; e3ex@BBC\ EFEr G6JGTGYd=22 NOV 2004 POST TREATMENT OF VI A OPENI NG BY

N- CONTAI NI NG-PLASVMA OR H CONTAI NI NG PLASVA FOR ELI M NATI ON OF, qgﬁtwﬁué
SPECIES I N THE FSG NEAR THE SURFACES OF THE VI A OPENI NG FI ELD

I NVENTI ON The present invention relates generally to methods of form ng
metal interconnects in sem conductor devices and specifically to form ng
such netal interconnects within FSG ILD and | MD | ayers. 22 NOV 2004.
BACKGROUND OF THE | NVENTI ON Metal interconnects are attacked by fluorine
(F) species fromfluorinated silica glass (FSG interlevel dielectric (ILD)
or internetal dielectric (IMD) layers. The F species attacks on the netal

i nterconnects fornms netal fluorides, which are non conducting and causi ng
el ectrical resistance or | oose contacts. For exanple, U S. Pa tent No.
5,244,535 to Ohtsuka et al. describes a nethod of manufacturing a

sem conduct or device including a nitrogen-containing plasm treatnment of
contact holes. The contact holes are etched through an insul ation |ayer
(for exanple SiQz) with a fluorine-based gaseous plasma, and the contact
hol es are then i mediately flooded with the nitrogen-containing plasna that
inhibits formati on of reaction products on the exposed portion of the
“contact holes. U S. Patent No. 5,643,407 to Chang describes a nethod of
form ng via openings through an internetal dielectric (INMD) |ayer
(conprised of spin-on-glass (SOG sandw ched between two | ayers of silicon
oxide (SiQOz)) to an underlying patterned first netal |ayer. A vacuum bake
is used to renove noisture fromthe exposed SOG | ayer within the via

open! BORATRRAETONAT RIF P EERRN G 38 REPLSOMRING WIS SV (G 1. rom &

CONTAINING PLASMA FOR ELIMINATION OF FLUORINE SPECIES IN THE

" FSG NEAR THE SURFACES OF THE VIA OPENING

FIELD OF THE INVENTION

The present invention relates generally to methods of forming metal
interconnects in semiconductor devices and specifically to forming such metal

- interconnects within FSG ILD and IMD layers.




SOG | ayer material has | ess noisture absorption, and suppresses outgassing
fromthe rest of the organic SOG | ayer to prevent poisoned vig m[ﬁ 20fkoy -
2 22 NOV 2004: U.S. Patent No. 5,970,376 to Chen descri bes et hod for
formng a Vla through a dielectric layer within a m croel ectronics
fabrication. Aviais formed through a |low dielectric constant dielectric

| ayer (formed froma HAGRAUROXATE HESNRGE§ot erial) by a ~

fl uori ne-containing plasm etch nethod. cont ai ning plasma etch
nmet hod al so sinultaneously fornms a fluorocarbon polymer residue |ayer on a
sidewal | of the etched via. A plasma treatnment is then applied to. the via
to forma plas reated fluorocarb pol yner residue |ayer. The pl asna
treated fl E‘é‘?"&ﬁ?é%ﬁ‘)%‘f%éfe %@Féﬁ‘g%hﬁ@@f@r@ tHespecowabm fucrireted a may

t hen bel. strjgg)p%g and is stripped, wth an oxygen containing plasma. U S
Pat entl1i§.518:5d78G3 sterlgvakd il tnia1bD) ar inidesetal nbslcatrive I Midn) lafrers. The

manuf acturing a sem conductor without corrosion in wiring, for exanple. A
si | i conspsxiasettadkmanstteomertd intereorsdess farhes meeMaTidedds, fhkish Ak pg formed
with a silicon oxide filmtherebetween. A thick-filminorganic &filmis .

then coatiadi ahﬂeaaéihgcc@éhtﬁw%s&iah%?P%&g%ﬁﬁ( treatment is then
an

applied. Asilicon oxide filmis then forne a'via hole is then forned
through to the first wiring. A thermal treatnment at 150 - 550C and not nore

than 10-3 Torr pressure is then carried out wwth a portion of the

thick-filmg ' i XP a_side surface of the via hole.
Resi dual ggg?%gg%ﬁjlg’séggaé rg]llﬁﬁog’g%gg%&ﬂcﬁﬁs‘f elstlgdeserifescenmsthedie vi a
hol e i0 nrlel e sEd.so t hat. srg(gsequentl,y formed wiring within the via hole
wi Ll To B S aed. seq iconduiey, deyine inckidipgpanitragen-&rite3i0g @lasnguo et
al . descri bes ? met hod of stabilizing hal ogen-doped silicon oxide filmto
r educd™9RAMSHERT gevsast Relgpathneoritaoiiheloe afe birhdd thrugiuls eeigftioR 19eesSi Ny
steps. A hal ogen-doped filmis deposited over a substrate and is then

subj edfaeampledgassithg §tepneypabed ghbabusastaimg, 4R the LBhtR: Retaween about
300 and 550C before deposition of a diffusion barrier |ayer. The heat

treat tbat insmiedoatght flandehovieh 0es alitopendedchal QM e B{R;
hal ogen-doped film In a preferred enbodi nent, the ﬁgfogerrlr?hotpfelg%ép?i con

oxi de fhithAtibs oF g i j . ssing. treatment for .

bet ween about 35%{i acﬁllgh?gbggggn s&‘lég.xg%%&aj éﬁf%ﬁ%,@ﬁ%ﬁ%&?% Bhan et al .
descri bes a nethod and apparatus for inproving filmstability of a

hal ogen- doped silicon oxide |ayer. A process gas is introduced including a
first and ond hal ogen_source into a deposition chanber along with
silicon and’ x})@éﬁ“’sl}g?-o%éfi?)ﬁo%lfas@hahg dé¢senibbsranenethodnof fermigeess gas to
deposit a hal ogen-doped | ayer over a substrate within the chamber. The

addi t icpeaingsathogegh souintesmétak didlieris Qo) lbﬁépg@ﬁlwcpgf spin-Bigbigued to
enhance the etching effect of the filmand this enhanced etchi ng~-conponent

of t hgSOId)reateRoshtd BetiveRh AWRS 14y88s Il 0aRide {diocARabll it £3.,and hel ps
stabilize the film In the pref er%?:l eﬁo’bodi rrgﬁltdel {éﬁgzﬁf}l@o%#é#- ége?)lgé%i Imis

a fl uyQsirhi S146 ' i.F~.is . the first hal ogen source, TECS
is th scﬁ)zla{g%cgqgl‘gt ?{f%asllaﬁigggﬁ;‘;daclﬁ tﬁgﬁgé 6ﬁ8df§8|r85‘b%"es‘a9ﬁ§8f? r%mttﬁ%r F2 or

NF3. 004 U.S. Patent No., 5,904,566 tqQ Tao et al. describes a
met hog*xPSrgg?g%ﬁagyeé ‘0’?5"% DUBhCRENNEr BYh T NfoBeD Plastnadreatyrent A
reactive ion etch (RIE) plasma etch is used to create a via opening is

f or medOPNEHEJRE 20t bge Adtme dins prgeachn tosindindrgyeic meterirlufiterihpidmic
substrate. The R E nethod uses an etchant gas conposition conprising: a

per f | f6?Gday¢romatemial tpsdesamuisture fabsnmgitm, ah@Bupprédsed Ritg@dsidBSn about 1
. 3; oxygen; and argon. 5 22 NOV 200 -

the rest of the organic SOG layer to prevent poisoned via metallurgy.

