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CMP UNIFORMITY

BACKGROUND.OE THE INVENTION

(1) Field of the Invention

The invention relafes.to the fabrication of integrated
circuit devices, and moré particularly, to a method and apparatus
that'proﬁidé uniform polishing_whén 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 technology 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 6ccur_at

any time within the sequence of processing 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



costs is readily evident in light of the fact that a
semiconductor device typically contains a multiplicity of layers

that form a structure of one or more layers superimposed over one

- or more layers. Any layer within that structure that does not

have good planarity leads to problems of increased severity for

'the.overlying layers. Most of the processing steps that are

performed in creating a semiconductor device invol&e'steps of
photolithography that critically depend'en being able to sharply
define device'featu:es, a requirement-that beceﬁeemincreasinély
more importaht where device featuree are in the sub-micron ranée
or ‘even smaller, down to about O.i um. Plénarity direetly affects
the impaet that light has on the eurfaee of for instance e.leyer
of photoresist,'a layer wﬁich is typically used for patterﬁing
and etching the various layets that_make.up a semicondudtor
device. Lack_of planarity leads to light diffusion which_ieads to

poor depth of focus and a limitatibn on feature resolution -

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

requirement 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, thet is being polished.
Copper, typically applied using the damascene process for the
creation of conductive lines and vias, is one of the most |

prOmising'technologies to. reduce RC delay as well as to implement



L]

ﬁhe shrinkage of metal interconnect line structures. Damascene is

" an interconnection fabrication process in which grooves are
'_fOrméd in an insulating layer and filled with metal to form the
conductive lines. Dual damascene is a multi-level interconnection

'prcCess in which, in-addition to forming the grooves of single

damascene, conductive via openings also are formed. For this,
Chemical Mechanical Polishing (CMP) of inlaid copper is required .
to form the copper wiring. One of the major problems that is

encountéred when ‘polishing inlaid copper patterns is the damage

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

polishing process.

Chemical Mechanical Polishing (CMP) is a method of polishing
materials, such as semiconductor substrates, to a high'dégrée of

s .

planarity and uniformity, The process is used to planarize

‘semiconductor slices prior to the fabrication of semiconductor

circuitry thereoﬁ,'and is'also ﬁsed fc remove high elevation
feétgres created during the fabrication of the microelectronic
circuitry cn the subStrate, dne typical chemical mechanical
polishing process uses a large pclishing pad that is iocated on-a
rotéting platén égainst which'é substrate is positioﬁed for

polishing, and a positioning member which positions and biasés-

the substrate on the rotating_polishing pad. Chemical slurry,

which may also include abrasive materials, is maintained on the



polishing pad to modify the polishing characteristics of the

-polishing pad in order to enhaace the polishing of the substrate.

~ While copper has beccme importaﬁf for the creatica of
multilevel'interconnectiqne,ccopper'lines frecuently show damaée“
after CMP and_clean..This in turn causes problems with |
planarization of subsequent layers that'are'depcsited cver the
copperflines.since these layers may now be deposited cn 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 underétood,
poor copper gap fill together wifh.subsequent probleﬁs of”etching
and planarization are suspected. Where orer-polish is required,

the problem of damaged copper lines becomes even more severe.

During the Chemical Mechanical Planarization kCMP)rprccess;
semiconductor substrates_are rotated, face down, against a
poiiahing,pad.in the presence of abraéive slurry. Most commcnly,
thellayer to be planarized is an electrical insulating iayer
overlaying active circuit deVicee;an.the.substrate'is rotated
against the polishing pad, the abrasive force grinds away the
surface of the insulating layer..Additionally, chemical compouads
'within the slurry undergo-a chemical reaction with the comécnents

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



. carefully selecting the chemical components of the slurry, the
'polishing process can be made more selective to one type of |
‘material than to-another. For example, in the presence of
potassium hydroxide, silicon dioxide is removed at a féster rate
‘than 'silic.on'nitride'. _The_ability to control the selectivity of a
CMP process has led t§ ité increased use in the fabrication~6f

complex integrated circuits.

It is well . known in ‘the art that, in the evolﬁtioﬁ  of
infegrated circuit chips, the process of Scaling 'dow# feature
size resﬁlts in making'device perfoimance more heavily depéndent
on the interconnectioné between'deﬁices. In addition,.the.area

required to route the interconnect lines becomes large relative

to the area occupiedi by-uthe devices. This 'no:mally: leads -to. - .. -

integrated circuit chips with nmltilevei level of interconnect
'lines. The'Chibs are often mounted on nmlti—chip'nmdulés fhat
contain bﬁried ﬁiriné patterns to 'condﬁct electricél- signalg
bétﬁgen the'various-chips. These modules usually contain multiple.
layers 'of interconnéét metailizatiqn sepérated by aiternatingw
1ayer$ of an isolating_dielectric. Any conductor matefial that is
used in a multilevel interconnect has to .satisfy certain
essential requirements such as low resistivity, résistanée--to'

'electromigration, adhesion to the underlying substrate material,



stability (both electripal and _ mechanical)' .and ease of

processing.

