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BACKGROUND OF THE IN_VENTION
Field of the Invention

The present invention generally relates to
semiconductor devices and manufacturing and, more
particularly, to methods and structures which prevent
degradation in semiconductor device wiring. e

Background Description

Degradation occurs in metal lines in contact
with insulator. materials containing fluorine. This
degradation is a serious concern because it
represents a potential failure mechanism for an IC
(integrated circuit). The degradation problem is
costly to the industry by virtue of the process
monitoring, inspections, and equipment maintenance
requirements that it entails. No understanding of,
much less a solution to, the degradation problem
associated with metal lines in contact with
insulators containing fluorine has been developed
prior to the present invention.
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|n5ulators contai ning fluorine has been devel opett prior to the present

i nventi on. 2 SUMMARY OF THE INVENTION It is therefore an obj ect of the
present invention to provide degradation resistance for nmetals in -contact
with fluorine-containing insulator materials. It is another object of the
present invention to provide corrosion re5|stance for aIun1nun1I|nes I n
contact with oxide insulator |ines contai |ng fluorine. I s yet another

objective of this invention to tH% ing of nmetals used in
| C nmetallization schemes to prgggﬁ¥ﬁg s¥$%dﬁsygﬁ#i§ﬁstance growth and to
enhance the contact between a netallization |ayer and the netal in a via

plug. These and otheg OQk?%hb¥%&o§% aﬂpgggggg b? Lhe g@ﬂf} nventi on by

providing a flugrine-free barri tween an 1 nSulator nateria
containing fl uoipﬁénéf—ﬁ&natﬁemw-éeeﬂﬁgé'ﬁﬂaﬁﬂynr €§Fllﬁé=tandﬁef 9% on of

fluorine from thathlaulid GonRict wikh 2i8oriActBbAltali MmO rithelés Ng
net al degradatlon Agsﬁrdlng to a first enbodi nent of the invention, there

is provided a Senprovi ng the resistance of a metal agai nst
-degradation from echm:urle, hmdﬂmr iobjeck’ ofi ¢hegpiesent liziventidertea!

cont al ni ng fluorrc%ide corrosion res1stance for aluminum lines in
contact with oxide insulator lines containing
fluorine. .

It is yet ‘another objective of this invention to
prevent fluorine poisoning of metals used in -IC- ,
metallization schemes to prevent undesired via

" resistance growth and to enhance the contact between .
. a metallization layer and the metal in a via plug.

These and other objesctives are achieved in the
present invention by providing a fluorine-free
barrier layer between an insulator material
containing fluorine and a metal to effectively
restrict diffusion of fluorine from the insulator
material into the metal; thereby preventing metal
degradation.

For purposes of the present invention, the'
terminology "“degradation®, as used in connection with
metal contact and metal-based conductors of
electricity, encompasses “corrosion" or "“poisoning"
of a metal. "Corrosion" of a metal line or metal
contact by exposure to fluorine means formation of a
metal fluoride compound from fluorine and the metal
via chemical reaction. "Poisoning" of a metal by
exposure to fluorine means physical infiltration of
the metal by fluorine as a contaminant in an amount
adequate to increase the contact resistance of- the

‘This Sheet Has. Been Replaced
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Jformng a fluorine-free barrier layer on said insulator naterial; and
“forming netal on said fluorine-free barrier layer. According to a second
enbodi ment of the invention, there is provided a nethod of inproving
degradation resistance of a nmetal, conprising the steps of: providing an
i nsulator filmcontaining fluorine; depositing a fluorine-free barrier
| ayer on said insulator film and formng & pattern of netal |ines on top
of said fluorine-free barrier |ayer. 2a According to a third enbodi ment
of the |nvent|onc°PF§WénF§eﬁrEﬁFGédlatﬁﬁf%%Gsof i mprovi ng degr adat i on
resi stance of a netal whidaphoti agsibengt €psbefbomid\edi agyapartichabeer film

t fl h f f d,
curtace regi on orheard’i €. far bhofishr, FRRFCEIS Hocronkd RS barrlor O
‘layer on said i nknsalatihgl matendalsrtend to pelease oflwerihel i nes on top
of said fluorinesbhegsPgbhts! hgiﬂﬁ Pé@f&fﬂ H% éf RetfY' inegPadhment of

the invention, there is prOV| ntegrated clrcult structure,
conprising: a su%gtﬁétéonﬁﬂgterﬁedpﬁﬁtaFﬂléé}Yc#nf%h%EﬁOEH Qi d substrate;

fluorine (F) or fluorine gas (F,), which initiates
and/or promotes the corrosion and/or poisoning of
metals, such as aluminum or titanium, that become
exposed to and infiltrated by the released fluorine.
This phenomenon has been observed to occur whether
the fluorine is an intentional component of the>ﬂ3
insulator material or even an inadvertent contaminant
thereof. For instance, fluorine has been found by the -
‘present investigators to be a contaminant in
commonly-used TEOS (i.e., tetraethylorthosilicate)
based insulator films which are commonly-used as
insulating films between metal conductor lines. The
presence of fluorine as a contaminant in the
insulator layer nonetheless poses a potential
degradation threat, once released, to adjacent metal
conductor lines if not prevented by use of the
intervening barrier layer employed in this invention.
It has been observed by the investigators of

this invention that the rate of corrosion experienced
in metal exposed to fluorine is positively related to
the concentration of fluorine in the :adjoining
insulator film; that is, a lower-concentration of
fluorine in the insulator film causes less metal
corrosion than the case where higher concentrations
of fluorine are present in the insulator film.
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< a' fluorine-containing insulator |ayer fornmed on said substrate and adj acent

3

* said patterned netallization; and a fluorine-free barrier |ayer between
said fluorine-containing insulator |layer and said patterned netallization.
According to a fifth enbodi nent of the invention, there is provided an
integrated circuit structure, conprising: a substrate; patterned
metal | i zation formed on said substrate; a4l uorine-containing insulator

| ayer forned on said_substrate and. adjace sa,d patterped netallization; a
(7t 11 uori ne-troc it ERAF RBYBRCIORmoan L sUPHiRP LR PReBRGH IR, Ry o
i nsul at or | ayerianflormed p&t thenedrfatel bfzahi insuaator. £fillmg sarand

1 uorine-free DaLrhCEi$ugh LLARY 2114880h: BRkAo! | HATLBACORA! N N0

i nsul at or | ayer pui'poses™or the presentinventi on, e’term nol ogy
"degradation", earhendfipmgoheforeon wethlneonfluctaradayewd iseifornrded

conductors of ?bﬁcﬁhécbh¥riéﬁciﬁyé§5Sﬁd" SEEEPhEA" t8! robfl AMRA R A
nmetal. "Corrosiop”,of a_netal |ine or npetal  ¢ontagt ] .
wiring. In the present invention, it is imperative
that the fluorine~free bafrier layer material itself
is free of fluorine and it should not emit fluorine
or allow migration of fluorine therethrough during
metal etching, resist stripping, cleaning, annealing,
and pther procedures associated with metallization '
operations. The term "fluorine-free" means no amount
of fluorine present, although it is conceivable that’
a trace amount of contaminant fluorine could be _
present in an amount so minuscule that it would pose
no bona fide degradation threat to impair the
function(s) of metal coﬁductor lines and via metals
formed on or in the insulator film. Accordingly, the
terminology "fluorine-free" should be construed in
this light. The fluorine-free barrier material also
should have dielectric properties compatible with
BEOL (back end of the line) processing reduirements
and should be compatible with standard via processes.
The fluoriné-free barrier layer can be formed in.
two different ways: one being basically an additive
process while the other is subtractive in nature. As
an additive technique, the barrier layer can be
formed as an extraneous layer that is deposited upon
the exposed surface of the fluorine-containing
insulator material. Fluorine=free barrier materials
which may be deposited to form a film include
fluorine-free silane or TEOS-based films prepared in
such a way as to minimize the fluorine contaminants.
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exposure to fluorine nmeans formation of a netal fluoride conmpound from
fluorine and the netal via chenical reaction. " Poi soning" of a metal by
exposure to fluorine neans physical infiltration of the metal by fluorine
as a contam nant in an anount adequate to increase the contact resistance
of the REPLACEMENT SHEET contam nated netal interfaces. Wile not
desiring to be bound to any particular thedry, it is thought that

