| NTERCONNECTS W TH | MPROVED TDDH BACKGROUND [ 0001] The fabrication of
integrated circuits (1Cs) involves the formation of atures on a substrate
that make up circuit conponents, such as transistorsresistors and
capacitors. The devices are interconnected, enabling the IC to performthe

desired functions. | ndBIEGHAEENERES VET HJM%BW MRPRg contacts and

conductive lines in a dielectric layer using, for exanple, danascene
t echni ques. A damascene struct ur BACSIGRREMY e, includes a via. or contact
hole in a lower portion and a trench which is generally w der than the
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while the trench contains the conductive tine for connecting the device to,
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inmportant reliability issue. For exanple, the destruction of the dlelectric
| ayer Samascapsiechmguss c driraraseenesirspiare, forrexaaatd, gludsea ve efebeiee e in a
10003] From t he foregoing discussion., it is desirable to inprove TODB to

i ncr eabavel Gortehiaabialtrepich S’UM&MRg/enerally wider than the contact hole in an upper portion.

The via serves as a contact to a device while the trench contains the conductive line for
connecting the device to, for example, other devices.
[0002] As critical dimensions (CD) continue to shrink, the spacing between two metal lines
reduces as well. Moreover, as the CD shrinks, it also provides challenges for liner deposition.
Poor liner coverage will lead to the diffusion of the liner material, for example copper, to diffuse
into the dielectric layer adjacent thereto. Therefore, time dependent dielectric breakdown
(TDDB) has become an important reliability issue. For example, the destruction of the dielectric
layer can cause interconnects to short, rendering the IC defective.
[0003] From the foregoing discussion, it is desirable to improve TDDB to increase IC
reliability.

SUMMARY
[0004] A method for forming a semiconductor device is disclosed. The method includes
providing a substrate prepared with a dielectric layer formed thereon. A first upper etch stop
layer is formed on the dielectric layer. The first upper etch stop layer includes a first dielectric
material. The dielectric layer and first upper etch stop layer are patterned to form an
interconnect opening. The interconnect opening is filled with a conductive material to form an

interconnect. The interconnect and first upper etch stop layer have coplanar top surfaces. The



[ 0004] A method for form ng a sem conductor device is disclosed. The net hod
i ncl udes providing a substrate prepared with a dielectric |ayer forned
thereon. A first upper etch stop layer is fornmed on the dielectric |ayer.
The first upper etch stop |layer includes a first dielectric material. The
di el ectiethod fgg;b?r iaeledes fogning gsepons uppesetelpstonyasier ayas tagapdanaetbptsorfborsm  an

i nterconnect opening. The interconnect opening is tilled with conductive
mat er i ahe serohdmpparetchi siorelagenineoties, a skhend mheriabimvasy sudfiderftiadsésiatpwéh tlet ch
stop | ayer have coplanar top surfaces. The mnmethod further includes form ng
a secofiest uppefal f @Ausd dipfubiay oF tHRUWBhdidiee eRpramar top surfaces. The second
upper etch stop layer includes a second material having sufficient adhesion
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[ 0005] I'n one enbodi ment, a sem conduct or devi ce

sem conduct or device i.ncl.udes a substrate and dielectric | ayer t he
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first terial ia di sposed _051_ ':f@e surface of the dielectric layer. The top
sur f ac&¥chatigelufes B Al infdsnoseden be shiateqy thedislecticdayespllansan. The
sem conductor device further includes a second etch stop |ayer disposed on
top supdréasesolothe ifercpmeast awhiistetclapidp flayes aregpplanat ofhel saynérondiitter éagand et ch
stop | ayer conprises a second material having sufficient adhesion with the

first foather inrludeoa sadud etdistdpuayanlipbs«aionties sitecesof eiciider@binédi@nd first
i nterconnect. [0006] These and ot her objects, along with advantages and
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through reference to the fiiillow ng description and the acconpanyi ng
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herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0007] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0008] Fig. 1 shows a cross-sectional view of an embodiment of a portion of an IC; and

[0009] Figs. 2a-e show a process for forming an embodiment of a portion of an IC.



