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Abstract 
 

Device isolation is achieved using shallow trench isolation (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 behind developing new slurries used in this process, which 

enhances oxide-toïnitride 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 

oxide-to-nitride polish rate selectivity through a systematic investigation of the electrostatic 

interactions between particle-particle and particle-wafer surface, the characteristics of the 

colloidal stability of the suspensions and their impact on polish rate along with 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 indentation based mechanism. Within a range of ceria-to-silica 

weight ratios, known as the transition range, the mixed abrasive slurries were observed to be 

unstable which corresponded with high material removal rates of both oxide and nitride films. 

Polishing above this range, produced high oxide removal rates but low nitride removal rates 

giving relatively high selectivity. Frictional forces during polishing are investigated by using the 

table motor current; the results demonstrate that this has an impact on polish rates 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 containing a single kind of abrasive under the same 

conditions and at high weight ratios of MAS (Ó 0.2), STI CMP selectivity is enhanced. 
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Chapter 1 : Introduction  
 

Chemical mechanical polishing also known as chemical mechanical planarization (CMP) 

is a relatively newer technology for the fabrication of devices in the semiconductor industry 

when compared to lithography or etching. Chemical Mechanical Polishing, was developed in the 

early 1980ôs 1 by IBM, initially used to address topography issues on silicon substrate in 

integrated circuit (IC) manufacturing. Since then, CMP has grown into a key enabling 

technology 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 layer must be globally 

planar before the next is deposited. CMP  gained itsô popularity because it is the only technique 

capable of producing globally planar surfaces and thus enables multilevel, interconnected 

structures which allowed for the continued shrinkage of microelectronic devices.  

Shallow Trench Isolation is widely adapted as shrinks below 0.35 µm required new 

isolation. The performance requirement of STI CMP is more stringent due to the smaller 

proximity between transistors and demands precise control over the CMP process for device 

fabrication. The increasing need to achieve accurate polishing stop while minimizing over 

polishing in STI is the driving force behind optimizing CMP variables such as the polishing 

slurries. This includes finding new ways to increase the oxide-to-nitride selectivity by exploiting 

new chemicals such as surfactants and mixed abrasives used in CMP slurries. However, key 

factors such as slurry pH, slurry stability, abrasive particle type and size, abrasive concentration, 

and chemical additives are known to significantly affect the CMP mechanism2 34 
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To develop CMP processes for STI CMP, a thorough understanding of all the variables 

that control the successful outcome of a CMP process must be reached. An example, is  the  need  

to  investigate  particle-particle and particle-wafer  interactions  in  order  to  develop  novel 

slurries  for  STI  CMP. 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 polishing selectivity between 

silicon dioxide and silicon nitride substrates5. Ceria slurries are said to be the primary candidates 

for STI due to their preferential polishing of oxides over nitrides and enhancement in surface 

finish all due to ceria possessing the ñchemical toothò6. However, the use of ceria slurries in STI 

CMP comes with challenges such as micro-scratches 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 enhancement in silicon dioxide 

removal rates over single component slurries of either ceria or silica with less defects7ï10. 

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

It is hypothesized that slurry additives  such  as  surfactants  can  be  utilized  in  such  

slurries  to  suppress  nitride polishing  rates while  maintaining relatively  high oxide polishing  

rates11ï20.   This research  is aimed  at  developing a novel  mixed  abrasive  slurry consisting of 

colloidal ceria and silica  for  STI CMP,  based  on fundamental  understanding  of  the  slurry  

stability,  particle- particle  and  particle-wafer interactions.  Material removal rates are  found to 

be dependent on both ceria- to- silica weight ratio and slurry pH, which  also  affect  the  stability  

of  the  slurries  through  particle - particle interactions. The models proposed within this work to 

achieve high oxide-to-nitride selectivity which is necessary for STI CMP, are based on (i) 

electrostatic interactions, (ii) selective additive adsorption onto the nitride surface forming a 
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passivation layer and (iii) reduction of the friction force during nitride CMP. To date, there are 

few studies on STI CMP by mixed 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 slurry for the 

CMP of silicon dioxide and silicon nitride films with the ultimate goal of increasing the oxide-to-

nitride polish rate selectivity. The colloidal stability of slurries is an important factor in STI CMP 

because it affects material removal rate as well as causing defects such as micro-scratches due to 

the agglomeration of particles present in poor stability slurries. Therefore, a secondary objective 

of this research is to perform an in-depth study through the experimentation of colloidal stability 

of the MAS of ceria and silica, the interactions between slurry particles and the interaction 

between slurry particles and the surface to be polished. Lastly, an investigation into the use of 

additives to suppress the nitride polish rate is performed. A synopsis of the work done for 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-to nitride selectivity for STI CMP using mixed abrasive 

slurries. 

Chapter 2 reviews the literature on the fundamentals 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 selectivity follows. The selectivity of mixed abrasive slurries for STI CMP is 

defined. Furthermore, the challenges we face in CMP today is discussed. 
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Chapter 3 details the materials and methods used for this research.  CMP experiments are 

defined. Also, experiments and measurements using both particle characterization methods and 

surface characterization methods are presented. 

