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capaci t ance QOfe bh@iedesitest chailinpdnfor tesnicradi¢amonize sndustry in Hre compagivears s the

i nterconnect delays, (b
identification o¥advanc:2:d dielectric materials that can replace silicon dioxide as an inter and

intra metal layer dielectric. Dielectric film layers are fundamental components of integrated
circnits and semiconductors. Such films provide electrical isolation between components. As
device densities increase, multiple layer dielectric films are generally used to isolate device
features. When forming dielectric films it is important for the film to exhibit certain properties,
such as good gap fill, thermial stability and favorable electrical properties. The most widely used
dielectric layer, silicon dioxide (Si0,) is formed by a variety of methods. The most commonly
used methods are chemical vapor deposition (CVD), plasma CVD, and spin-on coating.

The key driver for seeking increasing device densities is faster operating speeds. The
shorter the distance between elements of the integrated circuit, the faster the signals can be
transmitted. However, as device densities increase and the gaps between lines become smaller,
the demands on the insulating films become more rigorous. When the critical feature size
decreases below about 0.25 microns, the dielectric constant (X) of the insulating dielectric

material acquires increasing importance. Specifically, the dielectric constant determines the
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Breakdown field strength is expressed in units of volts per unit length and is the point at
which an insulating material no longer insulates, breaking down and resulting in a short circuit.
The minimum breakdown field strength is determined by dividing the operating voltage of the
circuit by the separation distance between adjacent conducting elements. For example, for a 0.25
pm device having an operating voltage of 3.3 volts, the breakdown voltage must exceed 13.2
volts per micron, or 0.132 MV/cm. A safety margin is desirable, and the industry standard for
breakdown field strength for dielectric films is greater than 0.5 MV/cm. |

Leakage current is the amount of current flux through an insulator at a specified field
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The temperatures under which subsequent layers are deposited or processed can reach as high as

400°C. Hence, this value is often used to judge the viability of a film matenal.

Finally, the adhesive properties of the insulating film must be suitable for subsequent
processing as well as ensuring stable thermal and electrical performance. The requirement is
thus that the dielectric film bond well with other layers and with the substrate.

Prior art methods of creating thin dielectric films include, for example, chemical vapor
deposition (CVD) and spin-on. CVD methods typically apply thermal energy to precursor
chemicals and reactants to enable chemical reactions. Other assisted CVD methods may use
liquid or plasma to promote the chemical reactions. Often the precursor chemistries are gases,
though liguids that are vaporized and injected into a chamber are also used. Alternatively,

spin-on methods typically deposit a precursor suspended in a liquid carrier onto a substrate that is
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these materials have been considered for embedded structures, as a rule they are not suitable for
full stack gap fill or damascene structures.

Because of the disadvantages of spin-coated polymers, vapor phase polymerization has
been explored as an alternative method for the preparation of low dielectric constant materjals.
One particular class of polymers that has been prepared through vapor phase polymerization is
the polyxylylenes (also known as parylenes) such as parylene N (pﬁx—N), and parylene F (ppx-F).
Parylenes typically have dielectric constant values ranging from 2.3 to 2.7 and are thus attractive
as low dielectric materials for use in integrated circuits. However, the parylenes that have been
prepared to date exhibit poor thermal stability as with ppx-N; expensive as with ppx-F; or have

poor mechanical stability.



WO 01/36703 19 MAY 204 PCT/US00/ 31694 As indicated in the discussions
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depositing low dielectric films. In one broad aspect of the invention a
syst em flegrinageshdint i ng a dielectric filmon the surface of a substrate is
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dielectric constant film. There is a continuing need to develop improved systems and methods

for depositing low dielectric constant films.

Summary of the Invention

Accordingly, it is an object of the present invention to provide an improved system and
method for depositing low dielectric films. In one broad aspect of the invention a system for
depositing a dielectric film on the surface of a substrate is provided having a processing chamber
with a substrate support for supporting a substrate and one or more gas inlets for conveying gases
to the processing chamber. A first plasma source defining a first plasma zone within the
chamber is provided, and a second plasma source defining a second plasma zone within said

chamber is provided. Gases are separately ionized at different ionization levels in the first and
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separately ionized gases react to forma dielectric filmon thel JMN28¢e of
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are si meisirface potht sabst@gremat i cs showi ng the system of the present

I nvention according to a nunber of alternative enbodinents. Figure 4 is a
cross-sectional cut away view show ng the hol |l ow cat hode according to

anot her enbodi nent of the. present inventi i gures 5A and SB are a

cross-section and bottom pl aff PRSI IUMIAWIRES 5 hol | ow cat hode cone

accordi ng t oQgHe 0B ' v , - -' Lop+. Flgure 6 i.s a .

cross-sect i onal gu{ég%acyyﬂﬁggmg%%éﬁ vitgé\ﬁ%g %‘ﬁ%%ﬁﬁgﬁﬁ]ﬂggg%ﬁﬁﬁmﬁg upqn reading

al t er ndhe detadpd descriptien of thelipvantienent theummindediclaigd ploviRIdd Befsw, il hpBn Of

the I ny Lon. Referring to Flgs. 1 and 2, where |i ke conponents are
ER o e reechonhidy, f

desi gnat'e e nbers in the figures, two alternative

enbodi nent s BiguteEisw&baRepfiot Sciy i #ﬂa HESK hown. The system
10 general ly includes a processing Igaggcgir% y 1gﬁth%g¥/ﬁ?%l§a%‘§°5&]5‘§ég§f’ﬁg 6 19
MAY 20 ¢embodiment of the present invention.

Figure 2 is a cross-sectional schematic diagram of the system according to another
embodiment of the present invention.

Figures 3A to 3E are simplified partial schematics showing the system of the present
invention according to a number of alternative embodiments. |

Figure 4 is a cross-sectional cut away view showing the hollow cathode according to
another embodiment of the present invention.

Figures 5A and 5B are a cross-section and bottom plan view, respectively, of a hollow
cathode cone according to one embodiment of the present invention,

Figure 6 is a cross-sectional cutaway top plan view of the system according to an

alternative embodiment of the present invention.

Detailed Description of the Invention
Referring to Figs. 1 and 2, where like components are designated by like reference

numbers in the figures, two alternative embodiments of the system of the present invention are

shown. The system 10 generally includes a processing assembly 11 having a processing
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¢ hanberth% %&%&%ﬁ‘h‘@hﬁ’éx%ﬂ Alternatively, the main electrode may be formed of a plurality of
separate cylindrical sections, which may be spaced from each other at desired intervals around
the outer periphery of the ﬁ}ocessing chamber 12. Preferably the main electrode is a continuous
coil. The main electrode 18 should fit tightly over the exterior surface of the processing chamber
12 to maximize the power coupling efficiency from the main electrode 18 to the interior of the
processing chamber 12. The main electrode 18 is powered by a conventional power supply 32.
Typically, RF powers of up to 3000 Watts at a frequency of 13.56 MHZ are applicable. One
example of a main electrode and power supply suitable for use in the system of the present
invention are further described in U.S. Patent no. 6,015,595, the entire disclosure of which is

herein incorporated by reference.

The hollow tube cathode 14 is disposed within the processing chamber 12 generally via
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chambegodtneters (MFM), mass flow controllers (MFC), and direct liquid injection systems. In the

case for chemicals that are iiquids, liquid delivery systems (not shown) that vaporize the

chemical(s) are required. Commercially available liquid delivery systems include vaporizing
liquid delivery systems and bubbler systems in which a carrier gas is bubbled through the liquid
chemical.

Disposed within the processing chamber 12 is the substrate support 16 which support as
substrate, such as a semiconductor substrate or wafer 42, to be processed. Preferably the
substrate support 16 is substantially aligned with the center axis of the processing chamber. The
substrate support 16 is located near the bottom of the processing chamber 12, below the gas

inlets and hollow tube cathode. To hold the wafer 42 firmly within the processing chamber 12

8
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SUppor depasitforopriodess.

In particular, the vacuum system may provide for exhausting the processing chamber 12
at any one of, or altematively both of, the top or the bottom of the chamber 12. In Figs. 1 and 2,
vacuum system SOA is located near the bottom of the processing chamber 12, below the plane of
the wafer. Fig. 6 shows a partial, cross-sectional top view of the vacuum system according to
this one embodiment of the present invention. Generally, the vacuum system 50A includes a
pumping plenum 52, valve 54, and a pump 56. Any suitable pump may be used, such as but not
limited to a turbo pump. The valve 54 preferably provides pressure control via a conventional
pressure control feedback system (not shown). As shown particularly in Fig. 6 the pumping
plenum 52 in this exemplary embodiment is annular and encircles the wafer support to provide

substantially uniform gas flow circumferentially over the wafer 42. The pumping plenum 52 is
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An alternative vacuum system 50B is illustrated with reference to Figs. 1 and 2. In this
embodiment the vacuum sy:'stem 50B is positioned above the plane of the wafer. This provides
for exhausting the gases up through the processing chamber 12. This vacuum system 50B
generally includes a pumping plenum 60 in communication with the processing chamber 12, a
valve 62 and pump 64. Preferably, the pumping plenum 60 is located along the center axis of the
processing chamber 12 to promote substantially uniform and symmetrical removal of the gases.
The pumping plenum 60 is attached to the top plate 20 at one end, and to the pump 64 viaa T-
coupler 65 at its opposite end. Baffles (not shown) may be positioned within the pumping

. plenum 60 to improve uniformity of the gas exhaust flow as well as to capture and/or control

particulate matter that often forms during processing. This helps to prevent such particles from
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3 Py g s ey
designed to deliver a silicon containing material (such as silane, tnimethylsilane (TMS)
tnmethoxysﬂane, or tetraethoxysilane (TEOS)) to the surface of a silicon wafer in 2 uniform
lamninar type flow pattem. ;I'he prior art approach has focused on retrofitting high density plasma
systemns that are designed to produce highly ionized plasmas that dissociated as completely as
possible the silicon containing precursor. The silicon is then typically reacted with oxygen to
grow highly inorganic silicon dioxide thin films. As described in the aforementioned
background however, these approaches have proven to be of limited success, and have been
unable to repeatably produce films with low dielectric constants such as below 2.7.

