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THE | NVENTI ON 1. FIELD OF THE | NVENTI ON PCT/ US00/ 28164 The present o ! MAY 1004
invention relates to the field of sem conductor integrated circuit

manuf acturing and nore specifically to a flourine doped nitrogen

cont ai niwmoisiitascon oxi de dielectric film 2. DI SCUSSI ON EETRE0OIHEEY ART As
device feature size continues to shrink in order to fabricate higher and

hi gher density integrated circuits, the on chip resistance and capacitance

(RO tine del | i nes has becone a mmj or
limtation .ﬂ@%ﬁ%ﬁﬁgﬁﬁ’éﬁ"gdﬁ@hm@ ]&zn%gkq One nmet hod of reducing the RC
delay and cross talk is to use low.dielectric constant internetal
dielectrics. Flourine doped silicon dioxide (SiQ2) has been proposed as an
internetal dielectric because of its lowdielectric constant and its ease
of intregration into current interconnection processing. A current nethod
of formng a flourine doped Sio2 |layer in order to neet gap fill

requi fen@ﬂé:ﬁdmm@dmmmwms is by high density plasma (HDP). In
such a p esses Icon-trourine gas, 02 and argon are fed into a plasm
chanber. Argon is added into the high density plasma in order to achieve
high sputtering density and good gap fill. Unfortunately, however, the use
of argonl. HELD QpTHEMNWENTONas been found to nake the flourine doped
5102 filmunstable -1 3 1 MAY 2001 WO 01/41203

The present invention relates to the field of semiconductor integrated
circuit manufacturing and more specifically to a flourine doped nitrogen

containing silicon oxide dielectric film.
2. DISCUSSION QF ATED AR

As device feature size continues to shrink in order to fabricate higher and
higher density integrated circuits, the on chip resistance and capacitance (RC)
time delay and cross talk between metal lines has become a major limitation in
achieving high speed circuits. One method of reducing the RC delay and cross
talk is to use low dielectric constant intermetal dielectrics. Flourine doped
silicon dioxide (SiO,) has been proposed as an intermetal dielectric because of its
low dielectric constant and its ease of intregration into current interconnection
processing.

A current method of forming a flourine doped SiO, layer in order to meet
gap fill requirements for sub micron processes is by high density plasma (HDP).
In such a processes a silicon-flourine gas, O, and argoh are fed into a plasma
chamber. Argon is added into the high density plasma in order to achieve high
sputtering density and good gap fill. Unfortunateiy, however, the use of argon

as a sputtering gas has been found to make the flourine doped SiO, film unstable
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PCT/ USO0/ 28164 and to exhibit poor adhesion properties. It has been EfPMWZUM
that argon and wunstable flourine species can becone trapped in
interstitial sites and thereby cause film adhesion problens as the argon
and fl ouplghfsgRaci es desorbs fromthe flourine doped Si 0% him at el evated
tenperatures. SUMMARY OF THE | NVENTI ON The present invent i &h'G520/zp164
dielectric filmwhich includes silicon, oxygen, fluorine and nitrogen
wherein the dielectric filmconprises between 0.01 - 0.1 atomc percent
ni t r ogen. ArERCEx il P rad fggicorp ropEr tHRAVY INGDerndoned thatargon ahd ust rat i on of

vi ew of a sem conductor, substrate including a flourine

a cross-sectignal

doped ni t%é%ﬂe gBH“Pﬁ? BPEEeSTAN RESAMS T aRped inAnterstiinl sites ard therehiyl ust rati on

f ' f i,gh d it I . t ' b dt

O o, oV LR b Sl B A eRS! Lol S0l SRS Ot Ch o B, Uoed, L0
pr esent Iﬂﬁ(ﬁﬂ{é&ﬂ)ed@iwilﬁﬁn?mle vg&&gehﬁ%gge%}égn of a cross-sectional view

showi ng the formation “of a flourine nitrogen containing
silicon-oxide filmof the present invention over the substrate of Figure

1. Figure 4 is an illustration of a cross-sectional view show ng the

pl anari z&UMMARY OBTHE INVENTIONR openings in the substrate of Figure 3.
Figure 5is an illustration of a cross-sectional view showing the filling
of the via openings in the substrate of Figure 4 with a conductive
material. Figure 6 is an illustration of a cross-sectional view show ng the

formati on of The pEessntinvensionds a disledtiig filinomhish indodesisiticomtoxygén,Fi gure 5.
-2 31 NAB 2004 V\Q 01/4120%_l PCT/ US00/ 28164 )
uorine and nitrogen wherein the dielectric film comprises between 0.01 - 0.1

atomic percent nitrogen.
BRIEF DE: N OF RAWINGS

Figure 1 is an illustration of a cross-sectional view of a semiconductor
substrate including a flourine doped nitrogen containing silicon oxide film.

Figure 2 is an illustration of an overhead view of a high density plasma
reactor which can be used to deposit the flourine doped nitrogen containing
silicon oxide film of the present invention.

Figure 3 is an illustration of a cross-sectional view showing the formation
of a flourine doped nitrogen containing silicon-oxide film of the present
invention over the substrate of Figure 1.

Figure 4 is an illustration of a cross-sectional view showing the
planarization and formation of via openings in the substrate of Figure 3. |

Figure 5 is an illustration of a cross-sectional view showing the filling of
the via openings in the substrate of Figure 4 with a conductive material.

