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.

ooz Afer .Y [ formed, MGl W SoRRer e copRer, AIPX Fpess

mete{?materlal on the surface of the dielectric interlayer Is then typica

Sepamté‘@H}Q\ﬁ%—v&%@ﬁ%ﬁ@s%ﬁgg%@hm%%%még MEQS, LQQIQ%; N lines, bit

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
metallizdieig¢irie sepaatingdheiiwa matatdines dad shastingeifermetal inash-iike
hence a time dependent dielectric breakdown (TDDB) occurs, The
openingm@gnitlidexeénd substantially parallel to the semiconductor substrate. Semiconductor

specifl

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



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 illustrates an example. Via 2 is connected to a metal line
4, and both are coupled to a high voltage. Metal line 6 is a ground line at

the elcs?i\c/:éﬂ{giﬁl &It'é!g?f! !{I]eff*ltgﬂ {EEQIRI,;%)t!%nO%Stils(}/ H%Pe‘%%ilelgnaﬁc {I;{qO\(I)\{(S]Z)J}Q’e and the higher
eléctrical field next to corner 8'is the strongest since comer 8 is typically

e eleUPSANGALY, SRR Figyre, 2llystrates an,extrusion 10 formed due to the

strong electrical field shown in Figure 1. Typically, for a metal line having

_ asubstantially rectangular shaped cross _section, the exg iog_lo b?s an
[0005] 5 g18iz by a@%ﬁﬂ%&é&r%é RO al e ACA R Rsidion

50 comprisind metel marerie) migiated from meialiing.© s oimed Sigting

isi
illustrates an ex S1 a2 15 connecie d
TT(?om Matdl dine 6 and exten ing toward where electrical field'is

valtageSHRNGERE WIth ime. the.cxBysion . XIRRYSHA ViRsaiBhARE Rl INe, 41 dNen

it touches via 2 or metal line 4, the metal lines are shorted and the circuit
arrows 2L {QQ0AT Tihe (FRDB RIQRIEM is MOteSeMareilRE coPREE Vil aRdily

copper lines. Copper tends to migrate more readily than other commonly

substanHB@FMGtals sHeh astuagsten-Gonpen feaunes aiedYRiGalbh seddoral ficld
0.13m and below, therefore are more closely spaced and the electrical

shown figltsrbetwesnatoppenieatirescare sirengeatAlsd)coppepidaygiepdty cross
used with low-k inter-metal dielectrics (ILD) that have low material density

section,andeporous $tricturesndiherdfores the copperspfeataresowithnloiike A-A”. The
materials are more prone to suffer from the time dependent dielectric

extrusidor & kefoprsipeoibRsrh n{@B07 Iimatel problel tausedibyrsHatprioeiapgsetal
stress. The sharp corner 8 tends to cause )

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.



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 trench is formed, the corners at the bottom
always have a certain degree of curvature. However, the radius of

[6008] curyatute-abthelnaturallydosntetireune corneisisnotagdequatadar reduced,
reducing electrical concentration and stress. Besides, forming round

the comeornerstusingrexisting yprodéssesemay énttoducensthehgproblemst Eobotiom
example, it is observed that narrow-width metal lines typically have higher

always lg\ya/ataraithdrewide meraluined oformsdhandened saviéueondifiomsturally
Therefore, narrow metal lines are formed where TDDB is likely to occur.

formed [QURFSOBISTIR tef fhols it SrTAEHSY BRISCL At FORFFERRIOREY afesthiRreries.

than ,wide metal lines so that they have higher sheet resistance.

