0 6 MAY 2005 METHOD TOPREVENT CU DI SHI NG DURI NG DAMASCENE FORVATI ON
BACKGROUND OF THE INVENTION (1) Field of the Invention The invention
relates to a nethod of netallization in the fabrication of intUe@rMA\écQgﬂs'
circuits, and nore particularly, to a nethod of preventing dishing during
copper damascene formation in the manufacture of integrated circuits. (2)
Description of the Prior Art Currently, the copper damascene formation
process nmakes use of three chem cal nechanical polish (CW) steps with
different slurries. These steps are the bulk copper CWP step, barrier
renoval step, and bwEfHOD B eyREVENT sUeNiSHING URIGESSAMSSCENIP| ex and

di shing of the copper |I|ine usually occurs during the barrier renoval step.
The barrier is usually tantal FARAEEPHe (TaN) which is much harder than
~the copper and chemcally very stable. The dishing in the copper line wll
have an inpact on the netallization resistance that causes RC delay to
vary. 1 0 6 MAY 2005 BaACKGROUND OF THE INVENTION

(1) Field of the Invention
The invention relates to a method of
metallization in the faﬁriéation‘of integrateq circuits; and
more particularly, to a method of preventing dishing during

- copper damascene formation in the manufacture of integrated

" circuits.

(2) Description of the Prior Art

Currently, the copper damascene formation

‘ procéss makes use of three chemical mechanical polish (CMP)
steps with different slurries. These steps are the bulk
copper CMP step, barrier removal step, and buffing step.

This existing process is complex and dishing of the copper

‘line usually occurs during the barrier removal step. The
barrier is usually tantalum nitride (TaN) which is much
ha;der than the copper and chemically very stable. The
dishing in the copperrline will have an impact on the.

metallization resistance that causes RC delay to vary.




'Co—pendi ng U S. Patent Application Serial (CS-00-113) to W i( Bi'n et

—-al - filed on discloses a SiN capping | ayer over oxi de-for- progecﬁéon ot
the oxi de layer during copper or tungsten CMP. U.S. Patent 6] I @%‘f ?ﬂdﬂﬁ |
Zhao teaches a SiN'Si 2 dual hard nmask | ayer as a polish stop |ay SR
copper CMP. U.S. Patent 6,001, 730 to Farkas et al discloses a t}/\p St'gn

of copper with a TaN barrier |ayer. Co-pending U S. Patent App lc_fif; o
Serial. No. (CS799-075) to F. Chen et al, filed on di scloses a sacrlI e
high pol'l shing rate | ayer over an oxide Iayer and under a: bg‘)rl g;dl nayU S
and tungsten | ayer in otgekbﬁ@ng% nt ﬁd{jg '}%ﬂ’i uri glPe‘-CNP S INg’d a gm ;
Pat ent Application Seri al O b ot TR Rt
6, 1998 disclases acsaocoiiigj alo &, xenMbysagy ify gl g[a_dtg){lam um ni e 1
deposited over .the oxide to protect the oxide and to acC 'aymaﬁ-—eg pare
det-ect or.. —Poti h??ﬂg’ﬁeét asSai Qmmgayen ansk dfi@el EHAND RN Lhde

78,523 to Fiordalice et
conpar.abl J |n di ) US Patent 5,5
a I__n}toeac_hegft Egéaésiel ot Fexe 50‘??9{‘9%§§P§fern@r|eyestweama ditelsctric layer and

l'i-sh assisting ~lLayer.
CLHE S patahel 0$j;t i tr = The p
“and the rnem’taala Fa?gfla?ggpgél)l e%lmééegclﬁ %se ?’g}?t 25§ H’é? hax% mask he fi naI

St ages of 1pmarsem reg polthes @t@le.ll’&ye'i'gfor copper CMP. U.S. Patent

6, 001 730 to Farkas et al dlscloses a two step cMp cf copper

,w1th a. TaN barrler layer. Co- pendlng u. S Patent

e ',--”Appllcatlon Serial No.

(CS -99- 075) to F Chen et -

”Tal flled on dlscloses ‘a sacr1f1c1al hlgh DR - o

pollshlng rate layer over an oxlde layer and under a barrier
_layer and tungsten layer in order to prevent dishing durlng
CMP. Co- pendlng U.S. Patent Appllcatlon.Serlal No.
09/110,419 to Sudipto R. Roy filed on July 6, 1998 discloses
a sacr1f1c1a1 or sem1~sacr1f1c1a1 titanium nitride layer
dep051ted over the oxide to protect the oxide and to act as -
an end901nt detector. Pollshlng rates of the tungsten and
the tltanlum n1tr1de are comparable, resultlng in dishing.

' U.s. Patent 5, 578 523 to Flordallce et al teaches the use of

'a pOllSh a551st1ng layer over a dlelectrlc layer and under a.

