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bel ow. BACKGROUND The speed and reliability of sem conductor integrated
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a hal ogencontai ning dielectric |ayer over the hal ogen-barrier liner, a

hal ogen-barrier filmover the hal bgen-containing dielectric layer, and a
non- hal ogen-contai ning dielectric |layer over the hal ogen-barrier film The
structure is not subject to halogen attack on the netal |ines while having
a stabl e hal ogen containing dielectric layer with | ess hal ogen out-gassi ng
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diffusion in a sinplified integration flow with reduced process cycle tine.
The present invention provides an internetal dielectric structure for
“integrated circuits and a manufacturing nethod therefore having a prenetal

dielectric and a netal line thereon, with a halogen-barrier liner on the
prenmetal dielectric layer and the netal |ines, a hal ogencontai ning
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post - plsrgedinttkeaat ment with an anmoni anitrogen gas mxture; and FIG 10 is
the structure of FIG 9 after deposition of the via in accordance with the
present invention. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Referring now

to FIG 1, therein is shypy ddigd G tlghndERgre of an intermetal
dielectric (I1MD) structure 10 of a sem conductor substrate or premetal

dielectric Tﬁé\@éseﬂiﬁﬁ{@fl’a&ﬁ)r@@d@s ngm%rrﬂﬁﬁl%lleléchﬁ%tr\l&ure ﬂﬁﬂﬁég@i&d’m@ﬁnﬁ' um num or

an alumnumalloy formed thereon. The 3 IMDD 10 is a portion of an
i nt egr #PH MAPYRGFIng mathad thers{ae hayipg a E@H‘ﬁ'@b‘ili’lﬁﬁ“%”’a‘ﬁ WaldBAsHERt s of an

i nt egr atitcth KdldgektbirrierTRr BMHelp?éi&Eal b2iesEip Myet &R thd?’lﬁieﬁpﬂi’&@r’teﬁﬂl@ge\ﬂﬂ ch are on

and in a sem conduct or substr roms bse ers Whl ch contain the
ot al | ISP FRCe B HPS  TBOGUERE iy URELEVS (HEL CEhaly Lo t he
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s deP%ﬁ& L%ﬁ@ct@rmtghﬁ&m%&efpt%th%@]a EIQQwJanLQQch 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-containing dielectric layer over the

halogen-barrier film. Vias through the halogen-containing dielectric layer are treated to have
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It should be noted that the SRO | ayer 16 prevents fluorine attack on the
conductor material during the FSG deposition which previously caused the

- corners of the netal lines to be clipped away so as to form a pear-shaped
cross-section netal lines rather than the rectangul ar cross-section netal
lines in the present invention. Referring nowto FIG 3, therein is shown
the stryGlpHiGeRto JF ifing geghﬁn‘!'aﬂﬁm@ did YROSThd CRIcRrIlsaR? s(5RPho ha¥sh 18. The
FSG | ayer 18 1s deposrt HDP deposition wth the tenperat ure controlled
in the ptmlgen fhﬁ@mahhr@s@rwa&lvsmle@avmsahta@e brdeasn erstaining dielectiniayer thiths _

{ enper ajiu faib @ 051808 :hd B3:-iftesidiSf | SlindiRfbeliBy b teduge 'l uorine
out - gassi ng and fusion. In best node,” the thickness of the FSG
| ayer 18ropgsgeyclenesRO | i ner 16 wil I equal the height of the nmetal line 14
plus the depfh a%ve%@adﬁﬁloﬂﬂ a@Vﬁ[ag@sI&hleﬁ)Qes@xﬁ 1r¥v@r&tfoﬁd&')4@9ect0ﬁ@ Gb]m'e'h?@m al

capaci tance and control the cost of ownersh deposition at a
| ow | eviiose giilfedrin Ffr?garhfwmtademn(a ofghe folewiap flefaledsdroitiptiomahen kit itire of FI G
3 vvlth @d}ldn@tlcﬁg@l%tmcgﬁlﬂ,ﬁyga gRQsi ted over the FSG layer 18. The in situ

