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BACKGROUND The speed and reliability of sem conductor integrated circuits
are conming to be nore and nore governed by the on-chip interconnects.
Advanced chi ps enpl oy mirOSSREFERBENCHTD REXSTEIPAPECICATIONAl |y conpri sing
alum numall oy lines, allumnumalloy or tungsten plugs for

interlevel /inter nptiglis GOBfvathalv bf chpbRing apflichlorOseial hinhBéreoBIAIOE filed
(fluorinated_silicon dioxide, 1s Si OxFy) as internetal and interlevel
dielectrics. N?H%“‘%eb%%&o%rfornance of advanced chi ps, such as used for

m croprocessors and digital signal processors using sub-.18 um

conpl ementary netal oxide sem conductor (CMOS) technol ogi es and beyond is
limted by the interconnect signal TECHpEGAL FtELIMel ays. The si gnal
propagati on delay for advanced interconnects is limted by the parasitic
resistive, 20 caplici presest ingeantion redhtiest genaralbl tortew tdselecfitvemestam clatuiiels tusel foret al

i nterconnect ;RC' del.a apaciti.ve noji se.or cross-t and inductive
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i nt er connect dicdlestricwonkting matedalp ifdrdhtermetal diektsio layem|fedtechnoogiacefdl. 1l mglagd Thi s
means that the internetal/interlevel dielectric layers (IMD and ILD | ayers)
must be t hi nR&PY To reduce capacitive effects with the MY ILD 2s
materials, lowdielectric constant (lowk) dielectric materials have been
devel oped which have k values in the range of 3.2 down to 2.0. However,
these | ow% dielectrics conplicate tBACKGBREMND of |ine (BEOL) process
because of their inferior thermal stability as well as their el ectrical,
mechani cal , and t Hks spatd andnelisbility ofi spmisprriyetor integratadrpirawitschre comingipestrnaseial | y

used silicon I I L gh- I a i 4. nat ed
Lo b con G 5y, ) Rl S LS00 el Ul
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good gap-fil 'ih@ﬂev%ﬁiﬂéhhétélto\éntamﬁeﬁ(&és fforsRilRaR g?a%é’gﬁl?ohnﬁl%fmi@dﬁsdi&i&’é“ a
process integration aspect, such as fluorine out-gassi ng, uorine attack
on conductsor s}iOghas ilbmstal ad igerlevglaidéctrigswi | | cause voids in the vias which
can |ead t0 open i, Sucdl AR A kAN RN AL B Sicll il Rt:ERGAGRARN 1 On
wll clip away the c ners of metal lines to | eave neta [né’s ﬁaw ng
"pear" shapedligitabsignalepropessrss uping chbrl8 Hnt epplamentey enskal Lrxidsr semigopdyctor SG
deposition d t.he f.luori out.-.di.f fusi op _under thernmal res 1 | ead
o conductor EMEY! HEnRE ¥ heldli i NnitER e {Rtonk AR, P fRE ey

di mensi on ( CO¥hecignbihwopugition deliay éortadvaneed| intepnretia iz linpieed ibfyitledparabitic pesistient
problenms w th HDR. FSG . one att t. h been. t.0 ,Use very thick & [ lm
fol |l oned by acag?lcétfyiet%d- ngﬁgﬁiecegﬁmtﬁb?ﬁ?ﬁ? hngcmfl f'Cl%% m tT%I frﬁeer Gt gcnosd%ea;%’han
hal f its 15 tdapaditivensisaoctrdskreatk, ambipfurtvemdide and @bdsitalbn ri ch oxi de ( SRO

layer. This appr Oq\%hchﬁ)aé}mgr%%%g Gre 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) dielectric 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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fluorine out-diffusion, but cannot totally elimnate it, and fluorine
out-gassing into the vias and the "pear" shaped netal |ine problens still
occur. At the sane tine, this nmethod al so creates sone ot her problens |ike
| it hography CD control variation due to the inpact from t he SRO unnmaski ng.

process and Agh: EREpel Bud AR ABAR iy BRIy FlephARiciRly %4 <o

probl em A sfigonbkida (3i0x).he above probl ens has been Iong sought but has
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dielectric layer, non- hal ogen- cont ai ni &g dielectric | ayer over the
|

hal ogen- bargondyctqrs,| ﬁm Fhierine putcgasyieg Wil eavse yoibs dcthetviashwhiyeen lead sckpesn t he
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skilled in the art.