R

_ metal layer dep051ted w1th1n a trench " The pOllSh a351sting

layer and the metal 1ayer are polished at close to the same

rate in. the final stages of polishing, thus preventlng

w

'&xx 'dlshlng U.8. Patent 5,798, 302 to Hudson et al teaches a 1owr

:‘ffrlctlon layer under a metal 1ayer whereln the pollshlng rate,




dishing. U S. Patent 5,798,302 to Hudson et al teaches a low friction

| ayer under. a nmetal |ayer wherein the polishing rate 2 2005  of the |low-.
friction layer is nuch lower than that of the netal | ayer causmnﬁ] ﬂf?&bﬁ’
process to stop at the top surface of the low friction layer. Pate
5,886,410 to.. Chiang et al discloses a hard mask over a polymer through
‘which a trench is etched and filled with tungsten.:, The tungsten.is -
pollshed W th a higher selectivity to tungsten - than 't o the-underlying hard
mask. - U. S.- Patent-5, 854, 140 to Jaso et al teaches a netal" stop | ayer under
an al um mifmther eaehEfiidtlibnglagereris ik abwen rmban shpgl pEhek to the stop

| ayer, resulting in dishing. Then the stop |layer is removed with a very .

hi gh sel @&tiadi £5Y¢H GE18E0pNT A6 P&\?@FSF’hEO %‘}q}’maﬁu?’rpfaa‘ﬁ%? so that the
resultin aI m_nu sub n _ana Ralent o5+476, B33 to
_Chen, et al- #egcﬁgsﬂa tllotwa%}:g(r#ln&{ 8'% Iayg?t%%}\’gesr Bg%t g%gsit:%n pl ug | ayer .

CVP st opscrlanighettai ms&no@,bbrad&aﬂay@rsk Sherta tpniveidr whibhgle | ayer is
..t hen.removes by etching:rather than by  polishing: resulting in a- pr ot rudi ng

Lot ungst en yi i aUtSencIPa:tfrettcﬁeBE&;uSlﬁlﬂ@dBmkh ‘winggtedi-sclbses ‘alternating -

‘ Iayers of soft polishing material and hard _polish stops to grow def
: tungsten is polis ed with a higher selectivity to tungste

than to'the underlying hard mask. U.S. Patent-S 854,140 to
_Jaso et al teaches a metal stop layer under an aluminum
:;'trench filling 1ayer " The aluminum. lS polished to the stop
---------- 'ceiayer, resulting in dishing.- Then the_stpp;iaxer_is'rempyedL"

withra very high selectivity to the stop layer over the

aluminum layer so that the resultiné'aluminum is

substantially planar. -U.S. Patent 5,776,833 to Chen, et al -

teaches a titacium nitride layer under a tungsten plug layer.

CMP stops at the titanium nitride layer. The titanium

nitride layer is then removes by etching rather than by.

polishing resulting in a protruding tungsten plug. . U.S.

'Patent 5,356,513 to Burke et al discloses alternating layers

of soft polishing material and hard polish stops to prov1de'
"tungsten plugs having a substantially planar surface. U.S, f
'Patent 6 100 197 to Hasegawa et al teaches a copper CMP |

s
process. U.S. Patent 6,048,796 to Wang et al discloses a

silicon nitride layer over oxide for prevention of particles
penetration into the oxide 1ayer during CMP U.S. Patenf

3376 .096.,632 to Drynan teaches a. tungsten CMP process.



tungsten plugs having a substantially_planar,surface.-U,S. Pat ent
6,100,197 to Hasegawa et al teaches A .copper CWMP process. U S ‘Patent .
6,048,796 to Wang et al discloses a- silicon nitride |ayer. over] Qx%gg éﬂ@ﬁ
prevention of particles. - penetration into the oxide |ayer durlng S.
Patent .6,096,632 to Drynan teaches a tungsten CWP process.. 3 0 6 MAY
2006 SUMMARY OF THE | NVENSUahh#y pie nedepakvelrest of the present i nvention
~is to-provide an effective and very manufacturable nethod of plug
metaltization including CWP. Another object of the |nvent|0n is to prOV|de-
a net hod of copper damascene Metallization _ingcluding Yet anot her

object is to provide a fePRGECIBR cYpisst 8§n§28e?ﬁ?ﬁﬁﬂFaPPffﬁf}?ﬁ1ﬁﬁ1 whi ch
copper sy LS dePLEV, (1o NI () -} oloTRr-Tol M IR o de-a nmet hod of -
copper danasggﬁe n%té? %%%ﬁn on |nnmﬁﬁ%ﬂ£#EMg# g%%’§bep§£%§%h §equ1red A
cstil 1 furtgielrg eljtatlindtidie inavaaih@eds. to  provide a nethod of copper
damascene netal lization ut|I|Z|ng an, addltlonal oxi de | ayer betmeen t he
.hnltrlde and the barrler R : i G : : o

- Another object of'the 1nvent10n 15 to prov1de"

a method of copper damascene metalllzatlon including CMP.

Yet - another ohject is to prov1de a method of
copper damascene meta111zat10n 1n Wthh copper dlshlng is

prevented.

Yet another object is to provide a method of
copper damasCene metailization in which fewer CMP steps are.

required.

A still further object of the invention is to
provide a method of copper damascene metellization utilizing .
- an additional oxide layer between the eitride'aﬁd the barrier.
layers - -to prevent dishing'of the copper 1iner‘

¥

In accordance with the‘obfects;of'thiei - e
inventioo a new method of coppeéer damasceoe metallization

utilizing an additional oxide layer between the nitride and
- "4



obj ects, of ‘this

| ayers. to prevent dlshlng of- t he copper
barrier

line. I'n accordance with the
utilizing an additional oxide |ayer:between the nitride and %4 NAR ﬁ
| ayers to prevent. dishing of ‘the-copper line after
An insul ating.layer is provided
in and on a sem conductor substrate.
overlying the insulating. |ayer.
LSs
| ayer, and the |nsula?|na f
- layer

i nvention a new nethod of copper- damascene netallization-
stop- Iaye%heAﬂappﬁﬂ§qg
not