Contrary to the teaching of the prior art, the present invention seeks to minimize

ionization of the precursors. Further the present invention promotes the direct flow of ionized

gases over the wafer surface. This is accomplished by providing two substantially distinct

11



Contrary to the teaching of the prior art, the present inventlggrﬁeﬁks to
mnimze ionization of the precursors. Further the present in Al i
pronotes t YEORIBEW’ | ow of i onized gases over the wafer SUW }fil% is
acconpl i shed by providing two substantially distinct 11 1 9 608
01/ 3670BlamnF ZOREOW BT Pprcsasieg chamter R+ i abtded aspast degiregnt nanitéon frdvides

a broad | rovi de t he roc ssin mher 12

i tn o HRHREEss R BEE T i AR SN Frtabies BomaTbmiavton b g rsand
chanber chantbtr; aarm:mdn@ IpRs R sB0ME defifiaf 'a%é%@plﬁﬁﬁ@%etﬁﬁmnzsgﬂechgﬁﬂb@f thin
said chanber. Gases conveyed to the processing chanber are separately

i oni zedORYs CABVEYEddP thgprosessingcchambsnare sepanatsly ianded frethe fsstpmriat@jn}d plosmiaz ed

gases r c film he s ace sai.d bst ate.
The gasiineh a8 hedeReatlich Bl oatds FAcY I folth 4 e eRheflin G ik said

pl asma substeste. Fhe patdsanhy Ye 1dnﬁh%dfitrc§ffer@hﬁ§ﬁﬁaﬁ&¥fc@'@}s “Wh‘hﬁ bhe %ol flhsina zones.
enbodi nent is selected to be the main el ectrode 18, when powered creates.

a first, upparesphiealinthedivst Pesmamsauree, vdiich mfﬂusrmtmdmemss sejectedantizethe hiin

The se hi s odi nt sel e 0 t he hol |l ow tube
The SecapthoRl 13RRs0U0 G ed dehll SpSTRBALIRAL ek eChed Loy e e hol L ow,
regi on chdinbeel. 'C[”hesc&ﬁﬁ@'@s@a@ouﬁc@eantﬁfsQ:'inbo-ﬁli}ﬁeMR@FcEteﬁQ@ﬁc@rﬁa Aoilow tub
substantially isolated fromthe surface of the wafer a nore FI

i oni ze#2Prde ndl. Whgh Bewgeadareatescth seaond ilewerejsma zoTtei 68 mpb@rcgm)rmi_]wehhhet S

nor e hi I n uce |on| d. eci S for
exanpl esq{g%l(%:éi c%ﬂ%le%ga?%rgn%ggﬁﬂé@ V\ﬁ? gﬁ STPRSERY ‘?Z{Feli{ﬁflg?gté‘ﬁ“@% C‘é? 3

f1 ow amdd dirfdredii ghlytionizéd plaome may ke iBReratedia th8 réflbs NThs ubsérszo%gh{mts

i oni zed thg{ t he upper zone 66. Preferably, the lower plaSma zone 68

def i nedP93y highdy jezed-plasma aen preducs ioniged en@raﬂxpwes, ivechas| fbmmqﬂe emteﬂode

14, an t fer an aI natl

enbodi %Eg?ﬁa?égﬂgonﬂlgcg%}(gs g%@%t%gﬂdy ﬁ‘ a“f‘é‘“gﬁ‘%%ﬁ’ Q‘Wép

end of zomes$whidisiessdighdy hatdeedifiad the ukamrnecw Iefetdblly, dhé Eﬁ&erbt@ma%aee
al the pitch, I'ength and

of the one 68. Addition

pl acené%n‘g\%fﬁ@’lqg’yc Féeg“?@ arppnd Be distal end gjoof:ﬁhéépﬂo‘é( tibg ¢aﬂhqdeal$4r;ran¢ @ﬂendisg
descri t e i fferent as

e A8 oo F B0 G PLESIS AL Sole ) B ERCARRE R

conveyb@lowmsqﬂgd:ﬂdomeﬂmrdmmlrmdgﬁsha Ioliws tub2 catiode 1906 At Hafimddidt dirRedhey
t hough the E w t ube cat hogg 14. For_convenience the gas inlets 22 are
typi cafiapep “icﬁp 3Rmaz98¢ B o Additionally, b eich, hength sug/er placeraeniiof dretemeand

gas ln?@hﬁy Wdtfed 1B @Ratd OUAH d1Bkold DBFe SWelalefvkpsations. O particular

advant age, "t he present 1 nventi‘on provi vari‘ety of chem cal
delivery  To create the plasmas in the different plasma zones, one OI mMore gases are convcycd to

the processing chamber 12." Gases are conveyed through one or more gas inlets 22, and
optionally additionally though the hollow tube cathode 14. For convenience the gas inlets 22 are
typically formed in the top plate 20, however this is not a requirement and gas inlets may be
positioned in other suitable locations.

Of particular advantage, the present invention provides for a variety of chemical delivery
options as now described and illustrated in FIGS. 3A to 3E. In addition to the gas inlets 22;
gaseous chemical(s) may be conveyed through the hotlow tube cathode 14 and into the
processing chamber 12. By introducing gases through the cathode 14, the gases are isolated from

the larger volume of the processing chamber 12 and its upper plasma zone 66, and instead are
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options as now described and illustrated in FIGS. 3Ato 3E. In addition to
the gas inlets 22, gaseous chem cal (s) nmay be conveyed througlpgtm ! | ow
t ube cat haq?m;:}%?@jnd into the processing chanber 12. By int;,e.fl/ﬂ%b cSpses

t hrough t he cdathode 14, the gases are isolated from the |arger vol une of
the processing cha i, S HPRE bf BleASBRrAON Fubtfier, Bit0gasasire aeharatelyl 2
WO 01/ %ﬁﬁ%digamqﬁg&égp%%ﬂﬁ&%j 31694 directed to a speciftic area cl oser
to t he ;subi@Eaneholite tsbebsithicaled 2 iffthet lowrer plasmaganee8.a¥kess dyaPiAsEIAFeBIMsi zed
in the hollow tube cathode 12 in the | ower plasm e - pl asma
r egi nedhe uppes PLASPREIZOBE 88 ﬁﬁﬂfo‘ﬁgce@%ﬁc P e|°§?'&§“r\ﬁ8%‘3gn%‘°§‘%r?ﬁgﬁ‘§%é’h%§§ and

t he | ower, .pl.as FlgTE he }AadsnAndné tselRdvay cofirelbe tegroe
waf er, “QWE@%%@%@&?@%F@/@%&%&%OI athe_ degree of ion?zation of the
var i ousrgasefidiofint eaidus gatdsdy selicting teargios wdiergsushgasasare Himoguerddata the o
the chanber. In one exenplary enbodi nent, an inert gas such as argon is
conveyedambet he chanber via inlet 22 located in the top plate 20. The
argon atoms are ioni i inBk GOfRQrEf B ¥onvdyed t@ihe chivabérvde
18. A sili coﬁ’%’?)%? ajﬁlﬁn e&gggg?gg’rpﬁ{)lp react ant ga@such :2 an