[9007] In the drawi ngs, like reference characters generally refer to the
sane parts throughout the different views. Al so, the drawi ngs are not
necessarily to scale, enphasis instead generally being placed upon
illustrating the principles of the invention, in the follow ng description,
various enbodi ments of the preEEMLERJERGCRFTAPN described with reference
to the following drawings, in which: [0008]Fig. | shows a cross- ectional
vi ew 0f0048] entibdboremtnte gerergbyr tel adamtocfenacondGrtondd/ iS00 ITHi More Ratiajlathow a
process for form ng an enbodi nent of a portion of an I C DETAILED

DESCRI &ib&dinke 0 FOAETD adidrBitesti g i biesshdé® f6i10exafifle; Q0 UTKOICsdai bees or
| Cs. More particularly, enbodinents relate to interconnections and
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exanpl e "dyham ¢ ‘or static random access : nenories, signa ocessors, or
system . op-chi p,deyi ces. .The I Cs.can be incorporated into, for ex | e,
consunp A SRR o Bt K B RN apebuali v By for cxampe Rimuter SRR sonal

digital assistants (MAO Oher types of devices or products are al so

usef ul prﬁ%mr 8 COMRUEReCel PAPBEs 2rERFYRAIgRAgsisRnE (FBAS)- o PUefr types of
integrated circuit (1C 100 in accordance with one enbodi nent. As shown,

t he podeviem or prddudiesrealsubssfulat e 105. The substrate, for exanple, conprises
a silicon substrate. Qther types of substrates, such as silicon gernmani um
or siljovant on-Higisludhatvara cdékb)sectévnal alkesmuseiridn offdreintaghséd dtc@itBy) 100dhude
circuit conponents (not shown) such as transistors, capacitors, resistors

f or med, dcBbRfaRwitPoREEmbYMERnOT AS LHHI, thCUMONERTRIefA SurRtaR 1usefruk .-
substrate, for example, comprises a silicon substrate. Other types of substrates, such as silicon
germanium or silicon-on-insulator (SOI), are also useful. The substrate may include circuit
components (not shown) such as transistors, capacitors, or resistors formed thereon. Other types
of circuit components are also useful.

[0012] A dielectric layer 130 is disposed on the substrate. The dielectric layer, for example,
serves as an interconnect dielectric (ICD) layer in which interconnects are formed. A lower etch
stop layer 120 can be provided beneath the ICD layer. The lower etch stop layer can comprise
various types of materials. In one embodiment, the lower etch stop layer comprises a dielectric
material. The lower etch stop layer, in one embodiment, comprises nitrogen doped BLOK
(NBLOK) or low k NBLOK. Other types of etch stop materials such as silicon nitride can also
be useful. The thickness of the lower etch stop layer can be about 250 - SO0A. Other
thicknesses are also useful.

[0013] In one embodiment, the ICD includes lower and upper portions. The lower portion
serves as an interlevel dielectric (ILD) layer while the upper portion serves as an intrametal
dielectric (IMD) layer. The dielectric layer can be a single layer or multi-layered stack. For

example, a single layer can be used to serve as both the ILD and IMD or separate layers are used



[0012] A. dielectric layer 130 is disposed on the substrate. The dielectric
| ayer, for exanple, serves as an interconnect dielectric (ICD) laver in

whi ch interconnects are formed, A lower etch stop | ayer 120 can be provided
beneath the ICD | ayer. The |l ower etch stop |layer can conprise various types
of mat &rita H:D prd BAP. dniseai sases, ant dieh stombay cretadrpestisgsediasveoip i Basgd o
dielectric material. The | ower etch stop |ayer, in one enbodi nent,
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stop materials such as silicon nitride can also be useful. The thickness of

t he |OY’E?ri@fﬁfboﬁﬁrﬁ&ldeﬁh)éﬁﬁ’oﬂ@ﬂniﬁ@tl&’@@l’tﬁrc&&@ctsBOOA- Q her thicknesses are
al so useful. [00131] none enbodi nent, the [CD includes |ower and upper

por ti omﬂﬁe HRUBE AL AR ALY AHASRBET SRUE I BB LBeldiLD) | aver

whil e pper portion rves as an intranetal dielectric ( | ayer, The

dielectric, |layer .can be a si.ngle | ayer nul tj-layered stack..Far exanple,
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| ayers are used for the ILD and MD. In some cases, an etch stop |ayer can
be di spbseauBeasienngted silicen enulents Crnadored & seprd slicate glgrses spshis o ght
HE,. In enbodinent, the I CD conprises the height Il F prior to comencenent
of f or phesghatheilicateelase ARBBES andiPbrlAThelidite 2kaes (ASE)) my(gwpe@ andesdphérsa]lyf or
exanple, silicon oxide. her types of dielectric materials are al so

usef ul grovar siksoangdids, uhfieediceldepéd TEOB alyprsitedsiliconpxkids canddpeck &idlirs tow-axi de
such as fluorinated silicon oxide (FSG, undoped or doped silicate gl asses
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(PSG), undoped or doped thérnmally grown silicon oxi de ndoped or doped TECS
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such as argano-siti’ca erials. Preferably,

