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DEVICE Field of the Invention 5 The present invention rel ates 8[6 raI 'y to
processes for polishing, and nore particularly, to processes f pol i shi ng
sem conduct or device substrates. 10 Backgsfieund of the Invention Chem cal
mechani cal polishing (CWP) is presently used to polish a variety of

materials found 'PRGGESSWPUUISH?N@BESSIWIH,S&R@RD@C?I@@
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metal s, such as tungsten, Lyf'g ﬁ@ @press o%‘ type of
mat er i aI bei ng poli shed, SI m ar techni ques are used or exanple, a

pol i shing systemtypi cal | y incl udegs n | aten, on which is
attached a polishing pad. Wile tﬁ@lgl‘ﬁt%ﬁsﬁg‘é’egggﬂg rotated, a slurry is
di spensed”whil e a sem conductor wafer is pressed agai nst t he pad. A

conbi nati on of therh%Opreemnm&ehtmﬂa@Iartém éxeémﬂ o tpecesbel fot POlSHIRG, drity ©F
bei ng polished and t ani cal gerac et wee 1 ? |ves within the

slurry and tHe° Wea%'ihcﬂéﬁ@ B(ﬁmg‘fféﬁs #HE 8 A eY)‘Fet he | ayer.

I n some inst anbsiyateswo | ayers of different materials are deposited on 25
each other in a sem conductor substrate, and both materials need to be
pol i shedmgreferabl y in a continuous polishing operation to mninze cycle

tinme. Co rcially available p hi n s _do.not provide ideal
properties for polishing two dﬁ%@f‘ “g}dsﬁgtté?%ﬂ%“b‘fﬂl ng the sane polishing
operation. For exanple, when polishing tungsten that is deposited on a 30
titaniuntitani um@ﬁémi’cdlemeah@nﬁcaltp@hsmhg s(GMlg) isrpresdritlyeased td poasian and
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pol i shi nd5 Slinclugle metals, such as tungsten, aluminum, and copper. Regardless of the
type of material being polished, similar techniques are used. For example, a
polishing system typically includes a polishing platen, on which is attached a
polishing pad. While the platen is being rotated, a slurry is dispensed while
_ a semiconductor wafer is pressed against the pad. A combination of the
20 chemical reaction between the slurry and the layer being polished and the
mechanical interaction between abrasives within the slurry and the layer
being polished cause the planarization of the layer.

In some instances, two layers of different materials are deposited on

25 each other in a semiconductor substrate, and both materials need to be
polished, preferably in a continuous polishing operation to minimize cycle
time. Commercially available polishing slurries do not provide ideal
properties for polishing two dissimilar materials during the same polishing
operation. For example, when polishing tungsten that is deposited on a

30 titanium/titanium nitride layer, the polishing properties of tungsten and
the titanium layer differ greatly. Titanium is a relatively difficult material to
polish using a slurry composition optimized for tungsten polishing. Slurry
formulations that successfully polish titanium typically do not polish
tungsten as fast as other slurries. In most cases, optimizing the polishing

35 conditions for one material, for example tungsten, leads to a degradation of
the polishing characteristics of the other materials, such as titanium.

One known method for polishing a combination of tungsten and
titanium is to use a relatively hard or abrasive polishing pad, such as a Suba
40 500 made by Rodel, Inc. of Delaware, with a slurry formulated for tungsten



fornul ations that successfully polish titaniumtypically do not polish
tungsten as fast as other slurries. In nost cases, optim zing the polishing
35 conditions for one naterial, for exanple tungsten, leads to a
degradati on of the polishing characterist2es of the other materials, such
as titanium One knovvn met hod for polishing a conbination of tungsten and

titaniumis slisking h&’éirv@hﬁrdlal’sﬁx@*) a’bh@?)bl&@hi@{g' slﬁfuyn&o t such as a
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Pol i tex pad,sigive® nli’)f)e Hp@etal alré‘ l@ge éﬂ" a %Fﬂ&l\}%ﬂ LRlRYR" q?’olftgﬁ aHSafse bh/g 4 for

renoval of I had reno tani um

overconing t %‘9%7 gﬂﬁ f‘lni%‘lgl%rh ‘ﬁ" F?g§?§%’rtsaﬁhiqs§tr%°ﬁfﬁ4 PgOK’éiepblulfsh t he
t ungst erlfavainadeytiatedy tenidvest itanfuin | ayer in place. An interconnect netal
| ayer(s), such as alumnum is then deposited 15 on the remaining
titanium layer, and the alum numand titaniumlayers are simltaneously
patterned and et cAedthedymetloid figr overcoirtingithen prapbem wift polishing tufipstern the
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t ungst en. Copléeeudin Lryterqqmeqtjmqtalylayer(sj ﬁgqh@malummum, is then deposited
15 on the remaining titanium layer, and the aluminum and titanium layers
are simultaneously patterned and etched. By etching the titanium layer
with the aluminum, the need to polish away the titanium is eliminated.
However, the titanium layer is nonetheless exposed. to the polishing process
during the polishing of tungsten. Consequently, the quality of titanium
20 under the aluminum is poor and reliability of the resulting aluminum
interconnects is degraded.

