24 JAN 2007 ZONE POLI SHI NG USI NG VARI ABLE SLURRY SOLI D CONTENT BACKGROUND
OF THE INVENTION (1) Technical Field This invention reIate@ }owa;mahhod

Frufyl

whi ch varies the slurry solid content dispensed on a polishihg pad for
controlling the polishing rate for specific areas on a sem conductor wafer
during planarizing and permts nore accurate control of the polishing rate
across the sem conductor surface while perform ng planarizing to produce a

uni f or m substr rf , Description of the Prior Art The foll ow ng
document s reId@@ﬁﬁ&%gjﬁgﬁﬁSﬂﬁﬁéK?Héﬁ#ﬁ HEAFBRBOCLRI GONTENE across  a
substrate surface when perform ng planarization. U S. Patent No. 6,398, 627B
1 issued June 4, 2002 to Chico et al. describes a slurry dispenser having
mul ti pl e adj ustabl e nozzles. U S. Patent No. 6,234,87781 issued May 22,
2001 to Koos et al. showBASKSFOUNGHPFWHIMIMAEMEEN sl urry and dil uting
solution dispensers. U S Patent No. 6,106, 728 issued August 22, 2000 to

lida et al. shows a CVMP apparatus. U S. Patent No. 5,658,185 issued August
19, 1997 to Morgan Il et al. shows |

(1) Technical Field

This invention relates to a method which varies the slurry solid content dispensed
on a polishing pad for controlling the polishing rate for specific areas on a semiconductor
wafer during planarizing and permits more accurate control of the polishing rate across
the semiconductor surface while performing planarizing to produce a uniform substrate

surface.
(2) Description of the Prior Art

The following documents relate to a method for controlling a polishing rate across

a substrate surface when performing planarization.

U.S. Patent No. 6,398,627B1 issued June 4, 2002 to Chiou et al. describes a

slurry dispenser having multiple adjustable nozzles.

U.S. Patent No. 6,234,877B1 issued May 22, 2001 to Koos et al. shows a CMP

tool with adjacent slurry and diluting solution dispensers.

U.S. Patent No. 6,106,728 issued August 22, 2000 to lida et al. shows a CMP

apparatus.

U.S. Patent No. 5,658,185 issued August 19, 1997 to Morgan I1I et al. shows




anot her CWMP apparatus. The manufacture of an integrated circuit device

requires the formation of various |ayers (both conductive ?@dj&ﬁ yaiiE
non- conducti ve) above a substrate to formthe necessary conponents and

i nterconnects. During the manufacturing process, certain |ayers or

portions of layers must be renoved in order to pattern and formthe various
conponents and interconnects. Chem cal nechanical polishing (CWP) is the
nmet hod of choice for planarization of a surf?cehof_atsenlfogduptor_rafer,
such as b at various stages of the integrated circu
processi%gih&(gq?sﬁg%gg&used to flatten optical surfaces; netrology
sanples and in various netal and sem conductor based substrates. CWP is a
technique in which chemcal slurry is used in conjunction with a

mechani cal polThs hiangfapack dfan pakyshd eyt ARi@kiRkSs B0 ansenh sendusior wafer.
The nechani cal novenent of the pad relative to the wafer (and 1 n

conj unct larsbeth comdicsaandron-qendwitidesabbhea alisastk wefd-arihendosspg! i sh t he
exposed surface of the wafer. In the nost cpnnon_forn19f CWP, "a substrate
is nDunté@nﬁﬁwémﬁéﬂﬁﬁﬁpﬁ@wﬁéaamﬂm@ﬂ@hnmnﬁﬁﬁgmg@ganﬂﬁpm&mahphsshlng pad

pl aced on a rot ting tabl e. The mechanical force derives fromthe rotating
tabl e spggﬁmﬁﬁﬂﬁ%ﬂ% w3 RO Y8 1 lopptiemeand datan theiyarietseivinpahenss urry is

const ant . transferr under the polj.shin ad,, Rotation_ of thg pol!shing
head hel Il%%d %n‘;]eﬁqunge@f.ﬁge e é?“fcﬁ? lﬁf'ﬁ QQL § iﬁthé\f%?‘fg ?ﬂ@htgii/ﬁ fegol |t f, h |t n?he
rat _es _aC f)faﬁﬁ‘lztaﬁgn 61{"9%#&@% Sf f%’i{l@&i%hctﬁi Wg%r}%lti(‘t%g% apsrélp}ﬁ%lg%na]fe?‘, at variodss a
polishing rate varies fromthe periphery to't C r

stages of the integrated circuit processing. CMP is also used to flatten optical surfaces;

metrology samples and in various metal and semiconductor based substrates.

