£S) - Aspects of the present invention, including so

illustrated in this nmore detail ed enmbodi nent, avoid at %ﬁ@tﬂwm
"via poisoning nmechani sns, thereby form ng i nt erconnects thaamypre L
teliably have | ow resistance | evels. One of the via poisoning ‘”?U

mechani sns which i s addressed by aspects of the present invention is
illustrated in FIG 5 4. FIG 4 shows a first level wiring line 14
formed on an insulating |layer 12 covering a sem conductor substrate
10. An unl anded via is formed through iﬁsuLating | ayer 16 in an

etching process |ike that described above with reference to FIG 2,

resulting in thBitle: f or rafeibAligred Yalapdad Via Metallizalop,\,  al ong with a

cavity 20 adjacent the netal wiring line 14. To facilitate the
adhesi on ofs a tungsten plug to the via, an adhesion or glue |ayer 10 22
is typically formed within the via. A tungsten plug 24 is then forned
wthin the via by - sel ective chem cal vapor deposition using a
source gas such as W[ err]. Sever.al problens arise with a
structure like that illustrated in FIG 4. First, it is typical to
use a plasma etchant derived froma gas including carbon and fluorine such
as CF4 or C2F6 in etching the via, so that the via etch process
will typically result in the 15 formati on or deposition of polynmers as a

bypr oduct &N the etching reactions. Oten, these

Background of the Invention.
1. Field of the Invention.
The present invention relates to the formation of wiring structures in integrated
15 circuit devices. More particularly, the present invention relates to the formation of vias

and interconnects extending through vias to buried wiring lines or pads.

2. ipti he Relat
Many highly integrated semiconductor circuits utilize multilevel wiring line
20 structures for interconnecting regions within devices and for interconnecting one or more
devices within the integrated circuit. In forming such structures, it is conventional to
form a first level wiring line, deposit an intermetal dielectric layer over the wiring line,
form a via through the intermetal dielectric layer to expose a portion of the first level
wiring line, and then deposit metal into the via to form a vertically extending interconnect
25 or “plug.” A second level of wiring lines is then formed on the intermetal dielectric layer,
with one of the second level wiring lines in contact with the plug, connecting the first
level wiring line to other conductors in the circuit. Conventional methods of fonningviaé _

through intermetal dielectrics, along with the methods conventionally used for forming



pol ymers are trapped in the cavity 20 fornmed adj acent the netal wring

line, and remain within the cavity 20 even after cleaning with a
sol vent such as ACT 935 (produced by Ashl and Chem cal s). The
pol ymer residue within the cavity 20 is a source of cont am nati on

for each of the subsequent processing steps in the formation of the 20
I nterconnect. For exanple, deposition of 22he glue |ayer, which m ght

consi st of themetal plugs asRiiizhlGatercyizens betlieebwiringNeveR, €hn.prétbucs imtcteptabg) of
titaniumor titaniumnitride, has poor step coverage over the

cont am nat ed ceesistiye if@rcomimetionst fesultinginmasatisfestatytintsfconmpbstiuciung. a

glue layer 22 wt hiﬂ an U{J' alndel[(ilig viﬁlla i _nclgud%ﬁguhem%or mat i onf of _a gart lally
cl osed cavity CoOmMEPIONg! BUINEA R WERE 4n% ssand@ mstedofimakingdhe i nsi de.
The subsequent chemi cal. v ry.2 e i fion of tung;t n froma Werr]
source gas app@%qgmf %‘HH%&‘E"S?“&H% lf B:QGD{W 4 semico "cg’ég'i“aﬁteatf*?apped

Wi thin the cavi | o L s & Y ; ten

pl ug havi ﬁsg a E)r%%{}n%%)ia%fg%??/ﬁ ﬁh&#?gﬁﬁ%?ﬂ&tgﬂenﬁﬁ%ﬁ?gﬁﬁglﬁg énf:Zl ! gge W ring
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good contacts between the tungsten plug and the overlying second
| evel wiring | layerof insulating material 12, with the wiring line typically making contact with one or

more devices foﬁned in or on the semiconductor substrate at a remote location (not
shown). An intermetal dielectric layer 16 covers the first level wiring line 14 and

10 portions of the layer of insulating material 12 not covered by first level wiring structures.
FIG. 2 shows the FIG. 1 device after a via 18 is formed through the intermetal dielectric
layer 16 down to the surface of the first level wiring line 14. The via is formed by
anisotropic etching. Often, vias are formed near the ends or edges of wiring lines or
contact pads. Either by design or due to alignment and manufacturing errors, it is

15 possible that a portion of the via may be formed over an edge of the first level wiring line
14, forming a so-called “unlanded via.” When unlanded vias are formed, and particularly
when the via etch process uses a metal surface of wiring line 14 as an etch stop, the via
etch may extend along a sidewall of the first level wiring line into intermetal dielectric
layer 16, forming é cavity 20 adjacent the wiring liné 14.