Accordingly, there is a need in the industry to establish a polishing
process that can effectively polish two dissimilar conductive materials in a
25 cost effective manner that is conducive to a manufacturing environment.

Brief Description of the Drawings

30 FIG. 1 is a schematic view of a chemical mechanical polisher for

polishing a semiconductor device in accordance with the present invention.
FIGs. 2-5 illustrate, in cross-sectional views, a portion of a

semiconductor device substrate as it is polished in accordance with one
embodiment of the present invention.

35 FIG. 6 illustrates, in a cross-sectional view, a portion of a
semiconductor device substrate as made in accordance with an alternate
embodiment of the present invention.



20 under the aluminumis poor and reliability of the resulting alum num

i hterconnects is degraded. Accordingly, there is a need in the industry to
establish a polishing process that can effectively polish two dissinlar
conductive materials in a 25 cost effeeddi ve manner that is conducive to a
manuf acturi ng environnment. Brief Description of the Drawi ngs 30

FIG 1 is a schematic vDewmiled Desetiptibfalf aPRicDed Bmbrlihagr for polishing
a sem conductor device in accordance with the present invention. FIGs. 2-5
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tungsten, anfolistingaitanisinu’ TheaWislaktieddar be Anpeisé® ded@ntially onto the
same polishing platen and pad from two different sources, wherein the first
15  slurry is dispensed until the tungsten is removed and then the slurry
dispense is switched to the second slurry for removal of the titanium. In a
preferred embodiment, the first slurry composition is a ferric nitrate based
slurry while the second slurry composition is an oxalic acid based slurry. In
this embodiment, both slurries have a similar pH (both ferric nitrate and
20  oxalic acid being acidic). Use of an oxalic acid slurry as the second slurry
composition not only polishes titanium more effectively than traditional
tungsten slurry formulations, but also ties up iron atoms to prevent
unwanted incorporation of iron into dielectric layers of the semiconductor
device substrate. Preferably, polishing of the two conductive layers is
25 accomplished using the same polishing pad, and while the semi-conductor
substrate is continuously in contact with the rotating pad, but wherein the
two different polishing slurries are sequentially deposited onto the same pad
to polish the two different conductive materials. By merely dispensing the
two different slurries onto the same polishing platen and pad,
30 manufacturing time is not adversely affected since transportmg of the wafers
between polishings is unnecessary.

These and other features, and advantages, will be more clearly
understood from the following detailed description taken in conjunction
35 with FIGs. 1-5. It is important to point out that the illustrations are not
necessarily be drawn to scale, and that there are likely to be other
embodiments of the present invention which are not specifically illustrated.



polishing titanium The two slurries can be di spensed sequentially onto the
sane polishing platen and pad fromtwo different sources, wherein the first
15 slurry is dispensed until the tungsten is renoved and then the slurry
di spense is switched to the second slurry4for renoval of the titanium In a
preferred enbodi nent, the first slurry conpositionis a ferric nitrate

based siurry whil e1¢eiReGath SRR 4 bBRide? of R cﬁéﬂ'{i_%a?- acid based
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i ncludes a sURGREIRL 1oxidiglig FOmPSReRts filuted abrasive
15 components of the polishing slurries can be stored and delivered separately
and then mixed near the point of dispensing onto the polishing pad.

The slurries within the containers 111 and 112 flow through the feed
lines 113 and 114, respectively, to a manifold 121. Pumps 115 and 116
20 regulate the flow through the feed lines 113 and 114, respectively. Manifold
121 regulates flow of the slurries to the polishing pad. Valves (not shown)
are opened and closed by the polisher, depending upon which of the two
slurries is to be delivered to the polishing pad.

25 After passing through the manifold, the desired polishing slurry

| flows through a piece of dispense tubing 122 and is delivered to polishing
section 13. The polishing section 13 includes a tub 131, a platen 132 and a
polishing pad. For simplicity, the combination of the platen and polishing
pad is just denoted as the platen 132. Above the platen 132 is a substrate

30 holder 133 and a semiconductor device substrate 134. During polishing, the
polishing slurry is dispensed from tubing 122 onto the platen 132, and excess -
slurry is eventually received by the tub 131, at which time the polishing
slurry may be recycled or discarded. Substrate 134 is held against the pad
while the slurry is dispensed and while the platen is rotating to polish

35 exposed layers of the substrate.

