*".2 1"MAY 2004 PROCESS FOR BORDERLESS STOP IN Ti N VI A FORVATI ON FI ELD TR#E
| NVENTI ON The present invention relates generally to formng via plugs’i 2004
sem conduct or devices, and nore specifically to formng via plugs to
borderl ess structure sem conductor devices. 1 21 MAY 2004 BACKGROUND COF THE
| NVENTI ON As the design rule for sem conductor devices constantly
decreases, borderless structures, such as contacts, have been begun to be
used to permt the further mcromniaturization. However, the use of
borderl ess structures requires a |evel and degree of accuracy in
fabricating these devices that is not met to achieve acceptable yields.

M sal i gned via openings can create netal via plugs forned in contact with
sidewal I s of nmetal l|ines that degrade the el ectrom gration of the netal

via plugs. U S. Patent No. 5,920,792 to Lin describes an etch stop over an
HDP- CVD oxide |ayer. A first HDP-CVD oxide |ayer is formed over a netal
wWiring structure having a gap. A second HDP-CVD oxide |layer is formed over
the first

FROCESS FOR BORDERLESS STOP IN TiN VIA FORMATION
FIELD OF THE INVENTION
The present invention relates generally to forming via plugs in
: } semiconductor devices, and more specifically to forming via plugs to borderless

structure semiconductor devices.




\HDP- CVD oxi de | ayer. The second HDP- CVD oxi de | ayer having |ower ety pgy 200t
dep03|t| ng conponent ratio, and thus a higher CWP renoval rate, than the
first HDP-CVD oxide layer. A thin CWP passive |ayer may be deposited over
the second HDP-CVD oxide | ayer. The thin CWP passive |ayer having the sane
etching/ depositing conmponent ratio as the second HDP- CVD oxi de | ayer. The
structure is chem cal - rrechanl cal |y poli shed (CNP) wherein: the thin QW
passive |ayer m ninizesBd §UIND Y ds and is renoved; the
second HDP- CVD oxide | ayer is polished and rem)ved by CMP until the first
HDP- CVD oxi de stop layer is reached resulting in an essentially planar
surface. 21 MAY 2004 U. S. Patent No. 5,904,569 to Kitch describes a process
of formng self- alhgtleddesigis rile foulseinicveidaktor dee eacofistahtlf ek feats, Ng
self-aligned metal pillars to connect metal |ayers separated by a

di el ect ri bordenlessretradtupys| $ihsaso@meadts hage biet:s begil tbOUBRd A behR¥ Ghe
mddle titaniumnitride (TiN) |ayer that acts as an etch stop layer, and

an upper AlrtheyaicrothindatuRaéest, INgveor S, 62 9f bBrdesitks S8sGLgs éﬁr@@?é hod for
maki ng stacked and borderless via st Tuctures on nuitil evel {‘1

| Nt er conne&tl &b db@ree of B@&l@é@llﬁ@a&%a@ %tﬁeséﬂ@meg%mg P met t840hieé 1O

Jang et al. describes a nethod for
acceptable yields. Misaligned via openings can create metal via plugs formed in

:._4

contact with sidewalls of metal lines that degrade the electromigration of the metal

i :
e

via plugs.

U.S. Patent No. 5,920,792 to Lin describes an etch stop over an HDP-

CVD oxide layer. A first HDP-CVD oxide layer is formed over a metal wiring

structure having a gap. A second HDP-CVD oxide layer is formed over the first
HDP-CVD oxide layer. The second HDP-CVD oxide layer having lower
etching/depositing component ratio, and thus a higher CMP removal rate, than the

first HDP-CVD oxide layér. A thin CMP passive layer may be deposited over the

_‘ } ~ second HDP-CVD oxide layer. The thin CMP passive- layer having the same
' etching/depositing component ratio as the second HDP-CVD oxide layer. The
structure is chemical-mechanically polished (CMP) wherein: the thin CMP passive

layer minimizes dishing in the recessed areas and is removed; the second HDP-

CVD oxide layer is polished and removed by CMP until the first HDP-CVD oxide

stop layer is reached resulting in an essentially planar surface.




‘* a borderless contact or via hole in which a thin silicon nitride |ayegq{iypy 2004
used as an etch stop to prevent attack of an underlying interlevel
dielectric (ILD) layer during the opening of the borderless contact or via
hole in an overlying ILD layer. 3 SUMVARY OF THE | NVENTI ON Accordingly, it
is an object of the present invention to provide a nethod of formng
self-aligned via plugs to borderless structures in sem conductor
structures. Another object of the present invention is to provide a nethod
of formng self-aligned via plugs to borderless structures in
seni conduct or st r udy.8r BstentNoN§9@4 549 UARH @éé&fi&sc&/ﬁfocéé’seofqefrﬂﬁ{\g %gs
structures. A further object of the present invention is to provide a
met hod of alif@edTiag i hfitahiesn e d| M98t Qi@ L6t Hes . in

& eNqfteptAed | HPitd 98&%%@%%3‘%@%%%?@%? tb

sem conductor structures wthout the need to N etch

stop | ayerenntet nadgtiA i t.hg: i k i . Qr.oxide a
nmet hod of Orfu})rm' ng se %r_s %?Fg%té%cp%?’; gﬁe%gﬁfo eo@%@?ﬁﬂelgdgsscta fn&g{sgrae}éﬂsl n

sem condugh@tinShy ? }éérﬁxs, a ﬁiﬁicﬁ%ﬂ@aﬁﬁln “dﬁ'ledeg(?gql}?gg ELE acts %% _rallie Cﬁéﬁt&% bj ect s

prevents inter-neta orts otherw se over

Wil | appef’aryeﬁgﬁgiaﬂﬁptp%; Al layer.