fl uori ne-cont ai nj LN ls terjials.tend fo release.fluorin

const 1 tuents. durPBaebnzibbkifg-FReR bare bR bt erl e FhichaBanoke
particularly in dmsposdtedoasf Fddmsnén( Eheoprattubee nef gthisFiavehkiothi ch
nitiates and/oriReedRkeaphieeraheokReA"dkodel? BPULRE ShndREALS, Such as
al um numor titanium, that becone xposed to and'infiTtrated by the

rel eased fl uori n€hemical,Naperefenoritedesiligenrnitridepcintrinsticer t he

fluorine is an iﬁhyaibamabaﬁéﬁpaaﬁahiﬁédtQflié&ﬁ?'@ﬁ&%pﬂatéiiihoﬂr even an
| nadvertent Contggkag?tvapor deposited amorphous carbon, and other
like materials, that are free of fluorine.

As a subtractive technique for forming the
fluorine-free barrier layer, it can be formed by
modifying the composition of the surface regions of
fluorine-éontaining material by denuding its fluorine
content to effectively form an insulator material,
having a fluorine-rich interior and a fluorine-free
exterior barrier layer. To form the fluorine-free
barrier layer in this manner, the fluorine-containing
insulator material can be annealed in hydrogen gas
with or without plasma, or alternatively, can be
exposed to a plasma of oxygen or ozone, to deplete
and cause elimination of fluorine from the surface
regions of a fluorine-containing insulator material
to create a fluorine-free layer in the surface
regions of the insulator material. With such hydrogen
annealing, it is thought that HF gas is formed which
evolves from the surface of the insulator material to
provide the fluorine-free region. On the other hand,
and although the exact mechanism is not completely
understood at this time, it is theorized that the
oxygen or ozone plasma brings about the formation of
SiF or F gas, which evolves from the surface region
of the insulator material to be replaced by
fluorine-free Sio.

Whether formed by the additive or subtractive
modes of this invention, the fluorine-free barrier



-thereof. For instance, fluorine has been found by the present investigators
“to be a contami nant in conmonly-used TECS (i.e., tetraethylorthosilicate)
based insulator filnms which are commonl y-used as insulating filns between
metal conductor lines. The presence of fluorine as a contam nant in the
I nsul ator | ayer nonethel ess poses a potential degradation threat, once
rel eased, to adjacent netal conductor line® if not prevented by use of the

i-nt erveni ng barri Y. ' hi s, i on.. 1t n observed
by the i nvest: oA afoes HRVEUE bt 'HERARL v 'pbBS 0887 Cbser
experienced i n wdtatigsef fnorine therethrough .y dhy generad, t Shene

concentration oiidiHdle of tHE LHIG NPl Bt erd | 1dyetNgi1hs, a

| ower -concentration of fluorine in the 1 nsulator filmcauses | ess netal
corrosion than GRPAEEHHERR PRGHST MptIHAadhsl 6t BAXBIPHLAZr e present
in the insul at omdrghiBlogy. The thickness of the fluorine-free .

barrier layer generally ranges from 1 nm to 300 nm.

In further embodiment of this invention; the
fluorine~free barrier layer is especially useful in a
situation where insulator films are intentionally
doped with fluorine for the purpose of reducing the
dielectric constant of the insulator films in order

'to reduce capacitive coupling between adjacent metal
lines. This situation is contemplated in BEOL (back
end of the line) techriologies. In this embodiment of -
the invention, the fluorine-free barrier layer is
formed between the fluorine-rich insulator f£ilm and
the metal conductor lines to thwart the heightened
corrosion dangers otherwise posed to metal lines.

In another further embodiment of the invention,
the fluorine-barrier layer is used to decrease via
resistance by enhancing the contact between the first
metallization layer and the metal in the via. For
instance, in this embodiment, the fluorine-free
barrier layer can be formed at the surface of a
fluorine~containing oxide surrounding a via to
enhance the contact of a via metal to the first level
metal by preventing "poisoning" of via metal(s), such
as AlCu/TiN/Ti/W, AlCu/Ti/AlCu, or Cu/Ta/TaN/Cu, and
concomitant loss of via metal adhesion due to
fluorine exposure. This embodiment effectively
prevents via resistance from increasing.

The metals that can be protected from fluorine
degradation by the present invention include any
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.4°ln this invention, "a fluorine-free barrier layer is forned at the surface
“of an insulator film such as a silicon oxide, silicon nitride, silicon, or
carbon film before a metal conductor layer is formed on the barrier |ayer

and patterned to formcircuitry wiring. In the present invention, it is
| nperative that the fluorine-free barrier .Jayer material itself is free of
fluorine and it should not emt fluorine or allow mgration of fluorine

therethrough dupieRg1MBirahetadniald.oy @Hat! ig! GuBRepEivileedd N9, anneal ing,
and ot her procedures associagted with netallization qperations. The term
"1 uori ne-free" IRELAL QQﬂiﬂﬂLQﬁ BHeRSICRe Ofr £4URE1NG -t § {that

concei vabl e thataa beapeoteated Erow Hlavriaetihdueeid degnadathioprisgent in
o amount s ™ BHCBERRLIE. siyabRh a0 PRRE Ll RS E
or in the insul andr afllloys Adc@ldimigium suich aer AlrSliggal~Guiori ne-free”.
shoul d be const pyed;Lo!,Nicophedh land ¥ 16y4ObieN@obpbee RifdH s EiSEA2! al so

Au and Au-based alloys (e.g., Au-Ge), nickel and

nickel alloys, chromium, Crsi,, germanium,

molybdenum, MoSi,, palladium, Pdsi,, platinum, PtSi,

tantalum, Tasi,, titanium, TiN, Ti-Pt, Ti-W, Tisi,,

tungsten, WSi,, WN, %rSi,, and the like. Aluminum or

copper, and alloys thereof, in particular, are ﬁggd

extensively in multilevel metallization schemes in

VLSI technology because aluminum or copper is ideal

for ohmic contacts and bonds readily to silicon,

polysilicon, silicides and surface silica layers.

However, since aluminum-containing metals and copper-

containing metals are also.especially prone to

fluorine-induced corrosion, this invention is

particularly useful in protecting this metal

material. _ .

The present invention is easily integrated into

and compatible with multilevel metallization schemes

that are so important in VSLI technology. In general,

only one additional step, viz., the fluorine-free

barrier layer formation itself, need be incorporated

into the process. Moreover, since the present

invention is a robust technique for preventing

degradation in metal wiring lines and metaliization

interconnect features, considerable cost saviﬂgs are

achieved due to lowered failure rates and degradation

monitoring requirements. |
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,should have dielectric properties conpatible with BECL (back end of the
|l ine) processing requirenments and should be conpatible with standard via
processes. The fluorine-free barrier layer can -be forned in two different
ways: one being basically an additive process while the other is"
subtractive in nature. As an additive techgjque, the barrier |ayer can be
formed as an extraneous |ayer that is depoSited upon the exposed surface of

the fluorine-containing in?ﬂ&ﬁgob kiﬁbibn Efuﬁﬁhnﬁkﬂﬁ?ﬁcﬁarr'er materi al s

whi ch nmay be deposited to Torma n1|nc ude fluorine-tfree silane or
TECS- based filnms prepared in such a way as to mnimze the fluorine

contam nants. 5 ot«mé foragoeg fdfe datid) esbi@des ) adspabtshafan be
deposted 2 11 R Abe e 6E Slh s e "C
nitride, |ntr|m§ailow1ng detailed description of the preferred
embodiments of the invention with reference to the
drawings, in which: .