forming fhaebsgra°Ti EIH%%?&%MOP&%%“% UHE%%?%SFECBV Pé’&‘dﬂﬁng ‘%h‘éxﬁﬂaﬂ? itis

obseweao h th%a@retal I tngll ca F11TH|1:'11|N>:/rEc’1\1|r-I;’Ia Uure ngf?%; eq tafl lines
prererre |ment res nt invention presents ame 1316

formed IIIQ%EP g §8HQQOP<HH8HQ “‘i%i‘@ﬁ?réo&a(f%g HElYeines INANG dNtegratef syl

10] Two approaches can be taken to form conductive lines having

likely to %H%te}m@gyem&\ﬁdtpgﬁqmcﬁgﬁlﬁgﬁg IJH@@%%QW%QQ@ $inHePANdSer than
formed and conductive materials are filled in the trench. The etch stop

wide mel@YeiekEStapRi0R6R NyRlyestanning 2k BSbundelyingapinetdevelorm
dielectric (ILD). After etching a trench in the ILD, the ESL is further

round cogighéd riiching laevizBl ojenesatasimpolymer that is left at corner and
thus rounds trench corners. The chemistry approach involves changing
etching chemistry when etching a trench so that the bottom corners of the

trench are rounded. These



two approaches can be used separately or combined in preferred

embodiments of the present invention. [0010a] In one aspect, there is

provided a method for forming a via interconnection structure, the method
rising: rgmgygi & irst inter-level dielectric (ILD) over a substrate;

SUM ofgnﬁi%gagmg renc wﬁﬁe first ILD; filling the first trench with conductive
material to form a first conductive line; forming a via etch stop layer (ESL)
[000%ver tHe Areferred anbpdiadmist! comprgetivaraBtORPrATRE S wsthot B Aorrng gound

ESL; forming a trench ESL on the via ILD; forming a trench ILD on the
bottogpeREKTE &Y cRtehshycditra BkhirgHRieLEF e trench ILD, trench ESL, via
ILD and stopping at the via ESL; etching a second trench through the
[0010trenchwlb Epamoekbto ppirig ailkthedfenchda@icrietdiaghihieg rebehnESly tound bottom
form a substantially round bottom corner of the second trench; etching the
comnergxiydnddapinBSiks wisrsinisHerwed end awahehi o aedebisto iedatttmirench. The
round corner with a substantially rounded portion having a horizontal
etch sigipdy s iEaleraprapralbbie bise fifthina andidl widg vota e skedag tfisiedrisdd-D).
a height greater than about one fourth the total height of the second
After glehitia BTN divibednd tidieben righse richingieditdy Strreaifstdrimer
[0 10b% In another aspect, there is proyjded a method for forming an
that 15 gt Spare U SO CRdR e B0 d %oﬁh?fﬁgﬁ?@%wﬁgna#%% changing

.copducgve eature and a secon cogdgc ive feature pyer a substrate
etchm%ﬁlemis when efc 1(11118& (rjenc s0 that the bottom comers of the trench are rfﬁmqed. These
erein the second €onductive feature is'in a close 4 proximity of the Tirst

two affios %E'E’e‘?nft‘?ea&‘s’ég SYRBIEN NG 38604 CORANEHVE, %%E%%%é‘%%é JFaRhe
ne bottom round comer facing directly the first conductive feature,
inveni¥herein the bottom round corner has a substantially rounded portion
having a horizontal width greater than about one fifth the total width of the

secand conductive feature and a h igh}; greater than about one fourth the
[00T0a} IR, 81&??{3%?“’ there is provided a methdd 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



the 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 CF4, CHF3, Ar, and 02 and wherein the etching chemistry
prOXil%gW IRERAYERY ct?@qitt%%rgf Qﬁ%ﬁ%ﬂ%@%%%d@&%@@%%& R alcl@trig%ﬁ

