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I nvent.ion 5 This invention relates generally to integrated circuits, and
.nmore specifically to a polishing process for the formation of sem conductor
integrated circuits. 1 0 Background of the Invention Polishing processes,

and nore specifically chem cal - nechanical _polishing prg&es s,, have been
igE2A:

used in the 1'5 sem conductor industry to prepare both rystal

substrates and silicon on_j t ubstrates. In addition. chem cal-
mechani cal polishing pr oc_@g@zbﬁa?@élg LISEHING: &y @BﬁTM‘FEze vari ous
conductive and insulating |ayers subsequently deposited on these
substrates, during the integrated circuit fabrication 20 process. For

exanpl e, chemn cal - mechani cal poli sﬂeg&_#amé)aﬁgﬁ}{ﬁed to planarize
i

interl evel goel ectric layers that QW different levels of
metal interconnect. Planarizing the interlevel dielectric layer, prior to
the formation of theThisxinventin aklatesegeaenalii .toi intbgedted ¢hsultepland

because it all OWfprbNgpecifically to a polishing process for the formation of
semiconductor integrated circuits.

10
Background of the Invention

Polishing processes, and more specifically chemical-
mechanical polishing processes, have been used in the

15 semiconductor industry to prepare both single crystal substrates
and silicon on insulator substrates. In addition, chemical-
mechanical polishing processes have also been used to planarize
various conductive and insulating layers subsequently deposited
on: these substrates, during the integrated circuit fabrication

- 20 process. For example, chemical-mechanical polishing has been
used to planarize interlevel dielectric layers that lie in between
two different levels of metal interconnect. Planarizing the
interlevel dielectric layer, prior to the formation of the next
level of interconnect, is highly desirable because it allows the

25 next level of interconnect to be subsequently patterned and
etched without the formation of conductive metal stringers,
which can electrically short adjacent metal lines, and without
the formation of thinned or notched metal lines, which can
adversely effect device reliability. In addition, chemical-

30 mechanical polishing has also been used to form trench isolation.
In this process, trenches are formed and then subsequently filled
with a deposited dielectric layer, such as silicon dioxide. The
dielectric layer is then polished back to form dielectric filled
isolation trenches, which are nearly planar with the adjacent

35 active regions. In addition to being planar, the resuiting trench
isolation is also desirable because it allows the space separating
adjacent active regions to be minimized, and thus allows
integrated circuits with high device packing densities to be
fabricated. ¥

40 Unfortunately, it is diﬁi‘cu_l_t to accurately and reproducibly
polish semiconductor substrates, and the materials subsequently
deposited on them. One of the main reasons for this difficulty is



25 next level of interconnect to be subsequently patterned and etched

wi thout the formation of conductive netal stringers, which can electrically
short adjacent netal |ines, and without the formation of thinned or notched
metal |ines, which can adversely effect device reliability. In addition,
chem cal - 30 nechanical polishing has alsg been used to formtrench

I solation. In this process, trenches are Tgfned and t hen subsequently
filled with a deg05|ted dielectric such as sili.con dioxide, The

| a
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addition to bl 3AB" makdFaleeBUld MhichBACnd Her oiBy | indbiehofigd 2b! ©

because it all 8 ce se acen ctivere
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difficulty is interconnect ls over-polished, then its thickness may be
insufficient to prevent the two levels of interconnect from being
electrically shorted to one another. On the other hand, if the
10 interlayer dielectric layer is under-polished, then its increased
thickness may result in the formation of electrically open vias. -
Similarly, inaccurate endpoint detection may also adversely
effect the trench isolation process, as well as other processes
where a selected thickness of material is to be reproducibly
15 removed by a polishing process. Moreover, operating conditions
that effect the polishing rate, such as the roughness of the
polishing surface, may also change during the polishing process.
Therefore, the inability to accurately endpoint a given polishing
process may be further compounded by polishing rates that vary
20 with time. Accordingly, a need exists for a polishing process that
can accurately and reproducibly remove a selected thickness of
material.

25 Summary of the Invention

The previously mentioned problems with existing polishing
processes are overcome by the present invention. In one
embodiment of the invention, a substrate, a means for polishing,

30 and a disposable polishing material, which is physically separated
from the substrate, are provided. The means for polishing has a
polishing surface and the substrate and the disposable polishing
material are placed in contact with this surface. The substrate
and the disposable polishing material are then polished and the

35 thickness of the disposable polishing material is monitored.

After a selected thickness of the disposable polishing material
has been removed the polishing step is terminated.



-2 - that raccurate endpoint determ nation, or detecting when a given

poli shing process shoul d be stopped, is difficult to achieve. As a result,
the materials being polished may be either under-polished or over-polished.
Both of these results nay adversely effect the 5 functionality of an
integrated circuit. For exanple, if the ig%quevel dielectric layer lying
between the two | evels of netal interconnect is over-polished, then its