FIGs. 2-5 illustrate, in cross-sectional views, an example of how a
semiconductor device substrate 250 is processed using, for example, the
polisher of FIG. 1 in practicing the present invention. Semiconductor device



mechani cal polisher 10 for use in practicing the present invention. The
chem cal - nechani cal polisher 10 has two sections that include a feed
section 11 and a polishing section 13. Wthin the feed section are two
containers 111 5 and 112. The two contadmers 111 and 112 incl ude two
different polishing fluids for polishing two different conductive |ayers of
a sem conductsabstietel 258 GfUIIS]. 2aineludes acnetal dveecasinebt zﬁmhwm el ovetliEnAgi on.
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the combil¥ati on ofAfteiefosmings ‘aﬁ&psmnggﬁlmsdwrllg oixaed by seaventiallit he

platen 132. Pdé%ﬁxti ifa Ritaédiam Lyer 256 averiist vppea s&@face fwlﬂsj@lm?z exfhda
r

sem conduct o substrate 13 Dur |§?%%o %gt Qﬁ EE‘ ggl |sh| sI urry
I s di spensed hdusiii Yﬁgoﬂeﬁn%ﬁfg Wé‘ 181 137t EO% g a”%’l‘ﬁ‘?
event ual |y r 256 vieelphyg filing materid is depuositesh I ope ehnbagiinient)ithip matenal

is a tungsten layer 258 as shown in FIG. 2. In addition to titanium layer 256,

20  a titanium nitride layer (not shown) can be used between the titanium layer
256 and tungsten layer 258. Titanium and/or titanium nitride layers
function as adhesion and barrier layers in the interconnect metallization.
The titanium layer is typically much thinner than the plug fill material. For
example, titanium layer 256 is less than 1,000A thick while the tungsten

25 layer is at least half the via opening width, and is usually between 2,000-
10,000 A

Both the tungsten layer 258 and the titanium layer 256 outside the
opening need to be removed to produce a plug within the via opening. This
30 is achieved by polishing in accordance with the present invention. The
tungsten layer is first removed using the polisher 10 previously described.
Preferably, the polishing pad used is a relative soft one (wherein its Shore D
hardness is less than 45, such as with the Politex polishing pad mentioned
previously), but harder pad materials (having harnesses in excess of Shore D
35 45, such as Suba 500 pads) are also suitable. A first polishing slurry is
pumped from container 111, through feed line 113, manifold 121, and is
dispensed onto platen 132 through dispense tubing 122. In the case of

polishing a tungsten layer, a preferred slurry is an acidic ferric nitrate
(Fe(NO3)3 chemistry in combination with water and alumina abrasive



slurry may be recycled or discarded. Substrate 134 is held agai nst the pad
while the slurry is dispensed and while the platen is rotating to polish 35
exposed |ayers of the substrate. FIGs. 2-5 illustrate, in cross-sectional

vi ews, an exanple of how a sem conduct or dovi ce substrate 250 is processed
using, for exarrple the polisher of FIG 1 in pracUmg‘the pr esent
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Atter removing tungsten layer 258 from beyond the via opening as

shown in FIG. 3, the slurry chemistry is switched to deliver the polishing
slurry of container 112 to the polishing platen for removing titanium layer
256. Switching slurries is achieved by closing the valve of the manifold

20  associated with the first slurry and opening the valve associated with the
second slurry. The second slurry is then delivered from container 112,
through feed line 114, manifold 121, and is dispensed onto platen 132
through dispense tubing 122. During the switch from the first slurry to the
second slurry, the platen continues to be rotated, and the substrate continues

25  to be held against the polishing pad with some pressure. As the slurry
chemistry change is made, the titanium layer is polished at a much faster
rate than any titanium exposed during polishing of the substirate with the
first polishing slurry.

30 Ina preferred embodiment where titanium is being polished, the
second polishing slurry is an oxalic acid slurry having oxalic acid [(HCOOH),

or HO,CCO,H] in combination with water and alumina abrasive particles.
Polishing is performed until titanium layer 256 is removed from
everywhere beyond via opening, as shown in FIG. 4. Again, timed polishing
35 or any type of end-point detection for polishing can be used to determine
when the titanium is adequately removed. Dispense rates, rotational speeds
and polishing times and pressures to remove the tungsten are optimized
within conventional ranges. As one example, a 400A titanium layer is
polished for about 30 seconds using a pressure of 5 PSI and a rotational speed



