2.3 JUL 2004 CVP UNI FORM TY BACKGROUND OF THE I NVENTION (1) Field of the

| nvent.ion The invention relates to the fabrication of integrated &8 & 7004
devices, and nore particularly, to a nmethod and apparatus that provide
.uni-form polishing when applying the process of Chem cal Mechani cal
Polishing to the surface of a sem conductor wafer. (2) Description of the
Prior Art The present invention relates to the technology of polishing or
pl anari zi ng sem conduct or surfaces including substrate surfaces during or
after the process of processing tHESINISGRMABEs. The creation of

sem conductor surfaces typically includes the creation of active devices
in the surface of the substrates, the polishing of sem conductor surfaces
can occur at any time within the sequence of processing sem conductors
where such an operation ofBASHGROHNAQON STHEe AMVESTaPNor deened necessary.
That good surface planarity during the creation of sem conductor devices
is of prime inportance in achieving satisfactory product yield and in

naintainin? target product 1 '
(1 Field of the Invention
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method and apparatus
that providé uniform polishing when applying the process of

Chemical Mechanical Polishing to the surface of a semiconductor

wafer.

{2) Description of the Prior Art

The present invention relates.to the technoleogy of polishing
or planarizing semiconductor_surfaces including substrate
surfaces during or after the process of processing these
surfaces. The creation of semiconductor surfaces typically
includes the creation of active devices in the surface of the
substrates, the polishing of semiconductor surfaces can occur at
any time within the sequehce of precessing semiconductors where

such an operation of polishing is beneficial or deemed necessary.

That good surface planarity during the creation of
semiconductor devices is of prime importance in achieving

satisfactory product yield and in maintaining target product




23 JUL" 2004 costs is readily evident in light of the fact that a
semi conductor device typically contains a nultiplicity of |ayers 2hatlidm

a structure of one or nore | ayers superinposed over one or nore |ayers.
Any layer within that structure that does not have good planarity |leads to
probl ens of increased severity for the overlying |layers. Mst of the

processing steps that are perfornmed in creating a sem conductor device
i nvol ve steps of photolithography that critically depend on being able to
sharply SEefPnésdeESTFEEY &3tidPRE, 1m Yiethtfi odnthe faett tedomes i ncreasingly
nmore inportant where device features are in the sub-mcron range or even
smal | er, SEBHACTEUAbVUtIeyIEeuhYP Pranar iqoptainace | yuidfirddics tyt b8 lapact t hat
| ight has on the surface of for instance a |ayer of photoresist, a |ayer
whi ch i stPgpi EaFRy2 uXedctsrepat terhian moardleyers myperd mpasedusvénymrs t hat
make up a seniconductor device. Lack of planarity |leads to light diffusion
whi ch | e28sMeBe oot deptl bdayvdbous-hdmd thati sttwttivoe dhatedbes enstesol ution
(features such as adjacent |ines cannot be closely spaced, a key
requi r emBAYe | gredduyEnarivul eedurin@rebtensnoentjcreibiesl seequl tenmnt |
al though of a general nature, can take on special stringency dependent on
t he mat ekhalovdiyingsilaness a Maitatifvéhy pfoespminid yrepedtARt adrsuch as
copper, that is being polished.

performed in creating a semiconductor device involve steps of

photolithography that critically depend on being able to sharply

define device features, a requirement that becomes increasingly

more important where device features are in the sub-micron range

or even smaller, down to about 0.1 um. Planarity directly affects

the impact that light has on the surface of for instance a layer

of photoresist, a layer which is typically used for patterning

and etching the various layers that make up a semiconductor

device. Lack of planarity leads to light diffusion which leads to

poor depth of focus and a limitation on feature resolution

(features such as adjacent lines cannot be closely spaced, a key

regquirement in today’s manufacturing environment). This

requirement, although of a general nature, can take on special

stringency dependent on the material, for instance a relatively

frequently used metal such as copper, thalt is being polished.

Copper, typically applied using the damascene process for the

creation of conductive lines and wvias, is one of the most

promising technologies to reduce RC delay as well as to implement




Copper, typically applied using the damascene process for the creaéi?ﬁ of
conductive lines and vias, is one of the nost promising technol o &s %0004
reduce RC delay as well as to inplenent 2 3 JUL 2004 the shrinkage of netal
i nterconnect line structures. Damascene is an interconnection fabrication
process in which grooves are forned in an insulating layer and filled with
metal to formthe conductive lines. Dual damascene is a multi-I|eve

i nterconnection process in which, in-addition to form ng the grooves of

si ngl e danmascene, conductive via openings also are fornmed. For this,

Chemi cal Mbehashiréaka@el o5 hietgl( CPRrobnihdd0iid neOpPLict SrdLAWa8dceh 0Orm
the copper wiring. One of the major problens that is encountered when

pol i shi ng annliaitdrcoppect juat trabis ch&ibMepEREe int PRl chh S <AHSEd 108 the
copper trench as a consequence of the polishing process. Chem cal

Mechani calfoPokshingn (GM)1aitsng MeyEOt:Qf MahkghiPon HBLAS ix l%or?luepe as
sem conduct or substrates, to a high degree of planarity and uniformty.

The processniigcuses Iinqﬂ.a@&éﬂzgaﬁégﬂéﬁﬂﬂi%c%oﬁu§£iifg%dyﬁﬂ%EeEgoﬂgg tion
fabrication of sem conductor <circuitry thereon, and is al so use o Permove

hi gh el evatboas$ eat wiasher eat eda e da d e rhahsi € iALREst B sing1e
m croelectronic circuitry on the substrate. One typi cal chemi car
nmechani calamascene, conductive via openings also are formed. For this,
Chemical Mechanical Polishing (CMP) of inlaid copper is regquired
to form the copper wiring. One of the major problems that is
.encountered when polishing inlaid copper patterns is the damage

that is caused on the copper trench as a conséquence of the

pelishing process.