t hi ckness may be insufficient t revent .the two .l evel s of interconnect
from bei ng el ectri caﬁ"l FNOHYUt" EH‘%Pp"Uﬁ@Péﬁo{fWemveﬁﬁ'oPheao? rat%%'na,. if the 1
0 interlayer di®eleasts ffar Ipajishings andiexr -dispaosshie, polfshing t materiale awltich is
thi ckness may rgRysik Iy SetaraRidHon?thef s@bﬁ?éllb',% 'iérdiﬁ&ﬂd.v' Fhe ﬁae@nbar' Y,
i naccur at e endpgi nt Ee}\}@cthon rrap)é.akso adverse%%%et fect the treac
i solation pr oceg%', polishipg hag &, Aolshing, sudace Be SubstrRte.and ek ness of
material is§o disposablel polishing Smaterialvatk [plaeegoin contactp withe dkis
Mor eover, - oper akiigosOnditld 30bstBl RSk e dWshiy Rarfatbewithuch as the
roughness of the @o |<i3| nqq%sui_ ace, nay a &? ﬁ aa%e uH{en ijhe, pol'i shi ng
process. Ther ef SPECIedOrGRpi The substrgie and dhe disggsa ofjshiag pol i shing
process may be Mmatehial arenthenngelisiad rarid the noplishins rateitofviiley 20 with
time. Accordi nglen3ab% hlithils hlerfalPR nmidhiffted! ARP Ihk Bblishing rate
10 of the substrate is adjusted.
These and other features, and advantages, will be more
clearly understood from the following detailed description taken
in conjunction with the accompanying drawings. It is important
to point out that the illustrations may not necessarily be drawn
15 to scale, and that there may be other embodiments of the present

invention which are not specifically illustrated.

Brief Description of the Drawings
20

FIG. 1 illustrates , in plan view , a polishing system in
accordance with one embodiment of the invention.
FIG. 2 illustrates, in cross-section, process steps in
accordance with one embodiment of the invention.
25 FIG. 3 illustrates, in cross-section, an interferometric
carrier in accordance with one embodiment of the invention.

Detailed Description of a Preferred Embodiment
30
FIG. 1 illustrates in plan view a polishing system 10 in
accordance with one embodiment of the invention. Polishing
system 10 comprises a polishing apparatus 12, a controller 14 for
polishing apparatus 12, and a data processing system 16. In one
35 embodiment, as shown in FIG. 1, polishing apparatus 12 comprises
a rotatable polishing surface 18, a rotatable substrate carrier 20,
a polishing interferometer 22, a slurry dispensing means 24, and
a conditioning means 26 for rotatable polishing surface 18.



can accurately and reproducibly renove a selected thickness of material. 25
Summary of the Invention The previously nentioned problens wth existing
pol i shing processes are overcome by the present invenLLonn,Jn one....

enbodi ment of the | a substrate, a neans fGINPHPPE] T80 and a
di sposabl e pollshJi%:f:i:figzis g i s physically - he
substrate, are prqvi dedRggft E or porﬂghlng has a pollshlng surface
and the substrate an bl olishing material are placed in
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bidirectionally coupled to polishing apparatus 12 by information
bus 36. Data processing system 16 may be a single chip
microcontroller, or a board level microcontroller, or a computer.
10 In this embodiment of the invention interferometer light source
26 is preferably a laser and light pipe 28 is preferably a fiber
optic cable.
Shown in FIG. 2, are process steps in accordance with one
embodiment of the invention wherein a substrate is polished. FIG.
15 2 is a side view of a portion 40 of polishing apparatus 12 showing
a rotatable platen 42, rotatable polishing surface 18, rotatable
substrate carrier 20, interferometric carrier 30, light pipe 28,
polishing arm 44, and holding arm 46. As shown in Fig. 2, a
substrate 48 is provided and mounted onto rotatable substrate
20 carrier 20, such that the surface which is going to be polished
faces out from rotatable substrate carrier 20. Similarly, a
disposable polishing material 50 is provided and mounted onto the
bottom of interferometric carrier 34. Subsirate 48 and
disposable polishing material 50 are then placed in contact with
25 rotatable polishing surface 18, as shown in FIG. 2. Holding arm 46
is used to position the interferometric carrier over rotatable
polishing surface 18, and to exert a downward force such that
disposable polishing material 50 contacts rotatable polishing
surface 18 with a selected contact force. Similarly, polishing
30 arm 44 is used to position rotatable wafer carrier 20 over
rotatable polishing surface 18, and to exert a downward force
such that substrate 48 contacts rotatable polishing surface 18
with a selected contact force. Rotatable polishing surface 18 and
substrate 48 are then rotated such that substrate 48 and
35 disposable polishing material 50 are polished. In addition, for
chemical-mechanical polishing applications a slurry is dispensed
onto rotatable polishing surface 18 using slurry dispensing means
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for polishing has a polishing surface and the substrate and the 5

di sposabl e polishing material are placed in contact wwth this surface. The
substrate contacts the polishing surface with a selected force. The
substrate and the di sposable polishing material are then polished and the
polishing rate of the disposable polishing paterial is nonitored, and the
polishing rate 10 of the substrate is de u teg.fThesehand ﬁt her fegttjrgls,d
and advantages, x| L. be.more clearly understo fromthe faollow ng detaile
descri pti ongt aken™ i h-h@oﬁj"ﬁkﬁﬁ%r?%mﬁjéﬁoﬁﬁg{eaee shingy Mmajeda wbhés theng s

i nportant to poimonitored hduringethed Ipadishatg mtepnby polishing eirtarfetomeeerdr awn
15 to scale, angothat there may IbF ot IhFr enbodijmegts ?f Dtehe pr;a;ent .
i nvention which are t specifica il lustrated., Brie scription o e
Dravi ngs 20 FI G 1 i 170k @ngpaint, applications;i e fhiskpess <o Aisngeabien i n
accordance wi h polishingodiaterial &0 tisemonitordd Q{}Bindjl ﬁiter?te:jdmwérr QfQGt%nd_l n
Ccross-section, : ﬁ-@éﬁ :ac ;

i nvention. 25 pét%?@éépg 3 |(H]u|§t fr;ﬁugg]m‘?nd%tr%ogggg%c |§né%§§h]0‘6 R?ter
interferometric @&t PEPCESSIAG cevsiant d Buicalcubalesethaidanselectad tthickinessnef on.