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

bottord @&Wﬁ?&bﬁ@%'&fh%’d%gl?@l@ﬁr%@%nc[@&ﬂv@]f@@@?ﬁﬁ sheibienYiBund corner
structure comprising two copper lines and an interconnecting via is

has a fapAediainmdbldand adir shESlaaieiionmpdiovereasrbsirateufofiEsifirene otal
is formed in the first ILD and the first ESL. Etching the first ESL generates

widthafhbysaehthahpioteetiheckat aficgornessianthihbsucaustedbund datteipht of
corners. The first trench is filled with copper or copper alloys to form a

the sefipstl coppatilinéatinviandiohbistbpsaped (BESluyiaofeatuD jsddrand hyESimiaged trench
a trench ILD are then formed. A via opening and a trench opening are

and filGnmi Pheh exposee dustich RSt thd hrieh bpaaal iscthksd Bichedcduns
form substantially round bottom corners in the trench opening. The via

chemisiy SfePEFBL ek e AihgerO M hns B SR O£ BsHERIeRaPIHTe Y gen

etching trenches for copper lines, the etching chemistry is adgjsted to

contept AhRETYSEMEPIYE 'C8ANSRDRNIIN To SHEBRBIFM S RSP ARy A higAépout 10%.

an dius of curvag.k):e, the %I)ectr_ig}al field is | 59 concentrated and the stress
and hygroRen SOPFENRAIRG ilelRiad 18 PEGTRSY %4 BRIEF DESCRIPTION OF
THE DRAWINGS [0012] For a more complete understanding of the

[0011]presBitcimedrition; andvihetaduantagesisinereof;amferbncens nowtrmadectding via
. the following descriptions taken in conjunction with the accompanying
is forngrhviindsDiandaicrst (0911 2jeRigums vitistrdtasian’efegittieatifistbaistibutiofrst
between a metal line and a
11D and the first ESL. Etching the first ESL generates a polymer that protects the bottom corners 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.
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neighboring via connecting to a metal line; [0014] Figure 2 illustrates an
extrusion formed between a metal line and a neighboring via connecting
to a metal line; [00151 Figure 3 illustrates a metal line having substantially
round bottom corners and an illustrative view of a rounding profile; [0016]
Figures 4 through 10 are cross-sectional views of intermediate stages in
BRIEF tﬁﬁs’i@ﬁ‘h@%ﬁ)flf 8.];pﬁf{?ﬁ§}g\i ngignent of the present inve_ntion; [0017]
Figure 1 I illustrates an application of the preferred embodiment of the
present invention, where two via structures are in different metal layers;
(0012} andoc18PFigaRP Icisfatasdaie applictisrrbithe prafarredc advantages
embodiment of the presen{ invention, where two via structures are in the
1hcff>0f=§5‘iﬁéﬂﬁ$e1€a??598?&%%%&*&%%é@%ﬁ}ﬁ?ﬁﬁ@f‘@ E P BT ROR P
: éccom gnMI%%BAMFI\IST% Lgt%ﬁ] The making and using of the presently preferred
PEMbGdiments affe disclissed in detail below. It should be appreciated,
however, that the present invention provides many applicable inventive
[0013] conBispts thdrcat Beefpdtied in'd Witdvarielp ofespacifiid dimextd. aThe
) specific embodiments discussed are merely illustrative of specific ways to
nel ghbopTR A ERSE R & AVBRTIbHM and do not limit the scope of the invention.
[0020] The preferred embodiment of the present invention presents a
[0014] methegdof idurding thexootiom foornéis of conductivdilinesd kigeipaBring via
illustrates a cross sectional view of a metal line having a rounding profile.
connectifgdidlewatkbénaieen points 12 and 14 is substantially straight, although it
may be a little slanted due to etching effects. The region between points

[0015] 14 P@r@@ BAAHA 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.



corner region 15. A bottom line between points 16 and 18 is substantially
straight. A rounding profile can he measured by comparing the length 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 q /. comparing its height.y with the total height Y

DI TAG R ST bt D B ey have a
substantially non-uniform radius of curvature. Throughout the description,

[0019]the rotndnEss: of. & corper fepresently ar GrehgshadingsreaVattresdan detail
the corner. [0021] A corner is defined as substantially round if it has 3.