CMP is a technique in which chemical slurry is used in conjunction with a
mechanical polishing pad to polish away materials on a semiconductor wafer. The
mechanical movement of the pad relative to the wafer (and in conjunction with the slurry)
provides the abrasive force to polish the exposed surface of the wafer. In the most
common form of CMP, a substrate is mounted on a polishing head, which rotates against
a polishing pad placed on a rotating table. The mechanical force derives from the rotating
table speed and the downward pressure on the head. The chemical slurry is constantly
transferred under the polishing head. Rotation of the polishing head helps in the slurry
delivery as well as in averaging the polishing rates across the substrate surface. A
constant problem of CMP is that the polishing rate varies from the periphery to the center
of the wafer for various reasons. Pad bounce is one reason. Variations in the velocity
encountered in the rotational movement is another. Some amount of averaging is
achieved by rotating the wafer but variations stili result in non-unjform polishing across
the wafer surface. It is an important goal in the CMP processing to try to minimize this

inequality in polishing rates.




of the wafer for various reasons. Pad bounce is one reason., Variations in
the velocity encountered in the rotational novenent is anot Ker /i Sokré
anount of averaging is achieved by rotating the wafer but variations stil
result in non-uniformpolishing across the wafer surface. It is an
inportant goal in the CVMP processing to try to mnimze this inequality in
polishing rates. 2 24 JAN 2007 This invention is concerned with inproving
t he differenCﬁBin t hi.ckness betmeﬁg.center and_edge .on_.a wafer. Many of the

oxi des that ar&SdRFEEPT BFOBF HGERINRREAE b diffEesds thidknassbstrenor
inter-nmetal dielectric are consistent]ly thicker at the substrate edge. The
t opogr apFFEdl a“g §g$ed?ri %Waée -oMh2BR At BE oridestigerrp Aensstedtbyap pyerotrdamee at
necessitates inprovenent to these additive processes. The variation can be
as hi gh #hpde PR IsEHREm Rt delgctiTaesors fesvdhickeriawststatecdat| enge f or
oxide CVMP to polish faster at the edge -and slower at the center, so that
post - CVP ThRehee@BRicy yarigiom tgm centerde efgcabypeents & tupbltotimt néddssitatdsi ckness
across the wafer after oxide CVWP is needed to achieve good printing of
smal | f ednpioseng todgsa avditivabercessend e vaialion pméeentigh alode thossindssues such
as mssing vias of nmetal shorts. (2) Description of the Prior Art The
f abri cat eegstiofosi dbisgrdtrentedinpantd 4 chablengs feeimicodliiat polisiubstr atie ddgyol ves a
nunber of steps where patterns are transferred from photolithographic photo
masks ontwd slower at the center, so that post-CMP thickness uniformity is acceptable. A uniform

film thickness across the wafer afler oxide CMP is needed to achieve good printing of

small features across the wafer, and it will prevent yield loss issues such as missing vias

of metal shorts.
(2) Description of the Prior Art

The fabrication of integrated circuits on a semiconductor substrate involves a
number of steps where pattems are transferred from photolithographic photo masks onto
the substrate. Integrated circuits are typically formed on the substrates by the sequential
deposition of conductive, semi conductive or insulative layers. Discriminating etching of
the layers assisted by photolithography creates specific structures and devices. Precise
focusing for high-resolution photolithographic exposure yields well defined and highly

integrated circuit structures.

During the forming of these well-defined integrated circuit structures, it has
become increasingly important to construct line widths measuring in the sub micron and

nanomicron ranges. The photolithographic processing steps opens selected areas to be




the substrate. Integrated circuits are typically formed on the substrates
by the sequential deposition of conductive, senmi conductive prifipsuliative
| ayers. Discrimnating etching of the |ayers assisted by photolithography
creates specific structures and devices. Precise focusing for

hi gh-resol uti on photolithographi c exposure yields well defined and highly
integrated circuit structures. During the formng of these well-defined
integrated circuit structures, it has becone increasingly inportant to
const r uct™PISRG ORIEtsH “ﬁE&gﬁﬁi BFIUCH! R PRESIEE BUGH 48 O slationd clchsome®t on r anges.
The photol i t hographi c _processi ng steps opens selected areas to be 3 exposed
on the s@ﬁ@ﬁﬁ&?emFHﬁe§E%§éﬁW@ﬁgC%ﬁ@@@@§@§M§W@Nﬂa§ﬁbmﬁﬂaﬁhéﬁyf%tdﬁkhg, met al
deposition, and the |jike, providing continuing mniaturization of circuit
st ruct ur &8 thepagi#] layses is epiepbly abparaigdiremiagothgpinetal layerdeparmsubtion tayer,anot her
metal layer by an insulation |ayer, such as an oxide |layer. Therefore,

t here i s sechvsad oxisiepasict.s hharplerss thest is atnetdtogohist thastletatesunhsaetddo provi de a
pl anar reference. Planarization effectively polishes away non-pl anar

entiti essufgcénhansle atfenaguedtrenop. Flananzative effydtivglyl jielies aoaenmi-phaut

di scontinuities of other blemshes, it is inperative to provide an

under | yi rgtisur Tacehdnoe thehmakityraieh ovetitgyedr, otchalthdus dks@enotiessr at ches and
is ideally planar. Conventionally, during the fabrication of integrated
circuit stieubletisss, ifik anperhitieng proidetdeimamity surgics fdr wed sned daygs 1 s
acconpl i shed by CWP. The uniformrenoval of material fromthe patterned
and non- piak {seffnaed squbbtyatiesideslyGilhdarcal to substrate process

Conventionally, during the fabrication of integrated circuit structures, planarizing
of the overlying structured layer is accomplished by CMP. The uniform removal of
material from the patterned and non-patterned substrates is critical to substrate process
yield. Generally, the substrate to be polished is mounted on a tooling head which holds
the substrate using a combination of vacuum suction or other holding methods to contact
the rear side of the substrate and a retaining lip or ring around the edge of the substrate to
keep the substrate centered on the tooling head. The front side of the substrate, the side
to be polished, is then contacted with an abrasive material such as a polishing pad or
abrasive strip. The polishing pad or strip may have free abrasive fluid sprayed on i,

abrasive particles affixed to it, or may have abrasive particles sprinkled on it.