CWP is agﬁSQWS
covering sem conduct or devi ce structures
A polish stop layer is deposited
An oxi de is deposited overlying the polish
qgg r el the polish stop-
% er‘?%Hbﬁggg%ﬁ$ﬁ€p§%%lggﬁ%%%t%r Sevi ce
st ruct ur eaftér bemy i ey arasn‘&a{rechaye:rn lissdeneshd e&y%\ée&stbﬁom@dﬁé ace of the
oxi de layer and within the opening. A copper layer is deposited over the
surface ofcovkeibarsemicomdngtor |¢apgice Sheucuppsy imaped andathe barrier netal
Wi, thin the %&Snlng are polished away wherein the, barrier netal
| ayer . pol PEMEEORBREEY SRPF LIRS t%P@&ﬁEBrSF%@é‘@Y%éFeﬁ?PQﬁjs‘%ﬁ%g of the
.copper . Iaxgg Q CH Ther. oXi de J.aye hed stopplng
at.-the-polT s gt O%Sttfeal}glrs V\%%]r%? %1'% e g i ckl y
than t.he overlylng the polish stop layer.
1ayer

poll

, a

“oxi-de” ayer Bgflsﬁ
through the oxide layer, the pollsh stop layer, and the
structures. A barrler metal 1ayer is dep031ted over the
surface of the. oxlde 1ayer and w1th1n the openlng.

Senaiben;
An opening is etched
1nsu1at1ng layer to one of the semlconductor dev1ce

1ayer is dep051ted over the surface of the barrler metal

A copper
The copper layer and the barrler metal layer not
within the opening are pollshed away whereln the. barrler
metal lavyer pollshes more slowly than the copper 1ayer
whereby dishing of the copper layer occurs
oxide layer is polished away stopplng at the polish stop

Thereafter, the

layer wherein the oxide layer polishes more quickly than the

copper layer whereby the dishihg of the copper layer is-

removed and whereby a hump ls formed on the c0pper layer

after the oxide layer is completely pollshed away The
copper layer is overpollshed to remove the hump to complete

integrated circuit.

copper damascene metalllzatlon in the fabrlcatlon of an




“copper. | ayer whereby the di shing of the copper layer is renoved and’
whereby a hunp is formed on the copper |layer after the oxide layer-is
conpl.etely polished away..- The copper-|layer is overpolished to Ugnpm .2@@
bunp to conpl ete copper damascene netallization in the fabrication of n
integrated circuit. 5 MAY 206 BRI EF DESCRI PTION OF THE DRAWNGS In the
acconpanyi ng draw ngs f ] -] s description, there

‘i s-shown:" Figs. I,througﬁf%pg% éﬁg%ﬁggPtéFP?$§d§%%%§ggih,Tcross{sectionaI_
r-epresentation a preferred-enbodi ment of the - present invention. -
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The process of the .present
invention will be desciAnbtbewtdrmpaingingcarawindse forganasawhich illustrate
a single copper_damascene conpection line, It will be wunderstood by those
skilled i MeREELtPPHACT FBLPr SRS RIFO hEPFTY efft i0 "Ry be extended to a
~dual damascene copper connection line and to any |evel of interconnection
without departing fromthe spirit and scope of the present invention.

Ref erri.ng now nore- partirdgkar i ythodd) 6 schematically illustrate in. . . - -

" cross-sectional representation a preferred émbodlment'pfﬁthe

present invention.

DESCRIPTION OF THE“PREFERRED_ﬁﬁﬁoﬁimgnms_,

| The process of the present invention will be
déscribed with reference to the figureé which illustrate a
singié copper ﬁamasﬁene cbnhection 1ine. It will be o
qnderstood‘by,those skilled in the art that the process of
“the invention may be exténdéd to a dual damascene copper

connection line and to any level of interconnection without

departing from the spirit and scope of the present invention.’

Réferfing now more particular;y £o Fig. 1,
there_is'illustrated a potfion'of'a paftiall??cpmpleted
. integrated circuit. There.is'shqﬁnja seﬁiqon&uctdr suﬁstraté
-io, pfefefably'cdmpqséa_ﬁf mondcfyétgiliné siliééﬁ;ﬁ . )
Semiconductor device structures, not shoﬁn, are formed inrand"

_on the semiconductor substrate within the area labeled‘£; as




‘there is |Ilustrated a- portlon of a partially conpleted  integrated
circuit. There-is shown a sem conductor substrate 10, pref e‘r-abl'y corrpo‘sed

of nmonocrystalline silicon -Semni conductor device structures) Fmﬁmg@
are formed in and -on the sem conductor substrate within the area
11 as 6 --- - ----- MAY 2006 is conventional in the art and are covered

by a thi ckSi ﬁ@%‘f%&’%‘i’@allayért% arge gRdonBl cErextdy bres BBicH ncl ude

~transi-stor._ga an ssogj at sour rain . regions. a : Iovvef | evel s
~of metalli ?g i%ﬁ nq:orayeefa?r%l eegemﬁcé’\lf\?@w?%@e‘?e"lccc?ﬁpg'gyl PR have been

formed w thiag lagl T. I e e ;
f or med tottcontsggfoﬁt ﬁ%é?esuﬁﬁgr%ﬁon%%%gpgﬁﬁ??%gn#%gaﬁsg aﬁr%gaﬁﬁyer 20 is

typi cal |'y loanroxédels ifcheasl Bizdtciom.di Bxt dexariald,aat howysilawna ( TEOS)
oxi de, borophosphosiiicate glass.(BPSG, or a |owdielectric constant
‘material , SOPPEReliPK AYADIVE E%?P rﬁqrmeéewrtélym the ilaygspbki t &he overl yi ng

t he oxi de I erat 9.2 t hi ckness betvveen ab and 1500 Angstroms
. Any ot her Prater afortmha couf'ae%e lulsneedr'ﬂc’fl1 po’f qcﬁ)ocﬁ’ SRR ey :

