Advanced Copper Damascene Structure TECHNICAL FIELD (0001] This
invention relates generally to integrated circuit fabrication, and more
specifically to metallization. BACKGROUND [00021 A conventional
integrated circuit contains a plurality of patterns of metal lines separated
by inter-wiring spacings, and a plurality of interconnect lines, such as bus
lines, bit linesAwlerdilinds(anpjegiDintercaremect tinest thypically, the metal
patterns of vertically spaced metallization layers are electrically
TRCHIntesgonmectied by vias Metal lines formed in trench-like openings
typically extend substantially parallel to the semiconductor substrate.

ooy Semisonductor, devices,of syeh e according lo current fechnology may
comprise five or more lévels of metaltization to satis evice geometry

c%ﬂgj migro. miniatyrization requirements. [0003] A common method for
forming metal lines or plugs is known as "damascene". Generally, this
process involves forming an opening (or via) in the dielectric interlayer,
BACK@bhizhNseparates the vertically spaced metallization layers. A via is
typically formed using conventional lithographic and etching techniques.
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mete{?materlal on the surface of the dielectric interlayer Is then typica
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electrical field exists between two metal lines when there is a voltage
lines, whRieRtiakdifferenaer-Aubighiglectricalfield gausesipechanisms ausivapaced
electro-migration. With time, an extrusion may eventually be formed in the
metallizAiRIRCikie Sepataitrigheitwe-matatdinesg dnel shastinges formed in trench-like

specifl

openings typically extend substantiaily parallel to the semiconductor substrate. Semiconductor
devices of such type according to current technology may comprise five or more levels of

metallization to satisfy device geometry and micro miniaturization requirements.

[0003] A common method for forming metal lines or plugs is known as "damascene".
Generally, this process involves forming an opening (or via) in the dielectric interlayer, which
separates the vertically spaced metallization layers. A via is typically formed using conventional
lithographic and etching techniques. After a via is formed, the via is ﬂileci with copper or copper
alloys. Excess metal material on the surface of the dielectric interlayer is then typically removed

by cheinical mechanical planarization (CMP).

[0004] An electrical field exists between two metal lines when there is a voltage potential
difference. A high electrieal field causes mechanisms such as electro-migration. With tine, an
extrusion may eventually be formed in the dielectric separating the two metal lines and shorting

the metal lines; hence a time dependent dielectric breakdown (TDDB) occurs. The magnitude of



the metal lines; hence a time dependent dielectric breakdown (TDDB)
occurs, The magnitude of 1 the electrical field between metal lines is one
of the determining factors of TDDB, and the higher the electrical field is,
the more likely a TDDB will occur. [00051 Vias and their neighboring
features are typically subject to TDDB. Figure 1 iIIustrates an example.
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IS a groun I|ne at n electrical field distribution
the e1ed§1§é(rﬁ9fa'ﬁ%e%?%o%fﬂ\’¥§y% TiRS:elegtrical field next to corner 8 is the
strongest since comer 8’is typically substantially sharp. Flgure 2

illustrates an extrusion 10 formed due to th stron eIethaq field sqown
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extend ing toward where the electrical field is strongest. With time, the
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line 4, the metal lines are shorted and the circuit fails. [00061 The TDDB
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migrate more readily than other commonly used metals such as tungsten.
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more closely spaced and the electrical fields between copper features are
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(ILD) that have low material density and porous structures. Therefore, the
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time dependent dielectric

line 6 and extending toward where the electrical field is strongest: With time, the extrusion

extends to via 2 or metal line 4. When it touches via 2 or metal line 4, the metal lines are shorted

and the cirenit fails.

[0006} The TDDB problem is more severe for copper vias and copper lines. Copper tends to
migrate more readily than other commonly used metals such as tungsten. Copper .features are
typically used for 0.13p:m and below, therefore are more closely spaced and the electrical fields
between copper features are stronger. Also, copper is typically used with low-k inter-metal
dielectrics (ILD) that have low material density and porous structures. Therefore, the copper

features with low-k materials are more prone to suffer from the time dependent dielectric

‘breakdown problem.

[6807] Another problem caused by sharp corners 1s stress. The sharp corner 8 tends to cause

high stresses in the surrounding dielecfrics and cause cracks in the passivation layer.



breakdown problem. [00071 Another problem caused by sharp corners is
stress. The sharp corner 8 tends to cause high stresses in the
surrounding dielectrics and cause cracks in. the passivation layer. 2 [0008
In order to make the electrical field less concentrated at corners and
stress reduced, the corners need. to be rounded- Typically, when a
[6008] trenghigdormed;the comarsi atdhedbotiom:alwaysihaved settaindegiee:d,
of curvature. However, the radius of curvature of the naturally formed
the comppumgt € orhersisdot Adeguihtevibrredusing eléctrichliconcentration:dndom
stress. Besides, forming round corners using existing processes may
always ipyforitisEiotHes problemsiiFer Bxampletlic idobsaroed bt nafronawigthy
metal lines typically have higher curvature than wide metal lines formed
formed fGHpS FIHK S CHITAHBN & TREPEIRF & SREIFGIF FREEAITTHES 4té TofRielesides.
where TDDB is likely to occur. However, due to the micro-loading effect,
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igher sheet resistance. Therefore,.it is not practical to form round . ..
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corners by reducing't

formed INMENTION Q0901 Iherpreferred embodiment of the.preseqtinventpmn ;.