Chapter 4 is a study of the electrostatic interaction between ceria particles and silicon 

dioxide wafer surfaces for its later removal during the cleaning process. It is shown that pH plays 

a major role in the adhesion of ceria particles to silica surfaces. The optimum pH for obtaining a 

clean silica surface, after exposure to a ceria slurry is pH > 9.6.  The ceria particles used in this 

work are characterized and found to be composed of a ~31%:69% ratio of Ce(III):Ce(IV) 

Chapter 5 examines the stability of mixed abrasive slurries and the oxide and nitride 

polish rates of said slurries as a function of slurry weight ratio. It is shown that maximum 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 higher slurry weight ratios, highest selectivity is 

achieved.  

Chapter 6 demonstrates the use of additives to the MAS to maximize selectivity and the 

use of a different silica core particle. A model demonstrating the polishing mechanism using 

MAS is proposed and may explain why the use of additives with MAS proved to be only 

marginally effective in suppressing the nitride removal rate to a very low value.  

Chapter 7 presents the relationship between the polishing rate and frictional force. 

Experimental results pertaining to this relationship are presented and discussed and conclusions 

are drawn. 

Chapter 8 offers a conclusion of this work and recommendations for future work. 
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Chapter 2 : Literature Review 
 

2.1 CMP Fundamentals 
 

Chemical Mechanical Polishing is an excellent global planarization technique that uses a 

synergistic combination of chemical etching and mechanical forces producing globally planar 

surfaces with enhanced surface finish. CMP was adapted from optical lens polishing methods, 

i.e. telescope mirrors 21. One of the earliest uses of CMP was in glass polishing. Outside of the 

semiconductor industry, CMP is popular in optical lens polishing.  

The CMP process was initially developed to address topography issues on Si substrates in 

microelectronic fabrication by IBM in the early 80ôs.  Before CMP, severe topography existed at 

interlayer dielectric (ILD) levels, which resulted in sloped wall vias limiting designs to only 2 or 

3 levels of metal. This topography is disadvantageous because it increases the depth of focus 

during lithography22,23. Surface topography had to be reduced in order to print smaller features. 

With the shrinkage of device dimension and the number of components in the circuit increasing, 

CMP enabled multiple layers of metals, increased packing density, improved device speed, 

greater functionality and reduction in manufacturing cost.  

A typical CMP system consists mainly of three components: polishing pad, wafer and the 

slurry with abrasive particles. A schematic presentation of the CMP components is shown in 

Figure 2-1. During CMP, the wafer to be polished is held upside down by a rotating carrier and 

pressed face down against the compliant rotating pad that serves as a conduit for the slurry with 

abrasive particles and chemical additives, which is introduced onto the pad by a peristaltic pump. 

Material removal is achieved by the synergistic combination of mechanical and chemical forces.  
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Figure 2-1 (a) Schematic diagram showing the polishing components and (b) cross-section 

through wafer carrier 
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In addition to removing material from the surface at rates of several hundred nanometers per 

minute, global planarization is also achieved. 

From the literature 24, it is reported that the gap between the pad-wafer is approximately 

40 ɛm. In the case of complete lubrication, the wafer is completely separated from the pad by the 

slurry flowing between them. CMP is a deceptively complex and multi-parameter process that 

should yield high material removal rates and global planarization with little to no surface defects 

2,25. In the case of isolation techniques, 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 ñconsumablesò 26. CMP processing 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 

significant portion of the present billion dollar CMP market. The roles of each of these 

components are discussed below.  

 

2.2.1 Surfaces to be polished 

 

Initially, CMP was developed to polish crystal silicon wafer for interlayer dielectrics in 

the microelectronics 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, ceramics and surfaces such as carbon nanotubes and zinc oxide 26. A list of surfaces 

processed using CMP are given in Table 2.1.26,27 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 Cu in the copper damascene process is different from insulating materials, 

such as SiO2 and Si3N4 in shallow trench isolation. Typically, the metal or dielectric film is 

modified by the chemical properties of the polishing slurry and this modified top layer is abraded 

away by the abrasive particles. In the case where passivation agents are present in the slurry, a 

passivation layer is formed on the underlying barrier layer protecting it from chemical 

dissolution and erosion 28ï30. Continuous material removal from the top layer of the film occurs 

until the entire film surface is planar 28,29.    