Figure 1 is a flow chart showing the steps of
one embodiment of the invention relating to additive
formation of the fluorine barrier layer;

Flgures 2A - 2F show cross-sectional views of a
semiconductor device at several different process;ng
stages of the embodiment of the present invention
described in the flow chart of Figure 1;

Figure 3 is a flow chart showing the steps of an
embodiment of the invention relating to substantive
formation of the fluorine barrier layer;

Figures 4A to 4E show cross-sectional views of
the semiconductor device at different stages of a
précess'sequence of a different embodiment of the
invention as described in the flow chart of Figure 3
relating to surface modification of the fluorine-
containing layer; and

Figure 5 shows a cross-sectional view of a
semiconductor device fabricated by yet another
embodiment of the present invention.

The draw1ngs are not necessarily drawn to scale,
as the thlcknesses of the various layers are shown
for clarity of illustration and should not be
interpreted in a limiting sense.
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vphyS|caI vapor depostted silicon, undoped silicon oxide, vapor deposited
anor phous carbon, and other like materials, that are free of fluorine. As a
subtractive technlque for formng the fluorine-free barrier layer, it can
be fornmed by nodifying the conposition of the surface regi ons of
fluorine-containing materi al by denudi ng |ts fluorine content to
effectively forman insulator materi al haV|ng a fluorine-rich interior and

a fluorine-free exterior ree barrier
| ayer in this manner, theﬂﬁlui&%n - gﬁ%"ﬁ‘oﬁn‘s‘ﬁ% E’Wﬁ%ﬁ can be
anneal ed i n hydrogen gas mnthEﬁnonIMHBﬂs grazmh.INWEHTI@Nnatlver, can be
exposed to a plasma of oxygen or ozone, to deplete and cause elimnation of

fluorine fromthe surface regions of a fluorine-containing insulator
material to create a RP&SKFABST new tgythei drawéngsyfand me¥eons of the

i nsul ator materi ghrt‘.{\bhhai-ughtbydﬁgﬁea annemereglsl EnhbGnt Bo¢abiy bh&frtHF gas
is formed whi ch eyol ves f |nsulghod ma mat er i, al

provide the fluof ngnﬁrggipgéwsn eﬁ ?ﬁ& bPK Xﬁdme ating o

additive formation of the fluorine-free barrier
layer. The inventive processing sequence as
summarized -in Figure 1 proceeds according to the
following sequence of steps: ' |

(a) metal wiring pattern formation by the .

 sequentially executed substeps of metal ' Sy
deposition/photolithographic masking/etching/ﬁask
stripping/annealing;

(b) fluorine barrier deposition (lower layer);

(c) fluorinated insulator deposition;

(d) insulator chemical mechanical polish;

(e) fluorine barrier deposition (upper layer);

(f) contact formation by photolithographic
masking/via formation by etching/via filling with
metal and second level wiring formation; and

repeat steps (a)-(f) for any additional desired
levels of metallization.

An implementation of this additive process is
illustrated in Figures 2A-2F, respectively. In Figqure
2A, the formation of metal wiring pattern 24 is shown
resulting from the sequential substeps of depositing
a metal layer on substrate 26 (e;g., a _
monocrystalline semiconductor), and standard
photolithographic techniques can be used to pattern
and mask the metal layer for an etching operation
which defines wiring pattern 24. The mask is then
stripped and metallized substrate is annealed to
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and al t hough the exact, mechanismis not conpletely understood at this tinme,
it is theorized that the oxygen or ozone plasma brings about the formation
of SiF or F gas, which evolves fromthe surface region of the insulator
material to be replaced by fluorine-free SiO Wether forned by the
additive or subtractive nbdes of this invention, the fluorine-free barrier
6 | ayer must have a thickness adequate td% reclude m gration of fluorine

th th h. t kness of he fluorjine-free barrier. |ayer
W Tl dopond on THEHEL Plac e MebiTEREaY: Aot 1 FioRRe 20y “The

t hi ckness of trfelﬁ¢m¢ﬂ§reeebaba1ere28Iw&hmmm&@yma]ahgeﬁofmem 1 nmto

300 nm In furtdipdy em@%ﬂﬁ&e&fsﬁilfécé%&\% Mk dfSlbderdpe b &&esnaa”' er

| ayer is especially useful”in a situat ere ins
intentional |y metal wiring 24. The lower fluorine-free barrler

layer 28 can be deposited using a conventional
insulator film forming process, such as chemical
vapor deposition (CVD), plasma enhanced chemical
vapor deposition (PECVD), low pressure chemical vapor
deposition (LPCVD), HDPCVD, or physical vapor
deposition (PVD), and the like. The fluorine-free
barrier layer material can be, for example, silicon,
silicon dioxide, silicon nitride, or carbon. The: ,
thickness of the fluorine-free barrier layer must be’
greater thaﬁ.l nm, and preferably greater than about
5 nm, and there is no upper limit on the thickness
from a practical or technical standpoint. 'If the
fluorine barrier layer is too small in thickness,
fluorine can migrate through the barrier iayer and
undesirably contaminate metal located on the opposite
- side of the barrier layer.

Then, as shown in Figure 2C, the fluorine rich
insulator layer 22 can be deposited by fluorine
doping a conventional silicon dioxide or amorphous
carbon layer. This doping can be accomplished in situ
during formation of the layer by fluorine doping an
insulator-film forming gas with a fluorine source,
such as Si,F, (x and y are positive values), e.qg.

SiF,, or C,F,, such as CF,, CF;, C,F;, C¢Fy,. The
insulator-film forming gas can be, e.g., SiH,/0,,
SiH,/0,/Ar, SiH,/N,0, or TEO0S/0,, such as subjected to
a CVD, PECVD, HDPCVD, or PVD process. The preferred
embodiments of this invention use SiF, doped
SiH,/0,/Ar HDPCVD or SiF, doped TEOS/O,/He PECVD to
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.doped with fluorine for the purpose of reducing the dielectric const ant of
“the insulator filns in order to reduce capacitive coupling between adj acent
metal lines. This situation is contenplated in BEQL (back end of the |ine)

techhol ogies. In this enbodiment of the invention, the fluorine-free
barrier layer is fornmed between the fluorine-rich insulator filmand the
metal conductor lines to thwart the heighﬂéned corrosi on dangers ot herw se

posed to netal |¢&hHes thé @fgagfﬁ%fgi&ﬂeingﬁggggfm¥g¥§€iégmaiﬁgention, t he

fluorine-barrier_layer is use decrease Vi a resl nce’ by enhancing the
contact between tMCkness aftflnerine onichinsulatahelagem|22 nishe via. For

instance, in thigesealliyerérmédicat | 40vaNes (dathidr iifn @yer can be forned
at the surface qf, a fluorin -cqgéfinln oxi de surround a via to enhance

I ng
the contact of a VIEMETR Ot JeHRI(¥IEE 34w Andrehegs dhan & facter of
"poi soni ng" of lreettifeas,tiseabetal Arie TEHY kindds Aldhd T8 ine OF

QT Yo . “AOR G S PP o) ] AL 40T
(where 0 < z < 2) This intermediate structure of
Figure 2D typically is polished to ensure
planarization before forming additional levels of
metallization.