U.S. Patent No. 5,891,799 to Tsui describes a method for making
stacked and borderless via structures on multilevel metal interconnections for

integrated circuits.

U.S. Patent No. 5,840,624 to Jang et al. describes a method for forming .
a borderless contact or via hole in which a thin silicon nitride layer is used as an
etch stop to prevent attack of an underlying interlevel dielectric (ILD) layer during

the opening of the borderless contact or via hole in an overlying ILD layer.

et




" i f NMAY 2004 It has now been discovered that the above and ot her obj e&IsMaY 2004
the present invention nay be acconplished in the foll ow ng manner.
Specifically, a ’"sem conductor structure having an upper first oxide |ayer
and at least two netal lines formed on the upper oxide |ayer are provided.
The netal |ines are spaced apart a predeterm ned di stance and each havi ng
a lower barrier layer, a mddle |ayer, and an upper etch stop layer. A
second oxide |ayer is dep@lUNAMARYeOF THEF INVENTION de | ayer and the pair of
metal lines. An etch barrier layer is fornmed over the second oxide |ayer.

The structure is planarized to formopenings in the etch barrier |ayer
over the netal lines. Athird oxide |layer is deposited and patterned over

the planarized stAccondisgliypitf Bran becopeThé @sedeit GRethtRCLELESiRBA i er
| ayer openings to the upper etch stop layers on the netal Iines. Metal via

pl ugs ar embetodlest fofiningelflalignP O MaSs tPbarl B 2R e dedd N O
THE DRAW NGS The features and advantages of the nethod o ormng an liquid
crystal ditspdass! ower substrate according to the present invention will be
nore clearly understood fromthe follow ng description taken in
conjunction with the

Another object of the present invention is to provide a method of

forming self-aligned via plugs to borderless structures in semiconductor structures

-

using etch stop layers over the borderless structures.

A further object of the present invention is to provide a method of
forming self-aligned via plugs to borderless structures in semiconductor structures

without the need to mask and etch the SiN etch stop layer.

Yet another object of the present invention is to provide a method of
forming self-aligned via plugs to borderless structures in semiconductor structures
: } using a self-aligned SiN etch barrier that prevents inter-metal shorts otherwise due

to via over-etch.

Other objects will appear hereinafter.




"acconmpanyi ng drawings in which |like reference nuneral s desi gnate SiWEHaMAPQm;
correspondi ng el ements, regions and portions and in which: Fig.

illustrates in cross-sectional representation conventional via plugs

formed to a pair of borderless netal wires known to the inventor. Figs. 2
through 7 schematically illustrate in cross-sectional representation a
preferred enbodi nent of the present invention. 6 2 1 MAY 2004 DETAI LED

DESCRI PTI ON OF THE RRESERREDENBIRIOVENT thRE el &ioreoAMEStHYY obidtes bNugNt i on

Fig. | illustrates a conventional via plug structure to borderl ess netal

wi res knowpresanttiheentiorentagrbe Bontplished 60 MR EFTRANSSMRRHGT S?éctifi@aﬂgz, got the

i nvention). Sem conductor structure 110 includes an upper stlicon oxide

|l ayer. Maealicdridiesorlstrictirbhaafi® 5RO UFBEr BYS OoxRRM 110
and include |ower barrier Iayé?% 11%? 318,O#iddIggﬁgggﬁgk?%y%ug§g%£and

upper Ti N Hr¥€68mdd®n tll%%pperr‘%ﬁl?@é:ﬁzr‘éﬁ Elye p%ﬁ%édzlfﬁéeﬁeﬁ%,ﬁgleg’ e %f)%g:e paced

apart distance 115 greater 'than or éequa 3 pm ' he dl e

layers 11%palld pheetbenineiRiiietd g @‘Ac@"hewing a lower barrier layer, a middle
layer, and an upper etch stop layer. A second oxide layer is deposited over the first
oxide layer and the pair of metal lines. An etch barrier layer is formed over the
second oxide layer. The structure is planarized to form openings in the etch barrier
layer over the metal lines. A third oxide layer is deposited and patterned over the
planarized structure to form via openings through the etch barrier layer openings to

the upper etch stop layers on the metal lines. Metal via plugs are formed in the via

openings.




" Al SiCu. Lower barrier layers 116, 118 may be conprised of Ti, TiN, or 21 MAX 2004

Ti/TiN  Upper TINor Ti/TiN layers 120,122 function as etch stop |ayers.
second oxide layer 124 is deposited and pl anarized over sem conductor
structure 110 and nmetal lines 112, 114. 7 21 MAY 2004 A third oxide |ayer,
or internetal dielectric |layer (IMD), 126 is deposited, planarized, and
patterned over second oxide |ayer 124 to formvia openings 128, 130. A not
uncommon probl emis t hBRIEF ESGRIFTIQN-OFR I Hil DIRA WANG
openi ngs 128, 130 may etch through upper Ti N |ayers 120, 122 and gouge
into mddle layers 117, 119 of netal lines 112, 114, respectively (not
shown) which degrades the electromgration (EM of netal via plugs 134,
136. This may be . CEhesfrdtines amsleadrainitaiidsOststhenmietiod bE Ghirmg A LigMRy | ayer
126 can introduce over- etching during the etching of via openings 128,
130. To redune d‘iﬁﬂhﬁﬂbﬂéﬁsﬂﬁhtﬁéﬂt@a&‘brdﬁ\%@pﬂi-enﬁ'eg-érw REhHEWiAYd ¥Or£0at i ng
(ARC) 120,122 will result in a higher Rc, nore over-etch is introduced to
ensure Copshly eelérstbdd @ontlehd ' i i L1fhti ' ases.
Even a thick fri N | ayer can i nécfoeﬂgg\;eﬁ%/?aéggg% Ida{érénolbzk%gdclﬂmlgg vﬁgggﬁ?o
remove al ec rapa: t: : Ti.N_and.causes .

bhﬁa 2 dréﬂ?ﬁg@ ﬁmvﬂﬁﬁshl@ehfeglé%hcélgﬁg}]ég%e@e%ﬁgnoagé éalr%l%%rcﬁ? s when,

el ectrom gration’ Further,” as shown iIn
for corresponding elements, regions and portions and in which:

i N
R

Fig. 1 illustrates in cross-sectional representation conventional via

plugs formed to a pair of borderless metal wires known to the inventor.

