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Abstract

Device isolation is achieved using shallow trerisblation (STI) which requires chemical
mechanical planarization (CMP) of the excess and unwanted oxide layer and stopping on the
underlying silicon nitride layer. The increasing stringent requirement of the STI CMP
performance is the driving force behid@veloping new slurries used in this process, which
enhances oxid&i nitride polish rate selectivity with little to no surface defects. In this study,
mixed abrasive slurries (MAS) of colloidal ceria and silica abrasives are used to achieve high
oxideto-nitride polish rate selectivity through a systematic investigation of the electrostatic
interactions between partiefmarticle and partigtwafer surface the characteristics of the
colloidal stability of the suspensions and their impact on polish rateg aloth the use of
additives in suppressing nitride polish rate and the associated pH range in which high selectivity
is observed. A model for the material removal mechanism using MAS is proposed, based on an
adaptation of the surface area and indentdismed mechanisriithin a range of cert#o-silica

weight ratios, known as the transition range, the mixed abrasive slurries were observed to be
unstable which corresponded witigh material removal rates of both oxide and nitride films.
Polishing abovehis range, produced high oxide removal rates but low nitride removal rates
giving relatively highselectivity Frictional forces during polishingreinvestigated by using the
tablemotar current the results demonstrate that this has an impact on palist especially of

nitride surfaces which polish mechanism appears to be predominately mechanical. The overall
rate of material removal is maximized by polishing with such mixed abrasive slurries in a
synergistic ratio compared to the slurries contairangingle kind of abrasive under the same

conditions and at high weight ratios of MASO ,BTIZMWP selectivity is enhanced.
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Chapter 1: Introduction

Chemical mechanicaolishing alsdknown aschemical mechanical planarizati@MP)
is a relatively newer technology for the fabrication of devices in the semiconductor industry
when compared to lithography or etchi@hemnical MechanicaPolishing was developed in the
ear | y 1y BW,oistially usedto address topography issues siticon substraten
integrated circuit (IC) manufacturingSince then, CMPhas grown into a keyenabling
technobgy of virtually any material and has expanded to other applications such as shallow
trench isolation (STI), copper damascene process and multilevel metallization among others.
Presently, semiconductor devices are composed of multilayers and each layee rglabally
pl anar before the next is deposited. CMP gali
capable of producing globally planar surfaces and thus enables multilevel, interconnected

structures which allowed for the continued shrinkafgmioroelectronic devices.

Shallow Trench Isolation is widely adapted as shrinks below 0.35 um required new
isolation. The performance requirement of STI CMP is more stringent due to the smaller
proximity between transistors amtkmandsprecise control oer the CMP proess for device
fabrication The increasingneedto achieve accurate polishing steghile minimizing over
polishingin STI is the driving force behindptimizing CMP variables such as the polishing
slurries. This includes finding new waysit@rease the oxide-nitride selectivity by exploiting
new chemicals such as surfactants and mixed abrasives used in CMP dHoweser, key
factors such as slurry pH, slurry stability, abrasive particle type and size, abrasive concentration,

and chental additives are known to significantly affect the CMP mechani$m



To develop CMP processes for STI CMP, a thigio understanding of all the variables
thatcontrolthe successfudutcome of a CMP process mibgtreached. Arexample, isthe need
to investigate particleparticle and particlevafer interactions in order to develop novel
slurries for STI ®P. STI CMP has driven the development of high selectivity slurries that are
capable of removing the oxide layer and stopping on the underlying nitride layer. Initially, silica
based slurries were used for STI CMP, however they exhibit low polishingigé&jelsetween
silicon dioxide and silicon nitridsubstrates Ceria slurries are said to bee primary candidates
for STI due to their preferential polishing of oxides over nitrides and enhancement in surface
finish all/l due t o cer ifHopeves, the sedf cema slurfiesSTIA ¢ h e mi
CMP comes with challenges such as misteatches due to the agglomeration of abrasive
particles. More recently, mixed abrasive slurries (MAS) are promising for STI CMP. Mixed
abrasive slurries of ceria and silica particles have shown an enhandensditon dioxide
removal rates over single component slurries of either ceria or silica with less “&fects

However, using these slurries alsigistly increases the silicon nitride removal rates.

It is hypothesized thalurry additives such as surfactants can be utilized in such
slurries to suppress nitride polishing rates while maintaining relatively high oxide polishing
rates¥2%. This research is aimed at developanmgpvel mixed abrasive slurry consisting of
colloidal ceria and silica for STI CMP, based on fundamental understanding of the slurry
stability, particle particle and particlevafer interactions. Material removal rates are found to
be depedent onbothceria to- silica weight raticand slurry pHwhich also affect the stability
of the slurries through particigarticle interactionsThe models proposed within this work to
achievehigh oxideto-nitride selectivity which is necesyafor STI CMP, are based on (i)

electrostatic interactions, (ii) selectialditive adsorption onto the nitride surface forming a



passivation layer and (iii) reduction of the friction force during nitride CWM#date, there are
few studies or§TI CMP bymixed ceria and silica slurries or the characteristics of such slurries

such as its stability, which we aim to study in this research.

Scope of Dissertation

The main objective of this research is to develop a novel STI polishing $turtize
CMP of silicon dioxide and silicon nitride filmsith the ultimate goal of increasing the oxitde
nitride polish rate selectivitylhe colloidal stability of slurries is an important factor in STI CMP
because it affects material removal rate as well as causinggdstet as micrgcratches due to
the agglomeration of particles present in poor stability slurries. Therefore, a secondary objective
of this research is to perform andepth study througthe experimentation of colloidal stability
of the MAS of ceria anl silica, the interactions between slurry particles and the interaction
between slurry particles and the surface to be polidbestly, an investigation into the use of
additives to supprssthe nitride polish rate igerformed.A synopsis of the work danfor this
research follows:

An introduction into CMP and STI CMP is presented in this chapter along with an outline
of the work done in achieving oxide nitride selectivity for STI CMP using mixed abrasive
slurries.

Chapter 2 reviews the literature dretftundamentals of the CMP process. The roles of the
CMP components such as the pad, wafer and slurry are elaborated upon. The mechanical and
chemical processes that constitute CMP are covered in greater details. A review of STI CMP
process and slurry selévity follows. The selectivity of mixed abrasive slurries for STI CMP is

defined. Furthermore, the challenges we face in CMP today is discussed.



Chapter 3 details the materials and methods used for this research. CMP experiments are
defined. Also, expéments and measurements using both particle characterization methods and
surface characterization methods are presented.