Chemical Mechanical Polishing (CMP} is a method of polishing
materials, such as semiconductor substrates, to a high degree of
planarity and un;formity. The process is used to planarize
semiconductor slices prior to the fabrication of semiconductdr
gircuitry thereon, and is also used to remove high elevation
feétures created during the fabrication of the microelectronic
circuitry on the substrate. One typical chemical mechanical
polishing process uses a large polishing pad that is iocated on a
rotating platen against which.a substrate is positioned for

polishing, and a positioning member which positions and biases

the substrate on the rotating polishing pad. Chemical slurry,

which may also include abrasive materials, is maintained on the




po1ishfng process uses a |arge polishing pad that is |ocated on a rotating
pl aten agai nst which a substrate is positioned for polishing, angg JuL 204
posi tioning nenber which positions and biases the substrate on the rotating
polishing pad. Chenical slurry, which may also include abrasive materials,
is nmaintained on the 3 23 JUL 2004 polishing pad to nodify the polishing
characteristics of the polishing pad in order to enhance the polishing of

the substrate. Wiile copper has becone inportant for the creation of
mul til evel interconnections, copper lines frequently show damage after CWVP

and cl ean.pdilishiing bHENtE AL POl BB Mty PhaBatbzadi s fr syksequent
| ayers that are deposited over the copper lines since these Iayers may now

be deposi tied i@hiagsphiiase ofePRQr cRhaNE idne ph3okat g4 6fWHH¥'sdb@%3a9é.
copper lines that are adjacent to open fieldS are susSceptible to damage.

While the root causes for these damages are at this time not clearly
understood, poor copper gap fill together wth subsequent problens of

etching and phﬁﬂ@é'é%%ﬁé}n r%rsebéeéﬂs%%rt\%%f @o0VELs PALd SN di BLeqU' red,

t he probl em of danaged copper |ines becones even nore severe. ring the

Chemi cal WMpghanigal PA@%&@&@gngﬂvgapp@roaﬁas £PEM&GINIHELQL, guRsLLates

are rotated, face down, agai nst
after CMP and clean. This in turn causes problems with

planarization of subsequent layers that are deposited over the

copper lines since these layers may now be deposited on a surface
of poor planarity. Isolated copper lines or copper lines that are
adjacent to open fields are susceptible to damage. While the root
causes for these damages are at this time not clearly understood,
poor copper gap fill together with subsequent problems of etching
and planarization are suspected. Where over-polish is required,

the problem of damaged copper lines becomes even more severe.

buring the Chemical Mechanical Planarization {CMP) process,
semiconductor substrates are rotated, face down, agéinst a
poliéhing pad in the presence of abrasive slurry. Most commonly,
the layer to be planarized is an electrical insulating layer
overlaying active circuit devices. As the substrate is Fotated
against the polishing pad, the abrasive force grinds away the
surface of the insu1a£ing layer. Additionally, chemical compouﬁds
‘within the slurry undergo a chemiéal reaction with the combonents

of the insulating layer to enhance the rate of removal. By




polisHing pad in the presence of abrasive slurry. Mst comonly, the layer
to be planarized is an electrical insulating layer overlaying actggquﬂ_?%L
circuit devices. As the substrate is rotated against the polishing pad, e
abrasive force grinds away the surface of the insulating layer.

Addi.ti onal Iy, chemical conpounds wthin the slurry undergo a chemnica
reaction with the conponents of the insulating |ayer to enhance the rate
of removal. By 4 23 JUL 2G4 carefully selecting the chem cal conponents of
the slurry, the polishing process can be nmade nore selective to one type

of mat er icakeFhany t o BOGERRT +hEOEHEXAID Qord FBnéH@s %@%@Cﬁégig {)Oﬁr?és' um

hydr oxi de, silicon dioxide is renoved at a faster rate i con

has | ed
nitride. ﬁbﬁlamﬂlgtp/ré&sgoa%%etrhﬁdé%do%t%\éhéé’mﬁﬁe q-"otegra?édcgfss s el

to its increased use in the fabrication of conplex circuits.

(s el kRgverim likadilo Lhgtnel N #4018 SUARHL] O alne IhLEARALEG, C1 Toul !

‘chi ps, the process of scaling down featur Size results’in naﬁlng devi ce

per for mn?@té@éﬁlrpq’%rlo\ﬁlqueggfﬂ;on é(ggel .{'g eCn?c{m CEIE?%?E%%%%%&?H%eS

devices. In addition, the area Trequired to rou

lbecgmats | eh&e S8 dnY &1 chQal Nerdl €8,:9GCYPLEA BY: Ld1e davig gctlxbnj_tsy Yl
eaas to

CMP process has led to its increased use in the fabrication of

complex integrated circuits.

It is well known in the art that, in the evolution of
integrated circuit chips, the process of scaling down feature
size results in making device performance more heavily dependent
on the interconnections between devices. In addition, thé area
required to route the interconnect lines becomes lérge relative
to the area occupied by .the devices. This normally leads to
integrated circuit chips with multiple ieVéijé’_“'{of interconnect
lines. The chips are often mounted on multi-chip modules that
contain buried wiring patterns to -conduct electrical signal.s
betrween the various chips. These modules usually contain multiple
layers of interconnect metallization separated by alternating
layers of an isolating dielectric. Any conductor materlial that is
used in a multilevei interconnect has to satisfy certain
essential requirements such as low resistivity, resistance to

electromigration, adhesion to the underlying substrate material,




integrated circuit chips with multiple | evels of interconnect |ines. The

chips are often nounted on nulti-chip nodul es that cont ai n byriqﬂy@uﬂgﬂﬁ
patterns to conduct electrical signals between the various chips. These

nodul es usually contain nultiple [layers of interconnect netallization
separated by alternating layers of an isolating dielectric. Any conductor
material that is used in a nultilevel interconnect has to satisfy certain

essential requirements such as low resistivity, resistance to
el ectrom gration, adhesion to the underlying substrate material, 5 2 3 JUL