. presents a method of forming round bottom corners for conductive lines
likely to :E0E IIRQLRIed iy [PRIQ1IWa ARRIQaghesFanbefakend oot than
conductive lines having substantially round bottom corners. In both
wide me@PRAEACHES ehtreneh IS farmed-and;sanauctivesnaterialsergfiladindierm
trench. The etch stop layer (ESL) approach involves forming an ESL

round cotiReeslyinguaminterdeyel digleatec (b)),



After etching a trench in the ILD, the ESL is further etched. Etching the
ESL generates a polymer that is left at corner and thus rounds trench
corners. The chemistry approach involves changing etching chemistry

' %E?Bﬁ hat the bottom corners of the trench are
SUMrou?%’Sé%é WO %@gﬁgaches can be used separately or combined in
preferred embodiments of the present invention. [0010a] In one aspect,
[000%here Taegrstaered anhnsinsatior therprsravientite rsttsctivataed ki franitgground
method comprising: forming a first inter-level dielectric (ILD) over a

bottowy foutradOFEPRTHG T AR AEHIFERECAEEIED; filling the first trench with
conductive material to form a first conductive line; forming a via etch stop

[0010]ayeriiSippoehdhentfitst HiEnan b thecfindb gonrdirctiveling sufermindarmiad bottom
ILD on the via ESL; forming a trench ESL on the via ILD; forming a trench

cornei. B bpibthteesish, E SencdtoHing el vied spehingvthirotglaitrectfBledhnl D french. The
trench ESL, via ILD and stopping at the via ESL,; etching a second trench

etch sipir Giygh(He- teanesesh e steppivgyeatiPle tresthimse: ivgHrYg! #rdettench-D).
ESL to form a substantially round bottom corner of the second trench;

After gihing g trraclipbedbRi e (vhutesh dhbedeEshi &l I hag stakagrsharer

oftom roundwforner with a substantially rounded portion havi
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econ encn; an [ Ing the via an e second trench with conductive

wo aPRRHAAAARLINANANE, AIBSEHL NS SBIRY iéjx%\%’oégg‘e%@ Bpyferiorming
an integrated circuit Structtre, the method comprising: forming a first
inven@@nductive feature and a second conductive feature over a substrate,

wherein the second conductive feature is in a close 4

[0010a] In one aspect, there is provided a method for forming a via interconnection structure, the
method comprising: forming a first inter-level dielectric (ILD) over a substrate;

forming a first trench in the first ILD; filling the first trench with conductive material to form a first
conductive line; forming a via etch stop layer (ESL) over the first ILD and the first conductive line;
forming a via ILD on the via ESL; forming a trench ESL on the via 11.D; forming a trench LD on
the trench ESL; etching a via opening through the trench ILD, trench ESL, via ILD and stopping at
the via ESL; etching a second trench through the trench 11D and stopping at the trench ESL; etching
the trench ESL to form a substantially round bottom corner of the second trench; etching the
exposed via ESL; wherein the second trench has at least one bottom round corner with a
substantially rounded portion having a horizontal width greater than about one fifth the total width
of the second trench and a height greater than about one fourth the total height of the second trench;
and filling the via and the second trench with conductive material.

[0010b] In another aspect, there is provided a method for forming an integrated circuit structure,
the method comprising: forming a first conductive feature and a second conductive feature over a

substrate, wherein the second conductive feature is in a close



proximity of the first conductive feature; wherein the second conductive
feature has at least one bottom round corner facing directly the first
conductive feature, wherein the bottom round corner has a substantially
rounded portion having a horizontal width greater than about one fifth the

proxif QAL QTINA RGCORAGNAHEIMG HRARYNE A6hALAIGRLATRAIR! ANRR one

about one fourth the total height of the second conductive feature;

bottoWRRARIRINE 3RS AR HiRRNIURINA fealeils: fRAMRd P fFOHMMIR B R:bie RGthdaReher
filling the trench with a conductive material; and wherein the trench is

has a iBhedibyabuelRhipgicheavisH Y BOMaPHtsiRg B deLedr thdn Abo@n@ORFANEE total
wherein the etching chemistry comprises oxygen content of between

widthati et skUmdoehabdivt TOrccarbohetontaritaf hatween aadubrih%hawnl height of
about 10%, and hydrogen content of between about 1% and about 10%.

the se[004d t}istiosédtherehdsia tia structuredsomprisingetwdocoppby firmesrgrdrench
an interconnecting via is formed. Am ILD and a first ESL are formed over

and fiflingButizmech/viihsr aeebtisefondeliantheifrsin thptenehtitetibst B ctching
Etching the first ESL generates a polymer that protects the bottom corners

chemighy ceiipsisaesds: @Hga HoefbareraerHetin StmgRIB R Faises oxygen

opper or copper aIons to form a first copper line. A via etch stop layer
con*@%s‘ép \a%aﬁ%‘t HRNAT RS A AW EABITTL B e R ACTBiaanhahigt 10%.