Chapter4 is a study ofthe electrostatic interaction between ceria particles and silicon
dioxide wafer surfaces for its later remodaling the cleaning process. It is shown that pH plays
a major role in the adhesion of ceria particles to silica surfatesoptimum pH for obtaining a
clean silica surface, after exposure to a ceria slurry is BH6>The ceria particles used in this
work arecharacterized anfund to be composed of a ~31%:69% ratio of Ce(lll):Ce(IV)

Chapter 5examine the stability of mixed abrasivslurries and the oxide and nitride
polish rates of said slurries as a functiorslofiry weight ratio. It is shown thahaximum polish
rates of both oxide and nitride films occur at the isoelectric point of the composite particles
which corresponds to very unstable slurries. However, when the MAS resembles that of pure
ceria which corresponds to stable slurries at highery weight ratios, highest selectivity is
achieved.

Chapter 6demonstrates the use of additives to the MAS to maximize selectivity and the
use ofa different silica core particléd model demonstrating the polishing mechanissing
MAS is proposed and ay explain why the use of additives with MASoved to be only
marginally effectiven suppressinghte nitrideremoval rate to a very low value

Chapter 7presents the relationship betwedre polishing rate and frictional force.
Experimental results paihing to this relationship are presented and discussed and conclusions
are drawn.

Chapter &ffers a conclusion of this work and recommendations for future work.



Chapter 2 : Literature Review

2.1 CMP Fundamentals

Chemical Mechanical Polishing an excellent gladd planarization technique thases a
synergistic combination ofhemical etching and mechanical forces producing globally planar
surfaces with enhanced surface finiStMP was adapted from optical lens polishing methods
i.e. telescope mirror&. One of the earliest use$ CMP was in glass polishin@utside of the
semiconductor industry, CMP popular in optical lens polishing.

The CMP process was initially developed to address topography issues on Si substrates in
mi croel ectronic f abr i cBefore €MP, feyerepdgeiphy existed ate e ar
interlayer dielectric (ILD)evels,whichresulted in sloped wall vidsniting designs to only 2 or
3 levels of metalThis topography islisadvantageoubecause iincreases the depth &dcus
during lithograph$??3 Surface topographlgad to be reduced iorder to print smadir features.

With the shrinkage of device dimension and the number of components in the circuit increasing,
CMP enabledmultiple layers of metalsincreased packing density, improved device speed,
greater functionality and redtion in manufacturing cast

A typical CMP system consists mainly of three components: polishing pad, wafer and the
slurry with abrasive particles. A schemagitesentatiorof the CMP componentss shown in
Figure2-1. During CMP, the wafer to be polished is held upside down byasingtcarrier and
pressed face down against the compliant rotgiam that serves as a conduit for the slurry with
abrasive particleand chemical additives, which is introduced onto the pad by a peristaltic pump.

Material removal is achieved by the sygistic combination of mechanical and chemical forces.



(a) Slurry Inlet

Slurry

Conditioner
Wafer Carrier
(]
Wafer
Pad

Platen

Down Force
Wafer Rotation
Membrane
Wafer Cammier
Slurry Feed /
Retaining Ring
Pad Conditioner

Table
Rotation

Figure 2-1 (a) Schematic diagram showing the polishing components and (b)sectssn
through wafer carrier



In addition to removing material frortne surface at rates of several hundred nanometers per
minute, global planarization is also achieved.

From the literaturé?, it is reported that the gap between the-padier is approximately
40 em. I n the case of compl et e dlframbtheipad dyttheo n ,
slurry flowing between thenCMP is a deceptively complex amaulti-parameter process that
should yield high material removal rates and global planarization with little to no surface defects

225 In the case of isolation techyuies, CMP should also provide high selectivity.

2.2 CMP Components

CMP systems consist of 3 main components: pad, wafer and slurry. These are considered
to be fc o CMPprécéssig cost are split between CMP equipment, cleaning
equipment and consumable materials. The consumables account for about 70% of the total cost
of the CMP process of which the slurry and pad are the most expensive and hence take a
signficant portion of the present billion dollar CMP market. The roles of each of these

components are discussed below.

2.2.1Surfaces to bepolished

Initially, CMP was developed to polish crystal silicon wafer for interlayer dielectrics in
the microelecwnics industry. Since then it has been applied successfully to a wide range of
surfaces such as: reflown glass, metals, metalloids, insulating materials for shallow trench
isolation, ceramicsand surfaces such as carbon nanotubes and zinc Bxitldist of surfaces
processed using CMP are given Table 2.1%%?” When designing CMP processes for these

materials, their structural, chemical and mechanical properties must be fully understood.
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Different surfaces employ different CMP processes, for example the method used for
metal surfaces such as @uthe copper damascene procissdifferent frominsulating materials,
such as Si@and SiNs in shallow trench isolationTypically, the metal or dielectric film is
modified by thechemical properties dhe polishing slurry ahthis modified top layer is abraded
away by the abrasive particlds the case where passivation agents are present in the slurry, a
passivation layer is formed on the underlying barrier layer protecting it ftbhemical
dissolution and erosioff *°, Continuous material removal from the t@yér of the film occurs
until the entire film surface is plan&?°®

Table2-1 A broad but not exhaustive list of surfaces pssed using CM®2’

Metal, Metalloids Dielectric Others

Al SiOz ITO

Cu SiaN4 Carbon nanotubes
Pt Low-k dielectrics Zinc Oxide

Au Cualloys Plastics, ceramics

Ti Al -alloys Aerogels

Ta Polysilicon Optoelectronic materials
TiN Polymers High k dielectrics

W Tantalum Nitride

2.22 Polishing Pad

Another consumable that influences the successful outcome of the CMP psotess

polishing pad. Polishing pad properties such as compressibility, types of grooves, pad asperity,



shear modulus, pad hardness and roughesressome of theariablesthat affect the efficiency of
polishing Polishing pads are polymeric and are tgflic made from cast polyurethane foam
containing macroscopic porous regions or fibrous in their microstruceré' >, Filler material

may also be added to the polyurethane to achieve desired mechanical propémtias pad
hardnes¥*2 Depending on heir application, poliship pads have different hardnes®r
example, softer pads are required for metal CMP such as copper while harder pads are typically
used for Si@ polishing*. They are often grooved on the uppermost polishing surface and may
also contain microscopic pores, asperities or peaks on theyréace.The grooves facilitate

slurry transportation on the surfaemdestablishes the lubrication system underneath the wafer.
Grooving patterns range from radial and or concentric circular grooves, spijadse grids and

| ogar i t hmi c &9%%. Afschematic rrepeserdation of different groove patterns are

O®%

shown below.