2004 st abstabyiithet h (Bbest riegakbtanehirechani cale-nandegase QhaPr Qeessi nﬁf
.Fig. 1 shows a Prior Art CWP apparatus. A polishing pad 20 is attached to
a circul aprfp@ddsihigng table 22 that rotates in a direction indicated by
arrow 24 at a rate in the order of 1 to 100 RPM A wafer carrier 26 is

used to hold wafer 18 facedown against the polishing pad 20. The wafer 18
is held in place by applying a vacuumto the backsi de of the wafer (not

shown). The wafger 1181638 &l 50 &€ satt égbeﬁgé&é%.@ ggﬁgﬂ#égef &P Ay the

application of a substrate attachnent fil not shownj) to t REGweT

surface ofs thewakar c6asr L efcidbr %bﬁ&gﬂigé tHHRR k89t otates in a
direction indicated by arrow 24 at a rate in the order of 1 to
100 RPM. A wafer carrier 26 is used to hold wafer 18 facedown
against the polishing pad 20. The wafer 18 is held in place by
applying a vacuum to the backside of the wafer (not shown). The
wafer lé can also be attached to the wafer carrier 26 by the
-application of a substrate attachment film (not shown) to the
lower surface of the wafer carrier 26. Slurry 23 is supplied to
the surface of the wafer 20 that is being polished. The wafer
carrier 26 also rotates aé indicated by arrow 32, usually in the
same direction as the polishing table 22, at a rate on the_order
of 1 to 100 RPM. Due to the rotation of the polishing table 22,
the wafer 18 traverses a circular polishing path over the
polishing pad 20. A force 28 is also applied in the downward
veftical direction against wafer.18 and presses the wafer 18
against the polishing pad 20 as it is being polished. The force
28 is typically in the order of 0 to 15 pounds per sqguare inch

and is applied by means of a shaft 30 that is attached to the

‘back of wafer carrier 26.




the surface of the wafer 20 that is being polished. The wafer carrier 26
al so rotates as indicated by arrow 32, usually in the sanme direc®idodUay,
the polishing table 22, at a rate on the order of 1 to 100 RPM Due to the
rotation of the polishing table 22, the wafer 18 traverses a circular
polishing path over the polishing pad 20. A force 28 is also applied in
the downward vertical direction against wafer 18 and presses the waf er 18
agai nst the polishing pad 20 as it is being polished. The force 28 is
typically in the order of 0 to 15 pounds per square inch and is applied by

nmeans of a shahtt§ﬁ1&MEunn8p&bbasbeﬂn&&nééBEth%aﬁge0£fW?E§ﬁ4%% g % 6. 6 2
3 JUL 2004 A typical CWP process involves the use of a pol |sh|n made

froma synthel Ecohabrimuiadia PobLshifit ol Wohysnthl Clyylf! Uilgs,pH bal anced

chem cal s, such as sodi um hydroxi de, and I'i con ‘particl es. .
Abrasi ve iAEenass i gn-heteen themyed 8, angd. it he ng@ﬁ }{]ﬂ:ﬁ %e' S Creat ed by
the notion of the wafer against the poli’s |ng pa e the® p Ilshrng
slurry coBtlobén tdeochemeakicfgactions, t he OX|dat|on of the

chemicals that conprise an insulating Iayer of the wafer. The size of the
silicon dioxide

Abrasive interaction between the wafer and the polishing
pad is created by the motion of the wafer against the polishing
pad. The pH of the polishing slurry controls the chemical
reactions, e.g. the oxidation of the chemicals that comprise an
insulating layer of the wafer. The size of the silicon dioxide

particles controls the physical abrasion of surface of the wafer.

The polishing pad is typically fabricated from a
polyurethane {such as noﬁ—fibrous polyurethane, cellular
polyurethane or molded polyurethane) and/or a polyester-based
material. Pads can for instance be specified as being made 6f
a microporous blown polyurethane méterial having a planar
surface and a Shore D hardness of greater than 35 {a hard

. pad). Semiconductor polishing pads are commercially available
such as models ICl000 or Scuba IV of a woven polfurethane

material.

The mechanical configuration of a typical CMP can contain a

number of different arrangements. For instance, two different




parti cles controls the physi cal abrasion of surface of the wafer. The
polishing pad is typically fabricated froma pol yurethane (such as
non-fi brous pol yurethane, cellular polyurethane or nol ded pol yu?8tHHna):

and/ or a polyester-based nmaterial. Pads can for instance be specified as
bei ng.made of - a m croporous bl own pol yurethane material havjing a planar
surface and a Shore D hardness of greater than 35 (a hard . pad).
Sem conductor polishing pads are commercially available such as nodel s
| C1000 or Scuba IV of a woven polyurethane material. The nmechani cal
conf i gur aPPAAsBing kghitalanChP vaed cgrtmibly ahenfivber tefl tdiikf eseshtially
arrangenents. For instance, tw different 7 2 3 JUL 2004 polishing belts
can be us&é@edher abyridin fonestybel ¢f implessenttoal Lystaiged at @opgefops one type
of polish (for instance a copper polish that is aimed at elimnating
copper cokhati bn)aitid et kéisbcanthg helppeirs cosseftdml wpidimedeatef&Ed Or M Ng
a second type of polish (for instance a TaN polish where the TaN is used
as the babeleris |egsmmtdilaydaest ete pRirfoehiing) a éertdmn}tyﬁé bhep GMsh
arrangenents, a belt is used to transport the wafers with the exposed, to
be poli slkédr sinfmoecoh The pelieth fdeireg cHpWaSSEs Aeveaandnhal hared -
layer of a damascene structure). In many of the CMP arrangements,
a belt is used to transport the wafers with the exposed, to be
polished surface of the wafer facing upwards. Above and aligned
with this transportation belt is an arrangement of rotating
polishing heads onto which polishing pads are mounted. The
rotating polishing pads are brought into contact with the surface
that is to be polished while the substrate continues to proceed

in the direction into which it is being transported.