mat or 1 OIS o0 PRk b e eagn (i 1 et i ke nces e Bmérsl, | ¢ can

i ncl ude nunmerous interconnects. in one enbodi nent, the interconnect

conpr i Béercennestid lic pg/embodigent hq inter¢paneg semppenstd @idestivemingHidp én thedpneact
154 is disposed in the | ower portion or TED. The interconnect conprises a
conducporvienwaidiD while Foontectdispliedispdsed aothd liow ervertiat eriLd). Tlaninkecamygctnet al
or alloy. In one enbodi nent, the interconnect can conprise copper,

al um nudpises dcbfductitvbedierddl | PYSexadipl@ tEOFRd I eQRatthAcaRbe bty miefal or
understood that. the contacts and conductive line can conprise the sane or

di T er gifty, "RlcRkiAibBain, (O ALty EBNIATMPHIE GRRAUTILNEN LiBskR, HaRt act
regi ons bel ow. Depending on the evel ,” the ‘cortact regiom can he
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comprise the same or different materials. The contact connects the conductive line to contact
regions below. Depending on the ICD level, the contact region can be another metal line or a
device, such as a diffusion region or a gate of a transistor or a plate of a capacitor.
[0016] A barrier 158 can be provided to line the sidewalls and bottom of the interconnect.
The barrier serves to protect the conductive line from diffusing into dielectric layer. The barrier,
for example, can comprise titanium nitride (TiN). Other types of barrier materials, such as TaN,
are also useful.

[0017] In one embodiment, a first upper etch stop layer 140 is disposed on the surface of the

ICD layer. In one embodiment, the top of the first upper etch stop layer 145 is coplanar with a



100161A bat her 158 can he provided to line the sidewalls and bottom of the
i nterconnect. The battier serves to protect the conductive line from
diffusing into dielectric layer. The barrier, for exanple, can conprise
titaniumnitride (Tira?. O her types of barrier materials, such as TaN, are
al so utsefsyrfacq @0hy semiugtiee vl the htrrien As plarwiy hseharaercieparaisp theapaductivg i s
di sposed on the surface of the ICD |layer. in one enbodinent the top of the
first luppfomeahelirss upperlethettoplidferi Thedphtamaer sttt ftop comppsesurfirataratefialt he
conductive line and the barrier. As shown, the barrier separates the

conducivhied enhiles fhe@Bhdieve 1ihsto Wfsh&i §ectit O, IRYEE emBb@ndchi, §ie fupper etch
stop conprises a first materi al i ch enables the conductive line to be
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t hi cknesses are al so useful, [0018] A second upper etch stop layer 170 is
provi dedckagesrofithgeetel piep layspisrabapic 0515&34- dyder @m#nﬁﬁés pstadsodispibct . The

second upper etch stop |ayer conprises a second material, The second upper
et ch si9p8] ayek sconpupserstch st leyeral 70vkh polvided o vgoihe fasthpsemstchnitolayhe et ch
stop layer. In one enbodi nent, the adhesi on between the second and first

upper gidthe sitoRoh@y¢er Shd secomf fippel efch slo? 1pyce ¢embrieds J RevEmelicfihlusilerRe@nd
conductive material of the conductive [ine along the interface, The second

mat eri @per Rh QR 18R IMPRNs a 199631'3{51' whigh N%L%f’? &hB&6n hythEEe élgh %gg%ﬁﬁ%. Mg

capping materials are also useful. Prefera the first an

materi al s rise.the sa r simlar terd als. Prqvi.di fi.r st.~an
second Har P amEy e I botiyedt e sehondAhd ixst by 1 kP B L SHBERR o
between the interface of the etch stop. | ayers, i.ch prevents or reduces
di f f usPEREBOT EYae XN A can %Nﬁfna{qﬁ@'l eﬁfﬁe&eflm:m fiRg along ihe infeHpesses

| DDB. 100191Fi gs. 2a-c show an enbodi ment of a process for formng a
porti ohh@ggopd materialsin one embodiment, comprises NBLOK. Other types of dielectric capping

materials are also useful. Preferably, the first and second materials comprise the same or similar
materials. Providing first and second materials which are the same or similar results in good
adhesion between the interface of the etch stop layers, which prevents or reduces diffusion of
conductive material of the conductive line. This improves TDDB.

[0019] Figs. 2a-e show an embodiment of a process for forming a portion 200 of an IC.
Referring to Fig. 2a, a substrate 205 is provided. The substrate, in one embodiment, comprises a
p-type silicon substrate. Other types of substrates, such as a germanium-based, gallium arsenide,
silicon-on-insulator (SOI), or sapphire substrate, are also useful. The substrate can be prepared
with circuit components (not shown). Circuit components can include, for example, transistors,
capacitors and/or resistors. Other types of circuit components are also useful.