20 FIG. 3 illustrates the FIG. 2 structure after further manufacturing steps that form a

| metal plug 24 within the via to make contact with the first level wiring line 14. Ina
typical configuration, the first level wiring line 14 may be aluminum, copper, an alloy of
aluminum with silicon or copper, or other inexpensively manufactured conducting
material. The metal plug 24 is often formed from tungsten, but other materials including

25 aluminum or copper might be used. It is conventionally understood that forming a metal
plug 24 will fill in any cavity 20 alongside a wiring line within an unlanded via. In

practice, interconnect structures of the type illustrated in FIG. 3 may exhibit varying



4 The present invention addresses these difficulties, in
essence, by avoiding _ formation of a cavity 20 during an unlanded via
etch to a first level wiring line. Preferred enbodi ments of the
present invention are now discussed with reference to FIGS. 5-11.

These figures illustrate steps in the formation of a particul ar
configuration of an 5 i nterconnect sgructure. Wiile these enbodi nents
illustrate particularly preferred enbodi mrents of the invention,

aspects of the |pveisetEsistivitgHottish 4 fufldo-ARiYakis aihd Within A siigltabafer. Both high
configurations of interconnects or using other constituent materials. In
addi tion, whi | eresistances aridnarying fesistiamgs dicmoarseptable fod en¢rcdnnest sfrugtwres bagaussecond
|l evel wiring lines, it should be understood that these are |abels

only and that tthey ¢amagedevicapeefarmanse and prpduce yyrer ¥igldso 10 hi gher | evel

wiring lines or for form ng connections between non-adjacent (e.g., first
and third-or other) |eve f wring |lines. The
present i nvent |%?WE‘3WB€£F?EE‘E§F'§B$ g‘Fg’(?d}W‘a vari ety of different nethods
for form ng yMsithddeforNE objRbESTR I8 Eht ift¥entbd t pRsvidd N RethBd H0HGhg

formng a pattern of appropriate first level wiring l'ines provides
a netal |ayer ometal intescomnesd strigbiresrthat dreveomi® uniforzmahdipnedictalae lewel of resisuvitet al

| ayer into wiring |ipes psjng.,copventiqgnal Lithography, . | ayer of
insul ating materi al ‘inlée‘f‘hl%‘*\'f’ggﬁg GPE%C@WFn?We?r%‘g??S@r'ﬁC%@ HLOTGH | ng
l'ines and interédhBEct GRS &1 a SERGEABLCIGH depiot.| ABbRTicEVe 1@Yer & fofinddadjacent
process is perfornmed to renove . portions of the insutating |ayer
above the 4 rst afigs}isulating layer aboyea serpicendiistor sybistgfe.oyithcthe pendyctive layer and the

g;ggf; f i f]go;’ Lgeﬁrs?in%%?g’ 1ye? havifi Apiaffal dpplr fubAGS. Wh'elin sy 'yt lalkrdnf oS
the first insulating layer, is deposited on the upper surfaces of the conductive layer and
the first insulating layer. A second insulating layer, different from the etch stop layer, is
deposited on the etch stop layer and a via is formed which exposes a portion of the etch
15 stop layer at least partially above the conductive layer. The etch stop layer is removed
within the via and the via is filled with a conductive material.

In accordance with another aspect of the present invention, an interconnect for a
semiconductor devio‘e is formed by providing an insulating layer having an edge and an
upper surface disposed above a portion of the semiconductor substrate. A metal layer is

20 provided alongside the edge of the insulating layer, where the metal layer has an upper
surface and is elect:icélly connected to the semiconductor substrate. An etch stop layer is
deposited on thg upper surfaces of the insulating layer and the metal layer and then a
dielectric layer is deposited over the etch stop layer. A viais formed through the
dielectric layer to expose the etch stop layer and then the etch stop layer is removed

25 within the via to expose at least a portion of the metal layer. A metal plug is formed
within the via, connecting the metal layer to a conductor formed above the dielectric
layer.

Yet another aspect of the present invention forms an interconnect for a

semiconductor device by providing an insulating layer over a semiconductor substrate



20 metal wiring lines, with the surfaces of the wiring |ines being

substantially coplanar with the surface of the insulating regions.
The steps illustrated in FIGS. 7-11 may then be performed in the
manner descri bed bel ow. ' A different, and presently nore
preferred, method of formng wiring lines in accordance with the

present invention utilizes a danascene process. FIG 5 shows a 25
substrate 10 that preferably has a pl ur afli ty of sem conductor devices

f or med t her ei n apdtien forming a patteovef)depressising il thy/inswlatingylayer. oTheraesaliloyer isng  or

i nsul ating materi al. [ resent on the. .. ..surface of .the integrated
circuit devi ce,plﬁllm%%f}& hf%‘i“?a Pin%ﬂb%fg’fl%?lém?%l?mf Wémﬁ%%Wﬁ%%‘aWri ng

lines are in didfiedpofidifig fthe pitfetir sTldeprésitoins.DAR kh Gbp tyer i6 UEpebitellon sQffackst h at
| east parts of . sem conductor devices in the substrate. A |ayer 30
of dielectric rafthsipgyating layer and the mefpblayes gnd a dielggtrig Jayerds dengsitedover the etch

deposited Ry, f | £ ; SRy Qiféi'ec ]
8 dgposis?(fpdﬁﬁgggﬂse{%onven |g{r%'a p&%ﬁ%ﬁgt o ?s%p e>/et(|:hs$t°elra egra}lr%d to

form a phot or esthsétch stop layer is removed within the via to expose at least a portion of the metal

layer. A metal plug is formed within the via.