Figs. 2 through 7 schematically illustrate in cross-sectional

representation a preferred embodiment of the present invention.

el



" exanple, via opening 128 is nisaligned and second oxide layer 124 is 31 MAY 2004
partially etched exposing part of sidewall 132 of mddle |ayer 117 o

nmetal line 112. Wien netal via plugs 134, 136 are fornmed within via

openi ngs 128, 130, respectively, netal via plug 134 contacts sidewal | 132

of mddle layer 117 of nmetal line 112 which also degrades the EM of netal

via plugs 134. 21 NMAY 2004 Preferred Enbodi nent of the invention The

i nvent or has dPEdEEDIDESGF IERREFERR E EN conduct or
devices that (1) prevents msaligned via openings fromexposing a portion

of the sidewalls of the underlying netal |lines so that when netal via plugs
are formed within the via openings a portion of the netal via plugs do not
cone i ntlroblem swlvediby thd ingentiter | yi ng netal |ine thus preventing

degradation of the EM of the netal via plugs; and (2) permts defining an
SiN etch barrier without masking and etching of the SiN etch barrier which
greatly sinplifies the process. Accordingly as shown in Fig. 2, starting

semi conductor str U(Ethr1elhlﬁyatésn@k&d@ﬁﬁaﬁal&ﬁﬁ)ﬂug)&'k&’&mlea%%ora&@eés%né’caﬂer st ood
to possibly include a sem conductor wafer oOr Substrate, active and passive

devi ces f@fraknbiihiby tthtéeinv\éﬁ!‘o@r(no@QBCB@H-)IYS‘?dJe@MeisSPgiB?Ia%%))%hﬁg{léfj ghe_lr ayer s

(e.g., inter-poly oxide (IPO, internetal dielectr or med
over the adglongurface. The term

Semiconductor structure 110 includes an upper silicon oxide layer.
Metal lines 112, 114 are formed over semiconductor structure 110 and include lower
barrier layers 116, 118, middle layers 117, 119, and upper TiN layers 120, 122,
respectively. Metal lines 112, 114 are spaced apart distance 115 greater than or equal

t0 0.23 pm.

Metal line middle layers 117, 119 may be comprised of AlCu or
AlSiCu. Lower barrier layers 116, 118 may be comprised of Ti, TiN, or Ti/TiN.

Upper TiN or Ti/TiN layers 120, 122 function as etch stop layers.

e’

A second oxide layer 124 is deposited and planarized over

semiconductor structure 110 and metal lines 112, 114.




' "sem.conductor structure" is meant to include devices formed within a_a" MAY 2004
sem conductor wafer and the | ayers overlying the wafer. Unless otherw se
specified, all structures, layers, etc. may be formed or acconplished by
conventional methods known in the prior art. One or nore two nmetal |ines
12, 14 are fornmed over sem conductor structure 10. If nore than one line if
fornmed, the lines are spaced apart a distance 15 9 fli MAY 204 greater than
or equal to 0.23 prf 8yl eride fyer.cprbniprmistaltdielegtrpnmiayter gAMIN3.126hie  upper
surface of the sem conductor structure can be a dielectric layer (e.g.,

i nt er | eveldepp#tast tplpgarizedDpndr pattereed mvealsedirel exidei layéd MDY tb dyen )vigonposed
of an oxide, such as a doped oxide or oxynitride. Metal lines 12, 14

i ncl ude | openingai28,di30. AayeuscdiimohSprobietd iethhbyehinglof,seddhd axideUpper etch
stop |ayers 20, 22, respectively. It is obvious to one skilled in the art
that even 12haufphmehaipehinge 112, 136 mShewh thidufh Gippdr TBN aprN@ 190 ghd | ess
than that of netal line 14, the widths could be reversed, or both netal

lines 12, ghdgariito haiddld Beersan®e, Modfnetablihdiern 2etuakeshect WidhBne) et al
line 12 o§ n%tal l'ine 14? M ddl e layers 17, 19 are f?onﬂgg%&t 4500 ?o 5500

A thick, angciBégradsy eleal@blomigheidh (BROGndill ¢k pidch IRy G neoaRy heed of

Al Si Cu and are nore
caused because variations in the thickness of IMD layer 126 can introduce over-

etching during the etching of via openings 128, 130. To reduce variations in via Rc

o’

(stopping TiN anti-reflective coating (ARC) 120, 122 will result in a higher Rc, more
over-etch is infroduced to ensure consistency. If oxide is left over the TiN, the via Re
increases. Even a thick TiN layer can increase Via Re. If an overetch is used to

remove all the oxide, the etch goes through the TiN and causes electromigration.

