

ep

desi

nduct or i ndustry.

deposited in the fi1mplaced
each depositidn chanber area
than 10[err] are in the area® on chanfper careas 33,
in 25 the so called in j ector zZonés, e vapor |phase Cr
accunul ation oeccurs. ThayCr = cont ent hi ére is wthin a
standard devi gtion valué%%éai whi ch neets étf)' target
content |evels sought byNtf& ) of
particul ar adjantage is PR il &achi eved
by the ' nmet hocoof Such - filmqualities fre
appreci ated wilth referenceito 5& -ahd-5b, which show SEM
phot ogr aphs oft a portion of\the cross-section of wafers | with a
dielectric |ayer forned accor Bi-rg—te—two—erbpdi ment s of:the presegéz

=,

i nventi on.
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In FIG *5a the wafer contains alunminumlines 51 and 52 formed on the

surface of substrate 35. The lines 51 and 52 were spaced apart
at’ one micron. The aspect ratio of the gap between lines 51
and 52 was 0.4 microns high to 1.0 mcrons wide. A _

13 wo ooz VO 97/22992 _ _ PCT/US96/19819,
PCT/ US96/ 19819 silicon oxide dielectric |ayer 53 was deposited
atop the lines 51 and 52 and the substrate 3 5 using ozone and
TECS as precursor gases. The ozone ga? ?t eam was produced by
the water cool ed 4-stack ozone generato sing Ar as the dilution gas

pursuant to the operating conditions shown in Table 2A. CVD deposition was

5 performed pursuant to the operating paraneters in Table 2B. As
shown in FIG 5a, the dielgctric layer has uniformy filled the
one mcron gap W thout any voids, hillpcks or ot her defects.
FIG 5b is a SEM phot ograph of a crossfsection portion of a wafer and a
dielectric | ayer deposit@d| according to the preferred
enbodi nent of the invention. The waf®r] 10 contains alumnumlines 55
and 56 forned on the surface of substrgte 35 and spaced apart
at 1.5 mcrons. The aspect ratio of thd gap between lines 55 and 56 was 0.4
mcron high to 1.0 mcrons wide. Silicldn oxide dielectric |layer 57 was
deposi ted using ozone and {fECS as precursor gases. In this
preferred enbodi nent. thehozongggas stream was produced by
using Cerr] as the dilution gas pursidant &b thetgperating 15
condi ti ons shown in Table SA. D:gepo ition was rformed pursuant to the
operating paraneters in Tab . JAgaiin refenrvyi to FIG 5b, the
dielectric |ayer has \ ) R '
\ L
a O
0 O
0 O
O 4
a O C\l
T |0 o—< |
e . ©
0 0O —
O O [Iﬂ
C []
g O
- |
E/

48
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uniformy filled the one mcron gap w thout voids, hillocks and ot her

def ect s. The foregoi ng description of specific enbodi nents
of the invention have been presented for the purpose of
illustration and description. They are not intended to be 20

exhaustive or {8 ¢hhidet the invention to the precise forns di sgt@ggdnosiod

obvi ously many nodi fi cations, enbodi nents, and variations are
possi ble in Ilght of the above teaching It is intended that
the scope of the invention be defined by the clains appended hereto

and their equivalents. 375

14

METAL CONTAMINANT| 03 + Ar | 03 + He | 03 + N2 |
|cr 4.0 I 1500 l
: : .

All values times: 1x1014 atoms/cm?<

* Indicates measurement was below the detection limit.

FIG.—3

METAL CONTAMINANT 03 + C02 — OZONE GAS STREAM
Cr ¥*

All volues times: 1x1014 atoms/cm?

* Indicates measurement was below the detection limit.

FIG.—4



WD 97/ 22992 PCT/ US96/ 19819  WHAT

| S CLAI MED: 1. A nmethod of depositing oxide |ayers having | ow netal atom
concentration on the surface of a substrate in a chenical vapor deposition
(CVD) system said CVD systemincluding an ozone generating system and

I ncl uding netal conduits and a CVD reactor, conprising the steps of:

i ntroduci ng an oxygen gas streaminto said ozone generati ngpSetss/ivsiv

i ntroduci ng ¥t g"den free dilution %s i51to sai d ozone system to produce
t hereby a gas streamincl udi ng ozone i'ch” does not substantially react
with the netal conduits; delivering said gas streamthrough the neta
conduits to said CVD reactor, whereby to deliver a gas stream substantially
free of netal atomco o ' ) hmwith a

reactive gas in said C free of
nmetal atons on the sur Claiml
wherein said dilution erein said
dilution gas is heliu i | ution
gas i s carbon dioxi de. S stream
has a nmetal atom conce than 0. 05
ng netal aton§jper—gs
52
51
35
ﬁ }'G . - DA

53—

51 52

35
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6. The'nethod of Caiml wherein the |l ayer has a netal atom concentration
of substantially equal to or less than 1 x 10[err] netal atons/cnierr].

