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The speed and reliability of semiconductor integrated circuits are coming to be more
and more governed by the on-chip interconnects. Advanced chips employ multilevel on-chip
interconnects usvally comprising aluminum alloy lines, alluminum alloy or tungsten plugs for
interlevel/intermetal contact/via holes, and fluorosilicate glass (fluorinated silicon dioxide,

15 Si10,F,) as intermetal and interlevel dielectrics. _

The speed performance of advanced chips, such as used for microprocessors and
digital signal processors using sub-.18 pum complementary metal oxide semiconductor
(CMOS) technologies and beyond is limited by the interconnect signal propagation delays.
The signal propagation delay for advanced interconnects is limited by the parasitic resistive,

20 capacitive, and inductive elements. These include the metal interconnect “RC” delays,
capacitive noise or cross-talk, and inductive noise and cross-talk.

As chip dimensions are scaled down, the metal interconnect line widths and pitches
are also scaled down accordingly. This means that the intermetal/interlevel dielectric layers
(IMD and ILD layers) must be thinner. To reduce capacitive effects with the IMD/ILD

25 materials, low dielectric constant (low-k) diclectric materials have been developed which
have k values in the range of 3.2 down to 2.0. However, these low-k dielectrics complicate

the backend of line (BEOL) process because of their inferior thermal stability as well as their
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DISCILLOSURE OF THE INVENTION

The present invention provides an intermetal dielectric structure for integrated circuits

25  having a premetal dielectric and a metal line thereon, with a halogen-barrier liner on the
premetal dielectric layer and the metal lines, a halogen-containing dielectric layer over the
halogen-barrier liner, a halogen-barrier film over the halogen-containing dielectric layer, and

a non-halogen-contaiming dielectric layer over the halogen-barrier film. The structure is not
subject to halogen attack on the metal lines while having a stable halogen containing

30  dielectric layer with less halogen out-gassing and out-diffusion. -
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and the netal line; FIG 3 is the structure of FlI 2 having a
fluorosilicate glass layer; FIG 4 is the structure of FIG 3 with an in
situ silicon-rich oxide filmover the 20 fluorosilicate glass |ayer; FIG
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after etching the via opening and stripping the photoresist; FIG 9 is the
structure of FIG 8 after post-plasma treatnent with an amoni a- nitrogen

gas m xture; and 30 FBRIEEOISCRIPFIONTUE TWEDRA WINGS9 after deposition of
the via in accordance with the present invention.

FIG. 1 1s a view of an intermetal dielectric structure of a premetal dielectric with a
15  metal line thereon;
FIG. 2 is the structure of FIG. 1 having a silicon-rich oxide liner over the premetal
dielectric and the metal line;
FIG. 3 is the structure of FIG. 2 having a fluorosilicate glass layer;
FIG. 4 is the structure of FIG. 3 with an in situ silicon-rich oxide film over the
20 fluorosilicate glass layer;
FIG. 5 1s the structure of FIG. 4 with a tetraethoxysilane layer;
FIG. 6 is the structure of FIG. 5 after planarization of the tetraethoxysilane layer to
form the intermetal dielectric structure in accordance with the present invention;
FIG. 7 is the structure of FIG. 6 with a photoresist on the planar surface and a via
25  opening;
FIG. 8 is the structure of FIG. 7 after etching the via opening and stripping the
photoresist;
FIG. 9 is the structure of FIG. § after post-plasma treatment with an ammonia-
nitrogen gas mixture; and
30 FIG. 10 is the structure of FIG. 9 after deposition of the via in accordance with the

present invention.




3 16 March 2007 DETAI LED DESCRI PTION OF THE | NVENTI ON Referring now to
FIG 1, therein is shown the initial structure of an internﬁéﬁg g¥$5ectr|c
(I'MD) structure 10 of a sem conductor substrate or prenetal Tg

(PMD) layer 12 having a netal line 14, generally of alum numor an

al um num al l oy, forned thereon. The 5 IMD 10 is a portion of an integrated
ci rcuit i nterconnectDEDAICED DEHIGCRIG VAN OF $HEOMPYBEHTIGON of an integrated
circuit. The PVMD | ayer 12 separates the conponents which are on and in a
sem conductor substrate from subsequent |ayers which contain the netal

| ines. The conponents are connected by contacts (not shown) to the bottom
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equal the height of the netal line 14 plus the depth of the oxide over-etch
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material during the FSG deposition which previously caused the corners of the metal lines to
be clipped away so as to form a pear-shaped cross-section metal lines rather than the
rectangular cross-section metal lines in the present invention.