Further, as shown in Fig. 1, another problem occurs when, for
example, via opening 128 is misaligned and second oxide layer 124 is partially
etched exposing part of sidewall 132 of middle layer 117 of metal line 112. When

metal via plugs 134, 136 are formed within via openings 128, 130, respectively,

e’

metal via plug 134 contacts sidewall 132 of middle layer 117 of metal line 112 which

also degrades the EM of metal via plugs 134.




preferably conprised of AlCu. Lower barrier |ayers 16,18 are from abofl MA0Z2004
to 440 A thick and nore preferably fromabout 200 to 400 A thick, and may

be conprised of Ti or TIN, and nore preferably Ti/TIN Barrier layers 16,

18 serve to prevent diffusion of mddle layers 17, 19 into the upper oxide

| ayer of sem conductor structure 10. 10 1 MAY 2004 Upper etch stop | ayers

20, 22 are anti-reflective coatings fromabout 280 to 370 A thick, and

nor e pr ef Ereftrired Embodabenttof 80invent®®0 A thi ck, and may be conprised of Ti,

Ti/TiN and nore preferably a TiN anti-reflective coating. As shown in Fig.
3, one key step of the present invention is that oxide |ayer 24 is
deposited by a non-confornal, high density plasma (HDP) process to a depth

just sufficient to Thd lm@zﬁl@orlﬁa@Qﬁ%Q@ré%pﬁ rdcbfe 8t :Fgrmi]r% @mgq‘@%s 3{? up to
a depth of about 6000A. It is critical that an HPD process to form

the | ayer sgflicohlriRtoPHOGESSEt | 1'7?&‘%@59& ‘a%la%pé%é%%\ﬁgﬂ‘ LPoshils W th a

density equal to or greater 1E12 cm can used

to forml gyeond4 th 1 e nce ECR),

S o s e e o R e e

non- conf O{iﬂéBﬂormE@%l‘Miﬂttﬂe Qfa Bﬁ%g Etplo 28an (2)f1‘ the metal via plugs do not come
into contact with the underlying metal line thus preventing degradation of the EM

of the metal via plugs; and (2) permits defining an SiN etch barrier without masking

and etching of the SiN etch barrier which greatly simplifies the process.

Accordingly as shown in Fig. 2, starting semiconductor structure 10
includes an upper oxide layer and is understood to possibly include a
semiconductor wafer or substrate, active and passive devices formed within the
‘waf‘er, conductive layers and dielectric layers (e.g., inter-poly oxide (IPO),
intermetal dielectric (IMD), etc.) formed over the wafer surface. The term
“semiconductor structure” is meant to include devices formed within a
semiconductor wafer and the layers overlying the wafer. Unless otherwise
specified, all structures, layers, etc. may be formed or accomplished by

conventional methods known in the prior art.

One or more two metal lines 12, 14 are formed over semiconductor

structure 10. If more than one line if formed, the lines are spaced apart a distance 15



" 23 of HDP-oxide |ayer 24 over netal lines 12, 14, respectively, ni rr ol k MaY 204
width of netal lines 12, 14, and are self-aligned over netal |ines 12, 14,
respectively. The inportance of which will becone evident hereafter. The
HDP process may be conducted from about 320 to 370C, and nore preferably
about 350C, using silane and O2/ Ar. 11 81 MAY 2004 The HPD process is
preferably preformed with a deposition to sputter ratio between about 2.0
and 3.0. Hoftexihae areqepl 4. 2ayme engmiare preferabily About X peapgapd th the

versi ons thereof such as HDP-PSG or HDP-FSG As shown in Fig. 4, etch
barrier | ajpper 25rfase dépibsi testiconductbbRiaxhede cdnapera dkle@ria hhbekagss of
fromabout 950 to 1050 A, and nore preferably 1000 A. Etch barrier |ayer
25 may be intertpvélsdidleofritHILD} lor dhter anetah didléctic IMB) 1dyes coinpbs@Nof Bht i de
and nore preferably SiIN. SiN etch barrier layer includes |ower, flat

portions 2ile, andh dsai d@tbd PEEKoPOERNR 2 Wet@VhesHBPt LM AR PBAEr Bl RV er

nmetal line 12, and raised peak portion 25c over - oxi de peak 23 over

?Ec}vgl) i neaybds 16438 ShiddMe kflerking; 10an@UpP¥i dén SBE A 20188 hABL &AL 0! | Shi ng
IS
It is obvious to one skilled in the art that even though metal line 12 is
} shown in Fig. 2 as having a width less than that of metal line 14, the widths could
be reversed, or both metal lines 12, 14 may have the same width - either equal to the

width of metal line 12 or metal line 14.

Middle layers 17, 19 are from about 4500 to 5500 A thick, and more
preferably about 5000 A thick, and may be comprised of AlSiCu and are more

preferably comprised of AlCu.

Lower barrier layefs 16, 18 are from about 180 to 440 A thick and more
"~} preferably from about 200 to 400 A thick, and may be comprised of Ti or TiN, and
more preferably Ti/TiN. Barrier layers 16, 18 serve to prevent diffusion of middle

layers 17, 19 into the upper oxide layer of semiconductor structure 10.

10



t hen conducted to polish and renpve SiN etch barrier |ayer peak port?ppm 200
25b, 25c¢ and HDP-oxi de peak portions 21, 23, each over netal lines 12, ﬂ 4
respectively. It is noted that since HDP-oxi de peak portions 21, 23 are the
same w dth as, and self-aligned over, the underlying netal lines 12, 14
openings 27, 29 formed by the oxide CVMP in SiN etch barrier |ayer between
flat portions 25a are 12 F | MAY 2004 also self-aligned over netal I|ines
12, 14, respecti velyppahetchistitphlagersSION22 arhattirefieetive lcaytimgsofpemi atgsit 27, 29
are slightly less_than the width of netal lines 12, 14, respectively, by
mor e t han 28btud706Athimhdanbrere pedfenblyl frofrabouabiiio A 1Kk, Asl S8PH8 i N
Fig. 6, cap oxide |ayer 26 is deposited and patterned over oxide |ayer 24
and Si N etophised o£Ti, TAIEN ahkdahoeqrtieaty 2 TaNbatifreflldtvedosieni ngs 28,  30.
Vi a openings 28,30 are designed to pass through SiN etch barrier |ayer
openings 27, 29 and oxide layer 24 to expose TiN layers 20, 22 with Ti N

| ayers 20, 22 acting as etch stop |layers. Via openings 28, 30 are etched

through the cap oxiglesHavem 26, 8Nthe 1&3?&%} f}%hXPg%s%?LiﬁeﬁﬁgnE fNal BugE_22: A

phot oresi st | ayer (not shown) ‘may be e via openings. The Si N

etch barryi b t . i . ferably
tops on he HH T Shrerad2's Bonebiontld, ARl Ak, pidfs (PRI SREESIER L

portion anﬁ’JREiug_ﬂ. NueHiBYRI 1o Hﬂtga?’offi 29I @Igetslhﬁnéénpf;\ SN gmgl?ztb%l u];|) s )

depth of about 6000A.