_Fig. 1 shows a Prior Art CMP apparatus. Alpolishing pad 20

| is-attachéd to a circular polishing table.22 that rotates in é -
direction indicated by arrow 24 at a rate in the order of l'té_
100 RPM. A'wafer carrier 26 is used to hpld wafer 18 facedown
against the polishing pad 20. The_wafer 181is held in plaée by -
applying a vacuum tq.the backside of the wafer (not shown). The
wafer 1é can aiso be attached to-the ﬁafer.céfrier 26 bi the
ﬁapplicatibn.of-assubstréfe attachment film . (not shown). to the
lower sﬁrfade of the wafer carriér 26. Siurry 23 is supplied fo
the surface bf 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 téble 22, at a rate on fhe.order
of 1 to 100 RPM. Due to the rotation of the polishing table 22,
the wafer 18 traverses a-circulaf polishing path over the
poiishing pad 20. A force 28 is also applied in the downward
veftical direction against wafer_18 and presses the wafér 18
against the polishing pad 20 as it is.being polished. Thé fbrce
28 is typically in the order of 0 to.is pounds per square inch
and is applied by means of a shaft 30 that is attached to the

iback_of wafer carrier 26.



. A typical CMP process involves the use of a polishing pad
made from a synthetic fabric and a polishing slurry, which
-includes pH—balaﬁced chemicals, such as sodium hydroxide, and

silicon dioxide particles.

Abrasive interacfion between.the wafer and the pqlishing

| pad is created by the métion of the wafér against the_polishing
pad. The pH of the polishing slurry controls the chemical
reactioﬁs, e.g. the oxidation'Of the chemicals that cdmprise'én
insﬁlating layef of the wafer. The size of the silicon dioxide

particleé controls the physical abrasion of surface of the wafer.

The polishing paq. is = typically -fabricated' from a
.'polyuretnaﬁe (such . as. hoﬁ—fibroﬁs pol&urethane; celluiar
polyurethane or molded polyurethane) and/or a'polyester;baséd'
material. Pads can for instance be specified as being made 6f_
a microporous blown polyurethane mﬁteriﬁl having a planar
surface and a Shore D haidness of .greater than 35 (a hérd
;pad). Semiconductor ﬁolishing pads are goﬁmercially évailable

such as models IC1000 or Scuba IV of a woven polyurethane

‘material.

The mechanical configuration of -a typical CMP can contain a

number of different arrangements. For instance, two different



polishing belts can be used whereby;the first belt is essentially

. used to perform one type of polish (for instance a copper polish

that is aimed at eliminatihg copper corrosion) while the second
belt.is essentially aimed at performing.a second'type'of poiish
(for instance a TaN polish where the TaN is used as the bar:iéf::-
layer of a damascéné'st;ﬁcture). In many of thé CMP-arrangéments,
a.belt is ﬁsed to transport the wafers'with'the exp03ed, to be
polished surface of the Qafe; faéihg upwards. Above and aligned
with this transportation beit is an arrangement 6f rotatingl

pblishing heads onto which polishing pads are mounted. The

.-rotating polishing pads are brought into contact with the sufface

that isﬁto_be polished while the substrate continues to proceed

in the direction into which it is being transported.

A number of parameters are.khown that determine and cqﬁtrol_'
the polishing operatioﬁ, these ﬁar#metérs are:
- downforce applied tovthe poiiéhing.pad,_typically between 3
:psi and 6 psi

backside pressure applied to the rotating wafer, ty?ically'
between 2 psi and 4 psi |
siurfy flow, typically between 200 sccm and 400 scem

head speed, typically betweenls fpm.and 20 rpm

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



DIW rinse time, typically between 0 seconds and 10 seconds and

30 seconds and 60 seconds.

It is clear that where a process of CMP is aimed at polishing

a surface based on certain chemical components or materials that

are present in its sﬁfface and thaﬁ must be removed from the
surface, the slurry composition and the resu1ting abrasive action
of the slurry are key paraﬁe#érs when applying the prodess of CMP
to the surface. Implied in the above listed'parameteré.is'thét

the relative speed.diffefential between the surface of the wafer

"that..is..being polished7and.the polishing pad’'is ‘also one of the -

key parameters in determining the polishing action.