&0 I's deposited by HDP dep05|t| on using the sanme bias power as for
the FSG | ayer 18. The HDP deposition is carried out in a silane-oxygen

anbient with a sil ane i O:1. The Rl is
controlled from 1. 48 BE(TEPQ%%@@IP@N?@OI]&EOD@ ée to that of the FSG
| ayer 18. | he. best de) , Sit.u SRO fi m20| ost dto a
Lo eknecs batbibis 5 oew TRSS bt il BeRbct pBGe bt bR P ERRES W oty

i medi ametellimfthepgont he deposition of the FSG | ayer 18 so as to elimnate
exposure to i M, St S t fluorine
out di f fusion Ftl&l%%nigé ?tﬁ}.cgﬁ)ﬂf qﬁlﬁggégéh&g?\ IZ%% éS?(il ﬂn%{]%%?rgley %&éin%ed chem cal
vapor ddéiplessiic angithq IPEEVIDE; SRO al so sinplifies the integration flow and hel ps
to reducettﬁGpjg(&g%&‘y%pﬂb JRef B Lk ngy.to FIG 5, therein is
shown the structure of F E‘;iavu% dﬂepossfﬁt%to%1 a tetraet hoxysil ane
(TECS) | ayerfig24 IR@F@#I‘PT«‘H@ qfotWGt d HthGan & mtuh%ln@nﬁwh oxigpdin aveethst ruct ure of
FIG 5 g&gr@srmcg@%mssq@ eriTEChani cal polishing (CW) which forns a pl anar
surface 24 on the T | ayer 22. This structure of FIG 6 manufactured in

accor dance \,UII@WIFH}SSW%éﬁfFIﬁﬂ@é’#bPéﬁﬁraﬁ%yﬁh%]ﬁff‘éges i ndependent of the

structure WHGHe isngd seRErd HEFIG. 8 88 M&ﬂahzah&{ 6f MakduBEthdiSsifas &l ?%Qeg ]
aving a

Referri ow to thereinis strycture of F

phot or e@?@{&le%t %&?@Hc SRR 3Pg) °°§mhftged?§”29f Iny§8%% r ned, devel oped,

and et ched tRIGf Disnthé stviicur© pERIAN @ With 4 Phdtdiesisp DO tIRr Baias burfbe arR&f @aring now to
FIG 8, thereln is shown the structure of FIG 7 after etching of the via
openi ng”30"Fn the TEOS layer 22, the SRO film 20, the FSG layer 18, and the
SRO | i ner 161Gads afetsmuctmmfv]élﬁ 6f afteh etchhg ter €8 iop¢niRbandRefigning thg now t o
FIG 9, I&)g% nis showmn the structure of FIG 8 after post-plasna
treatrre%t wth an ammonia (NH3) - nitrogen (N2) gas m xture, This

post - pl asnma H@edtisrthnt stuetguel ofsFiGn 8aafter wostiprema diohteeidwitie gh emn®Riain t he FSG

| ayer 18852und i Vd g opening 30. The fluorine-depleted region 32 is
preferablrgéeuﬁé(;éer 168 err) in thickness. Referring nowto FIG 10, therein

i s shown thé&TQt Ve thererugpremfGIGO0 affer depogidipef thi git 18facqopdanes witlBe The
fluori ng=dephédgsh region 32 protects subsequently deposited netal of the
via 34 against fluorine attack. The via 34 is of a netal such as al um num
or alum num all oyed with copper. While the invention has been described in

conj uncti on wlth E?S?f:lfi HECF&?(%%RK?%GOUFTI?F BRder st ood that many

al ternatives, I'ons vari ations w e apparent to those

killed int t di ngl it
skiited 1n I{L?err%{ ndll 1! su[chﬁ eﬂl {Sern Q}?e Hﬂmﬁ%&?& Ca'r%ﬂ mf“&%?e?% 'ngy, |
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whi ch f ditlectrig (IMD) strimture 0 pfia smirosdope subktrathes pramestall dislgcteir iMR) layr| matters

set. f O A NEEGI LA Tind N Mhelly bRBuAREATPANYIALA LAY, REfcPhEeb THE

|nterprete an | mtilng séense.

3



CLAIMS A nethod for manufacturing an internetal dielectric structure for an
integrated circuit conprising: providing a prenetal dielectric |ayer having
a netal l|line thereon; depositing a halogen-barrier liner on the prenetal
dielectric layer and the netal |ine; depositing a hal ogen-contai ning
dielectric layer over the hal ogen-banner liner; depositing a

hal 0getpRId &G poklonDr &Y Shectdh dhRhiORHRRHAARL B Rt Fhisk Eaxﬁpénaw and
deposi ting a non-hal ogen-containing dielectric |ayer over th

hal oge ! pamtdgeateds gitcwi. 2 TheRMD desieh bsep e atenhp aPraRoneris w@%ﬁreuontaéql iet al

di el ecth@ofiubyf isRal@Séh aguﬁrs%euehn 147621 Whidh \M}ﬁalﬁ' e deRaSiitdsNg Thie