A number of parameters are known that determine and control
the polishing operation, these parameters are:
- downforce applied to the polishing pad, typically between 3
psi and 6 psi
- backside pressure applied to the rotating wafer, typically
between 2 psi and 4 psi
- slurry fiow, typically between 200 sccm and 400 scem
- head speed, typically between 5 rpm and 20 rpn

- belt speed, typically between 75 fpm and 400 fpm, and




with this transportation belt is an arrangenent of rotating polishing
heads onto which polishing pads are nounted. The rotating pollshgggﬂﬁgg®ﬁ
are brought into contact with the surface that is to be polished while"t'he
substrate continues to proceed in the direction into which it is being
transported A nunber of paraneters are known that determ ne and control

the polishing operation, these paraneters are: - downforce applied to the
pol i shing pad, typically between 3 psi and 6 psi - backsi de pressure
applied to the rotating wafer, typically between 2 psi and 4 psi - slurry

flow, typi-cabiw Pﬁ{é’@@lm%oot§ féﬁw WQeBRCH secdierd fheeE sd YRl L2l
o P BERueEn 759

between 5 rpmand 20 rpm - t spee typi cal tmeen pm and

fpm and 8 2 e tine, typlcally bet ween 0 seconds and
18 seconds a%% %%ﬁgt%%%gé g%d§%%&g%%onds It is clear that where a process

of CMP is ained at polishing a surface based on certain chem cal
conponents or materials that are present in its surface and that nust be

removed from he $4bacenat NSl %.60009554 | Qb And,Lhe, resul ting abr asi ve
action

a surface based on certain chemical components or materials that

are present in its surface and that must be removed from the

surface, the slurry composition and the resulting abrasive action

of the slurry are key parameters when applying the process of CMP

to the sﬁrface. Implied in the above listed parameters is that

the relative speed differential between the surface of the wafer

that.is being polished and the polishing pad is also one of the

key parameters in determining the polishing action.

With the polishing arrangements that are presently used, the
rotating polishing table contains one single polishing padf It ié
clear that with one polishing pad the requirement of uniform
polishing speed across the surface that is being polished is very
difficult to accomplish, most notably in view of the obvious
difference in relative speed between the peolishing pad and the
wafer sufface when progressing from the center of the wafer to
its perimeter. The ratio between the backpressure that is applied
to the rotating wafer and the downforce that is applied to the

'polishing pad is the main parametér that controls the polishing

action. The results of the polishing action are measured in




of the slurry are key paraneters when applying the process of CMP to the

surface. Inplied in the above listed paraneters is that the reb iyg aﬁeed
differential between the surface of the wafer that... is-being S%H K

and the polishing pad is also one of the key paraneters in determ ning the
polishing action. Wth the polishing arrangenents that are presently used,
the rotating polishing table contains one single polishing pad. It is
clear that with one polishing pad the requirenent of uniform polishing
speed across the surface that is being polished is very difficult to
acconpl i sRETABSECEDtAbIYhicknepawat-uHd aamitpuand ddfferrenpéanarieyati ve
speed between the polishing pad and the wafer surface when progressing
fromthe behbepapimatinranaiethey rélatedn mbbesurfdme rasitohbet veen t he
backpressure that is applied to the rotating wafer and the downforce that
is appliedolbshér. Hul ipgkisagt peethicd tdfe usding (o getieminkhapagonss otise t he
polishing action. The results of the polishing action are neasured in 9 2
3 J U L 200l parmnetisresivehtadeskness non-uniformity and surface planarity,
both paraneters as they relate to the surface that has been polished. The
present net hod-ohifisimgtyoreE Bakifabé nghpachdias pbhfcch Ot oW G $adyant ages:

wafer and the wafer perimeter, and
- variation in the Depth Of Focus (DOF) across the surface of

the polished wafer.

Us 5,941,758 (Mack) shows a multi-part annular polish pad
that applies different pressures to different radiuses of the
wafer. This invention differs from the present invention in
that this invention teaches the application of different
pressures to different portions of the backside of the
substrate by means of a multiple pressure zone backpressure
wafer carrier. Multiple air channels are provided to provide
the multiple pressure zones across the backside of the
Substrate that is being polished. This invention does not
address multiple polishing pads that are arranged in a

concentric manner.

US 5,899,745 (Kim et al.) shows a CMP with an undetpad with

different compression regions.

10



-+non-uniformity of surface thickness between the center of the wafer and
the wafer perineter, and .. variation in the Depth O Focus (DOE ) across
the surface of the polished wafer. US 5,941, 758(Mack) shows a #f ¢VL @akt
annul ar polish pad that applies different pressures to different radiuses
of the wafer. This invention differs fromthe present invention in that
this invention teaches the application of different pressures to different
portions of the backside of the substrate by neans of a nmultiple pressure
zone backpressure wafer carrier. Miultiple air channels are provided to

provide the nuydtd i BORSSBRECKONES:1AGN 088 Eh a%ﬁﬁi €t SUpbStrate
that is being poligied. Th?s i%ventighqdoeg %Hﬁ“ga réggg%%?%?p %i%%ﬁishing

pads thal aL&dansangeds)ivd (BARRTNLELG ARNISLLel® PoBIhidatlic ot al )

shows a CMP with an underpad wt erent “conpression regions. 10 2 3

JUL 2004 US 5,624, . ¥ 605, 499 i d
US 5, 403, 228‘5“( %ﬁgcﬁ;;’ﬂes%\?ﬁgqvpf’etgfgf 3ba Hasuoly, 430, (0 HETE o3l 80) B

5,624,304 (Ragghy&haalt )aand JU5:%4802 43904 of mounting different

polishing pads to one platen and do not provide a method of
separate platen bodies. US 5,403,228 (Pasch) shows a method of
mounting a two-layer polishing pad, these polishing pads may
be of different polishing hardness and thereby provide
selectivity of the polishing speed across the surface of the

substrate that is being polished.
SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method and apparatus for polishing semiconductor surfaces in a

uniform manner.