ening and a trench op nin 8’1‘4) JThe exposed trench ESL in the
and h?’r‘%ﬂ%‘ﬂl é “ngir Fﬁﬁ%eﬁ’ %/a ﬁg’w Py s/t%\ntlally round bottom corners
in the trench opening. The via opening and trench opening are filled with
[0011]coppéisdesed ppeiralioysa Viinemretemipy sirerictresfprr boppedlimesicthennecting via
etching chemistry is adjusted to further round the corners. With round

is fornisdttdym leBraiek s feat Iny-aisigheedadiue ofstriatdrérstieedk dtdomdkiethy first

less concentrated and the stress to the surrounding dielectrics is reduced.
ILD aglthe first ESL. Etching the first ESL generates a polymer that protects the bottom comers and

thus causes round bottom corners. The first trench is filled with copper or copper alloys to form a
first copper line. A via etch stop layer (ESL), a via ILLD, a trench ESL, and a trench [L.D are then
formed. A via opening and a trench opening are formed. The exposed trench ESL in the trench
opening is then etched to form substantially round bottom corners in the trench opening. The via
opening and trench opening are filled with copper or copper alloys. When etching trenches for
copper Hnes, the etching chemistry is adjusted to further round the corners. With round bottom
corners having a higher radius of curvature, the electrical field is less concentrated and the stress to

the surrounding dielectrics is reduced.

43



BRIEF DESCRIPTION OF THE DRAWINGS [0012] For a more complete
understanding of the present invention, and the advantages thereof,
reference is now made to the following descriptions taken in conjunction
with the accompanying drawings, in which: [0013] Figure 1 illustrates an
electrical field distribution between a metal line and a neighboring via
BRIEF %%Mé%%r%@jlﬁfﬁ‘[% ,fig_ure 2 iIIustrates_ an extrusion f(_)rmed
between a metal line and a neighboring via connecting to a metal line;
[00151 Figure 3 illustrates a metal line having substantially round bottom
(00121 corddrs At ard MRIstratiie Vi Ge & T Buidnvg hrofifet oo ie] Rigareanees
through 10 are cross-sectignal views of intermediate stages in the making
. thereol gp IRt bR e S Bht BIHE preSERUIRvE AtSH; TOTLA el 17 e
: éccom L!Lu§%ra§§a§y an ?QE'%E{&%D of the preferred embodiment of the present
pmr}’erfrztlon, WIHEre two Via structures are in different metal layers; and
[0018] Figure 12 illustrates an application of the preferred embodiment of
[0013] the Prasentilinvention ardrstiirlidistibetiped drectn thasamemeda
. layers. 5 DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
neighborgsn iy S FRERETG AMRPESIIF of the presently preferred embodiments are
discussed in detail below. It should be appreciated, however, that the
[0014] preSentérivéhtiontprovidesumanyoapplibaitecinventiidiconoepiscibab@dng via
be embodied in a wide variety of specific contexts. The specific
connecting to a metal line; .

[0015] Figure 3 illustrates a metal line having substantially round bottom comers and an

illustrative view of a rounding profile;

jO016] Figures 4 through 10 are cross-sectional views of infermediate stages in the making

of a preferred embodiment of the present invention;

10017} Figure 11 illustrates an application of the preferred embodiment of the present

invention, where two via structures are in different metal layers; and

{0018] Figure 12 illustrates an application of the preferred embodiment of the present

invention, where two via structures are in the same metal layers.



embodiments discussed are merely illustrative of specific ways to make
and use the invention, and do not limit the scope of the invention. [0020]
The preferred embodiment of the present invention presents a method of
rounding the bottom corners of conductive lines. Figure 3 illustrates a
cross sectional view of a metal line having a rounding profile. A sidewall

between points 12 and 14 i§ substantially straight, . ugh it may be a
D TARI SRREH RIS S St e 01 Wk tch points 14 and 16
is around corner region 15. A bottom line between points 16 and 18 is_ .
[0019]subsTntiadlyistraidhtive rduhdingssptbfike Garr hemhedsired By domipstg detail
the length x of round region 15 and the total length X of the bottom. The
below.rbuheifeés rentiat iRy VBBIWHEE BEGRIOXPC 1S SHansryigole
) compared to X, the less rounded the corner is, The.1!:oundtnetss,E{wtr%ee i
inventiygepecebriiier 4% BaARS S Thie¥EiREBY SoMBaling M Reight y With

the total height Y of th tal line. It.is uny erstoof th rour ot
SRR R A Y S R RS

d docilq%?%rri{mi&g,gtheergyﬁl%qgés of a corner represents an average radius of
. and o dvAthre of the corner. [B’béf]A corner is defined as substantially round

if it has a rounding profile that can be approximately definedtﬁsaX{ﬁ >:§<

[0020]>= XTbqPesleapedaeryosanems qEGE PTerRRE STEterabIy B3SO g e
[Eq. 31 By using the preferred embodiment of the present in\zentiofna3 round.

the b"m@%‘]@ﬁr%‘fgqﬁiﬁ%}'@ {fgs- Figure 3 iltustrates a cross sectional view ot & metalline

having a rounding profile. A sidewall between points 12 and 14 is substantially straight, although
it may be a little slanted due to etching effects. The region between points 14 and 16 is a round
corner region 15. A bottom line between points 16 and 18 1s substantially straight. A rounding
profile can be measured by comparing the léngth x of round region 15 and the total length X of
the bottom. The roundness reaches maximum value when x equals X/2. The smaller x is
compared to X, the less rounded the corner is. The roundness of the bottom corner 15 can also be
measured by comparing its height y with the total height Y of the metal line. It is understood that
a round corner may have a substantially non-uniform radius of curvature. Throughout the

description, the roundness of a corner represents an average radius of curvature of the corner.