disposable polishing material 50 has been removed, an
informational input is sent to controller 14. Based on this input,
10 controller 14 sends a command to polishing apparatus 12 causing
~ the polishing step to be automatically terminated. For example, a
chemical-mechanical polishing process, used to planarize a
silicon dioxide interlevel dielectric layer deposited on a
semiconductor substrate, may be endpointed using the following
15 technique. The semiconductor substrate is mounted onto
rotatable substrate carrier 20, as discussed above. Similarly,
disposable polishing material 50 is mounted to interferometric
carrier 30. The semiconductor substrate and disposable
polishing material 50 are then placed in contact with rotatable
20 polishing surface 18. The semiconductor substrate and rotatable
polishing surface 18 are rotated, and a slurry comprising
colloidal silica and a potassium hydroxide solution, with a pH of
approximately 10, is dispensed onto rotatable polishing surface
18. The thickness of disposable polishing material 50 is then
25 monitored using interferometer 22. If the silicon dioxide
interlevel dielectric layer and disposable polishing material 50
have approximately the same polishing rate, then the polishing
process is automatically terminated when data processing system
16 determines that the predetermined thickness of silicon dioxide
30 required to be removed from the semiconductor substrate has
been removed from disposable polishing material 50. For
example, if 7000 angstroms of silicon dioxide needs to be
removed from the semiconductor substrate, then the polishing
cycle is terminated after the thickness of disposable polishing
35 material 50 has been reduced by 7000 angstroms. The substrate
and the disposable polishing material, however, need not have the
same polishing rate, and thus equivalent amounts of material need



Detail ed Description of a Preferred Enbodinent 30 FIG 1 illustrates in
plan view a polishing system 10 in accordance with one enbodi nent of the

i nvention. Polishing system 10 conprises a polishing apparatus 12, a
controller 14 for polishing apparatus 12, and a data processing system 16.
In one 35 enbodinent, as shown in FIG 1, _polishing apparatus 12 conprises
a rotatable polishing surface 18, a rotat afle substrate carrier 20, a

polishing interferometer 22, a slurry dispensi ng g&i\ns 24,
r

) and a, .
condi ti oni ng ne3@ls besrempved: fxemppetthdhe ssibsjral gligposable gpolishing

Addi tional Iy, imatdvial S0bidiorget fof endpointytntbeodepsrimined] g will esd er onet er

22 conprises angi r er light source, a light pipe 28, an
interferonetricd@gpgéég gggkand a signal bus 32. As shown in Fig. 1, signa

bus 32 is coupl ed toAdditionailycdBei pelishingrateef sgbstipte 148 ay, algenbe
bi di recti ond | yagrmatcaly adjosted oy mMdniboringfthempolishingusafih.ofl n
A LT on, cont ! BlpBkabfe 'Foilihihg SRBRGRA 5. G exnéleP UrhflY HkIRRRIGH U°
from interferometer 22 is input into data processing system 16.
Data processing system 16 calculates a polishing rate for
disposable polishing material 50 and inputs information into
10 controller 14. Based on this input, controller 14 sends a command
to polishing apparatus 12 to make an operational change that will
effect the bolishing rate of substrate 48. For example, controller
14 may instruct polishing apparatus 12 to adjust a rotational
speed, such as the rotational speed of substrate 48 or the
15 rotational speed of polishing surface 18. Similarly, controller 14
may instruct polishing apparatus 12 to adjust the contact force
between substrate 48 and rotatable polishing surface 18. In
addition, for chemical-mechanical polishing applications this
feed back loop may also be used to control the frequency at which
20 slurry is dispensed onto rotatable polishing surface 18 or the
quantity of slurry that is dispensed. Additionally, this feed back
loop may also be used to determine when rotatable polishing
surface 18 should be replaced or when rotatable polishing surface
18 should be conditioned by conditioning means 26. Once again,
25 substrate 48 and disposable polishing material 50 are not
required to have the same polishing rate. A correlation between
the polishing rate of disposable polishing material 50 and the
polishing rate of substrate 48 may be used to make adjustments
to the polishing rate of substrate 48, as will be discussed later.
30 Shown in FIG. 3, is an enlarged cross-section of an
interferometric carrier 30 in accordance with one embodiment of
the invention, wherein disposable polishing material 50 has been
mounted to interferometric carrier 30. Light pipe 28 extends
through the sidewall of interferometric carrier 30 at an oblique
35 angle with respect to mounted disposable polishing material 50.
An optical detector 52 is attached to the sidewall opposite light
pipe 24, and is also positioned at an oblique angle with respect to