Another objective of the invention is to provide a method
and apparatus for polishing semiconductor surfaces that
eliminates polishing differences between the center of the
sgrface that is being polished and areas of the surface that
extend from the center of the surface toward the perimeter of the

surface.

11




(Sugiyama et al.) provide a nethod of nounting different polisgénglpads
to one platen and do not provide a nethod of separate platen bo 3&!LU3m4
5,403, 228 (Pasch) shows a nmethod of nmounting a two-|ayer polishing pad,

t hese polishing pads may be of different polishing hardness and thereby
provide selectivity of the polishing speed across the surface of the
substrate that is being polished. SUMWARY OF THE | NVENTI ON A pri nciple
objective of the invention is to provide a nethod and apparatus for
pol i shing sem conductor surfaces in a uniform manner. Another objective of

(e Loventyon ied QA SouRegEL g 0 SRS AL POLLNAR, o

sem conduct or surfaces t m nates po

center of face i ei ng i shed and_areas_of the surface that
ext end frd%?%ﬁgﬁg%h?%rDOP@%H%§§%¥¥Icéngaa?%FQﬁﬁa BEr FHEFRT® dfPathe s surf ace.

11 | I JUL 2004 {Qgéﬁggther obj ective of the invention is to elimnate
variation in 5}h ocus (DOF) across the surface that is being

pol i shed.

In accordance with the objectives of the invention a new
apparatus is provided that allows for uniform polishing of
semiconductor surfaces. The single polishing pad of conventional
CMP methods is divided into a split pad, the split pad allows for
separate adjustments of CMP control parameters across the surface
of the wafer. These adjustments can extend from the center of the
wafer to its perimeter (along the radius of the wafer) thereby
allowing for the elimination of conventional problems of non-
uniformity of polishing between the center of the surface that is

polished and the perimeter of the surface that is polished.

BRIEF DESCRIPTION OF ‘THE DRAWINGS
Fig. 1 shows a Prior Art wafer pelishing apparatus.

Fig. 2 shows .a top view of the polishing pads of the

invention.

- Fig. 3 shows a cross section of the pelishing apparatus of

the invention.

12




ccordance with the objectives of the invention a new apparatus is

LPOSided that allows for Lniforn1po|ishing of ~sem conductor su gfgﬁs. The
singl e polishing pad of conventional CM nethods is divided in Is o, t
pad, the split pad allows for separate adjustnents of CMP control |
parameters across the surface of the wafer. These adjustnents can exten
fromthe center of the wafer to its perimeter (along the radius of the
wafer) thereby allowing for the elimnation of conventional problens of
non- uniformty of polishing between the center of the surface that is

olished and the per | masrehroheos Uil Shekhthed SubhiREds BRI EF
BESCRIPTICN OF THE DRAW NGS Fi g. s ows a E It ? pol i shi ng
apparatus. Fig. 2 shows - a top V|em10f t he pollshlng pads of the

[ [ [ hows a cross section of the polishing apparatus of
i nvention. Fig. 3 s Lo 2\ appar Al

i nvention. 12 ﬁ@fé$%1ﬁﬁxk%wD§§€§§Eﬂééﬁi heIEEPERgEO eTe T5 Shown 2 cross

Referring now specifically t

the appar gtbg; &f éf‘ecﬂé‘\é%%ra!rggugmgf We th’ll%e.tﬂ clug:av!'here Y @8!3' %9{'3:[] aJP oneI

divided into three pads that concentric
polishing pad is divided into three pads that concentrically

t he

rotate around one central axis. The central point of rotation is
point 26, the three pads of the new polishing apparatus are pads
10, 14 and 17. The pad 10 is separated from pad 14 by a radial
pad interval 12, the pad 17 is separated from pad 14 by a radial
pad interval 16. Slurry is provided to all three pads by mutually
independent slurry supplies 20, 22 and 24. Slurry supply 20
provides the slurry for pad 10, slurry supply 22 provides the
slurry for pad 14 while slurry supply 24-provides the slurry for
pad 17'. The polishing action of the three different and
independent polishing pads 10, 14 and 17 are controlled by‘threé
different and independent drivers. These latter three different
and independent drivers provide the typiﬁal CMP control
parameters to the polishing paas that are attached to these
drivers such as the pad pressure applied to the polishing pad and
the rotational speed of the polishing pad. It is clear that the
CMP.apparatus provides independent control over the polishing
action as it extends_éver the surface of the wafer that is being
‘polished when progressing from thé center of the wafer to its

perimeter. By for instance increasing the downforce applied to

i3



rofate-around one central axis. The central point of rotation is point 26,

the three pads of the new polishing apparatus are pads 10, 14 and 17. The

pad 10 is separated frompad 14 by a radial pad interval 12, t g ﬁgg &J is
ovl eé to