Table 2-1 A broad but not exhaustive list of surfaces processed using CMP26,27 

Metal, Metalloids Dielectric Others 

Al  SiO2 ITO 

Cu Si3N4 Carbon nanotubes 

Pt Low-k dielectrics Zinc Oxide 

Au Cu-alloys Plastics, ceramics 

Ti Al -alloys Aerogels 

Ta Polysilicon Optoelectronic materials 

TiN Polymers High k dielectrics 

W Tantalum Nitride  

 

 

2.2.2 Polishing Pad  

 

Another consumable that influences the successful outcome of the CMP process is the 

polishing pad. Polishing pad properties such as compressibility, types of grooves, pad asperity, 
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shear modulus, pad hardness and roughness are some of the variables that affect the efficiency of 

polishing. Polishing pads are polymeric and are typically made from cast polyurethane foam 

containing macroscopic porous regions or fibrous in their microstructure 26,27,31ï33. Filler material 

may also be added to the polyurethane to achieve desired mechanical properties such as pad 

hardness31,32. Depending on their application, polishing pads have different hardness, for 

example, softer pads are required for metal CMP such as copper while harder pads are typically 

used for SiO2 polishing34. They are often grooved on the uppermost polishing surface and may 

also contain microscopic pores, asperities or peaks on the pad surface. The grooves facilitate 

slurry transportation on the surface, and establishes the lubrication system underneath the wafer. 

Grooving patterns range from radial and or concentric circular grooves, spirals, square grids and 

logarithmical ñkò grooves 26,27. A schematic representation of different groove patterns are 

shown below.  

 

Figure 2-2 Pad grooving patterns 26 
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The pad has several functions in the CMP process26,27,34: uniform slurry transport, the 

grooves transport slurry across the pad-wafer 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 enabling polishing. Finally, residues produced 

during polishing are transported away by the grooves in the pad. Also, it plays a role in material 

removal uniformity and post polish surface quality 30, the pad provides uniform distribution of 

applied pressure across the wafer. 

To maintain reproducible polishing conditions and uniform removal rates, CMP pads are 

usually conditioned using a rotating diamond grit disc pad conditioner between CMP runs 26,27 to 

prevent pad glazing that occurs after continuous use due to polish debris. Conditioning maintains 

the pad surface roughness thus extending the pad lifetime.  

 

2.2.3 Slurry 

 

CMP slurries are colloidal dispersions that consist of a combination of abrasive particles 

and chemical additives which 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 volume 26,27. Usually, polishing slurries contain between 1 wt% and 10 wt % 

solid abrasives. CMP slurries contain both chemical and mechanical active components. The 

abrasive particles vary in size between 5 nm and several microns and are responsible for the 

mechanical abrasion of the surface being polished 26,27,30. The chemically active portion is 

brought about by additives to the slurry such as pH adjusters, buffers, oxidizers, corrosion 

inhibitors, chelating agents, and organic compounds such as dispersants, surfactants and 

passivation agents 26,27. Chemical additives are used to soften/modify or oxidize the metal and/or 



11 
 

dielectric film as well as slurry stabilization. Depending on the particular CMP application, 

additives are also chosen to optimize selectivity for selective removal of targeted materials.   

Depending on the material to be polished, different types of chemical additives are added 

to the slurry. ILD CMP slurries used for polishing dielectric materials such as SiO2 are composed 

of abrasives silica and/or ceria and dispersants 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 able to stop 

on the silicon nitride layer. As a result, these slurries contain passivation agents/surfactants that 

will selectively adsorb on the nitride surface inhibiting polishing hence achieving oxide-to-

nitride selectivity. On the other hand, metal slurries tend to be more chemically active than 

dielectric slurries which are less complex. Therefore, they 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 abrasion, citric acid or glycine as chelating agents used to dissolve any polishing 

debris removed from the wafer surface and avoid scratching, and benzotriazole, or BTAH as 

corrosion inhibitors.  They may also contain surfactants used to passivate the film as well as a pH 

adjuster 26ô30.  

Silica and alumina particles varying in size from several nanometers to several microns in 

diameter are typically used for polishing copper and tungsten while for polishing silicon oxide 

and nitride such as in shallow trench isolation, the abrasives are usually fumed or colloidal silica 

and/or ceria. It should also be noted that reactive abrasives such as ceria might contribute to the 

chemical active portion due to particle-substrate bonding 6,33. Ceria is preferred over silica for the 

CMP of dielectric surfaces, especially for shallow trench isolation due to enhanced removal rate, 

selectivity and improved surface finish [5, 23].Composite particles or mixed abrasives have been 
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fabricated and more recently used in oxide CMP 7ï9,35,36 and is especially useful in STI CMP as it 

shows higher polish rates, better selectivity and low surface defects compared to single abrasives 

Ideally, a CMP slurry should provide high material removal rates, within-wafer non-

uniformity, global planarity and high selectivity with low surface defects. Slurry components 

such as abrasive type, shape and size, pH, concentration have significant influence on CMP 

performance and are also the cause of many surface defects. 

2.2.3.1 Abrasives particles in CMP slurries. 

 

Abrasive particles range in size from 5-500 nm and tend to be spherical in shape but 

larger particles may vary in shape such as cubes, platelets, ellipsoids, spheroids and flakes26 30. 

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 particles usually  chosen from alumina, ceria, silica, 

titanium dioxide, manganese oxide, zirconium dioxide among others. When two different types 

of abrasives are present, additional particle-particle electrostatic interactions occur which affects 

the stability of the slurry. Additionally, there is interaction between these composite particles and 

the film which might increase or decrease material removal rate. However they can be designed 

in a way to optimize material removal and selectivity.  