The ideal substrate polishing method used by most semiconductor foundries is
CMP. This choice is based on numerous factors which include; contro! of relative
velocity between arotating substrate and a rotating polishing pad, the applied pressure

between substrate and polishing pad, choosing the polishing pad roughness and elasticity,




yield. Cenerally, the substrate to be polished is nounted on a tooling head
whi ch holds the substrate using a conbination of vacuum sugtian_ or. other

hol di ng methods to contact the rear side of the substrate afd-a’retaini ng
lip or ling around the edge of the substrate to keep the substrate
centered on the tooling head. The front side of the substrate, the side to
be polished, is then contacted with an abrasive material such as apoli shing
pad or abrasive strip. The polishing pad or strip may have free abrasive
fluid spraé@%&}n%?im IFPGI'%BIF‘é%arb%)@é”ﬁé’raﬁicgqsé%a&h‘fmlﬁ@é(ﬂtuﬁoﬁ slurgh). Fay have
abrasive particles sprinkled on it. The ideal substrate polishing nethod
used by %Wa’%?ﬁe&gﬂg@é@f@?s shoud dr pade 3 gonsavruttig wlasiipiose theetyised on
nunmerous factors which include; control of relative velocity between a

r ot at i ng setsbstersutieccasiigientigrd elasticipyotidshpregmpadantly heoapplededppy @S sur e

bet ween substrate and polishing pad, choosing the polishing pad roughness
and el astlusiniyee pplighiagdluaryuni f or m di spersi on of abrasive particles in a
chem cal solution (slurry). In sunmary, the CMP process should provide a
constant cutting velocity over the entire substrate surface, sufficient
pad el asticity, and nore inportantly a controlled supply of clunp-free

pol i shing sl uArgMPAcENP thcomioraft, shoenpit biatplidikd forshawnGi n iikistpdek fi ed formin
FIG 1, illustrates a substrate 78 held by a tooling head 66 which rotates
about t heutsenter7alhchdisa 0blitdiead SOREidAbEesAbGkIB U RfraRRld Fhikang pad 60 is

rotated while in contact with the bottom surface
substrate. A circular polishing pad 60 is rotated while in contact with the bottom surface
of the rotating substrate. The rotating substrate contacts the larger rotating polishing pad
60 in an area away from the center of the polishing pad. A slurry dispense nozzle 61
positioned above the surface of the polishing pad dispenses a slurry 63, containing an
abrasive and at least one chemically-reactive agent, on the polishing pad 60 by way of a
supply circuit, (not shown} and camied to the interface between the polishing pad 60 and
substrate. A polishing pad dressing head 67 is pressed downward 69 and oscillates
against the top surface of the polishing pad 60 to restore the texture to the polishing pad,

thereby, preventing a glaze-like build up of slurry during and after polishing.

The problem with this method of polishing is that many of the oxides deposited
on the wafer, by plasma enhanced methods, are thicker at the wafer edge. The thickness
variance could measure upwards to 1000 angstroms. This is a continuing process control
problem that needs a method of polishing that would quicken the polishing rate at the
thicker edge and at the same time slowing the polishing rate towards the center of the

wafer.




of the rotating substrate. The rotating substrate contacts the | arger
rotating polishing pad 60 in an area away fromthe centerfpz t he pol i shing
pad. A slurry dispense nozzle 61 positioned above the surfacte’’of ‘the
pol i shing pad dispenses a slurry 63, containing an abrasive and at | east
one chem cal ly-reactive agent, on the polishing pad 60 by way of a supply
circuit, (not shown) and carried to the interface between the polishing pad

60 and substrat.e. polishin ad dressing head 67 is pressed downward 69
and oscillateélwgﬁéﬁ Eﬂ?ﬁ%ppgﬁg%gpﬁ§ééUSngH%WHHPﬁ§HPﬁ§“b§G 60 to restore

the texture to th ol.ishin ad, thereby, preventing a glaze-like build
up of sl B[af‘?'ﬁd%& Wﬁ@P U the pg/,[fp%p<;5§.h1,¢ ghertoee 5y S of e presemiiaventiemod of
polishing is that many of the oxides deposited on the wafer, by plasnma
enhanced‘h@?ﬁ@ﬁ§§h§%€gﬂﬁP%Wbﬂ@ﬂW%ﬂﬁ¥%@ﬁ%mﬂ%@g@hmﬂﬁép@h$ﬁ%n@g@ﬁmvariance
coul d nmeasure upwards to 1000 an%stronp. This is a continuing process
control Ut eess@nt bavatthhdewsacks peshegdornigpol the hpmgntidrat slwoulddpesingken t he
polishing rate at the thicker edge and at the sane tinme slow ng the
pol i shi ngetwde towards the center of the wafer. 5 In view of the above
problem there is a need to inprove the nmethod of planarizing when using
the CVP process. It is therefore an object of the present invention to
provide a slurry dispensing apparatus for a chem cal nechani cal polishing
machi ne t hat ltdoe®thtobbieend ticheednainbacis teproshiertshen digsaghg t he
conventional slurry dispensing nethods.

apparatus for a chemical mechanical polishing machine that is provided with a slurry

manifold having a plurality of nozzles each of which would radially distribute different

solids to liquid concentrations.

It is yet another object of the present invention to allow a tailoring of the oxide
polishing rate across the wafer. Unlike the conventional diaphragm type polishing heads

>

where zone polishing is not offered due to its fixed physical characteristics.