[0021] A comer 1S déﬁned as substantially round if it has a rounding profile that can be

approximately defined as:
Xf3 = x >=X/5 - [Eq. 1]
and  y>=Y/4 [Eq. 2]

more preferably,



rounding profile defined in Equations 1 through 3 can be formed. [00221
Two approaches can be taken to achieve the preferred rounding profile. In
both approaches, a trench is formed and conductive materials are filled in
the trench. The etch stop layer (ESL) approach involves forming an ESL
underlying an inter-level dielectric (ILD). After etching a trench in the ILD,
the E3l-is furthgrsetched to round the trench cornersgd g chemistry
approach involves changing the etching chemistry when etching the

By usi tr%k?(:hrg%xtrggtegn & !OITt] %%i“t%”ﬁ%%ff‘%fc m%{t‘? h’(ﬂﬁ% %lﬂ{%gq Jcbﬁér% M‘%ng the

ngpp%)ac es can be used separately or combined in the preferred

roundin®PRIAMSRISOf the REgsentinygptian.. | Be defails of the two approaches

are discussed in detail in subsequent paragraphs. [0023] Figures 4

oy Y8R 10.8tc close.sectional views of termediate stagesindie [aidng
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lefectric breakdown. The preferred embodiment presents how roun
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the formation of the lowerlayer metal line can be used in formation of any

etching Qthercanductive inems, well-Altheugh theRrefared Smbodimpentidsgemistry

copper as the conductive material, alternative conductive materials such

approacRSreped sanisendyctariipetahasmetalalays canaisade sged ine othein
‘ embodiments. Conductive lines and copper lines are used

corners titerehangeabhyihroUgheuttbey glescription. {0024 figresybthrongingd in the
illustrate formation of a bottom-layer conductive line. Figure 4 shows the

preferreformiatibmoftan BSpr2@andentibD Pk fiataijsreféreedembuodirhenttalingssed
the ESL approach, an etch stop layer (ESL) 22 is formed on a base

in detallmatebialiROitBaserapaterial 20 can be

[0023] Figures 4 through 10 are cross-sectional views of intermediate stages in the making
of a preferred embodiment of the present invention. A via connecting two copper lines 1s formed.
Both copper lines are subject to time dependent dielectric breakdown. The preferred embodiment
presents how round bottom comers can be formed for both copper lines. It is appreciated that the
formation of the lower layer metal line can be used in formation of any other conductive line as
well. Although the preferred embodiment uses copper as the conductive material, alternative
conductive materials such as doped semiconductor, metal or metal alloys can also be used in
other embodiments. Conductive lines and copper lines are used intercﬁangeably throughout the

description.

[0024] Figures 4 through 6 illustrate formation of a bottom-layer conductive line. Figure 4
shows the formation of an ESL 22 and an ILD 24. In a preferred embodiment taking the ESL

approach, an etch stop layer (ESL) 22 is formed on a base material 20. Base material 20 can be



7 any non-conductive material, ESL 22 serves two purposes- First, it
reduces the micro-loading effect and provides a more uniformed trench
depth across a chip. Second, etching ESL 22 generates a polymer that
helps the rounding of the trench corners. Preferably, the ESL 22
comprises SIC, S102, or other carbon, and oxygen containing materials.
The preferred thickness of ESL 22 is between about 200A and about

any noi2000Asandrmeré pesferablyabout4p0Ao S22, hasiacpreferradrk-ualte ¢
of between about 3 and about 8. In other embodiments, when only the

effect apHemistlysapproach iz takdnemd ESith221isfornhad SI02% Bamig Efdyer 24
is formed on the ESL 22. The ILD layer 24 preferably comprises a

generafpg arapiaPadiy el erdisce i doastaicrepalueytsiiel wamdbolie 3:8Tafkd

nitrogen, carbon, hydrogen, oxygen, fluorine and their
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therefore is desired to be smaller than about

chemistHUgipaies astranah:farmed Ry arigotropically etching ILD 24. Etching
stops at ESL 22. In the preferred embodiment, the width WC of the trench

26 is smaller than.0.15m. Comers 28 of the trench 26 can be rounded by
f0025] {3 Eﬂeﬂcﬁﬁ?ﬁ%ﬁ %’6‘6?61536}1%t’ésﬁ?h529@%%gi’u%‘ﬁ*’é&‘@ﬁﬁ?&f’@é‘,“ﬂ?}%fhﬁs a
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etching chemical contains oxygen in the range préefera ween
-carbon, HyAro3BA BRANL1R8 A0S MRS RIGIRIARR, A0S Thepreterred carpon.

l?:jo/négnt Is in the range preferably between %t:)ut 1% %rﬁd%ﬁoojﬁtof&/o, and &
chemicaMapRRIGIBsRRIY @aut 3966 RIeIeTed: deposition (ALD), plasma enhanced
CVD (PECVD), or other well-known deposition techniques. The thickness of ILID 24 defines the

thickness of the conductive lines formed therefore is desired to be smaller than about 0.3pm.