Brief Description of the Drawings.
FIGS. 1-3 illustrate a conventional interconnect to a first level wiring line, along
10 with a method of making the structure.

FIG. 4 illustrates a difficulty that arises when using tungsten plug technology with

an unlanded via structure.

FIGS. 5-11 illustrate steps in the formation of multilayer wiring structures in
accordance with the present invention.

15

Detailed Description of the Preferred Embodiments.

The present invention provides a method of forming interconnects between
different level wiring lines. Preferred embodiments of the invention find particular

20 application in contacting a lower level wiring line through an unlanded via, that is, a via
that lies only partially over the first level wiring line. Such unlanded vias may be formed
by design or may be formed inadvertently, particularly in reduced geometry devices.
Overetching of unlanded vias forms gaps alongside of metal wiring lines, which can
increase the resistance of contacts made through the vias in an unpredictable manner.

25 The present invention reduces the possibility that gaps formed by overetching unlanded
vias affect the resistivity of the contacts made through those vias. In addition, preferred
embodiments of the present method find particular applicability when tungsten plug
technology or a similar technology is used for filling vias. As is discussed in greater

detail below, the use of chemical vapor deposition to form plugs, and more particularly to



mask or a hard mask exposing the dielectric |ayer 30 above regions
corresponding to the pattern of wiring lines to be forned.

Ani sotropic etching is performed to formtrenches or depressions to
a depth of between about 2,000-10,000 A into the dielectric layer 30. In 5
sonme circunstances, the etching depth may extend through the dielectric

| ayer 30, using . the underlying passivating or insulating |ayer 12 as
a stop for the etching of the trenches. I n other circunstances, the
etching process may extend only partially through the dielectric

layer 30, USinﬂ)rPrhﬁn% hlC1@4r@&m99n1&ideabﬁsﬁiaybegﬁna@,tteﬂﬂhgpors&eddﬁahmviﬂg t he

trenches within the ker dielectric |ayer 3 Metal 1s

Ei hen deposi t edhigher unpredistable aesistaneest Hlee efenrefemed mhori1mrglt8tq#’éhan@%m¥,enaﬁn
epressions ing di.el ectri ons of the

surface of the factﬁate the mote Plﬁ?ﬂe?&%aﬂé& oﬁ%;&ﬁﬁﬁfgﬁ%&%@ﬁ%&é 44 t & might be

tungsten deposited Byiefljipréfeted extbodiments ofthe predan mhuam*préﬁ&@)n a@ch stépolnyer
al um num deposi ted using physical yapor 05|é|0n

techni quess Thévenaiust lpgs) airng lmezgd PY‘?‘ié’é a Rt IrstiRg gaagﬁrerpéﬁc%?d ot her
conposite 15 ms%ia'hldg Hg&gﬁ opRARY h@dogﬁéd%ftﬁeeét&mo;} MRS SbVe A8 18vel Wiring

i ncluding both neta material's.” After the netal |ayer is
deposited, excdins andthalfirstsnsnlating/lagerf Contattiethe dirst dayel wifing line is madg g etching

dielectric Iayer .3 chin e pref b gni ca
pol i shi ng 8‘6 ‘%‘@Qﬁ Sﬁ‘émﬁé’?sé{}anﬂfl” [aP’?{ “ﬁ“fgﬁ'«[-f\% qﬁ%“ AV %rgg%gtzj?eg%ﬁ aces
substantial |y cQphféfhe WalefthinB@rocess. The etSlUﬁtﬁ;ﬁﬁ?erQ§ retrid@edivithia eiervis; al ayer 30,
as shown in FIG 6. The trench etching, nmetal 20 deposi ti on and

chenmi cal riec hameawpllpextﬁmmgtevpmqq@rnﬂwéfqr@ad WAthinte ‘r‘%ﬁéd p &7oRad lexsl

process provide f, m@&%@L ing lines nore reliab
t han ot her é%ﬁ%g?%§s ﬁ%%ﬁ% f%ﬁwgﬁg{%ﬁoto |tH%%%ap%y processes. Y

yexft, an etch stop l1ayeor8detdifed @mbddimest, ﬂnepreedxtmwemtlmrfmnmdubvcif t he
evi ce,

interconnect structure on a first insulating layer over a semiconductor substrate by
forming depressions on the surface of the first insulating layer. Excess portions of the
15 metal layer are removed from the surface of the first insulating by chemical mechanical
polishing, planarizing the surface of the metal layer with the first insulating layer, and
thereby forming a pattern of first level wiring lines. An etch stop layer of a material,
preferably different from the first insulating layer, is deposited on the first level wiring
lines and over the first insulating layer. A second insulating layer, preferably of a
20 material different from the layer of etch stop material, is deposited over the etch stop
layer. A via is formed through the second insulating layer and the etch stop layer is
removed from within the via. When the via is unlanded, removal of the etch stop layer
within the via will expose both a portion of a first level wiring line and a portion of the
first insulating layer. Because an etch stop layer is used in preferred embodiments of the
25 invention, the preferred via etch process can form a via without fofming a gap alongside
the wiring line. As discussed further below, this aspect of the invention has particular
advantages in some embodiments of the invention. After the via is opened, a glue or
adhesion layer is deposited within the via, a plug of tungsten or another conductor is
formed within the via, and then a second level wiring line is formed in contact with the