A s (RS [



SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present Y 7.“%?
invention to provide a nethod of form ng a netal interconnect wthi n')_a?. WO
fluorinated silica glass dielectric |layer while preventing outgassing from '
the fluorinated silica glass dielectric |ayer. Another object of the
present invention is to provide a nethod of form ng a netal interconnect in
a via opening within a fluorinated silica glass dielectric |layer while
elimnating fluorine species on the exposed surface of the fluorinated
silica gl abisS.dPsleetNG.C5 oay 8ls Wht o t bas PSRN, tQ, reduce t he.
possibility of form ng net glg ?%o@?ggsﬁgéh%r gorg}%é}é 4 fg)mrlffe)r%%%a?r via
her ei . : : i scovered that t above and_ ot her objects of
the proceRt Shanersn ey BanEL 35T SRl i A FERPowmg ntireme

e haying a sem conductor device

presefit i nvent| on ifa _
o7 uct b Asp e R, SFRFATRORL8h: Binierdad I snaloamac om & shormdanasOChe

sem can(iluct,or structure. The netal line being electrically connected with
the sEBileSRduEatsrdivce Ryetinewpataining phashat ety heythodi THeoflgeEnever the
sem conductor structure, covering the netal line. A fluorinated silica

gl asscefitainiog mlasthayerh iretliot abd sdveitahbeuslpTubak iaﬂ%&%\é%boﬁgw&é&m I nat ed
silica glass dielectric layer is planarized to forma planarize '

f1 uor rasadwedlayer 0”2 NEWWANQA (B letG@d0HASA Sk . Cfen 418 (Rl gnari zed
fluorinated silica glass dielectric IlayerﬂaﬁhgS%%%%ﬁég?lsa{heﬁgaﬁpé& Car e

pat t efedial @ fo@riMh _lé(é'.rﬁaQH??%@QI%?PEJ}BO%QE}{%{JFi”rgsifi%‘gﬁfix . Ienng{agg{at,: g”s of

the patterned fluorinated I ca glass

i i ing.s treated with.a pl lected f th
oo Pl RGBTt A P Pl et oo

conbi ntatior& gltllgreof.. A nmetal interconnect is then formed within the via

openi AgFET % NOPPSgoY  BRITERFESCRNBTINEME DIRSTHE DRAW NGS The f eat ur es

and advantages of the method of the present invention will be

U.5. Patent No. 5,976,626 to Matsubara et al. describes a method of
_manufacturing a semiconductor without corrosion in wiring, for example. A silicon
oxide film is formed on a substrate, covering a first wiring formed with a silicon
oxide film therebetween. A thick-film inorganic SOG film is then coated on the
silicon oxide film and a thermal treatment is then applied.' A silicon oxide film is
then formed and a via hole is then formed through to the fifst wiring. A thermal
treatment at 150 - 550°C and not more than 107 Torr pressure is then carried out
With a portion of the thick-film inorganic SOG film exposed at a side surface of the
via hole. Residual gas, such as CO, and H,0 adsorbed to the side surface of the via

hole is released so that subsequently formed wiring within the via hole will not be

corroded.




nmore clearly under stood from the fol | ow ng description taken in cgr’gmlﬂm
wi th the acconpanying drawi ngs in which |like reference nunerals des tg
'simlar or corresponding elenments, regions and portions and in which: Figs.

1 through 8 schematically illustrate in cross-sectional representation a
preferred enbodi nent of the present invention with Figs. 5 and 6
illustrating one proposed nmechanismand Figs. 7 and 8 illustrating anot her

proposed nechanism 8 22 NOV 2004 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT1AgC ' iR Fig. .1,  starting sem conductor structure
10 is underUs?? 'og%lt%;n g%p%sg’?ﬁ’g?wgl Gae eg %eﬁieég%ﬁ%peag}cgpf Stakiliping at e,

activ ssive..devices fornmed within the wafer, conductive |ayers and
di el e@?ﬁg‘l"c%“@‘) eerd\sfs%‘é% P,’“Cf%{‘@? -%61?%/\41‘%5(“%#@8641 PGS imigsriipg fromditbk ddtr i ¢
(IMD),, etc.) forned over the wafer surface. The term "sem conduct or

st r ucl§rEg Pabspaasnt PEOFeseInEl etegpsy ifc beldgmmaddped tfinn ia depobreadiiei-of waf er
and the tayers overlying the wafer. Unless otherw se specified, all

st r ucsubgtate| angeissthest subjeryd o o degadi SRECHIMrieseHebin £ PRY ‘?ﬂ‘%@ gpal
e

met hods known in the prior art. Sem conductor structure 107 includes exposed

seni cbotuedronbaey BOEandrsINCes RN EehokitinaSoRh diffdkgal By thger Ape €ast
one netal line 14 is fornmed over seni conductor structure S6 as 1?0

cont agkat BEREMELAG i i i Rterconpect line 12. Metagl line 14
may be zorrprilg%dpo? &g%%ﬁﬂgﬁq%%{%‘geg&%%{ ngmﬁsfice%r g‘f’lgorgé%’i §'¢BpgLem %EE shown

in Fi L 4ngrlayer 16 is fornmed over the surface of sem conductor
struc'?lalr 10 Zlndfglil/rgi Ilkrrgt%rle&frir%%ewq IRERtatheniploggridopsd slicpreridsout 500

to 30 1 R .and more preferably fromabout 800 to 2000 thick, and may be
f or rreg‘%%ﬂs%l&%?h%ﬁlﬁﬂfgle jedste a degasehy theatment foppetsydarcaouwdprintd i de” and

Is 9 50 seconds.

U.S. Patent No. 5,827,785 to Bhan et al. describes a method and apparatus for
improving film stability of a halogen-doped silicon oxide layer. A process gas is
introduced including a first and second halogen source into a deposition chamber
along with silicon and oxygén sources. A plasma is then formed from the process
gas to deposit a halogen-doped layer over a substrate within the chamber. The
additional halogen source, i.e. the second halogen source, is bélieved to enhance the
etching effect of the film and this enhanced etching component of the film
deposition improves the film's gap-fill capabilities and helps stabilize the film. In

the preferred embodiment, the halogen-doped film is a fluorosilicate glass (FSG)

film; SiF, is the first halogen source; TEOS is the source of the silicon: and the

second halogen source is either F, or NF,.




22 NOV 2004 preferably undoped silica glass (USG . For purposes ?f oy, 2
illustration, insulation layer 16 will be considered to be conpr é%&lgf'mgG
hereafter. Formation of FSG L~ er 18 Fluorinated silica glass (FSG | ayer
18 i's then deposited over USG | ayer 16 preferably by either a PECVD or
HDCVD process. FSG | ayer 18 can consi st of nitrogen, boron, phosphorus, or
a conbi nation thereof as a stabilizer. FSG layer 18 is from about 8000 to
22,000 thick, and nore preferably from about 12,000 to 18, 000. The

concentr at fpg. pk [ 14&hin, FESG | ayer 18 is preferably from about
0.5 to 8.0 atom %%Bltgw?ﬁj Hﬁ@ég%rﬁg?%gf 9@‘”—8&%5%%6@%%& é.rgo’éﬁléﬂfﬁ %ViAs shown

in Fi FSG. | ayer .18 i.s planarized by, for exanple, chem cal nechani cal

pol i sﬁlﬂ%"gig(}ti\/ﬁjtfo %“aft%‘? rﬂhﬁpgﬁ%ﬁl %@qursés Teggfaye i@ etchl (RAB) plescthaFGehliayer 18
is fromabout 4000 to 12,000 thick, and is nore preferably from about 4500
to 11YS6BA° Criatk 2 Wipepenald i formedphinggH ayérogermed sitRok d:a¥elay2 tgry t hen
be formed over planarized FSG |l ayer 18 to a thickness of from about 500 to

4000a anarddeolyen prefieteey TheoRIBbeWwthdd08sds0a 3008 hakP gas: ggm:hjggi 2004 Hard
mask | ayer 20 may be conprised of undoped silica glass,” phosphorus doped

si | i caoglmaisngbe penfldensd risd ihﬁ@ir% 2SSurbHer- gﬂjd)gﬁ?é B&%Pcsraqg)oo Sg]az:]%fa

glass, silicon nitride, or siliconm oxynitride, and I's nmore p y

si | i caBofit €h3oxi I&gﬁﬁ)w éﬂ%Di s a silicon oxide |ayer containing excessive
silicon. For purposes of § ustration, hard mask layer 20 will be
considered to be conprised of SRO hereafter.