function as adhesion and barrier layers in the interconnect netallization.
"The titaniumlayer is typically much thinner than the plug fill material.
For exanple, titanium|layer 256 is less tphan 1, 000A thick while the
tungsten 25 layer is at least half the via opening width, and is usually
between 2,000- 10,000 A Both the tungsten |ayer 258 and the titaniumlayer
256 outsi de ©h30 BFMiansl ashury of BE% byrxeight axalic adidsolutiph iny avil thitiothe via
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embodiment, only water (without the basic slurry) is introduced over the
finishing platen. The finishing platen typically has a soft pad, which may be
identical to the polishing pad (see, e.g. the commonly assigned co-pending
application by Kim et al. entitled “Process for Polishing a Semiconductor
20 Device Substrate, Serial No. 08/780,113, filed Decémber 26, 1996). Since most
commercially available polishers have just two platens (typically one for
polishing and one for buffing or finishing), and since a finishing or buffing
polish of the ILD layer 255 is preferred after removing a metal layer, it is
preferred that the polishing of the dissimilar conductive materials in
25 accordance with the invention occur on the same platen to best utilize floor
space and capital expenditures. As such, the second platen of the polisher
can be used for finishing. Alternatively, a finishing step could be performed
on a separate machine, and each of the two platens of polisher 10 could be
used to remove a different one of the conductive layers, or the finishing step
30 could be eliminated altogether.

After plug formation is completed by removing tungsten layer 258
and titanium layer 256, the substantially completed semiconductor device
substrate 250 is formed as shown in FIG. 5. Another titanium layer 262, or

35 combination of titanium and titanium nitride is deposited, followed by a
second level of metallization 264. Metallization 264 is similar to metal
interconnect 252, for instance made of aluminum, an aluminum alloy,
copper, a copper alloy, or the like. If the second level of metallization is the
uppermost level of metallization for interconnects within a semiconductor



speed of 30 revolutions per mnute (RPM, and a slurry of 10% by wei ght 10
ferric nitrate solution in a 1:1 ratio with 6% by wei ght al um num abr asi ve
in deionized water. Such a slurry will have a pH less than 2, and generally
within the range of 1.2-1.5. Under such ce®ditions, tungsten is polished at
a rate of about 6,000A per mnute, while titaniumis polished at a rate of
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val ve associated with the second slurry. The second slurry is then

del i vered $rom coanke?hem@se%magﬁoné@a heencdeseubedrim F¢f8FQ¥\C§Zﬂ? aand is

di spensed ont gogliA¢ %fhblﬂ?mbﬂf QHHtheidli i §§§a@1 5ntbtmu&§2aretpéhglﬁadt fejsswi tch
fromthe first slurr ieh econd sI ten nti nues, to be
rotated, and frﬁEOEtG ﬁﬁfﬁqﬁﬁ%*smé@n LiéB lﬁélsﬁgﬁlgoﬁaaf%?f‘gtw P8P shi ng
pad wit h sonedigséaiur eveAyutg’mnmiuntm mhteriald. r For kangeld, theddeentidrecan
titanium |l ayeyg i |umex osed
during poli gh?’ﬁd‘{%ggqb ;\gﬂb&{op:‘f’m\?éhl%ﬂ?ig &@&?1&% %?é( %‘# g?r p

In a pref &9 r eglumisoun mng apisderlying sitaminm lad@irr?é6ga| arsmiald uﬂercgengﬁd

pol i shing sl u:tg:ta&l&ﬂ a@%ﬁbwex #cd gerﬁicuhaﬁcm\aew:e@a%btrﬁteasamm@@ﬂw or

tl th ticles.
Pol fshing 1 & FURKLRRBECHRRR: AR lp sAIay P S8gre it piel FURebaruner o

beyond via op@b?2 mgnoafomﬂmi/\nf amétetial difféxgat thart theihterebhasdtngeB@Blizationany
P e T S s S S A
pol i shi ng1%i mbet ndnprqpssm&%& and @mnéemwwmbmrﬁ@nnpk fosthed t hi n
conventional RARGAStheABTPIES. EXAIREIR. pAlish opélatiBhUsused €6 réfove the

aluminum and titanium from above the ILD, leaving the same metal in the

via openings and the interconnect trenches as shown. Furthermore, the

underlying metal layer need not be titanium to benefit from using an oxalic

20 acid slurry composition. Other refractory-metal containing materials can be
used as one of the dissimilar materials.

The foregoing description and illustrations contained herein

demonstrate many of the advantages associated with the present invention.

25 In particular, it has been revealed that two dissimilar conductive materials
can be polished, each using stable slurry compositions designed to optimize
the polishing rates and conditions for each material. Moreover, the
polishing process is easily integrated into existing polishing processes.