.With ﬁhé polishing arréngéﬁents ﬁhat are presently used,_the.
rotatiﬁg peolishing table contéins one single polishing.padf It ié
clear that_with one polishing pad the fequirement 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 reiatiVé speed between the.poiishing pad and the
wafer suiface when prbgressing from the center of the wafer to
its perimeter. The ratio between the béckpressure that is applied -

to the_rotating wafer and the downforce that is applied to the-

- polishing pad is the_main parameter that controls the polishing

action. The results of the polishing action are measured in



parameters of thickness non—uniformity and surfacé.planarity,
both parameters as they relate to the surface that has been
-polished. The present method of using one polishing pad has the

following disadvantages:

- non-uniformity of surface thickness between the center of the'

wafer and the wafer perimeter, and

variation in the Depth Of Focus (DOF) across the surface of

the polished wafer.

Us 5,941;758(Méck) shows a multi-part aﬁnular polish pad
that applies different pressures to different radiuses of the .
wafer. This invention'differs'frém the_present inventidh in
that this invention teaches the application of different
pressures to different poftions of the backside of the
substrate by means of a multiple pressure zone backpressure
wafer carrier.-Multipie air éhannels.are provided fo proviae
the multiple pressure zones across fhe backside of the
éubstrate 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 underpad with

different compression regions.
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__-Us 5,624,304 (Pasch et al.), US 5,605,499 (Sugiyama et al.)
"and US 5,403,228 (Pasch) show CMP systems for uniform CMP
across wafers. US 5,624,304 (Pasch et al.) and US 5,605,499
(Sugiyama et ai.) provide a method of mounting difféﬁent
polishing pads to one platen-and do not provide a method of
separate platen bbdies. UsS 5,403,228 (Pasch) shows a methdd'of
mounting_a twb—layér.polishing-pad, these polishing pads méy
be of different‘polishing hérdneSs and thefeby provide
selectivitlef the polishing'spéed across the surface of-thé

substrate that is being polished.
SUMMARY OF THE INVENTION

A principle objeétiﬁe 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 methéd
and apparatus for.polishiﬁg sémicopductor sﬁrfaces that
eliminates polishing differehceélbetween the center of the
surface that is being‘polished and areas of the ;urface fhat

.extend from the center of the surface toward the perimete: of the

surface. .
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Yet another objective of the invention is to eliminate

variation in Depth Of Focus (DOF) across the surface that is

-being polished.

In accordance with thé'objectives.of the invention a new
apparatus is provided that allows for uniférm polishing of
semicohducfbr surfaces. The-single polishing pad of conventional
CMP methods is divided into a split pad, the split pad aliows for
separate adjustments of CMP aqntroi pa;ame;ers aéross the surface
of.the wafer.'These adjustments can ektend ffbm the ceater of the
.wafer to its perimeter (along the radius of the wafe;)_thereby
allowing for tﬁe elimination Qf'abnventibnal probiéms_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 OFTTHE DRAWINGS
Fig. 1 shows a Prior Art wafer polishing apparatus.

. Fig. 2 shows a cross section of the CMP apparatus of the

invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. 2, there is shown a'crOSS

section of the apparatus of the invention whereby the typical one

'polishing pad is divided into three pads that concentrically

iotate aroﬁnd one cenfral axis. The central point of_:otatioh is
point 26, the three pads of the new polishing apparatus are pads
10, 14 and 18. Thg pad 10 isléeparated from.ﬁad 14 by a radial
pad interval 12, the pad 18 is separated from pad 14 by a radial
péd interval 16. Slurty.is provided to all three pads by mutually
independent slurry supplies 20, 22 and 24. Sluiry supply 20
provides the slu:ry for pad 10, slurry §upply 22 provides the

slurry for pad 14 while siurry.supply 24 provides the‘Slurry for

pad 18. The polishing'action'of the three different and.

independent polishing pads 10, 14 and 18 are controlled by three '

'different and independent drivers. These latter three different

and independent drivers provide the typical CMP control

paraﬁeters to the polishing'pads that.are_attached.to these
drivérs such as fhe péd pressﬁre app;ied to the polishing pad and-
the rotational speed of the polishing pad. It is clear that'the-_
CMP apparatus provides independént control over the polishing

action as it extends .over 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

13



the central pad 18 with respect to the dowﬁforée applied to the
_ outer poiishing pad 10, the poiisbing_action will be increased in
. the center of the wéfer.'Tﬁe inverse is equally true, it is
further true that the three pad arfahgement of the’invention
. lends itéelf to é relatively large number of combinations in
controlling polishing effectiveness across the surface.qf.the
wafer by adﬁusting and controliing the CME parameters that have_
'previo@Sly beenlhighlighted.lNot ohly can the rotational moﬁibﬁ
of the three pads be controlied'with reSpeét to the surface that
islbeing polished, the slurry contenﬁ, angle éf impact and speed
of slurry delivery'cap be independently set and controlled for

‘each of the three polishing heads.lo, 14 and 18.