[0020] The substrate is further prepared with an ICD layer 230. A lower etch stop layer 220
can be provided beneath the ICD layer. The lower etch stop layer can comprise various types of

materials. In one embodiment, the lower etch stop layer comprises a dielectric material such as



Referring to Fig. 2a, a substrate 205 is provided. The substrate, in one
enbodi nent, conprises a p-type silicon substrate. O her types of
substrates, such as a gernmani um based, gallium arsenide,
silicon-on-insulator (SOD, or sapphire substrate, are also useful. The
subst rsitieorcairidse Whepapesdiiahsten meisiialscanplonbauseiphdior skawply. thelewai t
conponents can include, for exanple transistors, capacitors and/or

r esi st acls stopiche corhyesNBL.O& ¢rcluivtk NBIOE eTitsthivkeesl fohdlsettittch 100 248)efhe
substrate is further prepared with an I1CD | ayer 230. A lower etch stop

layer &20,Ccarubssonr moiddedihbemeainbsse ere hisehkiful ayer. ' The |ower etch stop
| ayer can conprise various types of materials. In. one enbodi nent, the

| ower st I i i i ri Sl 4con

i er1 dBP2 per e SERy i ALISTR Brott VS bl TR RIL AL SUED ARl THE0 il e,
the lo etch stop.can conprise NB r low k NBLOK. The thickness of the
| ower Br Atk Bop ShERARE af TR RGHE 556 TosHOAP eIIEE Y RHILEASSaRe al so
useful. 100211The I CD | ayer includes an upper or BvID portion and a | ower
or |itseput s ke thpHED 200 [MHA opaeraraie Higpis arqysee fonrthenipjand [k rlagosiesases, For
exanple, a single layer can be used to serve as both. the LLD and 11VID or
p ate amgteh stoplayeusabd dispashe betweeafiet IDEDind IMI3oifbe ¢@Bdsyer am edngprist Gy

| ayer can be di sposed between the ILD and MD. The ICD | ayer can conpri se,

for exanplge, sﬂidoh@Qme.oUtﬂa_.tyﬁszshﬂfrd_idwd@e@n@feridisalr@@lkds uSefiRtFRE bddrsplalthe al SO
useful. For exanple, the dielectric |ayer can conprise doped silicon oxide
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undope Iy grown silicon oxi undope oped” TRCOS
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deposited, The initial height: HT, for exanple, is about 2000 5000A
dependsihepto slageIn andoirewstentlsmaiedalsr deeferablybpt leasy the VI fayeepdyodiiiseeat , H3
is about 2600 A Other values for H are also useful.. The LCD | ayer or
| ayer slogak obeltdépwsd diekdcttic material.

[0022] The ICD layer, in one embodiment, comprises an initial height H; when deposited.

The initial height Hy, for example, is about 2000 - 5000A depending on design requirements and

process ability. In one embodiment, H; is about 2600 A. Other values for Hjare also useful.

The ICD layer or layers can be deposited using various types of deposition techniques. For

example, chemical vapor deposition (CVD) processes such as plasma enhanced (PECVD), high

density (HDCVD), atmospheric pressure (APCVD) can be used. Other techniques such as spin-

on processes are also useful. The specific process, for example, can depend on the type of

material used and application.

[0023] Referring to Fig. 2b, the process continues. In one embodiment, the thickness of the

ICD layer is reduced to a height He. For example, the ICD layer can be recessed to Hr of about

200 - 600A. In one embodiment, Hr is equal to about 2300 A. Reducing the thickness of the

ICD layer to other values of Hp is also useful to obtain better planarization for subsequent



.11 arious types of deposition techniques. For exanple, chem cal vapor
deposition (CND) processes such as plasma enhanced (PECVD), high density
(1'1'DCVD), atnospheric pressure (APCVD) can be used. O her techni ques such
as 13 on processes are al so useful. The specific process, for exanple, can
dependPEReIsHE: t yipe 6P laprenn Ap ressesgd dioappimplet dhemical orshedad priiheng o Fi e.
2b, the process continues. in one enbodinent, the thickness of the LCD

| ayer {(GMPad e technigubrefogitductlefhe RocknessanfphelCID heyet €0 dlsyier usedn be
recessed to H, of about 200 - 600A. in one enbodinent, EIF is equal to

about ACfhafivelRetld ¢CDYajdh @otnplisdsnasseRfeqlidl o HEWhERYEKosited O HRIsubdlates of HF
is also usefill to obtain better planarization for subsequent processing.