'?‘if:.af.-.;subst Btut QﬁlldftelytiHQ &dgeconinkt it ﬁfsulg@mnglpas}éie zloaiﬁ"‘ tﬁﬁldam@eposft ed
overlying the silicon
. an oxide, such as silicon d10x1de, tetraethox¥511ane (TEOS)
oxide, borophosph031;1cate glass.(BPSG)}'dr a low
dieléctric cdnstanf ﬁaﬁerial, or the like. . - -
A silicon nitride layer 24 is deposited. . . . =
overlying the oxide layer to a thickness pf'between_ébout'BOG
-and 1500 Angstfoms; Any other'ﬁatefial that could be:used as
a polishing ;top may be substituted for the silicon mnitride.
A silicon dio#ide layer 26 is deposited overlying the silicon
nitride laYer 24 to a thiékness of between about 1500 and

2500 Angstroms.

A contact, via, or trench 28 is étched tﬁrough.
the bilayer 24/26 and the insulating layer 20, as shown in
Fig.;... Typlcally, the contact or v1a w111 be opened to an - !
'underlylng semlconductor dev1ce structure such as a gateji |
electrode, source/draln reglon, or metal,llne. The

underlying de?ice structure is not shown in the figures. The ~

' 4




nitride |ayer 24 to a th| ckness of between about 1500.and 2500 Angstrons.
A contact, 'via, or.trench 28 is: etched through the bilayer 24/26 and the-
insulating Iayer 20, as shown in Fi g,_ 2. Typically, .the.contac] g 0@ y @

W Il be opened to an wunderlying sem conductor device structure su fq a ﬂﬁ
gate electrode, source/drain region, or metal line. The underlying device
structure is not shown in the figures. The 7 6 MAY 206 trench 30 forns the
‘damascene openi ng of -the invention. It will be understood that this could
be-a dual TEaS néor%e?n%giaa@smw eening stnghe rurnsdene optni ng

e sur § SHEtbiod RBABFPPRgh ik thle) dyefe 8 SRl N e danpacene. O

openi ng 3@ped WY Gl k¥i11t ke Bl IHiGh1e! A¥REsMdd ofBAPEE SE idcdRkaium nitride
(TaN) Iayer deposited by physical vapor dep05| 1-on PV[%) or exarrple to

~a thickness of between about 800 to 2000 Angstrons. Other materials such
as titaniumnitride may be used. Copper 34 is formed within the danmascene
.openi.ng.: The copper: layE?fWQ%n@@pﬁglfeﬂ By @héﬁréaﬁirdrayephiigl cal vapor

;rﬁdepOSttloae 031€E§“3¥%r|%Xe ‘surface o%eERSléfilcon di

and within the damascene openlng 30. Typlcally, the barrler

eilayer 26

_1ayer w11l comprise a tantalum nitride: (TaN) layer deposited
_ -by phy51ca1 vapor dep051t10n (PVD), for example, to a .
rrchlckness of between about BOOcro ZOOOAAngetrqms-; Other ‘

materials such as titanium nitride maY‘be’ﬁeed}ii-'-’-5*vj“~“'* Ce

Copper 34 is formed within the damascene

opening. The copper layver may be deposiced by chemical or

physical vapor deposition, or a seed iayer may be deposited
followed by electrochemicallplating, or it may be deposited

by electroless plating, and so on.

Referring now to. Fig. 4, the bulk copper
- outside of the damascene opening'is removed-using a chemical
mechanlcal pollshlng (CMP) process w1th a copper slurry

When the CMP pad reaches the TaN layer, the TaN w11§ be ot ':=‘ "

polished much more slowly than will the copper layer. TaN is

- much harder and more chemically inert than the copper

. 4
material. Copper dishing 36 will occur when the TaN layer is



foll owed by el ectrochem cal plating, or it may be deposited by electroless
~plating, and so on. Referring nowto Fi'g. 4, the bulk copper outside of. -

t he damascene opening.is renmpved using a chemical - mechani cal pphki @EK%BE ;
(CWP) process with a copper slurry. “Wien the CVMP pad reaches the

| ayer, the TaN will be polished nuch nore slowly than'will the copper

| ayer. TalNok$ie faakdea.and nore chemically inert than the copper
‘mat-erial . Copper dishing.36 wll occur when the.TAN layer is-8 MAY 206~
conpl etely- renoved.  After the TaN barrier |ayer- i's conpletely, removed
out si de of the damascene opening,' the CVWP sfiurr

g chang%ﬂ%to an oxi de
slurry and the CWP proc®E&er sthgniathfagries; hpeey fe GRrgLe val rate with:
the oxide sl WGEY L dueh oshighes, rﬁatk.ad?enteh% %RP&?! {r%ma@' s‘i\%}gy £ hunp 38
wil | develop acr oss e copper |ne In Fig. 5. P conti nues

until all darigea €bl &@Qﬂi@ieoéldﬁry|@tﬁrt1&6chaspfx&emsr amDvedt aigkd he
silicon-nitride layer 24 has been reached. The silicon nitride l.ayer

i slurry contanlnatlen-of he:idielectri

~served as Siree ChP pmﬂdeﬂrespaplleyt# veirtdh. ahSOGEQQ%;§%¥n§Ybaﬁrme¢hto prevent
higher thaﬁ the copper removaf:réﬁé,‘a gum§158 wfil develop k

across the copper - 11ne,.as shown in Fig. 5.