20 Referring now to FIG. 3, therein is shown the structure of FIG. 2 having a flurcsilicate
glass (FSG) layer 18. The FSG layer 18 is deposited by HDP deposition with the temperature
controlled in the range from 410° C - 430° C. It has been determined that this temperature
range stabalizes the FSG layer 18 and helps to reduce fluorine out-gassing and out-diffusion.
In - a preferred embodiment, the thickness of the FSG layer 18 plus the SRO liner 16 will

25  equal the height of the metal line 14 plus the depth of the oxide over-etch so as to reduce the
intra-metal capacitance and control the cost of ownership (COO) of FSG deposition at a loW
level.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 with an in situ SRO
film 20 deposited over the FSG layer 18. The in situ SRO film 20 is deposited by HDP

30 deposition using the same bias power as for the FSG layer 18. The HDP deposition is carried

-out in a silane-oxygen ambient with a silane to oxygen ratio of 0.70 to 1.0:1. The RI is

controlled from 1.48 - 1.54 and the stress is close to that of the FSG layer 18. In a preferred

4



30 deposition using the sane bias power as for the FSG | ayer 18. The HDP
deposition is carried out in a silane-oxygen anbient with i

oxygen ratio of 0.70 to 1.0:1. The Rl is controlled from 63@51%9%0@2 and
the stress is close to that of the FSG layer 18. In a preferred 4 16 March
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st ructtw@tmygimnbmgﬁggggay@m.vi a as wll hereinafter be described.
Referring nowto FIG 7, therein is shown the structure of FIG 6 having a

phot or esi stRefagngapasiq EGoh, theeeciplinpkows the stoet@s of JalG. &r aftet, chievedl-oped,

and et ; 14 h A>\0pen 15 28 in the photoresi 26. Referring
ng\?v to&%ﬁ%ﬂkg,g(ﬁ]ﬁ@gi(#\?@ ‘gﬁlgi\}\ln e’ gfﬂinﬁrcﬁgfage B %eeﬁ@f {ager é?clt‘f?’ﬁﬁ; of
the iractopeof RYG.30 nidhufdeeirdE@Sadadydince vith 1he ppRenf invithiZdh hid&VaR@gbayer
18, and,the SRO.|liner 16, and after renoval of the photoresist 26.

Ref er rRdfgendsnt phthestgictyre whigh wclpdes thendaes vitkhaseipaiter bealesdribeliG. 8 af t er
post - pl as reat i < LR - oA T n (N2 as.

m xt ure. ‘rlr'ﬁ}esf&%g tn-ggltg?qng' wr%gﬁeﬁ{e}ﬁ? reg% %ﬁ%l%e 3fﬂ(%o6?l?d§/éq eB]%Oé?rg?fStl' egi on
32 i n 20hkepsdiEdloayke pliSaraudfacc24, patterned, aloecibpgl, 38d efthel tof forehiviotapiget ed
regi on, 32 .is ,pref erg%l y under 160 A in thickness. Referring nowto FIG 10,
t Hr eidf 1 &he st ructure of FIG 9 after deposition of the via 34.
The fluori nefdank abtdo raG! 8Nih3RiPIsAhEGhThS PRI ' of
the via 25 34 a_%ai ns'EJ fIuoti ne attack. Tﬁe Vi a %Z’Pfl% g%ﬂgﬁéﬁ\%}tﬁgggg% as

al uni rvigheraning HmnthenTEHQSolager 22ithenSROpfder 20, the FSG layer 18, and the SRO liner

16, and after removal of the photoresist 26.

Referring now to FIG. 9, therein is shown the structure of FIG. 8 after post-plasma

20 treatment with an ammonia (NH3) — nitrogen (N2) gas mixture. This post-plasma treatment

results in a fluorine-depleted region 32 in the FSG layer 18 around the via opening 30. The
fluorine-depleted region 32 is preferably under 160 A in thickness.

Referring now to FIG. 10, therein is shown the structure of FIG. 9 after deposition of
the via 34. The fluorine-depleted region 32 protects subsequently deposited metal of the via

25 34 against fluorine attack. The via 34 is of a metal such as aluminum or aluminum alloyed
with copper.