The | er i i ol4.shi ng
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also b sed. Alternativel t.he | ayer ri i ght, equal .to 14,
ahen dgpoaes R TEN R e 5. {B R (TP Bﬁﬁéfﬁe@ﬁwg’gqchﬂnggre 240 i
deposited. on the surface of the ICD |ayer. The first upper etch stop | ayer
i spf or %Péamﬁg/t,hef ir# céshation Byenpalse usgiel/Dl heditietich gepn My§UeEPHes f61Hi ng t he
first etch stop layer is also useful. The first etch stop | ayer conprises a
first matesial.alhe fisempierist, foreexemipsd, comprises xangbrgl of ovipeli sesdactnat eateadl of

whi ch a conductive material used for interconnects can be selectively

pol i sheetd fbnincsreorgwtre dimbntclediivelyfjoliskedrah ehé ambedimpht, Sesfiat fagkigrct ri ¢
material. The first material, in one enbodi ment, conprises NBLOK. O her
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the first upper etch stop layer can be about 150 - 350A. The thickness can be about 200A.
Other thicknesses are also useful.
[0025] In one embodiment, a mask layer 260 is formed over the first upper etch stop layer.
The mask layer comprises, for example, a hard mask layer. The hard mask can comprise TEOS.
Other types of hard mask materials are also useful. The thickness of the hard mask can be about
150 - 850A. The hard mask, in one embodiment, is about 500A. Other mask thicknesses are
also useful. Various techniques, such as CVD, can be used to form the hard mask. The ICD,
first upper etch stop and mask layers comprises a total height Hr. In one embodiment, Hy can be
about 2150 - 5850A. In one embodiment, Hr is about 3000A.
[0026] In an alternative embodiment, the first upper etch stop layer can also serve as a hard
mask. For example, the first upper etch stop layer can be thicker to function as a polish stop and
hard mask. In such case, the first upper etch stop layer can be about 350 - 750A thick.
[0027] As shown in Fig. 2c, an interconnect opening 242 is formed in the ICD layer. In one

embodiment, the interconnect opening comprises a dual damascene opening. The bottom of the

interconnect penetrates the lower etch stop layer to expose the contact region below. Various



10025] I n one enbodi nent, a nmask |layer 260 is follnLd over the first upper
etch stop layer. The mask | ayer conprises, for exanple, a hard mask | ayer.
The hard mask can conprise TECS. O her types of hard mask materials are

al so useful. The thickness of the hard nmask can be about 150 - 850A. The
hard niesknianes, stk agrsdeshanetirench flagisar bsoow toforar theulskl damaskaespesingr e al so
u.seful. Various techni ques, such as CVD, can be used to firmthe hard
mask. Ohet &chniquesior tpypeng i clhakdanmsens apesikg hay@ssusetuip rinsesh o biyed

hei ght HT. In one enbodi nent, 111- can be about 2150 - 5850A. In one

enbodi @@nthovwhl nhsy XeLheBAARK it&926 bl fheal.DedddaMIat v eh gidediveRatbodiietf i r st

upper etch stop layer can also serve as a hard mask. For exanple, the first

upper  @&kGhtetbARed BY&Hin L ifct RldGHEEcehO o hUMEE 50 A% @edlfilok §R;St op_and hard
il R<top T b

mask, 1 n such ease, i'Tst upper etc ayer can be about 350- 750A

t hi ck. 7 sho i.n fig. 2¢c, an.. rconne opening 242 is . finned in
t he ICEk?géelﬁﬁPHe8@5“%%%8%%%@%?@1Pﬂggp%ﬁgﬁ@gﬁﬁgg§“g 83?&6‘)§hﬁﬁﬁ§hgea dua
damascene, gpeni ng. The bottom of the xnterconnect penetrates the |ower etch
stop | gg@h?tnss thesydace o the Kdhead intpeginsst prneg: Nisesis, of exmlgunss, such
as via first and trench first can be used to formthe dual damascene

openi ngem@iseditattienmitiige €E.N) o Othevwlybesg fbheiecd oaterddsrasthensd adperd algp webilal so
useful. An etch stop layer (not shown) may be tined at the interface of the
| LL) afkk bdvider ¢an tarfomhddetsyn &b exampid) @i e Mhe birkier, ifort s ois) @cdboap®Ni 15gA

conpri ses a damascene opening, such as a trench or a via. [0028]in one
enbodi gt , as shown in Fig. 2d, a barrier 25S is deposited on the
substrate which Iines the surface of the LCD and i nterconnect opening. The

par 11 G038 er (AP e R HRLR AebddBR b Ml bbbl anP IR dePEY e

] . er, fo anple, is ahout 30 -150A thick.
by, f Ol'hte?é(o%rrrlglctedpergr{g T-II;Q gogﬁcgve mater{al,%r gx}z)ample, comprt}ses copper, aluminum,

tungsten, alloys thereof or a combination thereof. Other types of conductive materials,
including metals and alloys, are also useful. In one embodiment, the conductive material
comprises copper. The conductive material can be deposited by electro-plating. Other
techniques, such as electro-less plating, physical vapor deposition or sputtering, are also useful.
A seed layer may be provided. The seed layer, for example, lines the barrier layer to facilitate
forming the conductive material.