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

 

Silica  

 

Silica also known as silicon dioxide (SiO2), found in nature as quartz sand, however, 

amorphous silica which we will be concentrating on is industrially manufactured and the two 

main forms are: (i) fumed and (ii) colloidal silica 37. Amorphous silica is acidic and possess a 

small dielectric constant. It has a molecular weight of approximately 60.08 (g/mol), particle 
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density38 ~2.2 g/cm3 and pHzpc of ~ 2 39. Silica is the most commonly used abrasive in copper 

CMP and is also widely used in ILD and STI CMP. 

Fumed silica is prepared by thermal pyrolysis of silicon tetrachloride according to the following 

equation 37:  

SiCl4 + 2H2 + O2   O    SiO2 + 4HCl         (1) 

Fumed silica has many advantages such as high purity and it is cheap and easy to prepare 

however, its main disadvantage is that it agglomerates easily in aqueous media 37 and leads 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 phase. Colloidal silica 

is typically spherical in shape and is usually very small ranging from 30-100 nm suspended in 

liquid. The Stober process can be used to synthesize precipitated colloidal silica particles by the 

precipitation of tetraethylorthosilicate with water and ammonia. Colloidal silica particles are 

made in such a manner that the desired particle size, uniform size distribution and particle 

porosity can all be controlled.  

 

Ceria 

 

Cerium is one of the most abundant rare earth metal in the lanthanide series in the earthôs 

crust 40. Ceria, otherwise called cerium oxide (CeO2) is a rare earth metal oxide that has a MW of 

172.115 g/mol, particle density of approximately 7.65 g/cm3 and reported isoelectric point of 

ceria occurring between 6-9 40ï42. Cerium oxide is ambiguous, containing multiple valences of 

which the most commonly used are: cerium (III) oxide, Ce2O3 otherwise called cerrous oxide 

and cerium (IV) oxide, CeO2, otherwise called ceric oxide41. However, the most prevalent form 

in which cerium oxide exists is CeO2 
43, which originally was said to enhance the chemical action 
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on oxide surfaces6, specifically silica. However, later investigations done suggest that Ce3+is 

likely to be responsible for the high reactivity with silica 44 . CeO2 possesses a fluorite crystal 

structure, having each cerium atom in the lattice structure surrounded by eight oxygen atoms43. 

Ceria has a lattice constant of 0.541 nm 43 and has a low aqueous solubility. Dahle et al 40 

evaluated the solubility of ceria particles and found that it is soluble at low pHôs , that is, at pH 

less than 5. However, they reported that Ce (III) has a higher aqueous solubility than Ce (IV).  

Various methods have been reported for the commercial preparation of ceria 

nanoparticles such as precipitation reactions, hydrolysis methods and calcination among others 

not mentioned here45,46.  It is postulated that the synthesis method of the ceria particles has an 

effect on the CMP process outcome44,30. The synthesis method determines the type of ceria 

abrasives, which has an effect on selectivity, surface defects and the overall colloidal properties. 

Smaller particles produced by calcination methods are known to agglomerate easily giving low 

oxide removal rates and high surface defects. Calcined ceria particles have proven to give higher 

removal rates than colloidal ceria 30,44. 

The earliest use of cerium oxide was as a hydrocarbon catalyst during the high 

temperature cleaning process of self-cleaning ovens 47. 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 ceria include 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. Ceria-based slurries have emerged as an important abrasive in CMP 

application such as shallow trench isolation, liquid crystal display and interlayer dielectric42,48ï50. 

Ceria abrasives are widely used for ILD and STI CMP due to its enhanced SiO2 removal 

rate. Ceria based slurries show higher polish rates of SiO2 films, high selectivity and improved 
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surface finish compared to silica based slurries48,50. Different mechanisms have been proposed 

for the origin of the high selectivity of ceria slurry. The ñchemical toothò model, which will be 

explained in details later on, was proposed by Cook 6 and is said to be responsible for the 

enhanced oxide removal. A strong surface chemical bond forms between the ceria abrasives and 

the silica substrate during the polishing process as shown in equation 2 below. Silica is 

subsequently removed one molecule at a time, in the form of Si(OH)4 into the solution.  

ὅὩ ὕὌ ὛὭὕ  P ὛὭὕ ὅὩ ὕὌ                                  [2] 

Silica removal is dependent on the ceria slurry pH with maximum removal occurring near 

the isoelectric point 50. 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 dependent41. It is further proposed that 

Ce3+ species present on the ceria abrasive surface is chemically active and reacts with hydrated 

SiO2 hence facilitating the breaking of the silicate lattice and is responsible for the enhanced 

oxide polishing51,52. 