Figure 6 is an illustration of a cross-sectional view showing the formation

of a second level of metalization on the substrate of Figure 5.
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DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON The present invention._is

| ow di el ectric constant filmand its method of fabrication. In the3! MA”UUL
foll owi ng description nunmerous specific details are set forth in order to
provi de a thorou?h understanding of the present invention. It is to be
appr eci at¥B WAL t hese specific details are only illustratRGRUSH28154

enbodi nent of the present invention and are not necessarily to be taken as
limting. Additionally, in other instances well known sem conduct or

fabri cati QETXIQEESBESCRAPHIONICH TRESPIESENoVEReTICRgt forth in particul ar
detail in order to not obscure the present invention. The present
invention is a low dielectric constant flourine doped nitrogen containing
silicon oxi de Thebeaseni ;venton issa Bt ARMe@fic Eataad]liroshd theheth@d 8EL T i € Of
the present invention is ideally suited for use as an intranetal dielectric
in the féhriclenoin dwe @Bmv@w\éeﬁ@npmnm@mr@ueap@mﬁ@éebads amprget fortih ect ri c

film of the t|on ts.of con e |ne and
ni trogen. mlﬂrdjerg"?gﬁ r| C ?’iqul%h f?stglé‘gl d%rd(}% FEFWX’%HQ‘POLHIE 0percent
silicon, behppritidedatChesedpedhic dPRIIS AR omiyliNQge v AEENAbSdibkrt OMi C
percent fluorine and the remainder oxygen. "The dielectric filmof the

pr esent mfxtimpresenémamm amd aiee‘-loeuwessardgrtslbartak&)faﬂlaamngnan 4.0 and
typically the]&a eof b Ween 2 e Iectrlcfllmcan be
f or med byAgﬁﬁ e @%ﬂ%&%&@m betet i HOP PLRESESyas
m xture Conpiaibfisls ﬁaﬁé thlQéknféeH Rt Ogﬁ‘ﬂéﬁ}é? GetaiHinbrder to'ihgt‘bbs@ﬁ‘reoxyge”

contai ning gas, such as and a nitrogen contal ning gas, such as
Utilizi ngﬂmpneSeIﬂgmerttmnt al ning gas such as nitrogen N. as the sputterl ng

as in an HDP_process .incorporates ogen into the, f or| ne doped
211 con oxi de. Th PIFeGR NORHOT S/ OrBIelRFEa: fHv Ao dAec aggen
m ni m Zzi ngoﬂtﬁnm?élﬁkéﬁ ExidaREALAH ARG iR IHRANGH fadrikdiforl Im &étycmcto% good

adhesion to surfaces due to the Interaction between the netal and
ni trogen thequepantimeshtion is iddadlyfsuited fordst 4s aminttaymetsi diekectriwinfthbm can be
Formed byfa%nca craln QF sne?:tluthngu&or int grrggee cs:rclutlts The dielectric film of the

present invention consists of silicon, oxygen, flourine, and nitrogen. The

dielectric film comprises approximately 33 atomic percent silicon, between 0.01-
0.1 atomic percent nitrogen, between 3-10 atomic percent fluorine and the
remainder oxygen. The dielectric film of the present invention exhibits a
dielectric constant of less than 4.0 and typically in the range of between 3.2 to
3.7. The dielectric film can be formed by a high-density plasma (HDP) process

utilizing a process gas mixture comprising a silicon fluorine compound, such as

SiF,, an oxygen containing gas, such as O, and a nitrogen containing gas, such as

N,. Utilizing a nitrogen containing gas such as nitrogen N, as the sputtering gas

in an HDP process incorporates nitrogen into the fluorine doped silicon oxide
film which thereby improves the films stability by minimizing its moisture
absorption. Additionally the film exhibits good adhesion to metal surfaces due
to the interaction between the metal and nitrogen incorporated into the film.
Additionally, since the film can be formed by a high density plasma process it
can fill high aspecfé ratio gaps or openings.



can fill high aspects ratio gaps or openings. -3 31 MAY 2004 WO 01/41203
PCT/ US00/ 28164 The fl ouri ne doped nitrogen containing silicon dioxi dﬁ Mak 0L
of the present invention is ideally suited for use as an interneta
dielectric in the fabrication of sem conductor integrated circui ts In the
process V8P Ol/d08 cating an internetal dielectric for a sePCTURENDBY &

device, a substrate, such as substrate 100 shown in Figure 1, is provided.
Substrate 100 is a partially fabricated integrated circuit which includes

a plurality ofhafbutige doped afrckda, contihinssingiradiionidedtim 6LtHeqREgaEt Or  ( MOS)
transistors. An MOXS device 102 1ncludes a ga[alr of ~source/drain regions 104
f or med mvgrlﬁﬁﬂé‘c;l:dyéltl}éwﬂ?ﬁe O jUse é@nnsmssme | diglegrigan th@eﬁabﬂé@i@ ¢fat e

i nsul ati g th | on S 6. gate

el ectr odgI gxggg%rgﬁl%% f%“ejﬂég)d;”t‘ ' g‘?@? T %@Bﬁ@tﬁ]géaq} so n regi ons
112 are dfetediBélforn seftedriducesid Smks hlsabstrd@bsiich dssabstrae lﬁdlsﬁﬁﬁﬂtin

transi stors. Metal contacts 114, such as tungsten contacts which may or

may not Figawredds parvired. Sﬁ%qteatglotbmp@r@aayéebmaé@nl integratast Clequit hr ough
di el ectr | i ne 116 r st el, of nmetalization
alnd t he h’ rlln§f|2ﬁteg\m”ng\gy ok aéﬂfﬁzjeb’r‘cﬁéh? %“r?b@ﬁ?neotﬂ V’gd%lescrl bedI 5V| tlh
respect g&ukbﬁduaéﬂfmogmuaﬁm%rs | ALVt ddvied ﬁmﬁaw@s 9?5& dfhe substrate

100 in order to i sol ate t he net al i nterconnect lines 116 of the first
| evel of sowrteddram iegionsd 04 formeedhin 4 Jndnoonysdallise sibiedn isebsitateflOras al i zat i on

G NPERER SN R T S T IR
e e
char act efuratedan thésilicon agehiate Mot isolatechadjbeend MQS transistorsa Mitall ectri ¢
bet ween n':sorlr'xatalxclts g?f guéhlgs tungsten contacts which may or may not include barrier

metals, provide electrical connection through dielectric 113 between metal lines

116 in a first level of metalization and the underlying MOS device.

