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'k{l - METHOD FOR FORM NG COPPER DAMASCENE STRUCTURES BY USI NG A DUAL
ARRI ER LAYER BACKGROJND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON ThI's™

~|.hventions relates to a method of fabrication used in the sem conduct or
ntegrated circuit devices, and nore specifically to the formation of

pl anari zed structures of conducting copper lines -and interconnects using

t he CMP (Cheni cal Mechanical Polish) dual ddnmascene technique with a unique

doubl e CWP barrier | ( DEsiit g ! e Nﬁ?% qfq§ brication
of sem conductor i nt%é?g?gdgéglﬁr cul tsﬁ%\@%gpém ca %ec ar'lﬂlﬂg"a 0 s|ash) s

used to renpve conducting netal in a dual damascehe. process. .Conducting
netal is inlaid into trenchyugMnG astDuagt eMPs RIBRULAYERg material. The
trenches and vias are usually filled with copger and the insul ating

material is typically insulating
?

' BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION
This inventions relates to a method of fabrication used
: .
in the semiconductor integrated circuit devices, and more
specifically to the formation of planarized structures of
conducting copper lines and interconnects using the CMP

(Chemical Mechanical Pélish) dual damascene technique

with a unique double CMP barrier layér.

12) DESCRIPTION OF RELATED ART
In the fabrication of semiéonductor integrated circuits
CMP (Chemical Mechanical Polish) is used to remove
conducting metal in a duai damascene process. Conductiné
metal is inlaid into trench and via structures of insulating
matérialf The trenches and vias are usually filled with
coppér and the insulating material is typically iﬁsulating

oxide defined by photo lithography.



oxi de -defined by photo |ithography. -2- The CMP process polishes back

t he excess copper and any surrounding naterial at the sane tine. Key to the
process is the polishing rate of copper. and the surroundi ng material. The
softer copper netal typically polishes back at a faster rate than the
surroundi ng material causing dishing in the copper structures. This |ack of
pl anarity caused by different CWP polishing rates anong different materials
presents a challenge to the Sem conductor-Industry. ldeally, the CW
polishing rate of copper and that of the surrounding material should be,
such that copper is polished wthout any dishing, while also.removing the
barri-er layers, and stopping on |nsulat|ng | ayer without renoving the

insulating layerphe cMp process polishes back the excess copper and
any sﬁrr§unding material at tﬁe same time. Kgy to the
process is_the polishing rate of copper and the surrounding
material. Thé softer copper metal typicaliy bolishes back
at a faster rate than the surrounding material causing

dishing in the copper structures. This lack of planarity

caused by different CMP polishing rates among different
materials presents a challenge to the Semiconductor

Industry. Ideally, the CMP polishing rate of copper and that

of the surrounding material should be, such that copper is
polished without any dishing, while also removing the barrier
layers, and stopping on insulating layer without removing the

insulating layer.

U.S. Patent No.5,736,192 entitled "Embedded
Electroconductive Layer and Method for Formation Thereof"
granted Apr. 7, 1998 to Shigeru Okamoto describes a method

of forming a copper interconnect using a TiN iayer to aid



U'S. Patent No.5,736,192 entitled "Enmbedded El ectroconductive Layer and
Met hod for Formation Thereof" granted Apr. 7, 1998 to Shigeru Okanoto
describes a nethod of forming a copper interconnect using a TiN layer to
ai,d "-3- in the CVD deposition of copper. A diffusion barrier |ayer for
copper is listed as a TaN or WN | ayer. The enbedded copper I's patterned by

a damascene qu ﬁsdego%}fgﬁegf gs?ﬁé B ! rl@%%

Ratio LOM/RESIS IVI ras wth rmani um
granted Mar. 24,1998 to Rajiv Vassant Joshl, et al, shows a rocess for
a copper |ay§0rusongea har lﬂﬁds@%p@'ﬁ@}‘]m&éﬂ‘ Ipyer nthe wagﬁthat

copper or Al-Cu layer, ina trench or via fill process, is capped by a

refractory ngbgherAibaygtt@in¥d By & danasednd @ pidiess.

U.S. Patent No. 5,731,245 entitled “High Aspect Ratio
Low Resistivity Lines/vias with Tungstén-Germanium Alloy
Hard Cap" gfanted Mar. 24,1998 to Rajiv Vassant Joshl,
et al; shows-a CMP process for a copper layer using ; hard.
CMP stopping layer. The invent teaches that copper or Al-Cu
layer, in a trench or via fill process, is capped by a
refractory metal. A layer of W-Ge is deposited over the
refractory material layer and metallization. The hard, wear-

resistant W-Ge layer acts as a polishing stop, in alumina

slurry or ferric nitrate CMP.