 Polishers today are already equipped for receiving more than one

30 component through its distribution systems, and most have more than one
polishing platen (although such is not a requirement for practicing the
invention). Yet another advantage of the present invention is that the use
of oxalic acid for polishing offsets some of the adverse affects of using
slurries containing heavy metals (which include alkali metals, alkaline

35 earth metals and transition elements). For instance, use of ferric nitrate to
polish tungsten results in iron contamination of the ILD oxide layers. Using
an oxalic acid following the use of a ferric nitrate slurry is advantageous in
that the oxalic acid ties up the iron which may be left within the polishing
pad or on the substrate, thereby preventing the iron from contaminating an



pol i'shed for about 30 seconds using a pressure of 5 PSI and a rotational
speed -7- of 30 RPM and a slurry of 0.5% by weight oxalic acid solution
inal:'1lratiowth 6% by weight alum num abrasive in deionized water. Such
a slurry will have a pH less than 2, and_generally within the range of
1.2-1.5. Since the oxalic acid slurry is not highly selective to ILD | ayer

255, it is pre saoft pad (.as._expl ai,n bove) be used for
pol i shi ng t i %K ?Wt alg,\egrafggmgithg\}gygﬁé%égyasaﬁ% @@f@l‘ n- uni f or m
oxi de r enovaboncéiiation weithinothei HiDbmas lemﬁmmi$aMS/s:lmdw$lﬂ1mth@t

| ess than 2 p I f about

1, 500A per %%Qu Sf’ﬂl%]cgyls oSed Yt'%st% 5%“% g%low n%&eﬁ%c}il g:ja%a’{ns? Pﬁ%‘gve

| ayers, subderrig piteste slurmyralpse.abl y nmoved to a finishing pl aten of the

pol i sher g(not shown) to renove residual particles fromthe surface of the
substrate 250. In_one enbodi ment, a_ short dielectrjic polish using a _basic
slurry may be per¥isniéds apparent thati there, ai)gﬁ?lé@rf’ﬁldﬁfjom aecoxdanesowiths ur f ace
to the ILD lth¥&hveddBon/a Processdbe ohb &i@hﬂz@ﬂ@r é&xd@m»ée:nafbheﬂ@@ﬁlam ng

b | | th nbod t t ho t.he, b |
R Nt eﬁfcsrﬁ“??"gsf ruii Shdes 88, hESd s Sy Arasesich has

a soft pad, forthcprevigusiy. i Athouglithe m‘tehmthas beery dpsﬂﬂﬁe&‘&nd&llastraﬂéd

For Poi 100 b4 : hagdheeo 113,
f t ef%&éﬁa@m‘éeeﬁ?a?%ﬁlﬁ% BrvoRfinRtss thfed?, 1 isMae spRirded thay ghe

filed Decelnbavemon beoliinited; toc thesesilustoative endidémmahs | iose philleshizr s have
i shing), he¥et willftapnite It Wd‘ﬂ%@@nﬁm Ipfiafions b O hadPdndont |
preferred afq&mar?i@grfwngﬂ‘@ smlap thg invention. sThewefesey efonsmmndqdetmlt ishi ng

of the di ssijiveAfios ¥MBaIPaLE ama@lmn *fatidndand MOEH GRS a¥ fall HWidin

i nventi (1% oct%grscgge%?%esggge elrgu&lg best utilize floor
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sbéc’e and capital -expenditures. As such, the JecomERLACED SHBE‘FS.D-C" Sﬁj““er

can be used for_finishing. ternatively, a fijpj shing step could be
performed on a8 By la8d 2nd each of tﬁ*es?%&md@éﬁﬁfﬁ -of...dolpagdter—10
could be used to erent one of0-t he%@lﬁmﬁs)tivaadeay&@g,m%ggdh_&
finishing step 3 limnated al togqedﬁewsnﬁgf ‘?bag{éh“g"f %ma | on
conpl eted by renoving tungsten |ayer 2%Haand "atﬁ{gry aé% Z%Z' jaged .......
substantially conpl eted sem conductor device gubstrate 2 ol s’ o iorBepeds.. ..
shown in FIG 5., Anofher titani.um/)ayer 262, .or 35 . conpimaton-of
titaniumand tithni JinPiPEeSder frming A perairondyeial deyies compistigitheevel of
metal | i zation 264. M#psoft zation 264 is simlar to metal interconnect 252,
for instapnce made of a P ' | oy, copper, a copper all oy,
or the like. If the seéw&aﬁg%%ﬂg%#g%?&ion is the uppernost |evel of
netal | i zation for interconnacemiogndudgion mpderialonduct or -8- device, a
passivation |ayer 266 is deposifefied thstPah el dr th iqRRRIRicMAt | on
| ayer 266 is likely to be a opeg&%xi de nifrﬁde?ﬁ’se?wé: ?‘qué}-ﬁhltrl gg&