DISCLOSURE 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-containing dielectric layer over the
halogen-barrier film. The structure is not subject to halogen attack on the metal lines while

30 having a stable halogen containing dielectric layer with less halogen out-gassing and out-
diffusion .



FIG 5 is the structure of FIG 4 with a tetraethoxysilane layer; FIG 6 is
the structure of FIG S after planarization of the tetraethoxysilane |ayer
to formthe internetal dielectric structure in accordance with the present
invention; 25 FIG 7 is the structure of FIG 6 with a photoresist on the
pl anar surface %Ed a via opening,, FIG 8 is é;he s,tructur? of FIC‘E 7 after
etching the vi alBpRESTRpInEsion praviiss ayntarmetahdielgetas sejcturefaginteprated gifguits

structure of FhGridy af tflemRest -AbasiBid roat REREL M t haRnaramni a 30 nitrogen
gas mxture; and FIG 10 is the structure of FIG 9 after deposition of the

vi a- i n accd¥itiahbalognibarrien inesrensthp prempjel diglestric Igyer apgdie meklimere lmgen NG
QUT THE | NVENT L Al i 0 1 t Lol tk al
structure of arklnqg nﬁ%ﬁﬁe‘%é {j:ag e%?rlﬁﬁg%q ﬁ?ﬁ?g@tﬁée&cg&?@g%gg%?eraﬁgle%%oﬂﬁguctor
substrate d&alopereenmtainingldiglestricrlayer( #ND) nbrahalpgebrohtainingydiglentsic ddyef owmer thd,
general ly Y r ] 0 fQr IND 10 is
a portion g%log%]rpgarﬁ ggﬂrlgxf ggagéiﬂj Pg%}l @9 %\1? é rnc%ar?tﬁ‘éné%gn&glre étgg%aﬁg‘g%r? -rél;g&%dgtroi h(?ﬁ’g
conponent s nof-halogénrtonatiirange cegiins cuiund thé &iaRMTHeagtaktuie? issmp aubjee stot Hagogen
conponent s i,ch are on.and i.n a .sem cond r . substrate from subsequent
ayers whi Akt FeBatias vr PrlEvbghebls lnnen caidnige dbfifEe Ea By
contacts (n&s Hhvgen outgasiife ahdbuediffadion he netal lines at different

| ocations. to Referring nowto FIG 2, therein is shown a silicon-rich

oxi de (8RO liner 16 deposited over the PMD 12 and the netal line 14. The
SRO l'i ner 16 i sTHepwb bhifadivticnhidayaRia sf/thpg%%mm@mf’oh WReStd Parettilo S| tu
with zero bias, in a silane (SiHa)-oxygen ) anbient in which'the ratio
of silane tthoselidled in thegrigfrer ajreading ofrthe folldwing dptaided dageriptiomihen daken in

mai nt ai ned gn‘%éa" (dPa%{' | oxide |ayers have RI's between 1.45
to 1.46). Icﬁﬁ%@ﬁﬁﬂé&g@s}%&@m ,%‘ﬁe GTiner 16 is deposited to a thickness
bet ween 200 to 600A. It should be noted that the SRO | ayer 16 prevents
fluorine attack on the conductor material during the FSG deposition which
previously caused the cor B&MEF BESCRETHONDPF T WINESc| i pped away so as
to forma pear-shaped cross-section netal |[ines rather than the rectangul ar
cross-sbction nELGI! Isimwewiof apHetermetal igledinip, grnctuemof 2 premetab diclosicnwith 8 o
FIG 3, they 51’1inleﬂ1e§é& wn the structure of FIG 2 having a flurosilicate

gl ass (FSG layer 18. The FSG | ayer 18 is deposited by HDP deposition with
t he tenper at ur e FEGn isgh¢ ettudture phHEIG. alnbayirg o sliddGridh oxide3line overt thé prenietabn
det er m ned (%glggtn(% .dﬁhéﬁ%ﬁf alure range stabalizes the FSG | ayer 18 and
hel ps to reduce uorine out*gassing and out-diffusion. In the best node,

t he thi ckness offlGikis BsGirhetyrerof FBS. (2l haging lhdlubieailicategiasslieyend | | equal the 2s