.CMP eontinueSguntil_e;; of "the silicbn'dioxide"'
”_'ieyerl26 ﬁas‘beep.remored.and'the:silicoﬁ;pitride layer‘24
‘has been reached. The silicoh'ﬁitfide’1£§é£5sé£§és'aé‘thé'“"
CMP polish stop layer and also acts as a barrier to prevent
slurry conta@ioation of the dieiectric iayer 20. This is
_especially important if layer 20 comprises a low dielectrio

constant material. A slight CMP overpolish will flatten

the copper hump 38, as shown in'Fig. 6.

The process of the present invention requires
only  two CMP steps using two different-SIUIriesr Prior art
processes requlre three steps and three dlfferent slurrles.
In the process of the present 1nventlon, the copper slurry 1s
used to pollsh away both ‘the excess - cogperrand the barrler P,:'_fﬁﬁ_

setal layer. The dlshlng that occurs 1s removed by the

subsequeﬁt oxide slurry polishing to remove the additional
: : : .




‘especially inmportant if Iayer 20 conprises a low dielectric constant :
materical. A slight: CMP overpolish will flatten the copper hunp 38, as shomn
in Fig. 6. The process of -the present invention requires. only g ﬁﬁgP
steps using two different slurries: Prior art processes reqU|re t 2“5

steps and three-different slurries. In the process of ‘the present
i nvention, the copper slurry is used to polish Away both the excess copper
and the barrier>-r -metal |ayer. The dishing that . occurs .is renoved by the

subsequent - oxi de sturr pol-i-shi ng-to renove the additional: 9° MAY oxi de
| ayer . 1TR¥%ﬁ%né?ngeff£§ﬁ hNHPéﬁgr%%ﬁﬁ%ﬁs“PﬁGHaFﬂ?%ltiuﬁHQ§hFHgscushlons t he
di shi ng effec%F%f EQS d&peke 14 hsglrgkfeé%sg%tkgg {éhﬁg% di shing of the

A EhE % er

copper |19, of the po hi'ng pr ocess. processes my now
be perforpet: sHiGh, a§es@ﬂ::!rﬂ_;t ehMebabi shBlL s ltaede@ﬁgﬁélt iameandtf tnd her
_metallization, as is well known in the art. The silicon nitride layer 26
remai ns tendrolitte bd11$hmngpmmbeetson and prevent contam nation .of the
...dielectric layer-.20. The. process. of. .the present -inventi.on. |ncludes the use-.
i of . an-addi ti onal--oxi.de-|.ayer. between the: SIIICBH;A SRS LR

Other processes may now be performed such as.

an intermetal dielectxic deposition and further
‘metallization,‘as is'Well known' in the art. ‘The 5111con
' nltrlde layer 26 remalns to prov1de further protectlon and

‘ prevent contamlnatlon of the dlelectrlc layer 20

The process of the present invention 1nc1udes

the use of an additional oxide layer between the 5111con ‘
nitride pOllSh stop layver and the barrler metal 1ayer. The
invention makes use of the hemping effect to cushion the
dishing effect,-resulting in'no'dishing of the copper lines

at the end of the polishing process.

" While the invention has been perticularly

" " shown and described with reference to the preferred'

sembodimeﬁts thereof 1t w111 be understood by those skllled
in the art that wvarious changes in form and detalls may be

made without departing from the spirit and scope of the

invention. ' : e

10



nitride polish stop |ayer and the barrier nmetal |ayer. The invention makes
- use of the hunping effect to cushion the dishing effect, resulting in no -
di shing of the copper lines at the-end of the polishing procegsg ﬁﬁfgﬁmihe
i nvention has been-particularly shown and described w th. referenc e

- preferred enbodinents.thereof, it-will be understood by those skilled in

the art that various changes  n,formand details may. be made without -
departing-fromthe spirit-and scope of the invention:. 10 MAY 2006  What is
clained is: 0 6 MAY 2005 1. A nethod of form ng copper damascene
‘netallization in the fabrication of integrated circuits conprising:
provi di ng sem conduct or device structures in and on a sem conductor
substrate; providing an insulating |ayer covering said sem conductor

devi ce structures; depositing a polish stop |ayer overlying said
“insulating layer; depositing an oxide |ayer overlying said polish

11



‘stop |ayer; etching an opening through said oxide layer, said polish stop
1l ayer ;. -and ‘sai d ‘i nisul ati ng 'l ayer to one of - sai dseni conduct.or “devi ce
Sstructures; depositing a barrier metal |ayer over the surface bh ﬁﬂy
oxi.de | ayer and wi thin said opening; depositing a copper: |l ayer- ove M@”s
surface of said barrier netal layer; polishing away sdid copper |ayer and
said barrier r _no I-d eni n e i.d _barrier-
met-al. | ayer. poﬁesﬁeégﬁ%ge gl%w¥$I&h%OPgaldgggﬁﬁﬁgelayérifﬁﬂ%%éby 3|shlng of
sai d copper -1 ayge oGl iont SEr Bfdehtpal & shidi AWRYps 8k thoxi de | ayer
stopping at- said polish stop | ayer wherein said oxide |ayer. polishes nore
qui ckly than said cquxydlhayeem¥¢nndﬂgﬁorsaedldes#hnuytutesa;m woapper | ayer
i's renoved and wher eb 12 MAY 2005 a hunp is.formed on said copper |ayer
after said OX|aeSF%§%§54%5t85nﬁ?%ﬁ?ﬁﬂfeboI|shed away; and overpolishing said
.copper layer to renpye, saind, hyﬂ&ltaﬁ};ﬁ%”ﬁk%? Sl &%pesiddamcene
netalllzatlon in said fabrlcatlon of said- ntegrate circuit :
: : o .~--sem1conductor-dev1ce structures*-~~

depositlng aipollsh stop 1ayer overlylng saldrhuywnxhﬁ. B
insulating 1ayer; .
depositing an oxide layer overlylng sald pollsh
istop 1ayer,; o
) ‘.etchlng an. openlng through sald ox1de-1ayer, sald
"?pollsh stop 1ayer, and said 1nsu1at1ng layer to oné of N
said,semiconductor device structures;
depoeiting-a barrier ﬁetal layer over the sﬁrface
of said oxide lafer and within said opening;
depositing a copper layer over the surface of said
barrier metal layer;
- polishing away said copper layer and said barrier
metal layer not within said opening wherein said barrier
. -metal'layer ﬁolishes more -slowly than said.copper layer