 

2.3 Mixed Abrasive Slurries 
 

Slurries containing more than one kind of abrasives usually chosen from alumina, ceria, 

silica, titania, manganese oxide or polymeric reins are 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 more reactive particles. These particles usually have 

different isoelectric points and due to this difference, electrostatic attraction occurs through 

particle-particle interactions. MAS has an advantage over single abrasive slurry in that not only 

do they offer improved 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 material7. Typically, the larger core serve as a carrier, increasing the contact of the 

smaller more reactive abrasives with the surface to be polished thus enhancing the polish rate. 

An example of these particles is shown schematically below along with a TEM image of ceria 

nanoparticles attached to the surface of silica particles. 

 

 

Figure 2-3 (a) Schematic diagram of silica core with ceria nanoparticle crusts and (b) TEM 

image of ceria nanoparticles attached to the surface of silica particles at pH 4 7,26 

 

Mixed abrasives are commonly used in the CMP of dielectric films, especially in STI 

CMP.  Jindal et al 8 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. Furthermore, Jindal et al 9went 

on to report on the use of mixed abrasive slurries containing alumina and ceria abrasives at pH 4 

for chemical mechanical planarization of silicon dioxide and silicon nitride films for shallow 

trench isolation application. They reported a polish rate selectivity between oxide and nitride 

films as high as 65 along with improved surface quality of the films. They presumed that the 
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adsorption of smaller ceria particles onto larger alumina particles is responsible for these 

enhanced results when MAS are used. 

Similarly, Seo et al 10 studied CMP of MAS containing manganese oxide  within 1:10 

diluted silica slurry. They achieved higher removal rates and low non-uniformity. They 

concluded that this improved CMP performance is due to the adsorption of smaller silica 

particles onto the manganese oxide surface through electrostatic interactions and polishing was 

dominated by the action of these new silica surrounded MnO2 composite particles. Lu et al36 and 

Lee et al 20 reported similar results of enhanced polish rates of oxide, low surface defects and 

good quality surface finish when MAS of ceria and silica were used compared to using single 

component slurries of silica or ceria. Ceria-coated silica slurries prepared by hydrothermal 

reaction of ceria and silica nanoparticles for oxide CMP demonstrated a significant increase in 

removal rates compared to using either slurries on their own19. Recent work by Lin et al 7also  

demonstrated a twenty fold increase in oxide polish rates when using composite particles of a 

silica to ceria weight 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 

will  be used in STI and damascene fabrication. The selectivity of a slurry is itsô ability to polish 

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 defined as the ratio of the material 

removal rate of silica to MRR of silicon nitride as seen below. 

ὛὩὰὩὧὸὭὺὭὸώ 
ὓὥὸὩὶὭὥὰ ὶὩάέὺὥὰ ὶὥὸὩ έὪ ίὭὰὭὧὥ

ὓὥὸὩὶὭὥὰ ὶὩάέὺὥὰ ὶὥὸὩ έὪ ίὭὰὭὧέὲ ὲὭὸὶὭὨὩ
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  In the case of shallow trench isolation, the CMP slurry needs to completely 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 removed. High selectivity slurries 

give a more effective endpoint detection due to the clear change in the tribological properties of 

the material being polished and the properties of the underlying layer 29 

Selectivity is achieved by shielding some of the layers of the film from polishing by 

forming a passivation layer that is generally achieved through the addition of additives such as 

surfactants and organic acids. In the case of STI CMP, surfactants and acids are carefully chosen 

to preferentially bind to the nitride surface forming a passivation layer that prevents it from being 

polished.  Selective adsorption of the additive onto the surface can be achieved if there is an 

adequate difference in surface charges between them.  

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) maintain oxide removal rate and decrease the nitride 

removal rate to <1. 

There is a wide selection of published and patent literature on high selectivity slurries 

employing different additives to enhance the oxide to nitride selectivity. These include 

ammonium polyacrylate (APA)53 , glycine, proline, alanine, lysine, arginine 12, DL-aspartic acid, 

L-glutamic acid sodium 14 dodecyl sulfate (SDS)15, glutamic acid 11, poly-acrylic acid13 and 

amino acids 12 such as N-methyl, N,N-dimethyl glycine, 3-aminobutyric acid, picolinic acid16,18, 

iso-nicotinic acid 12,18 and cyclic amines such as pyridine HCL, piperazine and imidazole 17. A 

broad but not exhaustive list of a combination of  abrasives, additives employed, pH range in 
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which high selectivity is reported and the corresponding selectivity values is provided in Table 1 

of the review paper by Srinivasan et al 44.  