separated frompad 14 by a radial pad interval 16. Slurry is p
all three pads by nmutually independent slurry supplies 20, 22 and 24.
Slurry-supply 20 provides the slurry for pad 10, slurry supply 22 provides
the slurry for pad 14 while slurry supply 24 provides the slurry for pad
17. The polishing action of the three different and independent polishing
pads 10, 14 and 17 are controlled by three different and i ndependent
drivers. Thhsecé¢mtral pedr eg wifh eremplectand tineepandeiricedappelsd prOwWHde t he
typical CVWP control paranmeters to the polishing pads that are attached to
t hese dri 9etsr suwh sdg nighpagatll pridss ppeiapphd etk tiieont ke 1pobe Shidvgepadt ard
the rotational speed of the polishing pad. It is clear that the CW
appar at us preovides s mdepbrdeafecomheolinovese the grialshi Bgueaciti Gy as it
extends. over the surface of the wafer that is being polished when
progr essi nfpfyiem tthwecehtertiod threewaharafaiddndi@r ofetBé . i ByerdtQlon NSt ance
i ncreasing the dowmnforce applied to 13 23 JUL 2004 the central pad 17 with
respect tolerns dowefidr te appdlad viedyt Derge number of combinations in

controlling pelishing effectiveness across the surface of the

wafer by adjusting and controlling the CMP parameters that have

previously been highlighted. Not only can the rotational motion

of the three pads be controlled-with respect to the surface that

is being polished, the slurry content, angle of impact and speed

of slurry delivery can be independently set and controlled for

each of the three polishing headsrlo, 14 and 17.

The control that can bé exerted over each of the three
polishing pads 10, 14 and 17 can further be correlated with and
coordinated between the poiishing action that takes place over
each of the wafer surfaces that are affected by these polishing
pads. By for instance observing polishing results while the
operation of polishing is in progress, the actions and control
parameters of the three pads can be adjusted (for insténce by
either operator intervention or by an automatic computer control
system) to obtain the desired results. These results can be
obtained real-time by monitoring the polishing action while the

polishing process is taking place making the system of the
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outer polishing pad 10, the polishing action will be increased in the
center of the wafer. The inverse is equally true, it is further true that
the three pad arrangenent of the invention lends itself to a repatjueby,

| ar ge number of conbinations in controlling polishing effectiveness across
the surface of the wafer by adjusting and controlling the CVMP paraneters
that have previously been highlighted. Not only can the rotational notion
of the three pads be controlled with respect to the surface that is being
polished, the slurry content, angle of inpact and speed of slurry delivery
can be independently set and controlled for each of the three polishing

heads 10, ik4eardol? ntrol that can be exerted over each of the three
pol i shi ng pads 18.,a1§mgﬁ%91 CartYPaFRhEhetse fGort epal exhitid keddts can

coordi nat pd Qetueen,t ol j shing action that takes place over each of the
waf er surfaces tha?ya?%l%etdeiﬁoeﬁgﬁyew@%@%meisshtslg whpads thB¥ef QL gl psLance

obser vi ngz pel i shi results.while the operation of polishing is in
progress, the acfﬁ%ﬁéggﬁhpgéﬁfpbpg Reacatet ers bé ddvaistthueaupads cRL be

adj ust ed gdofsH; e b ither operator intervention or by an automatic
conput er contsr o%t ?yr}sc?tcgr# Fge’é%‘?iéiwaﬂéndesiem eyl ts- These results can

be obtained real-tinme by nonitoring the polishing action while the

pol i shing process. i didfieng RLace BBKLD!DE SYSISEM Qfnithe
apparatus of the invention. Some of the elements that are
shown in Fig. 3 have previously been highlighted in Fig. 2
and can be identified as follows:

- 10 is the first concentric polishing pad of the invention

- 12 is the space that separates polishing pad 10 from the

adjacent polishing pad 14

- 14 is the second concentric polishing pad of the

invention

- 16 is the space that separates the second polishing pad

14 from the adjacent polishing pad 18
- 17 is the third concentric polishing pad of the invention

- 31 is the concentric polishing platform for the first

polishing pad of the invention

- 33 is the concentric polishing platform for the second

polishing pad of the invention

- 35 is the concentric polishing platform for the third

polishing pad of the invention
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14 2 3 J UL 2004 invention a closed-loop systemwhere final polishing
results can be directly related to the expected results. \Were tR@sgy; s
results are not met, the polishing process can be adjusted during the
pol i shing process thereby avoiding yield loss. Fig. 3 shows a cross section
of the polishing apparatus of the invention. Sone of the elenents that are
shown in Fig. 3 have previously been highlighted in Fig. 2 and can be

identified foll =10 is the first concentric_ polishing pad _of the
i nventi on ?f3121+sﬁ¥\5erostpa;tclélgt ﬁgta%%ﬁ%hagt &8 ﬁBF?%W%gtcba&S]‘elé’ Rt he

adj acent polisfiQ%%Pad 14 - 14 is the second concentric polishing pad of
the inventi®A 336 PIardEgacd -t FoErTdBgaFhe cBetme b didH6MN §/i ng pad

14 fromthe adjacent palishing pad 18 - 17 is the third concentric
pol i shi ng paﬁéiﬁé%¥ﬂ9iﬂ%ﬂ5ﬁﬂrﬁh3l- 31 is the concentric polishing platform
for the first polishing pad of the invention - 33 is the concentric
pol i shi ng-pl &t fo¥ Mmoo rratiee isge ehd Ltpohiashi agapaaciadd tie dhy enickonf
polishing platform 33, forming the means of rotation of
polishing platform 33
- 15 is the rotating shaft that is attached to the back of
polishing platform 35, forming the means of rotation of
polishing platform 35
- 19 is the wafer that is being polished
- 26 is the wafer carrier table, forming the platform for
mounting the semiconductor wafer
- 30 is the rotating shaft that is attached to the back of
the wafer carrier table 26, forming the means for
rotating the platform for mounting the semiconductor
wafer
- 20 is the slurry supply for polishing pad 10, forming the
means for distributing slurry aéross the surface of
polishing pad 10
- 22 is the slurry supply for polishing pad 14, forming the