bus 36. Data processing system 16 may be a single chip mcrocontroller, or
a.board |l evel mcrocontroller, or a conputer. 1 0 In this enbodi nent of
the invention interferonmeter |light source is preferably a |l aser and |ight
pipe 28 is preferably a fiber optic cable. Shown in FIG 2, are process
steps in accordance with one enbodi nent of Jhe invention wherein a
substrate is polished. FIG 1 5 2 is a side view of a portion 40 of

pol i shi ng appar at us 12 show ng rot atabl e pl aten 42 rot at abl e polishing
surface 18, rot Metedsdisposable nalishing zoaterial 96 e ThieeOpticat geateeior 3is,

light pipe 28, pdd Toupled o) die @it dTosighaD basnBas. IMerfehometiic darder 2, a
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rot at abl e subst mechanismi 84. 2Misgpsabler polishingi mpteriall 80 ps| meninded rtat er i al
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Hol di ng arm 46 MOMEdntecuquomatrmntadlmqunsarfbr a@mgrefarredirembodiment
(rjot at abLF pol : Sli‘llé'rﬂoéé:ﬁléa Shéﬁngaﬂi’atbﬁaﬁxﬁttsapf’%%ﬁ do ﬂéﬁle qudety. t hat
' sposable pol I Sl N He. ' disposabiy polishing Ratenal 50" may BE another
10 transmissive material, such as silicon nitride. Additionally, it is
important to note that the material or materials being polished in
rotatable substrate carrier 20 need not be identical to disposable
polishing material 50. More specifically, the material or
materials being polished in rotatable substrate carrier 20 need
15 not have the same polishing rate as disposable polishing material
50. The polishing rate of disposable polishing material 50 need
only be correlated with the material being polished in rotatable
substrate carrier 20, in order for the polishing cycle to be
endpointed, or for the material's polishing rate to be monitored
20 and adjusted. For example, tungsten deposited on a semiconductor
substrate may be polished back to form planar tungsten filled
contact or via plugs using quartz as a disposable polishing
material. In this particular application, endpoint detection and
adjustments to the tungsten polishing rate would be made using a
25 correlation between the tungsten polishing rate and the quartz
polishing rate.

The foregoing description and illustrations contained herein
demonstrate many of the advantages associated with the present
invention. In particular, interferometrically monitoring the

30 thickness of a material, which is polished simultaneously with a
substrate, but which is physical separated from the substrate,
allows a given polishing process to be accurately and reproducibly
endpointed. Moreover, the interferometric monitoring process
may also be used to monitor and adjust the polishing rate of the

35 substrate during the polishing cycle. Therefore, variations in a
substrate's polishing rate that can adversely effect the accuracy
and reproducibility of the polishing cycle's endpoint can be



surface 18 with a selected contact force. Simlarly, polishing 30 arm 44
Is used to position rotatable carrier 20 over rotatable polishing surface
18, and to exert a downward force such that substrate 48 contacts rotatable
polishing surface 18 with a selected contact force. Rotatable polishing
surface 18 and substrate 48 are then rotated such that substrate 48 and 35
di sposabl e polishing material 50 are polisiked. In addition, for

chem cal - mechani cal polishing applications a slurry is dispensed onto

rot at abl e pol i smimignizeds adderefarei thesprasentdinypstionngliowans seleced 24.
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appl | cations, P8 & HUSNRS RiSCess, Ansh ts aligwW isemcqituctos Inporated
moni t or ed usi ngcirewits f tr deetreliably Habricatedis i nformation is input into data
processi ng gystem 16Thdé tieks rERPCASRStHFe SHRd YBekO pFligedaies that a
selected thickngs s ance> R the iRention, S Mathot for>polishing & susetrate?” 2"
that fully meets the need and advantages set forth previously.
Although the invention has been described and illustrated with
reference to specific embodiments thereof, it is not intended that
10 the invention be limited to these illustrative embodiments. Those
skilled in the art will recognize that modifications and variations
can be made without departing from the spirit of the invention.
For example, although a laser interferometer was specifically
mentioned, it is envisioned that other interferometers or
15 measuring devices may be used to monitor disposable polishing
material 50. In addition, although polish planarization processes
for interlevel dielectric layers and tungsten plugs were
specifically described, it is not intended that the invention be
limited to these specific applications. For example, the invention
20 may also be used to form silicon on insulator (SOl) substrates,
single crystal substrates, trench isolation, and other planarized
electrical interconnects, et cetera. It is also important to note
that the present invention is not limited in any way to a specific
polishing means. Other polishing means having a configuration
25 that is different from that of polishing apparatus 12 may also be
used. For example, it is envisioned that a polishing apparatus
having a non-rotatable polishing surface could also be used.
Furthermore, the term disposable does not imply that disposable
polishing material 50 must be replaced each time a substrate is
30 polished. The same piece of disposable polishing material may in
fact be used to polish several substrates. Moreover, in some
applications it is envisioned that endpoint and polishing rate
adjustments may also be made manually based on the information
provided by data processing system 16. Additionally, it is also
35 envisioned that more than one interferometric monitoring sytem
could be used to monitor and control the polishing uniformity
across the polishing surface. Therefore, it is intended that this



informational input is sent to controller 14. Based on this input, 10
controller 14 sends a command to polishing apparatus 12 causing the
polishing step to be automatically term nated. For exanple, a