The present invention is described with respect to the formation of an
intermetal dielectric onto the substrate 100 in order to isolate the metal
interconnect lines 116 of the first level of metalization (e.g. metal 1) froma
second level of metalization (metal 2). It is to be appreciated that the present
invention is equally applicable to the isolation of alternate levels of metalization
such as between metal 2 and metal 3 and metal 3 and metal 4 etc. Because the
intermetal dielectric of the present invention has good gap fill characteristics the
present invention can be used to form a dielectric between small gaps 118
between metal lines 102. In this way the metal lines or features can be separated
by the minimum design rules enabling the fabrication of high density integrated
circuits. The low K dielectric film of the present invention can be used to fill
gaps having a width of less than 0.25x¢m and an aspect ratio as great as 3:1.

(Aspect ratio = height:width).

It is to be appreciated that the process of the present invention can be

used to deposit a dielectric film on other typer of semiconductor substrates such

as those used in the fabrication of memory devices such as DRAMs and
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between netal lines 102. In this way the netal lines or features caR,1 bﬁ
separated by the m ninmum design rules enabling the fabrication of b AY 2004
density integrated circuits. The low K dielectric filmof the present

i nvention can be used to fill gaps having a width of |ess than 0.25m and
an aspectYO# 8 as great as 3:1. (Aspect ratio = hei ght :REFEEH02816 is to
be appreciated that the process of the present invention can be wused to
deposit a dielectric filmon other types of sem conductor substrates such

as t hose EERROMs or pthdrdppescaltingin defvicer moctyaBRG Adsarv i ARCHS sPRANBR and - 4 31
MAY 2006 WO 01/41203 PCTI U 28164 EEP or her types,of, | ogi c devices
such as ﬁS(;h?eé DMER%%PES QP ﬁ&“&%ﬁﬁ Sugléaﬁ eb‘ﬁe‘gﬁ?fetﬁatt%ﬁﬁédlé?lagﬁ rat es

such as Féﬁ%?ﬁhﬁ%?@ceﬁ%ft% ?re%?ﬁ{veﬂiti%ﬁlcﬁﬁ%e usBd iﬁﬁﬂy%—:la‘cl@%lﬂﬁocess of the
present invention can be used 1n any place a low dielectric constant high

qual i ty dlieleericrconstant mighsyuadityidietattrid filnams mgoogdnment of the present
i nvention the | ow dielectri cetglonstant. fl uori ne. doped ni.trogen contai ni ng

silicon oxi de RN sMPedimeEntpdbe present Byyenyanthe lgvg diglectrin canstanty densi ty
pl asma ( : "cﬁﬁ)ter' 1 F=N i earch
Cor por at ?@;&E%I C E%impr) ?srr?ra régé%?%&ggﬁgle&g?fgﬁg 1:?ﬁseg'll'g?‘g}‘}uerégb g.%sAn
exanpl e dbrmaedirhehighiddraity @lddohh (EDP) factas. WreetaipBEYROMVa repantior . The
hi gh densjt SI asma reactor 200 _shown in Figure 2 inclydes a  plasna

gener at i ¢he seapdpCarpamtipe EBIG ECRplasmady ¥R reactas tiysiratedsim o
i . The ' ded b
EOR magndi8555 ARl E6: el RlTDR fLIBBR S e LakdDSbioo® 1o .

such as Seddor. arhetighy dﬁnﬁ@})ﬁisﬂia%a@@ﬁm&mm Bizuredndudéd 4 ogen
cont ai nin gas, such as are provided by a gas inlet 208 into the plasma
chanber ;gq_sma generation chamber 202 which receives microwaves (2.45GHz} from a

microwave generator source 204. The plasma chamber 202 is surrounded by

ECR magnets 206. A process gas mix including a silicon-flourine compound,

such as SiF,, an oxygen containing gas, such as O,, and a nitrogen containing

gas, such as N, are provided by a gas inlet 208 into the plasma chamber 202

where they are exposed to microwaves to generate a plasma. High density
plasma reactor 200 includes a wafer chuck 210 located in a process chamber area
212. The wafer or substrate is heated by energetic ion bombardment (plasma
heating). The temperature of the chuck and substrate are controlled by backside
helium cooling. A vacuum source 214, such as a turbo molecular pump, is
connected to the process chamber 212 so that the pressure in the chamber can be
reduced below atmospheric pressure, such as between 1.0-10 mtorr, during
deposition. ;I'he wafer chuck 210 can receive an RF bias to enable ion
imbombardment which produces better etching which enables the ability to fill
high aspect ratio openings without voids therein. Additionally, auxiliary
shaping magnets 216 can be located beneath the wafer chuck 210 in order to help
extract and direct ions to the surface of the wafer.