[0030] Excess material on the surface of the ICD layer is removed by a planarizing process
to form an interconnect having a top surface which is planar with the top surface of the upper
etch stop layer. For example, excess conductive and barrier materials on the surface of the ICD
layer are removed by a polishing process, such as chemical mechanical polishing. Other types of
planarizing or polishing processes are also useful. The polishing process may include multiple
polishing steps to remove the different materials. An over-polish can be performed to ensure all

barrier material is removed. The over-polish removes some of the first upper etch stop layer.



[ 00291A conductive trial al 250 is eposited on the substrate covering and
filling the interconnect opening. The conductive material, for exanple,
conpri ses copper, alum num tungsten, alloys thereof or a conbination

t huTeof . O her tﬁpes of conductive materials, including nmetals and all oys,
are al Eor exeamnlg. abeit 19AA oSibyodishiprer ctchatapdaniids Tow vadtleaving a ovpppesetch
copper. The conductive material can he deposited by elect -plating. Qher
t echni sfup$ayes utdboas 1 @04 dticlo- Ossthidkatisagarephyypsisefal. vapor deposition or
sputtering, are also useful. A seed |ayer may be provided. The seed

l'ayer, fom31pxanRlsesontl iuPﬁé' ckdresthipta@r270ay aépdsfed 8¢ tel th@b@f4ces b e firfi@pper
conductive material. |10030Excess material on the suriiiice of the 1 | ayer

isre |.Z1 t ' > '
sur f acetan ey Anf ML AaE, PSRRI ko B b OARBRLcs ARU A Bt RR.
For ex | e, excess,conducti.ve.and. barrier materials on the. surface of the
10D | ag P G FERETL A R HE U LB o P e il B b ca
polishing. O her types of planarizing or paolishing processes are al so

usef ul ?‘il‘Fﬁ'@nﬁ’StW%eﬁit figsf onepyPRch Elch dPHEyers Posldln sudhicipey te pegyentas
remove the different materials. An over-polish can be perforned to ensure
al | bateadeee didfusionaif corglucaynmatedial diftbe owslucped lish Farrpueplesthwrdodsidnhe fir st
upper etch slop layer. For exanple, about 100A of the first upper etch

st op | batesen thereesiyt@dlaybre avgrogethbhih BBéut UppRh’. eOater sdlapidnayares afe Aout 100A
thick. O her thicknesses are also usefU . [00311A second upper etch stop

layer g«@ull ThdeBQedeR]). hlGe tRbodidnd @ mpPiked IhBLqK. SHHEPRBEs &t &i@legﬁ‘i@p

| ayer and interconnect. The second upper etch stop |ayer conprises second
material.,. . ter s h dhesj on with t tch.sl op | ayer.
" onelaierRE RS kel 2RE AL o FRERER Ry B8 ShE 1R 8P W
stop | ayers shoul d be fficient. to prevent or reduc i ffusion o
conauck FEamBEeridePosied b otk RerBaURECarsb 13‘,516 i kngan e ep
between the etch stop layers is ircater than about 4.9 jirri2. QO her
adhesi yeneaniesbarte081-4804s Braviding thesceesonwensicie stonllayer witbhrrshesibgkhesssat |
conprises NB LOK. Ot her types of dielectric materials are al so useful.
Pr ef er ablalso ushflfi rst and second naterials are the same. The cap | ayer, for
exanpl e, is deposited by CVD. Qher techniques can also be used. The
thi cknpes2pf tihenbaRinkadyekh&a IR RRGYE is 28fhiced RO hidRnesw 19 Haht II@DS%?nd

n.