[0026] Figure 5 illustrates a trench 26 formed by anisotropically etching 1.1 24. Etr;hing
stops at ESL 22. In the preferred embodiment, the width Wy of the trench 26 is smaller than
0.15pm. Corners 28 of the trench 26 can be rounded by using the chemistry approach. Btching
gases such as CF4, CHF;, Ax, and O, are preferred when etchiﬁg IL.D 24, In the preferred
emi-)odimen‘t, the etching chemical contains oxygen in-the range preferably between about 1%
and about 10%, and more preferably about 5%. The preferred carbon content is in the range
preferably between about 1% and about 10%, and more preferably about 5%. The preferred’
hydrogen content is between about 1% and abrout 10%, and more preferably about 5%. In an
‘exemplary embodiment, by using an etching chemical containing 5 % oxygen, 5% hydrogen, ‘and

5% carben, substantially round corners are formed. The resulting round corners have a rounding



hydrogen content is between about 1% and about 10%, and more
preferably about 5%. In an exemplary embodiment, by using an etching
chemical containing 5% oxygen, 5% hydrogen, and 5% carbon,
substantially round comers are formed. The resulting round corners have
a rounding 8 profile with width x about 1/4 of the width X of the conductive
profife Wiy mifeltheas dfdcdelioni idighef hofabdutti4 bftherRélghtyngfitheon height
conductive line. [0027] The ESL 22 is then etched. A polymer is generated
y of aboyd [ ehifig it 220 RN e Wlymer is taken away during the
etching process. However, there is still polymer left on the sidewalls and
0027} thelbettivin Bf thbdrendlr 264 esheciallymat:thetbbbtomcomES 28 Thepefall,
there is less etching to the comers 28 than other places in the trench due
the polynigtthidahentewtn duofeh ipolyinmes preooe 8] Pigurer.chilystr atesrp iffgsioft on the
. barrier layer 30 and a conductive Line 32 formed in trench 26. Barrier 30
sidewallyand Bre PARTofiiedend maenss eBmBridmbotenittnatafiupitiae, there is
. tantalum, tantalum nitride, or other alternatives. The material of the
less etehigg VAR 328 BRTerHST SopiSdrartspisds Hifoye CHRBGEE Rk mer
32 will be referred to as copper 32. Copper 32 is typically formed by
[6028]  debavitiriy Bushivelay difbfssedhcopperco s topder aiidyg tivei ptatih fotondill in
the trench 26. A chemical mechanical planarization (CMP) is then
trench 263 areined it isblishlyHeneeppbr toathead gravsi op gHEareneht2ea {00291 ide,
dual damascene process is preferably performed to form a via and an
tantalum, (g OdFde R iopglives7 IS oA Aol @ Blenirg ep rlier (23E) 34
_ formed on coppey, line 32. Via ESL 34 is preferably a dielectric comprising
preferably SORRE RGN i RSB AR LIS YIRS 1On BRI e eoPPer

32is typ [(:Etpﬁé‘ e%&fé?ég}‘}, REQYIinG nRHIgtion Betgen SoRRELING 3AAYYAM, plating (o
fill the rench 26. A chemical mechanical planarization (CMP) is then performed to polish the

copper to the surface of the trench 26.

[G029] A dual damascene process is preferably pérformcd to form a via and an upper-layer
copper line. Figure 7 shows a via etching stop layer (ESL) 34 formed on copper line 32. Vié ESL
34 is preferably a dielectric comprising carbon, hydrogen, and oxygen. A via ILD layer 36 is
formed on the via ESL laﬁ;cr 34 providing insulation between copper line 32 and an upper-layer
copper line that will be rformed subsequently. A trench etch stop iéycr (ESL) 38, a trench LD 40
and a hard niask 42 arc formed, as shown in Figare 7. The trench ESL 38 is preferably formed by
sumilar methods and using similar materials as for ESL 22. The matertals and methods of

forming via ILD 36 and trench ILD 40 are known in the art. The thickness of the second ILD 40

defines the thickness of the top metal line and is preferably smaller than about 0;3'pm.



copper line that will be formed subsequently. A trench etch stop layer
(ESL) 38, atrench | D 40 and a hard mask 42 are formed, as shown in
Figure 7. The trench ESL 38 is preferably formed by similar methods and
using similar materials as for ESL 22. The materials and methods of
forming via ILD 36 and trench ILD 40 are known in the art. The thickness
of the second ILD 40 defines the thickness of the top metal line and is
[0630] prefepably stivalter tHanmabout0:3-pinpO0Q30] Riglre8diustiatesial (not shown)
formation of a via opening 44. A photo resist material (not shown) is
s formefgiprgt EHbEpatter Hed wlercthe surfdcé’hard miaskd: Anhanisotrapic etely,
. preferably using fluorine containing etching gas, cuts through the surface
fluorine FopHBER AP R e SEOWR sratgirethe trereh 4 prd o lehendaEstirough

ig ILD 36 a ops ia ESL 34, therefore forming a'via.
o e R B BAT A DG HuB it onbrkye Co e
i lines327iton) being; £iche 031] Figure 9 illustrates the formatjon of a .
. Opmt%?lch opening 16 Aéﬁ%%glgg%%%%ﬁ%}?%lﬂ?g (iﬁr%ylféﬁotWeersdﬁégg ﬁgpﬁi Being
mask 42 and down through the trench ILD 40, stopping at the trench ESL
38 and thus forming the trench opening 46. Trench opening 46 will be
(0031 used to f rrp an ué)r%%rjlayer__cop er line when filled and it has a preferred
widthR2 ot Shifaifer thdhapo of IR oseihthe' preteivaapic cich cuts
1 embodiment usi e ESL approach, trench etch stop layer 38 is therj
o e L oA S B B i Bt B
ESL 38 «£iGRInadrenchSk.36 generates-a polymer that protect the comers 39,
“therefore, égér:%ers 30 wi b%%%gg)s‘tl:?l%g yof)r{gf}ﬁaﬁl ?n%ﬁ%? embodiiEh !
upper-laytR@ Ghpemistrvapiraach.is Rieterably.used foreteh %}gsﬁﬁﬁﬂgl‘th'a'% 28948 3 .