“;whefeby dishing of said copper layer ocdurs;

thereafter pollshlng away - sald oxlde layer StDpplng

at said pOllSh stop 1ayer whereln sald oxlde 1ayer

. polishes more quickly than said copper_layer whereby .

eaid dishing of said éopper layer is reéemoved and wggreby

12



'q 2.~The method according to daiml wherein said seniconductor device

- structures inctude gate el ectrodes and source and drain regions and .
overlying netal lines and wherein said one of said sem conductfpp @gyléﬂﬁ
structure to be contacted is one of said netal lines. 3..The neth 3
according to Caim1 wherein said insulating | ayer cornprises ,
tetraet hoxysi lantinpTEESformsd de. sdidTheppet hageacadbt et ngpitd ogidem | wher ei n

- .-sai-d ' insul ating.layer conprises. silicon oxide. 5 The-method according to .
Clai m wherei¥reey dspepreietayopol afhed ciyirti 988 silicon-nitride having a
t hi ckness -of between a?ou%,BOO'a d 1500. An str%nsl 6. The:%pthod-
according to d ai m°TSRR8F&TH ¥R Faepefﬁ’y%rerc fpf FE2E° ST on di oxi de

“having a thi ckpess «@f cohd18:Mu%hi008ppRet HERIs ARRURe120D: Atd 52560
Angstrons. 7. The method according to Claim1l wherein said barrier netal

“layer conpri sesabhefadfricheign cup 0t anbegratedntigicudtni tri de and titanium
nitride having a thickness of between about 800 and 2000 Angstrons..,

hééﬁatébéaiﬁéjféﬁéiéiﬁ%i?wHEEQEﬁﬁs id”ﬁdH?VJf:
semicénduétor device'strugtures inélude gate elecfrodes--
and soﬁrée.andrd?ain regibné and oﬁérlyiﬂg metal lines

':_}gnﬁjwhe;Ein?said.qne df said semiconducto: deviée o

‘Structure to benébntacted“is one of'gaid:metél-lines,:

3. The method according to Claim 1 wherein said
insulating 1ayef comprises tetraethoxysilane (TEOS)

oxide.

4. The metheod according to Claim 1 wherein said’

insulating layer comprises silicon oxide.

5. The method according to Claim 1 wherein'said polish

stop layer comprises silicon nitride having a thickness

- of between about 800 and 1500 Angstroms. -~ . .
,

6. The method according to Claim 1 wherein said oxide

layer comprises silicon'dioxide having a thickness of

[ 4
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8. The. met hod accordlng to Claim1 wherein said copper |ayer is deposited
by -forning-a copper seed:layer and electoplating to form sai-d copper L
layer. 9. The nethod according to Caiml wherein said step of ﬂﬁ Mf‘mﬂﬂg
away sai d copper | ayer and said barrier metal | ayer conprises c
nmechani cal polishing using a copper slurry. 10. The nethod according to
C-ai m1 whereip.saidh $h8AtfsodUdsShisR8 gx@g&;gq d oxide | ayer conprises
chem cal -~ nmechani cal polishing using an-oxide slurry.-11. The nethod
accordi.ng-to Caim1 wherein said step of overpolishing conprises chenica
mechani cal pollshlng using an oxide slurry.- 14 MAY 206 12:_A nethod of
formi ng copper 7 dafhss c@t@orepafPidiang 40 Pha%%élﬁﬁwﬂﬁéatFéhdd#aﬂﬂﬂﬁggrated
circuits conprlsg % rsprowdlng senlcongu%é device structures in and on
a seni conduct of"*58bst At e “OBPHET R ﬁl%ﬁ?ﬁﬁ;qﬁ§§8Pnb%%erlng sai d

.semi conduct or eyt &BuslHi4ek HEesna @lﬁd%aw RYcAs & [HaG9RgNk! Ehij&ufé‘é%” y' ng
sai d |nsu1at|ng | ayer;

...0F between‘about 800 and ZOOOUAngstroms.«r

8. The method according to Claim 1 wherein said,cépper
layer is deposited byfforming a copper  seed layer and

- électoplating to form said copper layer:

9. "The method according to Claim 1 wherein said step of =  ";
polishing awéy said copper layer andg said barrier metal
layer comprises chemical mechanical pelishing using a

copper slurry.

10. The method according to Claim 1 wherein said step of
polishing away said oxide layer comprises chemical

mechanical polishing using an oxide slurry.