It is stil} another object of the present invention to allow the user to have
unlimited control of the polishing rate on the wafer from its center o its peripheral edge,
therefore, providing better polishing uniformity to the varying topography of the wafer.

SUMMARY OF THE INVENTION

In accordance with the present invention, a slurry dispensing apparatus for a

chemical mechanical polishing tool operational with a plurality of nozzles is provided.




It is another object of the present invention to provide a slurry _
di spersing apparatus for a chem cal mechanical polishing ma,?cshl ne tha;t I's
provided with a slung manifold having a plurality of nozzl es’each :©ofi which
woul d radially distribute different solids to |liquid concentrations. It is
yet another object of the present invention to allow a tailoring of the
oxide polishing rate across the wafer. Unlike the conventional diaphragm
type polishing heads, where zone polishing is not offered due to its fixed
physi cal characteristics. It i shsti | aln_ot _hterdobj e;:t Iof ]Ehtehprgzleintsm g
invention to gllow the user to have unlimted control o e
rate on the V\Z‘f’BF‘JOF Psé?ﬁ‘f@ DEJRRDEPT {Sglifoeted frag F}Bﬁﬁﬁﬁpe@@g@pardmﬁh%ﬁ?r?h

iding better lishing uniformty to the varying topography o e
\%n? \e“rfjl %WRWPGQ’?WWSN%EWPW pipoBdde pbdne @ chgminaltihechpries gntisliimy ent i on,
a slurry dispensing apparatus for a cheni cal nmechanical polishing tool
oper at i offll WietRveRtipn isrcanseyedovithmmpeisg pslishrgwindednity ® @vafying_s6 A maj or
aspect of the invention is directed to a slurry dispenser apparatus that is
used f or fPapsEYY Ay e gevicstinef sieoicopdtdomsupslate Hinmgprpfacded embodihen gal
mechani cal polishing tool. The invention is concerned with inproving
pol i shi nglutsidispensiet gpparstis thatriydlmdps atnopdgiciphing arlinsaidenyef dspegingf a
sem conductor substrate. In a preferred enbodi nent, a

nozzles thereunder, the manifold is radially mounted in a horizontal position and in close

proximity above the rotatable polishing pad. Bach nozzle is interconnected to a
bifurcated supply of slurry and deionized water. The supply circuit includes adjustable
flow meters and check valves connected, in series, to each leg of the bifurcation. The
adjustable flow meters control the solid content of the shurry egressing each nozzle,

thereto, permitting untimited control of polishing rate on the wafer from its center area to

its periphery.

The present invention is further intended for use with a chemical mechanical
polishing (CMP) apparatus for planarizing semiconductor substrates. The CMP
apparatus includes a tooling head for holding a substrate therein and for rotating and
traversing the substrate on a polishing pad. A polishing table for mounting and rotating a
polishing pad mounted thereon, and an oscillating dressing head placed against the top
surface of the polishing pad for reconditioning the pile on the polishing pad surface, and a
slurry dispenser manifold having a plurality of slurry dispensing nozzles, positioned from

the center of the polishing table to the periphery edge of the table.

Since the polishing rate of an oxide film is dependent on the solid content of the




slurry di spenser apparatus that includes a manifold having a |linear array
of dispensing nozzles thereunder, the manifold is radially nmounted in a
hori zontal position and in close proxinity above the rotatabteipoliishi ng
pad. Each nozzle is interconnected to a bifurcated supply of slurry and
dei oni zed water. The supply circuit includes adjustable flow neters and
check val ves connected, in series, to each |leg of the bifurcation. The

adjustable flow neters control the solid content of the slurry egressing
cach: nos 1ie: B RBFLERT i ERHAE oh JRURTeDE SRS Ars G BOPRIRLHE ot e on

t he waf er Iron1i¥s center area to @%%S peri phery. The present invention is
further PREEHEE S PHEE Hraskmdhonaia cHie twakiymif sy dienseriongey OvP)
apparatus_for planarizing sem conductor substrates. The CVMP apparat us

i ncl udes 2HO¥% JPﬁ@eﬁééaolf%?on%lF H1 g sy ip Be foatepat steetstl anauket stgnentot at i ng
and traversing the substrate on_a polishing pad. A polishing table for
mount i ng CBME If‘og‘ﬁlélflg A By midng an diptisad Wﬁﬁuﬁ? welter. hieach anzzlarbereiorpssci | | at i ng
dressi ng head pl aced against the top surface of the polishing pad for
recondi t caRfbIgPithwepIngeanoil usked shuty shtenyapeddwingfmtiehingnhaslusy ur ry

di spenser mani fold having a plurality of slurry dispensing nozzles,

posi t i oné#peisedirompacie eerzlsris edppline topoich stiztaprt-aikel howthel pefirpher y edge of
the table. Since the polishing rate of an oxide filmis dependent on the
sol i d comadns fgfowtshe fifEt gdturontaing hpolshparsktrysangindecmidyad, copfaidifie i nventi on,
makes use of this principle to vary the polishing rate at specific areas
on t he wdtienizedvetepl Eachlpathycontergésun nysinglsSpEnsexinel Zlea®rzle. The paths

Jeading to cach nozzle begin ata supply source, be it slurry or water, each flowing
through a flow meter and check valve. Flow volume is controlled by way of feedback
from the flow meters. The desired solid content dispensed at each nozzle is done by way

of pressure adjustments at the supply source.