7. The method of aim| wherein said CVD reactor is an atnospheric
pressure CVD reactor having a nuffle, at |east one CVD chanber area within
said muffle, @foéBAasdy ONe injector for conveying gases into pahrhsiliog@ast
one CVD chanber area, and a conveyorized belt for noving wafers through
sai d chanber area and said nuffle.

15ETUT SHEET 1REPLACED VSiAIgS CLAI MED: 1. A nethod of
depositing oxide |layers having | ow netal atom concentration on a surface of
a substrate in a chem cal vapor deposition (CVD) system said CVD system

i ncl udi ng an ozone generating system and including netal conduits and a CVD
reactor, qgfﬁvpk&kﬁg%e—&t—eps——e%—————kﬁ%mdtwwﬁr—e*ygeﬂ—gﬁewi nt o
sai d ozone ggnerating system roducing a nitrogen freejdilution
gas into said ozone geneW@‘t‘-’rnﬂ:%’y?é?emrfa arsper (?é’ugq’ th?® gas st rean] which

i ncl udes ozone and whi ch does not substantially react with the mefal

condui ts; i delivering said gas streamthrough the netal copduits to
said CVD reagtor, to delivedielealrit ¢irg stream substantially free of metal
at om cont a,raim_Lati on; 4109
[ Si-> ]
{ : Substrate
17 8

—_
3
2 )
gmrs:_ q7078
g 3
5 Lk
= entry ‘%"'
§ s _—entry S
S10"F 3108 &
=2 ]
O -
S
410°
D |
l‘ A Cr

10 J10*

c B ]
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reactlng said gas streamwth a reactive gas I n sald CVD reactor to deposit
a layer substantially free of netal ratons on the surface of said substrate.
2. The net hod of Clalml vvhereln said dilution gas is argon. 3.

The met hod of cl n_sai ti el 4. The
Tothod of o ni mihEREnERR Sefin i 6 » i g8RosHEE ot e Sierpgethpsubstrte 35 i T
The. met hod of Chisi depbsitiog rohambéradireh @BSsuh fitanhdvarsy desifabiRl mah&dntamination

concentration of substantlall equal . to ar ;s €SS tm 0,05 ng netal atons
per gas-|iter. concentra Fhab X8 metal atompsisma] andipsefemrabigpauhio o
met al at om concgplek@fhh® N gju pitamb/ciP | r r]
netal atons/cnferr]. x ﬁw.it gkmtwggﬂﬁfdelékg}r%13‘}&%@?%'*11%0155&%9@[)

reactor3is an am‘bgghlerl c pressure CVD reactor having a muffle, at |east
one CVD chanber ar eaA\Ml&mhnthe foregoing descnptxon is described with reference]to an ozone

generator of the plate discharge type, it will be understood by those of ordinary skill
in the art that the inventive method may be practiced with other types of ozone
generators. Moreover, the method of the present invention may be employed using
10 any one of the recited dilution gases, i.e. Ar, He or CO,, with various types of ¢zone
generators. In the preférred embodiment, described in detail below, CO, is employed
as the dilution gas with an ASTeX type ozonator known in the art. The ASTeX
‘ozonator is of the all-metal, sealed-cell plasma discharge type with water cooling
Several experiments were conducted which present different embodiments of
15 the invention. In the folloﬁng three examples, three different ozonators were operated
and produced gas streams according to the method of the present invention with
~ apparatus as shown generaily in FIG. 2. The method was first tested using an oil
cooled discharge ozone~ generator, known in the art, as the generator depicted at
element 40 in FIG. 2. The second experiment utilized a water cooled 4-module ozone
20 - generator known in thle. art. The third experiment employed an ASTeX ozone
| generator. Dilution chemistries were separately tested with each ozone generator and
metal atom contamination levels were analyzed. The experiments consistently
demonstrate the reduction of metal atom contamination in the ozone gas stream to a
desired level. The experiments are described in detail below.
25 Example 1
In this example, an oil-cooled discharge ozone genérator was used. Two
separate tests were conducted, each test using a different gas (Ar and He) as the

dilution gas. Typlcal test process condmons are set forth in Table 1.