more preferred embodiment, the ESL and chemistry approaches are

etched.

j0032] COITQ{Q ggéf;:rrpe% embodiment using the ESL approach, trench etch stop layer 38 is
“then etched from the trench opening 46. As has been discussed previously, etching trench ESL
38 generates a polymer that protect the comers 39, therefore, comers 39 will be substantially
round. In other embodiments, the chemistry approach is preferably used for etching trench ILD
40. In a more preferred embodiment, the ESL and chemistry approaches are combined. The
exposed portion of via ESL 34 is etched. Because via ESL 34 is quite thin relative to ILD layers
36 and 40, process contro! and end-point detection are much more closely controlled, thus |

limiting the likelihood of over-ctching through the underlying lower-layer copper line 32.

[0633) Figure 10 illustrates formation of a barrier layer 48 and a con:duc':tive line 50

- openings 44 and 46. Barrier layer 46 is preferably formed of a material comprising titanium,
titani_um nitride, tantalum, tantalum nit;ide, and other layers as well. The barrier layer 46
prevents via materials from diffusing into ILDs 36 and 40. The thickness of the barrier layer 48

is preferably between about 20A and about 3004, and moré preferably about 100A. The
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exposed portion of via ESL 34 is etched. Because via ESL 34 is quite thin

relative to ILD layers 36 and 40, process control and end-point detection

are much more closely controlled, thus limiting the likelihood of

over-etching through the underlying lower-layer copper line 32. [0033]

Figure 10 illustrates formation of a barrier layer 48 and a conductive line
. 501in openings 44 and 46. Barrier layer 46 is Preferably formed of a o
eI A1 L DTSRG Htdnif i el itrde! tart IR b ety i@ ateriats,
mfm}%ndoothct;rb layers s-ae%W?-”' Th a‘rrig_rfla%eadiﬁ | %)reivL nts yia materials from
P IR to B8 a0 20T THE tHICKNES L Jf Yre Baibifayer 48 is

preferably between about 20A and about 300A, and more preferably
[0034] gphotiendEThEM revainifgtspite ok Radopeningddcandtrdichtbe
opening 46 are filled with_ conductive materials, preferably copper or
Pfefe”eéﬁﬁﬂ)é’Pgaﬂ SILTAERIBGL pavioHrred 1S TevRf theenrracestonaa] Bordueive s
] lines having substantially round hottom corners are formed, hy the )
ikely o s i oo e LS i T Pt bBkeriebbReis
features! 'It?giﬁcan ?ﬁ@d’%kgp a_lr? §§{)Hlé§1%§%%3 tﬁef%ﬁ grge ue??e%}%?n?eglto t eré))ﬁgflzgklinvention‘

between a conductive line and its ne oring ures. Figur

A first vilUSHatGs @&r@@i@@gﬂgﬂpgt fhe %QBGHB?EQ f?/fng ggj %gﬁooaf yas&rreﬁneenh in layer

invention. A first via structure comprises a copper line 70 in'layer M, a via

(M-1). A/2-and aLopRAEINGHArifelayelp M 1ile f0SB0Rd WiASHH GG SQURNISETine
- acopper line 60 in layer M, a via 62 and a copper line 64 in layer (M+1).

64 in layAn(eittysionG8.siay dsafoyme thah €DINes Ao JDCIRPEFHNMB BOCAUSHAG time
time dependent dielectric breakdown. Extrusion 68 may be formed

dependeiyetivieenicbpplidine BOtantbooppery ndordhat betweenopppprndine Qi angper
via 72, depending on the electrical field distribution. When the horizontal

line 74 ogfxtarrce Dpheshinaliéramdriafdutpci8meamdtbe thevieitel distantetDi iV hen

smaller
the horizontal distance D is smaller than about 0.15um and/or the vertical distance D, is smaller

than about 0.3pm, a substantially round bottom comer 70 having a round profile defined in

Equations 1 through 3 is preferred.

[0035) Figure 12 illustrates another app!ic%ition of the preferred embodiment. A first via
structure comprises a via 82 and copper lines 80 and 84. A second via structure comprises a via
94 and copper lines 92 and 96. Both via structures are located in‘ the same layers. An extrusion
88 may be formed at corner 86 of the copper line 80, causing time dependent dielectric
breakdown. When the horizontal distance D, is smaller than about 0.15fim, a substantially round

bottom comer 86 having a reund profile defined in Equations 1 through 3 is preferred.

10036] In a conventional integrated circuit, there may be eight or nine metal layers, or levels.
Metal level one (M1) is typically the lowest and its metal feature size is typically smallest,

Conductive features in metal levels two through nine typically have greater dimensions and are
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than about 03m, a substantially round bottom corner 70 having a round
profile defined in Equations 1 through 3 is preferred. [00351 Figure 12
illustrates another application of the preferred embodiment. A first via
structure comprises a via 82 and copper lines 80 and 84. A second via
structure comprises a via 94 and copper lines 92 and 96. Both via
structures are located in the same layers. An extrusion 88 ma%/ e forr;nled

spaced fugheoiap e bt Gospeiing 8, BAGSHIY fitfe tePeRtRAT GidTeCe ™ fevel

ectric

breakdown. When the horizontal distance D, is smaller.thanabout. ...
two thm”@EL‘5’1‘?{‘?1?%95@1%?%\%‘“&1%y%euénaéf C%ott't](t)rén%%%rtﬁlérb %iﬁgviﬁld a 'rou%d profile