chem cal - mechani cal polishing process, used to planarize a silicon dioxide
interlevel dielectric |ayer deposited on a gem conductor substrate, nay be
endpoi nted using the following 15 technique. The sem conductor substrate
is mounted onto.r |l e substrate, carrier .2 as_di,scussed .above.
Simlarly, di spdg_i%ﬁ?‘i TIETRESHetlb SUgh ¥3riRNORS, AR MOSTHGAtIRNS: AS ial | ¢
carrier 30. The wighincthedscope afutha rappenaed dlaimssabl e pol i shing materi al
50 are then placed in contact wwth rotatable 20 polishing surface 18. The
sem conductor substrate and rotatable polishing surface 18 are rotated, and
a slurry conprising colloidal silica and a potassi um hydroxi de sol ution,
with a pH of approximtely 10, is dispensed onto rotatabl e polishing
surface 18. The thickness of disposable polishing miterial 50 is then 25
nonitored using interferometer 22. |If the silicon dioxide interlevel
dielectric |layer and di sposable polishing material 50 have approxi mately
the same polishing rate, then the polishing process is automatically

term nat ed when data processing system 16 determ nes that the predeterm ned
t hi ckness of silicon dioxide



30 required to be renoved fromthe sem conductor substrate has been

removed from di sposabl e polishing material 50. For T ol

angstrons of silicon dioxide needs to be renoved frmﬁeﬁggrﬂﬁ\@oﬁgﬁ\h or

substrate, then the polishing cycle is termnated diter BRBAURDckness of

di spos mat eri al 50 has been reduced by 7000 angstrons.

The su;ﬂmuﬂmumﬂ,mﬂ#ﬂn sposabl e polishing!®aterial, however, . need not have
he same peélishimg srae, and thus equi val ent amount s gFIVeu kgl ireeth

- not be renmoved from both the substrat eChaidhsli sposabl '
50 in order for endpoint to be determ ned, as wll be di scu§§ed- +e

Addi tional ly, the poli hﬁ‘&hbﬂt £or© ﬁoﬁ}fm Ab" at guﬁgl,g@yc st?@q%he siens

automati cal |y adj ust ed nonitori pol Tshing ra sposa
pol i shing material 50. Of or exanpl e, status information from i nterferoneter
22 is input gnto data prqg@wjmg e tibstfate D4 8); pr ocessi ng system 16

cal cul ates a pol i shing rqe ffhy % $RGZAL! B R IR 1BT LA R | ot
polishing having a polishing surface (18);
providing a disposable polishing material (50) wherein
the substrate (48) is physically separated from
10 the disposable polishing material (50);
placing the substrate (48) and the disposable polishing
material (50) in contact with the polishing
surface (18);
polishing the substrate (48) and the disposable
15 polishing material (50);
monitoring the thickness of the disposable polishing
material (50); and
terminating the polishing step after a selected
thickness of the disposable polishing material
20 (50) has been removed.

2. The method of claim 1, wherein the step of monitoring
the thickness of the disposable material (50) comprises:

monitoring the thickness of the disposable polishing

25 material (50) using a laser interferometer (22).
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10 controtler 14. Based on this input, controller 14 sends a command to
polishing apparatus 12 to make an hange that will effect the
poli-shi-ng-rate-of substrate 48. Foy THiSaSiiEs, HADBEER!|l er 14 may instruct

ol {shin parat us 12 to adjust atdepnadepspeed,| such as the rotational
<l -

mm 8 or the 15 r oG HpAR;
ﬁ' 14 may instruct poli-dhing appargtu :

cont act forcd bétvvéen substrate 48 and rotatabl e polishi
addition, for chem cal - mechani cal poI | Shl ng applications this feed back

| oop may al so be usgd tA ARAGQ! fol hso e?g‘z%@ttra‘ﬁ@' @bﬁ}é{yﬂ?wﬁ
e

di spensed onto rotatabl e i Shl n 0 an
that is di spensed. Addl?l‘g Fﬁ's l?eeéﬁ E’kCPHW' HPS%e@é 0Eed to

det erm ne when rot at abl e movm!inmgheusnbstraﬂfs (@8yul d be repl aced or when

tat abl e poki shing surfa d i ' means
rzg Once agalsn ) subst a‘t)\t;iIé h%cé}e&posagk)géggﬁ &@h}% P?H#n@di are
not required to have t he sanep‘b'dﬁh'ﬁgl bavipg: 8. palighing eswifaee (B&)Ween t he
pol i shing rate of disposalprevidiig smldlgpmtﬂel pb||§|ﬁ]ngndqétbgapq150§hwﬁgré,gt e

ate of
ng:'ltJlr)Z: ;az; 4gsn\?\ﬁyl Febgsgfjsguggg@% at ers@gn s pth?ls %ﬁxmﬁgbﬁ%f% %rgm IS an
enl arged cross-section of an the disposable polishing material (50), the
10 disposable polishing material (50) having a
' polishing rate;
placing the substrate (48) and the disposable polishing
material (50) in contact with the polishing
surface (18), the substrate (48) contacting the
15 polishing surface (18) with a selected force;
polishing said substrate (48) and the disposable
polishing material (50);
monitoring the polishing rate of the disposable
polishing material (50); and
20 adjusting the polishing rate of the substrate (48).

4. The method of claim 3, wherein the step of monitoring
the thickness of the disposable polishing material (50)
comprises:
25 monitoring the polishing rate of the disposable
polishing material (50) using a laser
interferometer (22).