30 tungsten plug.



eovering the surface of the first level netal wiring Iine 32 and exposed
regions on the 25 surface of the dielectric |layer 30. Preferably, the
etch stop layer 34 is formed of an i nsulating material which is
different fromthe dielectric material in |ayer 30. Mst

preferably, the etch stop layer 34 is fornmed of a material that is also

different fromthe | ayer 36 of %nsul ating materi aI deposi ted on
the etch stop | ayer eof I.ff eren aIIo
processes through tﬁ@prrﬁslotltll resen |“r11‘§?ﬂ{1% fnr?gldé FOe bl?gttr e g 3red\galf%é

at each i nterf aadodikiep, 6vdid M,ledsh@nfélﬁdlﬁﬁiolfﬁng xﬁeayzeﬁsnaothe&bimm@ of sili con
oxi de and the

| ayer 36 of i né%FFr&P‘i“’r?@tSFHi’f@M%fPhMFﬂ%mﬁ‘ﬁa?q"réc"ﬂ?r Creef the viaRoisoping st op
| ayer 34 is al %"hﬁ’é ms wisith 1 ig%@&}ef}édc g)ﬁaspéé?s nﬂt o ﬁh@enﬁﬁﬁ Rilldrafe@fn FlRE €L ChH

stop layer mght t efore be si Et ching processes can
be hi ghly sel ect iFI6. dstowsafirstiléviebwining Xinel &4 fomtiedson ancipsulating layer 12 covering a
semiconductor substrate 10. An unlanded via is formed through insulating layer 16 in an
etching process like that described above with reference to FIG. 2, resulting in the
formation of the unlanded via shown, along with a cavity 20 adjacent the metal wiring
line 14. To facilitate the adhesion of a tungsten plug to the via, an adhesion or glue layer
10 22 is typically formed within the via. A tungsten plug 24 is then formed within the via by
selective chemical vapor deposition using a source gas such as WF,.
Several problems arise with a structure like that illustrated in FIG. 4. First, it is
typical to use a plasma etchant derived from a gas including carbon and fluorine such as
CF, or C,F, in etching the via, so that the via etch process will typically result in the
15 formation or depoéition of polymers as a byproduct of the etching reactions. Often, these
polymers are trapped in the cavity 20 formed adjacent the metal wiring line, and remain
within the cavity 20 even after clea:iing with a solvent such as ACT 935 (produced by
Ashland Chemicals). The polymer residue within the cavity 20 is a source of
contamination for each of the subsequent processing steps in the formation of the
20 interconnect. For example, deposition of the glue layer, which might consist of the
physical vapor deposition (e.g., by sputtering) of titanium or titanium nitride, has poor
step coverage over the contaminated cavity 20. Thus, the typical result of depositing a
glue layer 22 within an unlanded via includes the formation of a partially closed cavity
having contaminants such as polymers trapped inside. The subsequent chemical vapor
25 deposition of tungsten from a WF, source gas appears to interact with the polymer
residue trapped within the cavity 20, possibly resulting in the formation of a fungsten
plug having a poor quality interface with the underlying first level wiring line 14. These
residues may also interfere with the formation of good contacts between the tungsten plug

and the overlying second level wiring line.



Ritride, particularly when using a high density plasma etching process such

asci nductively 5 coupl ed plasma or helicon wave pl asna.

The silicon nitride etch stop |ayer 34 can be deposited by CVD to a

t hi ckness of bet ween about 200-1000 A. Preferably, layer 34 is
sufficiently thick to reliably act as an etch stop. The necessary
thi ckness may be as little as 100 A depending on the thickness of

the dielectric |ayer 36 through which the via is forned and dependi ng on

the planarity 10 Tiefprésem isvenfiGCataresdes tHege difRURIGS, Th Essérdl, By a96idad t he
metal wiring line 32. If the polishin i cgrocess preferred for formng
the FIG 6 strfosmetion of agayify2Qy wnaggwﬁmdpémet tep fiptleyelayiripg ine. Preferred

surfaces of thepghEhGhl o fic bAASTindhiBR dredSy RAAL Wi kFebde REFRR, sHieD

t hi cker | ayer o con nitrirde nay be necessary to ensuré the
preferred conplThdse fighrepillnstvate sieps.in thietf@matibreof a particulae taifigaiatign bfaner i s

formed, an intermetal dielectrjc layer 36 is fornmed by, fqr exanple, 15
PECVD of < | | cBHeropppess stucture. Whilo thele cmbodimgpis iflstite patticlarls ret®Bugh 1 he

intermetal di eb@pddihéntt SHBE indbntiof, d6h&ktLIrRkL gYBHt ihvention find applidtidR th QRert he
surface of the internetal dielectric |ayer by conventional photolithography

or equival ent npendiguratignsdfantggornscts heysing atlies donspiueitanaésials. Js additiens while
ani sotropi c prgqc i.n_ a. _ ' ns| ma. et.cher, Wi th a plasm
Gorved Trom acthigon e Speeren e Pt SFletoha e BE R RSk i
Cerr]Flerr] anfdeftdothdt thebbars 14deR bnEta80 that BE presdit ihveitivisnabetapplicditch st op
| ayer 34. .. The etch stop |layer is then etched within the via 38,