As indicated in Figure 2E, an upper fluorine-
free barrier layer 28 is formed on the polished:;;
surface of fluorine rich insulator layer 22. The
upper fluorine barrier layer 28 can be formed by any
of the same techniques described hereinabove relative
to the lower fluorine barrier layer 28. As shown in
Figure 2E, an 6pening is photolithographically
defined in upper fluorine 'barrier layerlzs, and a via
20 is formed by etching through upper fluorine
barrier layer 28, fluorine rich insulator layer 22,
and lower fluorine barrier layer 28 until metal wire
24 is exposed. |

As indicated in Figure 2F, via 20 can then be
filled with a sequence of metals invdlving, in this
order, first titanium, then Ti-N (e.g., by PVD) and
lastly tungsten (e.g., by CVD) according to a
conventional scheme. The via metal in via 20
preferably is etched and polished (e.gq., by CMP) back
flat to the surface of barrier film 28. Then, second
level metallization 23 can be formed by forming a
metal film over the surface of upper barrier film 28
and via 20, patterning and etching the wire 23, and
then annealing to crystallize the metallurgy. -
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s prevents via resistance fromincreasing. The nmetals that can be protected

* fromfluorine degradation by the present invention include any 7 net al
or netal alloy that is susceptible to degradation in the presence of
fluorine. Metals that can be protected from fluorine-induced degradation by
the present invention include, for exanplg2 al um num and al |l oys of al um num
such as Al-Si, Al-Cu, A -Si-Cu, copper all oys of copper such as Cu- Sn,

Au and Au-based allo U ni,cke ndoh al | oys, chrom um
CrSiferr], gernanlué% gﬁoqg éﬁuFQSLﬁg bg %?3 Pi§?%#1 PdSi [err],

pl ati num PtSl,m?ﬁﬁiaﬂﬁﬁﬁlPES#PGAPFestFt ﬁnaﬁFe¢|m1aT?DPtanﬁ TiSi[err],

tungsten, WS 2, tithgs€ehi Brriar ko dnterddnhekes AhUthae]1§ingoRIRmimil al | oys
thereof, in parthuI , u sed_extensive Ln.multile gl tal l.ization
R4i ¥aY 3 85 glfcton

schemes in VLSIWtEEh 8838?8’ Ydhona FnBBpHéFe

8iO,F,., layer 22. Each aluminum wire 24 in the first
level of metallization as well as the substrate 26 on
which they sit has a lower fluorine barrier layer 28
formed thereon. This structure also has the upper
fluorine barrier layer 28 serving as the fluorine
barrier for the metal plug in the via 20, and metal
layer 23. Upper barrier layer 28 protects. ,
metallization 23 from fluorine-induced corrosién;L
emanating from fluorine rich insulator 22 during
patterning of metallization 23. As a consequence, the -
adheslon of metal wire 23 to the metal plug in via 20
is improved and the resistance of the metal plug in
via 20 is not permitted to grow as fluorlne-poisoning
of the via metal is_precluded by upper barrier f£ilm
28.

As discussed above, any metal susceptible to
fluorine degradation that is used in IC fabrication
will benefit from this invention, and the invention
is especially useful in protecting aluminum, aluminum
alloy, copper, and copper alloy materials.

Figure 3 shows a flow chart of a second
eémbodiment of the inventive method relating to-
subtractive formation of the fluorine-free barrier:
layer. The inventive processing sequence as
summarized in Figure 3 proceeds according to the
following sequence of steps:

(a) metal wiring pattern formation by the
sequentially executed substeps of metal
deposition/photolithographic masking/etching/mask
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.for -ohnmic contacts and bonds readily to silicon, polysilicon, silicides and
-surface silica | ayers. However, since alum numcontaining netals and
copper- containing netals are also especially prone to fluorine-induced
corrosion, this invention is particularly useful in protecting this netal
material. The present invention is easily igtegrated I nto and conpati bl e
with nmultilevel netallization schenmes that “are so inportant in VSLI

technol ogy. In 9eA8.ipiyanfp Agdi tional step, viz., the fluorine-free
barrier |ayer fornat?%%!gpgelf,'need be incorporated into the process.

Moreover, since the pr@entfiuRrinatad iinsulagers depositil@ for preventing
degradation in nmetal Wd) ndnduleeter Eheidall eichanhicalepaaingct features,

considor abl e cost savi e BHRENER1S, Lok BRLALLAME dithéing™
and etching;

~(e) fluorine denuding process;

(f) wvia filling with metal and second level
wiring formation; and

repeat steps (a)-(e) for any additional desired
levels of metallization.

Figures 4A to 4E illdstratg formation of the
fluorine-free barrier by a subtractive approachfﬂA
according to the scheme summarized in Figure 3, in
which fluorine is depleted from a surface region of a -
fluorine-containing layer. The steps depicted in
Figures 4A-4B are the same as those shown in Figures:
2A-2B, respectively, as described above. As seen in
Figure 4C, via 40 is formed in, for example, a SiO,F,_,
insulator 42 (where 0 < 2 < 2) on a substrate 44
(such as a monocrystalline semiconductor).
'Alternatively, the invention is also applicable to
any insulator 42 contaminated with or suspected to be
contaminated with fluorine constituents. At the
bottom of the via 40 is a metal which can be in the
form of a metal wire 46. As illustrated in Figure
4D, all surfaces are exposed to an ozone plasma 48 to
denude fluorine from the surface region 43 of
insulator layer 42.

However, it should be understood that the
fluorine denuding process alternativély can be
effected with a thermally activated or a plasma
enhanced gas reaction with the SiOQ,F,., surface such
that F is removed therefrom. For thermally activated



~

. BRI EF DESCRI PTI ON OF  THE DRAW NGS The foregoi ng and ot her objects, aspects
and advantages will be better understood fromthe follow ng detailed
description of the preferred enbodi nents of the invention with reference to
the drawings, in which: Figure 1 is a flow chart showi ng the steps of one
enbodi mrent of the invention relating to acliditive formati on of the fluorine
barrier layer; Figures 2A - 2F show crosséectional views of a

sem conduct or degyi e | { in tggﬁ_% t he
~enbodi nent of tﬁé %‘?&?&n% ?‘%?ntﬁuoﬁ{?g{eu?ér if@él%%?f?l‘%t’he oW C éa}% of Figure
1; Figure 3 is Hegiensciedr ttheh fdiverime oomdisd ndhgsdagieso@areke of t he

i nvention rel at pRgosRds Hes A dndB rdinEit At QAooCeeahlunyi &8 ReVHL egakayer;
Figures 4A to 4E_show cross-sectional views of the sem conductor device at
di fferent stageflowed fhyaugh & fmacetube)ats tMASRIGE nent of the

i nvention as depgesetdd,n fidic If ltwv e afinutled; Pieferabdyatabisht deurface

modi fication of mti%%tusu,ottion%fenude fluorine. For plasma enhanced gas
process conditions used to denude fluorine, the
surface regions of the fluorine containing layer can
be exposed to a reaction chamber environment of O, or
0,/0; plasma in a pressure range of 3 millitorrs to
100 Torr at 400°C for 10 to 300 seconds, preferably
about 60 seconds. More specifically, one exemplé;;y
set of conditions for denuding fluorine from the
surface regions of the fluorine containing layer uses -
a feed gas mixture of 400 sccm 0,/3600 sccm O,, a
reaction chamber temperature of 400°C and pressure of
30 Torr, and 600 watts rf and 0.7 cm reactor spacing
in an Applied Materials P500 Universal CVD chamber.
As yét another alﬁea;native, it is also contemplated
within this invention to use a wet chemical etch
process to effectuate the fluorine depletion.

This denuding process depletes surface regions

43 of insulator material 42 of all its fluorine
content. The thickness of barrier layer 43 will be
function in part of the duration and intensity of the
ozone plasma. After its depletion of fluorine,
barrier layer 43 prevents fluorine reésiding in the
remainder of insulator layer 42 from being emitted to
expose metal surface 41 of metal wire 46, or any
metal interconnect and further level of metallization
which will be formed in via 40 in contact with metal
wire 46.