In order to deposit a flourine doped nitrogen containing silicon dioxide
film in HDP reactor 200, in accordance with the present invention, a substrate,
such as substrate 100 shown in Figure 1, is placed onto chuck 210 face up in
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where they are exposed to microwaves to generate a plasma. High denzgnfii% )
pl asma reactor 200 includes a wafer chuck 210 | ocated in a process £ ¢ 00k
area 212. The wafer or substrate is heated by energetic ion bonbardnent

(pl asma |.ng). The tenperature of the chuck and substrate are

contr ol I‘gg%%h@gcksi de heliumcooling. A vacuum source 2R4TUSHIBIEE a
turbo nol ecul ar punp, is connected to the process chanber 212 so that the
pressure in the chanber can be reduced bel ow at npsgheri C pressure, such as
bet ween Procespciangher 21gudhadotalipprssie inichamber Ak isrthemoeduceddocan recei ve

an RF bi t blkg. i.on | a t whi roduces, .het.t ey etching which
enabl es t g”%%ﬁq?t gﬁFc‘}%ﬁ ?W&Bﬁﬁ%ﬁl&gﬁ%ﬁg&e%&ﬂ] fﬁ%ﬂi%&égﬁ?‘i%@t voi ds

ther ei n. 2Adgbrf.i Wik hYaindiingi e Miep5iBBh Ped¥BENE hsockibgs&aiPe | ocat ed
beneath the wafer chuck 2107in order to help extract and direct ions to

the sgrf&@@p@ir@wikgmreﬂgurmegomounﬂ dapgsygeracd;émwsdapég nit rogen
containing silicon.dioxide_ fi]m.i reacto , _in_.accqrdance with the
present i’ﬂ&%&?ﬂ’i%ﬁ‘?al%lﬁf?taf%&é mtgglaq}pqggn@ §F‘§’§f‘egiﬁﬁresfm in Figure 1,

i s pl acednppHaneh the biesbACRVERLOA thfsiﬁcén N{?\Xrﬁ@g&n ! 3@&%1’.%&%1 :

PCT/ USO0/ 28164 process chanber 216. The total pressufe in chanber 212 is

t hen r edwaeddiRideISIEVE RBwWEVEr, Tk Q' AGsh vggggl: -5 ntorr
and ideally to : Ze nt &rr. V\ﬁi I gﬂ;ln%iér?ll}%i&lnfi] ng tﬁ%ﬁgﬁ%gﬁ%%spre s"’u]cragl a

process Baswséd.Xin LHeRIrk&d BbBAFhehiCS thE PPéé@hf‘ﬁw@HB’Bﬁ Whélp oxygen
containing gas, and a nitrogen containing gas are fed inrto the plasma

chanber . chtamhif gdsak Bfhowebed b&mtox?geﬁ h@mﬁfraﬁg%sés%wentab ondamis | 1 con

flourine conmpound is Silicon tetraflouride (Si however,” other silicon

bf the PBLEEH! TR @pReBHER BiboliblEns i firdlen BRlaining dastls NI, KGO0 MEN!

of the present 1 nvention the ox
other nitrogen containing gases such as N,O can be used.

The process gas mix is exposed to microwaves in plasma chamber 202
where the oxygen containing gas disassociates to provide oxygen radicals, the
silicon-flourine compound disassociates to provide silicon-flourine radicals, and
the nitrogen containing gas disassociates to provide nitrogen radicals. A
microwave power of between 1500-2000 watts can be used to disassociate the
process gas. The silicon flourine radicals and oxygen radicals then combine to

form a silicon dioxide film (5i0,) doped with flourine. Additionally, because

nitrogen (N,) is included into the process gas mix nitrogen radicals are formed,

and incorporated into the film. The energetic ion bombardment of the substrate
by the radicals heats the substrate. The substrate temperature is maintained by
backside cooling at between 300-450°C and preferably at about 400°C during
deposition. The process gas mix is continually fed into the deposition chamber
and the total pressure and temperature maintained until a silicon dioxide film
doped with flourine and incorporating nitrogen is deposited to its desired
thickness.

The flow raies and partial pressures of a silicon-flourine compound, the
oxygen containing gas, and the nitrogen containing gas are chosen to produce a

dielectric film 120 having a desired composition of silicon, oxygen, flourine and
-6-




containing gas is 02, however, other oxygen containing gases such as,Z NO ?%ﬁ
be utilized. In a preferred enbodi nent the nitrogen containing gas ié1kﬁ, 4
however, other nitrogen containing gases such as N20 can be used. The
process gas mx is exposed to mcrowaves in plasma chanber 202 where the
oxygen cBRU{4#%Bg gas di sassociates to provide oxygen radPEHUSH/28hes
silicon-flourine conpound di sassociates to provide silicon-flourine
radicals, and the nitrogen containing gas disassociates to provide

ni trogen f;adical ) f. - ts can be
used to J??ﬁ%%%c?g?ﬁmPﬁéﬁﬁﬁ%ﬁﬁﬁggp aé§9¥ﬂ28§¥$fggﬁﬁgggﬁggﬁg%gédicals and
oxygen r ailical sxidhBim banbigrspproxini2¢ln s Somicpercehislice, bedween 3-102) doped
with flourine. Additjonally, because nitrogen (N2) is included into the

process GASTHR RETRFH e aorl Batveeer (06, g Fpmic ey cqnh BT pgATANskthent o t he

film Th LGl .the . - [,cal s heats
t he subs'f‘r Fgﬁgﬁtﬁgggﬁxgg?‘?%{%ﬁ%%%ﬁlﬁé}%ﬂ esﬁxlnéglﬁ %{(Z‘%‘ﬁgﬁa %ﬁ/thp%%’éﬁ%%il'tde cool i ng
at bet weesf bdfilectbNT- as7d Ipiseéeéafpmﬁte@&muaﬁ@emwnj&@ @stdd on. The

e

process gs_ mx is continually ted into the deposition chanber and the
total pr&edngludgdin thefim desisedrdionreviendncieasing the amouabaf nittogede il m