usi ng, fot® exahisher leveh winnedines effoeforming connegliong behyesn paneadiacept (4 o fifst adng

derived from Cﬁﬁﬁ&gﬁggéﬁ%%f%@%éurface of the dielectric
. Ih

(silicon oxide) layer e via etch mask is renoved either at this tine
or bef or e r Ehopesegt inkentien cin tetingrionatedt intobvariety of different miedibds for ng t o
FIG 9, an adhes! Of Oind andintShect dnicurdy, Trt niitiod of BRoSig sandmar tMe
appropriate first level wiring lines provides a metal layer over a semiconductor device
15 and then patterns the metal layer into wiring lines using conventional lithography. A
layer of insulating material is then deposited over the pattern of metal wiring lines and
then chemical mechanical polishing or an etch back process is performed to remove
portions of the insulating layer above the first level wiring lines. The polishing or etching
process provides a pattern of metal wiring lines with insulating regions separating the
20 metal wiring lines, with the surfaces of the wiring lines being substantially coplanar with
the surface of the insulating regions. The steps illustrated in FIGS. 7-11 may then be
performed in the manner described below.
A different, and presently more preferred, method of forming wiring lines in
accordance with the present invention utilizes a damascene process. FIG. 5 shows a
25 substrate 10 that preferably has a plurality of semiconductor devices formed therein (not
shown). Typically, a layer of passivating or insulating matenial 12 is present on the
surface of the integrated circuit device, although it is possible that the first level wiring
lines are in direct contact with-at least parts of the substrate or with at least parts of

semiconductor devices in the substrate. A layer 30 of dielectric material, such as a layer

30 of silicon oxide, is deposited by, for example, plasma enhanced chemical vapor



surface of the internetal dielectric |ayer 36 and'mdthin the via 38. Use of

such a gl ue | ayer is preferred as inproving the adhesi on between
the conducting plug and the first | evel wiring |ine, reducing the
possibility of lift off. The glue |layer 40 may be titanium

titaniumnitride, titaniumtungsten, tantalum tantalumnitride, or other
suitable materials '

12, ckness of LB RARBRCID CARUR AR Rl Ub A ROsSRER A st o,

process. mask or a harPbhREIE&pobiMg tha di%c&ic lﬂlel:lg) dbdve fegione bortespordihgwo thei n
the via in contact wwth the glue as shown in FIG 10. For

exanpl e, a tungstien opwiripetings l?é’effm?éd ABW'{BFEY gehing is perfermed &9 foFm trepchss 5
W[ err] source gagsreddifiSlo SEPR SHEGHER IRRFES00-10,600A Bifo MRBIRRIIcAhRr 8. HSE

5 some circumstances, the etching depth may extend through the dielectric layer 30, using
the underlying passivating or insulating layer 12 as a stop for the etching of the trenches.
In other circum;tances, the etching process may extend only partially through the
dielectric layer 30, using the time duration of the etch to determine the depth of the
trenches within the thicker dielectric layer 30.

10 Metal is then deposited over the surface of the device, filling the trenches or
depressions in the dielectric layer 30 and covering other portions of the surface of the
dielectric layer 30. The deposited metal might be tungsten deposited by chemical vapor
deposition (CVD) or “hot” aluminum deposited using physical vapor deposition (PVD)
techniques. The first level wiring lines might include layered or other composite

15 structures comprising different types of metals, or including both metals and other
materials. After the metal layer is deposited, excess metal is removed from the surface of
the dielectric layer 30 by etching or, more preferably, By chemical mechanical polishing
to provide metal wiring lines 32 having upper surfaces substantially coplanar with the
surface of the dielectric layer 30, as shown in FIG. 6. The trench etching, metal

26 deposition and chemical mechanical polishing of the preferred wiring line formation
process provides a pattern of narrow first metal wiring lines more reliably than other
metal deposition and photolithography processes.

Next, an etch stop layer 34 (FIG. 7) is formed over the surface of the device,
covering the surface of the first level metal wiring line 32 and exposed regions on the

25 surface of the dielectric layer 30. Preferably, the etch stop layer 34 is formed of an
insﬁlating material which is different from the dielectric material in layer 30. Most
preferably, the etch stop layer 34 is formed of a material that is also different from the
layer 36 of insulating material deposited on the etch stop layer. The use of different
materials allows etch processes through the multilayer insulating structure to be stopped

30 at each interface. Typically, the dielectric layer 30 is formed of silicon oxide and the



other materials for formng the plug 42, including for exanple al um num
The presently preferred tungsten CVD process deposits tungsten over
the entire glue layer. Thus, for devices in which the glue |ayer
covers a portion of the internetal dielectric layer 36, it is

preferred that a CVWP or etch back process is used to renove the deposited
tungsten from 10 the surface of the dielectric |ayer 36 outside of the
via, and to planarize the tungsten plug o ~ with the upper surface of
dielectric layer 36, formng a plug 42 as" illustrated. In the

preferred poli shyaBoufasaRing inBRrigll ddpositad 61 thé Surfite bEMP e stbp Riyed Jugs a6 f ace
of the dielectrigc | ayer 36. Consequently, it is desirable to

deposit a seconsiliggnRxiden /sy appropriale matesial fop the etch stop laysngight theredre hesilican
deposition proc 5;{;&[; J{er'e : t ' e Layer 15
36 and over theﬁ%ﬁ?%etg%i : rggérg";eegg t nﬂéggf%edékg ﬂ? g&‘?éens %\?\IIH] bﬁggﬁ({é&f&.