It is critical that an HPD process be used to form the layer 24. HPD
processes include processing with low energy ions with a density equal to or
greater than 1E12 cm™, HPD process that can be used to form layer 24 include ICP,
DFS, electron cyclotron resonance (ECR), SiH,/Q,/Ar, or SiH;1 /0,7 Ar/SiFe
processes. Since the HDP process is non-conformal, the width of peak portions 21,
23 of HDP-oxide layer 24 over metal lines 12, 14, respectively, mirror the width of

metal lines 12, 14, and are self-aligned over metal lines 12,14, respectively. The

e’

importance of which will become evident hereafter.

The HDP process may be conducted from about 320 to 370°C, and

more preferably about 350°C, using silane and O2/ Ar.

11



If a'via opening is msaligned, such as, for exanple, via opening 28 &% MAY 2004
shown in Fig. 6, SiNetch barrier layer flat portion 25a at 31 is resistant
to the via opening 28, 30 etch and is not etched. Since openings 27, 29
within SiN etch barrier |layer are self-aligned over netal |ines 12,14 and
have a width slightly less than the wdth of netal lines 12, 14 parts 31

of SiN etch bargie er flat portjons _25a shield the underlying edges 33
of nmetal |ines fi}?e Hfh?a é‘ﬁ&eﬁSH%P Fe r%reg?rm't?%li‘ﬂghlaaf%fé’loai‘@nttﬁépé%/t@b@meen. 13
21 MAY 20Q4, Thus .t he %esi n. and process of the present invention elimnates
the possiBrFeeARNEZ080d40 gned via opening 28, for exanple, from exposing

a portion of a sidewall of mddle AlCu |ayer 17 of nmetal line 12, for
exanple. As shown in Fig. 7, a nmetal l|ayer (not shown) is deposited over
oxide |l ayer 26, filling via openings 28, 30, and planarized to form netal

via plugs 34, 36. MApxidedapeugd Bay enprse DR oifmonsexidef oAldGpedr Cu,
and nore preferably tungsten (W. Since any m saligned via opening 28 for
exanpl e agestiovathpreofsuph as¢1DBXGGror HBPHESG.ed from penetrating parts 31 of
SiN etch barrier layer flat portions 25a, netal via plug 34, for exanple
as shown in Fig. 7, does not contact any sidewall

As shown in Fig. 4, etch barrier layer 25 is deposited over HDP-oxide
layer 24 to a thickness of from about 950 to 1050 A, and more preferably 1000 A.

Etch barrier layer 25 may be comprised of H-rich silicon nitride or Si-rich silicon

nitride and more preferably SiN.

SiN etch barrier layer includes lower, flat portions 25a, and raised
peak portion 25b over HDP-oxide peak 21 over metal line 12, and raised peak

portion 25¢ over HDP-oxide peak 23 over metal line 14.

As shown in Fig. 5, an oxide chemical-mechanical polishing (CMP) is

then conducted to polish and remove SiN etch barrier layer peak portions 25b, 25¢

e’

and HDP-oxide peak portions 21, 23, each over metal lines 12, 14, respectively.

It is noted that since HDP-oxide peak portions 21, 23 are the same
width as, and self-aligned over, the underlying metal lines 12, 14 openings 27, 29

formed by the oxide CMP in SiN etch barrier layer between flat portions 25a are

12



" porti.on of mddle AlCu layer 17 of metal line 12. Thus the el ectroni g AtNMAYh 2004
'( EM of Wnetal via plug 34 is not degraded. In summary, the process of
the present invention inproves the electronmigration of Wnetal via plugs
34,736 by minimzing or elimnating direct contact between Wnetal via
plugs 34, 36 and mddle AlCu layer of nmetal lines 12, 14. Wile particul ar
enbodi nents of the present invention have been illustrated and described,
it is notalspsefaignedoyermetal hees 1y dhuretpectivoly Pie widtlieff iSildtchhyartibe
following clainms. 14 4C 1 MAY 2004 CLAIMS W claim 1. A method of formng
vi a pl ugslayer @psaingsoRdull ere dbighte, lesotipm shengvititte of sheps lofes 1@ oMi, di ng a
sem conductor structure having an upper first oxide layer and at |east two
netal |i nespédiveld bymaeithangper 56 aflé nlay preferablydiromtabut Staapbei ng 5
spaced apart a first

As shown in Fig. 6, cap oxide layer 26 is deposited and patterned over
oxide layer 24 and SiN etch Barrier layer flat portions 25a to form via openings 28,
30. Via openings 28, 30 are designed to pass through SiN etch barrier layer openings
27,29 and oxide layer 24 to expose TiN layers 20, 22 with TiN layers 20, 22 acting as
etch stop layers. Via openings 28, 30 are etched through the cap oxide layer 26 and
preferably stop in the TiN layer 22. A photoresist layer (not shown) may be used to
for the via openings. The SiN etch barrier layers 25a act as etch guides/stops. The
etch preferably stops on the TiN layers 20 22 or within the TiN layers (removing

some portion of the TiN layer, but not exposing the underlying metal layer.)