1. The method accordlng to Claim 1 whereln sald step of -
’overpollshlng comprlses chem1ca1 mechanlcal pollshlng_

'u51ng an ox1de slurry. el . B v
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‘depositing a silicon dioxide |ayer overlying said silicon nitride layer;
“et'ching ‘an opening through said silicon dioxide layer, said silicon
nitride layer, and said insulating Iayer to one of said. senicqpﬁ @gp
devi ce structures; ‘depositing a barricer netal |ayer over the surta %Wﬁ
said silicon d|0X|de | ayer and within said opening; dépositing a copper
| ayer. over theisunf aeenl $&idbrmiak! beppd® i@indsakat; ndodishistgoaway sai d
- copper. | ayer. -and said barrier —metal |ayer not w.thin-said opening wherein
--'sai-d barri-er -irettdle fapei cpoldrs ds inbeerstealoi richans sepupTiciper | ayer
~whereby dishing of said copper l|ayer occurs;-thereafter polishin away- sai d
silicon dioxide. [PAPEAIHPE hs%{“‘piﬂ“figﬁtgfo‘pe‘@tceséltH%FPF%%nl%at“ﬁ g@ | ayer

wherein said sjl eyl gl.ishes nore quickly than said copper
| ayer whereby éeﬁ%ﬁ%ﬁogh?ng ofééﬁgﬁfa%S MAY 2005 copper layer is renoved and
“whereby a hunp i s fgyowmdiag smithfinppengl aygsr afdveiriagi dasd | i con di oxi de

| ayer .is conpleted polished away; and overpollshlng sald copper Iayer to
renove- sai d huagmiconductor dev1ce structures, o '

p tlng 111con nltrlderd 1y

1nsu1at1ng 1ayer,
dep081t1ng a 3111c0n dioxide layer overlylng sald
S  $111c0n nltrlde 1ayer,

;_ etchlng an openlng through sald 5111con dloxlde

”~3iéYer, said silicon nitride 1ayer, and sald 1nsg1at1ng; - 3-rfi:'f
laver to one of said semiconductor'deviCe structures;
de?oéiting-a'barrier ﬁétal layerxr over the_sﬁ:face'
of said silicon dioxide layer and within said opening;
depositing a copper layer over the surface of said
barrier metal layer;
pelishing away said copper-layer and said.barrier
metal layer not within said opening.wherein said barrier
metal layer polishes more slowly ﬁhan said‘copper layer
,.whereby dlshlng of sald copper layer occurs,

thereafter pollshlng away sald 5111con d10x1de

R}

_layer with a pOllSh stop at sald 5111con nltrlde 1ayer Y
wherein said 5111con dioxide layer polishes more quickly - .

than said copper layer whereby said dishing of said

15



to corrpl ete sai d copper damascene netallization'in said fabrication of
sai-d integrated circuit: 13." The method according to. C ai'm 12 wherei n sai d

sem conductor device structures include gate el ectrodes  -and’ sqpﬁcg g%
drain regions and overlying nmetal tines and wherein said.one of ﬁ 95
sem conductor. . device structure to be contacted is one ‘of said netal |ines.

14, The net hode@smar dapert 05 Gaioveli2 anbenigd esaiad hulpSul addri@dl ayer
conprises .tetraethoxysiltane (TECS) oxide. 15. The nethod according to
-Cl-ai'm 12-wher e$aid aicgpeir nday et mfgetrayeudcmqueshsmdeolam de. 16. The
met hod according to Caim12 wherein said -silicon nitride-has a thickness
of between abotR™BRFenEOLISRRF /G r 8RE. 16 MAY 2005 17. The method
according to Caim i . l.ckness of
‘bet ween about 1500%%@?%{%%?5&?%%%% fléﬁo]gg kgégg%%% h o Caim

“12 -wherei n sai o Gaigliede, saeaaéoﬂ;a@teﬂaﬁagﬁénee&mamhttbﬁ g{(}iﬂid
containing tantalumnitride and titaniumnitride having
e _fabrication. of sald_lntegrated c;tcult

13. The method accordlng to Claim 12 whereln said
Vsemlconductor dev1ce structures 1nc1ude gate electrodes
.Jand source and draln reglons and overlylng metal llnes
,and whereln sazd one of sald semlconductor dev1ce

“fstructure to be contacted 1s one'of sald.metal llneéJ"""J'”

14. The method according to Claim 12 wherein said
ineulating Iayer tomprises tetraethoxysilane (TEOS)

oxide.

15. The method according to Claim 12 wherein said

insulating layer comprises silicon oxide.

16. The method accordlng to Claim 12 whereln sald

'Slllcon n1tr1de has a thlckness of between about 800 and

*

1500 Angstroms e _ JT.V o o _vai"f-; A v
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'a t hi ckness of between about- 800 and 2000 Angstrons 1.9. The nmethod
accordi-ng to C aim 12 wherein said copper . layer: i's deposited by fornmng a
copper seed layer and electoplating to forn1sa|d copper -l ayer. 030 QQMS-
met hod according to Cl.aim 12 wherein 'said step of polishing away sa|
copper layer and said barrier netal |ayer conprises chem cal nechani cal.

~ pol i shing u3|1u}arheoppenoslaﬁdq¢dla¢ td hel et hadwaeeeidisigd o C aim 12

-..wherei.n sai d step  of polishing-away said silicon dioxide |layer conprises.
chemi cal mechaht ko 81 PEHIH gL a¥en §asnd o Rkngssr P . beeeenridonst hod

according to 1 eln sad Step of overpollshlng conpri ses

chem cal nechg%?%g} popgshl%% Stusmg an oxide slurry. 17 MAY 2005 23. A

nmet hod of form ng copper damascene netallization in the fabrication of '

~integrated circuits conprising: providing sen conductor device structures

“in-and on a sk¥i Wrdwetbod sabsinding,; tpr Ovadh ri aheiredul saidg | ayer

" covering said . seniconductor device structures; dep05|t|ng a sili.con
.nltrLderoverIy ﬁﬁr%gﬁ(petal layer comprlses one of the .group. :

S Eont dytltanlum"

ng téntalum nltrlde_ 1tr de hav1ng

a thickness of between about 800 and 2000 Angstroms.