Pr ocessi ng cont nittides particilanynwhenasing rachighadeasityqilaswiaretchingl provess, suchnas indlictively
second l?e}\é;?l i rin hI'lne 46 iln contact with the second | evel glue

| ayer 44, as ilF ‘?déﬁ%gﬂ‘a glicen waveplasma. 11 The process described herein

i s conpatible wth aThé§iB@nhtridé EELEEH fayErtdaQhh BE Sepbfifed BHTVD to a thicksl§ o
|l evel wiring lines, including tungsten and alum num fornmed by a variety of

20 di f f er ent bpimsernzhout200000 . tBrefersblyslayer 3¢ is/suffidientlyitkisk toaekirbiicast a4 dme d
in terms of fornj n.i [ t fal St an ngd W ring
| ayers, this shg*tfﬁgtog'enﬁ?\ ersf"gc;%bgns?g solgwgeasqgﬁee\r,\%ﬁpgé’ F%’ej}lef‘g?ﬁlﬁ%g}"%’a&s

connect i on for neflthedieleit l6nde diraigh whichothe didéd foriged @didepehding on the pléarity
different |evels. The method does not require that the _conductors _be wring

lines or 10  ofthesurfacesolthe diglestue daysr3G and themeal winipg lin32. | 1 thepelishing hough
certain aspects %ce&%?%fgﬁﬁf?ﬂfbm%g the FIGDY SAicnRE rébhits mB'sféﬁxf@\%ﬂs{gp{EEt?egur tggent

preferred applicatio strdctures.
i nventi on has beerfacdesithe theldctrin 14yer 3fsandfthecmetblavinng hieé 32, thed a thicker layer of

remnglog : (r:rg[l ;[ ghst g%aﬁzor? I’utl’? edxllgyagcy ne(S:eksisalr)li toV\énllere %%%rre%gx!r tceon;[p?e%é ste\:/pacroivgrlz{ge. After the
etch stop layer is formed, an intermetal dielectric layer 36 is formed by, for example,

15 PECVD of silicon oxide.

A via is then formed through the intermetal dielectric layer 36. A via etch mask is
formed on the surface of the intermetal dielectric layer by conventional photolithography
or equivalent means. A via 38 is then etched, preferably using an anisotropic process in a
high density plasma etcher with a plasma derived from a mixture of source gases

20 including CF,, C,Fs and CO,. This etch step preferably stops on the etch stop layer 34.
The etch stop layer is then etched within the via 38, using, for exami)le, an anisotropic
etching process with a plasma derived from CHF, that stops on the surface of the
dielectric (silicon oxide) layer 30. The via etch mask is removed either at this time or
before removing the etch stop layer.

25 Referring to FIG. 9, an adhesion or glue layer 40 is preferably deposited over the
surface of the intermetal dielectric layer 36 and within the via 38. Use of such a glue
layer is preferred as improving the adhesion between the conducting plug and the first
level wiring line, reducing the possibility of lift off. The glue layer 40 may be titanium,

titanium nitride, titanium tungsten, tantalum, tantalum nitride, or other suitable materials



alterations to the enbodi nents descri bed herein m ght be made w t hout

altering the basic function of the present invention. Accordingly,
the scope of the present invention is not limted to the

particular enbodi ments described herein; rather, the scope of the present
I nvention is to be determned fromthe follow ng clains.

10
either alone or in combination, typically deposited to a thickness of a few hundred
Angstroms by a physical vapor deposition process.
Preferably, a metal plug 42 is then formed within the via in contact with the glue
layer, as shown in FIG. 10. For example, a tungsten plug may be formed by CVD of
5 tungsten using a WF, source gas. Under some circumstances it may be appropriate to use
other materials for forming the plug 42, including for example aluminum. The presently
preferred tungsten CVD process deposits tungsten over the entire glue layer. Thus, for
devices in which the glue layer covers a portion of the intermetal dielectric layer 36, it is
preferred ﬂlat a CMP or etch back process is used to remove the deposited tungsten from
10 the surface of the dielectric layer 36 outside of the via, and to planarize the tungsten plug
with the upper surface of dielectric layer 36, forming a plug 42 as illustrated. In the
preferred polishing process, the glue layer 40 is removed from the surface of the dielectric
layer 36. Consequently, it is desirable to deposit a second glue layer 44, similar in
constitution and in deposition process to the first glue layer 40, over the dielectric layer '
15 36 and over the plug 42. The resuiting structure is shown in FIG. 11.
Processing continues to form a second level of wiring lines, including a second
level wiring line 46 in contact with the second level glue layer 44, as illustrated by FIG.
11. The process described herein is compatible with a raﬁge of different materials for the
second level wiring lines, including tungsten and aluminum, formed by a variety of
20 different processes. While the present invention has been described in terms of forming
an interconnect between first and second wiring layers, this should be understood as
generically referring to a connection formed between conductors or conducting regions
on different levels. The method does not require that the conductors be wiring lines or
that the conductors be formed on adjacent levels, although certain aspects of the present
25 invention will find their most preferred application to such structures.
While the present invention has been described in terms of certain preferred
embodiments, those of ordinary skill will appreciate that various modifications and
alterations to the embodiments described herein might be made without altering the basic

function of the present invention. Accordingly, the scope of the present invention is not



