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having a plurality of active regions (not shown') therein that extend adjacent the surface.
Conventional techniques may then be used to define a plurality of contact holes 16 that
extend through the electrically insulating layer 12 and expose respective ones of the
active regions (e.g., N or P-type diffusion regions). A metal layer 14 (e.g., a tungsten
(W) layer) may then be conformally.deposited on an upper sufface of the elecfrically-
insulating layer 12 and into the contact holes 16. As i]lustrated, this'metal layer 14,
which may be of sufficient thickness to completely fill the contact holes 16, may
nonetheless include a plurality of metallurgical seams 18 that identify where two facing
surfaces of the metal layer 14 contact each other within the contact holes 16. These
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2 seans 18 may be present even in the absence of netal
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eﬂ%ctdwuthln a CMP slurry, which results in a high chemical etch rate and a high overall
polishing rate for tungsten metal layers. The use of iron as a catalyst to accelerate
CMP polishing is also disclosed in U.S. Patent No. 5,948,697 to Hata. U.S. Patent No.
5,709,593 to Guthrie et al. also discloses polishing of metallic, semiconductor and
insulating layers using slurries containing reactive agents, abrasives and catalysts.
Uhfo&un_ately, CMP slurries that cause high chemical etch rates may be susceptible to
the excessive etch-back characteristics described above with respect to FIGS. 1A-1C.
An article by S. Basak et al., entitled "Electrochemical Aspects of the Chemical
Mechanical Planarization of Tungsten," Proceedings of the First International

Symposium on Chemical Mechanical Planarization, Electrochemical Society, Vol. 96-



insulating layers using slurries containing reactive
agents, abrasives and catal ysts. Unfortunately, CWP
slurries that cause high chem cal etch rates nay be
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(e. gq@a%wt%) @chmblaat;@'t vith guiigient quantitielsidfiat wetting agent to inhibit
micro-scratching of underlying surfaces (e.g., insulating layers, conductive vias, ...)
being polished. The slurry precursor compositions also include a highly stable metal-
p'ropylenediaminetetraacetate (M-PDTA) complex, which may operate to inhibit metal-
oxide re-adhesion on the metal surface being polished and/or limit the maximum rate of
oxidation of the metal surface by chelating with the metal surface.

In particular, some embodiments of the present invention include a slurry precursor
composition for chemical-mechanical polishing of metal layers on semiconductor



m cro-scratching of underlying surfaces (e.g.,
i nsul ating |layers, conductive vias, ...) being
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insulating layer to a cleaning solution and performing additional back-end processing
steps to complete the semiconductor wafer. The semiconductor wafer is then diced

into a plurality of semiconductor chips, which may be individually packaged.




then perfornmed. This polishing step includes polishing
the tungsten netal |ayer using a slurry conposition
conpri si ng hydrogen peroxi de, an abrasive in an anount
exceeding 8 wt% an Fe-PDTA conplex in an anount
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wetting agent in an anount ramying from about 0.4 wt %
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characteristics are achieved using relatively high concentrations of mechanical abraswe

(e.g., 28 wt% silica) in combination with sufficient quantities of a wetting agent (e.g.,
diethylene glycol) to inhibit micro-scratching of underlying surfaces (e.g., insulating
-I_ayers, conductive vias, ...) being polished. The slurry precursor compositions also
include a highly stable metal-propylenediaminetetraacetate (M-PDTA) complex, which
may operate to inhibit metal-oxide re-adhesion on the metal surface being polished
and/or limit the maximum rate of oxidation of the metal surface by chelating with the
metal surface. A preferred M-PDTA complex is Fe-PDTA. This M-PDTA may also
operate to inhibit coagulation of the high concentration of abrasive.



characteristics are achieved using relatively high
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The CMP: polishing step, Block 210, includes mixing a slurry precursor composition with
~ atleast one oxidizing agent. A preferred-oxidizing agent is hydrogen peroxide (H20,).

As explained in commonly assigned U.S. Application Serial No. 10/485,500, which is
hereby incorporated herein by reference, oxidizing agents other than hydrogen peroxide

may also be used in alternative slurry compositions. The slurry precursor composition
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2409 ﬂ?eGQl%wmgs and specification, there have been disclosed typical preferred
embodiments of the invention and, although specific terms are employed, they are used
in a generic and descriptive sense only and not for purposes of limitation, the scope of
the invention being set forth in the following clairﬁs.