means for distributing slurry across the surface of

polishing pad 14
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- 35 is the concentric polishing platformfor the third polishing pad of
the invention 15 2 3 J UL 2004 11 is the rotating shaft that is aftached to
the back of polishing platform 31, form ng the neans. of rot ati of 3odUL 2004
polishing platform31 13 is the rotating shaft that is attached to the back
of polishing platform 33, form ng the neans of rotation of polishing
platform33 15 is the rotating shaft that is attached to the back of
polishing platform 35, formng the nmeans of rotation of polishing platform
35 19 is thé4ndfsetthehafursybsupgl pof ds hesl 2hiirgy thael waf efoeaingeths abl e,
formng the platformfor nounting the sem conductor wafer - 30 is the

rotati ng shafenshdbri siatraohethd osTherpatdeadfe thie swafgrecarri er tabl e 26,
formng the neans for rotating the platformfor nounting the sem conductor

waf er 20 i s pohdsalingr pagupp| yaki@r polishing pad 10, formng the neans for
distributing slurry across the surface of

- 28 is the pressure that is exerted on the semiconductor

polishing pads.

The above identified elements provide the following
functions for the process of Chemical Mechanical Pclishing:
- 26 is a platform on which wafers are mounted
- shaft 30 provides the means for rotating platform 26
- 31, 33 and 35 provide the platforms on which

semiconductor wafer polishing pads are mouhted
- 28 provides a means for controlling the pressure that is

exerted on the semiconductor polishing pad
- 10, 14 and 17 are three concentric mutually independent

polishing pads.

Control parameters that are applied for controlling a
polishing (CMP) process can be applied manﬁally (by
operator intervention) or under (automatic) computer
control. Computer control of the polishing process can take
many different forms and, since thesge controls are not part

of the invention, do not need to be detailed at this time.
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polishing pad 10 - 22 is the slurry supply for polishing pad 14, formn
the neans for distributing slurry across the surface of polishingzﬂaﬂjlzm#
15A 2 3 JUL 2004 - 24 is the slurry supply for polishing pad 18, form ng
the means for distributing slurry across the surface of polishing pad 18,

and - 28 is the pressure that is exerted on the sem conductor polishing
pads. The above identified elenments provide the followng functions for

t he process of Chemi cal Mechanical Polishing: - 26 is a platformon which
waf ers ar ufddeeedt- tohatat30thabviliese theodBaind arafkaki80cph atd or m 26
3.1, 33 and 35 provide the platforns on which sem conductor wafer

pol i shi ng cpatixcal ednbynhedordBupe HVb Ll asy hiiRans fr@-veorthal 1 i ng the pressure
that is exerted on the sem conductor polishing pad - 10, 14 and 17 are

three coneeethifécBUtHat! ¥elAdependedse RYId S RGPRGS. nGPNLLPL paraneters
that are applied for controlling a
the subject invention.

More sophisticated methods of implementing CMP technology
can be reédily derived from the process of the iﬁvention by
further dividing the polishing pad into more than three pads. The
limitation in further dividing the polishing pads in additional
.pplishing pads is not imposed by the procéss of the invention. If
such a limitation is imposed it may be imposed by the complexity
of the mechanical arrangement for the implementation of a
multiple pad apparatus combined with the'unpredictability of the
results that can be obtained if multiple polishing pads are
simultaneocusly engaged in the process of pelishing a wafer
surface. Once the principle of the inventioﬂ is clear, it is not
difficult to extend that principle and apply it such that maximum

benefits in polishing wafer surfaces can be derived.

Although the invention has beén described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended tpat the invention be limited to those
illustrativg embodiﬁentsf Those skilled in the art will-recognize

that variations and modifications can be made without departing
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pol i shing (CMP) process can be applied manually (by operator intervention)
or under (automatic) conputer control. Conputer control of the polishing
process can take nany different forns and, since these controls are not
part of the invention, do not need to be detalled at this tine.2338129508
JUL 2004 Suffice it to state that these processing paraneters can be
controlled by a conmputer or by human intervention, specifics that relate
to these operations are not part of the subject i nvention. More.
sophi sti cated nmet hods of inplenenting CVP technol ogy can be readily

derived ffoomtdte prpdedss odf théei wv@AbhoNTBY: s fiHd e di Vhdingd he,
polishing pad into nore than three pads. The I|imtation in further

di vi di ng idel pid ivghihig RAESihverdddint honakucRokd Shid1gRadg4i S not inposed by
the process of the invention. If such alimtation is inposed it may be

i nposed byodie ceemphexivhych Ofa e 1#BEAARLE acSBd YIIeRENL %Qﬁ dd&1aims
i nplenmentation of a multiple pad apparatus-conbi ned ? t%e

unpr edi ctadi lddui vafiehbe thesddd.s that can be obtai ned |f mul tiple polishing
pads are sinmultaneously engaged in the process of polishing a wafer
surface. Once the principle of the invention is clear, it is not
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difficult to extend that principle and apply it such that maxi num benefits
in polishing wafer surfaces can be derived. Al though the inventig&inﬁf been

described and illustrated with reference to specific illustrati 2004
enbodi ments thereof, it 1is not intended that the invention be limted to
those illustrative enbodi ments. Those skilled in the art will recognize

that variations and nodifications can be nade w thout departing 15C 2 3 JUL
200% fromthe spirit of the invention. It is therefore intended to include
within the invention all such vari atlizdmss and nodifications which fal

wi thin the.-scope of the appended clains and equivalents thereof. 16 . S
JUL 2001 dains 1. An apparatus for chem cal nechanical polishing of

sem conductor wafers, conprising: a platformfor nounting sem conductor

vafers; a.maanspharatosatbAgeisanitl atdormilan peuakhngy sem conduct or
wafers; multiple concentric platfornms for mounting nmultiple
semiconductor wafers, comprising:

a platform for mounting semiconductor wafers;

a means for rotating said platform for mounting
semiconductor wafers;

multiple concentric platforms for mounting multiple
semiconductor wafer polishing pads;

a means for rotating said multiple concentric platforms
for mounting said multiple semiconductor wafer polishing
pads;

a means for distributing slurry across the surface of
said multiple polishing pads; and

a means for controlling pressure exerted on said multiple

semiconductor polishing pads.