If a via opem'hg is misaligned, such as, for example, via opening 28 as
shown in Fig. 6, S5iN etch barrier layer flat portion 25a at 31 is resistant to the via -
' } opening 28, 30 etch and is not etched. Since openings 27, 29 within SiN etch barrier
layer are self-aligned over metal lines 12, 14 and have a width slightly less than the
width of metal lines 12, 14 parts 31 of SiN etch barrier layer flat portions 25a shield
the underlying édges 33 of metal lines 12, 14 and the portions of oxide layer 24 there

between.
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" distance and each having a |l ower barrier layer, a mddle |ayer, and a®1 pay 2004
upper etch stop layer; depositing a second oxide layer over said first

oxi de layer and said pair of netal lines; said second oxide |ayer is
non-conformal; forming an etch barrier |ayer over said second oxide |ayer;
10 planarizing said structure to formopenings in said etch barrier layer
over said nmetal lines; depositing and patterning a third oxide |layer over
said planarized st rigsihe designfamdprdcessopfethi [pgesenh iwephion adlidniahizh thar ri er

| ayer openings to said upper etch stop layers on said netal lines; and 15
form ng niesaibilityaols mésaligned siadopeining Pt fongamydle, it eigbﬁﬁ% aQloribabm 1,
wherein said netal lines are borderless nmetal lines. 15 -21 MAY 2004 3. The
met hod of aeideivmllbf mitidleeAlCuslay ek 17 of stietali 15tedncfor bedmpRN said metal lines is
greater than about 0.23 pm 4. The nethod of claim1l, wherein said etch
barrier layer is conprised of a material selected fromthe group
consisting of SIN, SION, Hrich silicon nitride, and Si-rich silicon

nitride. As shown in Fig. 7, a metal layer (not shown) is deposited over oxide
layer 26, filling via openings 28, 30, and planarized to form metal via plugs 34, 36.
Metal via plugs 34, 36 may be comprised of AlCu or Cu, and more preferably

tungsten (W),

Since any misaligned via opening 28 for example as shown in Figs. 6
and 7, is barred from penetrating parts 31-0f SiN etch barrier layer flat portions 25a,
metal via plug 34, for example as shown in Fig. 7, does not contact any sidewall

- portion of middle AlCu layer 17 of metal line 12. Thus the electromigration (EM) of

W metal via plug 34 is not degraded.

In summary, the process of the present invention improves the

s

electromigration of W metal via plugs 34, 36 by minimizing or eliminating direct
contact between W metal via plugs 34, 36 and middle AlCu layer of metal lines 12,
14.

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit. the invention, except as defined

by the following claims.
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5. The method of claim1l, wherein said |lower barrier layer is conpriged of
a material- selected fromthe group consisting of Ti, TiN, and Ti/Ti 1 Bay 2004
The nethod of claim1, wherein said mddle |ayer is conprised of a nmateri al
selected fromthe group consisting of AICu and AlSi Cu. 7. The method of
claim1l1, wherein said upper etch stop layer is an anti- reflective coating
conprised of a material selected fromthe group consisting of TiN and
Ti/TiN 8. The nethod of claim1, wherein said second oxide |layer is forned
by a high- density plasma (HDP) process. .9. The nethod of claim1, wherein
sai d second oxide layer is conprised@AIMSmterial selected fromthe group
consi sting_of HDP-oxide, HDP-FSG and HDP- PSG 16 10. The nethod of claim
1, wher ei nVéefl@n¥et al | ines conprise said |ower barrier |ayer selected from
the group consisting of Ti and TiN, said mddle |ayer of AlCu, and- said
upper etch stop layer is a TiN ARC. 11. The method of claim1l, wherein said
metal via plugs are conprised of a netal selected fromthe group
consi stinglof té&ngsthed,ofgbrminguvin flugs &nd séinf@endbdior HeeidRBbRafriafgthai m 1,
wherein said netal lines conprise said | ower barrier

steps of:

providing a semiconductor structure having an upper first oxide layer and at

least two metal lines formed on said upper oxide layer; said metal lines being
5 spaced apart a first distance and each having a lower barrier layef, a |

middle layer, and an upper etch stop layer;

depositing a second oxide layer over said first oxide layer and said pair of
metal lines; said .second oxide layer is non-conformal;

forming an etch barrier layer over said second oxide layer;

10 planarizing said structure to form openings in said etch barrier layer over

said metal lines;

depositing and patterning a third oxide layer over said planarized structure

e

to form via openings through said etch barrier layer openings to said upper etch
stop layers on said metal lines; and

15 forming metal via plugs in said via openings.

2. The method of claim 1, wherein said metal lines are borderless metal lines.
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. layer, selected fromthe group consisting of Ti, TiNand Ti/TiN, a mgi:@ﬁ
layer conprised of a material selected fromthe group consisting of Y 2004

and Al Si Cu, and said upper etch stop layer is an ARC selected fromthe

group consisting of TiN and Ti/TiN, said second oxide |layer is an

HDP- oxi de selected fromthe group consisting of HDP-FSG and HDP- PSG said

etch barrier |ayer conprises a material selected fromthe group consisting

of SIN (S OV, b#daddhgon nitride .and Si-rich silicon nitride; and
said netal vi a%‘é‘g corfgrc?aé@%("Yﬂéﬁrémwgﬁﬁté‘l&t@@qb%wméaidgnmblines is
consi stin pgshen, salum num and Al Cu. 13. A nethod of form.ng via
plugs in %rgéetﬁ#conﬁp&uap' dtftce, conprising the steps of. providing a

sem conductor structure having an upper first oxide |layer and at |east two
metal lines formed on said upper. oxide |ayer; said nmetal |ines being 5
spaced apart greater that about 0.23 pm and each having a | ower barrier

| ayer and#4 an UJheemethoshof thygml Bywhereld s3ili &AN L2086r UBR S5 cofthrisedesond
oxi de layer .over said first oxide |layer and said pair of netal lines by a
hi gh- densimgterinbsalect¢d-B)n fireqgroap cohsistifNar SN, SION, PRfiEh SflicbRNREidRYSiq sai d
second oxi de | ayer; -

Si-rich silicon nitride.