Almn, with a relatively low static chem cal etch rate
. of only about 12 A/mn (in the absence of nechani cal
polishing). This relatively |ow static chem cal etch
rate advantageously limts recession of the tungsten
vias wthin the contact hol es gigpon conpletion of the
polishing step. In some enbodinhents, concentrations of
the constituents of the slurry conposition can be

Exoetdes ed to |imt the static chemcal etch rate to a
range fromabout 5 AAmin to about 15 Almn. As
illustrated by Table 2 of the aforenentioned '500

Ex@?léqation this range of static chem cal etch rates,
lch is also referredtto as a corr05| on rate, is

=5 i ' 3Nt Q ceAgenhnal slurry
: corrp05|t| ons i ncl udi ng ferrl c nltrate as an oxi dant.
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usi ng. a_hi essure di spersion
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Talelluti on was stirred, to prepare a final slurry

< I\I/\FIJ:tfiin; iAGg:I,.nt SstRg—Hhe V%fI Ié"gli‘rs%ling Scratch Recession
Speed (A/min) | Defect (ea) | (A)

Diethyleneglycol | 0.0 g - | 2680 20 183
Diethyleneglycol | 1.0 g 2780 18 180
Diethylene—glycol 40g 2860 15 165
Diethyleneglycol | 8.0 g 2910 5 . 154
Ethyleneglycol [4.0g 2800 14 159
Ethyleneglycol | Each

Diethyleneglycol [ 4.0 g 2850 8 150




conposition thus prepared, the sanple wafer was
polished for 1 mn. under polishing conditions shown
in Table 1, below, .and the polishing properties were
nmeasured. The results are given in Table 1, bel ow
Table 1. Wetting Agent W Pol i sly ng Scratch Recession
Speed (A/m n)Defect (ea)(A) Dethyl eneglycol 0.0
0268020183 Di et hyl enegl ycol 1. 0 g278018180

Di et hyl enegl ycol 4. 0 g286015165 Di et hyl enegl ycol 8.0

29105154 hy| e | ycol.4.0 9280014159 Et hyl enegl ycol
WE%%W%‘E?%@@%@?M@EE@?W@? .0 g [Measurenent
* Pdiisihing Mchitiey Miodal: 6B \$BAUGHJo! i shing Machi ne

. F‘I\/tadel ; 6E§, STRASBA * Polishing Conditions - Pad
AipUng (eD48®N8ubal V St acked (Rodel) - Platen Speed:

- P48 Typ@! IC1ARrS e Pressure: 4 psi - Back
Presys%urrg: 0 psi -ds'ltgarr%g; tl?reT: 25C - Slurry Flow 250

- PlatemiSeestafpram2 Static Chemical Etch Rate Varying

H\%ghs ugk | Wetting Agent To a m xture conprising
1 d o? €O rcially avail able Aerosil 90G (Degussa),

- PessBuge: 4gpsif dei oni zed water, 6.0 g of malic acid, 0.1

-BgcQErégshFé:% &qi d, 0.1 g of KOH, and 4.0 g of

. - Temperature; 25°C

- Slurry Flow: 250 ml/min

Example 2

- Static Chemical Etch Rate Varying With Amount Of Wetting Agent

- To a mixture comprising 120 g of commercially available Aerosil 90G (Degussa), 861.8

- g of deionized water, 6.0 g of malic acid, 0.1 g of nitric acid, 0.1 g of KOH, and 4.0 g of
PDTA-Fe, diethyleneglycol and/or ethyleneglycol serving as a wetting agent were each
added in varying amounts of 0.0, 1.0, 4.0, and 8.0 g. Each reaction solution thus
obtained was loaded into a 2 L polyethylene flask, stirred at 2,000 rpm for 2 hr,-and
then dispersed once at 1,200 psi using a high pressure dispersion process. Thereafter, -
hydrogen peroxide was added to the resultant slurry precursor composition so that its
amount was 2 wt% based on the precursor, and then the reaction solution was stirred,
to prepare a final slurry composition. Subsequently, a tungsten wafer was dipped into
the slurry composition to perform static chemical etch for 30 min. Further, 1.0 g of ferric
nitrate was used, instead of PDTA-Fe, to measure static chemical etch. The results are

given in Table 2, below.