doped w t.h f Ly nd. Lhcprpor.ating nitrogen. is,.deppsjted.to its desired
t hi cknesg™ ml:"lﬁs%g %%Ivnr%a teépsé'ﬁ%d?brgﬁw%ﬁmw%osrg&rd;?t%fhealggqr*aiyfﬁHf— _ i ne
conpound,.whillk in@¥3588 thecdigleriritl dos@Re of Bleilhh 1t id ROpreeRicd thhfgigas are
chosen to produce a dielectric film 120 having a desired conposition of

si | i con, dsgiyalda to fargua silison paide-igtezlayeniieletna B dieloiquonstagpo/ 28164
it Al : ' i t.he,. t, i ti he.di el ectric filmi
T Canre BB oK D Rttt S B B bR e eSS b o,

bet ween 3hdPresent invention produces a dielectric film which is essentially a silicon

dioxide film except that a various oxygen cites in the crystal lattice nitrogen or
flourine replaces oxygen atoms. Additionally, some N, can be incorporated into
intersititial cites within the lattice.

In order to produce a film having between 3-10 atomic percent flourine
and between 0.01 - .1 atornic percent nitrogen, silicon tetraflourine (5iF,) can be

fed into reactor 200 at a rate of between 10-100 sccm and preferably at a rate of

50 scem to produce a silicon-flourine compound partial pressure of between 0.1

- 1.0 mtorr, and O, can be fed into plasma chamber 202 at a rate of between 100-
200 sccm to produce an O, partial pressure of between 1-2 mtorrs and N, can be

fed into plasma chamber 202 at a rate of between 10-30 scam to produce an N,

partial pressure between 0.1 -0.2 mtorr with the total pressure is maintained
between 1.0 -10 mtorr and preferably between 1-5 mtorr and ideally at about 2
mtorr. In an embodiment of the present invention the oxygen containing gas,
the partial pressure to nitrogen containing gas partial pressure is at least 5:1.

In an embodiment of the present invention the oxygen containing gas
nitrogen containing gas and argon or combinations thereof, are first fed into the
plasma chamber (without a silicon flourine compound or silicon source gas) in
order to heat the substrate to a desired deposition temperature prior to any
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atom c percent flourine, and between 0.01-0.01 atom c percent nitro%eg ﬁ\ﬁpﬁm
the remainder oxygen. Such a filmcan exhibit an extrenely |ow diele M
constant of between 3.2 - 3.7. It is to be appreciated that |arger anounts

of nitr be included in the filmif desired, howe | ner easi ng
i bl

t he anmoun rogen increases the anount of silicon n

I ncorporated into the interlayer dielectric which increases the dielectric
constant of the film It is to be appreciated that it is desirable to form
a silicondepositionl Wreelthy depshitbe edrhperahaeiingeazhed e @okedsgacamist ant | ess
than silicon dioxide (4.0). Additionally, it is to be noted that the
process CPMRHENG? sdicpn [IOHIBACPBPONGd T 65 ETHFBHBIEMRS §ask ANdAwhi ch i s

e38°T) et SO L ERERBl, e MR BRIRCT oS I

Addi ti ongl isto beaiteed\that i clRed REQSPOITEbEfhchited intd terprobéskigak ntikt es wi thin
the lattice. In order to produce a film having between 3-10 atom c percent

f1 our i ne during gepositian. Additionally dnem embediownt of the prgsent inyentiagnthe
tetrafl ourine {SiF4) can b% fed into,reactor 200 at a_rate ‘ggullg%%v\een

10-100 sCHFORHPYREaPRnURd gompongnt of thie Brocess grs X SrB s B2

si | i con-fJ] Qi ‘ﬁg{g:wﬁﬁgo | { RetNeePuPndt lirnitdd o Nt Orr, and
02 can bgf‘i}é%dnirﬁo pl as Lgﬁgl&nl%glri s%gag,?ﬁﬁceggtse of bet vveenmiuoo 200 scan to

produce &pH02ndaAisilhAé SPEEssure of between 1-2 ntorrs and N2 can be fed
i nto pl asma®chanber 20 4t a rate of between 10-30 scan to produce an N.

partial pressumh floatiweidped hitrBgen %ﬂﬁfﬂﬂ‘%ﬁiﬂicbﬂﬁﬁd@tfﬂh\ proeSiRHee i S
mai nt ai ned between 1.0 -10 ntofr and E"re erably between 1-5 ntorr and

i deal | y giresdnsinveptionisodepositad amtid dently Btick film iy fosmed whighisanon t he

oxygen cont,ai ni n as th artial .pressur LLr N I ni ng gas
parti al ﬁoég?tfrsé’gf%ugpt }eggg?ﬂ.o Ig?%.hziaﬁgré e’EﬂB‘gEﬁl 2)&%9 }no&gt%HgP%?égent I nvention
t he 0oXyQeRetaRFdtRinD 1A ﬁn%!ibocﬁh{eht)Sﬁmélﬁfébéhtrihﬂéhtﬂﬂﬁttﬁnﬂel%mﬂaﬂr_ 120

conbi nati ons thereof, are first fed into the plasm chanber (w thout a

silicon fi$ deposited tAthigkessbetweercapproximately 44)3.0 miconger to heat the
substrate 1o g feakhsduaRNAR didiRAH P B LR R PIarRAd?Y shown in

Figure 4, by any well known technique such as by chemical mechanical

planarization or by plasma etch back to form a planar top surface 122. Via

openings 124 can then be formed in dielectric layer 120 by well known

photolithographic and etching techniques. The flourine doped nitrogen

containing silicon oxide film of the present invention can be anisotropically

etched with any well known silicon dioxide etchant and etching technique such

as plasma etching with C,F, . Additionally, the film 120 can be wet etched with

HEF.