5. The method of claim 1, wherein said lower barrier layer is comprised of a -

material selected from the group consisting of Ti, TiN, and Ti/TiN.

6. -The method of claim 1, wherein said middle layer is comprised of a material

. selected from the group consisting of AlCu and AlSiCu.

7. . The method of claim 1, wherein said upper etch stop layer is an anti-

reflective coating comprised of a material selected from the group consisting of TiN -
and Ti/TiN. | |
) 8. The method of claim 1, wherein said second oxide layer is formed by a high-

density plasma (HDP) process. | |

.9, The method of claim 1, wherein said second oxide layer is comprised of a
material selected from the group consisting of HDP-oxide, HDP-FSG and HDP-
PSG.
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10.pl anari zing said structure using a chenical - mechani cal polish proceB$ MAY 2004
formopenings in said etch barrier |ayer over said netal |ines; depositing

and patterning a third oxide | ayer over said planarized structure to form

vi a openi ngs through said etch barrier |ayer openings to said upper etch

stop layers on said netal lines; and 15formng netal via plugs in said via
openi ngs. 14. The nethod of claim 13, wherein said netal lines are

border [ ess Bt al Themeethodl®f Blamb twlastenf saed ﬁléféljlﬁles\éeﬁ{pﬁis@ safd BviRh: Parrier
barrier layer is conprised of a material selected fromthe group consisting

of SIN, Si OlaydsselectedSrdmatig gioup Ic@hsw@h%of Thand ran /@il ofidelle Gyal BF A%

wherein said mddle layer is conprised a mterial selected’fromt

group consi sndsgicbippér@iclastdpAbierGia TIN.ARhe . met hod of clai m 13, vvhere| n
said | ower barrier layer is conprised of a material selected fromthe
group consisting of Ti, TiN, and Ti/TiN. 18 [21 MAY 2004 { 18. The nethod '
of claim 13, wherein said upper etch stop layer is an anti- reflective

coating comiili se@hefmeathualt 6f tlalmsk|vekéreth E4ianmbhe 34 %E’g:?ﬁi‘b%&hbﬁgec? of a

metal selected from the group consisting of tungsten, aluminum, Cu, and AlCu.

12.  The method of claim 1, wherein said metal lines comprise said lower barrier
layer selected from the group consisting of Ti, TiN and Ti/TiN, a middle layer
comprised of a material selected from the group consisting of AlCu and AlSiCu,
and said upper etch stop layer is an ARC selected from the group consisting of TiN
and Ti/TiN; said second oxide layer is an HDP-oxide selected from the group
consisting of HDP-FSG and HDP-PSG; said etch barrier layer compnses a material
‘selected from the group consisting of SiN, (SiON), H-rich silicon nitride, and Si-rich
silicon mtrn;le; and said metal via plugs comprise a material selected from the

group consisting of tungsten, aluminum, and AlCu.

13. A method of forming via plugs in a semiconductor device, comprising the

T

steps of:
providing a semiconductor structure having an upper first oxide layer and at
least two metal lines formed on said upper oxide layer; said metal lines being

5  spaced apart greater that about 0.23 pm and each having a lower barrier layer and

an upper etch stop layer;
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" TiN, Ti, and Ti/TiN 19. The nethod of claim 13, wherein said second @4iggy o
| ayer is conprised of a material selected fromthe group consisting of
HDP- oxi de, HDP- FSG and HDP- PSG 20. The nethod of claim 13, wherein said
nmetal lines conprise said |ower barrier |ayer selected fromthe group
consisting of Ti, TiNand Ti/TIN, a mddle |ayer conprised of a materi al
selected formthe group consisting of AlCu and Al Si Cu, and said upper etch
stop |ayer is af°RE¥iREpseead exidenlaves ogensaid disststdde hyeotndishid paid ofi / TI N,
.21. The nmethod of claim 13, wherein said nmetal via plugs are conprised of
a metal s&edelilingsbyghighdensityuplasron§IBP) popoess; t ungst en, al umi num Cu, and
Al Cu. 22. The nethod of claim 13, wherein said netal |ines conprise said

| ower barrier fcuyémgs&b’&‘hﬂ:antidrrlqmrbhergﬂ@u@oﬁdmic&tlhm; of Ti and TiN, a

m ddl e | ayer of Al Cu, and said upper etch stop layer is a TiN ARC, said
second10xi de | aplenarisingDiidsideturs aisthgeh cdhebralEdliRécHaakar posisiSiphbcand, sai d

nmetal via plugs are tungsten. 19 21 MAY 2004 5 10
form openings in said etch barrier layer over said metal lines;
depositing and patterning a third oxide layer over said planarized structure
to form via openings through said etch barrier layer openings to said upper etch

stop layers on said metal lines; and

15 forming metal via plugs in said via openings.