PDTA- Fe, di et hyl enegl ycol and/or ethyl enegl yco
~serving as a wetting agent were each added in varying
anmounts of 0.0, 1.0, 4,0, and 8.0 g. Each reaction
solution thus obtained was | oaded into a 2 L
pol yet hyl ene flask, stirred af,2,000 rpmfor 2 hr, and
t hen di spersed once at 1, 200 Eg usi ng a high pressure
di spersion process. Thereafter, hydrogen peroxide was
Tadled to the resultant slurry precursor conposition so
t hat—its— anmpunt mac 2 wt%based on the precursor, and
then the rea(&% ut on was stir 1 8tatic Gherpicabitich Rate
fipal slurry ‘%ﬁ%% Subsequenigﬁknﬁ tungst en
wafer was di pped |nto th slurry ¢ osi%ion to
pefform stati Di&ihﬂﬁﬂ@@lvcdt(ﬂﬂgor 30{8®n. Further, 1.0

g pf ferric trat : rAsteag—of—PBbFA-+e—to

mepsure stati plééh@ﬁﬁ%%\'?‘c?%tﬁ UgThe results are given

i n| Tabl e 2, baliemylené@ya'cablz:eog Vetting AgentStatic

Che Et c L-Rax-%ﬁA-J-ni-p;—Di_eLh.)d_enenl ycol 0 0 g20

Di b g‘hﬁ- Pitylengalecah| &gl eneg ?col 4.0 gl4

PDTA- FeDl et h‘ EEH ééﬁ%'op' Q Erhyleqggiycot 470 gtt

Et hyl enegl yc Fac .0 g9 4%?& hyl ewgql ycol

PDTA- Cr Di et hy Ethyéayieptysioll. Q g15 Di et 1gl enegl ycol 8.0 g12
R 40

FefricD et hyl I Ug

NitrateDieth ﬁ%?gﬂ¥§%)?%9q 992 Exanpl e 3 Poli shing

Pef f or mance Qmﬁuyleneglydoiedm/\gth Pefoxi de Varying Wth
El alB@EA-Q‘Ii me Fre—a—mrdtH-e-leonpri-si nyg 120 g of

commercial |y QJ%PY'%WSHY‘K&@SQE. 90G %gussa) 861. 8.

g DFerdgl ONI Z“Eblém}léﬁegl @0y maliggecid, — U1 g of
nitric acid, QH! and 4 0 g of PDTA-Fe

di it @negl ) @thg%mﬁﬂ'Y@'a@-%gv\etti h%2 agent were each
added T varying

Example 3°

Polishing Performance Of Slurry Mixed With Peroxide Varying With Elapsed Time

To a mixture comprising 120 g of commercially available Aerosil 90G (Degussa), 861.8.
g of deionized water, 6.0 g of malic acid, 0.1 g of nitric acid, 0.1 g of KOH, and 4.0 g of
PDTA-Fe, diethyleneglycol serving as a wetting agent were each added in varying
amounts of 0.0 and 8.0 g. Each reaction solution thus obtained was loaded into a 2 L

‘polyethyiene flask, stirred at 2,000 rpm for 2 hr, and then dispersed once at 1,200 psi

using a high pressure dispersion process. To the resultant slurry precursor
composition, hydrogen peroxide was added so that its amount was 2 wt% based on the
precursor, and then the reaction solution was stirred, to prepare a final slurry
composition. In addition, 1.0 g of ferric nitrate was used, instead of PDTA-Fe, and thus,

the polishing process was performed under the above polishing conditions for 1 min; to

assay polishing properties. The results are given in Table 3, below.



amounts of 0.0 and 8.0 g. Each reaction solution thus
obt ai ned was | oaded into a 2 L ,polyethylene flask,
stirred at 2,000 rpmfor 2 hr, and then di spersed once
at 1,200 psi using a high pressure dispersion
process. To the resultant slur{Kﬁprecursor _
conposi tion, hydrogen peroxide s added so that its
anount was 2-w % based on the precursor, and then the
Taklacx i on solution was stirred, to prepare a fina

Sl rry Cenrpcsnflnn In :rlrhtlnn of fprrir‘M
ni tirate was us st eq .t hus, | Yigan
pol{i shi ng prog¢e %?a s\‘/E'\’/gs pe(ﬁ K@Eﬁ%@ ‘f“ Ieg]h%' Abrasive
polfi shi ng con jTtm@(hsr)f orf(¢) mn; to asma Ahiigh ng
prgperties. The resultsjare given in Tabl e 3, beISme(nm)
Ta.lLi e 3 |lV‘Bd” Ei dpdeLh}i Uti i CIICQI yuui \'} olll ||3
Abr|asi ve Ti ne| ghr (g)RatQYQA /nin) ) sﬁ% (nm | 193
0. 02, 680153 0]8.02,9101%83.®. 02, 500154 2980 05 8&;0@
PDTA- Fe0. 02, 4868156—6—-38-02-890155-002 4401581
8.2, 930154 0|92, 410158 1898, 02, 8601526093, 05016th4
. : 8.0 . 12,880 153
PDTA-Fe 5 0.0 2,480 156
- 8.0 2,890 | 155
12 0.0 2,440 158
: 80 2,930 154
. 0.0 2,410 158
24 R
8.0 2,860 156
0 0.0 3,050 167
Ferric 8.0 3,000 166
Nitrate 04 0.0 2,120 192
8.0 : 2,790 | 172