The method of synthesis, type and size of the abrasive along with concentration of the 

additive, hydrogen bonding and pH of the slurry all play a crucial role in selectivity. Slurries 

exhibiting high selectivity are based on either silica or ceria abrasives11ï18,53. The influence of pH 

is also critical in slurries that exhibit high selectivity. Some slurries exhibit high selectivity at a 

specific pH, some in a narrow pH range12,14,44 while other slurries exhibit high selectivity in a 

wider pH range. America and Babu 12  suggested that pH is critical for the suppression of nitride 

removal rate. In their study of proline-ceria slurry for STI CMP, lowest nitride removal rate was 

reported at pH 9.7 which coincided with the point of zero charge for ñoxide-freeò silicon nitride 

surface and it is concluded that the minimal in nitride removal rate is related to the surface 

having zero net charge which leads to the optimization of interaction of proline with the nitride 

surface. Manivannan et al 14 reported that DL-aspartic acid-ceria slurries exhibit a high 

selectivity in the pH range of 4 to 5. In the case of surfactant concentration, Lee et al13 suggested 

that there exists a ñcritical concentrationò of surfactant which is dependent on the abrasive 

particle size for the minimal nitride removal. Manivannan et al14  experimentally showed that 

increasing the concentration of the additive suppresses nitride removal rate but also silicon 

dioxide. America and Babu12  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 that contain an amino group in the alpha position (attached to the first carbon adjacent 

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 hypothesis found in the literature for explaining high selectivity includes : (i) 

selective adsorption of the additive onto the nitride surface suppresses itsô hydrolysis into silicon 

dioxide and hence the removal rate; (ii) the adsorption of the additive on chemically active sites 

on the abrasive, blocking the chemical interaction between the film and the abrasive and 

suppressing polishing12,17,18. Kim et al 54 suggested that high oxide to nitride selectivity is caused 

by the preferential adsorption of anionic polyelectrolytes onto nitride surfaces. Manivannan and 

Ramananthan 11  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 suggested that the interaction 

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 motion of the abrasive particles, rolling or sliding, plays a critical role in 

successful outcome of the CMP process55. However, this contact behavior of the abrasive 

particles is dependent on 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 while the polishing 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 studies have been done on the effect of abrasive particles on 

the CMP process, all with contradictory results stating that polish rate increases or decreases 

with particle size or in some cases, independent of the abrasive particle size.   

In earlier works, it was implied that an increment in particle size and concentration 

results in an increase in oxide removal rates56. On the other hand, a decrease in polish rates with 
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increasing particle size has been reported 57.  In their investigation on the effect of alumina 

abrasive particle size (0.1 to 10 µm) and solid loadings (2 to 15 wt %) on the polish rate of 

tungsten, Bielman et al58 found that tungsten removal rate increased with decreasing particle size 

and increased solid loadings. It was concluded that 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 mechanism. Choi and Singh59 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 pad. Mahajan et al 60 in their study of silica/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 the polishing rate as a function of the solid loadings. Furthermore, they 

went on to propose two different material removal mechanisms: contact-area-based mechanism 

is dominant for small particle sizes and indentation mechanism dominant for larger size abrasive 

particles where polishing rate increases with decreasing particle concentration and increasing 

particle size (via silica polishing experiments). Basim et al 61 reported increased material removal 

rates with larger size particles at high 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 particles. Singh and Bajaj 62proposed that material 

removal per particle may decrease with decreasing particle size due to lower stresses and the 

degree of surface scratching 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 rates. Zhou et al 63reported a critical abrasive particle size (80 nm) at which 
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maximum material removal occurs and also gave the best surface finish. Simultaneously, they 

demonstrated that material removal rate increases with the increase of solid concentration from 0 

wt% to 30 wt% of all 3 types of slurries studied containing 50 nm, 80 nm and 140 nm abrasives. 

Hence, polish rate increases with the increase in the number of particles in the slurry. As 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. Zantye et al 29 

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 film. Mahajan et al60 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 concentration. Numerous studies have reported 

an increase in polish rate with increasing abrasive concentration 60,63,64 . Some of these reports 

indicated an increase in polish rate up to a critical concentration, beyond this point no further 

increase in polish rate is observed and polishing rate may decrease58. Cooper et al64 also showed 

continuous reduction in surface roughness with increasing solid concentration. The increase in 

solid loadings/particle concentration leads to an increase in the number of particles interacting 

with the surface which results in an increase in friction force and higher removal rates. The effect 

of slurry particle shape on the removal rate has been studied in details by Zhenyu Lu et al65. 

pH has a strong effect on both dielectric and metal CMP. Recently our group studied the 

pH dependent attachment of ceria nanoparticles to silica7,41 . Our 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 wafer. Jindal 

et al66 studied the effect of pH on Cu/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 

abrasive particles. 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 region66. The pH 

also affects the slurry stability. 

 

2.6 Slurry stability  
 

The stability of a slurry can be defined as one in which the particles 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 electric double 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 electrostatic interaction 

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 energy to overcome this repulsive energy 

barrier and Van der Waals attractive forces become dominant and promotes 

bonding/agglomeration of the particles which leads to a decrease in slurry stability. The tendency 

of particles to agglomerate depends on the slurry pH.  