5. The method of claim 3, wherein the step of adjusting the
30 polishing rate of the substrate (48) comprises:
adjusting the polishing rate of the substrate (48) by a
means selected from the group consisting of:
conditioning the polishing surface (18),
dispensing a slurry on the polishing surface (18),
35 adjusting a rotational speed, and adjusting the
selected force.
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Interferonetric carrier.30 in accordance with one enbodi nent of the

i nvention, wherein di sposable q:-j-amgl*@m nmseng 50 has been nounted to
h é Xt

BT AR il L

! . : : EING AR REE P ERount ed
di spos pol msheng* materi al 50. An optlczé) detectolf 52 ¢§Ag‘%§§5h d/to the
sidewal | opposite light pipe 24, and is allsd" posi ti oned—at—an~ebligue angl e
with respect to -7 - nounted di sposabl e polishing material 50. The

optical detector i$-al Ibecogined afccClaim trr 8f whejal thesstep. of providing

I _ntﬂirrerorret r ihc parriSLela %Psdo%abliﬁf[ﬁﬂis:h!id%_rmdtﬁrﬁl (@)P@ggimq;gy;m :16dutsi ng a
gi nbal i ng nechani sm 54. 0 i shin | i S nmounte o
the bottom surface of i nt%?pgﬁﬁaesr ?%néﬂ'??glﬁn%jg{eg@h that its thickness,
and its polishing rate can be nonitored using well- known interferonetric

techni ques. g n a prefemhednfithedi dreslaifti §PWFRIER B istép "&F BRAVAAIng! ad0 IS
preferably optical quartz. Alternat |@¥el.¥r di spasabl e polishing material 50
may be anot her 10 t r aNAASLUSG G I NBISTY - QBRM3ESsi1icon nitride.

Additionally, it is providing optical quartz.

8. The method of claim 1 or 3, wherein the step of polishing
10 the substrate (48) comprises:
polishing a semiconductor substrate to form a
planarized interlevel dielectric layer.

9. The method of claim 1 or 3, wherein the step of polishing
15 the substrate (48) comprises:
polishing a semiconductor substrate to form trench
isolation.

10. The method of claim 1 or 3, wherein the step of polishing
20 the substrate (48) comprises:
polishing a semiconductor substrate to form a
planarized electrical interconnect.
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inportant'to note that the material or materials being polished in

rotat &bl e substrate carrier 20 need not be identical to disposable
polishing material 50. More specifically, the material or materials being
polished in rotatable substrate carrier 20 need 15 not have the sane
polishing rate as di sposabl e polishing mitegLal 50. The polishing rate of
di sposabl e polishing material 50 need only be correlated with the materi al
bei ng polished in rotatable substrate carrier 20, in order for the

polishing cycle to be endgint f teriahs ishing rate to
be nonitored 20 and adju e Sgoﬂaa%égﬁllﬂﬁg‘z\ Lﬁbﬁga—%@ﬁéd on a

sem conduct or substrate may be polished back to form planar tungsten filled
contact or via plugs using quartz as a disposable polishing material. In
this particd@l ar application, endimstractdefethtd ddisaloguaej ust mrents to the
tungsten polishing rate would be made using a 25 correlation between the

tungsten poli shing r ahes aRfkaaf AHALLBRAl N AN RCOIERC of i) "9
description and illustrations contail Hed Her I I denonstrate mar?y of the
advant ages asso@uattad(8Q): are hesiprudiaagousiy dolisbad. | Apdptarignometer (22),

interferometricil lopnforittiopr with Bheafd probessingssystent (18}, eatedlthemhigad i s

pol i shed B! t BNSRERNYr the oGty kkCtnd Bontfin rhte RV He priegPar at o
quartz block. This allows the endpoint of the polishing process to
be automatically and reproducibly detected, and it also allows the
polishing rate of the semiconductor substrate (48) to be
automatically adjusted during the polishing process.

(FIGs. 1 and 2 accompany this abstract)



all ows a given polishing process to be accurately and reproducibly _
endpoi nted. Moreover, the interferonetric nonitoring process nay al so be
used to nonitor and adjust the polishing rate of the 35 substrate during

t-he polishing cycle. Therefore, variations in a%ﬁy@g&Eft 4 shing rate
t hat can adversely effect the accuracy and reprodu 'gﬁ ’E§§B EN he pol i shi ng
cycl e's endpoi nt can be -8 - mnimzed. Th Upreseht invention
allows a selected thickness of materialgpo be accurately and" roducibly
renoved by a polishing process, and thus all ows senhgqndmff“”“

circuits to be reliably fabricated. 5 Thus {t at there

has been provided, in accordance with the invention, pol i shi ng
a substrate that fully neets the need and advantages set forth previously.