These and further constructional and operational characteristics of the invention
will be more evident from the detailed description given hereafter with reference to the
figures of the accompanying drawings which illustrate preferred embodiments and

alternatives by way of non-limiting examples.

DESCRIPTION OF THE DPRAWINGS

FIG. 1 is a schematic front view of a CMP apparatus showing a slurry dispenser

according to the prior art,




all ows adjustnent of solid content in the slurry to be |ower at sel ected
annul ar segnments on the polishing pad by m xing and dil uti.,;n'g gtvmth Dl
wat er. Each nozzle, therefore, is capable of dispensing ar adjustied slurry
concentration during polishing. The slurry dispensed fromeach nozzle is
supplied to each nozzle pre-m xed by way of a bifurcated path as follows.
A first path contains a polishing slurry and a second path contai ning

dei oni zed wat ch path converges to single path proximal the nozzle.
The pat hs Iegﬁ'ég?gogg%f?eﬁg‘ieﬂ% B 6&6&@? agpalihiRpvaRd he 8lurge it slurry or
wat er, egch flow ng}l t&éough a flow nmeter and check valve. Flow volune is
cont r ol | SEPERFELEGMEN] PLBABRERI% r om the flow neters. The desired solid
content dispensed at each nozzle is done by way of pressure adjustnents at
the supply source. These and further constructional and operational
characteristics of the invention wll be nore evident fromthe detail ed
descri ption gFifér e euptesd cigst-peciienad pehiecmentedhdewiof ganey dopendee
acconpanyi ng drawi ngs which illustrate preferred enbodi nents and

al t er nat fRABECIWhoIE 6f vene i furaaictlisnigple riaenits esd nDERSRIPT Oer@EnTHE DRAW NGS
FIG 1 is a schematic front view of a CMP apparatus showing a slurry

di spenser according to the prior art. $ FIG 2 is a top perspective view
of the CWP apparatus showi ng the slurry dispenser nmanifold of the

i nventi on. FIG. 4 is a cross-sectional illustration showing the bifurcated sturry and DI water

circuits of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

There will now be described in detail with reference to the drawings some
preferred embodiments of the present invention applied to the slurry dispenser manifold,

which is used with a chemical mechanical polishing tool for planarization of a

semiconductor substrate.

Referring to FIG. 1, showing a schematic rendering of a chemical mechanical
polishing apparatus of the prior art, a brief review of the CMP apparatus and process

follows.

The polishing pad 60, made of a porous material, is attached to the upper surface
of a polishing platen 62. The polishing platen is horizontally supported by a platen-

rotating shaft 64, and is rotationally driven 65 through the platen-rotating shaft during the




FIG 3 is an enlarged cross-sectional and fragnented view of a slurry

di spenser mani fol d showi ng several bifurcated supply circuits gﬂg?ngzzles,
of the invention. FIG 4 is a cross-sectional illustration showng ‘the

bi furcated slurry and DI water circuits of the invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT There will now be described in
detail with reference to the drawi ngs sone preferred enbodi nents of the

present i s applied to the slurry dispenser manifold, which is used

with a cﬁgﬁﬁgéﬁﬁﬁn%ﬁghical polishing tool for planarization of a _

sem conductor substrate. Referring to FIG 1, showing a schenatic rendering

of a chem cal nechanical polishing apparatus of the prlfr ﬁrt, a 3rg8f
revi ew of the apparatus and prqcess follows. The polishing pa 0,
made of a porgﬁ%ggﬁ¥8$ﬁ§ﬁ,a$§mgbﬁ% é@g@doWﬁéuﬁbﬁéﬁmgﬁﬁﬁ%g@lmﬁﬂ'? pol i shi ng
| aten 62. .The _poli shi,ng ten is horizontally supported by a platen-

Iroot at i ng SWikaeeof ,POEQHHS BEPCJr @ at FoR YR nesEng Bslachrmsirbrckimg film (not

pl aten-rotating .shaft during the 9 ol i shing operation. The

1t .
polishinéh%%ﬁdW'@%@W%?%W@GEﬁﬁﬁbh@“%hﬁ@ﬁ%¢m§ﬁ¢?%EéxdﬁﬁﬁgédTﬁepphéﬁmpper

head assembly is mounted to a shaft 70 and is rotated 71 relative to the rotating platen 62.

The CMP tool polishes the substrate 78, which is positioned face down and in
firm contact, under pressure 68, with the rotating polishing pad 60. The substrate is also
rotated either about an axis coincident with its own center or offset from its own center,
but not coincident with the axis of rotation of the polishing pad 60. The abrasive
polishing slurry 63 is sprayed against the pad surface through a single nozzle 61. As a
result of the rotating contact and abrasive components in the sturry between the polishing
pad 40 and the substrate 78, the substrate’s surface becomes planarized after a designated
time period. The rate of removal is closely proportional to the pressure 68 applied to the
substrate 78 and the dressing of the polishing pad. A dressing head 67 is pressed
downward 69 while oscillating 72 against the top surface of the polishing pad to restore
the texture to the polishing pad, thereby, preventing a glaze-like build up of slurry during
and after polishing. More importantly, however, the uniformity of removal depends upon
the topography of the top layer of the substrate 78, as higher features (extending further
from the substrate surface) are removed faster than lower features, This invention is
concerned with improving polishing uniformity to substrates with varying topography on

a device side of a semiconductor substrate.