As shown in Figure 5 the via openings 126 are filled with a metal
conductor, such as tungsten, to form conductive vias 126. Conductive vias 126
can be formed by blanket depositing a conductive film, such as tungsten, over
ILD 122 and into via openings 124. The conductive film can then be removed
from the planar top- surface 122 of ILD 120 by for example chemical mechanical
planarization or by plasma etching to form conductive vias 126. It is to be

appreciated that other techniques such as electroplating and other metals such as

8



-7 3 1 MAY 2004 WD 01141203 PCTI USOQ 28164 deposition. Once the depﬁﬂ Mﬁ)%m
tenperature is reached, a process gas mx conprising a silicon flo
conmpound, an oxygen containing gas, and a nitrogen containing gas are fed
into the plasma chanber and deposition begun. It is to be noted that if

desi red V8P §bM28An be included into the process gas mx dRFVHEOFEAsi tion.
Additionally, in an enbodi nent of the present invention the silicon

fl ouri ne conmpound conponent of the process gas m x can be nade up of a
silicon f,046416ited epatddhanius 5i tdppen csobs asedyasfsrcdorakichué viast | i i t ed

to SiH4 and disilane Si2H6. The flourine doped ni Ebégrgle;\ cont %i ning silicon
oxi de fi L2h.12dddforale comdasaye 126 wayor sy ROLABHYE R OSHIRMEYErsd2&uf fi ci ent | y
thick filmis,fo i n. i.splat u I l'i zation
(oo meral 2NeRr BRorhaer I P el B el R e i L ora BRES 1 ST e

present [qyent hAd it AshtdiolRE tbh@udtdyaniasl2 asishodaposkigare 6.0 a thi ckness
bet ween approximately 1.0-3.0 m crons. After deposition, the dielectric
| ayer 12D1temonb€Ct§)l%%%ﬂ betprmed byriapket deppsigngeby forgxample sputteri nown

back to AePaaORRIRER (o eoy Hed oyl < BT ABlred BB belltoT0 PN
techni Quttet FRL T oot hE apt A g GOt ot R o1 [t Eonoxi de. {11 m of
the pres ﬁﬂb interenneds lines 1 ebywietl dnowpi pladtblithagraphi¢ apdieiching wel | known
e~ ARSPTIBITRI 1's B bRpEr aratkseas TIBORER S bRt R & oun i1
Fungst en R B g L e et e vigs 126 - o ="
Although one technique for forming via as interconnects in an on ILD 120

has been described, other well known techniques such as damascene and dual

damascene can be used if desired. The above described flourine doped nitrogen

containing silicon oxide film formation process and via/interconnect formation

process can be continued to provide additional levels of metalization and

isolation as desired.

A method for forming a low dielectric constant silicon dioxide dielectric

which is doped with flourine of which contains nitrogen has been described.

The dielectric film exhibits a low dielectric constant (less than 4.0) which thereby

reduces the on chip resistance-capacitance (RC) time delay and the capacitive

coupling (cross talk) between adjacent metal lines (e.g. lines 116) and between

levels of metalization (e.g., metal 1 and metal 2). The dielectric film 120 can be

deposited into high aspect ratio opening (aspect ratios as high as 3.5:1).

Additionally, because the film includes a small amount of nitrogen, the film

exhibits excellent moisture resistance and therefore film quality and

characteristic stability. It is to be noted that although the flourine doped

nitrogen containing silicon oxide film of the present invention is ideally suited as

a stand alone ILD to separate various levels of metalization, ILD 120 can be used

to form a portion, such as the top or bottom portion of an ILD if desired. The



can be forned by bl anket depositing a conductive film such as tungs&?g Y 9004
over |LD 122 and into via openings 124. The conductive filmcan the @
removed fromthe planar top surface 122 of I1LD 120 by for exanple chem ca
nechanicaJ‘nﬁl arization or by plasma etching to form conductive vial 126.
It is to"Be éﬁ%reciated that other techniques such as el EETUSPYZ/IPHg and
other netals such as -8 3 1 MAY 2004 WD 01/41203 PCT/ US00/ 28164 but not
limted to and al um num or copper can be used to form conductive vias 126.
Addi t i on&resent soisatienicoe be 26edapyoheray lavo diglenttic gendsantrless thaaylel)s 128.
Next, second | evel of nmetal .intercopnects 128 (e.g. nmetal 2) is fornmed over
| LD 122 ﬂﬂﬁggﬁ?@%?uﬁf?%gﬁ%ﬁﬁﬁ%FB3 ﬁ&ﬁﬁge 26 as shown in Figure 6.

I nterconnects 129 can be forned by bl anket depositing, by for exanple
sputter deposition, a netal conductor such as alum numand its desired
barrier nmetals over ILD 122. The bl anket deposited netal conductors can
then be patterned into interconnects |ines 128 by well known

phot ol i t hographi ¢ and etching techniques. It is to be noted that because
nitrogen is incorporated into ILD 120, the adhesion of the netal lines 128
to the ILD 120 is inproved. Although one technique for formng via as
interconnects in an on ILD 120 has been described, other well known

t echni ques such as danascene and dual danascene can be used if desired.
The above described flourine doped nitrogen containing silicon oxide film
formati on process and via/ interconnect formation process can be continued
to provide additional levels of netalization and isolation as desired. A
met hod for formng a |low dielectric constant silicon dioxide dielectric
which is doped with flourine of which contains nitrogen has been descri bed.