pol yi mi de, or simlar known pas@ﬂf’é’cail'owhﬁ’é%l%rtk‘ﬁlp.at??me msu #Fgéaif%e
present invention has been descihcheiésian opétingnce to a specific enbodi ment
wher ei n ngsten and titaniy re pplish I& {.S;.LNpogtant ta te the

pr esent wvention i s useful a?‘g?t f)od" ‘?ﬁﬁ"ﬁgg%?{{“&‘bd)dlﬂﬁésﬁﬁﬁﬁ%ﬁ’é?te%i;&%$ng
conductive materials. For exanpiwer thhga imgulating bayarsedl withinrthenct i on
with polishing a netallization 6@93{1 264 of 10 alum num and an underlying
titaniumlayer 256 in an inlaidH n.eg' onnect application, as shown _in a
sem conduct or devi ce subst ratséc‘?}'!}bc‘i’fl‘é‘ﬂt@e lgyer paludingp sesondematesiad, a

plug to connect to the underlyihgt ielEferent foad MRetstZhdtdrial Werlyfignae of a

mat eri al lgl fferent than the i ntﬁrrs?%&qgﬁct:tivréefa?rlelr;' zation.

polishing the second conductive layer with a first polishing

oo ig

fluid including a first oxidizing component to expose a
portion of the first conductive layer; and
polishing the first conductive layer with a second polishing
20 -fluid including a second oxidizing component that is
different from the first oxidizing component to expose a
portion of the patterned insulating layer. '

2. The process of claim 1, wherein the step of providing comprises
25 providing a substrate, wherein the second material is selected from
a group consisting of aluminum, copper, and tungsten, and the
first material is a refractory metal-containing material.

3. The process of claim 1, wherein the step of providing a substrate
30 comprises a step of providing a substrate wherein the first material
is titanium, and wherein the step of polishing the first conductive
layer comprises polishing the first conductive layer with the
second polishing fluid, wherein the second oxidizing component
is oxalic acid.
35
4. The process of claim 1, wherein:
the step of providing a substrate comprises providing a substrate,
wherein the second material is tungsten and the first material

is titanium;
* [+ [ ] s *




formed within the ILD 255. A single polishing operatl enove
t he al um num and titanium from above the JiiD, | eavi ng in the
via openings and the interconnect trenches as shown. Furthernore, the

underl ying metal | &y she BREoMRIhEn i ARRY @ridERALE oyl aBhsiag an oxalic

20 acid slurry conposit ctory-neta ai_ni naterlals
can be used as one of thE® $l§§gr?ﬁFz§?C9?éf§‘P’F‘£H‘§WeﬂﬁXe‘TW%b Sﬁ@é’ shiggi on
and il usérat i gnshcont ai fiait, heherlein dentinsttoxadizinpoymp liméxliuelsafdﬁﬁ@hﬁg@cé
associated with the pres i,avent ti.cu it,has

reveal ed that two dissi m%i‘éw%fﬁ %Pﬁ/ggﬁﬁetéw%o St&’ﬁﬁ fg‘gd 8Ia‘|t§‘h%s(§ Qach
using stabfe slurry conpasdtions designed to optinize the poI [ sh| ng rates

and conditions for eggbg O?(gﬁﬁsh "tl‘?é"f’%t’cotnﬁ‘ﬁc F]a?yg ay a Hsﬁ‘%:sl Iy

integrated into existing Loce sses
equi pped for receiving ndretirsigan Hét“;'%‘f) ayes g SQQQ vid,r i but i on

systems, and rr]pst have Wt%réﬁﬁthe%@@otﬂi)bkﬁhz don@b Hent 38 bgaugsma%{af I Shnot
a requirement for practici t he jnvention et. .anot her, .adyant age of the
present invention is tha?vheﬁ%‘ &BHQ‘? %B?aﬁeF%“%é’l E}s fill§ﬁ gg’f"gets some
of the adl@rse affects of using slurries containing heavy rretals (whi ch

i nclude al kali megal eaéxlﬁ%és”@f &é'_im ?a{)vthlé éiﬁ%ﬁé% fo?r | LHasLeEnt s) .