upper etch stop layer with other thicknesses are al so useful. 1003

enmbodi I S t Ri ' | CL)
Fayer omprisctd et Aftak 1L UR! dpBf AUNCRE ghudis e U De b BhadB o e
first u r etch st | enahl the height.of the.L lLayer to, be the
s, bRt ieR Pl BAF g Brhe e atbe Sl o e Tiiighe idEpnidter Eib o
reduction in LCD thickness after formng the interconnect. As a result, the
0 |toeni n@leeI@itef.it, th?ar#%g@ﬁéct&n IIBJQD @%@%t@#@ foﬁmil}ﬂethP @Eeﬁ;ﬁftlIWQt- ﬁ/h: 2 r?ultt,hthe
nterconnect is forned has a | ower aspect ratio conpared to that o e

t hi ck nezmingy (etghalai@erdna e duilnlagwmean) indhal Clret octh tRe onérdomgctais fowed has pect
ratio opening facilitates inproved barrier coverage and filling with
conduci loveer asgeRt fatibSomphied th K 0VeS tHiDBRsaofthe @dDA8Ferih 0bh@AT oA UE@thddy

electro-magatio.n. (EM.
Providing a lower aspect ratio opening facilitates improved barrier coverage and filling with
conductive materials. This improves TDDB and reduces problems caused by electro-migration
(EM).
[0033] The process continues to form the IC. For example, additional processing can include

forming more ICD layers and interconnections, final passivation, dicing, assembly and

packaging. Other processes are also useful.



100331The process continues to foia thii. 1(1 For exanple, additional
processing can include formng nore 1CD | ayers and interco ections, final
passi vation, dicing, assenbly and packagi ng. Qther processes are al so
useffil. spirit or essential characteristics thereon The threg., oing
enbodi M98k, tHeriaventien mpydetemlivdiason siltbe seatifinfoant witbgptateparting (fwst that i ve
rat her thanthe invention described herein. Sc PC of the invention is thus

i ndi casedt dryestdntiahgpendedticd themesf. Tlad foesgoihpemindirmbes fthcrefpos, nge @agcr i pti on,
and all changes that come within the neaning and range of equival ency of

t he cl aid¥Ricaddanialltrepded ihRubeveniieaapd TREheIE inveniBaliet$ibel 8LRBI dPpe
CLAI M5 A nmethod For Form ng a sem conductor device conprising: providing a

substr i 40 - d i . fo : rmng a first
appor 0% o PUERAOER i faico S B PEL ol s DRTRE O S0 a8 121 st o
layer description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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conprising a first material; patterning the dielectric | ayer and
first upper etch stop layer to forman interconnect opening; filling
th.e interconnect opening with a conductive material to form an

i nterconnect, the interconnect and first upper etch stop |ayer having

copl an¥fhat Brlametlates; and finwing a second upper etch stop |ayer
over the coplanar top surfaces, wherein the second upper etch stop | ayer
conprises a second material having SUfAiM$ ent adhesion with the first
material to reduce diffusion of the conductive material. 2. The nmet hod of

claim i comprhefsd &orlfoMEhg 8l6Micoh@R bRk IceicBmpatWgen the substrate and the
dick ie layer, The nethod, of claim1 conprises reducing an initial height

HJ of di el eCf’IrOindilll%% %bsﬁ?te%rcﬁ%%&@ﬁ?gd\@léc%calapﬁj Rt edhEreod: The method of

claim1l whereint Irst "and second naterials conprise dielectric

forming a first upper etch stop layer on the dielectric layer, the first upper etch stop layer
comprising a first material;

patterning the dielectric layer and first upper etch stop layer to form an interconnect
opening;

filling the interconnect opening with a conductive material to form an interconnect, the
interconnect and first upper etch stop layer having coplanar top surfaces; and

forming a second upper etch stop layer over the coplanar top surfaces, wherein the
second upper etch stop layer comprises a second material having sufficient adhesion with the

first material to reduce diffusion of the conductive material.

2. The method of claim 1 comprises a lower etch stop layer in between the substrate and the
dielectric layer.

3. The method of claim 1 comprises reducing an initial height H; of the dielectric layer to a
thickness with a height H.

4. The method of claim 1 wherein the first and second materials comprise dielectric
materials.

S The method of claim 4 wherein the dielectric materials comprise NBLOK, low k

NBLOK or a combination thereof.

11



materi al s. The met hod of claim4 wherein the dielectric materials
conprise NBLOK, |ow k NBLOK or a conbination thereof. conbination thereof
The nethod of claim|1 conprises providing a mask | ayer over Inc first etch
stop layer to formthe interconnect opening. 8. The nmethod of claim1l
conpri 8es prhoymeihng o chamd wherpiaybe first mateyiad cethpidses NFL@Kelowi leNEEQK or hayer
and the interconnect opening. 9. The nethod of claim8 conprises

pl anar c@nbigatidrethemotluct i ve and barrier layers on the surface of the
dielectric layer to formcoplanar top surfaces of the interconnect and
first upper etch stop layer. 10. A nethod for form ng a sem conduct or

devi ce conpri sing: providing a substrate prepared with a dielectric

| ayer and. &y fichish HRPSH 1e40§r§berﬁté§gﬁo:vgd§%@gm of DR 8% s etc}{ %%ﬁ}@gr fn

i nterconnect opening in the Irst upper etch s yers;
tillin tﬁ@ iqtercongect.ogening with a conductive material to forman
intercgﬁﬁb P HEO MR e ct and first upper etch stop | ayer having
copl anar top surface and

8. The method of claim 1 comprises providing a barrier layer lining surfaces of the

dielectric layer and the interconnect opening.