10




surface of the polishing pad 60. A recess forns a nesting surface and a
backing film (not shown) which centers and rel easably holds the substrate
78 to be polished. The polishing head assenmbly is nounted téia ghaft:;70
and is rotated 71 relative to the rotating platen 62. The CWP t ool pol i shes
the substrate 78, which is positioned face down and in fine contact, under
pressure 68, with the rotating polishing pad 60. The substrate is also
rotated either about an axis coincident with its own center or offset from
its own center, but not coincident with the axis of rotation of the

olishin ad._ 6 The abr asi ve oI sl ur. is sprayed agai nst the
bodl sur{ ok t%?fgﬂaw B ratglr ko B e Kl e aded BBt ng

contact and abrasjve conponents in the sl bet ween the _polishing pad 40
and the SHSE 1o GV EPPERES SuBGEs HEdogtion pf askiB dueree Bt Pled after a
designated . tine period. The rate of renoval is closely proportlonal to the
pr essur erEBIVEHHR P‘éléﬁhtrk& e 0§ ﬁ'ﬁs}’ﬂ‘feﬁfl@l 78 santopfreta sulsdipitg o fhawe pol i shi ng
pad. A dreSS|ng head 67 is pressed downward 69 while oscillating 72
agai nst wiged %ae)nséamtaw %‘irpqluq}@npm Zhilnbelpay sebstrplediolder? ] rofatefl@lt ure to the
pol i shi ng thereby, preventing a glaze-Iike build up of slurry during
and aft eﬁnfglfpﬂ@ ted g ring/pe leshingp dhisdpthinyguehovsed éor, the plenanzafior of anyoxafe r enoval
depends upon the topography of the top |ayer of the substrate 78, as
hi gher f Baeudepssifedhy ehrdinagniancedhieehniqueomlbhexidebstriafmcsond ace) are renoved
faster than |lower features. This invention is concerned with inproving
pol i shi ngitermdtdrdwlegtri¢;oheubst, itatepssitaiatthickabyildgp bothogutaphy edge. a devi ce
side of a sem conductor substrate. 10
For example, when depositing fluoro-silicate glass, the difference in thickness

between the substrate’s center area and its edge can be as much as 1000A. This

difference presents a complication when planarizing a substrate when using the chemical

mechanical polishing process. That is, after planarization, a uniform thickness of an

oxide layer 1s required o achieve quality photolithographic printing of sub-micron

features, overall, to prevent yield losses resulting from missing vias or metalshorts.

The apparatus and method of the invention solves this problem. The circular
polishing pad 24 is rotated by a polishing table 25 which is coupled to a drive shaft 26
driven by a drive motor (not shown). The substrate holder 21 rotates and oscillates 23
while urging the substrate 10 against the polishing pad during the polishing process. The
rotating substrate contacts the larger rotating polishing pad 24 in an area away from the
center of the pad. The sturnty di;pensel‘ manifold 31 is shown positioned above the
surface of the polishing pad 24 such that a linear array of nozzles 34 are radially spaced

from about the center of the polishing pad to about its outer periphery. The array of




Referring now nore specifically to FIG 2 there is illustrated a top
perspective view of the CVP apparatus showing the |ocation of a slurry

di spenser manifold 30 relative to a polishing pad 24 of thecicnvention. A
sem conduct or substrate 10, shown urged against a rotating 28 polishing
pad 24, is held by substrate holder 21, rotated 27 and oscillated during
polishing. This technique is used for the planarization of an oxide |ayer

deposite anced technigues. .The oxide |ayer is functjonal as
an integQ%%?g%ﬁ%&%ﬁﬁ%???%gaﬁ%ﬁgsgﬁ,19?’8%@8@??@”@’?ﬁﬁ%ﬁ%?ﬁ%ﬂ?Yﬁﬁh% at the
substratelegﬂe. Eor Exgpple when depositing fluoro-silicate glass, the
di f f er enB& TR (RAEE Le Eﬁﬂeen the substrate's center area and its edge
can be as nuch as 1000A. This difference presents a conplication when
pl anari zing a substrate when using the chem cal nechanical polishing
process. Thatﬁhién?,ter,planarization, a uniformthickness of an oxide

r

| ayer is requ SRERFING BRPaal 14 {Pr Botdh # ehvaypdd prckarpedl pelishineof
sub-mcron  features, overall, to prevent yield losses resulting from
mi ssing Ach<V Br #%@'P@&&W?@?mﬁ%@wﬁﬁﬁHWSQU%Hﬁmwlﬁﬁﬁﬂwdonﬂogmﬁ i nvention
solves this problem The circular PolLshing pad 24 is rotated by a
pol i shi ngis¢glagde Pis shcdispessioe menidld Y ia skivivevisigaf firs2id sdsreudesd dyr a dri ve
motor (not shown). The substrate holder 21 rotates and oscillates 23 while
urgi ng t heolslibstmadtZd, adl asgedndsmdtfempuaiting e thg chadicdlunéaignitdeopisling hi ng
process. The rotating substrate contacts the larger rotating polishing pad
24 in antoat & Aalegar brgnetishery dgrneing abzAdhe 4gasitioddiaursbhe yugbmfanser
mani fold 31 is shown positioned above the surface of the polishing pad 24
such t haportioh bheanifad Bay Eadh mazizlof helddhear ray petivadihy as E6REH sturry

mixture 35 supplied from bifurcated supply lines 32, 33. Referring now to FIGs. 3 and 4

showing an enlarged view of'the bifurcated supply lines 32 and 33. FIG. 3 illustrates a

cut-away view of a manifold member 31 showing a linear array of three dispensing

nozzles. Bifurcated lines 32 are supplied from a common source (not shown) of

deionized water and lines 33 are supplied from a common source (not shown) of a slurry

emulsion. The slurry emulsion is a colloidal alumina or silica in deionized water. Each

of the supplied materials flow past respective flow meters 37, 38 and respective check

valves 39 and 40. This is best illustrated in FIG. 4. The location of the check valves that

are mounted before and proximal the junction of the bifurcated supply lines functions as a

mixing venturi for the nozzles.