below rbhelitigbprofile s anve capProRifateR) detindtP as” %{’}éeéiﬂw%%e}émble

] [Eq. 1] andy >=Y/4 [Eq. 2] more preferably, 6 X/3f>: X ?ti/%}lcE%'ﬁ% »

inventy e e FéPe‘PFé‘d“@ﬁ%%’t%Wf({ff‘f‘?{ée?fr(%g?}etciln;\(fecﬁﬁ on . found bottom
g e e ne pialle Agfed I Fauatans A 0ieudl oy,

embodypesF s §8 I3 R d en to achieve the preferred
rou,qdinghprofile. I Roth ap roaches, a trench is formed and conductive
~and do not e 1OVENLIOLN.

matelﬁlalf]s ars Hifed in the trench. The etch stop layer (ESL) approach

involves forming an ESL underlggng an inter-level dielectric (I(|§{D) fter di
[0020]etchifies aerieret fphsiment e EDreR N URTRTSIEREGHS B i b pgting
corners. The chemistry apprgach in_vg{%/es changing the et‘[chinvg gpemé% Yine

the botigHesPRIBRING HIEFEREATSS thistHfie BORBHT coriers of the'trench ar

rench are
having o O, A R QA e R Al PE BRSSP LS QLT RESHR Hifhough

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,



preferred embodiments of the present invention. The details of the two
approaches are discussed in detail in subsequent paragraphs. [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 is formed. Both copper lines are subject to
timexgependentidielectric breakdown. The preferrediembpdiment

presents how round bottom corners can he formed for both copper lines. It

eciated thatthe formation of the lower lavermetal ling canhe used.

. is [
By usin® BPRIEEIAL
Y U Formation o any other conductive line as well. Although the preferred

roundin®PRPAMER4SES:GORREL aS G pRRdUL e Matarial, alternative

conductive materials such as doped semiconductor, metal or metal alloys

can also be used in other embodiments, Conductive lines and copper
LR e S S

4 through 6 dllustrate formation .of a bottom-layer conductive ling, Figure. 4
anmro o o ah £l 95 k1 T X g eI

layer @%mba%%m@tim%mgst!%%%m&e&%%%g% ﬁt@pzé@xp&g%‘g&)&%ﬂ@)_ After

formed on a base material 20. Base material 20 can be 7 an

etching ¥ quranductivenmatasial, & alvgé senesiwoRHReseasihdldeAUCaR  mistry
the micro-loading effect and provides a more uniformed trench depth

approacRHO8E& ChiRgReeRNecBiehing FSky22h genenaiesha palymer dhathelsom
‘ the rounding of the trench corners. Preferably, the ESL 22 comprises

corners S1GeSk0G atethed cErbenyangd@oygen cantainieg materidisodhienbined in the
preferred thickness of ESL 22 is between about 200A and about 2000A,

preferredndindnaqutefeitblyredsoutrd00onE She 22t dnias At éferrpdrkardierseof discussed
between about 3 and about 8. In other embodiments, when only the
in detailghenlistayap proackplstaken, no ESL 22 is formed.

[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



[00251 An ILD layer 24 is formed on the ESL 22. The ILD layer 24
preferably comprises a material having a dielectric constant (K value)
lower than about 3.3 and contains nitrogen, carbon, hydrogen, oxygen,
fluorine and their combinations. ILD 24 is preferably formed by, e.g.,
chemical vapor deposition (CVD), spin-on, atomic layer deposition (ALD),
plasma enhanced CVD (PECVD), or other well-known deposition

any notechdiques.Theithiclkiess of dkiAv2drdefines thethicknessiat thero-loading
conductive lines formed therefore is desired to be smaller than about 03m.