hei ght of the | ,l.ine 14 pl us epth of t.he .oxide.over-eitch so,as to
reduce $°he i nt p?“%’e? af ﬂg’a%%"a%feaﬁ%ie:ngn% v@%‘n’ﬂ o] Sl{&hﬁﬁ%o&q(’ho?m%%ﬁf g ﬁfrptthOO)
of FSG depofhiocrdsilivatetglass lager; | evel . Referring nowto FIG 4, therein is shown
the structure of_ El 3wth an_in situ SRO film 20, deposited over the FSG
layer 18. The i ﬁlgi ﬁG’tﬁﬂ?ﬁg“?t}“ier??Ewﬁsw’gb‘bﬁgﬂfﬂé‘a‘yglﬂnﬁbﬂﬁgeposi tion using the
sanme bias power RG, é & tht BRudn@Eof BY@r5 dfr pldk@rizdtitn € BRSbirdetoxysHlakcdlaydrad 30

out in a si|lane-aoxygen anbient with a silane to oxygen ratio of 0.70 to
1.0: 1. The Inim the infermetal dielectric structure in accordance with the present invention;

25 FIG. 7 is the structure of FIG. 6 with a photoresist on the planar surface and a via
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. 8 after post-plasma treatment with an ammonia—
30  nitrogen gas mixture; and
FIG. 10 is the structure of FIG. 9 after deposition of the via in accordance with the

present invention.



controlled from1.48 - 1.54 and the stress is close to that of the FSG

| ayer 18. I'n the best node, the in situ SROfilm20 is deposited to a

t hi ckness between 0.5 - 2 KA The in situ SROfilm20 is deposited

i medi ately after the deposition of the FSG |ayer 18 so as to 4 el imnate
exposure to the anbient to reduce noisture absorption and block fluorine
outdiffusion. Using in BsﬁstTM@R@Fq{%ﬁjéggY&qG(QU'%TﬁE INVESHONnhanced cheni cal
vapor deposition_ (PECVD) SRO also sinplifies the integration flow and hel ps
to reduce the prBskudscley & FiGel, therur i showy theinitig) 8!“@““50 f amdetermetal s

shown the stdigieds @D shilctire fo 6 d s%ﬁu&ﬁmrfsﬁumat%r Frefbihl AQLARRPMD) AR

( TECS) Iayer 22. Referring nowto FIG 6, therein is shown the structure of

FIG 5 aft erl2diseing e metahlinhdin gengrallp of alymingm qr@wl}ummmﬂlomfpmedahmoan
surface 24 o *11@1 TESSRidrPHGh idteeratdd e tlﬁeéfcbfﬁ{e@t 18t cdnh&ting v %ﬁﬁ o%ﬁl

accordance wth the present invention has advantages 1 o i ent of th
structure wrf@h mtfrmtqbl@s:utth dhe PMIhkayes 12 sepasates theifaregonenss which Nebmmd ina

Ref or 110 NUirkénblelr omiallehBhN o3l k0 Sy Y] ki one mE g, haYgno @

phot or esi st eposi teq on t ace ter ne evel oped,

and et ched t@nipommtsaalv|camcep@dn|lxygcozatcisr(noﬁwélowhbttcmtl@sbcgtonﬁaf theghetalr fineg athow to
FIG 8, ther the structure of FIG 7 after etching of the 15

Vi a opening @g&eﬁtﬁ?%ﬁﬁ%%”é% | ayer 22, the SRO film 20, the FSG | ayer 18, and
t he SRO h¢ ner 16 Refemihgafigverto féGoalthesdin timehquhoa csilézsh-sibh 23ide RSRO) ineg 1610w t O