The dielectric filmexhibits a |low dielectric constant (less than 4.0)

whi ch thereby reduces the on chip resistance-capacitance (RC) tine JeMay?0i
and the capacitive coupling (cross talk) between adjacent netal |ines

(e.g. lines 116) and between |evels of netalization (e.g., netal 1 and
metal 2). The dielectric film 120 can be deposited into high aspect ratio
openi ng (aspect ratios as high as 3.5:1). Additionally, because the film

i ncludes a small anount of nitrogen, the film exhibits excellent noisture
resi stance and therefore filmaquality and characteristic stability. It is
to be ed. t hat al though the flourine doped nitrogen containing silicon
oxi de fi sz?ﬁﬁgﬁ?esent invention is ideally suited as a stand alone ILD
to separate various levels of netalization, ILD 120 can be used to forma
portion, such Asinterlayendiclsetrivosaid interdayer digleotricoompribingf desired. The -9 3 1
MAY 2004 WO 01/41203 PCT/ USO0/ 28164 present invention can be used anywhere
a | ow diiit@mebxygendhwosiheahd aitegen Whereintsdld intdiiagbr divlebtric XomPtisdsur € resi st ant
dielectric is desired. 3 1 MAY 1U 1 What is clainmed is: 1. An interlayer

di el eCtEéthecx?@.bgl— iaﬂélﬁrol.@/ﬁgmﬂz: ;f‘érrgeg%%itf\?ﬁ%”p” Si ng:

si | i con-oxygen-tluorine-an erein said interlayer dielectric
conprises betueen Q.01 -~ ahaut 0. 09 at.om,c rcent nitrogen. 2., The
interlayer d?‘e%é?@%&y%fdl@%ﬁpigﬂ%}&W%%Feggmfr@ﬂ%%hgﬁcép%?%
conprises between 3-10 atom c_percent fluorine. 3. An integrated circuit,
sai d i nb@yeen 3d0afameigipercentdidriieng:  a substrate; a patterned metal |ayer

formed above said substrate; and an interlayer dielectric fornmed over said
pattern net aB. Amjmtegrateé circuit, saiddntegéatsd| ciry @it comprising: -

a substrate;
a patterned metal layer formed above said substrate; and
an interlayer dielectric formed over said pattern metal layer wherein said interlayer
dielectric comprises silicon, oxygen, fluorine and nitrogen and wherein said interlayer
dielectric comprises between 0.010 - about 0.09 atomic percent nitrogen.
4. The integrated circuit of claim 3 wherein said interlayer dielectric comprises
between 3-10 atomic percent fluorine.
5. A method of forming an integrated circuit, comprising:
forming a patterned metal layer above the substrate;
forming a silicon oxide nitride fluorine film at a chamber pressure of less than about 1
Torr over said pattern metal layer, wherein a nitrogen containing gas is used as a
sputtering gas while forming said silicon oxide nitride fluorine film.
6. The method of claim 5 wherein said silicon oxide nitride fluorine film
has between about 3-10 atomic percent fluorine.
7. A method of forming a fluorine-silicon-oxide nitrogen film comprisiﬁg:

-11-



dielectric conprises silicon, oxygen, fluorine and nitrogen and wherein
said interlayer dielectric conprises between 0.010 - about 0.09 atdni MAY 200
percent nitrogen. 4. The integrated circuit of claim3 wherein said
interlayer dielectric conprises between 3-10 atom c percent fluorine. 5. A
met hod of formng an integrated circuit, conprising: formng a patterned
netal | ayer above the substrate; formng a silicon oxide nitride fluorine

filmat ayehre siléasiurmeQbnipeasd s deReitionthadibéy over said pattern
metal |ayer, wherein a nitrogen containing gas is used as a sputtering gas

whi l e for i ng. SAl b O] [+ s i kl-m 6. The net hod of
claim5 V#O?%P{}adéng? gé+?@§gﬁm§%gﬂt§1%§iﬁ5@&%ﬂﬁgﬁ%b Il m has between about
3-10 atom ¢ rcent fluorine. 7. A nethqd of. form a

1 uor i no- PSR BECRER SHILABEE E2F MG S4i0 ARQPLionshambat aad vy 2004 provi di ng
a silicon fluorine compound into a deposition chanber; providing an oxygen
cont ai ni nigrying & Mewinessiliconegrads nikrogen: -saidsilbeondflueging compounge n
containing gas into said deposition chanber; and form ng a

f 1 uor i nRidétygeR SoKintify gis! &rdgRil ditrbgen Joataisng Passdtlal chabéd pregsiefconpound,
sai d oxygen contai ning gas, and said nitrogen containing gas at a chanber

pressur qf lélﬁﬁlf i WA R wﬁg-n' n ' | ) | ni ng gas
i's usedlg%{is a sputtlerl hg“;&gas s'\%\%llﬁeorgg%pom [ "ﬁﬁgﬂg%%%gﬁwggnet hod of
claim?7 meéei n. the 'ﬁi i con fluorine compund is SiF4. 9. The method of
claim PORIDE s34 éﬁ?gen containing gas is 02. 10. The method of claim?7

wherein the nitrogen containing gas is N2. 11. The nmethod of claim?7

wher ei n sai d8.ddsaasthedbef deianhathetein thetsilighn flooding gompindds8iFdhanber. 12, The

met hod claim7 wherein said substrate is heated to a tenperature between
9. The method of claim 7 wherein said oxygen containing gas is O2.

-

10. The method of claim 7 wherein the nitrogen containing gas is N2.

11. The method of claim 7 wherein said deposition chamber is a high density
plasma chamber,

12. The method claim 7 wherein said substrate is heated to a temperature between
300-450C while forming said fluorine-silicon-oxide nitrogen film.