Th érefo rc%%ﬂgs%ijn{%lﬁfqr%%gg )%til'o :trb E%lflx%li]s??iljg' cR:':nggJ I‘E,ql c[gagggﬁvb iﬂ‘:’hﬁf?&vﬁﬂﬂ@mlievel 2
|

egrated circuit, there may be eight or nine metal layers, or levels. Metal

2) and B¥ELPNS MBS HRIGRIN the lawest andhils-melaliieaty e izesis: pigAthan
smallest. Conductive features in metal levels two through nine typically

0.15um ahave greatacsdimensions @adearead hispacet)further. However, with the
scaling of the integrated circuit, the dimensions of metal levels two

(0037] th‘g}%;%f}et@r%cgec %%%eéﬁ%ftﬂ%tg&&gﬁR%HHSﬁ‘EQiQJ@HE@& freakdowids tiany

. [ :
lik o oceur. There ore, substantially round bottom corners are desired

round bofQRHGARAHCHYE foales. if?:iﬁ@é%keﬂﬁhg a@é@haﬁq; highesdevelsnavhan the

horizontal distance between conductive features is smaller than 0.15m

etching ciEREAL IRINERSIGA Histance isgrpatenthanppRauiRSMcOadint, Theclectrical
preferred embodiment of the present invention can he used to form

field is leSUbsiantialhy! reund bettem derpersfoticordtictivesfeatuhes:dy using an
etch stop layer and by changing etching chemistry. With round bottom

o STRMPRA e plematas e sl .
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invcntion as defined by the appended claims.
" Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the pro.cess, machine, manufacture, and composition of maﬁpr, means, methods
and steps described in the specification. As one of ordinary skill in the art will readiiy appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
~ matter, means, methods, or steps, presently existing or later 1o be developed, that perform
substantially the same function or achieve substantially the same result as the cénesponding
embodiments described herein may be utilized ac:‘cording to the present ifivention. Accordingly,

the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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(00381 Although the present invention and its advantages have been
described in detall, it should be understood that various changes,
substitutions and alterations can be made herein without departing from
the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be

WHAlIn#ed 1oivi€ pd&icular embodiments of the process, machine,
manufacture, and composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes,

1.  mAachéies] hamtatiyreyiomeasitinagioh smatieiemeans;thoetbosigrving:
steps, presently existing or later to be developed, that perform
stibstaingiallrthinsare fldttiesuds @thievesubstanialy the same result as
the corresponding embodiments described herein may be utilized

aceandig: thrihergrdsantlisvestiiiD Accordingly, the appended claims are
intended to include within their scope such processes, machines,

miisfadivérscampbsiionsceiimaitematedaliofehadSrarcsiepstil2 line;
WHAT IS CLAIMED IS: 1. A method for forming a via interconnection
stfueting, dhe: rethadconyp sty dosmirgfadingtliniad ibvdldielenthie(leDie;
over a substrate; forming a first trench in the first ILD; filling the first trench
withrratda ety & Datetiad toaf @i a first conductive line; forming a via etch
stop layer (ESL) over the first ILD and the first conductive line; forming a
vitbthihgmn thewieHSElgifoliming @ Dench ESL on the via ILD;
forming a trench ILD on the trench ESL;
etching a via opening through the trench ILD, trench ESL, via ILD and stopping at
the via ESL;
etching a second trench through the trench ILD and stopping at the trench ESL;
etching the trench ESL to form a substantially round bottom corner of the second
trench;
etching the exposed via ESL;
wherein the second trench has at least one bottom round corner with a substantially
rounded portion having a horizontal width greater than about one fifth the total width of the
second trench and a height greater than about one fourth the total height of the second

trench; and

filling the via and the second trench with conductive material.

2. The method of claim 1 further comprising the steps of:
forming a first ESL between the substrate and the first ILD; and

etching the first ESL to form round bottom comers for the first trench.
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forming a trench ILD on the trench ESL; etching a via opening through the
trench ILD, trench ESL, via ILD and stopping at the via ESL; etching a
second trench through the trench ILD and stopping at the trench ESL,
etching the trench ESL to form a substantially round bottom corner of the
second trench; etching the exposed via ESL; wherein the second trench
has at least one bottom round conger with a substantially rounded portion
having a horizontal width greater than about one fifth the total width of the

3. sddSHRTCR St haiBrEgteatdith Sbtitbeddur i e FheRRtY
of the secand _trench; and filling the via and the second trench with

compr3ing (diyd-Matefi 27 PrdPtibstr By Damt 1R theme R ssmy iRsoxygen

steps of: forming a first ESL between the substrate and the first ILD; and
Conter&teﬁh%"fﬁ%nfﬁé?\éé@@%ﬁ%%d&%&ﬁbﬂ%@fﬁ%Cf et g

3, The method of claim 1. wherein the first trench is etched by an etching
about deinfthy CORFTSAE EEL! BINEIA AN 022 %haMe i the etching
chemistry comprises oxygen content of between about 1% and about
10%, carbon content of between about 1% and about 10%, and hydrogen
content of between about 1 % and about 10%. 4. The method, of claim 3

4 \hBraRF PR ACFIHEChERIERD B s 5B By BRgaRS oot V0 oxygen

content, about 5% carbon content, and about 5% hydrogen content.