SRO | ayer 20 may be formed as follows, which is essentially the Llefﬂld
as formng a silicon oxide |ayer by a chem cal vapor deposition zw
‘Monosi | ane and nitrogen nonoxi de gasses are introduced through nutually
different gas inlets into an LPCVD oven having a quartz reaction tube which
“can introduce a vacuum and a heater for heating the reaction tube. The
LPCVD oven is set to fraemy WRY B +9 .gfltaélgitrogen gas used as the
at nosphere gas. The overa pres s is nmaintained at about
1 torr. An excessive anount of silicon is provided in the silicon dioxide

1 ayer by varying the gas flowratio of the nonosilane and nitrogen nonoxide
“to increaseAt he fc_haﬁ flow rate of nonosilane. According to the increase of

t he proportl%(ﬁ’rfj1 GhetidABOesOf the presentinvaitiamen pxoeisiei & eahbd @In i S
increased to forman SRO | ayer. The SRO | ayer is an insulator having a

st r uct/GF@ing avineiah ifteresneiet mmiaggim@maeasnmax%@lsé Ridl&arigilhjGORpei de

(Si Oz) | ayer. 22 NOV 2004 As shown in Fig. 4, SRO |l ayer 20,” planari zed
FSG | ayreveni8hg oatghskis framehe Phiodir@ tdptilies gl%gsh?edéﬂh%‘lé{ L@ opening 22 to
nmetal line 14. Via opening 22 has a height 'to wdth rati0o of fromabout 1:1
~to 20:1, and nore,preferably fromabout 2:1 to 15:1. This patterning nmay be
acconpl i shed by, for exanple, form ng a photoresist |ayer (not shown) over

SRO | ayer i hot oresist to forma photoresi st nask. The
phot or esi st%)Q rrxrg’ﬂs?%r(%gﬁﬁchf' h]gfﬁpg‘%%ﬂsgﬁ’ et“('iloéltléﬁo%v}iﬁy%lrneéb,c’dmfafﬁami%d PSG.

| ayer ol ayer .16 to formvia opening 22. The photoresist |ayer
woul d rg‘gte&‘rlm “?)‘Jegg%“iy‘r%%ﬁé T i P e BRIt a fisamatefl sidicagdessedielrottic trysr 23 of
patterngq F?G A aéer t‘ .and al so portions of patterned SRO | ayer 20" and
por t i o8B FIFNPAERESHQEEs FRasaes aB the pxppseshsutfacd nf emt flanrSakaksilEhe

i nventars have found that absent further processing, F would outgas, or

di f f usBass disleqiectlayerew i G thayda opghing tamed b MFO%BQ&?%{DMTHiH 23 of
vi a openi n% 22 and react with any netal interconnect fornmed within Via
openi ngeR2 thuorides.m netal fluoride conpounds. Such netal fluoride conpounds
woul d del eteriously affect the conductivity of the netal interconnect, and
t hus the sem conductor devices. Acritical point of this invention is the
recognition of this problem 12 2 2 NOV 2004 Nitroeen Containine Plasma
Tr eat ment ) shown.in Fig. 5in a key step of the

i nventi on, qgﬁ\grhg)rbggn@‘&-ﬁb%ég%é SFCRAMEF ol asma i's used to treat at |east the
exposed portions 23 of patterned FSG | ayer 18". Although it is not known,
based upon the type of plasna used, two proposed nechani snms serve to
prevent out ?assi ng of fluorine (F) fromFSG |ayer 18". Oxvnitride Laver
For mat i on PF8p8sedv eenatiscomerdd HmtNhplabowe drsl used,obiads o th&@rbddrgt
proposed nmechanism a thin oxynitride |layer 24 may be formed at | east over

t he expwestiopomaprise 2&cofnpaitet nad tESG ol RYeH ol 8 and e, forned
over the exposed portions oq‘ﬂ patterned SRO | ay r aﬁﬂ ggt tgg?éﬁgl ¢ G ?ayer

W t hi seyiicoPetbPStrddurd R : part 1.0nS; 23 0f tterned G | ayer 18"
forma silicon-rich o%ni tr i ﬁe F%ﬁé@gd&%ﬂer%% eStf"g‘%BFe %)Afné‘?;g‘eégma‘sbar rier
again i or.diffusion,of F species fromthe_inner, unexposed,
porti ?nrs?tvo ng% ?’gérst %ieglq?:gt;fqr © %r"t.hed?\?HF&f“i&‘d@OF ayreicture. ihe raetphliokness
from abbout 0 to0,1000g, nore, ﬁr eferably from about 60 to 500..

eing electrically connected with the semiconductor device structure. An insulating

layer is formed over the semiconductor structure, covering the metal line. A
fluorinated silica-glass dielectric layer is formed over the insulating layer. The

fluorinated silica glass dielectric layer is planarized to form a planarized fluorinated




13 22 NOV 2004 Oxynitride layer 24 is forned by treating the QOﬁﬁg mﬁ
-opening 22 with a nitrogen (N)-containing plasm at the foIIowi%
paraneters: tenperature: fromabout 0 to 520C, and nore preferably from
about 20 to 450C, pressure: fromabout 0.001 to |0 Torr, and nore
preferably fromabout 0.005 to 5 Torr; power: fromabout 20 to 2000 W and

nor e piledaeglabl vidleamcalaoat. TR HRrhRRW AL Rateli ! 2,309, seconds,
and nore preferably fro?n aboutplo to 150 sec%ﬁgssgﬂg%%?#goﬁ%éecg“ﬁ’ , - HDCVD

or pl asy t; i i lasma, may be:. an pl asmga; an NH3
pl asma, Iagtrl;@ I\lﬁ%@hﬁg}lﬁy%%&%%‘ﬁ%ﬁ? ﬁetBtfﬁggea Xb%??@@rbllnﬁstﬁa%evﬁ‘?ﬁl AREHENP| asma,
or a ceg(%iirrllati on of mﬁ) or m)rgd_f)f t he above-plasmas with or wi thout an HZ
pl asma. Prae et OrChF Ottt Peiteraerdluprnated shicpredassrdielastiihmyir edthiaithie ng

plasma.is fromabout 0 to 10, and nore preferably fromabout 0.5 to 6. The
N- cont'af MRS pS-abine Viz eRening ihbreatask wifl ecplashmoesebited frben Fhe Re6ISS On
~the exposed portions 23 of patterned FSG | ayer 18" w thin via opening 22,
and f sommgsisglarcdbhcgBajring giasmynih H deneintdie phisid ACH Ph dMSbithaRon
(oxynitride layer 24). 14

thereof. A metal interconnect is then formed within the via opening.