Or ganosjlet $Pbcatedns tiantyp piae20. The nigen atrres aledomesd/imyibeiupnar Plagma 98 KB DY oW

tube cathode 14. The precursor is. .ionized as it traye t.hr
cat hoddhemdinglestrods,ii8: A FHCPR SORMBIRYIE IEQURY I SREIHS .gxﬁ%“zéh a%ragg: s%gﬁwn’

interacts with the lonized.d AReh HaolloRebe pathodd B Mhezpemras, isand
with ﬂ%ﬁ&cﬁéﬁﬁicgﬁég\é% Fr%?n{’%yr?gttwaf%r surface provided by the_yacuum
Syst em;omhedTRs i Srabéle throsgiptctcathiode fndas it emitoim thi bowanplasena zone 6Re THEf er t hat

is controlled in terns of structure and_. copposition. Thi I -f he
deposi tiremrssk interagts Wik thedpaized incet 2togps frony i“RP?}é’%ﬁm”t %gir?;%é%gdr/@gfrl

structure. .For N AeSRbVided By BOClactur sgsaems pionases tht he
presentpwré%??tggéadﬁiﬁ%ﬁe]smé?gf&gggogﬁ?iY\lg a ¥i | m wherein the chaing or
Tings qfepbdiowbpanfisi bn terufrerefthowauthatisneentlied ihteaBa At STRERIFETE| | m

and the presence of the plasm cross-l.in th
ont | nGomBOSHIoR. Pk AEING AFRAGI O BP e anih et m e, WY sy

perfornance . Th& éﬁﬁlg\lﬁfif &b ?r&hf’sfo?fseiﬁycﬂh RS FAOEIlibEs, thmesdit iayention hrovides

present” i nvention pr des for different ionization. |evels of the gases

exposedot Geppaitingof filmhwhpieirs wise choinseraings ©f SreoAT83PASHICEN RERFEFCE §EBEre e

deposition. Further, this advant ou ey | | | ut the
n egd f rreseahin thg T‘iq‘fea“‘gth’S PESENC § ﬂﬁa%%'? P’\@;é@gg gin%%g n &r%ea;{tﬁg%m&{)w not e

rel at i vglyouh @l ANPHIh Bothask iagianc foanrs) emchhésidyesbenancn Gigtse
energy to cause the reactions, wthout requiri ng%_ exter ndgl he E neg : onization
Al t er nadfitiedifferérti lasiviaizooes awsardnmiaige present BEFIUPRYPITE! 65‘%‘5 FEbiopifg

¢ hanberlc,yél? of31 the gases exposed to each of the plasma zones and promotes this advantageous

deposition. Further, this advantagcous deposition is achieved without the need for heating the
process. The inventive system and method promote relatively “long lived” excited reactant
species which possess enough energy to cause the reactions, without requiring external heating.
Altemnatively, the silicon containing precursor may be conveyed to the chamber viaa
different gas inlet, such as gas inlet 22 in the top plate 20 of the processing chamber 12. In this
embodiment, the precursor is ionized in the upper plasma zone. Inert gas, such as argon, may be
conveyed through the hollow tube cathode 14. Optionally, 2 portion of the precursor may be
conveyed though the hollow tube cathode 14 and thus ionized in the lower plasma zone, and the

remaining portion through the gas inlet 22 to be ionized in the upper plasma zone. In general, the
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different gas inlet, such as gas inlet 22 in the top plate 20 &e
processi ng chanber 12. In this enbodi nent, the precursor is i rﬂrﬁ 00 ¢ he
upper pl asm&Qaare7o3l nert gas, such as argon, nmay be conveyed_ through the
hol | ow t ube cathode 14. Optionally, a portion of the precursofCHEyIGHY64

convey edheminag btradterermkdl thwdsulting Gahb eflagikd opfid gdaébswnpaﬁtaﬁﬁné ﬁlctdkgréeqwer
pl asma zone,.and the remaining portion through the gas inlet 22

i oni zed '9HZ3tN 15ARERd. 3nd dhstetornibe drsireganisetien lochionl Br theigasky’ 2004 WO

01/ 36703 PCT/ uct u resul ting bond energies
of the gases I\?M?‘?é@g?%?}ﬁn%ﬁt%qﬁ %¢§ef JgAZ?\S?&ihedﬂwF’éE]lﬁ-?‘P%&onea is defined
t her ef oby thdpositisn oEtheidijtalcdnd®T JfabehdIRw fubE chiMBASATES hollBwidlE 8&9@;&’& [ERLS
shown in EI.GS. 1 and 3A to 313, the |ower plasma zone 68 Is ?lne y 't

poSi t i oHO%'rIO?WeaCH?%GP&Fheewafaeqothe seistiats) |Ryoferably theaatiode 14 Thpoditibheduiboube

he cat ods L e Sk AREe AhaREHors e ol e Pambit 12, s icedehvennane

al ong t distahend 6@foftlh£hdﬂh’:bﬂ’6ﬂhod13214 &fmhsb&ir@%?ﬂb@;m&ﬂe asy 1§{b‘ét Do
of the hollow cathode 14 and the surface of the substrate vary

al most PeAbgut 10 mahes,randgnens aisaally beteerpsbouti3 tmb Iugchbatwwﬂem dizbamict oBatiant @

ijln;Prlee'tser %Srb‘ﬂnghﬁtsﬁg&%??ﬂ{)e ca‘%‘%%ﬁlgt §H’5} B n e%ﬁ? refe §I°§én£|-g§@l‘?éﬁ ng
on the xiasdermﬂdg@sm‘ﬂhe\dem@é@g?asm ﬁlt@,s&urp?ess@@dmm&%mwmé'o%&eq{olkﬁﬁ

hol | ow ode may vary up to about 1 inch outer di aneter
about eﬁﬁﬁégmb’ Rele alphbingh oujrs dmmwrowah lmttomboun(mmnmhbemnasmambtcef

S 5B | o ool oysaeact A Re PR Bsiord S RistFo Brenviog; bt T wolludiipsin

or | owdFIGS. asaﬁ Yomed SAFSRS @nplayéd/el Arthedciae @fenée%?e@!rf& ré&ibh 8¢ the Ed¥ohd
pl asnma Z@‘g‘?{?ﬁ%‘ﬁ%{la create a third plasma zone 72, the’cone can be powered

by a ch BeRfe oF dlignppivedy magrb@mﬁéwedandeﬁsc 2 yipicplasma ebmci.i Tal | y

coupl e 1 eC|f|caI t.he. cone 70.is placed
al oP\g ?' f\ég?%%st aiﬁfa%@WzFH%’ﬁ%%ﬁéP afl%@g L Qf}/‘jteﬁu%rfaégf)g’cf FI‘B’P%?’PS

pl asna grownded,72nd itjsiball ldethb:ill;d;omﬁlddhs NeOho TRy Wi c i de
of the hol 28 ll#é) at?lo)(flz 14. In this ertrbodl nment b%{&hgloggggngi}g?ﬁiﬂ%%é

pl asma %h ppg Hi disiek end afshe hellow aibasathede 14 o tm\lctthbénubplhﬁﬂm and
t th di
a ez6vd 12 Qirhﬁ:ﬂ?s @@1&&% e vohlfhe vmhsﬁ erfcopﬁgu ?%tgigg Q?F}ﬁ 1}%@“& Bﬁﬁt aﬁﬁ

will determine the relative intensitlres o

third 26nds tharmhbddlmcnaﬂmetdirﬁl atdgweeplaima aoieZ68 isARAAEE Y the VB hinhe RAIE t§ONE

or regénﬁ. l“hl?el cagge%ﬁr%}ﬁa}é be ced at the distal end 67 of the hollow

tube carndyetiucaee tithy exd rFBFEa‘-P?ﬂQﬂ"G\ TBe, pitph Flandrdiametsr 7hef theatonede

away fV@rwnh@et&&ﬁhéltheQa aftve B | & a g So0e

vary considerably, and the co@ Hfﬁl %ave plﬂhﬁssekg gurﬁzones arid R
also the degree of ionization occurring in cach zone or regime. The cone 70 may be placed at the

distal end 67 of the hollow tube cathode 14 as shown for example in FIG. 3E, or further up the
cathode away from the distal end as shown in FIG. 3D.

The size of the cone 70 may vary considerably, and the cone 70 may have pitch up to the
same as the height of the plasma chamber 12, and have a diameter that is just less than the
diameter of the plasma chamber 12. In one example, the diameter 73 of the cone 70 may range
from about 7 to 10 inches, and the pitch 71 of the cone 70 may range from about 1 to 7 inches.
When processing an eight inch diameter wafer 42, a cone diameter 73 of about 9 inches and a

pitch 71 of about 1 inch is preferred. The shape of the cone may also vary, for example it may be
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sane as the height of the plasma chanber 12, and have a di arretggm@a@ S
just less than the dianeter of the plasma chanber 12. In one ‘ t he
di aneter 73 of the cone 70 nay range fromabout 7 to 10 inches, and the
pitch 71 oM@ AE3&¥he 70 nay range from about | to 7 inches. PONAi$00/31694
processing an eight inch dianmeter wafer 42, a_cone di aneter. 73 of abqut -9

i nches amsimple ponects showsfin eS80 andhdlh the cppefemaydpe s st‘}fépsé“?g? ""E‘P?gliE’é‘H&f
may al so_var or. ' y be 14 19 MAY 2004 WO 01/36703

PCT/ USOO?%T&%W%E‘S&H%?%@%glnié"f%rs?shovvn in FIGS 3D and 3E, the cone 70 nmay be

shaped of a SThg, whendscdiel 100wposrtddndefas pdssarg thbhglsthe Abldwi tnbé¢aBods. 14
Thus, when the cone 70 is powered, a gas_passi.ng thou t he hol |.ow lilIlljﬁlC

g
cat hode wil bggxposerbtostisossparateplasipa sesar Rirechiissoniatiop REthe ggsigpghieve
di ssociati.pn of th as_ | chi;eyed. ,in . : I atdiﬂﬁ?t' further
di ssoci Zlﬂ‘?lg’r‘lv ﬁ’gegéﬁoggg‘&d ﬁﬂfﬁﬁf ﬁgg%céatéoglﬁge.gaafv %a‘&wggﬁ’%%ngdva taég{mt he

i nt r oducidvaftagt, thdenEedRLIEA ofBRYRE 7VehatilBoydanotiieamearistocontrobthe idmzation of
i oni zation of ~ the precursor gases; and nore specifically, the reg'k)ar‘rc_e %Bn
whi ch t hibe possivpsat gesest akémopt spesifiqaily, the FreiBe Ip Whiehibe gatgationdales PRCst Byn

O o0t BEFRER) FHETL BB i BELA Gl 00

e resu m as we as the film

uni f or m doptRY 8f the ldasirdddigRci¢doaSenEihele bultdne fiaf &rwellas thelfdnt unifrmity onerz e
and di ssoci ate the gases, power is supplied to either the main el ectrode
18 or t hibe fwoke swfacalsecacaiithowafer4 vi a power supply 32. Conventional plasma
systens are designed.to _hi ghl,y..] oni | : et BI2SBaihi | B
on the wafer, %ﬁag‘%}h"e@%]o %@d dﬁsﬁ%éﬁg%lgﬁgg,ﬂnﬁgﬁrgﬂeuﬁ) Eggdr ﬁ}g&glgnstan%l.
Conver sel¥otrddd 8l FFYRTBSlSY Aibéeatiode Q4 &ipbwdiatpily 32enPbmyentignal dlasserystems
anmount of power, filnms may be deposited having a_l ow dielectric, constant.