12 VWhat is clainmed: 1. A nmethod of form ng an

i nterconnect structure in a sem conductor device conpri si ng:
providing a conductive |ayer adjacent a first insulating |ayer above a 5
sem conduct or substrate, the conductive |layer and the first insulating

| ayer having copl anar upper surfaces; depositing an
etch stop layer, different fromthe first insulating |ayer, on the upper

11

limited to the particular embodiments described herein; rather, the scope of the present

invention is to be determined from the following claims.



surfaces of the conductive layer and the first insulating |ayer; :
dep03|t| ng a_se(;gndq—n%#a{—l—ng—layer different fromthe etch stop | ayer,

on etching a via to expose a
portlon of thjmﬂ u“ ! L“! ﬂm the etched via forned at | east
partially abo | ayer; renoving the etch

stop | ayer wi t hi n the Vi a; depositing a glue layer on the
conductive |ayer; and 15 filling the via with a conductive
material . 2. The nethoghof claim1, wherein the
conductive layer is a nmetal and wherein the copl anar upper

surfaces of t haViasiciclasimiede | ayer and the insulating |ayer are
provi ded by polishing. ) . . . .
1. A method of forming an interconnect structure in a semiconductor device
comprising:
providing a conductive layer adjécent a first insulating layer above a
5 so;miconductor substrat-e, the conductive layer and the first insulating layer having
coplanar upper surfaces;
depositing an etch stop layer, different from the first insulating layer, on the upper
surfaces of the conductive layer and the first insulating layer;
depositing a second insulating layer, different from the etch stop layer, on the etch
10 stop layer;
etching a via to expose a portion of the etch stop layer, the etched via formed at’
least partially above the conductive layer;
removing the etch stop layer within the via; and
filling the via with a conductive material.
15
2. The method of claim 1, wherein the conductive layer is a metal and
wherein the coplanar upper surfaces of the conductive layer and the insulating layer are

provided by polishing.

20 3. The method of claim 1, wherein the coplanar surfaces of the conductive

layer and the insulating layer are provided by etching back the insulating layer.

4. The method of claim 1, wherein the step of removing the etch stop layer
also exposes a portion of the insulating layer.

25

THIS SHEET HAS BEEN

This Sheet Has Been Re
ﬂll REPLACED

A




20 : —Fhe-nethod of claim1, wherein the copl anar surfaces
of the conductiv | ayer and the insulating | ayer are provided by

et ching back th Tu" ’ jmﬂﬂﬂm . The net hod of
claim1l, mherel ving the etch stop Iayer al so

exposes a portion of t he |nsulat|ng | ayer .

13 : A nethod of formng an interconnect for a
sem conduct or devi ce 13

5. A method of forming an interconnect for a semiconductor device
comprising:

providing an insulating layer having an edge and an upper surface disposed above
a semiconductor substrate;

5 providing a metal layer alongside the edge of the insulating layer, the metal layer

having an upper surface;

depositing an etch stop layer on the upper surfaces of the insulating layer and the
metal layer;

depositing a dielectric layer over the etch stop layer;

10 forming a via through the dielectric layer to expose the etch stop layer;

removing the etch stop layer within the via to expose at least a portion of the
metal layer; and

forming a metal plug within the via connecting the metal layer to a conductor

formed above the dielectric layer.

15
6. The method of claim 5, wherein the step of removing also exposes a
portion of the insulating layer.
7. The method of claim 5, further comprising the step of depositing a glue
20 layer on the metal layer within the via.

8. The method of claim 7, wherein the metal plug is formed by chemical
vapor deposition of plug metal within the via and over a surface of the dielectric layer,

followed by removal of the plug metal from above the surface of the dielectric layer.
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conpri si ng:

providing an insulating |ayer having an edge

and an upper surface disposed-above a sem conductor substrate; 5

provi ding a netal

| ayer al ongsi de the edge of the insulating |ayer, the

g’ﬁt 2It clha}s/te{)p I aU!I‘“cum:lmnﬂuﬂm ggﬂ aig;f gfceé he insul ating | aye(rjeg(rjlgli E ihgg

netal | ayer;
| ayer; 10
etch stop | ayer,

. depositing a diclectic |ayer over the etch stop
formng a via through the dielectric |ayer to expose the

removi nd% he etcb stop layer within the via

to expose at |east @ porg ineio@bf folRing an HlIrédnnéck Y& fa;semiconductor device

comprising:

providing an insulating layer over a semiconductor substrate;

. forming a pattern of depressions in the insulating layer;

depositing a metal layer over the insulating layer;

planarizing the metal layer to form a pattern of first level metal wiring lines

within the insulating layer corresponding to the pattern of depressions;

depositing an etch stop layer on surfaces of the insulating layer and the metal

wiring lines;

10

depositing a dielectric layer over the etch stop layer;
etching a via through the dielectric layer to expose the etch stop layer;

removing the etch stop layer within the via to expose at least a portion of a metal

wiring line; and

15

forming a metal plug within the via.

10.  The method of claim 9, wherein the step of removing also exposes a

portion of the insulating layer.