22 NOV 2004 ' F-Depleted Laver Formation Proposed Mechani sm As show;z l\lé{ﬂl
Fig. 7, in the second proposed nechanism that may occur when ei tide - 2004
N-plasma is used or when an H-plasma is used to treat at |east the exposed
portions 23 of patterned FSG | ayer 18", an F-depleted |ayer 19 may be
formed al ong the exposed FSG | ayer portions 23. F-depleted |ayer 19 al so

effectively serves BRIEFIAESCRIPTION O3 PAFSHRAWIRIBESC | ayer 18". The

t hi ckness of the F-depleted layer 19 is suffrci act as a barrier to F
outgassing fromFSG | ayer 18". The conditions for this N-plasma or H plasna
treatment may be simlar to those conditions noted above for just the

N-pl asnma t reat t. Lt s, not understood why such an N plasma treatnent
woul d for m@%t%gpu%?(ﬁﬂfiﬁqv@é‘t?gﬁé?f t%@ rB?thﬂ%@‘i drecpirasayemviatioRegdl He ess of
whet her ox niﬁri de, | ayer 24 of F-depleted layer 19 is forned, F-outgassing
is pr Ui SERRY Sdestord femitge folpwingdesciiptien ¢okere o c@®juntfon wizh NOV
2004 Formation of Metal Interconnect 26 A |ayer of netal (not shown) is
then dBpessarepanyier BRGihgy én vaith [fliel dofai@nex iditdrhield ﬁarte%%nh%l?‘%? vi a
opening 22 in the event oxynitride (SiON) |ayer 24 was forned, or wthin

F- deplcetredpdmyier clémbhBetbaibms &ﬂfﬁbf@or?szaﬂcpir{%i&}\{ent F-depl eted | ayer 19
was formed. As shown in Figs. 6 and 8, respectively, the netal layer is
planari zed to renove the excess of the netal fromthe uppei surface of

pl anari zed SRO | ayer 20", form ng planarized netal interconnect 26 within

viia openi Nngi&l.q i reonnegt .26 _nmay be conprised of al um num copper
or tungstenlﬁd %Bg%}éfsgcggﬁ/aq{}&ﬁ slflgﬁt.m%\‘v't“h?ﬁ?f’s'g?@@f}aéié?r%&nﬁ’ém@h@vm in

Fig. : | 19 hown jn Fig. 8, the F f FSG | 18"
o o b oee B EXFlne PrRnf BBt Somies. §oret @ubasinatong omanpl ¢

and cause é)rdobl ers.. : :
: proposed mechanism and Figs. 7 and 8 illustrating another proposed mechanism.




Oxynitride |ayer 24 or F-depleted layer 19 serves as a barrier laygrqgt V2004 -
;?z;%lterned FSGyI ayer 18" and bl ocks outgassing or diffusing of F spZQ?e@ 2
from patterned FSG | ayer 18" to metal interconnect 26, thus preventing
formati on of 16 22 NOV 2004 undesired netal fluorides that affect the

el ectrical resistance and performance of netal interconnect 26. Wile

particul ar E LG DS RIMEIQReOf MO ERRERAH GRSV EAS! [ at ed and
described, it is not intended to II1mt the rnvention, efi ne y

i [ ' 1. A nethod of
the followng clains. 17 22 NOV 2004 CLAIMS W claim _ _
formng a rretgal I nterconnect wthin a fluorinated silica glass dielectric

' ' ' ' ' ' d silica glass
| ayer whi l ng. out gassi fromsaid fluorinate . _
diel ectri cgﬁl\%gérjﬁ{%gn%r iE %@1 flhg:qgt dps$ttingy pemiliintcio s shitconciudo as

avi.ng a sen conductor device structure formed therein; formng a
?r:a{ gft"‘ur}rcﬁégt \9§Ir %SBPEISI iRdHdacE semiganedbtatpe wadar dr mefbatraké Nective and

passive devices formed within the wafer, conductive layers and dielectric layers
(e.g., inter-poly oxide (IPO), intermetal dielectric (IMD), etc.) formed over the wafer
surface. The term “semiconductor structure” is meant to include devices formed
within a semiconductor wafer and the layers overlying the wafer. Unless otherwise

specified, all structures, layers, etc. may be formed or accomplished by

conventional methods known in the prior art.

Semiconductor structure 10 includes exposed semiconductor devices or

interconnect lines at indicated at 12.

At least one metal line 14 is formed over semiconductor structure 10 so as to
contact underlying semiconductor device/interconnect line 12. Metal line 14 may

be comprised of aluminum or copper and is preferably copper:

As shown in Fig. 2, insulating layer 16 is formed over the surface of
‘semiconductor structure 10 and over metal line 14. Insulating layer 16 is from about
500 to 3000A thick and more preferably from about 800 to 20004 thick, and may be

formed of polymer, silica glass, silicon nitride, or silicon oxynitride and is




being el ectrically connected with said sem conductor device st ru

tur‘?
form ng an insulating | ayer over said sem conductor structure, n@ﬂll
said nmetal line; formng a fluorinated silica glass dielectric Iayer over

said insulating |ayer; planarizing said fluorinated silica glass dielectric
layer to forma planarized fluorinated silica glass dielectric |ayer;

msulating Payer Lot (SRR P uTowel b M ERen. fos Bhfon e g

insulating layer to form™a via openin sal Ao ng
porti pNg,ifhes rned fluor |I| aglass dielectric layer within
sai d 1\?alo %n%%?igfér eatl?enﬁorgﬁflae‘élf’gbg ﬁ‘?rﬁ@ t9h-th a pl asma selected fromthe
group consisting of an N-containing plasma, an H-containing plasma, and a
conbi nat i on t hereof ; wherein said exposed portl ons of said patterned 18

- T -(_. D~ ~"~ < <L,
22 i 1ica glass dlelectrlclayer within said via_
opening are converted to a barrier |ayer that prevents said outgassing from
said patterned fluorinated silica glass dielectric |ayer; the plasm
treatment being conducted at: a tenperature from about 0 to 520C, a

pressure fFlomraaesd sQicBQdadoFe)T BV 2000W and
for fromabout 3 tos3goq%lgco(nds) ngr 1‘1%#% ng dé}éré@q%f)l f&% c?tr 18 t hi n

sai d pateiadly Ibyehy 3 ORe thod | ai , _further including
t he s?ep of yoryg1 ng a cappplr[lj;gra}éer §5§Sd P%lcé %}fqr%‘:ﬁmmskﬁét(éd silica
ggg;sﬁgfogaggsﬁog\ bRYEHNSEE] Bt S PRI 2,21 50 Pt eTned I

FSG layer 18 is from about 8000 to 22,000A thick, and more preferably from
about 12,000 to 18,000A. The concentration of fluorine (F) within FSG layer 18 is

preferably from about 0.5 to 8.0 atom %, and more preferably from about 1 to 4.5

atom %.

As shown in Fig. 3, FSG layer 18 is planarized by, for example, chemical-
mechanical polishing (CMP), to form planarized FSG layer 18'. Planarized FSG

layer 18" is from about 4000 to 12,0004 thick, and is more preferably from about

4500 to 11,5004 thick.