While the invention has been described in conjunction with the aforementioned
embodiments, it is to be understood that many alternatives, modifications, and variations will
be apparent to those skifled in the art in light of the aforegoing description. Accordingly, it is

30 intended to embrace all such alternatives, modifications, and variations which fall within the
spirit and scope of the included claims. All matters set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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internetal gdpeheeddigedtid;ucture for an integrated circuit conprising: a
prenmetal dielectric; a netal line on the prenetal dielectric; 5 a

hal ogen- bar # el lipg ep thepremetapdiglesttiss di el ectric |ayer and the metal [ine;
a | ogen-c L) g di Ll . -bar.ri.er liner; a
haP%gen-bar??é?QQ%F%?%U%%Eﬁhéﬁi%%gégﬁggﬁﬁﬁgﬁﬁﬁﬁgﬁgie %% ?P%alayer, t he

hal ogen- bar & hdogerf-cdnmainisie glideciid laganever die ko gda-Hardienlinend a

non- hal ogen-¢caontaining dielectric |ayer over the halogen-barrier film 10
2. The i nt of REIPS-BATEPGET pEer b Rdeuacontaiuing dHRFIG28 pia iy A IQREBBITHT ho

hal ogen- barri erglh 085 USESn R di&Ofns-iapf OXxide. 3. The internetal
dielectric structure as clained in cla’m1 wherein the fluorine- containing
di el ectric 4 ayehalogescentfihingrdogédtiic htyer giea gt halogen-bhneeri friltner net al

dielectric structure as clainmed in claim11 including: 15 a via photoresi st
hayjng a via phoffr G5l L. ORGAL ARG AREYLISE ct?%%r(?‘l{‘cla%n?% wherejn the halogen-

non- hal ogen-‘cont aining di el'ectric lTayer, the ﬁafogen barrier TilTm he

hal ogelmarriediteaimdsagsiliiontedt ddide.| ayer, and the hal ogen-barrier |iner using
the via photoresist opening to forma via opening to the nmetal line; and a

hal ogen-depl eted, yegion in .the hal ogen-confaining dielectri.c ]ayer.
proxi mate tte v?rgéeg’ée %ﬁw&%‘?wﬂ%@ﬂe?ﬁ& Eiute ”g?falﬂhlivfcﬁlfeé?ﬁét‘%ﬁ“?ﬂréq}ct ric
St r uct &n@aihiak dadlediid RYEAIBEa SlubfeNilicatelpPikdi Ng a premetal dielectric |ayer

conprising: a nmetal line on the prenmetal dielectric |layer;
4. The intermetal dielectric structure as claimed in claim 1 including:
15 a via photoresist having a via photoresist opening provided therein;

the non-halogen-containing dielectric layer, the halogen barrier film, the halogen-
containing dielectric layer, and the halogen-barrier liner using the via
photoresist opening to form a via opening to the metal line; and

a halogen-depleted region in the halogen-containing dielectric layer proximate the via

20 opening provided therein.

5. An intermetal dielectric structure for an integrated circuit providing a premetal

dielectric layer comprising: |

a metal line on the premetal dielectric layer;

a fluorine barrier liner on the premetal dielectric layer and the metal line;

25 a fluorine-containing dielectric layer over the fluorine barrier liner;

a fluorine barrier film over the fluorine-containing dielectric layer, the fluorine barrier
film uses a silicon-rich oxide film with a refractive index between 1.48-1.54
and having a stress proximate the stress in the fluorine-containing dielectric
layer; and

30 a non-fluorine-containing dielectric layer over the fluorine barrier film.



a fluorine barrier liner on the prenetal dielectric |ayer and the netal
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16 mrﬁﬂggggmgg&hﬁ@%‘er metal dielectric structure for an integrated
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dielectric layer; a fluorine barrier liner on't pr emnet dielectric | ayer

and the netal line; a fluorine-containing dielectric |ayer over the
fluorine bdrrierAl nfgmetal Hielqcfrigytiusare fymndntserteddiisug previdingaywemetsks a

f14or Qgdibdsat to.the thickness in excess 15 of the netal height
pl us the é‘gptaﬁ/elg‘lf t esIi i de over-etch mnus the thickness of the fluorine

barrier |i manstaldirfel onahe peenired] digdéctdi¢ lageover the fl uori ne-contai ni ng
dielectric If?%er; and .a non-fluorine-containing dielectric |ayer over the

fluorine bdr _é‘tnef”f“f“r?f liger ophe P’Fﬂ“éertﬂé”éf‘d?"tﬂ? E‘D’@‘b@ditb? giotaldingr e as clainmed in
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containing dielectric layer uses a fluorosilicate glass to the thickness in excess
15 of the metal height plus the depth of the oxide over-etch minus the thickness
of the fluorine barrier liner;
a fluorine barrier film over the fluorine-containing dielectric layer; and

a non-fluorine-containing dielectric layer over the fluorine barrier film.
8. The intermetal dielectric structure as claimed in claim 5 including a via

20 photoresist having a thickness under 160A.