FIG 9, ther eﬁosﬁ'e& overWPMPﬁ'%ndqﬁ }ﬁ%t%l ﬁ)ne ﬁt EE}e%lfH llrlﬁr lgqghepgﬁl%ﬁrga high-

treat nent wi ture
post - pl asnma densigt phmﬂa (HRR)| depositiors if sito Mlthezetke biaet iach sitage @BiHz oxypert (@) FSG

| ayer 18 ar The 2o. f ted re 32 is
o ot e bl v TG Towtish SRy BEsER o At s A BT d Bl kRO | S
fslhown t hedst hbiafaihed betvedn 118 Shdalf. S o) 0RidE layers I(hﬁvefj RE betweed .45 T(hfi46)].c In ]
uori ne-de supsequent eposit.e tal of the
Ui 8 a" aa% neEbRF mhre e SRR P B RkrRarS s HEms b B 10 €80 ae aF U num
or al umi num al | oyeshowidtte oeaptit. thQERWlhjree l'ﬁhﬁedeﬁt\s’ﬁllﬂbthma&oxb&ﬁrbodnﬁﬁzﬁﬁi bed
in conjunction wth a '?‘Fgﬁ fic hest IS ste‘g be undeirqﬁlteooga[lhhat many

al t er nat i ves™atFBdidps depgstiiop shic Hf%‘%‘smcw the gpmgs @ gesdo

skilled in thechpped iawayisghls 1©f fotha péBERGOd REHsslQRGo Bletad Nines\GMRE AhanTihy, it
is intended to enbrace all sucg alternatives, mpdifications, and vari ati ons
which fall wierRRgRAr Grossisetionmety dinesig the nsgseptiaveption. yded cl ai ms. ALl matters

set forthoherein RfershOnw toFId mmﬁ@w tﬂQstﬁ@tuGH&WIGgﬁhaaﬁ@ atfirdaBicate
interpreted in an illustrative and non-limting sens Al MS: 1. An

i ntermetal deldssdERP) layes 43 EhefiSG leysr 185 4°H?sé‘§4 bt @HP@FPQ?G‘PE‘ with I‘H?r‘?‘gl?

premetal di et@bNédin the %eaq*md] uw @n 4§d5vec PP béth ddiefhined ﬂ]h@t}ns&erﬂperature
hal ogen- barner |iner on t dielectric layer and the netal line; a

hal ogen- cont Eng¢ fiepalizes thediSq Y‘Fd§ éfld Beles togrpluics, Hpqsing Quihsastieg andjoyisdiftusion.
In the best mode, the thickness of the FSG layer 18 plus the SRO liner 16 will equal the

25  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

30 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

4



a hal ogen-barrier filmover the hal ogen-containing dielectric |layer; and a
non- hal ogen-contai ning dielectric |ayer over the hal ogen-barner film 2. An
internetal dielectric structure as claimed in claim1 wherein the hal ogen
ro barrier liner uses a silicon-rich oxide. 3. ~n internmetal dielectric
structure as ,cl.aimed in claiml wherein the .fluorine. containing dielectric
| ayer uses ac PP Séqorg‘i’rgé? Zhegi’%-lé‘\é\a tﬂ.r%ei"ﬁ‘?g\” ﬁqrptmne‘?“g(a:lfl?‘ikcﬂé‘{“flﬁ(ﬁ’f‘hr e as
clained in cdiffusiodl Ukieg @i situSRO fnstbapeexitn hiasha Enlafted SheémidalSiapir@iepositioah
oxide filmi joternmetal. diel.ectric structure as claiped in claim1l
“heludi ng. SRy RS ey 1 oS Grtatich, B g PeiPo 1 erdhck e paeis e

non- hal ogen-dm\at ai ni ng dielectric |layer, a haologen barrier film a

hal ogencont ai ni n ielectri ayer, .and_a hal ogen-barrjer liner using the
T phorof el ot | RATHER AT ARBRNT S SO QY St 4190 o RS0 o
hal ogen- depl gtrgsthoxeglafé( TEOSY hgert®2| 0gen-cont ai ning dielectric |ayer

proxi mate the via etcszpeni ng praovided therein n internetal dielectric

. . 6. A
structure for an R Tees afede E1G- @itk‘erﬁ‘f“d%i’“}éﬂ%ﬂlﬁ SB'!“éH‘Et"éIFI@i éla8ex ‘l"hieﬁ“qahyer
conprising: medHahiedl golishg(TMPF)SvIRELTHRhSh piin&! Bfthdel 24 drAMETEOSYayRr bh UQhisne
barrier layer on the premetal dielectric |layer and the netal line; a
f1 uori ne- constBiChI8f BiCe Oananufasturedyiaracepsdance pthfthe presenbinyention dies pdvatpgesg

f1 uori ne \par fiqefenddnt 57 1R/ SlucthREyHitIHAREILES 1EORE & vl Rerefth B @€ UbdcAbdaayer; and a
non-fl uorine-contai ning dielectric [ayer over the fluorine barrier film 7.