- Optionally, a capping layer / hard mask layer 20 may then be formed over

planarized FSG layer 18' to a thickness of from about 500 to 40004, and more

preferably from about 1000 to 3000A.
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3. The method of claim1l, further including the steps of: fornig 1@ 2004
silicon-rich oxide | ayer over said planarized fluorinated silic q%l g;
~dielectric layer; wherein said silicon-rich oxide |ayer is also patterned
in formng said via opening. 4. The nethod of claim1, wherein said
insulating layer is conprised of a material selected fromthe group
consi sting of polyner, silica glass, silicon 19 22 NOV 2004 nitride,
"silicon oxynitride, and undoped silica glass; and said fluorinated silica

gl ass di el eghfd end Lhe.concentration.of fromabout 0.5 to
‘8.0 atom % 5. Theﬁy#g?ﬁﬂgég?a ){:ngg{ﬁwh{%%m% e?fg‘i“ﬁd%%‘?cgsﬁhﬁguﬂléﬁ RGopRb@IuS 5
conpri oF d..siliga glass; and said fluorinated silica glass

di el ec%%cQ%lélgg%?ﬁ%é bgﬁl} gSP?ﬁé;ﬁbc@T@é‘ﬁ% PRPhyPPhesm dbped sitic ¢las9. 5 at om
% 6. %re ne%hgd of.FIain11h wherein said insulating | ayer has a thickness
of fro aBblit"'860°t YHSPbOR NisHEe saidiisgharrapicferdbly siiconatadosiikiSROY! ass

di el ecé\&'@c_ | ayer 18' has a thickness of from about 4000 to 12, 000A, and

wher ei 11*Saitd 2pPried Oxéde eper foonisinanSi Gtebsivei &ilichay &Fo0h drhessXREsed

~sidewal | s of said via opening, said SiON barrier |ayer having a thickness

“of frotushationgthard &GBRAlay2r Aheviltebbadrefd&kai B be WHELE i
‘insul ating |layer has a thickness of from about 800 teo 206’8“1%‘13?1’5%3%%

pl anarlezealtéd. uori nated silica glass dielectric |ayer has a thickness of
from about 4500 to 11, 500A, and wherein said plasma treatnment forns a Si ON
barrier |layer on the exposed sidewal k of said via opening, said Si ON
barrier layer having a thickness of from about 60 to 500A. 8. The nethod of

by e et hod <2l BEEec rih Phethr e el Hihish w Prseubaie: Rt samedVD
met hOdmeﬁnood asz%orl\lngi\{\gzgos?licon oxide layer by a chemical vapor d iti

P eposition (CVD).
Monosilane and nitrogen monoxide gasses are introduced tﬁrough mutually
different gas inlets into an LPCVD oven having a quartz reaction tube which can
introduce a vacuum and a heater for heating the reaction tube. The LPCVD oven is
set to from about 700 to 800°C with nitrogen gas used as the atmosphere gas. The
overall pressure of these gases is maintained at about 1 torr. An excessive amount
of silicon is provided in the silicon dioxide layer by varying the gas flow ratio of the
monosilane and nitrogen monoxide to increase the gas flow rate of monosilane.
- According to the increase of the proportion of the monosiléne, the amount of the

excessive silicon is increased to form an SRO layer. The SRO layer is an insulator

having a structure in which fine silicon aggregate is mixed in the silicon oxide

(510,) layer.
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9. The nethod of claim 1, wherein said fluorinated silica gl ass 2d2eli@¢ti0e
layer is forned by an HDCVD net hod. 10. The method of claim1l; wherein said
via opening has a height to width ratio of fromabout 1:1 to 20:1. 11. The
met hod of claim1l1l, wherein said netal line is conprised of a materi al
selected fromthe group consisting of alum num and copper; and said netal

I nt er connegls $hewaPIFOFil SQQSI@@I e I fr th p consisting
of alum num copper; agnd tung§¥en.{fﬂ&afﬁzgdenﬁcgg%%a@cI@&ﬁ%&iﬁh@r%ﬁ n said
N- contad pignha LSqa.Rlas el ect fromthe group consisting of an Nz
pl asma, gn NHa p?@%ﬁ'@%%ﬁ?&%oﬁpﬁ neddq Ve epaHngaA2 lvrs oheighetor nore
of th i smas W th each other or with an Hz plasma, and said

H con?glaﬁﬁagt%p&a%% &ﬁ)é)uéh%a%ﬂﬂaw. meze preferabdy fioth eboet Zil o 15:1wher ei n
said plasma treatnment is conducted at a tenperature of from about 20 to
450C, a pressure of from about 0.005 to 5 Torr, and a power of from about
50 to 1000 Wfor fromabout 10 to 150 seconds. 21 22 NOV 2004 14. A

met hod of #Bisnpatteraingmaly houeooynised by, bt Bxanpld)ebihaled %'t&%gisgl ass
dielectric layer while preventing outgassing fromsaid fluorinated silica

gl ass lajies| (ot showrgyever SRAPIAyer D hhE S4ER%IOF thBT OV EBk0Gs 245 0 Sonduct or
“structure having a sem conductor device structure forned therei n, formng a

met al phbheresisemasii The PHAEORGUE RIS LEMEL e bS Al { RPS ke
el ectrical ly connect edqdvla th said sem conduct o?égg‘\%lgg eg‘]fk} uic{teﬁ}aé’;er%gr ning an

i nsul aldragiZeay®IG RMRF 1§52l i t.or ructure. ¢ i ng, sai d netal
li ne; Pf or n}izng a fl \l%r ilrgu"i'%1 gg Si i ?“’é’;%%a@sfo?f‘ﬁ‘ewscqpﬁnm %'gfh%gépt‘gﬁﬁﬁlt

i nsul %PJE?%ALQMGH:[G}I\ Blag{}}aég%i éllic[;%sai d fluorinated silica glass dielectric

| ayer t'c forma pl anarize OY'A¥Eed silica glass dielectric |ayer;
formng a capping |ayer over said planarized fluorinated silica glass

Via opening 22 exposes portions 23 of patterned FSG layer 18" and also

portions of patterned SRO layer 20" and portions of patterned USG layer 16",

Preblem the Invention Solves

The inventors have found that absent further processing, F would outgas, or
(diffuse, from patterned FSG layer 18" to and through exposed portion 23 of via
opening 22 and react with any metal interconnect formed within via opening 22 to
form metal fluoride compounds. Such metal fluoride compounds would
~deleteriously affect the conductivity of the metal interconnect, and thus the

semiconductor devices. A critical point of this invention is the recognition of this

problem.
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dielectric layer; patterning said capping |ayer, said planarized
fluorinated silica glass dielectric |layer, and said insulating | a?rgz NUV 2004
forma via opening to said netal |ine and exposing portions of sa

patterned fluorinated silica glass dielectric layer within said via
opening; treating said via opening with a plasma; said plasm selected from
the group consisting of an N-containing plasma, an H containing plasm, and

fluori od o er are converted to a barrier |ayer
t hat Dﬂ@%éjtwivv“iif ot eventiSatnent of Vis Qoening 23 m sai d patt er ned
fluorinated silica glass dielectric layer; the plasm treatnent being
conducted at: a tenperature from about 20 to 450C, a pressure from about
0.005 to 5 Torr; a power from about 50 to 1000 W and for from about 10 to
150 second$'s ARV 8t Rign§ im arestyadtep of gicioneatibn WithirnSILa¥ingd RREMNY. 15.
The met hod of claim 14, wherein said capping |ayer is conprised of a

mat er Pésmeeiscetesdtof treat 4thleagr thefexpobsd pbiriiendh3 Wrdaneth s F%@"’Xagéﬁﬁ y
phosphor ous doped silica glass, boron doped silica glass, boron-phosphorous

doped Adtiaugh ¢ mssot &hbiGQrbaRkH I bl rj nd silicop-rich
oxi de. 16. The met hod o?ﬁglainlldsﬁaﬁgﬁgyﬁgggi ﬁ?ﬁ%thgﬁnﬁv?éVQPOF%f

- conpr inseetanfsngs gwbed gl iy - consisting. of polyner,
silica glass, si|icongﬁ??f*ggﬁﬁgfﬁﬁﬁﬁ%@ﬁ“ﬁi@ﬁ?F¥?§§C§%a68%30ped silica

gl ass; and said fluorinated silica glass dielectric |layer has a fluorine

concentration of fromabout 0.5 to 8.0 atom % 17. The nmethod of claim 14,

wherein said insulating.l.ayer is conprised of undoped silica glass; and

said fluorinated ' & R¥CrImaation Fropased Mechamishuori ne concentrati on

of fromabout 1 to 4.5 atom% 23

If an N-plasma is used, and in the first proposed mechanism, a thin
oxynitride layer 24 may be formed at least over the exposed portions 23 of
patterned F5G layer 18", and may also be formed over the exposed portions of
patterned SRO layer and patterned USG layer within via opening 22. The exposed

portions 23 of patterned FSG layer 18" form a silicon-rich oxynitride layer.