Flat (ungrooved) Concentric Radial
/ \
\ 4
‘\ -
X-Y Spiral Logarithm

Figure2-2 Pad grooving patterrt§



The pad haseveral functionsn the CMP proce€8?”34 uniform slurry tranport, the
grooves transport slurry across the paafer interface, from the centre of the pad towards the
outer edge of the wafer. The pad executes polishing action as the pad asperities provide a point
of contact for the abrasives with the wafer thus gnglpolishing. Finally, residues produced
during polishing are transported away by the grooves in theAbsal. it plays a role in material
removal uniformity and post polish surface quafitythe pad provides uniform distribution of
applied pressure across the wafer.

To maintain reproducible polishing conditions amiform removal ratesCMP pads are
usually conditioned using a rotating diamond grit disc pad conditioner between CMi®ttos
prevent pad glazing that occurs after continuous useajp@lish debris Conditioningmaintains

the pad surface roughndssis extending the pad lifetime.

2.2.3 Slurry

CMP slurries are colloidal dispersiotigat consist of a combination abrasive paitles
andchemical additivesvhich are suspended in deionized water. CMP slurries consist mostly of
water with the active components only making up a small percentage, typically 10% or less of
the entire slurry volumé®?”. Usually, polishing sluies contain between 1 wt% and d® %
solid abrasives. CMP slurrientain both chemical and mechanical active components. The
abrasve particlesvary in size between Bm and several microrand are responsible for the
mechanical abrasioof the surface being polistie?®?”*? The chemically active portion is
brought about by additives to the slurry such as pH segisbuffers, oxidizers, corrosion
inhibitors, chelating agentsand organic compounds such dspersants surfactants and

passivation agent§?’. Chemical additives are used to soften/modify or oxidize the raatibr
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dielectric film as well as slurry stabilizatio@epending on the particular CMP application,
additives are also chosen to optimize selectivity for seleaivioval of targeted materials.

Depending on thenaterialto be polished, different tyg@f chemical additives are added
to the slurry. ILD CMP slurrieased fompolishing dielectric materials such as Si@re composed
of abrasives silica and/or ceria aidpersants among other additives to eliminate aggregates of
the particles from the slurry as this will lead to scratching on the wafer surface. Slurries for STI
CMP should produce high selectivity, that is, produce high oxide removal rates and abje to st
on the silicon nitride layer. As a result, these slurries contain passivation agents/surfaatants
will selectively adsorb on the nitride surface inhibiting polishing hence achieving-tmxide
nitride selectivity On the other hand, metal slurriesdet® be more chemically active than
dielectric slurries which are less compl@kereforethey contain a number of additives such as:
hydrogen peroxide as an oxidizer to form a soft layer on the wafer surface for easy removal by
mechanical abrasigrtitric acid or glycine as chelating agents used to dissolve any polishing
debris removed from the wafer surface and avoid scratchimpbenzotriazole, or BTAH as
corrosion inhibitors They may also contaisurfactantaised to passivate the film as het apH
adjuster®s.

Silica and alumina particlegaryingin size fromseveral nanometers to several microns in
diameterare typically used for polishing copper and tungsten while for polishing silicon oxide
and nitride such as in shallow trenisblation,the abrasives are usually fumed or colloidal silica
andbr ceria It should also be noted that reactive abrasives such as ceria might contribute to the
chemical active portion due to particdabstrate bonding®3 Ceria ispreferred over silica for the
CMP of dielectric surfaces, especially for shallow trench isolation due to enhanced removal rate,

selectivity and improved surfacenish [5, 23].Composite particles or mixed abrasivage been
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fabricated and more recentlyasin oxide CMP"' ®3%3¢andis especiallyusefulin STI CMP as it
shows higher polish rates, better selectiaityl low surface defects compared to single abrasives

Ideally, aCMP slurry should provide high material removal sateithinrwafer non
uniformity, global planarityand high selectivity witHow surface defects. Slurry components
such as abrasive type, gigaand size, pH, concentratitrave significant influence on CMP
performanceindare also the cause of many surface defects.

2.2.3.1 Abrasives particles in CMP slurries.

Abrasive particles range in size from580 nm andend to be spherical in shape but
larger particles may vary in shape such as gubleselets, ellipsoids, spheroids and fl&ReS&
Slurries can either be single abrasive or mixed abrasives. As the name suggests, single abrasive
slurries (SAS) consist of only one type of abrasive particle while mixed abrasive slurries (MAS)
consists of a mixture of two abrasive padglusually chosen froraluming ceria, silica,
titanium dioxide, manganese oxide, zirconium dioxide among others. When two different types
of abrasives are preseatjditional particlgparticle electrostatic interactions occur which affects
the stabilityof the slurry. Additionallythere is interaction betwednese composite particles and
the film which might increase or decrease material removal rate. However they can be designed
in a way to optimize @terial removal and selectivity.

For the rest of tis section, we will limit our focus to silica and ceria abrasives for STI CMP.

Silica

Silica also known as silicon dioxide (S)Qfound in nature as quartz sarfthwever,
amorphous silica which we will be concentrating on is industrially manufactmd the two
main forms are: (i) fumed and (ii) colloidal silida Amorphous silica is acidic and possess a

small dielectric constant. It has a molecular weight of approximately g@/6®l), particle
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density’® ~2.2 g/cn?® and pHpc of ~ 23, Silica is the most commonly used abrasive in eopp
CMP and is also widely used in ILD and STI CMP.
Fumed silica igprepared by thermal pyrolysis of silicon tetrachloride adogrtb the following
equation’”:
SiClh+2H + O; © SiO+ 4HCI 1)

Fumed silica has many advantages suchhigh purity and it is cheap anehsy to prepare
however, its main disadvantage is that it agglomerates easily in aqueous®fraedideads to
scratching on the wafer surface during polishing. As a result, colloidal silica has replaced fumed
silica for polishing of film for high quality surface finish.

In contrast to fumed silica, colloidal silica is prepared in the liquid pldéidal silica
is typically spherical in shape ansl usually vey small ranging from 300 nm suspended in
liquid. The Sober process can be used to synthegigeipitated colloidasilica particlesby the
precipitation of tetraethylorthosilicate with water and ammonia. Colloidal silica particles are
made in such a manner that the desired particle size, uniform sizéutistriand particle

porosity can all be controlled.