U.S. Patent No. 5,676,587 entitled "Selective Polish
Process For Titanium, Titanium Nitride, Tantalum and Tantalum
Nitride" granted Oct. 14, 1997 to William Francis Landers,
et al, describes CMP meﬁhod whereby W or Cu is remoyedlyy_g
two-step CMP process from an oxide layer. The damascene

method uses an underlying Ti/TiN or Ta/TaN via liner layer,



réfractory material |ayer and metallization. The hard, wear- resistant WGe
| ayer acts as a polishing stop, in alumna slurry .or ferric nitrate CWVP.
U.S. Patent No. 5,676,587 entitled "Sel ective Polish Process For Titanium
Tiktanium Nitride, Tantalum and Tantalum Nitride" granted Cct. 14, 1997 to
W Il liam Francis Landers, et al, describes CVP nethod whereby Wor Cuis
renoved by a two-step CWVP process from an oxide |ayer. The damascene net hod
uses an underlying Ti/Ti N or Ta/TaN vi a Fimer |ayer, -4- which protects
t he under| ywhgcbxpaoteayer thehindendizingi ayideybayes. sEhigtundexdyimmved i n
step two, of the two-step CMP process, by utilizinga neutral pHsilica

based S| Urr Y S B8Nk CHIvely7 38nptRachhi Lheg tNBLNOF £0e FR6dedp cup

P
S
| nt er connect1 Ons _ flOI' e con tor Fabrication and Sem -

process, by utilizing.a neutrallpH silica based slurry.

U.S Patent No. 5,739,579 entitled "Method for Forming
Interconnections for Semiconductor Fabrication and Semi-
Conductor Device Having Such Intgrconnections" granted Apr.
14, 1998 to Chien Chiang ahd David B. Fraser desc;ibes
multilayer interconnects (plugs) and cogducting lines formed
by CMP. Copper metal ié-surrounded by diffusion barrier layer
of tifanium nitride and silicon oxynitride. Silicon nitride

is used as a key etch stop on top oxide for CMP process.

U.S. fatent No. 5,795,430 grénted Jan. 6, 1998 to Steven
Avanzino, et al, teaches a method of improving a dual
CMP damacene process by forming the conductive lines and
conductive vias with two etch steps_of an insulatiég.layer

that produces sharply defined edges of the via openings.

U.s. Patent No. 5,677,244 .to Venkatraman describes a

dual damascene structure that utilizes a copper diffﬁsion



Conduct or Devi ce Havi ng Such I nterconnections” granted Apr. 14, 1998 to

Chi en Chiang and David B. Fraser describes nmultilayer interconnects (plugs)
and conducting lines formed by CVMP. Copper netal is surrounded by diffusion
barrier layer of titaniumnitride and silicon oxynitride. Silicon nitride
Is used as a key etch stop on top oxide for CMP process. U S. Patent No.
5,705, 430 granted Jan. 6, 1998 to Steven Avanzino, et al, teaches a nethod
of inmproving a dual CVP damacene process: by5Forn1ng the conductive I|ines
and conduct ibarviex hayertandeseedsiaperorombpinedy|GNR RPARSRAS Higed
produces sharply defined edges of_the via openings. US. Patent No.

5,677,244 FO;X@nkﬂareaﬁaueeﬁﬁgl befes SHAl vIAIRESE LRV Y TMMAIBALddZ es
a copper diffusion -5- barrier |ayer and seed | ayer conbi ned. CVD copper
[ ed '
'S layer material lists ,Ti, TiN, Cu and Al.

U.S. Patent No. 5,723,387 to Chen describes a method
and apparatué for forming Cu interconnect:ﬁetallurgy on
semiconductor substrates. A self contained unit for f€orming
Cu metallurgy interconnectidn structures is described,.which
reduces the number of times wafers are transferred between

wet process stations.

. SUMMARY OF THE INVENTION

It is the general object of_the present invention to
provide an improved method of.forming an integrated circuit
in which a special duai damascene process fbrms planar
copper lines and interconnects (studs) using CMP without

dishing of the copper structures.

A more specific object of the present invention is to



for the -conducting lines and vias and renoved by CVMP. Barrier |ayer
material lists ,Ti, TiN.Cu and Al. U S Patent No. 5,723,387 to Chen
describes a nethod and apparatus for fornming Cu i nt erconnect netal lurgy on
sem conductor substrates. A self contained unit for formng Cu netallurgy
I nterconnection structures is described, which reduces the nunber of tines

wafers are transferred petmeen wet process stations. SUMVARY THE .
| NVENTI ON | tpievide amnimproves deethad tofe fRmamidit q%\}é‘ﬁﬁ%ﬁtﬁg GrECHAE an
i mproved .nethod of formng an integrated circuit in which a special dual

damascene progegsi ERT J5qkh RNGMp. OORPEI et | IBFe AINKL ivBe)] Gonatityolstthes) using
"CWP wi t hout dﬁgﬁlng o?st e copper structures. A nore specific object of the
present invention is to . .

CMP process to form planarized copper lines and

interconnects.

A further object of the present invention is the removal
of the unique dual CMP barrier layer from the surface

without residual film left.

In accordance with the objects of the invention a new
method of forming improved metal lines and interconnects
(studs)”in a efficient dual damascene CMP process is

achieved.

In the convention method of dual damascene, insulator
is patterned using two photo lithographj masking steps and
two etch steps to first form the contact vias and then the
trenches. However, in this process a special CMP barrier

layer and trench insulator opening are patterned together.

First the insulating layer is deposited on a substrate.