30 Dilution Gas .
Ar He '
! RE :
Dilution Gas Flow Rate PLACEMENT SHEET .
210 scem 528 sccm N - 03 DEC 1997

AMEHCED SHEET
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sai d nuf fl e, at | east one injector for conve I ng gases into said at |east

one CVD chanber area, and a conveyorized bel rs through
said chanber area and said nuffle. Jm"“muﬂmw,gf Caiml
wherein said CVD r ?'isidi%h}é@ﬁ- an injector f br tonteyi ng said reactive
gas streamand sai d gas StteamT0 deposit said layer having a netal atom
concentration of substanti Al lnyeth®Rb of ldepsositixig eﬁzgallayas Thadigelow nivkdl adtom
atoms/cnferr]. . 9. The nethod of Caim1l wherein said CVD reactor
is a | ow pressure @ueentration on a surface of a substralg in a clrmicaleaporideposidoni(GVD)
wherein said CVD reactor .i | asma hanced CVD reactor. . . 11.
A method of del i vePsii UGV Syt Beludiid: & Gaons episring System ) including
contam nation t hromgh) 8shddfteafd §W19%écﬁ>r9c&@i§i§§ﬂi@§te;ﬁ%ﬂ ai ning net al
conduits, conprising the steps of: I ntroduci ng ‘an oxygen gas stream
into said ozone system introducing anraxygehugasnigtossaid ozanggenénating siystam;i on gas

I nto said ozone systeny , . ozpnati saj d. oxygen, gas,and said inert
gas thereby producing aiftEducing.a gitrogen &g@n‘?‘#w g0 F% Q2B HETAYE
substantially free hdSrokil doh 3 ' sai d
reactive gas streaﬁﬁ%ﬁg%gw'@%@ga ,conduﬁltlds‘ @%ﬁioﬁgﬁeyﬁgﬁbgﬁggﬁé
system and said C\dabstantidily reacthwitieihe metalcconduits; i ve gas stream does not
substantially react with the nmetal conduits, thereby mnimzing the

formation of metal atomdeBYRTNE st B¥hstyeams Eireughewe metal eppduls fesad CVD
12 The method of,Ghpl B 1deiVif’ Gid' 8" frdafiP GubliEindiy Tee®3F MEA tom

- contamination; and

reacting said gas stream with a reactive gas in said CVD reactor to
deposit a layer substantially free of metal atoms on the surface of said

substrate.
2. The method of Claim 1 wherein said dihition gas is argon.
3.. The method of claim 1 wherein said dilution gas is helium.
4, rhe method of Claim 1 wherein said dilution gas is carbon dioxide.

5. The method of Claim 1 wherein said gas strean{ has a metal atom
concentration of substantially equal to or less than 0.05 ng metal atoms per

gas-liter.

6. The method of Claim 1 wherein the layer has a metal atom

concentration of substantially equal to or less than 1x10'* metal atoms/cm’ .

7. The method of Claim 1 wherein said CVD reactor is an atmospheric

pressure CVD reactor having a muffle, at least one CVD chamber area within

P il

[REPLACEMENT SHEET}
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metal atom concentration equal 5 ng netal atons per
gl fer ‘nmnumilln [
AVENDED SHEET claim 11l wherein said

di bution gas is argon. _ : The rret hod of claim 11 wherein said

dilution gas is hé?‘iimﬁ*ﬁle at least one mjepsar for qafweying Basgs oo said phieast oph EVE n
said dilution gas, | or
del i veri ng gases contal %gqm gzogréh‘q%ﬁ%eudg%elt fof "10%9153"0’5@? ﬂgﬁ?%}? saza/na%a%(?ﬁ';t or

i nt o whi ch- oxygen aseacindisdid tniufifle. gases are i ntroduced characteri zed in that

the dilution gases do not contain nitrogen, and corrosive vapors which
woul d corrode the netal conduits are not substantially fornmed, thereby

providing said gases cogit 30l AgnGF 8PTIMH §wikkin SR VS Blclok hEB8eOln ot &

cont am nati on.
injector for conveying said reactive gas stream and said gas ‘stream to deposit said

layer having a metal atom concentration of substantially less than or equal to

1x10™ metal atoms/cm’.