As mentioned above, the present invention provides a slurry precursor composition for
chemical and mechan'ical polishing, in which a wetting agent is added to the slurry for

" polishing a metal layer, whereby dispersion stability of the slurry is improved and fewer
scratéhes are generated updn polishing, thus decreasing defect rates. As well,
decomposition of peroxide used as an oxidizing agent is prevented, and thus, the low
polishing speed of the slurry mixed with peroxide when polishing a metal layer for a
long time due to ihstability of such an oxidizing agent may be improved. Further, when
the precursor composition is used along with M-PDTA, a low static chemical etch rate is
obtained, therehy préventing recession of conductive via holes.



O Ferric8.03,000166 Nitrate0.02,120192 24 8.02, 790172
.As nmentioned above, the present invention provides a
slurry precursor conposition for chem cal and
mechani cal polishing, in which a wetting agent is
added to .the slurry for potiihing a netal |ayer,
wher eby di spersion stability the slurry is inproved
and fewer scratches are generated upon polishing,

THATSVHIOH SciLagViBRflget rates. As wel |, deconposition
of peroxide used as an oxidi zing agent is prevented,

and thus, the low polishing speed of the slurry m xed
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A slurry precursor conposition for chem cal - mechani cal
pol i shing of metal | ayers on sem conduct or

2. Juilesdlurmay ﬁfecuﬁtﬁi?frc:\,bh*{q‘zzloﬁmlonQ‘ﬁI CMIHEPUShAEIN odidb§uecus admixture
f Mt ai ni n% cg%ggt rolling agent, an abrasive, a
UTHE PRSI fHidt et raacet ate (M PDTA) conpl ex,

a wetting agent and water. 2. The slurry precursor

osition of Claiml, wherein said aqueous adm xture
fThPtmfrv BERSHISOs 6eMRosiipp Ot Plaim Aovheret. thetpel sdndralling agent

coMbﬁ%ﬁ?éa&%"&ﬂéH lﬂﬁfﬁnlcqaé}& a’aw é‘ the pH

controlling agent conprises e of an
inorganic acid and a hydroxide. 4. The slurry

. BRESHEE U BOpBRB) oS G GbA it Poerens
glycalnposition of aim1l, wherein a quantity of the

abrasive in said aqueous adm xture exceeds 8 wm % 6.
The slurry precursor conposition of Claimb5, wherein a

5 hemﬂurtwpmﬁuﬁstCmbbsmgn BYERim 1, WHeRdif PEURHUSof the abraswe in
is in a range from about 0.4 W%t0 abo

ure
sa@aguw% agMdAYE eXCEeqS8 W& ur sor conposi tion of CI al m
6, wherein a quantity of the M PDTA

6. The slurry precursor composition of Claim 5, wherein a quantity of the wetting agent
in _séid aqueous admixture is in a range from about 0.4 wt% to about 1.2 wt%.

7. The slurry precursor composition of Claim 6, wherein a quantity of the M-PDTA
complex in said aqueous admixture is in a range from about 0.1 wt% to about 0.8 wt%.

8. The slurry precursor compositiqn of Claim 1, wherein a quantity of the wetting agent
in said aqueous admixture is in a range from about 0.4 wt% to about 1.2 wt%. '

9. The slurry precursor composition of Claim 1, wherein a quantity of the M-PDTA
complex in said aqueous admixture is in a range from about 0.1 Wi% to about 0.8 wt%.