Figure 5 shows yet another formation of an IC



LY

.containing layer; and Figure 5 shows a cross-sectional view of a
* sem conductor device fabricated by yet another enbodi nent- of the present
i nvention. The drawi ngs are not necessarily drawn to scale, as the

t hi cknesses of the various |layers are shown for clarity of illustration and
shoul d not be interpreted in a limting segﬁe 9 DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS OF THE | NVENTI ON"Referring now to the draw ngs,

and nore parti Cuts%we&&eﬁﬁ%ﬁ ]foxt m%zaﬁum% sm\aﬁsaédé)\e&ﬁm{é, . pne

enbodi nent of the inventive net relating to additive fornation of the
fluorine-free baf@m@sqenr Al gr Q%\Y\é‘tﬁqs\fe and, severad dfrsrants
summari zed in Fi guipd ehdlitettsites ant A fTdorinee Yadiriey naysanuence of

- steps: Specifically, in this cross section, damascene wires
52 are partially embedded in SiO,F,., layer 54. That
is, the top halves of these wires 52 are surrounded
by 8i0O,F,., layer 54 while their lower halves are
partially embedded and surrounded by substrate 58. A
fluorine-free S8i0, barrier layer 51 is formed over
the top of the wires 52 in the same manner as
described for the embodiment of Figure 2A-2F before
second SiO,F,, layer 56 is deposited thereon. Thég, a
second fluorine-free SiO, barrier layer 53 is '
dep051ted on insulator 56. Barrier layers 53 is
opened-up with a mask and etching is used to expose
the surface of a metal wire 52 through layers 53/56
and 51 as shown in Figure 5. An aluminum or copper
interconnect can be deposited and formed in via 50 in
contact with the upper surface of wires 52 through
Si0,F,, layer S56.

With reference to Figures 4D, and $, it can be
seen that forming a barrier layer at the surfaces of
a via or trench sidewalls protects the metallization
which will be deposited therein or formed adjacent
thereto from fluorine contaminants present in the
insulator layer. It will be appreciated that the
particular type of formation technique shown for the
fluorine barrier layers used in the above examples is
merely illustrative, and that either one of the
additive or subtractive modes of forming the fluorine
barrier layer could be applied to any of the above-
exemplified embodiments. It will be recognized that
this feature has particular advantages in BEOL



.(a) netal wiring pattern fornation by the sequentially executed substeps of

+ nmetal deposition/photolithographic maski ng/ etchi ng/ mask
stripping/annealing; (b) fluorine barrier deposition (lower |ayer); (c)
fluorinated insul ator deposition; (d) insulator chem cal nechanical polish;
(e) fluorine barrier deposition (upper Iag&;); (f) contact formation by
phot ol i t hogr aphi ¢ maski ng/via formation by etching/via filling with netal

and second | evelaindihd M4RIH ﬁ%iaew@tfﬁnraosax(@)lﬁéénéfanamxy
addi tional desired level’s of  netallization. An |E£%enentat|on of this

additive proces§QR$qIW%EHr@&QRF%WPFfiﬁw¥¥F23¥ Y9I FRerigure
2A, the formti dielfectatid coridgtyntpadt etite 2hdwil e E 1 Basll 1in ngreem t he

monocr yst al 11 ne R EARIC She CrefkLi Rt ISERTE B ques
can be used to Pdnes.n dinl tlusk emvodinent |of &thed dmventeiam; ngheper ati on
fluorine-free barrier layer is interposed (either by
the additive or subtractive modes of the invention)
between the fluorine-rich insulator f£ilm and the
metal conductor lines to thwart the heightened
degradation dangers otherwise posed to metal lines.
While the invention has been described in terms
of its preferred embodiments, those skilled in t@g
art will recognize that the invention can be
practiced with modification within the spirit and
scope of the appended claims.



., Which defines wiring pattern 24. The mask is then stripped and netallized
substrate is annealed-to 10 crystallize the metallurgy. As shown in
Figure 2B, fluorine-free barrier 28 is then confornal Ty formed over the
exposed surface portions of substrate 26 and netal
fluorine-free barrier layer 28 can be deposi ted usi nd'“gﬂ(ﬂﬂmﬂmmpm
i nsulator filmform ng process, such as ch cal vapor* depositrons
pl asma enhanced chem cal vapor depositio&nﬁ£’ D), 1ow pressure chenica
vapor deposition (LPCVD), - HDPCVD, or physical vapor deposition (PVD), and
the like. The fluorine-free barrier |ayer material can be, for exanple,
silicon, silicon diox{ydecigijiscon nitride, or carbon. The thickness of the
fluorine-free barrier layer nust be greater than 1 nm and preferably
greater than about 5 nm and there is no upper limt on the thickness

1. A method of improving the resistance of a metal

against degradation from exposure to fluorine:

providing an insulator material containing
fluorine;

forming a fluorine-barrier layer on said
insulator material; and

forming metal on said fluorine-barrier layer.
2. A method of improving degradation résisténcé of
metallurgy, comprising the steps of:

providing an insulator film containing fluorine;

depositing a fluorine-barrier layer on said
1nsu1ator fllm, and

forming a pattern of metal 11nes on top of ‘said
fluorine barrier layer.

3. The method of claim 2, wherein said fluorine-
free barrier layer is a material devoid of fluorine
selected from the group consisting of silicon,
silicon dioxide, silicon nitride, and carbon.

4. The method of claim 2, wherein said step of
depositing said fluorine-free barrier layer comprises
a deposition process selected from the group
consisting of PECVD, PVD, HDPCVD, and LPCVD.

5. The method of claiﬁ'z, wherein said insulator
film is an oxide insulator film.

This Sheet Has Been Rerlaced

I

THIS SHEET HAS BEEN:
REPLACED




v~

. froma practical or technical standpoint. If the fluorine barrier |ayer is
too small in thickness, fluorine can mgrate through the barrier tayer

undesirably contami nate netal |ocated on the opposite s
| ayer. Then, as shown in Figure 2C, the fluorine rich |mmﬁ m "!&@mm
can be deposited by fluorine doping a conygntional silicen diaxi

anor phous carbon | ayer. This doping can be acconplished in situ during

formation of thg |ay b ri ag; atQt4f i3 ' as
€.' AY8hePhethdd f(irg.r&rl ? i Pb?é% Qid inBf1%eER9 9

with a fluorine_sourge, such as X and y are positive
val ues), e.g. SFHL®rip, SéPz@[er"ﬂ}‘P[%rQF L fcl?as CF[err], CFlerr],
Cerr]Ferr], (Jerr]F[err]. The insul ator- f|In1forn1ng gas can be e.g.,

g;k£5L;LéfL§r[L SIH%ﬁrL%e%bFrrbséﬁﬁ SiH erBL gé; O or $?§§ err] such
enbodi nents of tbmprisecmetal wateBiibd deﬂedtédHttbﬁ/AheHgabupcw SMF4
doped TECS/ 02/ Hg RECMPihG of Al, Al-Si, Al-Cu, Al-Si-Cu, Cu, Cu-Sn,

Cu-s8i, Au, Au-Zn, Au-Ge, Ni, Cr, Crsi,, Ge, Mo, M0812,

Pd, PAsi,, Pt, Ptsi, Ta, Tasi,, Ti, TiN, Ti-Pt, Ti-W,

Tisi,, W, WSi,, WN, and 2rsi,,

8. The method of claim 2, wherein said metal lines
comprise metal material selected from the group;l_
consisting of an aluminum-containing material, a
titanium~containing material, and a copper-containing -
material.