11.  The method of claim 9, further comprising the step of depositing a glue

20 layer on the metal wiring line within the via.

12.  The method of claim 11, wherein the metal plug is formed by chemical

vapor deposition of plug metal within the via and over a surface of the dielectric layer,

followed by removal of the plug metal from above the surface of the dielectric layer.

25



forming a glue layer over the dielectric layer and within the via: and

formng a netal pl a connecting the netal layer to a 15
condueto % o | IMETAPHMTIAN 725 6 "me
met hod of claimb5 erekn ¥ he sttep of renoving al so exposes a
portion of the insulating |ayer. 20 8. The
nmet hod of claim7, wherein the netal plug is forned by chem cal

vapor deposition of plug nmetal within tpe via and over a surface of the

di el ic | . rpm
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level wiring line in contact with the dielectric layer and the metal plug, the metal plug

connecting the second level wiring line to the first level wiring line.

5 -~ 14.  The method of claim 9, wherein the step of forming a pattern of

depressions includes steps of forming a mask on the insulating layer and etching partially

through the insulating layer.

15.  The method of claim 14, wherein the step of planarizing comprises a step

10 of chemical mechanically polishing the metal layer.

16,  The method of claim 15, wherein the insulating layer is silicon oxide and

the etch stop layer is silicon nitride.

15 17.  The method of claim 16, wherein the dielectric layer comprises silicon

oxide.

18.  The method of claim 14, wherein the metal plug is formed by first

depositing a glue layer over the first level wiring line within the via.

20
19.  The method of claim 18, further comprising the step of depositing
tungsten at least within the via by chemical vapor deposition.
20.  The method of claim 19, further comprising the step of forming a second
25 level wiring line in contact with the dielectric layer and the metal plug, the metal plug

connecting the second level wiring line to the first level wiring line.



.14 9. A net hod of forn1ng an interconnect for a

sem conduct or device conpri si ng: provi di ng an

i nsulating | ayer over a sem conductor 'substrate; formng a
"pattern of depressions in the insulating |ayer; 5 depositing a
nmetal |ayer over the insulating |ayer; pl anari zi ng the
netal layer to forma pattern of first |level netal wiring |ines

16

Title : Self-Aligned Unlanded Via Metallization

Abstract of the Invention

A multilevel interconnect is formed on an insulating layer over a semiconductor
substrate by forming depressions s;xcﬁ as trenches or grooves in the surface of the
5 insulating layer. Metal wiring lines are formed by blanket depositing a layer of metal,
filling the depressions on the surface of the insulating layer, and then chemical
mechanical polishing the device to plé.nan'ze the surface of the metal layer and the
insulating layer, thereby forming a pattern of first level wiring lines. An etch stop layer
of a material different from the insulating layer is deposited over the first level wiring
10 lines and over the insulating layer. A layer of dielectric material, different from the layer
of etch stop material, is deposited over the etch stop layer. A via is formed through the
layer of dielectric material and the etch stop layer is removed from within the via. Next,
a glue or adhesion layer is depos:ted within the via, a tungsten plug is formed within the
via, and then a second level wiring line is formed in contact with the tungsten plug. This

15 method avoids a poison via problem, thereby forming interconnects more reliably having

low resistance levels.

(Fig. 11)



within the insulating |ayer corresponding to the pattern of depressions;
depositing an etch stop |ayer on surfaces of:the insulating | ayer and the:

met al wiring lines; 10 depositing a dielectric |ayer
over the etch stop |ayer; etching a via through the
dielectric layer to expose the etch stop | ayer; renovi ng
the etch stop layer within the via to ex@? at |least a portion of a netal
wiring line; and formn§?a*netal plug within the via. 15

10. The nethod of claim9, wherein the step of renpving al so exposes a
portion of the insulating |ayer.
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11. The nethod of claim9, further conprising the step of depositing a
glue 20 | ayer on the netal wiring line within the via.

12. The net hod of claim 11, wherein the netal plug is formed by chem cal
vapor deposition of plug metal within the via and over a surface of the
dielectric |ayer, foll owed by renoval of the plug netal from
above the surface of the dielectric Iaye2.l425
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15 13. The nethod of claim9, further conprising the step

of form ng a second |l evel wiring line in contact with the dielectric
Layer and the netal plug, the netal plug connecting the second |evel
wiring line to the first level wiring |ine. 5 14. The

met hod of claim9, wherein the step of form ng a pattern of
depressions includes steps of formng a;gygr on the insulating |ayer and

etching partially through the in ing |ayer. 15.
The nethod of claim 14, wherein the step of planarizing conprises a step 10
of chem cal nechanically polishing the netal |ayer. 16,

The nmethod of claim 15, wherein the insulating |ayer is silicon oxide and
the etch stop layer is silicon nitride.
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15 17. The nethod of claim 16, wherein the dielectric |ayer
conprises silicon oxi de. 18. The net hod of
claim 14, wherein the netal plug is formed by first depositing a
-‘glue layer over the first level wiring line within the via. 20

19. The met hod of claim 18, further conprising the step of depositing
tungsten at least within the via by chem cal vapor deposition.

20. The nethod of claim 19, further conprising the step of formng a
second 25 |l evel wiring line in contact with the dielectric |ayer and the
metal plug, the netal plug connecting the second level wiring line

to the first level wiring |ine.
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