effect o061 g are Grillograted actrenghy26 formeddbip abisotropicaly: étShiAgy
ILD 24. Etching stops at ESL 22. In the preferred embodiment, the width

generatyy e R Y TFBRAIT 26 s SPHAHBIERA O EBHh . coferd 8ol ithéwdich 226

nded by using the chemistry approach. Etching gases such as

. be r. 1 |
comprigSr e RF LN 1540 BHL T EEGAH BIHRY LI 3he et efaiansss
bodi t, th i i tai in the 1
o S S A 5 R e g o2

hasa pr@%ﬁreﬂ]@x@x[&g%ﬁr Gg\g@('ﬁrlp ALEP E‘Eﬁﬂit Ji%(mttgl%{ %Ti%? c%%egﬁgg%b% e %%E é/ (_J:he

about 1% and about 10%, and more preferably about e preferr

chemistAYSER@aBGORIEN iR pefiveenahoyL 4% and about 10%, and more
preferably about 5%. In an exemplary embodiment, by using an etching

chemi ntaining 5% oxygen, 5% drog nd 5% carbon .
o02s] G RS e el H&%ﬁéf—e%‘?ﬁﬁﬁﬂ@%ﬁé Té i Eahbe romavses a

na! fiﬁ avi I i'ri f.IeIlS Ith q'fta LXS O%Utl" ']g-ﬂof.[ thﬁ WdEEQ >$30?f the C?nguﬁ(%}ive
te z%%@%'&%éd@ %3 V%Iamer?@h nht? g of ?/(A)ﬁof'téne Finelgﬁ‘?lwol} e

line, and the round region heig about

-carbon, ﬁﬁﬂgg&ﬂv&gﬁ; 19076 Ihe ks ol e €1 %%ﬁo%ma%ﬁésf%%”&{ aled,

by etching 22. Typically, the polymer is taken a 5?/ uring
chemicaBlaPIRARIQSESS(Haweyah-thergiis Sl Rolymesiet Qﬁ@ﬁ piﬁgﬁl\ﬂ%%mgd

the bottom of the trench 26, especially at the bottom comers 28 Therefore,
CVD (PHOBr®jsor 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



less etching to the comers 28 than other places in the trench due to the
protection of the polymer. 10028] Figure 6 illustrates a diffusion barrier
layer 30 and a conductive Line 32 formed in trench 26. Barrier 30 is
preferably formed of a material comprising titanium, titanium nitride,
tantalum, tantalum nitride, or other alternatives. The material of the
profife wgdrductiverting B2 ¢S threfeldblycddhperohcoppéralioyshConyctivedineeizht
32 will be referred to as copper 32. Copper 32 is typically formed by
y of aboygdShajiifi b i T of SBBAESEPBEr or copper alloy, then plating to fill
the trench 26. A chemical mechanical planarization (CMP) is then
{0027] peffoerigdl 10 palish ¢lvbedoppehtodhe surfacedbihectiendit262J002pkAly,
dual damascene process is preferably performed to form a via and an
the polyngyge talegpetwen ppendide. TiguerToshews eridgcattismegssiolh kjem@ESID) 84 the
) formed on copper line 32. Via ESL 34 is preferably a dielectric comprising
sidewallseyh Bi5, iyaro gefredra dxsy s &l i rbetas saeimidd bt tathere is
. .ESL layer 34 praviding insulation between copper line 32 and an_
ess cxehi R P Eo b PR TN e 1O EE S BB AT A ARG el
stop layer (ESL) 38, atrench | D 40 and a hard mask 42 are formed, as
[0028]  shbwmrird Filysire!l . AdiEtremche EBLI 8BS Prefé rabiydarnvediby 3Sifilared in
methods and using similar materials as for ESL 22. The materials and
trench 26 pkagiise S OF frrisiblyie e 36 andteed gD dosiaknewh imthe aitrifhe
thickness of the second ILD 40 defines the thickness of the top metal line
tantalum, S AR SR REtRER ahde s it 9 [8soprittne dinfdt dtes
formation of a vig opening 44. A photqg resist material (not shown)_i
éﬂﬁ%ﬁ

. ).Is
preferably GapREY A ikt GRIHE S (e RAHDHEERAS AR SRR Folic toRer
- .preferably. using. flyorine taining etching gas, cuts thrqugh the surface
22 s o U0 e Thnee A5 raheh g

a

fill the Ireﬁgn )}_I@ .LLB}L&[%&[]%%HBEC% I)@eﬁxéﬂ@aﬁlﬁr &W%eﬁfx%ﬁepf@&%%cﬂn 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.