'19 The method accordlng to Clalm 12 whereln sa1d copper e
elayer lS dep031ted by formlng a copper seed layer and

"}electoplatlng to form said- copper layer

20. The method eccording to Claim 12 wherein said step
of polishing away said copper layer and said batrier
metal layer comprises chemical mechanical polishing

using a copper slurry.

21. The method eccording to Claim 12 wherein said step

of polishing'away said silicon dioxide 1ayer comprises
- chemical mechanical polishing'using an oxide slurry.

22. The ‘method accordlng to’ Clalm 12’ whereln 591d step SR
of overpollshlng comprlses chem1cal mechan1cal pollshlng

using an oxlde slurry.
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“insulating |ayer; depositing a silicon dioxide |ayer overlying said
silicon nitride |ayer; etching an opening through said silicon dioxide

| ayer, said silicon nitride layer, and said insulating |ayer qpﬁog cg
sat d sem conductor device structures; depositing a barrier netal 8@ !m5er

the surface of said silicon dioxide |layer and wi thin said opening;

depositing a cxppar mbayed ofva@orihagSuspmoe Ginasabde daralilazanedal | ayer;
chem cal nechani cal polishing away said copper |ayer and said barrier
“nmetal |ayer notn witehiEfabsi¢ariogpedi AptedT g cdoppeEs s¢q1!rprrys\msr ein said

barrier netal |ayer_ polishes mare han said ¢ mhereby
i 'shi ng of  oai o LofBeY L RyE e Tsopanehpt ddftte ArnafPOlr RS of

pol i shing away, Sédnft conhhb€6090 ivaxi-dectayer using an oxide slurry with a
polish stop at said silicon nitride Iayer wherein said 18 0 6 PLAY. 2005

si licon dioxide Iax&mvﬂdhnghas:mmm&anngquy&ﬂunmvsandgcsmpbr | ayer mhereby

sai d dishing of said copper layer is renoved and whereby a hunmp is fornmed
on Sald Coppersemlconductor device structures;

dep031t1ng a silicon nitride cverlylng said
insulating 1aye:;
depositing ‘a silicon dioxide layer oveilying said
siiiconrhitride layer;
etching an opening through said silicoh dioxide
layq:, said silicon nitride layer, and said insulating
laver to one_of said semiconductof device structures;
'depbéiting'a barrier ﬁetal layer over the surface
of said'silicdn dioxiae layér and within said opening;
o debositing a copper layer over the surface of said
barrier metal iaYer;
chemical mechanical polishing away said copper
layer and said barrier metal layer not within said
opening ﬁsing a copper slurry wherein said barrier metal
layer polishes more slowly than said copper layer
"whereby dishing of said copper layer occurs;
thereafter chemical mechanical polishing away said
silicon dioxide layer using an oxide slurry with a

polish stop at said silicon nitride layer wherein said
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layer after said silicon dioxide layer is conpletely polished away; and
over polishing said copper |ayer using said oxide slurry to renove said
hunp to conplete said copper damascene netallization in said ﬂh@rﬁﬁ?tgmg

of -said integrated circuit. 24. The method according to C aim 23 r

'said sem conductor device structures include gate el ectrodes and source
~and drai n regig€ins candd pyerdey ilagemepal i shdre Snoranquinerseithasaisdi@ne of said
sem conductor device structure to be contacted is one of said netal |ines.
25, The net hodFWPESr drHYT thagevneald wiksing o4& g2id reuurer Agyenayer '

conprises tetraethox SﬁlaQ$‘5TE%§% ogide..z Thg'netha%iaccording to
G ai m 23 wher et "SEd“sPTT COI AP T Pdd"Has™ % HFERNBE B 5EPREEN about 800
~and 1500 AngsidyQivs »r1Qr MYi 2Q03 i 84 aTbei dtined race ok sty Cl ai m 23 |

wherein said silicon dioxide |ayer has a thickness of between about 1500
and 2500 Angstpenszhe8awdphe avet hod according to O aim 23 wherein said

overpolishing said copper layer using said oxide

slurry to remove said hump to ‘complete said copper
damascene metallization in said fabrication of said

integrated circuit.

24. The method according to Claim 23 wherein said
semiconductor device structures include gate electrodes
and source and drain regions and overlying metal lines

.and wherein said one of said semiconductor device

structure to be contacted is one of said metal lines.
25. The method according to Claim 23 wherein said
insulating layer comprises tetraethoxysilane (TEQOS)

oxide.

26. The method according to Claim 23 whereiﬁ said

‘silicon nitride has a thickness of between about 800 and

1500 Angstroms.
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barrier netal |ayer conprises one of the group containing tantalumnitride
and titaniumnitride having a thickness of between about 800 and 2000
Angstronms. 29. The nethod according to Caim23 wherein said cquem Ykﬁmir
i's deposited by form ng a copper seed |layer and electoplating to fé i d
copper |ayer. 20 _
S 27. The method according to Claim 23 wherein said
silicon dioxide layer has a thickness of between about

1500 and 2500 Angstroms.

28. The method according to Claim 23 wherein said
barrier metal layer comprises one of the'grdup
containing tantalum nitride and titanium nitride.having

a thickness of'betwéen_about 800 and 2000 Angstroms.

29. The method according to Claim 23 wherein said copper
layer is deposited by forming a copper seed layer and

electoplating to form said copper laver.
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