In one embodiment of this invention, substrate is any general



~6- provide an inproved method of forming an integrated circuit in which a
dual CMP barrier layer is used to control the CVP process to form '
pl anari zed copper |ines and-interconnects. A further object of the present
i.nvention is the renoval of the unique dual CVP barrier layer fromthe
surface without residual filmleft. In accordance with the objects of the

i nvention a new nethod of forming inproved netal |ines and interconnects.
(studs) in a efficient dual danascene CMP process is achieved. In the

convent i on unsierkyigig datieridias ddhanathen smbodimepht o&r RB4suinwgntdenphot o
| i t hography masking_steps and two _etch steps to.first formthe contact vias.

and then t ﬁﬂ@sl HyGidn d TdltiS-Juvenewetalsaeehdbusdl AT yber |ayer
and trehchhﬁﬁ%% at or 6%en|ng é}e pattéﬁned t oget her. Firs? t he ingulating

| ayer is deposited on a substrate. , ., . ) ) : )
_ another embodiment of this invention, substrate is a semi-

conductor surface with a diffusion contact. Hénce, three
embodiments are general substrate, multi-level metal, and

a semiconductor diffusion contact.

After the ipsulating layer is deposited, a thin layer
of TiN, titanium nitride is deposited; The TiN is the first
layer of éhe important dual layer CMP barrie; to be deposited
and patterned. The TiN is pattefned tggether with the
insulating layer, as was stated above. The TiN.is patterned
so that the dual damascene pattern is open to form the vié

holes and open to form trench areas.

Next the second layer of the dual CMP barrier layer is

deposited. This layer consists of Ta or TaN and is deposited

Next éopper metal is deposited by methods that

achieve good via and trench fill properties.



Fn one enbodi ment of this invention, substrate is any gener al -7-
underlying material. In another enbodi nent of this invention, substrate is
to nean a multi-level netal structure. In yet another enbodi nent of this
i.nvention, substrate is a sem - conductor surface with a diffusion contact.
‘Hence, three enbodinents are general substrate, nulti-level netal, and a

o ayor of T R RBYel Hedtheedl bR chicART LA RIL R e pRRL > °

| ayer of the inportant dual |ayer CVP barrier to be deposited and
patterned. ThatTithe Lipst etepdofoddeheMPnirenovhe excesatCugahdyEal as was
"stated above. The TiNis patterned so that the dual dammscene pattern-is

open to for g hgd/ ithd YOS teReB @M@b&bé@@@eﬂé@é@the TiN £ilm
,whichlplanariies the'copper structure,.remov%ng dishing.
In the first step of the CMP, the TiN acts as buffer layer.
. The Ta and TéN layer polish ﬁuch slower than the soft Cu
metal, hence some dishing occurs in step one of the CMP.
In step two of the CMP, the TiN removal rate is faster than'
that of Ta/TaN and is comparatively closer to the polishing
rate of Cu. Dishing ié then removed in sﬁep two of the CMP.

The TiN and Ta/TaN are removed without any residual f£ilm on

the top surface areas.

St e i



Next the second | ayer of the dual CWP barrier |ayer -is deposited. This

| ayer consists of Ta or TaN and is deposited Next copper netal is deposited
by nethods t-hat achi eve good via and trench fill properties. -8- The
nevel features of the dual CMP barrier layer are that the first step of the -
CWP renoves excess Cu and TaN or Ta and the second step of CMP process
renoves the Ti N filmwhich planarizes the copper structure, renoving :
dishing. In the first step of the CMP, th®-Ti N acts as buffer layer. The Ta
and TaN | ayer polish nuch slower than the soft Cu netal, hence sone dishing
occurs in step one of the CWP.. In Step two of the CWP, the TiN renoval rate

is faster than that of Ta/ g%f@@&@%f@%l%Qbynﬁhﬁiﬁcsto t he pollshlng
rate of Cu. Dishing is then reane In step two of

The object and other advantages of this invention are
best described in the preferred embodiments with reference

to the attach drawing that include:

Figs. 1A - 1B, which in cross—-sectional representation

illustrate the method of prior art.

Fig. 2 through 6 schematically illustrate in cross-
sectional representation the pfeferred embodiments of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig.1l illustrates the layers typically used in CMP dual
damascene process. The substrate 1 is the semiconductor.
Insulating layer 10 is shown with a trench and via pattern{

Layer 12 is typically Ta or TaN and acts as a liner for the



The Ti N and Ta/ TaN are renoved wi thout any residual filmon the top surface
ar eas. -9- BRI EF DESCRI PTI'FON OF THE DRAW NGS The obj ect and ot her

advant ages of this invention are best described in the preferred

embodi nents with reference to the attach drawi ng that include: Figs. 1A -
1B, which in cross-sectional representation illustrate the nethod of prior
art. Fig. 2 through 6 schematically illustrsmte in-cross- sectiona

T epr esent aip&HcH %&rﬁsrésﬁﬁybwmm smé@tal NP4 P sEdwn witH ion.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Fig.1 illustrates the | ayers -

typi cal l S n CVP dua epascene rocess, . The strate. 1 | t he
sgﬁicondﬁdf Eixed structure ‘below the ébtteg line o éhe top sur ace.
embodiments of this inventich solve the problem of Cu

dishing.

The new and improved method of using CMP to define a
dual ‘damascene metal pattern will now be described in.detail.
This process produces condgcting copper metal lines and vias

with planar metal without the problem of dishing.