Al though the invention has been described and illustrated with reference to
speci fic enbodi nents the not i ntended e invention be
limted to these |IIustrati¥§ egﬁ I ments. Those skiIIedﬁgP the art wll
recogni ze that nDdificationEEan riations gg ~
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can be made wi thout departing fromthe spirit of the invention. For
exanpl e, although a laser interferoneter was specifically nentioned, it is
envi sioned that other interferoneters or 15 neasuring devices may be used
to nonitor disposable polishing material 50. In addition, although polish
pl anari zation processes for interlevel dielectric |ayers and tungsten plugs
were specifically described, it is not intended that the invention be
limted to these specific applications. For exanple, the invention 20 may
al so be used to formsilicon on insulator22S0O) substrates, single crystal
substrates, trench isolation, and other planarized electrical
i nterconnects, 40- era. It is also inportant to note that the present
invention is not limted in any way to a specific polishing neans. O her
pol i shing means having a configuration 25 that is different fromthat of
polishing a d. For exanple, it is envisioned that
a pol i shing/apparat us q%%ing a non-rotjat abl e polishing surface could al so
be used. FUrthernore, t t erm di sposapl e does not inply that disposable

S

polishing materta each time a substrateis 30
pol i shed. The sane piece of dis bl e polishing materi al nﬁy i g6 act be)
used to polish several substrat @ \JWreover, in sone app Eﬁﬁtlons rtrs
envi si oned that endpoint and po 2 ng rate ——-C§28
—_—
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18 | 50
Y - Y7777 777
//7j////////J//{//]/f]//////////////////////[7
L____; 48 42

FI1G.2

30 "\\
46\

28

32 52

)i

50—

F1G.3



' Wosize 4 Thos

adj ustrents may al so be nade nanual |y based on the mf%@w&mggﬁg?by
AR AN - §

il
data processing system 16. Additionally, it is also 35 ,_i_, ned i
more than one interferonetric nonitoring sytemcould He fused to nonitdr jand
control the polishing uniformty across the polishing [syrfage.:Thaefore,
It is intended that this - 9 - invention enconpass jal{l such vari atioTs

and nodifications as fall wthin the scopé" of the appgnded crarrs:
Claim 5 1. A nmethod for poli shi&% a substrate (48)_conprising the st
of : providi ng Additiansdly; aﬂbt{\)MBB)emb marsof dhe inMentpna FolSRNGuRfACET

providing a nemigribfsmeeer 22 RonMpdrddes St AntBrdsYometer llight source 26, a
polishing havi ﬁﬁ’hf31 pﬁ)&lz 'fé‘,' an in érffgfoemétlr@ ’ca?lriefrI EBBE and a signal bus 32.
' As shown in Fig. 1, signal bus 32 is coupled to data processing
5 system 16, which is in turn bidirectionally coupled to controller
14 by information bus 34. In addition, controller 14 is
bidirectionally coupled to polishing apparatus 12 by information
bus 36. Data processing system 16 may be a single chip
microcontroller, or a board level microcontroller, or a computer.
10 In this embodiment of the invention interferometer light source
9,"} 26 is preferably a laser and light pipe 28 is preferably a fiber
optic cable.
Shown in FIG. 2, are process steps in accordance with one
embodiment of the invention wherein a substrate is polished. FIG.
15 2 is a side view of a portion 40 of polishing apparatus 12 showing
a rotatable platen 42, rotatable polishing surface 18, rotatable
substrate carrier 20, interferometric carrier 30, light pipe 28,
polishing arm 44, and holding arm 46. As shown in Fig. 2, a
substrate 48 is provided and mounted onto rotatable substrate
20 carrier 20, such that the surface which is going to be polished
faces out from rotatable substrate carrier 20. Similarly, a
disposable polishing material 50 is provided and mounted onto the
bottom of interferometric carrier ,34’.3OSubstrate 48 and
disposable polishing material 50 are then placed in contact with
25 rofatable polishing surface 18, as shown in FIG. 2. Holding arm 46
is used to position the interferometric carrier over rotatable
polishing surface 18, and to exert a downward force such that
disposable polishing material 50 contacts rotatable polishing
surface 18 with a selected contact force. Similarly, polishing
30 arm 44 is used to position rotatable_—v';gg:%g?rfer 20 over
rotatable polishing surface 18, and to exert a downward force
such that substrate 48 contacts rotatable polishing surface 18
with a selected contact force. Rotatable polishing surface 18 and
substrate 48 are then rotated such that substrate 48 and
35 disposable polishing material 50 are polished. In addition, for
chemical-mechanica!l polishing applications a slurry is dispensed
onto rotatable polishing surface 18 using slurry dispensing means

eps




. ~f{  2fe)
4ot atabl e carrier (20), and a second nonrotatable carrier (30) thg@second
nonrot at abl e carrier (30) having a di sposabl e pol i shi H&A‘; BT 5
nmount ed thereon, the disposable polishing materi al 048,
front surface; nointing the substrate (48) to the fi r?sﬁ rot at ab ier

(20); pl aC| (48) rmunt ed to the fi rst’ r;otgtgeybete,fwrner
(20) over. Eﬂm m,mﬁ ﬂi g ace (18)-1020 usi nq' the fi'rst’ rotxatvabl e
carrier (20y to exer ward force on the substrate-t48)-such-that it he
front surface of the substrate (48) ggpi@cts the pol i{shi ng surface (18)
with a selected substrate contact force 25 pl acl ig THe di-sposabl e
polishing material (50) nmounted to the second nonrotatable carrier (30)
over t hebpolli. shi Agmethddatar palhingisi agbstrade s@8p redmwising dhedtepsarri er (30)
to exert a downwgg-d force on the disposable polishing material 30