via opening 44. The via ESL 34 protects the underlying lower-layer copper
line 32 from being etched. [0031] Figure 9 illustrates the formation of a
trench opening 46. An anisotropic etch cuts through the surface hard
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
used to form an upper-layer copper line when filled and it has a preferred
[0630] widthgW of Brtaller tharabout 0vibmen {0032] snptheqprefertadicrial (not shown)
_ embodiment using the ESL approach, trench etch stop layer 38 is then
15 formedglieRp R theardrchidpeniag 46sA8hds baentdistussedipréviduslysing
___etching trench ESL 38 generates a polymer that protect the comers 39,
fluorine ganfairipe AR 230 Wil e B REanEary Fdrtath Gihed elrbsdinentsrough
he chemistry ar ch.is preferably used for etching trench ILD 40. In a
e e R the ot B G apr ARG i
i gombined. Thes,exposed pogtion of yia ESL 34 is etched. Because via, .
vie open E%E 34'is quite thin ?Jéi%tive {0 ILD fayers 3 PR A6° B’r]g(r:@gé’a%%n%?&‘ Rste
end-point detection are much more closely controlled, thus limiting the
likelihood of over-etching through the underlying lower-layer copper line
(0031 32. 0033; Fjgl%rel 10 illystrates formation of a barrier layer 48 and a
condadive IREBE5 % SRS Ahe 4R Ao raine Alayet 26 R iy uts
n dermed.of a material, comprising titanium, titani ‘itride‘, tantalum., A
throug tar%tnalt um Eﬁ?trﬁ ed,selén S?Eégoﬁé@érrso%ﬂvgéﬁlFlﬁ%gggﬁrig?’@@%’ﬁjﬂ@ Hrd\vdrrach
|ESL 38 oA MAISHAISfTpm, diffysing, iniq [LPs 36, and 40, The fhickness of the
barrier layer 28 is prefergbF}I}“betwergiﬁ%bogﬁ?%ggﬁv {glf)eoﬁ% ACTRE
upper-laySnQtp piaiarahly.abaut 100 1he, P SEMANNGSRAGS %Eﬂ?eé’ {ﬁa?lpa %I‘ﬂq}zll% .
rably

and trench opening 46 are filled with conductive materials, prefe
e c r or copper alloys. A CMP is performed to level the surface.
[0032] 9GRREL pre 'erH:B cm%od){mem using the F%SL approach, trench etch stop layer 38 is

etched.

“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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(0034] Conductive lines having substantially round bottom corners are

formed by the preferred embodiment of the present invention. The round

bottom corners make an extrusion less likely to be formed due to the

close proximity between a conductive line and its neighboring features.

Figure I1 illustrates an application of the preferred embodiment of the

. present invention. A first via structure comprises a copper line 70 in layer
remainige P8 F ISP RO inB AT AR R 90 1k SdedRahizpatitidtpanaterials,
omprises a copper line 60.in layer M, a via 62 and a copper line 64 in

P m&mll%ag/(érp @\ﬁi‘ﬁf)f’%ﬁﬁ gi%iro ’ﬁoﬁ%&%éﬁﬁ‘g 1%?%{& aﬁ?&ﬁ%?%@ of copper line

60, causing time dependent dielectric breakdown. Extrusion 68 may be
[0034] fornteadistive dice Sppes e Sty coppdholine 7arorbemveenabppdrdine

60 and via 72, depending on the electrical field distribution. When the
preferef] SHYSHHEIAItAHER 15774 SaNBPthahe 4Bi6tH BOHSH GierBT ik watediusion less

fikely EOqjlgt%nce u&gmall r than about 03m, a substantially round bottom

corner 70 having a found profle’ defiisd he EyUatshL s thfolighegiboring
featuresPEEIRIQG-: [003R 1 Eloure 12 illustrates another a éicati n of the preferred .
IreS?Lnf;‘[{)odimént. A firsat vii‘jajtpls['([:rdl}ic?tﬂPie.rr %8 'rﬁrlﬁsré% a I{{/llgg g??dp c{)(t)gbcp%ﬁg HadgGaton-