For i nstance, use ‘of ICc nitrat L&?lsh esuts In_iron
contam nation of the @WW@OV@}ESS’ SUpSLEaEe eé‘)’(‘&l Bfé#eén‘F‘i)FmW%t he

use of a ferric mtraagerséverrnds & oAduaiNe: @glmwofméaﬁstﬁa@aﬂdaépﬁﬁeﬁiea ties
up the iron which may,

ft withi.n t.he.polishin ad 0 subs rate,
thereby preventing t H8 figferanaPeing Y ﬁﬁ ‘?‘F% Rn%ﬁtqﬁeé‘ F‘L ? nd
practici ng5t he i nventd contactt pavsionf wihedeinhthe dohtacit [portion extends to the

conductive region and the interconnect trench portion overlies
the contact portion without extending to the conductive region,
and further comprising the steps of:

‘I ns.t‘"ead, the next interconnect netallization, e.g. a Ly
fills 15 both a via opening 266 and an i nterconnect lr{:‘@sﬂl&'ﬁa%eﬁiﬁ%‘%ﬁ 268

depositing the first conductive layer within the contact portion
20 and interconnect trench portion of the opening; and
depositing the second conductive layer over the first
conductive layer and within the contact portion and the
interconnect trench portion of the opening.

25 6. The process of claim 1, wherein the step of polishing the second
conductive layer comprises introducing the first polishing fluid
without introducing the second polishing fluid.

7. The process of claim 1, further comprising a step of placing the
30 substrate into a polisher, wherein the steps of polishing the second
conductive layer and polishing the first conductive layer are
performed in the polisher.

8. The process of claim 7, wherein the step of polishing the second
35 conductive layer and the step of polishing the first conductive
layer are performed on a same platen within the polisher.

9. The process of clailm 7, wherein the step of polishing the second
conductive layer is performed on a flrst platen within the polisher,

[0 ||||I L]



concentratlo within the ILD was less than 1E12 atoms/cnferr] within the

exposed ILD surface, as conpared to 1E14 atoms/cnjerr] if
us ﬁ;‘i‘rate slurry alone. 5 Thus it is apparent that there has
be n accordance with the invgntion, a process for polishing

di ssim|l ar conduct ive materi aI S in a sem conductor device substrate that

fully neets the nee
i nventi on has been %géﬁgl‘rﬂtle%g gaﬁﬁ\agtthw%h @ﬁ&l\'{étﬂ?i%?ereg Hﬁg speC| fic
enbodi ment's t her eof 2 §&cond pi é’teni withirn e pelishete i nvention be limted to

these illustrative enbodi ments. Those skilled in the art wll recognize
that nodificatiaons a[‘[g‘c;tvarlat%gas e nad vmthoklt departing fromthe
spirit of the i nt 4 ErPTOFRS @ G rf” ezein, REoViding ajsybatsateon

enconpass al | such \Campﬁs@lpi‘oaf&in substaite oviserein find éecbh&hhﬁtelnfal 1§ he
scope of the append

senm conduct or devi CSU'EC rI@%gheﬁﬁﬁgsﬁ%p”gfgeggm%C%%% COQ uctiv

senm conduct or nat er ilayer ta)mpnmsrmitbhmg thesecond egreduativerlayemnysingea
sem conduct or materi Al i ncl udes an
opening; a first cor‘agJ P%ﬁ?ayg&%gﬁgﬁgﬁgaifl rs%%ﬂét%grdlg%(q?yl ng over the

patterned insulating |ayer and within the opening; a second conductive

llayer ingjuding.q, sqwtﬁrd@é@éf ahnmawe&eﬁt &teeé tof{? tHd dexbngmt €ri al
overlying the first condugti aci.n str Antp ol i sher
bef ore pol i shing t h&OPAMEHVY "'5 %ﬁ' thé Second conductive Tayer

with the first polishing fluid, wherem the first polishing fluid
contains a heavy metal, and wherein after the step of polishing the
first conductive layer, the patterned insulating layer includes the

15 - heavy metal at a concentration of less than 1E12 atoms per cubic
centimeter within 200 angstroms of an exposed surface of the
patterned insulating layer.

12. The process of claim 11 wherein the step of polishing comprises
20 polishing the second conductive layer with the first polishing
fluid, wherein the heavy metal of the first polishing fluid is iron.

13. The process of claim 1, wherein the step of providing the substrate
comprises a step of providing the substrate, wherein the first
25 conductive layer has a thickness no greater 1000 angstroms and the
second conductive layer substantially fills opening.