Oxynitride layer 24 acts as a barrier against the outgassing or diffusion of F

species from the inner, unexposed, portions of patterned FSG layer 18".

Oxynitride layer 24 has a thickness from about 30 to 1000A, more preferably
from about 60 to 500A.
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,_".".__.. T T O G n m "r.
- i = 32 Nov 2004718, The method of ¢l aim 14- vid BOK 208
i nsulatl ng Iayer has a thi ckness of from about 500 to 3000A, and sai d
pl anarized fluorinated silica glass dielectric |ayer has a thickness of
from about 4000 to 12, 000A, and said barrier layer is conprised of Si ON and

has a thi aR sridb 14 @m@g net hod..of ¢l aj
wher ei n sai jSﬂlsnrsiul at)|F ng Ia%$m§9 Wtr%%@géﬁfée;—%%?se I%Oafbe&ﬁ]ﬂgééd”‘ctg]aZOOOA

and st t ca._ql ass dielectric layer has a

t hi ckness@gﬁﬂ?icgéﬁggﬁﬁuﬂﬂgﬁg at%quslﬁdg%ﬂ% BATAEESTS barrier layer is

conpri sed of Sl r}gtuhas HI ckness from about 60 to 500A, 20. The nethod

of claim 14, vvher THAREF TP QY &teP287¢ i angd m%gsptﬁfelta@dwfr@nl alyart i s

for %y@ get hod sel ected fromthe group consisting of a PECYD nmet hod and
hotd. 21. The nethod of claim 14, wherein said fluorinated silica

gI ass dielectric layer is fornmed by an HDCVD met hod. 22. The nethod of

cl ai m 14, wher Risseded rommalper). 9l toak) Fofrehmdhindre pﬁfbfﬁrbblryaftrbﬁl Modir om

about |:] to 20:1. 23. The nmethod of claim 14, wherein said netal line is

corrprQ QQ%toof Tarwmat eri al sel ected fromthe gr oup consisting of alum num and

copper; and said netal interconnect is conprised of a material sel ected

fromthe group7}mmsr stamabetit 20 wiranow, ﬁﬁar?ﬁére%%félﬁﬂgﬁfr%% Boue 50 -~ -
u7. .o__ x=a.~ ~ . ~y. -

_ .o mog- \A- /- = . 22 NOvV 2004 24. The met hod of cI aim 14 V\,her ein sal d
N- cont ai ni ng pI asma is a plasma selected fromthe group consi stl ng of an Nz

pl asma, and N Rlagna, _an and a conbi nati on of one or nore
of these sai d nggmﬁ?%‘lt%%g% g? ARt moap prefeprbly fromarbedus 40d
H-corg [%asmals an Hz plasma. 25. A nethod of formng a netal
|nter8 é&‘o $ARA a fluorinated silica glass dielectric layer while
preventing outgassing fromsaid fluorinated silica glass dielectric |ayer,

conpri sing the topbps RECVPy BAO@VDpreplaemia@@@dyct or structure having a
sem conduct or device structure forned therein;

The N-containing plasma may be: an N, plasma; an NH, plasma, an NH, -
NH, plasma, one the these above-plasmas with an H, plasma, or a combination of

two or more of the above-plasmas with or without an H, plasma.

The stoichiometric ratio of H to N present in the N-containing plasma is from

about 0 to 10, and more preferably from about 0.5 to 6.

The N-containing plasma treatment has the effect of etching the F species on
* the exposed portions 23 of patterned FSG layer 18" within via opening 22, and

forming silicon (Si)-rich oxynitride on the surface of the via (oxynitride layer 24).
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formng a netal line over said sem conductor structure; said netal l-ZnﬁUV 2004
being electrically connected with said sem conductor device struct @r ; o
form ng a undoped silica glass |ayer over said sem conductor structure, '
covering said netal line; formng a fluorinated silica glass dielectric

| ayer over said undoped silica glass layer; said fluorinated silica glass
dielectric layer having a fluorine concentrati on between about 0.5 and 8.0

atom % planarizing said fluorinated silica glass dielectric layer to form

a planarized fl uoEiDasetdsSi dvet FoAsSnBEbEEL | , 25 s ;~Ft 22 NOV
2004' formng a silicon-rich oXide lay - arized fluorinated
silica glass dielectric layer; patterning said silicon-rich oxide |ayer,

said planarized fluorinated silica glass dielectric layer, and said undoped
silica gla r. to form,a via qQpening o said netal |ine and exposing
portions o‘?gllé%?lﬁat@%r?gé%hﬁ %Pf‘ﬁé’t@ﬂog‘? meshyjnigss thirtenegtactar wagar wit hin

sai d é@%}%roggr&_ﬁé treating said via og,gni ng wwth a plasma wherein said

exposed porti Pradgi Yepabt arirsy an Hoblasmaeds siskd cta ghasat degltadlr i C

| ayer are converted to a barrier |ayer that prevents said outgassing from

sai d ?iﬁ-‘t"tssarfé%rﬂpmo%ﬁ fhpetierned FSG layer 18", an F-depleted layer 19 may be

formed along the exposed FSG layer portions 23. F-depleted layer 19 also effectively

serves as a barrier to P—outgassing from FSG layer 18",

The thickness of the F-depleted layer 19 is sufficient to act as a barrier to F

outgassing from FSG layer 18"

The conditions for .this N-plasma or H-plasma treatment may be similar to
those conditions noted above for just the N-plasma treatment. It is not understood
why such an N-plasma treatment would form either oxynitride layer 24 or F-

~depleted layer 19. Regardless of whether oxynitride layer 24 ot F-depleted layer 19

is formed, F-outgassing is prevented from FSG layer 18" into metal interconnect 26.
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silica glass dielectric layer; the plasma treatnent being conducted 2?_&)"0 a
tenperature fromabout 0 to 520C, a pressure from about 0.001 to 1D |V; 2004
‘power from about 20 to 2000W and for from about 3 to 300 seconds; and
formng a netal interconnect within said via opening, 26. The nethod of
claim 25, wherein said fluorinated silica glass dielectric |layer has a

f | uorigtenatnceNMeaail BleRbnheimabout 1 to 4.5 atom % 27. The net hod of

claim 25, wherein said undoped silica glass |ayer has a thickness of from

about 500 to 3000A, and said planarized fluorinated silica glass dielectric
-layer has a thickness of from about 4000 to 12, 000A, and said 26 2 2 NovV
2004 barrigr IS rised .of SiON and _has a thickness of from about
30 to 1ood§.laggygérﬁ‘§%%mc?lh8w®ﬂait Dolepgsied ov e aiROUaepad’ sillinga gl ass
| ayer has, a, t.hi ck 'q s' of from about 800 to 2000A, and said planarized -
fl uor‘?%‘t‘téﬂieslfiwfcg Zﬁn& SV IFPPEBEE 74N tpavenaoxpnittifle KFiERS) lafyef 2Omagbout
4500kfto 11, 500A, and said barrier layer is conprised of SiON and has a

t hi cKRESEoPT Mithhindbdapless tayes00Aine2DyviaTopening Radnahe eahrF2Rpludar ei n
said fluorinated silica glass dielectric layer is formed by a method

sel edeger T4 oas formert.oup consisting of PECVD and HDCVD. 30. The nethod of
claim25, wherein said fluorinated silica glass dielectric layer is forned
by a HDCVD net hod.

As shown in Figs. 6 and 8, respectively, the metal layer is planarized to
remove the excess of the metal from the upper surface of planarized SRO layer 20",

forming planarized metal interconnect 26 within via opening 22.