The supplied materials converge as a diluted mix or as undiluted, depending on
the adjustment of a flow control valve located at its source. Each nozzle circuit is capable
of supplying an adjusted volume of slurry emulsion and an adjusted volume of fiquid.

The various mixes are dispensed through its respective nozzle 34, each belonging to the

12




from about the center of the polishing pad to about its outer periphery.
The array of t1 { nozzles is shown dispensing a slurry 35 thereon, formng
circular paths 36 of slurry as the polishing pad rotates thereunder. /A
slurry dispensing apparatus 30 for use with a chem cal nechanical polishing
tool 70 for planarizing sem conductor substrates 10 having irregul ar
topology is disclosed. The slurry dispensing manifold 31 is shown having a
first end suspend over a poljshing pad 24, and a second end for nounting
to the cHBM Py-nff R SRFCRZ1A0H GH8H; HFOAlgop demyndert pp segral ackdy of sl urry

di spensi ng. nozz| es 34 positigned under the suspended portion of manifold
31. Each'h8¥ziedhefubstige sicpdatishing sjolyenidipppesingpaiginamedzles exd y  ni xture
35 supplied frombifurcated supply lines 32, 33. Referring nowto FIGs. 3
and 4 shviiabownaenihgbgeditef Sw peesentiavatipu albewedlisupping dfites 32 and 33.
FIG 3 illustrates a cut-away view of a manifold nmenber 31 showi ng a

| i near aP¢lajingfrateron asubiiirearstdye tndiz pegtapBi.f ihe atridld flovesod! aglee suppl i ed
froma comon source (not shown) of deionized water and |lines 33 are

suppl i edisfstayad & gormpohsigeligoen pydte fiivomeler of regposbatorayprogambgbenoocl The sl urry
enmulsion is a colloidal alumna or silica in deionized water. Each of the
suppl i edcomdtodlei.al s fl ow past respective flow neters 37, 38 and respective
check valves 39 and 40. This is best illustrated in FIG 4. The | ocation
of the chock valves that are nounted before and proximal the junction of
the bifurcated supply lines functions as a

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention.

What is claimed is;




m xi ng venturi for the nozzles. The supplied materials converge as a
diluted mix or as undiluted, depending on the adjustnent of /a;f]liow;centrol
valve located at its source. Each nozzle circuit is capable of supplying
an adjusted volume of slurry enmul sion and an adjusted vol une of |iquid.
The various m xes are dispensed through its respective nozzle 34, each
belonging to the 12 linear array. The spacing and nunber of nozzles is
dependent on several factors including the substrate size, polishing
resol ution, ldi“sPemyfispeysaia wparabe forgse ath a ehemicahedianishl potishinggoolThe
benefit of the present invention allows a fine-tuning of the polishing
rate on far gabsivngtsenmoodradprrybstmtisthe ving poegagptigpol dyesaichaipatdtes f | ow cont r ol
valve is slaved to an ouput signal given by the flow neter in response to
a progr awmphkiegt ool controller. Wiile the invention has been particularly
shown and described with reference to the preferred enbodi nents thereof,

it will be surdeligleasdy ManttbRSRyEK ! f:8dnld RulfRBdd dvet Pﬁ%ishi\ﬁgﬂa&}ls changes in

formand details nay be made w thout departing fromthe spirit and scope

of the inveptd Ofcod@d fof mfoufii thScheddeal We%haxﬁta? Alshdho @b 1P ensing
apparatus for use wmth a chem cal nechanical polishing o0l
a linear array of slurry dispensing nozzles positioned under said suspended
manifold, wherein each nozzle is fed from a bifurcated supply line, and each

branch of said bifurcated supply line having an adjustable flow control valve, a

flow meter and a check valve.

2. The apparatus of claim ! wherein said bifurcated supply line conjoined to each
nozzle provides an adjusted volume of slurry from one branch and an adjusted volume of

liquid from the other branch.

3. The apparatus of claim 1 wherein said adjusted volume of slury and adjusted
volume of liquid provides the means for diluting the dispensed slurry to sefected nozzles

thereby controlling the polishing rate in specific zones on a substrate according to its

topography.
4. The apparatus of claim 1 wherein each of said array of nozzles are identical.