14. A process of forming a semiconductor device comprising the steps
of:
30 providing a semiconductor substrate having a conductive
member; '
depositing an insulating layer over the semiconductor
substrate, including over the conductive member;
forming a via opening in the insulating layer which exposes
35 the conductive member; _
depositing a first conductive layer over the insulating layer,
including into the via opening;

* € L M S *




| ayers; Igsh'n Hpe second conductive layer with a first polishing fluid
. Ths Sheet Ha n Repfaced .~ ,. _. . .
I n oxi di zi ng conponent to expose a portion of the first
conj M wherein the second conductive layer is polished using a
fir

n the polisher; and polixhing the first conductive | ayer
with a second polishing fluid including a second oxidi zi ng conponent that

is different fromthe 3§fg‘fstitil\?ﬁiadgea’ﬁa r@ggggﬂ@gQ%%ﬁamﬁT th p_glrntdogmq}{ t he

patterned insulating | a , rejn t irst_c ctive layer rs polished
using a second platen wit HF9M; gb'ét ceRductive layeryen ﬁh%gé‘i‘s‘:%dtmﬁé[ﬁm 1,
wherein the second materi qh¥ér§ selected froma group consisting of '

al um num copper, and tun en, and the first terial is a refractory
net al - cont ai ni ng nat erP%ﬂv.qagl.g a P?ﬂ‘ghﬁgé‘&‘g %ngfléli“ﬁlﬂ‘?‘i'mherei n the first
material s titanium polishihgrthe setdrel senductivexiayer hsmgcwmgmpolis}iiﬁgoxal ic

acid. 4. The process of 17 erel ny theg.secon teri.al .1 ungst en
and the first mgt erial is @4@a{f§é?ﬁs\gphéﬁﬂ f}\;&@?ﬁﬁépﬁﬂ%&%&%ﬁ@g fgr ric
nitrate; and the second oxindt eomductiveplayenis éxposedi ared aci d. 5. The
process of claim1, wh | rﬂﬁgc | ' | i a
conductive region of tﬁéﬁ%&ﬁﬁé?ﬁg?@&%ﬁé | s#ﬁ%&%\g%gﬁo@%%“%g&g%ﬁ%em ng
havi ng an interconnect trdhed, pehareibhan exidizing campopent phihe sgeondl n t he

contact gprtion. extends tqdliihis® MREE S \RifeRHE tRa A6 6>B§iiiﬁ%%ﬁg5t 6}?&,[ ; it
g e

trench portion overlies the o@% t rtio t hout extendi
conductive region, and furqfﬁg‘ﬁr}i‘@?rﬁpﬁgli‘ﬁ‘&ﬁﬂﬁ)osi ting the first conductive
| ayer within the contact portion and interconnect trench portion of the
openi ng; and de | ted n Lyve . 1he first
conductive | aye@n%ﬁ&%sﬁsﬁgaggﬂﬁgcﬁmg%%ﬁ %lr‘?a%‘ﬁé O? sz)illsh{}g( &t?nﬁ'é%t trench
portion of the openicegductive layer comprises using the second polishing fluid

15 dispensed onto the polishing pad.

16. The process of claim 14, wherein the step of depositing a first
conductive layer comprises depositing a layer comprised of
titanium, and wherein the step of polishing the first conductive

20 layer comprises using a second polishing fluid wherein the
oxidizing component of the second polishing fluid is oxalic acid.

17. The process of claim 14, wherein the step of polishing the first
conductive layer comprises using a second polishing fluid wherein
25 the oxidizing component of the second polishing fluid is oxalic
acid, and wherein after polishing the first conductive layer, the
insulating layer has an iron concentration of less than 1E12 atoms
within 200 angstroms of an exposed surface of the insulating layer.

30 18. The process of claim 14, further comprising the step of forming an
interconnect trench in the insulating layer which overlies and is
connected to the via opening, and wherein the step of depositing
the first conductive layer comprises depositing the first conductive
layer into the interconnect trench and wherein the step of

35 depositing the second conductive layer comprises depositing the
second conductive layer into the interconnect trench.
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6:- "The process of claim1l, wherein polishing the second conductive |ayer
conprises introducing the first polishing fluid wthout introducing the
second polishing fluid. 7. The process of claim1l, wherein the first and
second platen are a sanme platen. 8. The,process of claiml, wherein the
first and second platen are different prﬁgéns. 9. The process of claima1l,
wherein the second material is tungsten and wherein poljshing the second
conduct i ve | ayel9usthe progess ohickdmplt wihereiy the siepref polishing dbe seqondess
than 45. 10. The prasahisctive 1%& Gorhprisbe Sing fHeefifst r;ﬁilisﬁﬁi% i ikt
contains a heavy netal, an ereinatter polishing'the fiTst conductive
layer, the patternetl® ¥fSONGR 5$P§9g%1'ncludes the heavy netal at a
concentration of |less than 1E12 atonms per cubic centinmeter within 20 nm of
an exposgd surface of the patterned insulating |ayer. 11. The process of
claiml,“wherein both of the first and second polishing fluids have a pH

| ess than two. 12. The process of claim1l, wherein a pH of the first
polishing fluid is |less than two.
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