Metal interconnect 26 may be comprised of aluminum, copper or tungsten

and is preferably tungsten.

Without SION layer 24 as shown in Fig. 6 or F-depleted layer 19 as shown in
Fig. 8, the F from FSG layer 18" would react with the copper in inferconnect 26 to

form CuF,, for example, and cause problems.
Oxynitride layer 24 or F-depleted layer 19 serves as a barrier layer to

patterned FSG layer 18" and blocks outgassing or diffusing of F specieé from

patterned FSG layer 18" to metal interconnect 26, thus preventing formation of

16




31. The method of claim 25, wherein said via opening has a height Q@ WOyt p00%
ratio of fromabout 1:1 to 20:1. 32. The nmethod of claim25, wherein said
metal line is conprised of a material selected fromthe group consisting of
al um num and copper; and said netal interconnect is conprised of a materi al
selected fromthe group consisting of alunminum copper, and tungsten. 27
22 NEMd T r.ei. a|d talnlng | asma i s
a pl as ngggée]d g%%tgl h%ro gﬁ]fe@&glag%gfg%talcﬁé@n%l?cgmﬁ? S C?)Iagg_ aﬂnﬂpae BPasma an

a conbination of one or more of these said pl asmas with
eachwg% eb@%?&\’}\?‘%ﬁggn Hz plasmae, and said Hcontaining plasm is an Hz
pl asma. 34. The nethod of claim25, wherein said N-containing plasm
treatment .is conducted at a tenperature of from about 20 to 450C, a
pressure % fromabout 0,005 to 5 Torr, and a power of from about 50 to
1000W f or YhriderParaul atj_@mb@dy_ragn@@dhd pre@&t invention have been illustrated

A5\ . A5 A(LA Y.AV.ALA A AV.A ANY . AL.A @A A(Y. A AF .A(Y . A Ae. A
2 A aA(i/déﬁ(:fleﬁ; RYE. rmtAuntérEURQWB'hmit Qhé 41|1V\E11flf|imi‘\€>@:ai>€a]; Q@]fifhed by the
: a] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c”a]c"aUc"a]c" ],ca] cal ca]c”
al ca]fco:l'ka]/mm]lama:] c a 4@xS=NuY!l |wglfal\Wca]calcalc”ralc aUc a]c
aJcalcalc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ¢, a] ca] ca] ca] ¢. a] ca] ca] ca] coal
H 7V <I'H y! 1 #$;
$$5%N WWRPEULA&&E U " " 1((((9r)){vqgl gb] X]]ca]ca] ca] ca]ca] ca] ca] ca] ca] ca] c*a]
calca]c a]ca]ca]ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c”a]c
aJjcaJcalca]calca!))"*o****; 00 1023 -
3455D5536~666$8s8899$909| 999 zupkfa\ W ca] ca] ca] ca] c, a] ca] ca] ca] ca] ca] ca] ca]
cMa]ca]ca]calc”alc aJca]calchalcalcalcalc a]jca]calc
a]ca]ca]ca]ca]caI [\ O

- <N<<<! =w=} ===+?2?( A. A: A] AAAPBeBBCBCCC{ vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
"a] ¢ a]JcaJca]ca]calchalc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca! CCODpDDETEZEf EEEFOFFFFFFF
- <GMEGGHXHHHHI FI | 11TV J| w mhe”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
aJca]ca]c”™a] c,a]ca] calcalcalca]calc aJca]ca]ca]ca]ca]calcal\JdiIIJI2KEKKKXL
MVRM NOOOOPNPPQQORETTTTTUNUr UUV} xsnid_Z]]]]ca]l calca]ca]c
aJ ca] ca] ca]ca] ca] ca]ca] cal]ca]ca]calca]c a]ca]ca]ca]ca]lca]ca]ca]calc
alcalcalcalcalcalca'Vv _

XXXYMYYYZ* Zr ZZZ[ [ [ B[ [[#\5\}\\] =] ] ] *c™iAunrM™ Y xsnid_Z]]]]calca]lcalca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca]ca] ca! __ " 3b}bbccacncdef ] f xfffUg[ h*hhhj G jjk, kt kkkl cl I} xsnid_Z]]]]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c, a] ca] ca] ca] ca]ca] ca]ca]ca!ll-ncnf nmgm-m
mm nxnnnDooo' pppp@qqr hrkror|rsesstRtt}xsnid_Z]]]]ca]ca]lca]ca]ca]ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca] calca]ca]ca]ca]c

aJ ca] ca] ca]ca] ca! tttuuvvvwxxoo' pppp@qqrhrkror|rsesstRtt}xsnid_Z]]]]ca]ca]c
aJcalca]ca]lc a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]lcalca]calc

a] ca] ca] ca] ca] ca] ca FU K-\ &#10% U& ()-=9%1 10% U& ()-=10% U& ()- gl0%
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CLAIMS
We claim:;

1. A method of forming a metal interconnect within a fluorinated silica
glass dielectric layer while preventing outgassing from said fluorinated sifica
glass dielectric layer, comprising the steps of:

providing a semiconductor structure having a semiconductor device
structure formed therein;

forming a metal line over said semiconductor structure; said metal line
being electrically connected with said semiconductor device structure;

forming an insulating layer over said semiconductor structure,
covering said metal line;

forming a fluorinated silica glass dielectric layer over said insulating
layer;

planarizing said fluorinated silica glass dielectric layer to form a
planarized fluorinated silica glass dielectric layer;

patterning said planarized fluorinated silica dielectric layer and said
insulating layer to form a via opening to said metal line and exposing
portions of said patterned fluorinated silica glass dielectric layer within said
via opening;

treating said via opening with a plasma selected from the group
consisting of an N-containing plasma, an H-containing plasma, and a

combination thereof; wherein said exposed portions of said patterned
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fluorinated silica glass dielectric layer within said via opening are converted
to a barrier layer that prevents said outgassing from said patterned

fluorinated silica glass dielectric layer; the plasma treatment being conducted

at:
a temperature from about 0 to 520°C;
a pressure from about 0.001 to 10 Torr;
a power from about 20 to 2000W; and
for from about 3 to 300 seconds;

and

forming a metal interconnect within said barrier lined via opening,.

2. The method of claim 1, further including the step of forming a capping
layer over said planarized fluorinated silica glass dielectric layer; wherein

said capping layer is also patterned in forming said via opening.

3. The method of claim 1, further including the steps of:

forming a silicon-rich oxide layer over said planarized fluorinated
silica glass dielectric layer;

wherein said silicon-rich oxide layer is also patterned in forming said

via opening.

4. The method of claim 1, wherein said insulating layer is comprised of a

material selected from the group consisting of polymer, silica glass, silicon
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nitride, silicon oxynitride, and undoped silica glass; and said fluorinated silica
glass dielectric layer has a fluorine concentration of from about 0.5 to 8.0 atom

%.

5. The method of claim 1, wherein said insulating layer is comprised of
undoped silica glass; and said fluorinated silica glass dielectric layer has a

fluorine concentration of from about 1.0 to 9.5 atom %.

6. The method of claim 1, wherein said insulating layer has a thickness of
from about 500 to 3000A, and said planarized fluorinated silica glass dielectric
layer 18 has a thickness of from about 4000 to 12,000A, and wherein said
plasma treatment forms a SiON barrier layer on the exposed sidewalls of said
via opening, said SiON barrier layer having a thickness of from about 30 to

1000A.

7. The method. of claim 1, wherein said insulating layer has a thickness of
from about 800 to 2000A, and said planarized fluorinated silica glass dielectric
layer has a thickness of from about 4500 to 11,500}0\, and wherein said plasma
treatment forms a SiON barrier layer on the exposed sidewalls of said via

opening, said SiON barrier layer having a thickness of from about 60 to 500A.
8. The method of claim 1, wherein said fluorinated silica glass dielectric

layer is formed by a method selected from the group consisting of a PECVD
method a HDCVD method.
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9. The method of claim 1, wherein said fluorinated silica glass dielectric

layer is formed by an HDCVD method.