2. The apparatus of claim 1 wherein said multiple
concentric platforms for mounting multiple semiconductor
wafer polishing pads comprise a first and a second
concentric polishing platform arranged in one plane, the
first polishing platform being a central polishing
platform, the second polishing platform being separated

from said first polishing platform by a measurable first
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sem conduct or wafer polishing pads; a nmeans for rotating said nmultiple
concentric platforns for nounting said nmultiple sem conductor wafer
polishing pads; a neans for distributing slurry across the surfagg ;ﬁh
said multiple polishing pads; and a neans for controlling pressure&¥e £
on said nultiple sem conductor polishing pads. 2. The apparatus of claim1l
wherein said nmultiple concentric platfornms for nmounting nmultiple

sem conductor wafer polishing pads conprise a first and a second

concent r idd spahicshivh ghpkal fl os srarid angletsHimep e fYlfare, flilpeheti rst polishing
pl atform being a central polishing platform the second polishing platform
bei ng sepatanddngf hk0Bhgahd &ktshddd! iy 9 alfior mib¥rappeaswiabl e first
17 28 JUL 2004 distance with said second polishing platformfurther

ext endi nglakengmabvext andedsnaghus Qs diifddssicepol i shing platformover a
measur abl e second di stance. 3. The apparatus of claim2 wherein paraneters

that determ ne chem cal nechanical polishing of a polishing pad

3. The apparatus of claim 2 wherein parameters that
determine chemical mechanical polishing of a polishing pad
can be adjusted for each of said first and second
concentric polishing platforms, said adjustments being
adjustments that are dependent or independent, said
adjustments being manually implemented or being implemented

under computer control.

4. The apparatus of c¢laim 1 wherein said multiple
concentric platforms for mounting multiple semiconductor
wafer polishing pads comprise three concentric independent
polishing platforms arranged in one plane, the centrally
located polishing platform being referred to as a first
polishing platform of said three platform arrangement, said
first polishing platform having an uninterrupted circular
surface, adjacent polishing platforms being separated by a
measurable distance starting with a measurable distance
between said first polishing platform and an adjacent

polishing platform.
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can be adjusted for each of said first and second concentric polishing

pl atforns, said adjustnents being adjustnents that are dependent or

i ndependent, said adjustnents being manually inplenented or being

i npl enent ed 'under conputer control. 4. The apparatus of claim 1 widrd¥h 2004
said multiple concentric platfornms for nounting nmultiple sem conductor

waf er polishing pads conprise three concentric independent polishing
platforns arranged in one plane, the centrally |ocated polishing platform
bei ng refser Maed tppagaauki o8t clpdhi 4 hilng-gl ratdorameafersaictlathree pl atform
arrangenent, said first polishing platformhaving an uninterrupted

circul ar deserivdee, cadinaegdt mpehashi Ay b Bt o Jreiangosepaiaged by a
measur abl e di stance starting with a nmeasurable distance between said first

pol i shi ng1platiar meaﬂg apjadiagenbr Lo b nghipd %trﬂ‘r%%oﬁéeﬁt@lé JUL 2004
5. The apparatus of claim4 wherein paranmeters that eternlne chenlca

mechani cajo10@hii 8B BYa0EcANRO! bshh Ngy; @A&ﬁérpagnbbegn o gteua&ﬁé r each of

said three concentric polishing pla forns tments elng
dependenhn@ependent, gaid adjustments being manually implemented or

being implemented under computer control.

6. The apparatus of claim 1 wherein said multiple
concentric platforms for mounting multiple semiconductor
wafer polishing pads comprise a multiplicity of concentric
independent polishing platforms arranged in one plane, the
centrally located polishing pad being referred to as a
first polishing pad of said multiple pad arrangement, said
first polishing pad having an uninterrupted circular
surface, adjacent polishing pads being separated by a
measurable distance starting with a measurable distance
between said first polishing pad and an adjacent polishing

pad.

7. The apparatus of claim 6 wherein parameters that
determine chemical mechanical polishing of a polishing
platform can be adjusted for each of gaid multiple

concentric polishing pads, said adjustments being dependent
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i ndependent, said adjustnments being manually inplenented or being

i npl emented under conputer control. 6. The apparatus of claim| wherein
said multiple concentric platfornms for nmounting multiple senicondug%ﬁrUL
waf er polishing pads conprise a multiplicity of concentric indepen H 20k
polishing platforns arranged in one plane, the centrally |ocated polishing
pad being referred to as a first polishing pad of said nmultiple pad
arrangenent, said first polishing pad having an uninterrupted circular

sur f ace, cadjiadeptnfieht shsfngd padipudeidit S epamat ednby1ay Mepsanmadt €l di st ance
starting with a nmeasurabl e distance between said first polishing pad and
an adj acet bpahishinplUemgaded fundde apRAlRIMSRicrehal m 6 wherein paraneters
that determ ne chem cal nechani cal polishing of a polishing platformcan
be adjusted for each of said nmultiple concentric polishing pads, said

adj ust rent s bei ng dependent 19 23 JUL 20P or independent, said adjustnents
bei ng manual Iy i nplemented or being inplenmented under conputer control. 20
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