Referring now more particularly to Fig. 2, there is
shown a substrate 1; semiconductor or multiﬂlevel
metal with partially complete.cross-section of a condﬁcting '
line and interconnect. Typically, this substrate can be
'aluminum or copper metallization scheme. Aluminum can be
deposited using va or PVD with underl?ing barrier layer
of Ti/TiN and an ARC layer of Ti/?iN. The-ccpber can be
deposited using any conventional apcroech including CVD,

PVD, and electroplating.

First the insulating layer, for example, -



IHSUIat{ng | ayer 10 is shown with a trench and via pattern.

Layer 12 is

typically Ta or -TaN and acts as a liner for the - 10 - trench and via
cavity. CMP Cu netal 14 is shown with a dished structure bel ow the dotted
| tne of the top surface. enbodinments of this invention solve the problem of -

Cu dishing. The new and inproved nethod of using CWP to defi

ne a dual

broduces corulEong Eohats snidierf CEHeHMA IR oars) bR 0w

the probl em of dishing. Referring now nore partlcularly to Fig. 2, there is

shown -a subexidee BPSGchoroph
conpl ete cross-section of a conducting line and interconnect.

josphesblicate iglass  istddposittedhant itHe y

Typi cal |y,

this substrghgs€ARt8¢ Typically, PE CVD oxide is used. Process tempera-

tures near 400°C for deposition and low pressures. Deposition

rates of near 5000&/min and the thickness of oxide range can

be from 40008 to 12, 0008.

Isolation insulating material 10 is shown with the

trench and via patterns for dual damascene in place. 2as

part of a buffer layer and the dual CMP barrier

layer 11 TiN is shown patterned on top-of oxide, outside of

the trench/via area. Many photolithographic processes can be

employed. The via hole can be ~0.24 um and the trench can be

0.%um to several microns. Aspect ratios can range

to 6:1.

Many methods can be used to deposit the TiN,

from 3:1

ie, Ti

reactively sputtered in N, ambient, collimated sputtering,

' CVD, PE CVD and PVD.



al um num or copper netallization schene. A um num can be deposited using
CVvD or PVD with underlying barrier layer of Ti/TiN and an ARC | ayer of

Ti/ Ti N The copper can be deposited using any conventional approach

i.ncl uding CVvD, PVD, and electroplating. First the insulating |ayer, for
exanpl e, PE TECS (pl asma enhanced tetraethylorthosilicate), silicon

oxi de, BPSG borophosphosilicate glass, is deposited on the substrate.
Typically, PE CVD oxide is used. Process iegppera- turés near 400[err]C for
deposition and | ow pressures. Depgsition rates of. near 5000[err]/m n and
the thi ckness ofThsitnp rlaxgr of) the duah LY barrier jayepols ff. TeseFation——
“insulating nmaterial 10 is shown with the trench and via patterns for dual
damascene ivaW! Boger A2 Paitic i fdlemiety Qayrid cohgodnall LgMP barri er

covering surfaces both inside and out the trench via area.
For low film stress,'good coverage and good adhesion the

preferred method of deposition is the PVD technique.

Next the conduétihg metal , copper, 14 is shown deposited
over the all the layers. The copper layer dips into the
trench and vias opens. The copper can be deposited using

PVD, CVD, or electroplating. Typically, the copper deposition

thickness can range from lum to several microns.

In the usual methoa'of dual-damascene, the oxide is
patterned using two photo lithography masking steps and two
RIE steps: one to form the contact vias and then the second
to form the cbnductipg line tfgnchgs in the insulating oxide.
However, in this process a TiN layer and insulating
layer are patte;ned together in thg §ecqnd lithography sﬁep.

After ;he.iﬁéuiatigg o#ide is deposited, a thin layer

of TiN, titanium nitride is deposited by PVD in a



Iéyér 11 TiN is shown patterned on top of oxide, outside of the trench/via
area. Many photolithographic processes can be enployed. The via hole can be
-0.24um and the trench can be 0.3umto several microns. Aspect ratios can
range from3:1 to 6:1. Many nethods can be used to deposit the TiN, ie, Ti
reactively sputtered in Nerr] ambient, collinmted sputtering, CvD, PE CVD
.and PVD. - 12 - The top layer of the du?I1 Y Ibarrler | ayer }s of gatﬁr
r 12, which is a blanket conformally covering surfaces bo

;rﬁsNi l}lgygnd Shdckness &xdge, itxom éé?oy%oﬁq GWPFPP‘WQFF&sm@gBd ®¥btkr age - and
good adhesion the preferred nethod of deposition is the PVD technique. Next
t he conduct procesisaltunicrplemw st4eiss anaWgoddpaghk8ilon are achieved.

The TiN is the first layer of the important dual layer CMP
barrier to be deposited and patterned. The TiN is patterned
together with. the insulating.oxide by photo lithography

masking steps and etched by RIE.

The TiN is patterned so that the dual~damascene pattern
is open in the via holes and open in the trench areas. The
TiN is on top of the thick oxide surrounds the recessed

areas, those being the trench and via areas.

_Next the second layer of the dual CMP barrier layer is
deposited. This layer consists of Ta or TaN and is

conformally deposited by PVD and in the thickness range

of 200 A to 500 A.

Next copper metal is deposited by collimated sputter

deposition or by CVD for good via and trench fill properties.