A first v@NG-B84uA SEEPRLVIASHUGIHIE SOMRIRESA ¥ig, % ANC.COpRer INSS L7 1aye:

and 96. Both via structures are located in the same layers.”An extrusion

(M-1). BRnay ke euned ai:Eames 86:8Hhereenner lipe 80..CANSING M opper line
dependent dielectric breakdown. When the horizontal distance D, is

64 in laysmadien)thancabatib 045 Way; @ Substantiabyh ee T0d oefiomitRmer Sadhayving.
a round profile defined in Equations 1 through 3 is preferred. [00361 hi a

dependeniohivientioratihtegratestsirtuittthere imdyrbe-elghtamniogpediat By ers, @pper
levels. Metal level one (M) is typically the lowest and its metal feature

line 74 osixdvisaysivety lomallesd \Cohd detivedieaturabenimetat GetlsiiwotthiongiWhen

_ hine typically have greater dimensions and are 11
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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spaced further. However, with the scaling of the integrated circuit, the
dimensions of metal levels two through time decreases so that time
dependent dielectric breakdown is likely to occur. Therefore, substantially
round bottom corners are desired for conductive features in metal level 2
(M2) and higher levels when the horizontal distance between conductive
_features is smaller than 0.15m and/or the vertical distance is greater ,tpﬂr‘l] ls
spaced fugiheif by amei0087 ITHe? Bréfrir i BIsbodhidtor e BRaLERtinvention "
i theon RSB A LA e e A T e IR SonEicie

ab tune depende (@
b sdeayer and by changing etching chemistry.
' With round, bottom, corners.havi _hi j t :
o 7 TiLe N3 QL > %}Q%ge%l Q%%(%Q”ﬂﬁ&if@%ﬁ%ﬁm Hﬁ:tal fevel 2
ThmfméIgeucll:!tsr%ﬁl‘acf‘llélﬁlfgqqe?sos ggln(ggrl]trated aﬁfnd the stress to the surrounding
M2) andHIRIEGHISS IsHEILERT(0Q38] Althouah the-AresentinvesiiorandifSlier thay

advantages have been described in detail, it should be understood that

0.151m aMalPUS GPARYRSscHbsylians and alteratiopsican be made herein |
without departing from the spirit and scope of the invention as defined by

(0037] th%ﬁ@fgﬁﬁdgf‘a slaims, Moregver, the seong;of he preseniaRplicalinfisiany

not intended to be limited to the particular embodiments of the process,

round botIRCIRRMANRRILEG. 306 FPPasilion afmnalies 1RGaRa. Kueihads and

steps described in the specification. As one of ordinary skill in the art will

etching cEaddiy arpeciae Hremntbelisclosure Olithe presentipuantion, the clectrical .
processes, machines, manufacture, compositions of matter, means,

field is leshethodss@idstep s present yhexistinghomlatér ko lbesdeveloped, that
perform substantially the same function or achieve substantially the same

[0038] re%‘ﬂéﬁ&?gﬁﬁ%%%%ﬁ?RRQHE%H%W@QEI%E%@%‘E%UP@E’eﬂ%&%&iﬁé%m@emﬂ, it

utilized according to the present invention. Accordingly, the appended

should beQlRINS A8 tk%@ﬁﬂ§%ﬂ%@§!%dﬂmmimﬁiﬁz§@ﬁf@&zﬁm‘Mﬁ@Sﬁﬁ&; herein

- machines, manufacture, compositions of matter, means, methods, or _
without d8i8RMek2om the spirit and scope of the invention as defined by the appended clairms.
" 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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WHAT IS CLAIMED IS: 1. 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
WHAVI&S D, afMIiBHVIR: ESL; forming a trench 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