10. A slurry precursor composition for chemical-mechanical polishing of metal layers
on semiconductor substrates, comprising:
an aqueous admixture containing a pH controlling agent, an abrasive in an amount
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conplex in said aqueous adm xture is in a range from

about 0.1 wt% to about 0.8 % 8. The slurry

precursor conposition of Claiml, wherein a quantity

of the wetting agent in said aqueous adm xture is in

a range fromabout 0.4 wt%to gout 1.2 % 9. The
slurry precursor conposition of Claiml1l, wherein a
quantity of the MP.DTA conplex in said aqgueous
exeedingBevi’s, @ metaliprogehediamatetstiadlelatd( MR POTAPSShplex in an
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adm xture containing a pH controlling agent, an
abrasive in an anount 13 exceeding 8 % a neta
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futhericegniigenn caibexyliamsisht ranging from about 0.4 w %

to about 1.2 wt % and deionized water. 11. The slurry
precursor conposition of Caim10, wherein said
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recursar, co OS|t|on 0
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| east one of an inorganic acid and a hydroxide. 13.
;gh sl rr recur sor copposition of Claim 12, wherein
1 h 5539( Cp@poaitlgﬂﬁ))ﬂﬁéiﬁ@ (8 ytdmremjhe WHitting agent is
dfétwé,ye §||y§§|ur sor conposition of Caim 10, wherein the
wetting agent is diethylene glycol. 15. A sl urry
precursor conposition for chem cal - mechani cal

180 inghiingy Sfech%g%ﬁuﬁos#h@% of Sidih 16 c!%?é}ﬁﬂﬁ%wettmg agent is

substrates, conprisi an ‘aqueous™'a
d@éfi’ﬁ'%ﬂﬂwglhgolpot assi um hydr oxide, nitric acid, malic
acid in an anount ranging fromabout 0.4 w%to about

0.8 W% a silica abrasive in- an anmount exceeding 8

164 Py slanny pescRISDA cooTppisitionifor etrersioBi-mbchiIeH! PBIISHIRGLF tungsten
wt % diethylene glycol in _

laggps éﬂ)gwlcpﬁf(ﬁ?tﬂbsﬁsgﬁtt%(98f"p(5'3'4‘9m%to about 1.2 wt%

aaadud@jmmmrmbﬁfalmﬁ? pot‘és%iu‘rﬁ h}’dr@%@'@oﬁ&ﬂd ét?d frﬁéllc acid in an
cal - cal I shi ng met al | aye
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ed oat t 0
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16. A slurry composition for chemical-mechanical polishing of metal layers on
semiconductor substrates, comprising hydrogen peroxide, at least one pH controlling
agent, an abrasive in an amount exceeding 8 wt%, an Fe-PDTA complex in an amount
ranging from about 0.1 wt% to about 0.8 wt%, a wetting agent in an amount.ranging

* from about 0.4 wt% to about 1.2 wt% and deionized water.

17. The slurry composition of Claim 16, wherein the wetting agent comprises
diethylene glycol.

18. The slurry composition of Claim 16, wherein the hydrogen peroxide is provided in



fromabout 0.4 wt%to about 1.2 wt % and dei oni zed
water. 17. The slurry conposition of Caim 16, wherein
the wetting agent conprises diethylene glycol. 18.
The slurry conposition of Claim 16, wherein the

hydr ogen peroxide is provided%én 14 sufficient
guantity to achieve a static t etch rate in a range
fromabout 5 AmMin to about 15 AAmn when the slurry

suffiergm guantiti td acieispe aethaticonét dtum %é%‘a'?&ﬁ?é frbﬁV@dou’t”ﬁ A/min to
abog% roomte rature 19. A net hod orm ng
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contact holes in the electrically insulating |ayer;
d L I { { t
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deE@snfﬁE@'AtW“ﬂ@érﬁMdtél @y tl@éf@*ténds&fiﬂﬂh@galéétﬁé%l@hﬁéﬂlatﬂ‘:g]iayer and

% a wetting agent in an anou

'“t%WHéﬁ& %?%%Q}thoéﬁsilaﬁﬂ%to about 1.2 wt % and vvater
pol?é?nn TR tﬁﬁ%jé’céﬁ nﬁ’étap{b%e h ea ‘é’ﬂﬁ{fddﬁpﬁﬂl&rﬂ%rhﬁg inPhydrogen

is followed b . exposin
pe@@% BNERIrasive ifsan ampugt qe@)eédm& wi%] @@Ee@%lcampqu in an

an@?ﬂt Fjdr@::rgggfr&heaboﬁ?gﬂc\ma/g WLt HRE Gl Qtv?et?né) a&érﬁ ih & amount

sem duct or
ranging from about 0.4 wt% to about 1.2 wt% and water.

.20. The method of Claim 19, wherein said polishing step is followed by the steps of: -
exposing the electrically insulating layer to a cleaning solution; and -

dicing the semiconductor wafer into a plurality of semiconductor chips.