Copper thickness range is from 10,000 X to 30,000 &.



over the all the | ayers. The copper layer dips into the trench and vias
opens. The copper can be deposited using PVD, CVD, or electroplating.
Typi cal ly, the copper deposition thickness can range fromlumto several
m-crons. In the usual nmethod of dual -damascene, the oxide is patterned
using two photo |ithography maski ng steps_qu_tmo RIE steps: one to form
"the contact vias and then the second to formthe conducting |ine trenches
in the insul ati ndldvsgzategndneFigin3t hsstheofirst astep imythe GNP
insulating | ayer are patterned together in the second |ithography step:

After the i.g%b@gsnanowh%hi thdepetstedaydrt BENthaY@hadfcMp Nbadif@ni um
nitride is deposited by PVDin a - 13- thickness range from300 Ato

[ A. Wth progess tyning | ow stress and good adhesi on are
ggﬁ{gégg?teh%y%QQQS remove% aiong wgth ome o% the copper metal. The

Ta or TaN layef 12 is!polished back to the trgnch/via area
and.some dishing of- the copper is depicted. The TiN layer 11
is shown intact at this point in the process.

The CMP process uses AJ¢03bgsed low pH slurry amd
polyeurathane based pad. Downward force can be 2 psi to.
8 psi, with spin speeds of wafer and table of 20 rpm to
100 rpm, with temperafure at room temperature..Remo§al rate
of copper is about 5,000&/min. Removal rate of TiN/Ti is
3,500A/min and removal rate of Ta/TaN is about 1,000&/min.

It is this faster removal rate of Ti/TiN that gives a

dishless surface compared to Ta/TaN.

In the final cross-sectional view Fig. 4, the TiN layer
having a CMP rate close to copper is removed from ;he top
surféce. The Ta or TaN lines the via and trench is aid in

'coﬁtaining the copper ahd the liner acts as a diffusion

barrier. The important conducting coppper lines and inter-



The TiNis the first layer of the inportant dual |ayer CVMP barrier to be
deposited and patterned. The TiNis patterned together with the insul ating
oxi de by photo lithography masking steps and etched by RIE. The TiNis.
patterned so that the dual -danascene pattern is open in the via holes and
open in the trench areas. The TiNis on_ tgp_of the thick oxide surrounds
the recessed aregs osg .being the ch a via areas, .Next. the.second

| ayer of tFETHR4 %SCI\# ) esrh a)”é’rq[ é‘ﬁo?ln% areTﬂPg ?3§78Pe80 @ﬁﬁs of Ta
or TaN and is conformally dep05|ted by PVD and in the thickness range-of
200 A to 50 AludNeed twapEtep i procdesosindedhey redbkimelgdcipset er

deposition or by CVD for good ‘via and trench fill properties. Copper

thickness range shd (AR b AUh Tl HFuMQArayer to Cu. A Luxtron

] .
endpoint controller is used for this process, which detects
endpoint due to increased polishing friction based on an

increase in drive current.

] .
The process of the present invention avoids thinning of

the conducting lines which increase line or wire resistance.
Diéhing and other non-uniformities across the substrate are
eliminated. These improvements.are brought about by the use
of a dual CMP barrier layer and thereby a two step CMP
process. Dishing is eliminated in the second CMP step by
using a combination of Ta or TaN top layer and a buffer
layer of TiN, as the final barrier layer. By this process

. these barrier layers are completely removed from the top
active surface. The Ta or TaN is left behind as a tench/via

liner, to act a diffusion barrier for copper.

Figure 5 and Figure 6 show two applications of the

present invention. Only the specific areas unique to the



-"14 - lllustrated in Fig. 3 is the first step in the CMP process in which
the first layer of the dual CWP barrier layer is renoved along with sone of
the copper netal. The Ta or TaN layer 12 is polished back to the trench/via
afrea and sone dishing of the copper is depicted. The TiN |layer 11 is shown
intact at this point in the process. The CWM process uses Al[err](err]
based | ow pH slurry and pol yeurat hane based pad. Downward force can be 2

psi to 8 psi, with spin speeds of wafer and Table of 20 rpmto 100 rpm

W t h t enper ainderstanding tehihia dnaentden sillabe descyiped in detedl.
5,000A/ min. Renoval rate of TiNTi is 3, 500A/ mn and renoval rate of Ta/TaN

i s about 1, 0ROA/ 'ivm_Tﬁésfgﬁﬁ' ' Qf ik TiaNgl; ives a
di shl ess su?[?’él ef%:gsnp%lrrl%vaét% al Ta .Qq{crgtﬂe@sr% tt%r osg:glst/gctai gtﬁtaf?h\?lg'g\lﬁv Fi g.
4, the TiN layer having a CVP rate close to copper is remved fromthe top
surface. TheaOedof hedngiceRatagisdiky fkenghe ivdayild i figure 6 shows

another general application whereby the trench and via 14
contact a multi-level conducting metal line 6, which is

on a ILD, interlevel dielectric layer 4 on a semiconductor

substrate 1.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in the form and details may be made

without departing from the spirit and scope of the invention.