Ceria

Cerium isone ofthe most abundant rare earth metal inlimthanide seriesintreear t h 6 s
crust®®. Ceria, otherwise called cerium oxide (Gp@ a rare earth metal oxide that has a MW of
172.15 g/mol, particle density of approximately 7.65 glcamd reportedsoelectric point of
ceria occurringoetween6-9 4442, Cerium oxide is ambiguous, contaig multiple valences of
which the most commonly used are: cerium (Ill) oxide;(@3eotherwise called cerrous oxide
and cerium (IV) oxide, Cef) otherwise called ceric oxitfe However, the most prevalent form

in which cerium oxide exists is Ce@, which originally was said tenhance the chemical action
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on oxide surfacés specifically silica. However, later investigations done suggest thitsCe
likely to be responsible for the high reactivity with silitta. CeQ possesses a fluorite crystal
structure, having each cerium atom in the lattice structure surrounded by eight oxygen atoms
Ceria hasa lattice constanof 0.541 nm*® and has a low aqueous solubility. Dahle etCal
evaluated the solubility of ceria particles and found that it is solubllecav p H&6s , t hat
less than 5. However,dly reported that Ce (lIl) has a higher aqueous solubility than Ce (1V).

Various methods have been reported for the commercial preparationer c
nanoparticles such as precipitation reactions, hydrolysis metmatigalcinatioramong others
not mentionecheré™®. It is postulated thathe synthesis method of the ceria particles mas a
effect onthe CMP process outcon&®. The synthesis method determines the type of ceria
abrasives, which has anfedt on selectivity, surface defe@ad the overall colloidal properties.
Smaller particles produced by calcination methods are known to aggkenearsily giving low
oxide removal rates and thigurface defects.dlcined ceria particles have proven to give higher
removal rates thracolloidal ceria?®*4

The earliest use of cerium oxide was as a hydrocarbon catalyst during the high
temperature cleaning proceskself-cleaning oveng’. Ceria is extremely efficient as a glass
polisher. Infact, cerium oxide slurries have been used for decades in glass and optical lens
polishing. Other application of carinclude catalysis and heat resistant alloy coatings due to its
ability to participate in redox reactions/cycles. Other commercial uses include UV adsorbent,
solid oxide fuel cells Ceriabased slurries have emerged as an important abrasive in CMP
applicdion such as shallow trench isolation, liquid crystal display and interlayer diel&tdig

Ceria abrasives are widely used for ILD and STI CMP due teniiince®siO; removal

rate.Ceria based slurries show higher polish rates ot 8if@s, high selectivity and improved
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surface finishcompaed tosilica based slurrié&®. Different mechanisms have been proposed
for the origin of the high selectivity of ceria slurry. Tihec h e mi ¢ a | tootho model
explained in details later on, was proposed by Cbeakdis said to be responsible for the
enhanceaxide removal. Astrong surface chemical bond forms between the ceria abrasives and
the silica substrate during the polisfpiprocess as shown in equationb2low. Silica is
subsequently removed one molecule at a time, in the form of Si{@bixhe solution.

0 QU0 YQUL P YQU 06Q 0O [2]

Silica removal is dependent on the ceria slurry pH with maximum removal occurring near
the isoelectric point®. Our group obtained similar results, analyzing the effect of pH on-ceria
silica interaction for the subsequent removal of ceria abrasives from silica surfaces and found
that adhesion of ceria particles to silica surfaces is pH depéhdens further proposed that
Ce** speciegpresent on the ceribrasivesurface is chemically siwe and reacts with hydrated
SiO; hence facilitating the breaking of the silicate lattice and is responsible for the enhanced

oxide polishing*2

2.3 Mixed Abrasive Slurries

Slurries containing more than one kind of abrasivesally chosen from ainina, ceria,

silica, titania, manganese oxide or polymeric reirs known as mixed abrasive slurries, MAS.

The particles that are formed are known as composite particles and commonly consist of a larger
softer core coated with smaller, harder and moaetnee particles.These particles usually have
different isoelectric points andue to this differengeelectrostatic attraction occurs through
particlepartide interactionsMAS has an advantage over single abrasive slurry in that not only
do they offerimproved selectivity and planarization but it is also possible to take advantage of
the mechanical properties of one material and at the same time, utilize the chemical properties of
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the other material Typically, the larger core serve as a carriagreasing the contact dhe
smaller more reactive abrasives witte surface to be polisd thus enhancing the polish rate.
An example of these patrticles is shown schematically below alongawittM image of ceria

nanoparticles attached to the surface of silica particles.

(a)
Ceria ‘crust’
Silica core
—
40 nm

Figure2-3 (a) Scheratic diagranof silica core with cerimanoparticle crusts and (b) TEM

image of ceria nanoparticles attached to the surface of silica particles dt°pH 4

Mixed abrasives are commonly used in the CMP of dielectric films, especially in STI
CMP. Jindal et al® performed CMP of metal and dielectric films using MAS of Al and Si
particles at pH 4 and reported enhanced polish rates, improved surface finish of Ta and oxide
films and more acceptable polish rate selectivity of Cu/Ta/oxide. Furtherdiode) et aPwent
on to reporon the use of mixed abrasive slurries containing alumina and ceria abespeg
for chemical mechanical planarization of silicon dioxide and silicon nitride films for shallow
trench isolatia application. They reported a polish rate selectivity between oxide and nitride

films as high as 6%long withimprovedsurface qualityof the films They presumed that the

16



adsorption of smaller ceria particlestodarger alumina particless responsiblefor these
enhanced results when MAS are used.

Similarly, Seo eial 1° studied CMP of MAS containing manganese oxide within 1:10
diluted silica slurry. They achieved higher removal rates and lowundarmity. They
concluded that this improved CMP performance is due to the adsorption of seilalker
particles ontahe manganese oxide surface through electrostatic interactions and polishing was
dominated by the action of these new silica surroudie@, compositeparticles.Lu et af® and
Lee et al’® reportedsimilar results ofenhancedolish rates of oxidelow surface defectand
good quality surface finish when MAS of ceria and silica were used compared to ingjieg s
component slurries of silica or ceri@eriacoated silica slurries prepared by hydrothermal
reaction of ceria and silica nanoparticles for oxide Cdéonstateda significantincrease in
removal ratecompared to using either slurries on their 8wRecent work by Lin et afalso
demonstrated a twenty fold increase in oxide polish rates when using composite particles of a
silica to ceria wajht ratio of 0.1( 5 wt% silica particles and 0.5 wt% ceria particles), compared

to polishing with either silica or ceria alone.