5. The apparatus of claim 1 wherein said slurry and liquid that is supplied to each

branch of said bifurcated supply lines are fed from a source container, serially, through a

J4




for planarizing sem conductor substrates having irregul ar topoﬁquh”san
apparatus conprising: a slurry dispensing nmanifold having a ftfistend- ./
suspended over a polishing pad, and a second end for nounting to the
chem cal nechani cal polishing tool; a linear array of slurry dispensing
nozzl es positioned under said suspended manifold, wherein each nozzle is
fed froma bifurcated supply line, and each branch of said bifurcated
supply line _having a ag;us able flow control valve, a flow neter and a
check” vdrygble §9W'Fﬁ%tr‘gﬁﬁ ot v gretes) d@ gheh®dl¥s-n sai d bifurcated supply

| ine conjoined to each nozzle provides an adjusted volune of slurry from
one branch and an adjusted volune of liquid fromthe other branch. 3. The
apparatus of claiml| wherein said adjusted volune of slurry and adjusted
vol ume of | i6qUihd appavatugleSclsihe’ whania shidrvadiablatfiongeonire] dilepeniaeed laurry to
sel ected nozzles thereby controlling the polishing rate in specific zones
on a substpubtigndpesididny seld AdwemekPRABERRRY 0 AprodBRnRBRALAaIrOferc! @i M 1
wherein each of said array of nozzles are identical. 5. The apparatus of
claiml1 wherein said slurry and liquid that is supplied to each branch of
said bifurcated supply lines are fed froma source container, serially,

through a l; L, Japgl)ﬁatus of claim 5 wherein said check valves mounted proximal junction

of said bifurcated supply lines performs as a mixing venturi for said nozzles.

8. The apparatus of claim § wherein said slurry is a colloidal alumina or silica

prepared with deionized water, and said liquid is deionized water used for diluting said

slurry.

9. A method for planarizing semiconductor substrates having irregular topology,
comprising the steps of:

providing a chemical mechanical polishing tool;

providing a slurry dispensing manifold having a first end suspended over a polishing
pad, and a second end for mounting to the chemical mechanical polishing tool;

providing a linear array of slurry dispensing nozzles positioned under said suspended
manifold, each nozzle of said linear array dispensing an adjusted slurry mixture
supplied from a bifurcated supply line, while each branch of said bifurcated supply

line having an adjustable flow control valve, a flow meter, and a check valve.

10. The method of claim 9 wherein said bifurcated supply lines dispense an




variable flow control valve, a flow neter, and a check valve. 6. The
apparatus of claimb5 wherein said variable flow control valve i/sislaved:to
an output signal provided by said flow neter in response to a progrannable
tool controller. 7. The apparatus of claimb5 wherein said check val ves
nmount ed proximal junction of said bifurcated supply lines perforns as a

m xi ng venturi for said nozzles. 8 The apparatus of claim5 wherein said
slurry is a colloidal alunina or silica repared with deionized water, and
sai d | iafinstedivolunes offlrasandeaneadiustadcrolwme of 4 ligidhg cgeli vbzzlst urry. 9. A met hod
for planarizing sem conductor substrates having irregul ar topol ogy,
conprising the steps of: providing a chem cal nmechanical polishing tool;
providing a slurry dispensing manifold having a first end suspended over a
polishing madheandhdt sRLAND eheteinthidaiiBicdnglune dflRinghadiligald mechani cal
polishing tool; providing a linear array of slurry dispensing nozzles

posi ti dldeﬂﬁ%eé@m cﬁl\iﬁﬁ@ﬂfé% BB Rk thidae s R 7Al B 2 Aks &%&eﬁ lhgear array
di spensi ng an adjusted slurry nlxture supplled froma bif urcated suppl y

act ust AP BEFFATERRERED oA SR AUARLTH, BB, .00 Vel ve. "o, The

nmet hod of claim9 wherein said blfurcated supply lines dispense an 19
adj usted volunme of slurry and an adjusted volunme of a liquid to each

nozzl e.
12. The method of claim 9 wherein each of said array of nozzles are identical.

13. The method of claim 9 wherein said slurry and liquid that is supplied to each
branch of said bifurcated supply lines are fed, serially, fromm a source container, to a

variable flow control valve, a flow meter, a check valve, a junction, and said nozzle.

14. The methed of claim 13 wherein said variable flow control valve is slaved to an

output signal provided by said flow meter in response to a programmable tool controller.

15. The method of claim 13 wherein said check valves mounted proximal said

junction of said bifurcated supply lines performs as a mixing venturi for said nozzles.

16. The method of claim 13 wherein said slurry is a colloidal alumina or silica in

deionized water, and said liquid is deionized water used for dilution.

17. The method of claim 9 wherein said polishing is accomplished in two steps.

i. adjusting the dilution of slurry to each nozzle according to

16




11, The method of claim9 wherein said adjusted volume of slurry and liquid
provide the nmeans for diluting the dispensed slurry through selected . .
nozzl es thereby fine- tuning the polishing rate on a substrat‘e®acecording to
its topography. 12. The method of claim9 wherein each of said array of
nozzles are identical. 13. The nmethod of claim9 wherein said slurry and
liquid that is supplied to each branch of said bifurcated supply lines are
fed, serially, froma source container, to a variable flow control val ve,
a flow neter, osubdestks tpablegy; a junction, and said nozzle. 14. The nethod of
claim 13 wherein said variable flow control valve is slaved to an out put

si gnal provi dédndmnazi ftbv toeachedznie fon polishpensidotmita progr anmabl e t ool
controller. 15. The method of claim 13 wherein said check val ves nounted
proxi mal said junction of said bifurcated supply lines perforns as a m xi ng
venturi for said nozzles. 16. The nethod of claim 13 wherein said slurry
is a colloidal alumna or silica in deionized water, and said liquid is
dei oni zed water used for dilution. 17. The nethod of claim9 wherein said
polishing is acconplished in tw steps. i. adjusting the dilution of
slurry to each nozzle according to I F) substrate's topology; ii.
normalize flow to each nozzle for polishing uniformty.