¢ontai ning the copper and the liner acts as a diffusion barrier. The

I mportant conducting coppper lines and inter- - 15 - connects (studs)
show no di shing and are not thinned. This'is due to two step CMP process
and the relatively close polishing rate of the TiN barrier.layer to Cu. A
Luxtron endpoint controller is used for this process, which detects
endpoi nt due to increased polishing frictignJpased on an increase in drive
current. The process of the present invention avoids thinning of the
conducting lines which increase line or wire resistance. Dishing and ot her
non-uniformties across the substrate are. elimnated. These inprovenents
are brought about by the use of a dual CMP barrier layer and thereby a two
step CVP process. Eishuggnhf elimnated in the second CVP step by

] .
1. A method of forming conducting metal lines and
interconnects (studs) in trenches and vias in the
fabrication of integrated circuit devices that forms

CMP planarized structure without dishing comprising:

5 providing a sﬁﬁgtrate having an insulator layer
deposited upon it;
depositing a layer of first’mate;ial upon the
insulator layer;
providing patterning and_etching of the first
10 material and insula;or layer to form via holes for
inteiconnects;
providing patterning and etching of the first
material and insulator layer to form trenches for
conducting lines;
15 ‘blanket depositing a conformal layer of second
material above the patterned layer of the first maferial :

and insulator layer;

Lk c L ] S *
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uéing a conbination of Ta or TaN top layer and a buffer layer of TiN, as
the final barrier layer. By this process these barrier |ayers are

conpl etely removed fromthe top active surface. The Ta or TaN is left
behind as a tench/via liner, to act a diffusion barrier for copper. Figure
5 and Figure 6 show two applications of the present invention. Only the

specific areas unique to the - 16 - undeLsgﬁuding of this invention will

be described in detai a sem.c ctqr .substrate 1 with a
di ffusion area 2 bei ngpré%‘f#gm%c?”b % c(ﬂ{’t?o aieﬂ.a gy goxesingoRs -
anot her general appli-cati-on-whereby the.trench-and via 14 contact a
mul ti-Ilevel conduktinimg nef athe itweerich vdnd hriiss structiudds;i nterl eve
dielectric layer 4 on a sem conductor substrate 1.
' depositing a blanket conducting metal over the
entire substrate filling the open trench and via

5 structures;

chemicai-mechaniéal polishing the conducting metal
iayer in a two-step process; | .
first polishing back both top metal layer with.£he
second material layer, this layer being harder than tﬁg
10 soft metal;
fﬁrther chemical-mechanical polishing back both
top metal layer with the first material la&er, thié
layei being soft material and close to the s&ft metal
in polishing rate, to form planarized'conductihg metal
15 line and interconnect structures, without dishing; and
removing in this process all the residual first

material and leaving second layer material as a liner

and diffusion barrier in the trench/via structires.

| N
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Wil e the invention has been particularly shown and described with
reference to the preferred enbodi nents thereof, it will be understood by .
those skilled in the art that various changes in the formand details nmay
be made w thout departing fromthe spirit and scope of the invent.ion. -
17 - CLAIM5 1. A nethod of form ng conducting netal |ines and interconnects
(studs) in trenches and vias in the fabrication of integrated circuit _
devices that forns CVP planarized structure Wthout dishing conprising: 5
providing a substrate having an insulator |ayer deposited upon it;

depositing a layer of birsheMibehbal ogpehainel | nekéné éawder.msulatmg
oxide layer is silicon oxide, deposited by the mehtod
L4

of PE deposited TEOS oxide in the thickness range from

4,000 % to 12,000 A.

5 3. The method of claim 1, wherein said layer of
material is TiN, deposited by PVD in a thickness

range from 300 & to 1,000 A.

4. The method of claim 1, wherein said layer of
second material is Ta/TaN, deposited by PVD in a

10 thickness range from 200 & to 500%K.

5. The method of claim 1, wherein said layer of
top conducting metal is copper, deposited by CVD

in a thickness range from 10,000 A to 30,000 X.

6. The method of claim 1, wherein said thin films.

15 of TiN, Ta, and TaN are deposited by either CVD or PVD.
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provi ding patterning and etching of the first 10 material and insul ator

| ayer to formvia holes for interconnects; providing patterning and etching
of the first material and insulator |ayer to formtrenches for conducting

| tnes; 15 bl anket depositing a conformal |ayer of second material
above the patterned | ayer of the first material and insulator |ayer; -
18 - providing with the second material a covering or lining of the trench
and via structures; depositing a bl anket ceoredueti ng netal over the entire
substrate filling the open trench and via 5 structures; -

1. A method of claim 1, wherein TiN. layexr polishing
properties have a faster removal rate than Ta or TaN.
8. The method of claim 1, wherein the material Ta

or TaN has a slower polishing rate than copper.

S 9. The method of claim 1, wherein TiN forms a

buffer layer for Ta or TaN.

10. The method of claim 1, wherein the TiN layer

has a similar .polishing rate, close that of copper.

11. The method of claim 1, wherein the combination
10 of Ta or TaN forms a dual layer with TiN and acts as a

ﬁolishing barrier to yield planar copper structures.

12.. The method oﬁ,plaim 1,_using the dual layers of
TiN, Ta/TaN in a damascene process that planarizes Cu

lines and interconnects using CMP, with built-in

R
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chem cal - mechani cal polishing the conducting netal layer in a two-step
process; first polishing back both top netal |ayer wiwth the second nateri al
| ayer, this |layer being harder than the .10 soft- metal; further

chem cal - mechani cal polishing back both top nmetal layer with the first
material |ayer, this layer being soft material and close to the soft netal
Jin polishing rate, to formpl anarized conducging netal 15 line and .