The control that'can bé.exertéd oﬁer each of the three
polishing pads 10, 14 and 18 can further be correlated with and
' ¢oordinated between the polishihg action that takes place ovéi
each of the wafer surfaces that are éffected by these polishing -
éads. By for instance observing p§lishing results while the
operation of poliéhing is in ﬁrggress, the actions and control
parameters.of the three padé.can be'adjusted (for instance by
“either operator intervenfioﬁ or by an automatic computer confrbl
system) to obtain the desired resuits._TheSe results can bé
obtained real—-time by monitoring the polishing action while.the_

polishing process is taking place_making the system of the_
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invention a closed-loop system where final polishing results can
be directly related to the expected results. Where these results
are not met, the polishing process can be adjusted during the

polishing processithereby avoiding yield loss.

More sophisticateo methods of implementing CMP technology.
can be readily derived from the process of the invention by
further dividing the polishing pad into more than three pads. The
,limitation in further dividing'the polishing'pads in additional
polishing pads is not imoosed by the process of the invention. If
such a limitation is'imnosed it may be imposed by the'compleXity
of the mechanical arrangement for the implementation of a
multiple pao appaxatus-combined with the.unpiedictability of the
reenlts that can be obtained.if multiple polishing pads'are |
simultaneously engaged in the process of polishing a wafer.
Surface. Once the principle of the invention 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-been described and illustrated
with reference to speoific illustrative embodiments thereof, it
is not intended that the invention be limited to those |
jilluStrativelembodimentsf Those stilled in the art will recognize

that variations and modifications can be made without departing

15



from the spirit of the invention. It .is therefore intended to

‘include within the invention ali such variations and

'modifications which fall within the .scope of the appended claims

and equivalents thereof.

le
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~ What is claiméd is:

1. An apparatus for chemical mechanical polishing of
'semicdnductor waférs, comprising:

a platform for moﬁnting semiconductor wafers;

a means for rotating said platfbrm for mouﬁting semicénductor
wafers; |

a élatform for mounting a semiconductor ﬁafer polishing pad;
a means”for_rotating said platform for mounting said
semiconduc;or wafer polishing:pad; : |

a means for meaéuring or observing the.profile of said
Semiconduétor wafer polishing_pad;

a means for diétributinj slurry across the surfacé of said
ﬁolishing pad; and N

a means'for controlling.tﬁe éteSsure that is exerted 6n'said. _ e

semiconductor polishing pad.

2. The apparatus 6f claim 1 wherein said.platform for mounting a
semicondﬁctor wafer.polishing pad contains two concentric
mutually independent polishing pads that aré arranged in one
plane whgreby the first of said two polishing pads is éhe‘cehtral
polishing pad while the second 6f said two polishinQ pads is
separated from said first pad by a measurable first”distaﬁce and
-éxtends along the extended radius of said first polishing'pad |

over a measurable second distance.

17



) O OO .

3. The method of claim 2 whereby parameters that determine the

chemical mechanical polishing of a polishing pad can be adjusted

for each of said two concentric polishing pads whereby said

adjustments can be adjustments that are either mutually dependent

of'mutually independent whereby furthermore said adjustments can .’

be manually implemented or can be implemented under machine

control.

4. The apparatus of claiﬁ 1 wherein said platform for mounting a

semiconductor wafer polishing pad contains three concentric

mutually independent polishing pads that are arranged in one

plane whereby the Centrally-located poliehing pad is referred to
as_the first polishing'pad of said three pad arrangement whereby
said first pclishing pad has.an uninterfupted circular surface
while adjacent polishing pads are.separated by a measurable
distance starting.with a measuraple distance between said firet'd

polishing pad and its adjacent polishing pad.

5. The method of claim 4 whereby parameters that determine the

chemical mechanical polishing'of a polishing pad can be adjusted

for each of said three concentric polishing pads whereby said

adjustments_can be adjustments that are either mutually dependent

or mutually independent whereby furtnermore said adjustments can

18
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be manually implemented or can be implemented under machine

cbntrol,

6. The apparatus of claiﬁ 1 ﬁherein said platform for mounting a
_lsemiconductor wafer polishing_péd contains é multiplicity of
concentric mutually indepeﬁdent_polishing pads that are arraﬂged_
in one plané whereby the centrally located polishing pad is
referred to as the first polishing pad of said multiple pad
arrangeﬁent ﬁhereby said_firSf polishiné pad has an uninterrubted
ciréular surface while adﬁacen£ polishing pads'are-separated by a
: measurablé distance starting with a measurable distance.betWéen

said first polishing pad and its adjacent polishing pad;

7. The méthodlof claim 6 #hefeﬂy parameters that determine the

chemical mechanical polishing of a polishiﬁg pad can be adjﬁsted
for each of said multiple concentric polishing pads whereby said
adjustments can be adjustments that aré either mﬁtually'dependent-
or mutually independent whereby furthefmore saiq adjustments_éan

be manually implemented or can be implemented under machine

control.
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