It is therefore an Obj ect of the present invention to provide degradatton resistance

for metals in oontaet thh ﬂuonne-eonta:mng msulator matenals

It is another object of the present invention to provxd‘e_:_-;eorrosion resistance for -

aluminum lines in contact with oxide insulator lines containing fluorine.

Itis yet' another objective of this invention 16 prevent fluorine poisoning of metals

| used in IC metalhzatxon schemes to prevent undesxred via resistance growth and to
enhiance the contact between a metalhzanon Iayer and the metal in a via plug. |
'I'hese and other objeetxves are’ achteved in the present invention by prowdmg a —
fluorine-free ba:ner layer between an insulator material containing fluorine and 2 metal to

effeeuvely restnet dxffusxon ﬂuonne from the msulator material into the metal thereby '

preventing metal degradatxon.

) first embodiment of the invention, there is provided a method of
imptoving the resistance of a metal against degradation from exposure to fluorine:

providi g an insulator material containing fluorine;

: ng a fluorine-free barrier layer on said insulator material; and

rmmg metal on said fluorine-free barrier layer.

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

_provitling' an insulator film contaitxing fluorine;

depositing a fluorine-free bamer layer on saxd msulator ﬁlm, and

A : O
‘ %’pattemo metal hnes on top of satd ﬂuonne-free bamer ayer o




T A

- Accerdmgwteatm b enﬁoe, ereis provuled amethod of <
_ 1mprovmg degradauon resxstance ofa meta.l compnsmg the steps of:
prowdmg an insulator ﬁlm contammg fluorine having a surface reglon
removmg ﬂuorme from said surface region of said insulator ﬁlm to form a fluorine-
: free barner layer on said insulator ﬁlm and .
| formmg a pattern of metal hnes on top of said'ﬂuorinefﬁé; barrier layer.
| Aceordmg to a fourth embodxment of the mventxon, there is provxded an mtegrated
icxrcult structure, comprxsmg |
a substrate;
. patterned metallization formed on said substmte,
a ﬂudfine-coﬂtaining insulator la..ye;_f.-fex:med on said substrate axlel adjacent said
patterned metallization; and I
| a fluorine-free barrier layer b ween said fluorine-containing insulator layer and

~said patterned metallization.

According to 2 fifth emf;;dimem of the invention, there is provided an integrated
circuit structure, compnsipg;"' ;.

a substrate; :

patterned metalhzanon formed on said substrate;

a ﬂuoﬁqéEBntaining insulator layer formed on said substrate and adjacent said

patterned m_e;ﬁi'lization;

-first fluorine-free barrier layer between said ﬂuorme-contammg msulator layer

an saxd pattemed metalhzauon, and




- 2b -

2 second ﬂuonne-free bamer dayer: fonnedfon.--_op'of said flusrine contamﬁng
'usulatoﬂr'layer L

Fpr purposes of the present invention, the ten_nix;plo'gy"‘-déér;adaﬁon”, as used in
connection with metal contact and metal-based conductors of electricity, encompasses
“corrosion” or “poisoning” of a m'ehta'li. .“Corrosion” of a metal line or metal contact by
cxposﬁré to ﬂuorine m'e'a.bs fonnation of a metal fluoride compound from fluorine and the
metal via chemu:a! reaction. “Poxsomng” ofa metal by exposure to ﬂuonne means

physxcal mﬁlu-anon of thc mctal by ﬂuonne asa contarmnam inan 1 amount adequate 10

=mcreasc 1.hc contact rc51stance of the
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We claim: .

1. A method of improving the resistance:__,_,,jéf a metal
against degradation from exposure to fluérine:

providing an insulator mater:.al contam:mg
fluorine; e

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

forming netal on said fluorine -free barrier layer.

2. A method of .unprovmg degradatn.on res:.stance of a
metal ; . comprising the steps of:
provz.d:.ng an :Lnsulator film containing fluor:Lne,
depositing a¥f) uorme—f:ee barrierlayer on.said
insulator film; and '

forming a- pattern of metal lines on top of said
fluorine.-fxree ba_;.r:.er layer.

3. The method of claim 2, wherein said fluorine-
free bar-riei&:“ layer is a material devoid of fluorine
selected __ff;:"pm the group consisting of silicon,
silicon -é_iioxide, silicon nitride, and carbon.

4. The method of claim 2, wherein said step of
dep,cisiting said fluorine-free barrier layer comprises
a __deposition process selected from the group

consisting of PECVD, PVD, HDPCVD, and LPCVD:

- s, The method of claim 2, wherein said insulator

£film _is an oxide_ insulator film.
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6. The method -0f- clam Where::.n sald :.nsulator
fllm is s:.o +F2-z where 0 <z < 2. -

7. The method of claim 2, wherein san.d me_-_i_ﬁl lines

comprise metal material selected from the' group
consisting of Al Al-Si, Al-Cu, Al-S;-Cu, Cu, Cu-Sn,
Cu-81i, Au, Au—Zn, Au-Ge, Ni, Cr, CrS:.z, Ge, Mo, MoSi,,
P4, Pdsi,, Pt, Ptsi, Ta, TaSi,, Tl,_'J.'J.N, Ti-Pt, Ti-W,
Tisi,, W, WSi,, WN, and 2rsi,,

8. _The method of claim 2, whereln said metal lines
‘comprise metal material selected from the group

consisting of an alumimm—dbntaining material, a
tztam.um—conta:.m.ng matenal and a copper-containing -
material. :

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

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

11. A method of improving degradation resistance of a
metal, éompri.sing the steps of: _

providing an insulator film containing fluorine
having a surface region; :

'fe_mbving fluorine from said surface region of
said j_.n_sulator £ilm 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. .. .




regmn is accomplished by exposing said surface regxon to a hydrogen annzalmg

13. - The method of claim 1}, wherein said removing of fluorine from saxd surface
region is accomphshed by exposing said surface region to an ozone p}fa_.sma. :
14.  The method of claim 11, wherein said fluorine-free bamerlaycr has a thickness
ranging from 1 nm to 300 nm. | :
15.  Anintegrated circuit structure, comprising:

2 substratz;. |

patterned metallization formed on said '“s';bsn'ate;

2 fluorine-containing insulator layerformed on said substrate and adjacent said
patterned metailization; and :

a fluorine-free bamcr laycr between said fluorine-containing insulator layer and
said patterned metalhzatlon |
16.  The mtegrat__gd cxrcuxl structure of claim 15 comprising an opening formed in said
fluorine contaxmng insulator layer, and wherein said fluorine-free barrier layer is -
posiﬁoned:'i;; sidewalls of said opening in said fluorine containing insulator layer.

The integrated circuit structure of claim 16 wherem said opemng is selected from

s the Efoup consxsung Of a via or trench e e



a substrate,
patterned metallization formed on sald
substrate; ; o

a fluorine-containing J.nsulator layer formed on
said substrate and adjacent sa:.d patterned

metallization; -
a first fluorine-free bar.r:.er layer betwesn sa:.d

fluorine -containing 1nsu1ator layer and said
patterned metall:.zatlon, and

a second fluor:me ~free barrier jayexr formed on top -
of said fluorme—contammg insulator laver.

RN

19. The integxéted circuit structure of claim 18,
vherein a metal-filled via opening is present through
said second fluorlne barrier mater;al, said insulator
1ayer, and sa;d first fluorine-free barrier layer, wherein
the metal-filled via opening contacts said patterned
" metallization.

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

top of said second. fluor:.ne-'-free ‘barrier layer in ‘contatt
with said metal-fllleu via opening.-