hal ogen-barrier liner uses a silicon-rich oxid The net hod for

manuf acPUPINERLs ke Poimesterebalcompay et shopvnd tte det bnﬁema@f he ahgiddlivien gl ai m 1

wher ei RifleRPRidong t he hal ogen-containing dielectric |ayer uses a
fluorosilicate glass. 4. The nmethod for manufacturing an internetal

di el ectri c Befewiag urw sFi- & rbatein ris shayyme siligherieh axide g8t iling the

hal ogeReRAfdd &r fhk PR $§§n@m§ Hetac B 14, Cihe RSBt 16 de?osnyp 8y ARkhod for

manuf acturing an intermetal dielectric structure as ained in claiml

i ncl udidegity d’g’é’@él(ﬁpﬁb depnitipat in etai Wil zerq Pias, Aot Blaes (YHy)-axesas Gpl ng the via

phot or gsbiht BaMisHGnY 'rzﬁiocb@%ndng%oﬂrg&\/lsqpﬁjtot m eirfs refrh&ivh Bllick fmf) is
non- hal ogen- contalnhqg dielectric layer) t hal ogen barri er I m the
i

t
hal ogemagirited; hstwegn di‘eleadt Méwrrm}@mdeéaxersm@ Habgyesm bt ©iletd) fmer usi ng

the vi %eﬂJ&ﬁWd@SthééR@Bﬁé}HB% cfef)’osft&ftma%lMdn@ssQ&%émott@6dOb\e metal |ine; and
formng a halogen depl in the hal ogen-containing dielectric

| ayer proxi frie@id Pf'enmdathétp'éﬁﬁﬁ& lﬁ%dﬁd’éeere*tthéwgwﬁ attgek oR the conglycteror

nmanuf agdatéfibInriag _tue_rlutse;rdapcssaiondmih%vﬁdugy ShusetCthbl E@ndrObf tﬁ@mbﬂal B@gEa ed circuit

conprlﬁlng: BFOVIdIn% % remetal dielectric,la er1E€V|n 3? l'ine

t her eof® HESESTYRY & 11 (PGR hecasshapee Fropssipetionghetpl, eﬁr’ %lectric

| ayer &mdm@hﬁcﬁﬁ§&kn&1maﬂlm@pﬁsmﬁkagnanéhuﬂr|ne cont ai ni ng dlelectric | ayer

over the fluaqri.ne barrj i ner; depositin rine b rri.er filmover

The 11 uor t rETEE sRio TG Bielat s pio Ot ih Slopiirg Rigosiftace

non- f | glass (ARG Tlaydr d8.NTigF Sl lab e ¢ 8 isidepdsAydsy HVRdepbditonf witiothe eenpbraturd er film 6
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 the best mode, the thickness of the FSG layer 18 plus the SRO liner 16 will 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
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 the best
mode, the in situ SRO film 20 is deposited to a thickness between 0.5 — 2 kA. The in situ
SRO film 20 is deposited immediately after the deposition of the FSG layer 18 so as to
eliminate exposure to the ambient to reduce moisture absorption and block fluotine out-
diffusion. Using in situ SRO instead of ex-situ plasma enhanced chemical vapor deposition
(PECVD) SRO also simplifies the integration flow and helps to reduce the process cycle

time.
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7. The method for manufacturing an internetal dielectric structure as
claimed in claim6 wherein depositing the fluorine barrier |liner uses a
"silicon-rich oxide deposited by high-density plasm deposition in situ with
zero bias in a silane-oxygen anbient in which the ratio of silane to oxygen
is from0.8 to |l .2:1. 8 The nethod for manufacturing an internetal

dielectric Rfefeuﬁigufoe; t8 F1G: IsaihBRefh ié shoohaliensrfictivd @f BIGN 4 dapaiebdsitivg of he
fl uori ne-cont ai ni E el ec%i c layer uses a fluorosilicate glass by
hi gh- de‘ﬁéﬁe&?xﬁf[% Bé)d 'on at a tenperature in the range from410 Cto