Not only does agglomeration reduces stability of the slurry but is also said to negatively 

affect the polishing capability of the particles due to the reduction in surface area and hence loss 

of active sites on the particle.  These large groups of particles are undesirable for CMP as it 

introduces micro-scratches on the polished surface as a result of deep indentation decreasing 

device yield. 
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According to Choi et al67, in the stable slurry regime material removal rate increases with 

an increase in ionic strength while in the unstable slurry conditions, material removal rate 

decreases with ionic strength. It was further stated that contact between larger agglomerated 

particles and the surface to be polished results in non-uniform distribution of pressure per 

particle leading to a decrease in removal rate. On the other hand, Lin et al7 studied 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 particles and wafer surfaces. Chemical additives may affect slurry stability 

desirably or undesirably. They increase the ionic strength of the slurry and provide excellent 

slurry stability for CMP condition68 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 potential of colloidal slurry solutions is often used to determine the electrostatic 

interactions between particle-particle and particle-wafer and is also used as a method to gauge 

the solutions stability. Slurries with zeta potential greater than 30 z ȿσπȿ are considered to 

be stable69 , however, as abrasive particles approach their isoelectric point, slurries start to 

exhibit instability as at this point particles tend to agglomerate quickly. Once again, these 

agglomerated particles are undesirable for STI CMP as it causes micro-scratches, reduces device 

yield and functionality.  
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2.7 Material Removal 

2.7.1 Mechanical Process 

 

Earlier on, researchers 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 surface was proposed by Preston in 1927 to 

describe plate glass polishing70. He postulated that material removal from the surface in a given 

time was proportional to the work done on that surface. The work done is the product of the 

polishing pressure and velocity and is expressed mathematically as: 

ὓὙὙ ὑ  ὖὠ                                              [3] 

where MRR is the material removal rate, P is the applied pressure and V relative velocity of the 

surfaces in contact and Kp is 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 for experimental results as 

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 based on experimental data.  Although the Preston equation is 

widely accepted, it does have many limitations. Numerous researches into proposing models 

attempting to overcome the limitations of the Prestonsô equation and to describe the CMP 

mechanism have been done and can be found in the literature71ï75 . 
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2.7.2 ñThe Chemical Toothò 

 

Polishing of films is thought to be largely executed by mechanical abrasion, the M in 

CMP, however, in the early 1970ôs, an alternate theory to mechanical abrasion was developed by 

Cook6. The ñchemical toothò was proposed for glass polishing and is one of the first models used 

to explain the ceria-silica polishing mechanism. According to the chemical tooth, material 

removal takes place in a multi-step process. Initially, water penetrates the silica surface layer and 

forms ſὛὭīὕὌ bond, the chemical components of the slurry hydrolyze the surface of the 

abrasive particles and the wafer leading to a temporary bonding between the abrasive and the 

silicon atom 6. 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 flowing slurry stream. However, the removed material at some point may 

re-deposit onto the wafer surface as an oxide6.  

Ceria slurries proved to be the most efficient when polishing glass or pure silica. To 

explain the ceria-silica mechanism, Cook examined the interactions between SiO2 substrate and 

ceria abrasive. Cook proposed the abrasive particle-surface bonding is controlled by a hydrolysis 

reaction that is represented below 6,50 

Si-O- + Ce-OH Ÿ Ce-O-Si + OH-                                    [4] 

Cerium oxide dispersed in solution forms Ce-OH groups which will react with Si-O- present on 

the surface resulting in the formation of Ce-O-Si bonds and subsequent removal of silica as 

Si(OH)4 one molecule at a time6. The chemical tooth model showed that material removal is 

related to interactions between surface functional groups on the substrate surface and the 

abrasive particle surface. The ceria-silica CMP polishing mechanism is expected to be a strong 
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function of slurry pH 41,50.It 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 novel technologies such as shallow trench isolation, local 

oxidation of silicon, LOCOS, was the 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 then deposited onto the pad oxide, followed by chemical etching of regions of both layers 

where thermal oxide will be grown. The thermal oxide provides electrical isolation of the device 

by separating active regions. After the silicon substrate is thermally oxidized, the nitride layer 

that was used as a mask is stripped. LOCOS causes nonplanarity due to the undesirable ñbirdôs 

peakò structure that is produced during the process and therefore reduces device packing 

density76, hence making this technique unacceptable for device line widths less than 250 nm77.  

 

2.8.2 Shallow Trench Isolation (STI) 

 

Shallow Trench Isolation, also known as STI, is a novel isolation technology used for 

semiconductor devices with line widths less than 250 nm and high transistor packing densities. 

STI CMP is used to create dielectric isolation between transistors by the removal of the 

overburden dielectric fill in the shallow trench, hence separating adjacent active-areas of metal 

oxide semiconductor devices27,78. Although STI was invented in 197779 it wasnôt implemented in 

IC manufacturing until the 1990ôs. As IC size shrinks continually, the traditional isolation 

technique, LOCOS, was no longer efficient because of the ñbirdôs peakò associated with the 

process and was replaced by the new STI technology. STI inhibited the undesirable ñbirdôs peakò 
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by embedding field oxide into silicon providing a clear distinction between the oxide and the 

active-area regions80 . Furthermore, STI provides an improved control over the geometry of the 

isolated area81 which allows for denser and high speed devices to be fabricated. 