Sui t abl earagpsigeat todvghly iemerthe gasesrwhigk createrdsass i kason the waleh pah thess fensg, y
dependi ng on the.si,ze. -the € TR e L@t at i on,
and suc h&ﬁ'&r}karveraziﬂ%lég‘clcegh“b%né {aii g%%&g%ht’ ?gﬁﬁ%ggoerggéeurei ment g%iggfr]]étg)gsed on
the teacdhpeyi diBgepamseitiofi posed] fibfs mhy bedepmitadrhhdng tliew digipdtiie dommtantr
range is U;gl cally less than 500 watts, and m)re@giref e[]abl at out gOO
wat t's fcyuitable zplind PPWeRraRassaccarding loghe RFASC ATy RH0p &1 ﬁé’%‘FePsB 178 °Bd8e PR,
Addi tion nlj LS t YSiH8e dhdhed b
require ‘fafjﬁ X\Wg?eé‘réngﬁpgggaé:?te an glr%g{ ﬁnﬁg%\élggh&g&%?%g%{%&g stshe pr esent d
i nvent i qBunONtpteimentitiopdatsd aigtheutachhy afehopiesénd myentices in ene exampdaithe oom

necessarapphed peTBTSnES S (pSaNaleas Bian N0 Aot TPEARECIeTTY ALPASP LA ALEF kG Chr

the waf e o bii8ndf 2653 Shd'd pHAAHERLrcb A oRYe BEa06N0E R AdRibRIIL8flike HDP or
similar conventional plasma systems that require the wafer surface temperature exceed about 100
°C, the present invention j;rovides for carrying out the deposition process at or near room
temperature. This is possible, since all the energy needed to promote the necessary reactions is
provided by the plasma state.

During processing of the wafer, the processing chamber 12 may be exhausted from either -
the top, the bottom, or both; however, exhausting from the top of the chamber has been found to
be preferred. In either case, as described above the exhausting of the gases is preferably on-axis;
that is, symmetrical about the center axis of the chamber to promote substantially uniform flow
of the gases about the surface of the substrate. Substantially uniform flow of the gases about the

surface of the substrate promotes the deposition of a more uniform film.” Selection of the
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the top, the bottom or both; however, exhausting fromthe to? of the
chanber has been found to be prefer:; ed. In either case, 44 0B ed
above t he éXQA&UBEMxhg of the gases is preferably on-axis;

symetrical about the center axis of the chanmber to pr om)te su%slﬁgwplgﬁdly

uni f or m farbeulargurpieggatemanlvant withtheaypé alsrobéssiripadasirbst r at e.
Subst anti al | y uni fgr m f | ow of t he nt}:;jases about the surface of the substrate
promotes t he HepREPes swegiofdhepresent iveation.r4 mpthod Ser depositing déw isdectiic WO

LR i i SHLEGOLROAL AALLLIGHL 20 \PYIRIBI BELD drmy ey vt

the type of processing n anot er aspe Mventi on,

a net hodbathgrodedanidy pgor atumditeldeatdd echieaishart( ifel kB®) ar1dchec SkfaatRakals
substrates |§ SE \{]aded As described in the foregoing ~background, many

prior arff® ¥ Fearinsd éblenn@ﬂpmng iof 810%33pin-eh evatizgs haveotemsimatnsted good

mat eri al Pﬁg\@ d f n-on .
coat i ng hgﬁggpe?mns ra?%%)gle&ﬂgét per fﬁngw ge%{al?ﬁ’é@l @a&?”q{ P‘ﬁﬂf’%‘?ﬁ“’o‘ﬁs A
PECVD mhfghly dbsisidt Hnlpattichlanbe syitdoh betibwes filfs cthiiy di%&b{rréjconktant@%?ﬁésgmaﬁr
t he system achi eves filnms exhibiting dielectric cons%ants of less than

3.0, and-pref erdereblyeeanal to andiess thesabau @, dDistactri: Jonsbintd asdbwias aboutL Hint s

as | ow ieved with the stem of the present
i nvent i g% %ﬁe{)%%e%gﬁwnven@% ﬁﬁem oﬁ%rgsergﬂn%twa ah O GERRb EVERl ‘Hﬁ
precurs provadlni foonsiag aglopgdnovidichn ﬁrebiih@opérﬁpiéh&%g@éméﬁng R Shécurkér'e® hn %Hr?r

hi ghly di ssoci ated thereby the original "chenical structu

that it n
of the l:ﬂ-?cg&‘atl151’3;#%m&@lsswﬂ!‘:‘e&@ﬁh}’ﬁhpaﬂgma? pherhicalf strugturé of the precursor

deposi t inyentio tovides controlling the
poi nt o? i oni zat | %\%}’% FiPvat 1|n§h§oﬁ§£'lt%lgléf gﬁﬁlg'gfhe%?éﬁ al in relationship
to the siliclheyprdsent swvefttaepravides &ﬁmtﬂﬂhﬁg thetpoiht dTHoNiRhtedn/ARivaliiPSOgECt S,

such as water and hydrocarbon materials in addition to carbon nono (and d|)

oxi de BIeEUSSenaisEal Horelatipaskip de thesitiuen wafeesurface andvke mmvm whleh ve\lahbw

di el ecty e rabl have ].ow denS| t cro -l inke

si licon- xﬁg&%égﬁﬁ g';age \é%(!rlr% ar% a&s e f\'fédo ?Pci?r )d?i‘b‘ge
To achiaeeemuedd from tﬂe Spstén, ’E}Iié)xsﬁcrltbﬂl‘lﬁde sBoWh € 23 BH-BA¥EER 'cgﬁ’siﬁﬂ film will
di el eCtrlérfl los with the minimal anpunt of OH groups, the inventors have

di scovet'8 %ﬂ&bav"a@p‘éémwncrass-bwedfsﬂmﬁnsw:eygea@s@ esepasitian with a low

t f t h
been acammt hed e ader aceit g SaLGror barpPoRu ARt ok i nes

syst ensdieleduweilinsdsithiticahiseakarheunTofiOH gfoupb)ythe 2Gvedbes Ravedisédvend aad are
f ocused, on .100%. (t eoretlcally not possi bl e) ionization of the starting

mat er | AIBOSHIAR 05 shopld ke placs @Bﬁmoebzatlemayna%ttqmaftth@nreoﬂrsochnfec gasor
mat er i alhasd RadtidfiMilve baat _;éé&ﬁlﬂlfsﬁéﬁstocg%ﬂc&?c ik %%rodu@? reagtgon%f U h¥(e pglor

systems and methods which seek to minimize any gas phase reactions and are focused on 100%

(theoretically not possible) ionization of the starting materials; the present invention promotes
only activation of the precursor materials to a level that the films can be grown, instead of trying
to achieve 100% ionization.