3. The method of claim 1 wherein the second trench is etched by an etching chemistry
compnsing CF4, CHF3, Ar, and O,, and wherein the etching chemistry comprises oxygen
content of between about 1% and about 10%, carbon content of between about 1% and

about 10%, and hydrogen content of between about 1% and about 10%.

6. The method of claim 5 wherein the etching chemistry comprises about 5% oxygen

content, about 5% carbon content, and about 5% hydrogen content.
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content, about 5% carbon content, and about 5% hydrogen content. 5.
The method of claim 1 wherein the second trench is etched by an etching
chemistry comprising CF4, CHF3, At, and 02, and wherein the etching
chemistry comprises oxygen content of between about 1% and about
10%, carbon content of between about 1% and about 10%, and hydrogen

7. conigphol et weatmbauintierand abeut 4B%enke the metiad ohelaimb

wherein the etching chemistry comprises about 5% oxygen content,

alperah R Y00 RRIEA fanthaaad k% il tegenceRptfAtuddotefa substrate,
method for forming an integrated circuit structure, the method comprising:

whercl@rming @ filsd cRRAUCH feafeaiiserandl s peotehegnuBl v featbieamer a
substrate, wherein the second conductive feature is in a close proximity of

featurhye first conductive feature; wherein the second conductive feature has at
least one bottom round corner facing directly the first conductive feature,

Whgeebintfie: Rettam counad cosTestiasiasaistantalbhoesndedndidion: facing
having a horizontal width greater than about one fifth the total width of the

directBegRNE-aansidetiied eattine arsea-heighbaeatebihdtabrthens febtinthely
total height of the second conductive feature; wherein the second

rounde@pducty & fenriy eehis farmeadytosreing antreabbuanddilig thetdrgnehith of the
with a conductive material; and wherein the trench is etched by an etching

secon@Remistyvedmipiisi agdGHE: SidE3akt, ankbaiangovbentiththertdhingt of the
chemistry comprises oxygen content of between about 1%
second conductive feature;
wherein the second conductive feature is formed by forming a trench and filling the
trench with a conductive material; and
wherein the trench is etched by an etching chemistry comprising CFa, CHF3, Ar,
and O, and wherein the etching chemistry comprises oxygen content of between about 1%

and about 10%, carbon content of between about 1% and about 10%, and hydrogen content

of between about 1% and about 10%.

8. The method of claim 7 further comprising the step of forming an etch stop layer (ESL)

between the second conductive feature and the substrate.

9. The method of claim 7 wherein the first and second conductive features are on a same
conductive level and wherein the first and second conductive features have a spacing of

less than about 0.15 pm.

10. The method of claim 7 wherein the first conductive feature further comprises a third

conductive feature undeslying and connecting to the first conductive feature.
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and about 10%, carbon content of between about 1% and about 10%, and
hydrogen content of between about 1% and about 10%. 8. The method of
claim 7 further comprising the step of forming an etch stop layer (ESL)
between the second conductive feature and the substrate. 9. The method
of claim 7 wherein the first and second conductive features are on a same
conductive level and wherein the first and second conductive features
have a spacing of less than about 0.15 m. 10. The method of claim 7
wherein the first conductive feature further comprises a third conductive
fegture underlying.and connectjng, to the first conductive featyre. 15 11.
11 e 6 QR TR RSB E TR e e s g than
lower than the second conductive feature and wherein the firstand .
the seconf YESHUYE %Fé)é?’ i 5?1%8};?3}{{6‘&%%%0 SHoE 6{5‘%’ SRUFHIPS,
. The.method of claim_7 wherein the first and second conductive features
Spacmﬁ@d??ﬁ 41 3598t 5-3rBYeRying levels. 16 Advanced Copper Damascene
Structure ABSTRACT OF THE DISCLOSURE A method of forming round
bottom corners for conductive lines in an integrated circuit is presented.
Two approaches are taken to achieve a preferred rounding profile. For
12 R GLAE oS A SES AR AR RS gt et
| he trenfh. The etch stop
evel 2 or overlying levels.
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layer (ESL) approach involves forming an ESL underlying an inter-level
dielectric (ILD). After etching a trench in the ILD, the ESL is etched to
further round trench comers. The chemistry approach involves changing
the etching chemistry when etching the trench. The two approaches can
be used separately or combined in the preferred embodiments of the -

present invention. inya, Rref@7esheP9StimENt &R SULGIHFE comprising

two copper lines and an interconnecting via is formed. By using the ESL

and chemistry appr fbi , bottom comers are formed substantially
AB%M.E?FE%? rf%eﬁépﬁé%%ém %J Iment of the present invention is applied to

conductive features that are close enough to cause time dependent

die|écmmlmakﬁgwmg(m@dp})g§qm corners for conductive lines in an integrated circuit is

presented. Two approaches are taken to achieve a preferred rounding profile. For both
approaches, a trench is formed and conductive materials are filled in the trench. The etch stop
layer (ESL) approach invalves forming an ESL undertlying an inter-level dielectric (ILD). After
etching a trench in the ILD, the ESL is etched to further round trench comets. The chemistry
approach involves changing the etching chemistry when etching the trench. The two approaches
can be used separately or combined in the preferred embodiments of the present invention. In a
preferred embodiment, a via structure comprising two copper lines and an interconnelcting via is
formed. By using the ESL and chemistry approaches, the bottom comners are formed
substantially round. The preferred embodiment of the present invention is applied to conductive

features that are close enough to cause time dependent dielectric breakdown.

(FIG. 1)
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