(50) such that  the f4filhg ' 8ifutte (48), P GaklRe MR ot o7 2! (50)

contacts the polis
surface

providing a means for polishing (12), said means for

10 polishing having a polishing surface (18), a first
rotatable carrier (20), and a second nonrotatable
carrier (30), the second nonrotatable carrier (30)
having a disposable polishing material (50) mounted
thereon, the disposable polishing material having a

15 front surface;

mounting the substrate (48) to the first rotatable carrier
(20);

placing the substrate (48) mounted to the first rotatable
carrier (20) over the polishing surface (18);

20 using the first rotatable carrier (20) to exert a
downward force on the substrate (48) such that the
front surface of the substrate (48) contacts the
polishing surface (18) with a selected substrate
contact force;

25 placing the disposable polishing material (50) mounted
to the second nonrotatable carrier (30) over the
polishing surface (18);

using the second nonrotatable carrier (30) to exert a
downward force on the disposable polishing material

30 (50) such that the front surface of the disposable
polishing material (50) contacts the polishing
surface (18) with a selected disposable polishing
material contact force;

polishing only the front surface of the substrate (48) and
35 only the front surface of the disposable polishing
material (50), the substrate having a polishing rate;
monitoring the thickness of the disposable polishing
material (50); and
terminating the polishing step after a selected thickness

40 of the disposable polishing material (50) has been

removed.




-'surface (18) with a sel ected di sposabl e polishing rrat;e‘r%[‘;‘* )

pel +shing-onl-y the-front surface of the substrate (4 Ti S 1o e

t he front surface of the disposable polishing nat érl al (50), the

Llﬁ I,'ﬂmLpol i shing rate; nonitoring the thijckne2€ ofR tHe

di g material (50); andtermnatlngth pol i shing st p
after a sel ected thi ckness 40 of the dijsposable pol i"Shi n(j]

material (50) has been renoved. : The met hod ofi ¢laiml, whereinithe

step of nonkt or iy %h%@'cﬁkaﬁﬁ? 1ofwﬁ§].@ rﬂkﬁ“eo gbbp 'ﬁ%Iﬂ"Pgs hed0) conprises:

5 moni t.orin cknes t I
(50) using a |1’3. I gl?%rcﬁ &ﬁlmgls@("s?@?) ma?na S‘?R!Pﬁ% Sof c: glgmrr? e][ :.I?t her

conprisi fig the st emooftoum dhe athigkgess @il thehdisgosalble pelishing: di sposabl e

pol i shing 10 nﬁtm&te%la!(@@? , ugihg | Adasdre irkbABrovhetep! (R2hi ng only the
front surface of the substrate (48) and only the front surface of the

e

3. The method of claim 1, further comprising the step of
calculating a polishing rate for the disposable polishing
10 material (50), during the step of polishing only the front
surface of the substrate (48) and only the front surface of the
disposable polishing material (50).

4. The method of claim 3, further comprising the step of

15 adjusting the polishing rate of the substrate (48) after the
polishing rate for the disposable polishing material has been
calculated.

5. The method of claim 4, wherein the step of adjusting the
20 polishing rate of the substrate (48) comprises:
adjusting the polishing rate of the substrate (48) by a
means selected from the group consisting of:
conditioning the polishing surface (18), dispensing a
slurry on the polishing surface (18), adjusting a
25 rotational speed, and adjusting the selected
substrate contact force.

6. The method of claim 1, wherein the step of providing a
disposable polishing material (50) comprises:
30 providing a transmissive material.

7. The method of claim 6, wherein the step of providing a
transmissive material comprises:
providing optical quariz.
35
8. The method of claim 1, wherein the step of polishing the
substrate (48) comprises:
polishing a semiconductor substrate to form a planarized
interlevel dielectric layer.



- di'sposabl e pol i shi™ ng material (50). 4. The met hod of claim 3,

conprising the step of 15 adj usting the polishing r%pg)d @f-
subst rmmg ) e polishing rate for the di sposabl; bl
mat er i l t, f!@ Im | at ed. 5. The method of claim 4, \{\/ﬂEI‘EI n the stgp%
of adj usti‘ngtt he . polishing rate of the substrate:(4Bf Ac%htimise!

adj usting the polishing rate of the- t2bstrate (48) by a means sel ected fro
the group consisting of: conditioning the polishing surface (18), i
di spensi ng sl [ €atl 18)e, Wag.a..25 o
rotational gpeezmey"%%é o %?A:h??hg\%ew %dStééb%ft Pgiighﬂﬁmt Act force. 6.
The nethod of clSkPAirate @l’ (QOH‘RrW@sstep of provi ding a di sposabl e polishing
mat eri al5(50) conppalishing a0semiconductoprambistiateg ta formnsendsi ve material . 7.
The nethod of claim6,jg¥hfigH.n the step of providing a transm ssive
material conprises: providing optical quartz. 35 8. The nethod of claim
1, wherein the step of polishing the
10. The method of claim 1, wherein the step of polishing the
substrate (48) comprises:
10 polishing a semiconductor substrate to form a
planarizedelectrical interconnect.




substrate (48) conprises:- polishing a sem conductor substrate to forma
pl-anari zed interlevel dielectric |ayer. -12- 9. The nethod of claim1l,
wherein the step of polishin the substrate (48) coUps S
pol i shing a sem conductor substrate to formtrenck
met hod of claim 11, wherein the step of polishing
conprises: 10 pol i shing a sem conduct or
pl anari zedel ectrical interconnect.
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