13. The method of claim 7 wherein said deposition chamber is maintained at
a pressure between 1.0- 10 miorr while forming said fluorine-silicon-oxide nitrogen film.

14. The method of claim 7 wherein said silicon fluorine
compound has a partial pressure between 0.1-1.0 miorm in said deposition chamber while
forming said fluorine-silicon-oxide nitrogen film.

15. The method of claim 7 wherein said nitrogen containing gas
has a partial pressure of between 0.1 to 0.2 mtorr during the formation of said fluorine
doped silicon oxide nitrogen film.

16. The method of claim 7 wherein said partial pressure of said

-12-



300-450C while form ng said fluorine-silicon-oxide nitrogen film 13. The
met hod of claim 7 wherein said deposition chanber is maintained at &1 MAY 20t
pressure between 1.0- 10 ntorr while form ng said fluorine-silicon-oxide
nitrogen film 14. The nmethod of claim7 wherein said silicon fluorine
conpound has a partial pressure between 0.1-1.0 ntorr in said deposition
chanber while formng said fluorine-silicon-oxide nitrogen film 15. The
met hod 'Im,jﬁm#w%g b Ehid B hre§RBEHF s By bl 88n ; i al

pr essuréeaacyggﬁ géet wee . ?%&ﬁg@am%ﬁ r durs?irzl!g;ﬁltﬁ% 11fr\t(;’?lrrat i %%ﬁol?aggi fluorine
doped Sg.k)i con oxide nitrogen film 16. The nethod of claim7 wherein said
partial *pressure of said -12 3 1 MAY 2004 oxygen containing gas to said
partial pressure of sajd nitrogen containing gas is at least 5:1. 17. The
met hod of cl & rhhy mgteedehrlaim Ywherghy sardil oped sidisen oxide sitiogen Slen il m
conprises between 0.010-0.10 atom c percent nitrogen. 18. The nethod of

cl ai m 7confprises betsaem 0101 06k i0natommicl peteent nitdogen.ni t rogen film conpri ses

bet ween 3-10 atom c percent fluorine. 19. A nethod of formng a

fluorine-sil{g qheondmisd 6?6l£iﬁﬂﬁﬂhéﬂclﬂ@a?d/ﬂﬁorﬁ1e°ﬁﬁéo°ntrgg@e niﬁ%g@dﬁ yer formed

on a substrate, conprising: providing SiF4 into a positTon chanber

cont ai nj ' rate. . providhng. 02 into said deposition chanber;
provi di??%‘%{i%%ﬁ?@%i?z}%@%%‘&&%&ﬂ%ﬁ er; and formng said
fluorine-siljcon-oxide nitrogen filmat a chanber pressure of |ess than
about | Tor ri%H methedof forming a lyaring-siliggn-pxide niteogenfibmioner apatergdr4, sai d
02, and said N2, wherein said nitrogen containing gas is used as a

sput t ermeigl hyer fohiédonl e gabsittaten gpomprsing:f i | m

providing SiF4 into a deposition chamber containing said substrate;

providing O2 into said deposition chamber;

providing N2 into said deposition chamber; and

forming said fluorine-silicon-oxide nitrogen film at a chamber pressure of less than
about 1 Torr onto said pattern metal layer by decomposing said SiF4, said O2, and said
N2, wherein said nitrogen containing gas is used as a sputtering gas while depositing
said film.

20. The method of claim 19 further comprising the step of heating said substrate
to a deposition between 300-450 C while forming said silicon-oxide-fluorine nitrogen
film.

21. The method of claim 19 further comprising the step of generating a pressure
in said deposition chamber between 1.0 -10 mtorr while depositing said silicon-oxide-
fluorine nitrogen film.

22. The method of claim 19 wherein at least 5 times more O2 is provided into said

chamber then N2 while depositing said film.
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20. The nethod of claim 19 further conprising the step of heating s%i d
substrate to a deposition between 300-450 C while form ng said 1 MAY 2604
silicon-oxide-fluorine nitrogen film 21. The nmethod of claim 19 further
conprising the step of generating a pressure in said deposition chanber
between 1.0 -10 ntorr while depositing said silicon-oxide- fluorine
nitrogen film 22. The nmethod of claim 19 wherein at least 5 tines nore 02
i s provided 33tfe $Ritkbd GRMTREN fubtBer NpiRingthedRnosid hutgtragifni a first - 13 3 1
MAY 2U 23. The nethod of claim 19 further conprising heating said substrate

froma first t rat ur e hi1an: & I ' Loy di ng N2
and 02 'SHRTABEE %]nggeﬂoﬁtﬁgg t%é?%atgqeg&n@é%#r%%fh%g aﬁ%pr%g:g&%? { C giu%gw further
conprising providing a silicon source gas into said deposition chanber in
addi t i owidchasliesl Si F4. 25. The nethod of claim 24 wherein said silicon
source gas is SiH4. 26. The nmethod of claim5 wherein formng said silicon
oxi de ni tri dp4.fTheeethel ¢f dlaim E fusthehemipetsing prewding aofilidoaseutchgas mbout 1
Torr conprises formng said silicon oxide nitride fluorine film having

bet ween ib@ttosiioR LikAb#tR ldidoR & MiPSIFA. Per cent nitrogen at a chanber
pressure of "l ess than about 1 Torr.

25. The method of claim 24 wherein said silicon source gas is SiFH4.

26. The method of ciaim 5 wherein forming said silicon oxide nitride fluorine film
at a chamber pressure of less than about 1 Torr comprises forming said silicon oxide
nitride fluorine film having between about 0.01 to about 0.09 atomic percent nitrogen at a

chamber pressure of less than about 1 Torr.
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