9. The method of claim 2, wherein said metal lines
are an aluminum-containing material.

10. The method of claim 2, wherein said fluorine
barrier layer has a thickness ranging from 1 nm to
300 nm.

11. A method of improving degradation resistance of
metallurgy, comprising the steps of: |

providing an insulator film containing fluorine
having a surface region;

femoving’fluorine from said surface region of
said insulator film to form a fluorine-free-barrier_
layer on said insulator film; and

forming a pattern of metal lines on top of said
fluorine-free barrier layer.

——
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formthe fluorine rich insul ator | ayer 22. The thickness of ftworime rich

I nsul ator layer 22 is generally fornmed at a value g t
t hi ckness of nmetal wire 24, and | ess than a factor gﬁiﬂfmm ﬂutlg juie nmet al

wire thickness. The fluorine rich insulator |ayer 2

npl e,

SiJerr]Flerr] (where 0 <z < 2) This intepgediate structure of Figure 2D
typically is polished to ensure planarization before form ng additional

level s of netall 123t @he AfetiHth G &hd i RigUkmetleimBaid Herldwind "o free
barrier layer 28 _is farned on the, polished surface ,of quorHuaééﬁ
b

i nsul ator 1 ayer 3ZUCHINS FF® (faid SHrings ragion 45 AFomplis

y

any of the sane espaosigee sadet suiatd aregitabdee a dyslriogen arneal ower
fluorine barrier |ayer 28. As shown in Figure 2E, an opening is

phot ol it hographically defined in upper fluorine barrier

| ayer 28, and a via

20 is formed by aSshi fithe metthpd gherldinddi neheneinesaisd qemying wf i ne
rich insulator | #ftlordne on WEia TdnFdde z@i‘&rﬁrié' AMomp) i8Hdd Bt al

Wre

exposing said surface region to an ozone plasma.

14. The method of claim 11, whe:éin'said fluorine-
free barrier layer has a thickness ranging from 1 nm

to 300 nn.

15. An integrated circuit structure, comprising:

a substrate;

.yt

patterned metallization formed on said

substrate;

a fluorine-containing insulator layer formed on

said substrate-and adjacent said patterned

" metallization; and

a fluorine barrier layer between said fluorine

containing insulator layer and said patterned

metallization.

16. The integrated circuit structure of claim 15

comprising an opening formed in said fluorine-
containing insulator layer, and wherein said fluorine

barrier layer is positioned on sidewalls of said

opening in said fluorine containing barrier layer.

17. The integrated circuit structure of claim 16

wherein said opening is selected from the group

consisting of a via or trench.
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.24 is exposed. As indicated in Figure 2F, via 20 can then be filled with a
sequence of netals involving, in this order, first tm“ -N
(e.g., by PVD) and lastly tungsten (e.g., by CVD) - cl mmﬂ“lﬂ"ﬂm“‘
conventional scheme. The via nmetal in via 20 preferably i ¢ ef'chdd &and
polished (e.g., by CW) back flat to the face of barrier film 28. Then,
second |l evel netallization 23 can be formed by formng a netal filmover
the surface of ugher Zmrineegrated 28inoulitistAtstye ;| ecompyisidget chi ng t he
wire 23, and then anngalifdet-grystallize the netallurgy. 12 As shown
in Figure 2F, the conpleted netallization includes a tungsten via 20, and
the tungsten via 20 irAtkemnekaretahlisakioniferred Pmudrifire 24 with an

overlying al um rgypgergeep through a SiJerr]Flerr] layer 22. Each al um num

wire 24 in the first . s s
a fluorine-containing insulator layer formed on

said substrate and adjacent said patterned
~metallization; |
a first fluorine barrier layer between said
fluorine containing insulator layer and said
patterned metallization; and
a second fluorine barrier layer formed on top of
said fluorine containing insulator layer. o
19. The integrated circuit structure of claim 18,
wherein a metal-filled via opening is present through
said second fluorine barrier material, said insulafor
layer, and said first fluorine barrier layer, wherein
the metal-filled via opening contacts said patterned
metallization. '

20. The infegrated circuit structure of claim 19,
wherein a second level of metallization is formed on
top of said second fluorine barrier layer in contact
with said metal-filled via opening.

S
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Pevel of netallization as well as the substrate 26 on which they sit has a
| ower fluorine barrier layer 28 formed thereon. This structure also has the
upper fluorine barrier |layer 28 serving as the fluorine barrier for the
metal plug in the via 20, and netal |ayer 23. Upper barrier |ayer 28
protects netallization 23 fromfluorine-induced corrosion enmanating from
fl'uorine rich insulator.-22 during pattergjng of metallization 23. As a
consequence, the adhesion of nmetal wire 23 to the netal plug in via 20 is

i mproved anHLUQRING BARRIER IoA YERSBEEWEEN CONDUCTOR AND INSULATOREOREd t 0
grow as fluarine-poisoning of the via ietal is precluded by upper barrier
film28. As discussed above, BDEGCRADATIONSPREVENTEONo fl uori ne degradation -
that is used in |IC fabrication will benefit fromthis invention, and the

i nvention iABY PJ@Tally useful in protecting al umi num al umi num al | oy,

copper, and cop a materials. Figure 3 shows a flow chart of a second
enbodi ment of t ?fi/e%il 8"%@?0'&?%8@!1%& ofraymewgl against degradation from exposure

- to fluorine released from a fluorine-containing material by forming a fluorine-barrier

layer between the insulator material and the metal. The invention is especially useful in
improving corrosion and poisoning resistance of metallurgy, such as aluminum
metallurgy, in semiconductor structures. The invention also covers integrated circuit
structures made by this method.

Fig. 1



«subtractlve formati on of the quorlne free barrier layer. The inventive
pro%g§3|ng sequence as summari zed-in Flgure 3 proceeds according to the

. @d?kpmnng sequence of steps: (a) netal wiring pattern formation by the
sequentially executed substeps of nmetal deposition/photol ithographic
maski ng/ et chi ng/ mask 13 stripping/annealing; (b) fluorinated insul ator
deposition; (c) insulator chenical neclfadni cal polish; (d) via formation by
photolithographi c masking and etching; (e) fluorine denuding process; (f)
via filling with netal and second level wiring formation; and repeat steps
‘(a)-(e) for any additional desired |levels of netal-lization.

METAL DEPOSITION,/PHOTO/ETCH/STRIP /ANNEAL

K
FLUORINE BARRIER DEPOSITION

FLUORINATED INSULATOR DEPOSITION |

|

INSULATOR CHEMICAL MECHANICAL POLISH

FLUORINE BARRIER. DEPOSITION

] .
VIA PHOTO/ETCH AND FILL

FIG.1



Figures 4A to 4E illustrate formation of the fluorine-free barrier by a
subtractive approach according to the schene summarized in Figure 3, in
which fluorine is depleted froma surface region of a fluorine-containing
| ayer. The steps depicted in Figures 4A-4B are the same as those shown in
Fi gures. 2A- 2B, respectively, as described above. As seen in Figure 4C, via
40 is forned in, for exanple, a SlC{errg %err] i nsul ator 42 (where 0 < z <
2) on a substrate 44 (such as a nonocrys{alline seniconductor).
‘Alternatively, the invention is al plicable to any—insul ator 42
contaninated{ﬂzéh or suspected to bg4antaninated w_t hogluorine

bottomuof th 40 is a netal ich can be in the
formof a nme mnre 46. As illustrated in thure 4D, all surfaces are
exposed to an ozone -plasma 48 to denude fluofYne fromthe surface region 43
of insulator |layer 42. However, it should be understood that the fluorine
denudi ng process alternatively can be effected with a thermally activated

or a plasm | 1 28
Fic2B =% [

constituents

%
2 28
| 1l 2 | 5
FIG.2C = _
: . S
i | — 2 . n
' ] 24 || 5
FIG.2D = _
f28
20 "
. | % | 2% || 528-
FIG.2E . —
23 B | (28
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N
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_-enhanced gas reaction with the SiOF[err] surface such that F is renoved
therefrom For thermally activated 14 conditions used to denude

fd uorine, the surface regions of the fluorine containing | ayer can be
exposed to an environment at 400[err]C and Herr] or Ar/Herr] gas flowed
t hrough a furnace tube at atnospheric pressure, for 1 to 60 m nutes,
preferably about 30 mnutes, to denudgy%luorlne For pl asma enhanced gas
process conditions used to denude fl uo the surface regions of the
fluorine containing |layer can be exposed to a reaction chanber environnment
of Jerr] or Jerr]/Jerr] plasma in a pressure range of 3 mllitorrs to