Additionally, prior art systemns and methods operate at the lowest possible pressures to
ensure that there is no gas phase nucleation and that the film formation can only happen at the
silicon surface. In contrast, the present invention operates at the highest possible pressures to
activate gas phase reactions, which will result in film formation at the silicon surface from

agglomerated groups in the gas phase - this leads to highly porous structures and desirable low k
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to achieve 100% i oni zation. Additionally, prior art systens an mﬁ&ho S
operate at the | owest possible pressures to ensure that there i SMAL e s

phase nuc i nd that the filmformation can only happe

silicon Stkﬁ?yée%%fln contrast, the present invention operat egcikus{ﬂﬂgwﬁf ghest
possi bl e pressures to t . i } ] in
i m £ oPRBESR 16 apraefi tih ke R RS GRRk S for g e et e
phase - alid the @Rfigallgds bhahlnncRatious take plate nmdstihallavesi filablogfotrownithel §lidoro
MAY 2004 WO 01/36703 PCT/ US00/ 31694 properties. To acconplish this, the

pr esent wafey grat han gpedbidhgsionfapd s IHEEMY- pressures that allow the

opti mal gas ase nu t] i ; itidP 4 pwW or m
.on the sili C@ﬂorc \Rg?c;éﬁlza?ﬁ'ath%ﬁgétﬂ%%gﬁﬁgﬁﬁ%mﬁﬂgﬁ sl%rlr}ﬂg%gu%\glde?éls!tl Iiergggr [ ?y_. Mor e
speci f i gigldcitic ddrRtameiigdompritdtcofinagenic and\veganiomaferiolsiod gsoupsr QrgpesilicPmg a
low dielectric constant filmconprjsed of i norg%ni c Sn&ﬂ:@r ani c .{mt erials
or gr ouprscurSpryane sinplayed iy the medendsofthe PEFEIIGHERIRAL RY eﬂ&"ﬂ% 18" t he
present inventipn. Suj I [ Wo¥et ; X d
1"t he. pegeane (hTkvaRt Pb ey AR OBy BRI RGirer baZLER DS, STROXE
6, 068, 88663888, tHk YidcRBUFeOaFhivhisGhcdrpotababligreindh & eitireti. rinione iettbodimdnt,dbe

I n one enbodi nent, the organosilicon precursors have the general fornula
of : RnGigamSiilierx greensems haye the\geaeral formylaiok:o (2me4); mis 0 to 4; the
organosilicon may be linear or branched; X is selected form the group
consisting of H and the halogens; and Ris selected fromthe group
consisting of aliphatic, ol g'i((DSiPlﬁ]x 2%_grmji ¢ hydrocarbons, arft)

al i phatic, olefinic and aromatic fluorocarbons, with and wthout an oxygen
| i nkage. Exanpl es of suitable aliphatic, olefinic, and aromatic hydrocarbon

i ncl ude methyl. ...t h - . _
R

Or ganosjpl nefstihpef H eimdthehal enS) AR ¥ seRoted froRthe phoapeonsibting ofiabplatic, m
is 3 to 10; X is selected fromthe group. con?_i stir}jl of H ﬁnd th% hsal\g ens;
and R olefisisl andtasomptie hydieeargpens gnd aHRhaG RIFIGIC 2R 9"‘;5‘?1‘&?5‘%, UQGPELPRT AR
aromati C. rocar.bons; I i p L34 NGleBhR BN Carbimb@E boB6n
as lis tg&ﬁé%o%gygenﬁmk%‘g EHIHBI%E o8 suitdtit bitplatRDele ‘ RE@0

groups include methyl, ethyl, propyl, butyl; and phenyl, etc.

In another embodiment, the organosilicon precursor may be comprised of cyclic

RnESiO;m X (2m-n) | (2)

where nis 1 to 2m; mis 3 to 10; X is selected from the group consisting of H and the halogens; and

organosiloxanes of the formula:

R is selected from the group consisting of aliphatic, olefinic and aromatic hydrocarbons, and

aliphatic, olefinic and aromatic fluorocarbons as listed above.

Inyet another embodiment of the present invention, the organosilicon precursor is comprised

of organosilazanes of the formula:

RpSiNSD) m X (3m-n+4) €)
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In yet anot her enbodi ment of the present invention, the organosilicaon
precursor is conprised of organosilazanes of the formula: RISy M%iﬂﬂ‘m X
(3m n+4) (9o 736300 MAY 2004 WO 01/ 36703 PCT/ US00/ 31694 wher g 00/31694
organosi |l azane may be linear or branched;, and nis | to (3mtd4); mis'| to

4; X i swheredbe eeganpsiazane may §e binpares hsAnch¢dagndm isil an@m+O; mdb ddehsX iszelested

sel ecte . I st | of ,..,al i phat. c fanic.and a l..C
hydr ocagg%{ig?p gﬂ%gpg{oﬁgﬁg.ﬁg c%? gllt Le'rpc?mcch%{%ng’r gﬁﬁtSFlgg#ﬁu%%c%lF AP 9‘%53?/‘83 of
anot her al?ﬁﬁ)ﬁid; R fhicoind! dtematiy Bydroestbohd) and® b RsHAGS, d1EHiMi8 aBd Qesth&®d flbdrocarbons.
conprised of cyclic organosilazanes of the fornmula: RnL"(Sim X (3mn) (4)
where n is 1Inyeanother embpdimenioof thejinventiprcthe @rganesiliche papcseT doeesnpsedpf
of H and tlhe hal Oﬁens; R i?ngeIIe_ct ed fromthe group consisting of

al i phat FYEICHTEHIRHEAEY oL PSRty dr ocar bons, and al i phatic, ol efinic and
aromatic fluorocarbons. Thus, suitable precursors according to the

I nvention include but are not |im ted ta: organi ¢ sil oxanes,

f1 uorosi | oxanes, cycl osil oxanes, RhudMaeXqents)i ni ng cycl osi | oxanes, (4)
organosi | azanes, fluorosilazanes, cyclosilazane, silicates, TECS, and TM5
and m xtures thereof. Exanples of suitable side groups include: -H -CH3,

-F, - C2Where1GE 3 to 362 MR is 3 (PR, X ifkdtduted SR rgroap donsistiie(diSH fndihe RAbABSR

of chemicals that when mxed in a reactor could create simlar chemcal
const i tigeeleeted from thgigreus consistingef Aipbatcrolefintrand aperaatis kysirecarbens, andaliphatiy
m xture oé.. Si Idane $i hi con ,tetra fluoride and an organi c precursor are

al so su?1F Bicen 6““85 i Eﬂrloﬁ?rb%%ant age, the present invention provides for
m ni m zi ng t frgud, sa8888 padcudrPiccotdify B 86 ihveffion IRURicHue 8RS YdtMEnitddqo It ariel
structure deposited in the film Thus, precursors with conponents that
form a Siloxenes flyorastiexsnesi eirlesloxamesg npanseeibiome eycldsiloxarasi corgansileganesss

may be uMsed.., Exanpl es, of organesili re rs ,that are, suitable

nevor ai HEPTPEARST sYSaPasAn e RO A NS ahd Piktuts Spdiphdy Eamples of

1,1, 3, Snuiitableaid Ryhpd fcluaears, (CHASE) —%g,t-wsl itksrs Qs - 3@§n@2'<3'?§9and

precursors such as tetraethyoxysi aneé‘&1 may ‘al’'so be used. The )

mat er i &F-312GEnt Combinations géehanziraly thah bgemixeddn aepcteragnld crastai Simppichemie e

g?;g %a@ﬁggté?%ﬁﬁélﬁﬁv%e&e Qf%%r%gnti 63}1%9 p%erc]:HrSsoPs?Por %%axh;rylltera%{iﬁﬁ‘g of: rgllgné”} silicon
tetra fluoride and an organic precursor are also suitable.

)
pux

Of particular advantage, the present invention provides for minimizing the fragmentation of
the precursor, thus preserving the general structure deposited in the film. Thus, precursors with |
components that form a film structure having an inorganié backbone with organic side groups may
be used. Examples of orga;hosilicon precursors that are suitable according to the invention include
hexamethyl disiloxane (HMDSO), 1,1,3,3-tetramethyldisiloxane ({TMDSQO) and the like. Other
organosilicon precursors such as tetracthyoxysilane (TEOS) may also be used. The matenals
mentioned are generally inexpensive and readily available. These materials are volatile when heated
and thus can be introduced into a plasma CVD reactor system.

In an alternative embodiment, the film of the invention having the ring and chain structure
is formed by cyclic organosilicon or cyclic organosilazane precursors. The cyclic organosilicon or
organosilazane may be substituted with one or more fluorine atoms. Further, they may be saturated

or unsaturated. Examples of suitable cyclic organosilicons include: cyclosiloxanes such as
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In an alternative enbodinent, the filmof the invention havi ng tEIS iﬂiﬂng and
chain structure is fornmed by cyclic organosilicon or cyclic rgg b8 azane
precursors. The cyclic organosilicon or organosilazane may be substituted
with one OVO®HBE0B| uorine atons. Further, ‘they may be sat ur A&dUSiP1694

unsat ur at ed. _.Exanpl es qQf sui | i o S, b C | :
el ol penmEby s lowtr WOMSTSY GRS BT Tabls, SRSl Hg ooyt oyelo
oct anet Mh?%ﬁ'{coﬁ%r;ﬁﬁh PRI tele@Mickhe, hesarinrtiw1,%§¢fie3 3;3-wiflusxemepy! myele

phenyl cyc f1'sil'oxane,” octa phenyl cyclo tetrasil gxane,
1, 3, 5- t risitekdne, flikodndedntaining cylasilaxants anrbprmpipatiensal sﬁﬂfi&criksi‘h‘%ﬁ%?ﬁ'&,‘he same

fluorine caontaining cycl qsil oxanes,. . and | | f ) ¥ oxt)
_creat e ¢heaigalsempoR ai?b%n@&%@ﬁé‘%” eér%éﬁ\}g&@gaggﬁsggclugggne prngﬁgt%g’gl ¢
may al s ' d gaisgcursor is

oct anetﬁ?el%ﬁgﬁslggjg%%%ﬁlo %ﬁ%&?%l\%%) @he or ganosi | i cq%ﬂggiriec rsor

J
‘conveyed to Theopanosiisomprecirsorisconaeyed tp theprogesang ¢h ra(t)efmiiwa{lge
0.05 to 5.0 cc/mn re usually in the range . )
Wi th o ot i B8 0350 e mra oy e AR o FoeRRR S 107 B inlstn 8616W Ate

al so typj ; bastbRtredt f d2@\¢ 4166 Bpically hddeduogke dfandizoata 0
to S sc@%%%*m'%ﬁgﬁnglgy%re Igg’re ishsgné?gaolnlég I n th?r ange ﬁ{.mgﬁout 1

to
1000 niTfew retehih tg rngeefabonty) tosd sdoma Thesbsmber piessuisds gesoa! £ Bags g about
preferred. -The plasnm .source i.n ong enbodi ne ' . Th
typi cal 19 104809 maTere drqg r?é‘?‘i_?ﬁ?n%fwﬁlbaﬁmssgei °nqtcﬁ?_t8§?? O o tlﬁ&gé %&?ﬁ@h )
di amet ep, J0%oSka6 hROCHBE ARl 8 khdif Elb@odiet B ypiealy habéisids ditfessions of about
organostlicon w e suitable for creating a lowx material. In one
exanpl eg ifidhes tdlowith ad2gacivdiamieteyn is injected into a previously evacuated
chanber at approxi mat g_lf%c éﬁégﬁg&é a{lg%andaésd wﬁé{m:r.cthﬁ%?é%lﬂ)ﬁ VAR beuitdbR) for