2.4 High Selectivity Slurries

Selectivity is a very important property in designing CMP slurries particularly those that
willbe used in STI and damascene fabrication.
one material but not another or the polishing rate of the surface layer as compared with the
underlying layer. In the case of STI CMP, selectivity is definedhe ratio of the material
removal rate of silica to MRR of silicon nitride as seen below.

NOH OO O rL{(;L)O Qil "QAE D Od D Qo QLG
(o QO T AN ST o PO S ———————
VOoQNl QOE D Od ™ Qa BIEDE QQQ
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In the case of shallow trench isolation, the CMP slurry néedempletely remove the
silicon dioxide layer and stop on the underlying silicon nitride layer while in the copper
damascene process, the CMP slurry needs to selectively polish copper until the barrier layer Ta is
exposed. In both cases, the underlying layers are then also removhdsdtgtivity slurries
give a more effective endpoint detection due to the clear change in the tribological properties of
the material being polished and the properties ofitiieerlying layer®

Selectivity is achieved by shielding some of the layers of the film from polishing by
forming a passivatiotayer thatis generally achieved through the addition of additives such as
surfactants and organic acids. In the case of STI CMP, samfacand acids are carefully chosen
to preferentially bind to the nitride surface forming a passivddiger thatprevents it from being
polished. Selective adsorption of thadditive onto the surface can be achieved if therenis a
adequatalifference n surface charges betwetem.

In STI CMP, there are three ways to improve selectivity: (i) increase oxide removal rate
while decreasing nitride removal rate (ii) increase oxide removal rate and maintain the nitride
removal rate at a minimum and (iii) m&in oxide removal rate and decrease the nitride
removal rate to <1.

There is a wide selectioof publishedand patent literature on high selectivity slurries
employing different additivesto enhance e oxide to nitride selectivityThese include
ammonum polyacrylate (APAY , glycine, proline, alanine, lysine, arginitfe DL-aspartic acid,
L-glutamic acid sodiunt* dodecyl sulfate (SD$), glutamic acid!, poly-acrylic acid® and
amino acids? such as Nmethyl, N,Ndimethyl glycine, 3aminobutyric acid, picolinic acitf'?,
iso-nicotinic acid*?>*®and cyclic amines such as pyridine HCL, piperazine and imidazote

broad but not exhaustive lisf a combination of abrasives, additives employed, pH range in
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which high selectivity is reported and the corresponding selectivity valpesvigled in Table 1
of the review paper by Srinivasan ef“al

The method of synthesisype andsize of the abrasive along with concentration of the
additive, hydrogen dnding and pH of the slurry all play a crucial role in selectivity. Slurries
exhibiting high selectivity are based on either silica or ceria abraStfes The influence of pH
is also critical in slurries that exhibit high selectivity. Some slurries exhibit high selectivaty
specific pH, some in a narrow pH rafg¥**while other slurries exhibit highelectivity in a
wider pH rangeAmerica and Babd? suggested that pH is critical for the suppression of nitride
removal rate. In their study of prolireeria slury for STI CMP, lowest nitride removaiatewas
reportedatpH9.Whi ch coi ncided with thd rps@domnitrideof zer
surface and it ixoncluded that the minimal in nitride removal rate is related to the surface
having zero netharge which leads to the optimization of interaction of proline with the nitride
surface. Manivannan et df reported that Dtaspartic acieteria slurries exhibit a igh
selectivity in the pH range of 4 to 5. In the case of surfactant concentration, LEesaygested
t hat there exists a dAcritical C 0 n thee abtasivat i on o
particle size for the minimal nitride removal. Manivannan & axperimentally showed that
increasing the concentration of the additive suppresseslenitemoval rate but also silicon
dioxide. America and BaBti investigated the effects of slurry additives on the suppression of
silicon nitride removal during STI CMP and reported that high selectivity can be achieved by
additives thatontain an amino group in the alpha position (attached to the first carlzmeaid]
to the carboxylic acid). The amino group must possess atleast one hydrogen atom and hydrogen

bonding was proposed to be responsible for suppressing nitride removal in CMP.
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The hypothesisfound in the literaturefor explaining high selectivityincludes : (i)
selective adsorption of the additi vimosibcant o t he
dioxide and hence the removal rafé) the adsorption of the additive on chemically active sites
on the abrasive, blocking the chemical intemactbetween the film and the abrasive and
suppressing polishifg!"*® Kim et al>* suggested thatigh oxide to nitride selectivity is caused
by the preferential adsorption ahionic polyelectrlytes onto nitride surfaces. Mawannan and
Ramananthaf! proposed that ceria abrasives contain two active sites, one that interacts with
silica surfaces and the other with silicon nitride surfaces. Addition of additives modifies the
different active sites and leads to changes in selectivity. They suggestetiethatetaction

between the additive and the abrasive plays a major role in enhancing selectivity

2.5 Effects of abrasive size, shape, pH and concentration.

The dynamic motionof the abrasive patrticles, rolling or sliding, plays a critical role in
succesful outcome of the CMP procé&ssHowever, this contact behavior of the abrasive
particles is dependepnn the shape, size, concentration, distribution, solubility, hardness and pH
of the slurry particles. According to this mechanism, for the sliding motion of particles the
polishing rate is directly proportional to solids loading and particle size wiledhshing rate
is inversely proportional to solids loading and particle size for the rolling motion of particles.
Abrasive particle size plays a key role in material removal rate, surface defects and also surface
roughness during CMP. Numerous studiegehlaeen done on the effect of abrasive particles on
the CMP process, all with contradictory residtating that polish rate increases or decreases
with particle size or in some cases, independent of the abrasive particle size.