9. The method of Claim 1 wherein said CVD reactor is a low pressure

CVD reactor.

10,  The method of Claim 1 wherein said CVD reactor is 2 plasma

| enhanced CVD reactor.

11. A method of delivering reactive gases containing low metal atom |
contamination through an ozone system to a CVD reactor containing metal
conduits, comprising th-e steps of’

introducing an oxygen gas stream into said ozone system;

introducing a nitrogen free dilution gas.into said ozone system;

ozonating said oxygén gas and said inert gas thereby producing a reactive

- gas stream including ozone and being' substantially free of acids that attack metal;
and | | _

delivering said reactive gas stream through the metal conduits contained

' in said ozoné system and said CVD reactor, wherein said reactive gas stream does
not substantially react with the metal conduits, thereby minimizing the formation

of metal atom contamination in said reactive gas stream.

12.  The method of claim 11 wherein said reactive gas stream has a

metal atom concentration equal to or less than 0.05 ng metal atoms per gas-liter.

mm me'“aaﬁz,r;
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17. The ozone system of Claim 16 ' ' gfuti on gas is argon.
18. The ozone system.of claim 16Immllﬂlllm@lal"ut ion gas is helium
19. The ozone systemof Claim 16 twheteitn ®ard drlution gas is carbon -
di oxi de. 20. The .9zone, sysi em qf aim 1 grein.sai d gases
are further characterizéd in é‘!et?%tlrfgﬁ“ﬁﬁlc %lﬁisﬂgtdi‘vigﬁ‘"} %asé%ﬁrg‘“bgses i s
substantially equal to or less than 0.05 ng netal atons per gas-liter.

21. The nethod of Claim1 wherein the |ayer has a netal atom -
concentration of substarl#i al Theavpttald ofclaim 1llexhertinh azid dilagregas]is hedivel
atonms/cnjerr]. _ 22. The met hod of Cl'aim 1l wherein the flowrate
of said gas streamdelivered to said CVD reactor is approximately in a

range of 4.0 to 10.0 sl The method of claim 11 wherein said diluti ;
AVENDED SHEET T5. € metho ‘wherein sai dilution gas is carbon

dioxide.

16.  An ozone system for delivering gases containing ozone through

metal conduits from an ozonator into which oxygen and dilution gases are
introduced characterized m that the dilution gases do not contain nitrogen, and
corrosivé vapors which would corrode the metal conduits are not substantially
formed, thereby providing sa;id gases containing ozone which are substahtially

free of metal contamination.
17.  The ozone system of Claim 16 wherein said dilution gas is argon.
18.  The ozone system of claim 16 wherein said dilution gas is helium.

19. . The ozone system of Claim 16 wherein said dilution gas is carbon

dioxide.

20.  The ozone system of Claim 16 wherein said gases are further
characterized in that the metal contamination is said gases is substantiaily equal

to or less than 0.05 ng metal atoms per gas-liter.

21.  The method of Claim 1 wherein the layer has a metal atom
concentration of substantially equal to or less than 1x10' metal atoms/cm’.

22.  The method of Claim 1 wherein the flow rate of said gas stream

delivered to said CVD reactor is approxiinately in a range of 4.0 to 10.0 sim.

18
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The rrethod ﬂf daim1 wherein said reactive gas is delivered f'o said

Cuﬂlmalmt" | ow rate approximately in a range of 1.0 to 5.°0 sIlm

f daiml wherein said reactive gas corrprl"s'es a silicon

contalnlng gas and a dqpant - _cont ai ni ach S bejn

conveyed to said CVD redctor!, @Wgﬁr}agm WBHER, %n‘ a‘é‘é(g Veéedlf%ow
rate approxi mat el ontainin
gas ha\efng a fIowya#%tegﬁa%ggggfl%ﬂ&w%&gpﬁogg%gée& (;%p %mg@tb gl'g?(gggltsrlrrﬁ ' )

24.  The method of Claim 1 wherein said reactive gas comprises a
silicon cohtaining gas and a dopant containing gas, each gas being separately
" conveyed to said CVD reactor, said silicon contaihing gas having a flow rate
approximately in a range of 1.0 to 5.0 slm, and said dopant containing gas having

a flow rate approximately in a range of 3.0 to 8.0 sim.

ﬂ; LAC FI\/‘EN’T‘ QHFF"'
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