No addi ti onalhegtaHRE ganosi'Ti con. organosi | i con

et ef | aleeh iy f5hbYeF Bbtdrto 19 Bnt bRaiptt] @Wliguide gamdsiinde id njeated ints @ prekisesy
end 67 pos“il oned at a distance of ‘about 3 inches fromthe sur{fﬁc‘g ?;ﬁit'tng?
subst r ageacdted tisamberianappeoxitately hY scamm (standard giRin CNIMFET PRI |ap f o
prior to depositjaqn). By controlling the ps : I A\EY héltdw
this ex&?ﬁ?ﬁérea‘l‘dd@gdﬁ%?‘%één? cox: ?ﬂ?gamrlgfglrc ﬁ%ga?ic é?‘”s |gﬁ¥egrtg£5§i§re (in
this exal GnzaBTlowih i Gliel @ate7 goshned and disehosoBalut S inaties Gvay thesurface
mai nt ai ni ng thhermal loss (weight 9% of <1.0% It i Z desi r abl e.t&i ggisﬁltgont)he
pl asma uf tHe sohstyate K2 (toomijamizs the iawzavendragaentaton gk thJaatsRalerior g dgpqsiiton)-
depositjon ting has been reached, th . i Watedord 200mnd vidT

t he gasBﬂl%ﬂggﬁW@%ﬁ%PWPﬁi’tpzﬁf%ﬂ1?%88‘6'%3%21}8 S \%%tu?togd before the vvaf&Zr
i s remoyed, andh bR&sAV(in #8 Slanipte >T8m Doty L dicldctricamnistant bedswra traghieved while

mbodi ment, t thod_i ied out as fol l.ows: f '
oaded mméntaiies themaiof(wa i ORELA A ol s ANAP 10 FR e psf T ohfy the

pressur gl)*g'anoGs?iﬁggg }naitesrial in the gas phase. Once the deposition time has been reached, the power

supply is turned off and then the gas flows are terminated and the chamber is evacuated before the
wafer is removed and the next wafer is introduced.

In another exemplary embodiment, the inventive method is carried out as follows: A wafer
is loaded into the system (once evacuated to vacuum from atmospheric pressure). Gas(es) is
conveyed into the processing chamber either through the hollow tube cathode, or through the gas
inlet, or through both the hollow cathode and gas inlet. The point of entry of the gas depends on the
desired film properties of the film that willbe deposited onto the semiconductor wafer. Forexample,

if one desires a highly cyclic, porous SiOC film, octamethylcyclotetrasiloxane may be delivered
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conveyed into the processing chanber either through the hollow tube
cat hode, or through the gas inlet, or through both the holl omwzg gle and

gas inl et .wohespasnt of entry of the gas depends on the desﬁé‘?ﬁsd 1834
properties of the filmthat will be deposited onto the seni conductor wafer.

For exathpdigsh thé holtme cdﬁ&ﬂé,&ﬁtl&ohﬁlﬂﬂie?a@ﬂﬂéﬂ @ plRGHO S gditédGnfthe Main electrode and
oct anet hyl cycl otetrasi | oxane may be delivered 19 WO 01/36703 1 9 MAY 2 004

PCT/ USoRIEsREoaeentablighed iR Matmbepratiibelip ofthe helinyy sathpde Jifpressues abave 25

pl asma j. & | gni | | [ tablished. in a

Dl s IS8t belbertdh ardp SRhheF i B0t M sPhSTRTWAE B TR BB 4508 o
are sel@ad @dsaind presanat frersefcaeM® aaf: ihat hhegdl 6b&itadmdvl SSIOT nidt@ial is
processi ng chanber. Gas flows and %ressures are selected to ensure that a

si gni f i ¢eRRsitedaninthesemgandustar wafes Theeffluen @gsasaee erecvated Gonght chamher viarthe

waf er . . t at fr.omithe chanber via the punping
pl enum%ﬁﬁéhleﬁgg}%@?@tﬁggﬁ%g‘g@g ECSCFEH%E%%%%%’L I n anot her aspect of
t he i nventi O andtheRBYRONGIAEE in@eRRiL landho itd a@sal ffly beQepSXRAEbeexample
SICC 11 m as. described apove but v th an additional mater et sglgi?sé‘d pe
t hr ougH® BRE Bl 36 described abpyehutyittrnasdditionpmatkrial dispeaseqd throngh thebulkdfithe film
mat er i L4 har I.S- i.ed. out .as;.described ahove eXCH t hat
the ad |uf]|1%n'§ fiIﬂ}rl?at ePiar ser6 15%02%&\/:\1” e;;hrzi‘li)ﬁgfl £ elaﬁ{ﬂelﬁbow R 3?%ggs.cn§ﬁ‘§ ?‘H’ <
exenpl axyeptahfitotic rdditionabratediat (npRstd &ithin {hetliow kRl daflibdes Mask eRémplaRe
hol | ow tube cathode is either made out of Teflon or the typically netallic
cat hodembodimentayhere areomppsite Sidmi hayang Teflon isrdesirdnibe dollowetulfe tatbpdd issither

has a g nji RS} | . f ut 0425 inehes. Argon. gas s _conveyed
o oo TS REhOEFRTE BB it bR« FERSTOER. oA
oct anetthyTeflén hiset has alnmanemiifiside aveyets oftabbeu @M Ashacliias Arfpoftgadlis Ectivepsd
to achi eve the desired pressure and fil mdeposition on the wafer. In onhe

exanpl dhnonsh the hellgw cathgdn and a ereawsios el @b ectameaibylryslatetrasitoxane is conveyed

The hol | SCk ' e en f hol |.Qw cat e iS5, .selected
o be SPHEERIIACTeCu R Rchityt B GRPrdbrelilFe AR Sl RITER oMo BHRE o
Tef | on opt prampleahdiaiohdraggon®\ochencthgleysiod byl ldiae isdbond 1 HINeTROh It cathode
em ssion profile. In another aspect_ of the present invention, a nmethod is
provi dEChner i the gydpbibe holiay cathpde isselerten tq be sydigisntip ipnize andspuiter theleflon

di el ecter ] O : ' ' I - 1k ri gi-nal
or ccur S5t SERETRE sohd el iy, ‘TP BfIRELS Ry EESB, nBhidulfy B LG
f r om aetmdsidreprofiteoup such as Si-H, using atoms such as F, F210102, H, and
the |like. Hence, instead of using a fully nethyl ated ?dre%anosi Iicon

precur sor sdeNaEch atRethPhifecRiEr ANt dnyemsipRox adhedRomgyides Whgreimahydjogen (H)
met hyl ab &0 Bk Fsﬁ:léégﬁn%\é& b @epobit idvP BRALA s B PETE X At Cars TR 1ehPes HRRA

to generate a :
of the original precursor structure in tact. Specifically, a hydrogen atom is abstracted from a labile

group such as Si-H, using atoms such as F, F,, O, O,, H, and the like. Hence, instead of using a
fully methylated organosilicon precursor such as octamethylcyclotetrasiloxane (OMCTS), a partially
methylated molecule such as tetramethylcyclotetrasiloxane (TMCTS ) is used to generate a free
radical on the cyclic siloxane. This free radical initiates chemical reactions leading to film
formation.