In earlier works, it wasmplied that an increment in particle size arwhcentration
results in an increase oxideremoval rate¥. On the other hand decrease in polish rates with
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increasing particle size has been repofted In their investigation on the effect of alumina
abrasive patrticle size (0.1 to 106n) and solid loadings (2 to 15 wt %) on the polish rate of
tungsten, Bielman et&lfound that tungsten removal rate increased with decreasing particle size
and increaed solid loadingdt was concludedhat the removal rate mechanism is related to the
contact surface area between particles and polished surface and is not controlled by an
indentation and scratching mechanigdhoi and Sing® reported similar results of an increase
in polish rate with a decrease in particle size and an increase in solids loading and further
proposed that polish rate increase with an increase in the contact area of the abrasive particles
between wafer and patMahajan et af° in their study ofsilica/silica polishing mechanism as a
function of particle size and solids concentration reported that removal rate increased with
increased solid loading for smaller particles, however, for larger particle sizes they observed a
consistent decrease in tpelishing rate as a function of the solid loadings. Furthermore, they
went on to propose two different material removal mechanisms: carestbased mechanism
is dominant for small particle sizes and indentation mechanism dominant for larger sizaeeabrasi
particles where polishing rate increases with decreasing particle concentration and increasing
particle size (via silica polishing experiments). Basim &t edported increased material removal
rates with larger size particles &igh concentrations. Consequently, the surface damage
occurring at these conditions was high. The surface damage increased with the increasing size
and the concentration of the coarser size parti@asgh and Bajaf?proposed that material
removal per particle may decrease with decreasing particle size due to lower stresses and the
degree of surface sceting also decreases due to reduced indentation.

It is also implied that abrasive particles must be larger than a critical size to be effective

for removal ratesZhou et al®reported a critical abrasive particle size (80 nm) at which
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maximum material removal occurs and also gave the best surface finish. Baoutily, they
demonstrated that material removal rate increases with the increase of solid concentration from 0O
wt% to 30 wt% of all 3 types of slurries studied containing 50 nm, 80 nm and 140 nm abrasives.
Henc, polish rate increases with the increas¢hiem number of particles in the slurds of yet,

there is no consensus on the effect of slurry particle size on polishing performance.

The concentration of particles in the slurry also affects the polishing rate. Zanty@ et al
stated in their review that an increase in particle concentration should increase removal rates due
to the increase in the number of active particles which will also increase indentations to the
passivating fim. Mahajan et & reported that for smaller particles, removal rates increased as
particle concentration increased, however, as particle sizes got larger, there is considerable
decrease in removal rate with increase in particle concentrationefdus studies have reported
an increase in polish rate with increasing abrasive concentfifidfft. Some of these reports
indicated an increase in polish ratp to a critical concentratiopeyond this point no further
increase in polish rate is observed and polishing rate may detr&zseper et &t also showed
continuous reduction in surface roughness with increasing solid concentfidt®mincrease in
solid loadinggparticle concentratioteads to an increase in the number of particles interacting
with the surface which results in arcrease in friction force and higher removal ratdm effect
of slurry particle shape on the removal rate has been stndiedailsby Zhenyu Lu et &P.

pH has a strong effect on both dielectric and metal CMP. Recently our group studied the
pH dependent attachment of ceria nanoparticles to ‘stfic®ur results indicated that pH is not
only important for material removal rate in dielectric CMP but also for the cleaning process in
CMP. pH modification of the slurry is a useful strategy to enhance cleaning of the Jvadal

et aP® studied the effect of pH 08u/Ta polishing and suggested that a favorable Cu/Ta polish
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rate selectivity can be obtained by adjusting the pH of the slurry. They also observed that Cu
removal rates decreased monotonically from pH 2 to pH 12 when using both silica and alumina
abrasiveparticles. They suggested this decrease was as a result of the decrease in the hardness of
Cu with decreasing pH while Ta surfaces showed high polish rates in alkaline®tegian pH

also affects the slurry stability.

2.6 Slurry stability

The stability of a slurry can be defined as one in wiiehparticles remain suspended in
solution and particles are kept separated by electrostatic repulsion forces due to their surface
charges. Usually, when colloidal particles are suspended in a liquid medium, they accumulate a
surface charge and an electdouble layer forms around each particle. This is a repulsive force
that helps to stabilize the suspension. When two particles of the same charge approach each
other, the overlap between the diffuse layers result in a high repulsive electrostaticiameract
causing the double layer formation to increase and gives rise to stable suspensions. Screening
caused by the addition of salts can reduce the electric double layer repulsion. If the screening is
sufficient, particles will now have enough kinetic enetg overcome tla repulsive energy
barrier and Van der MWAls attractive forces become dominant and promotes
bondingagglomeratiorof the particles which leads to a decrease in slurry stability tendency
of particles to agglomerate depends on the \sloirt.

Not only does agglomeration reduces stability of the slurrydalsosaid to negatively
affectthe polishing capability of the particles duethe reduction in surface area and hence loss
of active siteson the particle These large groups ofagicles are undesirable for CMP as it
introduces micrescratches on the polished surface as a result of ideeptation decreasing
device vyield.
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According to Choi et &I, in the stable slurry regime material removal rate increases with
an increase in ionic strength while in the unstable slurry conditions, material remadgal
decreases with ionic strength.was further stated that contact between larger agglomerated
particles and the surface to be polished results inumifiorm distrbution of pressure per
particle leading to a decrease in removal @ the other hand, Lin et’adtudied the colloidal
stability of slurries via settling test and reported MAS with high colloidal instability (these
slurries precipitated faster) showed higher oxide and nitride polish rate due to greater contact
area between the particlesxd wafer surfacesChemical additives mawffect slurry stability
desirably or undesirably. They increase the ionic strength of the slodyprovide excellent
slurry stability for CMP conditio®¥ but in some cases also cause the agglomeration of particles
and tend to lubricate the surface to be polished preventing contact between particles and the
surface hence decreasing polishing.rate

The zeta potdral of colloidal slurry solutions is often used to determine the electrostatic
interactions between partiefarticle and particlevafer and is also used as a method to gauge
the solutions stability. Slurries with zeta potential greater than-30 S ® are considered to
be stabl®® , however, as abrasive particles approach their isoelectric point, slataigsto
exhibit instability as at this point particles tend to agglomerate quickly. Once again, these
agglomerated particles are undesirable for STI CMP as it causessuoiatohes, reduces device

yield and functionality
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2.7 Material Removal
2.7.1 Mechanical Process

Earlier on, esearchers assumed that material is removed from the polish surface in CMP
when it is scratched away by the abrasive particles. However, the earliest model for the
mechanical removal of material from the polished surfaceps@sosed by Preston in 1927 to
describe plate glass polishffigHe postulated that material removal from the surfaca given
time was proportional to the work done on that surface. The work done is the product of the
polishing pressure and velpcand is expressed mathematically as:

DYYUOL DJw [3]
where MRR is the material removal rate, P is the applied pressure and V relative velocity of the
surfaces in contact andpKis the Preston coefficient. The coefficient is experimentally
determined and is a function of several parameters such as surface properties and reaction
kinetics. This relationship between MRR and the product PV implies that polishing is
independent of slurry characteristics and chemistry and does not hold forestgat resultas
there are quite a few process parameters apart from pressure and velocity that influence MRR
today Also, it implies that at a fixed pressure and velocity, the material removal rate should be
constant which is also not feasible baseexperimental dataAlthough the Preston equation is
widely accepted, it does have many limitations. Numerous researches into proposing models
attempting to overcome the I imitati o6MP of t h

mechanism have been dasmred can be found in the literat(i¥e® .
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2. 7.2 NThe Chemical Toot ho

Polishing of films is thought to be largely executed by mechanical abrasion, the M in
CMP, however, in the eydoneghanitd abfasios was demelopet bye r n a
Coo¥. The fichemical tootho was proposed for gl s
to explain the ceriailica polishing mechanism. According to the cherniwath, material
removal takes place in a muttiep process. Initially, water penetratesgtiea surface layer and
f or m¥d "Obond, the chemical components the slurry hydrolyze the surface of the
abrasive particles and the wafer leading to a temporary bonding betweerrabi@eabnd the
silicon atom®. The dissolved silica is released into the solution and is adsorbed onto the abrasive
particle surface. Material removal occurs when the silica particles are bound by the abrasive
and/or carried away in flowinglurry stream. However, the removed miglleat some point may
re-deposit onto thevafer surface as an oxftle

Ceria slurries proved to be the most efficient when polishing glass or pure silica. To
explain the ceriailica mechanism, Cook examined tnéeractions between Si@ubstrate and
ceria abrasiveCook proposethe abrasive particlsurface bonding is controlled by a hydrolysis
reaction that is represented bel®®

Si-O+CeOH Y -OSe+ OH [4]
Cerium oxide dispersed in solution fori8s-OH groups which will react witlSi-O present on
the surface resulting in the formation of-OeSi bonds and subsequent removal of silica as
Si(OH) one molecule at a tifieThe chemical tooth model showed that material removal is
related to interactions between surface functional groups on the substrate surface and the

abrasive particle surfac@heceriasilica CMP polishing mechanism is expected to be a strong
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function of slurry pH**CIt should be noted that although the chemical tooth model is widely

accepted, there is no experimental validation.

2.8 CMP Isolation Techniques
2.8.1 Local Oxidation of Silica (LOCOS)

Before the emergence of revtechnologies such as shallow trench isolation, local
oxidation of silicon, LOCOSwasthe traditional method of choice for device isolation. In the
LOCOS process, a thin layer of pad oxide is deposited onto the silicon substrate. Silicon nitride
is thendeposited onto the pad oxide, followed by chemical etching of regions of both layers
where thermal oxidwiill be grown. The thermal oxide provides electrical isolation of the cevi
by separating active region&fter the silicon substrate is thermallyidized, the nitride layer
that was used as a mask is stripped. LOC@&Besnonpl anarity due to the
peako sthat is praducededuring the process atftkreforereduces device packing

density®, hence making this technique unacceptéieleviceline widths less than 250

2.8.2 Shallow Trench Isolation (STI)

Shallow Tremwh Isolation, also known as STI, anovelisolation technology used for
semiconductor devices with line widths less than 250 nm agid thinsistor packing densities
STl CMP is used to create dielectric isolation between transisyprthe removal of th
overburden dielectric fill in the shallow trendience separating adjaceattiveareas of metal
oxide semiconductor devicé€®. Although STl was invented in 1977 t wasnodot i mpl em
|l C manufactur i ng I@Q size shrinkst chnginually9 tAe0 téaditional Asslation
technique, LOCOSwas no longer efficienb ecause of the fAbirdés pea

processand was replaced by the new STI technol&jylinhibitedt he wundesirabl e #fb
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by embedding field oxide into silicoproviding a clear distinction bseen the oxide and the
activearea regiorf§ . Furthermore, STI provides an improved control over the geometry of the
isolated aré®t which allowsfor dense and high speed devices to be fabricated.

A typical STI process starts with growing pad oxide onto a siliadvstsate, then
depositing a layer of nitride (used as a mask), after which a shallow trench is etched into the
silicon substrate. PECVD silicon oxide is deposited to fill the trench. This is followed by CMP
that is used to remove the silicon dioxide ovedem and should stop on the silicon nitride
masking layer which is stripped afterwards. A schematic representation of STI is shown in

Figure2-4.

Silicon Oxide
B Silicon Nitride
e Silicon

Figure2-4 A schematic representation of STI proééss



An ideal STI process should have a good oxidishing rate and stops at the nitride
layer. Therefore, a high selectivity between oxide and nitride is desired fofl&Therformance
requiement for STI CMP is more stringent due to the smaller proximity between the transistor
regiong®. ThereforeSTI CMP slurriesshould not onlyhave a higroxide-to-nitride removal rate
selectivity butat the same time leave the surface defiee with no scratches or particle
residuesPolishing scratch is detrimental to device quality as it directly affects device Kigh.

selectivity slurries for STI CMP were discussed earlieseiction 2.4.

2.8.2.1 Oxide Removal

Silica hydrolysis and dissolution are responsible for the chemically modified layer on

silica surface as a result of siloxane bond breaking and hydration when silisawéhowvater.
The first stepn SiO; removal irvolves water reacting with the siloxane bonds@Ssi) present
on the surface of silica and foomg  -O This is usually represented by a hydrolysis reaction
of silica shown belo##25:

K"YQ0 YR OO0 P ¢k "YQUOO [5]
Dissolution and hydration work together for the above reaction to take place. All four bridging
oxygen bonds on the silica surface have to be hydrated inorder for dissolution of the silica to
occuf . In this cae, water diffuses into the silica surface, penetrating the siloxane bonds and
formi ng (SiKO#lsperaeb.ut e [