100 Torr at 400[err]C for 10 to 300 sec seconds.
More specifically, one exenplary set of |conditions for denuding f|l uorine
fromthe surface re ions of "‘the fluorindg containing |ayer uses a |feed gas

m xture of 400 sccn{Q El?llf %gggsrﬁﬁN?Pl%T%r/E}(_fH /%TRIP /ANNEAL

FLUORINATED INSULATOR DEPOSITION

1
INSULATOR CHEMICAL MECHANICAL POLISH -

!
~ VIA PHOTO/ETCH

1
FLUORINE DENUDING PROCESS

Y
VIA FILL

FIG.3



reacti on chanber tenperature of 400C and pressure of 30 Torr, and 600 watts
rf and 0.7 cmreactor spacing in an Applied Materials P500 Universal CVD
chanber. As yet another alternative, it is also contenplated within this
invention to use a wet chem cal etch process to effectuate the fluorine
depletion. This denudi ng process depletes surface regions 43 of insulator
material 42 of all its fluorine contend/sThe thickness of barrier |ayer 43
will be function in part of the dyration and intensit ._.m}the ozone pl asma.
el N

After its f@tlon of fluorine, haggijer |ayer 43 prei fluorine

mai nder of i nsullato | ayer 42 from emtted to
expose net ace 41 of nmetal wire 46, or any netal interconnect and
further |evel of metallization which will be#fornmed in via 40 in contact
with netal wire 46. Figure 5 shows yet another formation of an IC

residing i

42
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17 CLAIMS W claim 1. A nmet hod of inproving the resistance of a netal
agai nst degradation from exposure to fluorine: providing an insulator
materi al containing fluorine; formng a fluorine-free barrier |layer on said
insulator material; and form ng netal on said fluorine-free barrier |ayer.
2. A net hod of inproving degradation resistance of a netal

conprising the steps of: providing anShsul ator film containing fluorine;
depositing a fluorine-free barrier layer on said insulator film and
formng a pattern of netal lines on top of said fluorine free barrier

| ayer. 3. The nmethod of claim2, wherein said fluorine- free barrier

|l ayer is a material devoid of fluorine selected fromthe group consisting
of silicon, silicon dioxide, silicon nitride, and carbon.

92 ' 92 92 92 ’
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4. The nethod of claim2, wherein said step of depositing SQBd%(.bq-g
= fluorine-free barrier |ayer ‘conprises a deposition process selected from .
““the group consi sting of PECVD, PVD, HDPC,\/D and LPCVD. 5. The nethod of

claim?2, wherein said insulator filmis an oxide insulator film 18 6.
~The. rrethod of claim2, wherein said insulator filmis Siqerr]Flerr] where
00<z<2 7. The rrethod of - claim2, wherein said metal |ines conprise

- netal material selected.-fromthe group consisting of A, AI -Si, A-Cu,
O O GuSn QUS| SoMgpg oFtrEpVENTRON O S [eri] cey o,
sherei ' sai & otk b et B o e s D BB Fonftediytoup
-' COI’]S.I sting 0 for metals nll légxtgtl;tn\;n%ﬁ) \Ec?rinrg-c% tarlrg;[xge {r;sﬁafor materials. o

It is another object of the present invention to provide corrosion resistahce for
aluminum lines in contact with oxide insulator lines containing fluorine.

It is yet another objective of this invention to prevent fluorine poisoning of metals
used in IC metallizatién schm_nes to prevent undeéired via resistance growth and to
enhance the contact between a metallization layer and the metal in a via plug.

These and other objectives are achieved in the present invention by providing a
fluorine-free barrier layer between an insulator matenal conta:mng ﬂuonne and a metal to
effecuvely restrict diffusion of ﬂuonne i‘rom the insulator matznal into-the metal thereby
preventing metal degradation.

According to a first embodiment of the invention, there is provided a method of
imp}oving the resistance of 2 metal against degradation from exposure to fluorine:

providing an insulator material containing fluorine;

forming a fluorine-free barrier layer on said insulafor material; and

forming metal on said fluorine-free barrier layer.

According to a second embodiment of the invéntion, there is provided a method of
improving degradation resistance of a metal, comprising the steps of:

providing an insulator film containing fluorine;

depositing a fluorine-free barrier layer on said insulator film; and

forming 2 pattern of metal lines on top of said fluorine-free barrier layer.

REPLACEMENT SHEET

09 FEB 999




- titaniumcontaining material, and a copper-containing material. 9. The
> method of claim2, wherein said netal |ines are an alum num cont ai ni ng
"material. 10. The nethod of - claim2, wherein said fluorine-free barrier

| ayer has a thickness ranging from1l nmto 300 nm 11. A nethod of

| nproving degradation resistance of a nekal . conprising the steps of:
provi.ding an insulator film containing fluorine having a surface region;

luorine-tree pAperSRESE e EGel i lnlin DA, dert TftofiA a Bl @ | T 2
of metal Ijnes on top.,of sai.d fluagrine-free barrjer |ayer. 19 12. The
method of BRRIPYING SCETARRODTRSISERTS #é%%n&‘ﬁ?"sﬂ £ RS 9 om sai d surf ace.

' | providing an insulator ﬁl¥n containing fluorine having a surface region;

remoﬂring fluorine from said surface region of said insulator film to form a fluorine-
free barrier layer on said insulétor film; and

forming a pattern of metal lines on top of said fluorine-free barrier layer. |

According to a fourth embodiment of the invention, there is provided an integrated
circuit structure, comprising: B

a substrate,

patterned metallization formed on said substrate;

a fluorine-containing insulator layer-formed on said substraté and adjacent said
pattcmec-i metallization; and |

a fluorine-free barrier layer between said fluorine-containing insulator layer and
said patterned metallization.

According to a fifth embodiment of the invention, there is provided an integrated
circuit structure, comprising:

a substrate;

patterned metallization formed on said substrate;

2 fluorine-~containing insulator layer formed on said substrate and adjacent said
patterned metallizat_ion;

a first fluorine-free barrier layer between said fluorine-containing insulator layer

and said patterned metallization; and
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_region is acconplished by exposing said surface region to a hydrogen

»_ anneal i ng. 13. The method of claim 11, wherein said renoving of fluorine

fromsaid surface region is acconplished by exposing said. surface region to
~an ozone plasma. 14. The nethod of .claim 11, wherein said fluorine-free
- barrier layer has a thickness ranging from1l nmto 300 nm 15. An
~integrated circuit structure, conprising2ba substrate; patterned

netal lization formed on sai.d substrate; a fluorine-containing insulator:

| ayer formed on &gdctnd Aushinciiree bitferldy@Tomied ol top BRI the Bohaldias at | ON;
and a fluorine-free barrier |ayer between said fFUOI’I ne-cont ar ni ng"fZ
i nsul at or | aid patterned netallization. 16. The integrated
circuit st rg%%trog[hgfﬁcl aim 15 conprising an opening fornmed in said fluorine
~ cont ai ni ng insulgéror I%\éerf and wherein sajd f|,u0{i ne-free barrier |ayer is
posi ti oned on si HRRNRHTPESEY, P s PIEsERIdnYeREon. Ahe erminplogy  fegs Raiahhsed in -
insulator layer. 17.  The integrated circuit structure of claim16 wherein
sai d openi ngpnnectingl with wetal contactiznd gretakibasedreonductors obélectrivity; encontipassegh.
20 '