9. The method of claim 8 comprises planarizing the conductive and barrier layers on the
surface of the dielectric layer to form coplanar top surfaces of the interconnect and first upper

etch stop layer.

10. A method for forming a semiconductor device comprising;:

providing a substrate prepared with a dielectric layer and a first upper etch stop layer
formed thereon;

forming an interconnect opening in the dielectric and first upper etch stop layers;

filling the interconnect opening with a conductive material to form an interconnect, the
interconnect and first upper etch stop layer having coplanar top surfaces; and

forming a second upper etch stop layer over the coplanar top surfaces, wherein the
second upper etch stop layer has sufficient adhesion with the first upper etch stop layer to reduce

diffusion of the conductive material.

11.  The method of claim 10 comprises recessing an initial thickness Hy of the dielectric layer

to a thickness Hp prior to forming the first upper etch stop layer thereon.
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form ng a second upper etch stop |layer over the coplanar top surfaces,
wherei n second upper etch stop |ayer has sufficient adhesion with the first
upper etch stop layer to reduce diffusion of the conductive material, 11.
The met hod of claim 10 conprises recessing an initial thickness HE of the
di el ect?i c Thgwethod of clayndRrigesciphepfiisband oot wingg cteh stopilaxers eppeiseet ch
stop layer thereon, sane material. 13. The nethod of claim 12 wherein the
first suntkmsteoelnd upper etch stop layers conprise dielectric materials.

14. The method of claim 13 wherein the dielectric materials conprise NBLOK
|l ow k NBLOK or a conbination thereof. 15. The nethod of claim 10 conpri ses
providing a barrier layer lining surfaces of the dielectric |layer and the

i nterconn eC’Th@Hﬁfﬂoﬁgyf cla%lg'l 2 eIk ttltboﬁirspéncfge@j)@ %Iﬁeef: &R Ff.é)?qazo% %l ng the

conducti've and barrier yus on the surface o die tric layer to form

coplan&gkkgglgggégggs of theconect and first upper

14.  The method of claim 13 wherein the dielectric materials comprise NBLOK, low k

NBLOK or a combination thereof,

15. The method of claim 10 comprises providing a barrier layer lining surfaces of the

dielectric layer and the interconnect opening.

16.  The method of claim 15 comprises planarizing the conductive and barrier layers on the
surface of the dielectric layer to form coplanar top surfaces of the interconnect and first upper

etch stop layer.

17. A semiconductor device comprising:

a substrate; and

a dielectric layer on the substrate with an interconnect;

a first etch stop layer comprising a first material disposed on the surface of the dielectric
layer, wherein top surfaces of the interconnect and first etch stop layer are coplanar; and

a second etch stop layer disposed on top surfaces of the interconnect and first etch stop
layer, wherein the second etch stop layer comprises a second material having sufficient adhesion

with the first material to reduce diffusion of conductive material of the interconnect.

13



etch stop layer. 17. A sem conductor device conprising;, a substrate; and a
dielectric layer on thete with an interconnect; a first etch stop
Layer conprising a first material disposed on the surface if the dielectric
| ayer, wherein top surfaces of the interconnect and first etch stop | ayer
are copt-anafhe gggconductor deeige phelaist EhWaewh thayast ail speosd dnaserialopprariistaces

of the interconnect and first etch stop |ayer, wherein the second etch stop
| ayer sompmiagesl.a second material having sufficient adhesion Wth the first
material to reduce diffusion of conductive material of the interconnect.
sanme tnateriai. 19. The sem conductor device of chant | 8 wherein the
first and second naterials conprise dielectric materials: 20. The

sem COW.UCt fPfu_ E’&Yll,&%iu@fos ﬁlc@ih@bii&ﬂ{%‘?ﬁ Ga'h@lc‘i ﬁxefﬂlétsﬁxd BRI e GRS RS

NBLOK, | ow k NBLOK or nbi nati on t hereo

dielectric materials.

20.  The semiconductor device of claim 17 wherein the first material comprises NBLOK, low

k NBLOK or a combination thereof.

14