An internetal di deferringeovstorkig Tirthereis isshawprhe structere of FG 6liseing b hatpresist

fluorine 3o i loh ARMH1dAS ESirfaceSid! | L I 1 : IVZC)

i ndex of 1. 42@?@&)?&%21} ﬂg.plﬁn I nt e@&#gﬁaﬁlg?eﬁégeé@%?gﬁg{a %ﬁ%{}g rﬁgngag‘fl%:%iun din

clai m 6 wher &8 in thewghofaresist 2hecont ai ning dielectric layer uses a

1 uor o1 | Fcat e ol @gahone, k] 8ABSA  oSHRe Snd A BhorUEADLE ot
thic the ftl ne

the depth of the oxide over-etch mnus the ness o uor ‘
barrier |15 neria openingd30 iahd TEQ@S ayerad2, the SREXfilmi 20, dherliv€t layer 18sand|the SR liner

claim6 wher ?é Nnd Qﬁerfgln%qglid}ﬁle&%&%leg tfld | muses a silicon-rich oxide film
i ex pbetween 1.48-1.

with a refractive 1n .54 and having a stress proximte the
stress in the fl ukefemiag oomtt@FhG. iy tidren scthown theasprmetureldd. FIGNS iafitrgrostetiasina

di el et ri L ai el udi vi st

navi ng a ¢ hi SR GAAR SRERG]- SRR B U6 HAGE T pfh e LRliEle
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: Ral (/ L

([:)?]&gg% ig]r#g] ?]%clgaééc%?ﬂgt;e?1&%]%2’?1@%?%%?@%“@3?&3? éalf(t:héﬁkélgsjsba] cal ca]ca]ca]lca]ca]c

a] ca] ca] ca] ca] ca] Refprtiag ooy tafica ]l @,ahaeih & showa M 3tructure of FIG. 9 after deposition of

2001 2"" DR §*' L L = ni.d cal.calcal cal cal cal c alcal,ca cal] ca

ca] ca] ca] ca][ @aﬁ%ﬁ%%‘%ﬁugg ecé geg%dcrg 8%};%3'}0%3183%38%"]68@ %(p;)%@ I"]”lﬁiglil tﬁgl'la beal
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ca] ca] ca]ma] ca] cajvhilt dlivehtiva lnabesa]destibed dabajatciah sath aapeitdrftanddeai a] cas
\i K-10% u&' () - MLO% u& %)- 10%u§£ ) -, &10%. &'%-&3 . .

E1 0% o () ko S odeo e op i s cined iy, 894 wagiaipns; wil be apparent to

102/@ u- u& () - ﬁg&&@gﬂé&i}mﬂ@%@? m&iggﬂ of & gtforegloing descriptgon. zf\ccordlingl}'f', it ig intended to .
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scope of the included claims. All matters set forth herein or shown in the accompanying

30  drawings are to be interpreted in an illustrative and non-limiting sense.
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a non-halogen-containing dielectric layer over the halogen-barrier film,
2. An intermetal dielectric structure as claimed in claim 1 wherein the halogen-
10 barrier liner uses a silicon-rich oxide.

3. An intermetal dielectric structure as claimed in claim 1 wherein the fluorine-

containing dielectric layer uses a fluorosilicate glass.

4. An intermetal dielectric structure as claimed in claim 1 wherein the halogen-

barrier film uses a silicon-rich oxide film.
15 5. An intermetal dielectric structure as claimed in claim 1 including:

a via photoresist having via openings provided therein;

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

20 a halogen-depleted region in the halogen-containing dielectric layer proximate the via
opening provided therein.

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

dielectric layer comprising:

a metal line on the premetal dielectric layer;

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

a fluorine-containing dielectric layer over 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.

7. An intermetal dielectric structure as claimed in claim 6 wherein the fluorine

30  barrier liner uses a silicon-rich oxide having a refractive index of 1.48 to 1.54.

8. An intermetal dielectric structure as claimed in claim 6 wherein the fluorine-

containing dielectric layer uses a fluorosilicate glass to the thickness in excess of the metal

height plus the depth of the oxide over-etch minus the thickness of the fluorine barrier liner.
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