10.  The method of claim 1, wherein said via opening has a height to width

ratio of from about 1:1 to 20:1.

11.  The method of claim 1, wherein said metal line is comprised of a
material selected from the group consisting of aluminum and copper; and
said metal interconnect is comprised of a material selected from the group

consisting of aluminum, copper; and tungsten.

12.  The method of claim 1, wherein said N-containing plasma is a plasma
selected from the group consisting of an N2 plasma, an NHs plasma, an NH: -
NH2 plasma, and a combination of one or more of these said plasmas with
each other or with an H: plasma, and said H-containing plasma is an I

plasma.

13.  The method of claiin 1, wherein said plasma treatment is conducted at
a temperature of from about 20 to 450°C, a pressure of from about 0.005 to 5
Torr, and a power of from about 50 to 1000 W for from about 10 to 150

seconds.
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, <N<<<aB: / Wslass dielectric layer, comprising the steps of:
providing a semiconductor structure having a semiconductor device
structure formed therein;
forming a metal line over said semiconductor structure; said metal line
being electrically connected with said semiconductor device structure;
forming an insulating layer over said semiconductor structure,
covering said metal line;
forming a fluorinated silica glass dielectric layer over said insulating
layer;
planarizing said fluorinated silica glass dielectric layer to form a
planarized fluorinated silica glass dielectric layer;
forming a capping layer over said planarized fluorinated silica glass
dielectric layer;
patterning said capping layer, said planarized fluorinated silica glass
dielectric layer, and said insulating layer to form a via opening to said metal
line and exposing portions of said patterned fluorinated silica glass dielectric
layer within said via opening;
treating said via opening with a plasma; said plasma selected from the
group consisting of an N-containing plasma, an H-containing plasma, and a
combination thereof, wherein said exposed portions of said patterned

fluorinated silica glass dielectric layer are converted to a barrier layer that
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: layer; the plasma treatment being conducted at:
a temperature from about 20 to 450°C;
a pressure from about 0.005 to 5 Torr;
a power from about 50 to 1000 W; and
for from about 10 to 150 seconds;

and

forming a metal interconnect within said via opening.

15.  The method of claim 14, wherein said capping layer is comprised of a
material selected from the group consisting of undoped silica glass,
phosphorous doped silica glass, boron doped silica glass, boron-phosphorous

doped silica glass, silicon nitride, silicon oxynitride, and silicon-rich oxide.

16.  The method of claim 14, wherein said insulating layer is comprised of a
material selected from the group consisting of polymer, silica glass, silicon
nitride, or silicon oxynitride and undoped silica glass; and said fluorinated
silica glass dielectric layer has a fluorine concentration of from about 0.5 to 8.0

atom %.
17. The method of claim 14, wherein said insulating layer is comprised of

undoped silica glass; and said fluorinated silica glass dielectric layer has a

fluorine concentration of from about 1 to 4.5 atom %.
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18.  The method of claim 14, wherein said insulating layer has a thickness
of from about 500 to 3000A, and said planarized fluorinated silica glass
dielectric layer has a thickness of from about 4000 to 12,0004, and said barrier

layer is comprised of SiON and has a thickness of from about 30 to 1000A.

19. The method of claim 14, wherein said insulating layer has a thickness
of from about 800 to 2000A, and said planarized fluorinated silica glass
dielectric layer has a thickness of from about 4500 to 11,5004, and said barrier

layer is comprised of SION and has a thickness from about 60 to 5004,

20. The method of claim 14, wherein said fluorinated silica glass dielectric
layer is formed by a method selected from the group consisting of a PECVD
method and a HDCVD method.

21.  The method of claim 14, wherein said fluorinated silica glass dielectric

layer is formed by an HDCVD method.

22. The method of claim 14, wherein said via opening has a height to

width ratio of from about 1:1 to 20:1.

23.  The method of claim 14, wherein said metal line is comprised of a
material selected from the group consisting of aluminum and copper; and
said metal interconnect is comprised of a material selected from the group

consisting of aluminum, copper and tungsten.
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10% & () - clfyh & e @104 &t Eaim 14, wherein said N-containing plasma is a plasma
selected from the group consisting of an N2 plasma, and NHs plasma, an NHa-
NH: plasma, and a combination of one or more of these said plasmas with
each other or with an H: plasma, and said H-containing plasma is an H

plasma.

25. A method of forming a metal interconnect within a fluorinated silica
glass dielectric layer while preventing outgassing from said fluorinated silica
glass dielectric layer, comprising the steps of:

providing a semiconductor structure having a semiconductor device
structure formed therein;

forming a metal line over said semiconductor structure; said metal line
being electrically connected with said semiconductor device structure;

| forming a undoped silica glass layer over said semiconductor

structure, covering said metal line;

forming a fluorinated silica glass dielectric layer over said undoped
silica glass layer; said fluorinated silica glass dielectric layer having a fluorine
concentration between about 0.5 and 8.0 atom %;

planarizing said fluorinated silica glass dielectric layer to form a

planarized fluorinated silica glass dielectric layer;
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silica glass dielectric layer;
patterning said silicon-rich oxide layer, said planarized fluorinated
silica glass dielectric layer, and said undoped silica glass layer to form a via
opening to said metal line and exposing portions of said patterned fluorinated
silica glass dielectric layer within said via opening;
treating said via opening with a plasma wherein said exposed portions
of said patterned fluorinated silica glass dielectric layer are converted to a
barrier layer that prevents said outgassing from said patterned fluorinated
silica glass dielectric layer; the plasma treatment being conducted at:
a temperature from about 0 to 520°C;
a pressure from about 0.001 to 10 Torr;
a power from about 20 to 2000W; and
for from about 3 to 300 seconds;
and

forming a metal interconnect within said via opening,

26.  The method of claim 25, wherein said fluorinated silica glass dielectric

layer has a fluorine concentration of from about 1 to 4.5 atom %.
'27.  The method of claim 25, wherein said undoped silica glass layer has a

thickness of from about 500 to 3000A, and said planarized fluorinated silica

glass dielectric layer has a thickness of from about 4000 to 12,0004, and said
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barrier layer is comprised of SION and has a thickness of from about 30 to

1000A.

28.  The method of claim 25, wherein said undoped silica glass layer has a
thickness ‘of from about 800 to 20004, and said planarized fluorinated silica
glass dielectric layer has a thickness of from about 4500 to 11,5004, and said
barrier layer is comprised of SION and has a thickness of from about 60 to

500A.

29. The method of claim 25, wherein said fluorinated silica glass dielectric
layer is formed by a method selected from the group consisting of PECVD
and HDCVD.

30.  The method of claim 25, wherein said fluorinated silica glass dielectric

layer is formed by a HDCVD method.

31.  The method of claim 25, wherein said via opening has a height to

width ratio of from about 1:1 to 20:1.

32. The method of claim 25, wherein said metal line is comprised of a
material selected from the group consisting of aluminum and copper; and
said metal interconnect is comprised of a material selected from the group

consisting of aluminum, copper, and tungsten.
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selected from the group comprising an Nz plasma, an plasma, an 2-
NH: plasma, and a combination of one or more of these said plasmas with

each other or with an > plasma, and said H-containing plasma is an I

plasma.
.34. The method of claim 25, wherein said N-containing plasma treatment
is conducted at a temperature of from about 20 to 450°C, a pressure of from

about 0.005 to 5 Torr, and a power of from about 50 to 1000W for from about

© 10 to 150 seconds.
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