1. trenckiEsl fte formisesubistantalbnhectichbutierreotinemeflibé seapriging:
trench; etching the exposed via ESL; wherein the second trench has at

lefsinone Dbtto iniepuactarganmdt{ilalsubatantabytragynded portion
having a horizontal width greater than about one fifth the total width of the
séconihgremck: arddh hetgbtfgsedi®r;than about one fourth the total height
of the second trench; and filling the via and the second trench with
céitlingtive firatesath Rithnendethcd niclsihtd furtherfoemprding thdine;
steps of: forming a first ESL between the substrate and the first ILD; and
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 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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etching the first ESL to form round bottom corners for the first trench. 13
3. The method of claim 1. wherein the first 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
content of between about 1 % and about 10%. 4. The method of claim 3
wherein the etching chemistry comprises about 5% oxygen content, .
3 abBEMRYP RN AEBnSTCIEY B S SR g e SRtERCE PR BT
of claim 1 wherein the second trench, is etched by an etching chemistry
compridiintiSing BFx A8+1S, Oke, BRI SETRIMERRBIEM G URBHEHY <Y 8en
comprises oxygen_content of between about 1% and about 10%, carbon
content B FBRIE A0S GhY 2GR S EHPhy RS GRS 8
‘between about 1% and abouyt 10%. 6, The method of claim 5 wherein the
about d{EHi RIS COMPHU LGRS By geAT L8Rt ABout 5% carbon
content, and about 5% hydrogen content. 14 7. A method for forming an
integrated circuit structure, the method comprising: forming a first
conductive feature and a second conductive feature over, a supstrate,

4 whBrR e I oI TSI R SR LB Y PR Rh A BP tha Ak yeen
conductive feature; wherein the secgnd conductive feature has at least
Conte‘gn@bBBﬁg% ?6%%?3 88‘??%%3%%@%%3‘1’#&% tOHERtive feature,
wherein the bottom round corner has a substantially rounded portion
having a horizontal width greater than about one fifth the total width of the

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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second conductive feature and a height greater than about one fourth the
total height of the 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 CF4, CHF3, Ar, and 02 and wherein the etching

7. Chemistydqomprsasany/ IR aasiant@fhetwaer ale uh o dbshahdihe:

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

copientgQf feiwesiahoetddanghaboutdffcddibevereinat: feladBubstrate,
further comprising the step of forming an etch stop layer (ESL) between

whercifelReaepdcondietive feaiutei antatbr supsitatd-Pofithe Methoddkbalam 7
wherein the first and second conductive features are on a same

featuréonductive 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

wWhgeebintfie: issbeanddetivevie aluiedlabar RaspHses Acthirdus@nataivBcing
feature underlying and connecting to the first conductive feature. 15 11.

directith@dnithedmauclaintdawheretivibe tiisteondy etivedfeatteetissal aulavaltially
lower than the second conductive feature and wherein the first and

roundé@gRnddeativias havayerticallspaateg @hilessothamabout@ed omUWiith S the
The method of claim 7 wherein the first and second conductive features

secondi@Aibatal ftavet 2l Suerthingrtanelthakbabout onc fourth the total height of the
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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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 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 ESL is etched to
further round trench comers. The chemistry approach involves changing

the etchi hemistry when etching the trench. The two apprqaches ca
U o Ce SR SO AN e PARSTE BB RALe o draver han
present invention. In a preferred embodiment, a via structure comprisin
the se{ gl SBHRFTHB AR A SRR G RS RS GF 0 thecRit
. and gehemistry ap[F)ro ches, the bottom comers are formed substantially

spacing, G ess Hiah AL & efilBliment of the present invention is applied to

conductive features that are close enough to cause time dependent
dielectric breakdown. (FIG. 1) 17

12. The method of claim 7 wherein the first and second conductive features are at metal

level 2 or overlying levels.
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