‘i nterconnect structures, w thout dishing; renoving in this process al

the residual firdoyRdridg! syl a{teaeﬁéﬂq:ﬁ%q%qn'gamumir Sakfgéea liner

and diffusi'on barrier in the trench/via structures.
met hod of claim 1, wherein said insulating

13. The method of claim 1, wherein the dual layers
. combined action: TiN polishing being cldée that of Cu,
Ta or TaN a harder material and polishes at slower rate

5 than the soft copper, planarize the surface.

14. The method of claim 1, wherein the dual barrier

layer is removed from the surface.

15. The method of claim 1, where the dual barrier

layer is an efficient process and solves the Cu dishing

10 problem.

16. A method of using the dual damascene technique

to form a conductive contact to a semiconductor
diffusion and interconnection wiring pattern, in the
fabrication of an MOSFET that form CMP planarized

15 structures without dishing comprising:
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oxide layer is silicon oxide, deposited by the nehtod of PE deposited TEOS
oxide in the thickness range from4,000 Ato 12,000 A 5 3. The
nmet hod of claim 1, wherein said |ayer of material is Ti N, deposited by PVD
ivn a thickness range from300 Ato 1,000 A. 4. The nethod of claim1,
wherein said | ayer of second material is Ta/TaN, deposited by PVDin a 10
t hi ckness range from 200 A to 500A. 5. The nethod of claiml, wherein said
| ayer of top conducting nmetal is cquer,rd@posLted y CVDin a LBickness
range from 10, 000 A t PEIVIHNG said BRELNS HRYige @ £ ifh&fden said
thin films 15 of TiN__Ta, and TaN are deposited.by. either CVD or PVD.

-20- semiconductor substrate;
providing a semiconductor substrate having an

insulator layer deposited upon it;

-5 depositing a layer of first material upon the

insulator layer;
s
providing patterning and etching of the first
material and insulator layer to form via holes for
interconnects;

10 providing'patterning and etching of the first
material and insulator layer to fofm trenches for
conducting lines; |

blanket depositing a conformal layer of second

material above the patterned layer of the first material

and insulator layer;

[ors
n

providing with the second material a covering or

lining of the trench and via structures;
depositing a blanket conducting metal over the

entire substrate filling the open trench and via

T



7. A method of claim1, wherein TiN | ayer polishing properties have a
faster renoval rate than Ta or TaN. 8. The nethod of claim11, wherein the
material Ta or TaN has a slower polishing rate than copper. 5 9.

The method of claim1, wherein TiN forns a buffer layer for Ta or ‘TaN. 10.
.The nethod of claim1l1, wherein the TiN | ay has a simlar polishing rate,
cl ose that of copper. 11. The nethod of cld n11 wherein the conbination 10
'6f Ta or TaN for rHCBHEPSFayer with TiNand acts as a polishing barrier to
yi el d planar copper structures. 12.. The nethod of claim1, using the dual

| ayers of TiN, Ta/TaNchamacdannechaﬁlaabCpﬁslsﬁﬁﬁgF&hﬁﬁﬂdﬂUﬁbﬁihd'ﬂ&ﬁhﬁ“m
I nterconnects using CVP, with built-in -
layer in a two-step process;
first polisﬁing back both top metal‘layer with the
5 second material layer, this layer being harder than the
soft met;l;
further chemical-mechanical polishing back both
top metal layer with thé first material layer, this
layer being soft material and'closg to the soft metal
10 in polishing rate, fo form planarized conducting metal
line and interconnect structures, without disﬁing; and.
removing in this process all the residual first
material and leaving second léyer material as a liner
and diffusion barrier in the trench and semiconductor

15  diffusion contact area.

17. The method of claim 16, wherein the contact is
made to a diffusion area of an MOSFET on a semiconductor

.substrate.

18. A method of using the dual damascene technique

|



polishing stop at the insulating material surface. 13. The nmethod of claim
1, wherein the dual |ayers conbined action: TiN polishing being close that
of Cu, Ta or TaN a harder material and polishes at slower rate 5 t han
the soft copper, planarize the surface. 14. The nmethod of claim1, wherein
"the dual barrier layer is renoved fromthe surface. 15. The nethod of claim
1, where the dual barrier layer is an effic+edt-process and solves the Cu

di shing 10 probl e 16. A d of usjng, the dual, da e techni que to
forma co-nductivg ?ﬂfﬁ‘cf‘ F8n§ gﬁ?’ﬁoﬁﬂﬂt?g? E‘?f?d&‘\‘:’oﬂgﬁi" ﬂut‘@ﬂ @ niddie on
wiring pattern, in the fabrication of an MOSFEET.that form COW.planarized 15
structures mAthoahdduahemgonneptuenngirlng pattern, in the fabrication
semiconductor deches that forms CMP planarize
structures without dishing comprising: °*

5 providing said conducting line on an inter-

level dielectric, which is on a semiconductor substrate;

depositing an insulator layer upon the conducting
line;
depositing a layer of first material upon the
10 insulator layer; |
providing patterning and etching of the first
méterial and insulator layer to form via holes fpr
interconnects;
providing patterning and etching of the first
15 material atd insulator layer to formltrenches for
conducting.lines;
blanket depositing a conformal layer of second
material above the patterned layer 6f the first material

and insulator,layer and thus;