Because HF has a very high bond strength, F, can be used in the hydrogen abstraction.
Alternatively, a reactive atom or free radical, such as F, H', or O, or an electronegative molecule

such as O, , can be used to initiate free radical formation on the organosilicon precursor.
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radi cal on the cyclic siloxane. This free radical initiates chem cal
reactions |leading to film formation. Because HF has a very hiphMapnmi
strength,“FOZm%%3be used in the hydrogen abstraction. Al tef, LY ¥os
reactive atom-or free radical, such as F, H, or 0, or an el éctronegative
nol ecul e sugh_as ey &l ; i ok RlofBhaOekifin
t he or ganosi rFE@%reg%é%du@gtg? pﬁ%ﬁ‘&%cﬁ? gg%%é?s,@%gt il\% 12%181% dég{ / USOO &94

Tr ends hepsrplslsicrgirdeilicon ¢SO dHmctot prbduunipgebe laweat pesibbpK i(dglerisraonstert) on
may exist in an anorphous organosilicon (Si filmfor,.pr ﬁ 5ng tz out

| ovest ipessenpireus@iiyidenseldlm. dhatepiimwmys SIVED BY {67 %‘HS’LF%I“(%I“g ﬁc) HERS %b
film t _Qptimum i i \/ . silicon (C/Si) ratio of -about
3/1, aﬁzﬁéﬁgﬂfégﬁeﬁs?sgflufosggz%e%t@%ﬁﬁgﬁglbf about 2:1. Experinmental A
nunber of experinments are provided bel ow. These experinents are provided

for purposes of illustration only and are not intended to limt the scope
.of the present invention in any vvayE—xP:EéB%!?—tﬂ'rents were conducted to

characterize, the, h | r ﬁé}ﬂ-ﬂé § vididgeesum&des a
silicon waf e’?‘n'(“gpc’{) Aefla‘:gﬁérgﬁ%ﬁ?%gﬁg"?}é &iev\?eerlée:\p'pﬁ%ggxon a du%merf/)r?/\é?gr . ﬁ?ur:p

addi t | QFiitragsn ofily ddarsestdntendddad Hand tipd scopel ofiibe ipresaptainmentiontin a0y #aye
steps for neasuring thickness using a Dektﬁk r of id_lo ter. i‘r[&_e h condition
exper i ment alExpssmenty wernaendusied tesharagiengs thahatlayy cathodssriige: 14i5i°8 o9y
Cat hodg_Hol |,,0 th b ke SAUES j | [Ph8diang g1dse
Wafe FI BWCESGG?R‘/E?‘C%%‘%@%%P%?b@c?‘%@f%@ﬁ&ng@n r@f%rs %g GAs%l1 NLET
THEN: Q13560 c4R0RR Flackadvaih t4hRak 10 cBca5depsIor mesoriog ticlegsusimspDektak
0. 2530. 450250 0. 2590. 450250 21 WD 01/36703

profilometer. The experimental testing conditions are shown in Table 1 below:

Table 1
Hollow Cathode Hollow Cathode Organosilicon ~ Pressure Power
Diameter Distance to Wafer  Flow (OMCTS) (mTorr) {watis)

cem

USE THE HOLLOW CATHODE AS THE GAS INLET THEN:

0.375" 6 0.4 50 250
0.375 3 0.4 50 250
0.375 9 0.4 50 . 250
0.25" 6 ' 0.4 50 250
0.25 3 0.4 50 250
0.25 9 0.4 50 250
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1 9 MAY 2004 PCT/US00/ 31694 USE THE SHOWER HEAD AS THE GAS | NLET FOR

Cct anmet hyl cycl ot etrasi | oxane THEN: 0. 375" 60. 450250 0. 37530. 450290MAY 2004

0. 37590. 4509601/8678Y5" 60. 4100250 0. 37530. 4100250 0. 37590. 4100330 150031694

0. 375" 60. 4100350 0. 37530. 4100350 0. 37590. 4100350 The process conditions
enpl oy eUSETHE ISHOWER HEA D OTHEG ASTRLBTERGR Ot M Ethi/ic§Blotctfs 6 £kne THEN:
illustrated in Table 1 above are: Organosilicon Flow_: about 0.3 ccm
Pressur@37@bout 50 nifor Power : about0.450 wattsS®ol | ow Ca2hBde Di a: about
0. 375 (5’5?5) Di stance gf the hol | ow ca@)%ode to er: abou? a Addi t i onal
experi nents were conducCted wherein argon gas was” supplied 8 t he processing
chanberp.32s5t hrough theggas inlet 22 inggghe top ptmte 20 andsg

oct armet hyl cycl otetrasi |l oxane (OMCTS) was delivered through the holl ow

cat hode tube 14. The distal end 67 of the hollow tube (cathode) 14 was
posi ti At approximtely 3" fromt waf er su ce. The ocess

condi tiotgg > and di el ec'??i c constant of ht?’ﬁe resul t{(&g film a?géshown I n Tabl e
2 bel owp39he dielectrnc constant was glgt er mi nedjggsi ng a copgenti onal et al
dot nethod for all of the results reported below Table 2 Experinent
#OVCTSA-BOwer PressureDfel ectric Const dhd (ccm (stE¥h) (watt sEf®irorr) 22 1 9
MAY 2004 WO 01/36703 10. 28

0.375" 6 0.4 100 350
0.375 3 0.4 100 350
0.375 9 0.4 100 350

The process conditions employed carrying out the method of the present invention
according as illustrated in Table 1 above are:
Organosilicon Flow : about 0.3 ccm
Pressure: about 50 mTorr
Power : about 250 watts
Hollow Cathode Dia: about 0.375 (3/8")
Distance of the hollow cathode to wafer: about 3"

Additional experiments were conducted wherein argon gas was supplied to the processing
chamber 12 through the gas inlet 22 in the top plate 20 and octamethylcyclotetrasiloxane
(OMCTS) was delivered th}fough the hollow cathode tube 14. The distal end 67 of the hollow
tube (cathode) 14 was positioned at approximately 3" from the wafer surface. The process
conditions and dielectric constant of the resulting film are shown in Table 2 below. The
dielectric constant was determined using a conventional metal dot method for all of the results

reported below.

Table 2
Experiment # | OMCTS Ar Power Pressure Dielectric Constant
{ccm) (sccm) (watts) (mTorr)
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20. 24 PCT/ USOQ 31694 36050<2.5 36050>
/ : 3.1 The dielectric cons
to vary with the OMCTS flow rate. Another experinent was contﬂﬁlg}l\ﬂ&i% fgtrJgded |

argon gas %% gl ied to the processing chanber 12 througl*bcg‘ag%do@t
|vered

Itﬂrwght op pI 0 and ocE amEt hyl cycl ot et rasi | oxane (OMVCTS)
at-hede—tH4—The—end—off the nol T ow
\(l:\gf]di E):):lltloned ap ro(@gl nately86" fr do0he waf ér30sur f ace. ‘Ih%sz rgigggde -
t+ent—digtectTic[constant gre sh
Tabl e 3| oExper i menfj G#@VCTSAr) § com (3869 30. 305L 5%0 Own(\lAgf gfkgricgﬁlrgw

(mrorr) ‘Iﬁb%ﬁa{ag%oﬁé?&ﬁ LEry nﬁ&’@t&@ar{?%lﬁn RO OIET S daperaterent was conduct ed

where n s was supplied octa
met hyl cycl ot et
was del i ver eds tdih@usietifRniwhd exmductoé udmtﬁfmﬂ@g gﬁywﬁoséﬁhég %/3?%%?% hed

to the end of the holl ow tube cathode 14 and .th YESM
| ggzl £ ; glrf??gﬁ?przémrwmaﬁ igtet 22 Brh0E (P B\lﬁ'fe aﬁgrchaé%quﬁlgédz){&%ggggggondl tcch‘)Sr)ls
oy CS vas delivered farough te 1% ABE cHhEaS P Vhd b bR e coTiedaed v

positioned approximately 6" from the wafer surface. The process conditions and resultant

dielectric constant are shown in Table 3 below:

Table 3
Experiment # | OMCTS Ar Power Pressure Dielectric Constant
{ccm) (sccm) | (watts) (mTorr)
3 0.30 8 300 50 <2.5

Another experiment was conducted where no argon gas was supplied, but
octamethylcyclotetrasiloxane (OMCTS) was delivered through the hollow tube cathode 14. A
cone 70 was attached to the end of the hollow tube cathode 14 and the end of the cone was

positioned approximately 3" from the wafer surface. The process conditions and resultant

dielectric constant are shown in Table 4 below:

Table 4
Experiment # | OMCTS Ar Power Pressure Dielectric Constant
{ccm) (sccm) | (watts) (mTorr)
4 028 : |0 340 50 2.5-2.6