“corrosion” or “poisoning” of a metal. “Corrosion” of a metal line or metal contact by

exposure to fluorine means formation of 2 metal fluoride compound from fluorine and the
. _metal via chémiﬁal reaction. “Poisoning’f of a metal by exposure to fluorine means

physical infiltration of the metal by fluorine as a contaminant in an amount adequate to

increase the contact resistance of the
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18. An integrated circuit structure, conprising: a substrate; patterned
metal lization formed on said substrate; a fluorine-containing insulator '
~layer formed on said substrate and adjacent said pm on;, a .
first fluorine-free barrier |ayer between said fluor

‘insulator layer and said patterned netalliZ%ation;. mm ﬂ@ﬂ “!‘l ne
-free barrier layer forned on top of said quorlne contal ni

layer. 19. The integrated circuit ‘struct GEBI¥} claim 18, wherein a

metal -filled via openi ng I's present through said second fluorine barrier
‘material, said insul at |.a er and said first fluorine-free barrier |ayer,

wherein the netal -fill ?Pr ‘penlng contacts said patterned netallization.
20. The integrated circuit structure of claim19, wherein a second | evel of

metallization is formeg plQP & HRbvisEORle’ tHOIStmdd S WHde | aver
against degradation from exposure to fluorine:
providing an insulator material containing
fluorine; | '
forming a fluorine-free barrier layer on said
“insulator material; and
forming metal on said fluorine-free barrier layer.

2. a n:ethod of improving degradation resistance of a
metal , - comprising the steps of:
providing an insulator f£ilm containing fluorine;
. depositing a fluorine-free berrierlayer on.said
insulator film; and S ' '
forming a pattern of metal lines on top of said
fluorine.~free barrier layér.

3. The method of claim 2, wherein said fluorine-
free parrier layer is a material devoid of fluorine
selected from the group consisting of silicon, '
silicon dioxide, silicon nitride, and carbon.

4. The method of claim 2, wherein said step of
depositing said fluorine-free barrier layer comprises
a deposition process selected from the group
consisting of PECVD, PVD, HDPCVD, and LPCVD.

5. The method of claim 2, wherein said insulator
film is an oxide insulator film.
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‘with said metal-filled via openi ng. 19 12. The met hod of claim 11,
*wherein said renoving of fluorine fromsaid surface region is accorrpllshed

by exposing said surface reglon to a hydrogen ap t hod of
claim1l, wherein said renoving of fl uor| ne frorH'“qulIEm *mtmm‘gal on i s
: accorrpllshed by exposi.ng said surface r lon to an @zone plasme. 14.

met hod of cI n.sa |l uorj free. barr as a .
t hi ckhess rangl ng]‘f %&%ﬂ?tSk gaﬁf‘h 15”h%{ﬂ1rhteag:'r aé'g']y%%o t structure,
-conpr.i si ng: efslﬂgsl-saswzma,tmem ot al ki 2ati on for rred on said substrate;
~a fluorine-cont ai ni ng insulator |ayer forned-on said substrate and adj acent

said patterned netallization; and
7. . The method of claim 2, wherein said metal lines

comprise metal material selected from the group
consisting of Al, Al-Si, Al-Cu, Al-Si-Cu, Cu, Cu-Sn,
Cu-Si, 2u, Au-Zn, Au-Ge, Ni, Cr, CrSi,, Ge, Mo, MoSi,,
P4, Pdsi,, Pt, Ptsi, Ta, Tasi,, Ti, TiN, Ti-Pt, Ti-W,
Tisi,, W, WSi,, WN, and 2rsi,, |

8. .The method of claim 2, vherein said metal lines
comprise metal material selected from thé group
consisting of an aluminum-containing material, a
tztanlum-contaln:.ng material, and a copper-contazn:.ng
material.

9. The method of claim 2, wherein said metal lines
dre.-an aluminum-containing material.

10. The method of claim 2, wherein said fluorine-free

barrier layer has a thickness ranging from 1 nm to
300 nm.

1l. A method of improving degradation resistance of a
metal, comprising the steps of:

providing an insulator film containing fluorine
having a surface region;

femoving fluorine from said surface region of
said insulator film to form & fluorine-free barrier
layer on said insulator film; and

forming a pattern of metal lines on top of said
fluorine-free barrier layer.
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a fluorine barrier layer between said fluorine containing insulator |ayer

and said patterned netallization. 16. The integr ﬂ [ ' ture of
claim 15 conprising an opening formed in said fl ﬂm Iﬂmmuﬂlmmng '
i nsul ator | ayer, and wherein said fluori ng- barrier* | dyet i % pdsitioned on
sidewal | s of said opening in said fluorin Qcontaining,barrier | ayer. 17.
The integrated circuit structure of claim 16 wherein said opening is. .
sel ect ed fl2om {Tihe mpthadoofelaimi kK, whgreir said semmving df fluothe from A shdfacé\n
integrated circuit structure, conprising: a substrate; patterned

oy s samapates o e i eyt 101 2
13, The method of claim 11, wherein said removing of fluorine from said surface
| region is accomplished by exposing said surface region to an ozone plasma.
14.  The method of claim 11, wherein said .ﬂuorine-free barrier layer has g thickness
ranging from 1 nm to 300 nm.
15.  Anintegrated circuit structure, comprising:
a substrate;
pafterned metallization formed on said substrate;
2 fluorine-containing insulator Jayer formed on said substrate and adjacent said
paneméci metallization; and
& fluorine-free barrier Jayer between said fluorine-containing insulator layer and
said patterned metallization.
16.  The integrated circuit structure of claim 15 comprising an opening formed in said
fluorine containing insulator layer, and wherein said fluorine-free barier layer is
positioned on sidewalls of said opening in said fluorine containing insulator layer.
17: The integrated circuit structure of claim 16 wherein said opening is selected from

the group consisting of a via or trench.
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metallization; a first fluorine barrier |ayer between said fluorl
containing insulator |ayer and said patterned netal umm)“mul H Hm
fluorine barrier layer forned on top of said fluori

layer. 19. The integrated circuit structure of cl ai m"18° wherein a
netal -filled via opening is present throug% said second. fluorine barrier

material, said | uI a or d sai I n Layer,
wherein the met a ’r'| I b@é B@'ﬁp 5‘1?:'8%& §r§%+§8%at ?%@ﬁ{é#ﬂ‘?m | i zati on.
20. The integrated ci acsubssranet;ure of claim 19, wherein a second | evel of

nmetal Iization i s for{‘rggtggﬁigg Vlegiﬁ.%qzieggﬂdfgwgal 8f basgier layer in

econd
ul at or

contact with said ne
substrate;

a fluor:.ne-contammg insulator layer formed on
said substrate and adjacent said patterned

metallization; °
a first fluorine-free barrier layer betwesn said

fluorine-containing insulator layer and said
patterned metallization; and

a second fluorine -free barrier laysr foz:med on top
of said fluorine-containing-insul atox lavrer.

L

19. The integrated circuit structure of claim 18, .
wherein a metal-filled via opening is present through

said second fluorine barrier material, said insulator

layer, and said first fluorine-free barrier layer, wherein

the metal-filled via opening contacts said patterned
" metallization.

20. The ini:egrated circuit structure of claim 19,
wherein a second level of metallization is formed on

top of said second fluorine-free barrier layer in contact
with said metal-filled via opsning.-