Once the hydroxylated surface comes in contact with an abrasive patrticle in the slurry,
one or more of the silica tetrahedral chemisorbs tmtoabrasive particle and is lifted off the
surface and taken away in the flowing slurry stream. Material removal occurs when the silica
particle is bonded to the abrasive particle and be removed or it may enter the polishing slurry
where redeposition ord the wafer surface as an oxide may occur.
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The rate of this reaction is controlled by slurry pH (dissolution of surface hydroxyls
increases with increase in pH), water diffusion onto the silica surface and particle type and size
(ceria particles is said tgive higher polishing rates of silica surfaces when compared to other
oxide particle)?5, Different mechanisms/modelare proposed in the literatar about the
interaction between da and silica during polishing. One of the earliest model on oxide
polishing was provided by Cobkvho proposed the chemical tooth effect@EQ particles
which helps in breakg the siloxane bonds on the silica surface smbisequentlyemoving
Si(OH) into the solution one molecule at a time. Hoshino ®tpaksented another model where
the siloxane bonds react with Cefarticles forming SO-Ce bonds which leads to the oxide
removal as a lump instead of one molecule at a time which was proposed byi@tsa#l®* and
Dandu et & also provided an alternative model where they proptissdCé* ( and not C& as
proposedby Cook) present on the ceria surface is chemically active and is responsible for the

enhanced oxide removal

2.8.2.2 Nitride Removal

Hydrolysis is also responsible for the removal mechanism for silicon fitridgilicon

nitride polishing occurs in two stef3$®. The first step entails the hydrolysis of nitride where
silicon nitride surface reacts with water/air and oxidizes to silicon dioxide. This
hydrolysis/oxidatio reaction is represented befSw

YO @O0 © oY 1060 [6]

YO o O gYQO ¢U [7]
In the second step, the top layer of silicon dioxiseremoved by CMP which leaves the
underlying nitride layer susceptible to the aqueous slurry and repetition of the first step may

OocCcur.
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Hu et af® proposed the following sequence of hydrolysis reactions for nitride CMP

process:
Y@ 00 © "Y'® 'O "Y'QU O [8]
"Y' 'O 00 © "Y'QU '0°Y'Q) O [9]
"Y'QO OYQE® k YQE YR 0O [10]
"YO'O 000k YQ YR 'O [11]

The hydrolyzed surface layer can be further hydrated in the presence of water during CMP
according to the following hydration reactffiHu et al]:
k“"YQ0 YR 00 ° Y40 [12]

This reaction ighe same as in oxide polishingwas suggested that both nitride hydrolysis and
oxide hydration reactions resedt in a mechanically weak oxide surface layer which can easily
be removed by mechanical wear by the slurry abrasives.

Therefore, additives can be chosen in such a way that inhibits the first step by
preferentially adsorbing on the silicon nitride surfpceventing the conversion of silicon nitride
to oxide and hence suppressing the nitride removal. The suppression of silicon nitride removal is

critical for a successful STI CMP process.

2.9 Challenges of CMP

Compared to other planarization techniqueglFChas many advantages, however, on the
other hand it does come with a few challenges. Despite the wide acceptance of CMP in
semiconductor manufacturing, the exact mechanism of the process is still not clear, and therefore
it is unable to produce accuramontrol over thepolishing results.Therefore a better
understandig of the fundamental principles of the CNdirocess is requiredCMP is a mult

variable process and a thorough understanding of each of these variables and their interactions
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must be reachiefor a successful outcome of the process and for its future applicability in device
manufacture.

With the emergence of technology such as STI that has more stringent requirements of
the CMP process, there is increased need for high sele@VIt MP slurries which means the
development of novel slurries containing new abrasive particles or mixed abrasive particles
along with additivesThe use of new abrasive particles and mixed abrasive particles to achieve
selectivity in polishing requires further iestigation As dimension size gets smaller, WitHine
gets tighter and tighter and there is need for improvement in CMP performance to facilitate this.
Other major challenges include reduction in surface defects including-sti@atches, particle
contamnation, WIW and WID notuniformity and improvement in end point detection.

The International Technology Roadmap for Semiconductors (ITi&E identified future
challenges for CMP which incluéfe®

1 Increasing withirwafer removal rate uniformity and decreasing dishing for shallow

trench isolation

1 Reductionsurface defects

1 Scaling to 450mm wafers
CMP is a costly process which includes the cost of the equipment, maintenance and consumables
and also the additional process of pG8IP cleaning. One way to reduce CMP cost is by
developing slurries degned to minimize the use of expensive materials and designed for

recyclability.
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Chapter 3. Experimental Procedures

This work involves the use of colloidal abrasive particles for the polishing of silicon
dioxide and silicon nitride surfaces. Analysis of the hagisms of oxide and nitride polishing
using mixed abrasive slurries is conducted through both polishing experiments and friction
measurements using a system that can measure the carrier motor current is discussed. The
colloidal stability of slurries is ammportant factor in STI CMP because it affects material
removal rate as well as causes defects. Therefore, the colloidal stability edibesidAS at
different weight ratios is studied via settling tests. Due to the small scale of the abrasives in the
slurry used in CMP, surface effects dominate the behavior of the particles. As a result of this,
particle size and surface charge influence slurry stability and CMP perforndmeesurface
charge of the abrasive in the slurry is determined using zetat@tmeasurements at different
slurry pHs. Particle size measurements are made to determine the degree of agglomeration of the
particles in the slurryA light scattering technigue used to measure both the particle size and zeta
potential are reported.hE effect of the slurry chemistry on the polished surface usiray x
photoelectron spectroscopy, scanning electron microscopy and auger electron spectroscopy are

presented.

3.1 Wafer, Slurry Preparation and Polishing

All polishing experiments were perfoed on a Strasbaugh 6EC Polisimeour lab at the
Universityof Alberta as seenin Figureld Thi s pol i sher came equi ppe
carrier and a higigrade aluminum polishing table ef22-in. diameter with chuck and platen
rotational speedsf up to 185 rpmand a maximum down force of 10 psi for 28@+diameter
wafers. In this work, the polishing time for all substrates lasted betwedn51minutes using
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table and carrierotational speeds of up %0 rpm and down force of up t8 psi. Theback
pressure was always kept at géhed of the down force value @void blowing the wafer off the
carrier during a polish cycle. Durirte polish cycle, the slurry was constantly mixed at 350
rom using an IKA EUROSTAR digital stirrer while it wgsumped onto the pad using a
peristaltic pump at a rate 800ml/ min to 250 ml/minThe recipe used for polishing both oxide

andnitride substrates unless othase stated is shown in Figure23

Figure3-1 Strasbaugh 6ec Polisher
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The pads used in this work welkexPlanar E745@0S and E707#30S which are both
radially and concentrically grooved. The pad was conditioned wiibmaered diamondgjrit pad
conditioner.This is carried out continuously during @ling The powered pad conditioner has
a brushless servo motor mounted to the end of the conditioning arm that applies a downward

force while sweeping a rotating conditioning device across the polishing pad.

Figure3-2 Screen shot of the recipe for chemical mechanical polishing of both oxide and nitride
surfaces.
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