[
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-22- providing said active device el enent in said seniconductor substrate;
provi ding a sem conductor substrate having an insulator |ayer deposited

upon it; 5 “° 7 depositing a layer of first material upon the insulator
| ayer ; providing patterning and etching of the first material and insulator
| ayer to formvia holes for interconnects; provi di ng patterning

and etching of the first material and |ns&Pator | ayer to formtrenches for
conducting |ines; bl aneXovdddng wikh kheoseepndl mpbgriabfaseevwemingterial
above the patterned | ayer of the first material 15 and insulator |ayer;

providing with the ;38¢NGMHR k¥endhCANAl kid Strhbbhpgspf. the trench and
via structures;

depositing a blanket conducting metel over the
entire substrat; filling the'epen trencp and via
5 structures;
chemical-mechanical polishing.t@e conducting metal
layer in a two-step proceSe;
first polishing'back both top metal layer with the
second material layer, this layer.being harder than the
10 soft metal;
further chemical-meehanical polishing back both.
ltop metal layer with the first materiel layer, this
leyer being soft material and close to the seft metal
in polishiﬁg rate, to form planarized conducting metal
15 line and interconnect etructures, without dishing;
removing in this process all the residual firet
-material and leaving second layer material as a liner

and diffusion barrier in the trench and interconnect

structure.
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deposi ting a bl anket conducting netal over the entire substrate filling the

open trench and vi a structures; chem cal - mechani cal polishing the
conducting netal layer in a two-step process; first polishing back both top
netal |ayer with the 5 second-material layer, this |layer being harder

than the soft metal; further chem cal - mechani cal polishing back both top
metal layer with the first nmaterial |ayer, .this |ayer being soft materi al
and close to the soft nmetal 10 in polishing rate, to form planari zed
conducting metal |ine pod THé MEENE@CIE SEXAt WS whelrddielithd SPetdaland .
removing in this process all the residual first material and |eaving second

layer material asdgailggﬂascene process with dual layer CMP barrier layer

is used, contact is made to a conducting line in
. N -
a multi-level metal connection structure on a semi-

5 conductor substrate.
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and diffusion barrier in the trench and sem conductor 15 di ffusion
contact area. 17. The nmethod of claim 16, wherein the contact is nade to a
di ffusion area of an MOSFET on a sem conductor substrate. 18. A nethod of
usi ng the dual damascene technique - 24 - to forma conductive contact
to a nulti-level nmetal line and interconnection wiring pattern, in the
fabrication sem conductor devices that forns CVMP pl anari ze structures

wi t hout di shing conprising: 5 provddi-ng sai d conducting line on an
inter- level dielectric, which is on a seniconductor substrate deposi‘ting
an insul ator layer upon the conducting line;. . S

ABSTRACT

METHOD FOR FORMING COPPER nAuAschE STRUCTURES BY wsme A DUAL CMP
BARRTER LAYER . ’

An impro&ed and new method for.forming &ual damasgene'
CMP of copper lines and interconnects(studs} usiné a dual
CMP barrier layer. The ﬁwo layer polishiné barrier'produces
" planar copper structures and solves dishing problems causéd
when the soft exhibits to a high polishing rate relative to
the surround material. The poliéhiﬁg barrier layers consist
of bottom layer of TiN with a layer of Ta or TaN on top of
TiN layer. The top layer hés'a low polishing and the bottom
layer has high polishing similar to the polishing of copper;
Dishing of the eopper lines and intetrconnects is avoided
by the'methqd. The resﬁlt is better uniformity across
the substrate and better electrical performance due to the
increased copper l;ne érpss-sectionalf_

¢FIGURE 2 IS SUGGESTED FOR PUBLICATION)



-depositing a | ayer of ffrst. material upon the 10 I nsul ator |ayer;
providing patterning and etching of the first material and insulator |ayer

to formvia holes for interconnects; providing patterning and etching of
the first 15 material and insulator layer to formtrenches for conducting
Tines; blanket depositing a conformal |ayer of second material .above the
patterned | ayer of the first materi al

rial and.insulator l|ayer ,and thus;
25 - providing with the second naterial a covering or lining of the trench
and via structures; depositing a bl anket Eﬁpducting netal over the -

14 12
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entire substrate filling the open trench and via 5 structures;

cheni cal - nechani cal polishing the conductinhg netal layer in a two-step
process; first polishing back both top netal |ayer with the second nateri al
| ayer, this layer being harder than the 10 soft netal; further

- chem cal - mechani cal polishing back both top netal |ayer with the first
material |ayer, this |layer being soft rmaterial. and cl ose to the soft netal
in polishing rate, to form planarized conducting netal 15 line and '

i nterconnect structures, w thout dishing; removing in this process all. the
residual first material and | eaving second2/ayer material as a |liner and

di ffusion barrier in the trench and interconnect structure.

1—E |
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- 26 - 19. The nmethod of claim 18, wherein the special dual damascene
process with dual |ayer CVMP-barrier layer is used, contact is nade to a
conducting line in a nulti-level metal connection structure on a seni -
conduct or substrate. '

FIG. 5
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