‘As described above, an improved system and method for depositing low dielectric
constant films on the surface of substrates has been provided. The creation of a plurality of
plasma zones formed within the processing chamber, which in combination with the chemical
delivery configuration, control the degree of ionization and location of ionization of the
precursor chemicals to promote repeatable and uniform deposition of low k dielectric constant
films. Further the placement of alternative pumping paths allow the use of an above- wafer plane
evacuation path that can draw away unwanted low molecular weight by products from the

desired film, or alternatively the use of a below-wafer plane evacuation path that provides
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OMCTS (ccm 0.28 Ar (sccm) O Power (watts) 340 Pressure (nrﬁrra 50
Dielectric Constant 2.5-2.6 As descri bed above, an inproved §b3 Whd

met hod for wemosétang | ow dielectric constant filnms on the surface of
substrates has been provided. The creation of a plurality of PoOIHS&318nes
formed wEHEGtHebhen-prisdaserm gas Aawtssross wind elound theowifenat i on with t he

hemical del i fi i on.. control,the d f ionizati d
Cocat i on of i AMES5eE8ME PO Sy sEGRd frhodiiebG i estmplstoe Bt epdstta o
and uni f mventiephaicttiean padschiewfds tHe 8LB6hE b GlIEQRIIAMnd dfekéﬁionFMﬁee{he}ﬁggsem

pl acenment of alternative punping paths allow the use of above-~ Wwa

pl ane e\PXERMRN Af BsaP Hetombed watk rafeaencatay famsper B enbodinmenes; tHeadessyipt@htis by
product s; . ' fi or ,alt.ernatively t use of .a bel ow waf er
pl ane evlggatgﬁ‘%n%ge{gﬁ&{ {?gbt% Cﬁb%)t\gale&ﬁ I%E’Tg NRYCY 4%%1@@788"@%%%@&
on- axi s tonhéserdfioydinafl kil arihess @m@b@ﬁgpmn irit 2

foregoi ng descripti (z;lfr%HI of specific enbodi men% gem@ggrgépaﬁggé@ﬁ@%@%?g@%

i nventi on have been presented for the purpose of illustration and
description. While the present invention has been described with reference
to a few specific enbodi nents, the description is. illustrative and is not
to be construed as limting the invention. Various nodifications nmay occur
to those of ordinary skill in the art w thout departing fromthe spirit and
scope of the invention. 24
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1 9 MAY 2004 W Cdaim 1. A systemfor depositing a dielectric filmon the
surface of a substrate, conprising: a processing chanber havi

substrate support for supporting a substrate and one or rmre‘lggm{ mp%ts
for conveying gases to the processing chanber; a first plasma source
defining a first plasma zone within said chanber and a second plasma
source defWalijma second plasma zone within said chanber; the second

pl asma source being conprised of a hollow tube cathode ext endi ng into the
processi ng chanber, said first and second plasma source being capacitively
coupl ed tq.a siggyerd Gvedepssinpd ¥ dieldraicehilm saild sgefs@sofarsabsepar at el y i oni zed
at different ionization levels in said first and second plasnma zones, and
sai d separa@yingoni zed gases react to forma dielectric filmon the
surface of said s t [ bRy 4l NO: &
third plasm zoanpéggﬂe%m gamg?rhh;gg %B%%égge %’ﬁé@%&% 15@%95:11 The %?st em of

claim1 \/\hﬁé@rmo‘i@Fﬁh mms)fmlcmmm ga@aaeoitlﬁalad@maglthmlﬁe:r substrate support.
4. The systemof claiml vvhere the _first plasna. our%e IS coggéised of an

el ectrode posi ta mtplasmp seles defmingd Brst g S%IZP“E'O‘F“ ifgaig chRRber AR chanber .
5. The system of &J)I?%g}a t%’g&;ﬁ : Bl HlecHRA a8tha LA WikEASaiiehemBYeyed to

the processing c ube cathode. 6. The system of
claiml fuhé blawn@prmmasomge bemgaompm:@yﬁt@dbwdpb%@ﬁ@etcﬁéﬁnd%d@@ss| ng

chanber for exhaust i s fromt rocessi The system
of cl ai m 6NRECESHE ﬁ%ﬁ%ﬁ?ﬂlgﬁﬁ tp#g’Fnac,SSHﬁ?? F’giélg Cgp%gﬁévﬁ}%l ng pl enum
di sposed I&UEQ&&QQI cuﬁ&?er@ﬁﬂﬁ?’ss' ng chanber; and a punp coupled to said
punpi ng plenumto ex t the 'gases fromthe top of .the processmg

chamber. 25 1 wmmmﬁﬂgﬁes ark eepayaiels porotedaat diffarentignization leveds Pa8um syst em
further conprises: annu ar ttomof the
processi ngfr;p hg}gltﬁgf:on BSBhETT ﬁf‘ﬁg%%%eg%gﬁg}n”%'é??%%g?@eb@f&t gp gubst rate

support; af}flectric film on the surface of said substrate.

2. The system of claim 1 further comprising:

a third plasma zone defined within said processing chamber.

3. The system of claim 1 wherein said second plasma zone is adjacent the

substrate support.

4. The system of claim 1 wherein the first plasma source is comprised of an

electrode positioned adjacent an exterior wall of the processing chamber.

5. The system of claim 1 wherein one or more of the gases is conveyed to the

processing chamber through the hollow tube cathode.

6. The system of claim 1 further comprising: a vacuum system coupled to the

processing chamber for exhausting the gases from the processing chamber.

7. The system of claim 6 wherein the vacuum system further comprises:
a pumping plenum disposed in the top of the processing chamber; and

a pump coupled to said pumping plenum to exhaust the gases from the top of

the processing chamber.
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a punp coupled to said punping plenumto exhaust the gases fromthe bottom
of the processing chanber. 9. The system of claim8 further comrg gl n
annul ar ring disposed within said punping plenum and having an é%@éﬂﬂmfc
outer periphery. 10. The systemof claim1l further conprising a cone
electrically coupled to the hollow tube cathode, the area inside the cone
defining a third plasma zone. 11. A systemfor depositing a dielectric film

on the surf ace ﬂ{e sgséfﬁbo%*cﬁ eﬁwh&rgfmﬁg A& gsigﬁg@grggﬂ &gnrpgne@er; a

substrat e suppor I sposed I'n salrd processin or nore gas
inlets for conugyinnglaepempingprengdispsed itt the dattompif degascagingchanbar ; a
vacuum system havi ng. a punpi ng pl enum and a punp coupled to said
processi ngjméﬁ&?ﬂﬂémgqhﬁ@?téi PeErtReryY e d b subpeate SWRROEE 88F f r om any one of, or

poth of, the Rl ALl flithi gprgmingmmégasemng@k%oe&acessi ng

chanber havi ng st "pl'asnma source r creating a rirst asma zone and
a second pifalsnprosesingehfuabercr eati ng a second plasma zone, the second

pl asma source being conprised of a hollow tube cathode extending into the
processi ng chanber and said first and second plasma sources being

capaci tively opnlednl & dhifl £k ePONRHisHPR! dhnubh SgRpBaliciang so mor e

gases are separately 1onized in said first and secon pl asma zones, and
t he separ giuelping plenamcind hsweing e actentric dusermeapbitil ectric fil mon the
surface of the substrate. 12. The systemof claim 1l further conprising a
cone disposed within said processing chanber and electrically coupled to

sai d one ofg t heril §3iFkh SRULREP furthREcomfring Dedrdeldditcati9reusied toheg a third
pl asma zone. 26 19 MAY 2004 13. A systemfor depositing a dielectric film
on the surtcdlos tube gatbodss thezarea inside thsrdosp dehiniag p tlyedplesAyZ@¥anber havi ng a
substrate for supporting a substrate and one or nore gas inlets for
conveyi ng gases to the processing chanber; a first plasma source defining a

first plaspmm zomeysemTbindeakiting Aaidestsic 816 on the surface of a substrate,
comprising:

a processing chamber;

a substrate support disposed in said processing chamber;

one or more gas inlets for conveying one or more gases into said processing
chamber;

a vacuum system having a pumping plenum and a pump coupled to said
processing chamber, wherein the gases are exhausted from any one of, or both of, the
top or bottom of the processing chamber; and

said processing chamber having a first plasma source for creating a first
plasma zone and a second plasma source for creating a second plasma zone, the
second plasma source being comprised of a hollow tube cathode extending into the
processing chamber and said first and second plasma sources being capacitively
coupled to a single power supply,

wherein said one or more gases are separately ionized in said first and second
plasma zones, and the separately ionized gases react to form a dielectric film on the

surface of the substrate.

12. The system of claim 11 further comprising a cone disposed within said
processing chamber and electrically coupled to said one of the plasma sources, the

area inside the cone defining a third plasma zone.
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a second plasma source defining a second plasma zone within said chanber,
the second plasma source being conprised of a hollow tube catho I ng
into the processing chanber, said first and second plasma sour3§ @ﬁ@gﬁ
coupled to a single power supply; and a cone di sposed within said
processing chanber and electrically coupled to the hollow tube cathode at
a distal end of the holl ow tube cathode, said cone having a pitch and a

di anet er d wher | | ' ' t he
pr ocessi ngﬁ: ché‘g S}érgg%fpclehgga#é?rg[%&r?dsﬂ@? &gﬂ{se%‘f;efg%eég? Eﬂlﬁgﬂﬁ{"he di anet er of
the processimpgisinghanber, the area inside the cone defining a third plasna

zone; wherein said gases are separately ionized at different ionization

level s in said2RPpesingshaBher héﬁﬂlgtf’rﬁupﬁr%? for SUPEPSRGS2 SUSHAE APd 0BePar at el v
| oni zed g%?%? hE ks ¥ DRIiRE ghEEIARL pictedstdgBrafvthe surface of said

substrate.
a first plasma source defining a first plasma zone within said chamber; and

a second plasma source defining a second plasma zone within said chamber,
the second plasma source being comprised of a hollow tube cathode extending into
the processing chamber, said first and second plasma source being coupled to a single
power supply; and

a cone disposed within said processing chamber and electrically coupled to the
hollow tube cathode at a distal end of the hollow tube cathode, said cone having a
pitch and a diameter and where the pitch is of a size up to the height of the processing
chamber and the diameter is of a size less than the diameter of the processing
chamber, the area inside the cone defining a third plasma zone;

wherein said gases are separately ionized at different ionization levels in said
first, second and third plasma zones, and said separately ionized gases react to form a

dielectric film on the surface of said substrate.
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