4|30_ C g Th@tefmidqumf QFFImﬁlﬂgfha&InUirsisﬁ@mﬁﬂleis]l:tlh@ur%ffﬂ%di @h&cdhféxinfcaﬁt ructure as
Cl al ne I n epositin t he (0] e arri er | uses a
sili corPﬁlf'rc Wa R‘Eptfgm%ﬁwhﬁb éﬁab?’@f %rfa%er?é %B%E’ﬁ?ﬁdwer ?.%H;na 10. The
rr:st hod simmnlarajémﬁ@cé gfahﬁf@ctlﬁ@d imiesaricalwitited peieni mvamﬁmwwaa&ge@gai rr:sd in
claim @ _jncl udi 0Si at.ternin ot or.esi st evel opi ng
the. v dsRGEGaL e THagr Hiyeb rabgelit Vi® e et BRERGIRO. ot hi ng t he
non-f | uori naefeﬁrntga;bmmgrcﬂnedhaemns sholvayterstrudolre of FIGOB m&ng)apfrduﬁésis‘ti Il m the

[ ' e flu ebarrler | i ner using

fl t di I : d

the vl 2OSROPLRLE BEPBHERFRG +6rrBI Lo Sreb g8 PRI B VAUEnE | ne. and

f or m n@8an fhk phdtoresstdepl et ed region in the fluorine-containing dielectric
e B Bk R AR SRS A SRR oo ges
7H} xsniviofesiag 60 ] thaTEGR ¢tabc) dr]SRa) filal 1ajhe #5Gaken] & ahd ak SRlckdeea] ca] ca] ca]
cal ool B GRkAaaRlG S RAMRRER £ o & MatAIasl: (LO ™)) =dmw T

080008222* BREJ’smng nZ]v] to ;I{[@aq c}w]-em]scmpwm]}cees]rua]ne af tER] da]fmabc&n—bma]m: a] ca] ca] ca]
ca] ca] ca ‘a] a aj tr 2% ar]]c 4%{1 5X5556 88v999;
==== dh ] aT é? f cal ca] ca] ca] ca
] ca] ca]rcsa]ttca] acfa]ouae] d@]qtcii] regipc a:] ma]icﬁf]@ &]y@aﬁmmwﬂ@wamm& 3()) T@ @
109&' ()ﬂ-ugu%s o C{a&?g&() Q@ é, %o 6)i5 th% % ()-kVvaB, $410%&' () - @
109 () GopHideddring %’ b @9 08 §L(l;
Referring now to FIG. 10, therein is s own the structure of IG 9 after deposition of
the via 34. The fluorine-depleted region 32 protects subsequently deposited metal of the via
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 a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spjrit 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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providing a premetal dielectric layer having a metal line thereon;

depositing a halogen-barrier liner on the premetal dielectric layer and the metal line;

depositing a halogen-containing dielectric layer over the halogen-barrier liner;

depositing a halogen-barrier film over the halogen-containing dielectric layer; and

depositing a non-halogen-containing dielectric layer over the halogen-barrier film

2. The method for manufacturing an intermetal dielectric structure as claimed in
claim 1 wherein depositing the halogen-barrier liner uses a silicon-rich oxide.

3. The method for manufacturing an intermetal dielectric structure as claimed in
claim | wherein depositing the halogen-containing dielectric layer uses a fluorosilicate glass.

4. The method for manufacturing an intermetal dielectric structure as claimed in
claim 1 wherein depositing the halogen-barrier film uses a silicon-rich oxide film.

5. The method for manufacturing an intermetal dielectric structure as claimed in

claim 1 including:
depositing and patterning a via photoresist;
developing the via photoresist having via openings provided therein;
etching 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
forming a halogen-depleted region in the halogen-containing dielectric layer
proximate the via opening provided therein.
6. A method for manufacturing an intermetal dielectric structure for an integrated
circuit comprising:
providing a premetal diclectric layer having a metal line thereon;
depositing a fluorine barrier layer on the premetal dielectric layer and the metal line;
depositing a fluorine-containing dielectric layer over the fluorine barrier liner;
depositing a fluorine barrier film over the fluorine-containing dielectric layer; and

depositing a non-fluorine-containing dielectric layer over the fluorine barrier film.
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9. The method for manufacturing an intermetal dielectric structure as claimed in
claim 6 wherein depositing the fluorine barrier film uses a silicon-rich oxide film by high-
density plasma deposition in situ.
10.  The method for manufacturing an intermetal dielectric structure as claimed in
claim 6 including:
depositing and patterning a via photoresist;
developing the via photoresist having via openings provided therein,;
etching the non-fluorine-containing dielectric layer, the fluorine barrier film, the
fluorine-containing dielectric layer, and the fluorine barrier liner using the via
photoresist opening to form a via opening to the metal line; and
forming a fluorine-depleted region in the fluorine-containing dielectric layer
proximate the via opening provided theremn by an ammonia-nitrogen gas

mixture treatment.