14.  The method of claim 13, wherein said metal lines are borderless metal lines.

15.  The method of claim 13, wherein said etch barrier layer is comprised of a
material selected from the ‘group consisting of SiN, SiON, H-rich SiN and Si-rich
SiN. | |

16.  The method of claim 13, wherein said m_iddle' layer is compriséd of a

material selected from the group consisting of AlCu and AlSiCu. |

17. The method of claim 13, wherein said lower barrier layer is comprised of a _

material selected from the group consisting of Ti, TiN, and Ti/TiN.
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" 15 23.- A nethod of formng via plugs in a sem conductor device, corrpr@iiw 2004
the steps of. providing a sem conductor structure having an upper first

oxi de layer and at |east two borderless netal |ines forned on said upper
oxi de layer; said metal lines being spaced apart greater than about 0.23
pm and each having a |lower barrier |ayer and an upper anti-reflective
coating etch stop layer; depositing a second oxide |ayer over said first

oxi de | ayetB-andTBaimaethad, ofoelaimeldaiwheneds spid uppey Rtctestopt lpYST 4838 FHDP)
process; formng an etch-barrier |ayer over said second oxide layer; said
et ch bar ri egflectiygaoating ngmuigedi efoal materiaheelected froys| thetgrouprenmsistiaggefoup
consisting of SIN, SION, Hrich SiN- and Si-rich Si N, planarizing said
struct ure &8NNH, andReAAiDGI - nechani cal polish process to formself. aligned
openings in said etch barrier layer over said netal l|ines; depositing and
patterning a third oxide | ayer over said planarized structure to formvia
openi ngs through said etch barrier |ayer openings to said- upper_ etc st op
layers on 3% d heeanethpdef claimdly, syhemsin sade spcandaoddadayeris samprised of a
openings. 24. The nethod of claim 23, wherein said |lower_ barrier |ayer is
conpri sed &tatgrial selected from the group consisting of HDP-oxide, HDP-FSG and HDP-

PSG.

20.  The method of claim 13, wherein said metal lines comprise said lower barrier
layer selected from the group consisting of Ti, TiN and Ti/TIN, a middle layer
comprised of a material selected form the group consisting of AlCu and AlSiCu,

and said upper etch stop layer is an ARC selected from the group consisting of TiN

and Ti/TiN.

21.  The method of claim 13, wherein said metal via plugs are comprised of a

métal selected from the group consisting of tungsten, aluminum, Cu, and AlCu.

22.  The method of claim 13, wherein said metal lines comprise s_éid lower barrier
' layer selected from the group consisting of Ti and TiN, a middle layér of AlCu, and
said upper etch stop layer is a TIN ARC; said second oxide layer is HDP-oxide; said

etch barrier layer is SiN; and said metal via plugs are tungsten.
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material selected fromthe group consisting of Ti, TiNand Ti/Ti N 2842hay 2004
MAY 2004 25. The nethod .of claim 23, wherein said mddle |ayer is
conprised of a material selected fromthe group consisting of Al Cu and
Al Si Cu. 26. The nmethod of claim 23, wherein said upper anti-reflective
coating etch stop layer is conprised of a material selected fromthe group
consisting of TiN, Ti, and Ti/TiN 27. The nethod of claim 23, wherein
said second oxide layer is conprised of a material selected fromthe group
consi sting of HDP-oxide, HDP-FSG and HDP- PSG 28. The nethod of claim 23,
wher ei n sai2d mefamethadesf fooming sie plags it awemidmmidticeyr ddviee com@hfigethef rom
the group consisting of Ti and TiN, a mddle |layer of AlCu, and said upper
anti-refl estepseficoating etch stop layer is a Ti N ARC. 29. The net hod of
claim 23, wherein said netal via plugs are conprised of a netal selected
fromthe group prividisgiangmidontiub@s b8 ictusd NaViAE B ubper ARE A ay 3 Gnd The
met hod of claim 23, wherein said netal |ines Conprise said | ov&’ar Barri er

| ayer sel edaetvid bodeHessOh P LIANBIrflelNth Rfd TbpanGkidk M } laygr of
Al Cu, and said upper anti-reflective coati ngbgt cﬁxlst o] € ’a%/%f?q'llegalalﬁélélgN ARC,

said Sesongeiﬁéi s%%ced apart greater than about 0.23 um and each having a lower barrier
layer and an upper anti~reﬂective coating etch stop layer;
depositing a second oxide layer over said first oxide layer and said péir of
metal lines by a high-density plasma (HDP) process;
forming an etch barrier layer over said second c_>x-ide layer; said etch barrier
10  layer being comprised of a material selected from the group consisting of SiN,
SION, H-rich SiN, and Si-rich SiN; | -
plaharizing said structure using a chemical-mechanical polish process to-
form self-aligned openings in said etch barrier layer over said metal lines," |
depositing and patterhing a third oxide layer over said planarized structure
15 to form via openings through said etch barrier lé\yer openings to said. upper etch |

: stop layers on said metal lines; and

por—

'fqrming metal via plugs in said via 6penings.

24, The method of claim 23, wherein said lower barrier layer is comprised .of a

material selected from the group consisting of Ti, TiN and Ti/TiN.
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| ayer i's HDP-oxi de; said etch barrier layer is SiN. and said netal vi@, MAY 2004
pl ugs are tungsten. 21

25.  The method of claim 23, wherein said middle layer is comprised of a

material selected from the group consisting of AlCu and AlSiCu.

26.  The method of claim 23, wherein said upper anti-reflective coating etch stop
layer is comprised of a material selected from the group consisting of TiN, Ti, and
Ti/TiN. |
27.  The method of claim 23, wherein said second oxide layer is comprised of a

material selected from the group consisting of HDP-oxide, HDP-FSG and HDP-
PSG.

28.  The method of claim 23, wherein said metal lines comprise said lower barrier
layer selected from the group consisting of Ti and TiN, a middle layer of AlCu, and

said upper anti-reflective coating etch stop layer is a TiN ARC.

29.  The method of claim 23, wherein said metal via plugs are comp:ised‘of a

metal selected from the group consisting of tungsten, aluminum, Cu, and AlCu.

30.  The method of claim 23, wherein said metal lines comprise said lbwer barrier
layer selected‘ from the group consisting of Ti and TiN, a middle layer (_)fr AlCu, and
said ﬁpper anti-reflective éoating etch stop layer is a TiN ARC; said second oxide
layer is HDP-oxide; said etch barrier layer is SiN; and said metal via plugs are

tungsten.
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