  A typical STI process starts with growing pad oxide onto a silicon substrate, 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 overburden and should stop on the silicon nitride 

masking layer which is stripped afterwards. A schematic representation of STI is shown in 

Figure 2-4. 

 

 

Figure 2-4 A schematic representation of STI process27. 
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An ideal STI process should have a good oxide-polishing rate and stops at the nitride 

layer. Therefore, a high selectivity between oxide and nitride is desired for STI. The performance 

requirement for STI CMP is more stringent due to the smaller proximity between the transistor 

regions78. Therefore STI CMP slurries should not only have a high oxide-to-nitride removal rate 

selectivity but at the same time leave the surface defect-free with no scratches or particle 

residues. Polishing scratch is detrimental to device quality as it directly affects device yield. High 

selectivity slurries for STI CMP were discussed earlier in section 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 silica reacts with water. 

The first step in SiO2 removal involves water reacting with the siloxane bonds (Si-O-Si) present 

on the surface of silica and forming ſSi-OH. This is usually represented by a hydrolysis reaction 

of silica shown below82,26: 

ḳὛὭὕ ὛὭḳ  Ὄὕ P ςḳὛὭὕὌ                  [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 

occur6 . In this case, water diffuses into the silica surface, penetrating the siloxane bonds and 

forming the solute ſSi-OH species. 

Once the hydroxylated surface comes in contact with an abrasive particle in the slurry, 

one or more of the silica tetrahedral chemisorbs onto the abrasive 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 re-deposition onto 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 to give higher polishing rates of silica surfaces when compared to other 

oxide particles)6,26. Different mechanisms/models are proposed in the literature about the 

interaction between ceria and silica during polishing. One of the earliest model on oxide 

polishing was provided by Cook6 who proposed the chemical tooth effect of CeO2 particles 

which helps in breaking the siloxane bonds on the silica surface and subsequently removing 

Si(OH)4 into the solution one molecule at a time. Hoshino et al83 presented another model where 

the siloxane bonds react with CeO2 particles forming Si-O-Ce bonds which leads to the oxide 

removal as a lump instead of one molecule at a time which was proposed by Cook.  Kelsall84 and 

Dandu et al51 also provided an alternative model where they proposed that Ce3+ ( and not Ce4+ as 

proposed by 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 nitride85 . Silicon 

nitride polishing occurs in two steps44,85. The first step entails the hydrolysis of nitride where 

silicon nitride surface reacts with water/air and oxidizes to silicon dioxide. This 

hydrolysis/oxidation reaction is represented below85: 

ὛὭὔ φὌὕ O σὛὭὕ τὔὌ                                                 [6] 

ὛὭὔ  σὕ O  σὛὭὕ  ςὔ                                                     [7] 

In the second step, the top layer of silicon dioxide is removed by CMP which leaves the 

underlying nitride layer susceptible to the aqueous slurry and repetition of the first step may 

occur.  
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Hu et al85 proposed the following sequence of hydrolysis reactions for nitride CMP 

process: 

ὛὭὔ  Ὄὕ O  ὛὭ ὔὌ ὛὭὕὌ                                                [8] 

ὛὭὔὌ Ὄὕ O  ὛὭὔὌ ὛὭὕὌ                                               [9] 

ὛὭὔὌὛὭὕὌO  ḳὛὭὕ ὛὭḳ  ὔὌ                                [10] 

ὛὭὔὌ  Ὄὕ ḳOὛὭὕ ὛὭḳ  ὔὌ                                      [11] 

The hydrolyzed surface layer can be further hydrated in the presence of water during CMP 

according to the following hydration reaction85 [Hu et al]: 

ḳὛὭὕ ὛὭḳ  Ὄὕ O  ὛὭὕὌ                                             [12] 

This reaction is the same as in oxide polishing. It was suggested that both nitride hydrolysis and 

oxide hydration reactions resulted 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 surface preventing 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 techniques, CMP has 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 accurate control over the polishing results. Therefore a better 

understanding of the fundamental principles of the CMP process is required. CMP is a multi-

variable process and a thorough understanding of each of these variables and their interactions 
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must be reached for 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 selectivity STI CMP slurries which means the 

development of novel slurries containing new abrasive particles or mixed abrasive particles 

along with additives. The use of new abrasive particles and mixed abrasive particles to achieve 

selectivity in polishing requires further investigation. As dimension size gets smaller, Within-Die 

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 micro-scratches, particle 

contamination, WIW and WID non-uniformity and improvement in end point detection.  

The International Technology Roadmap for Semiconductors (ITRS) have identified future 

challenges for CMP which include27,86:  

¶ Increasing within-wafer removal rate uniformity and decreasing dishing for shallow-

trench isolation  

¶ Reduction surface defects 

¶ 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 post-CMP cleaning.  One way to reduce CMP cost is by 

developing slurries designed 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 mechanisms 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 an important factor in STI CMP because it affects material 

removal rate as well as causes defects. Therefore, the colloidal stability of ceria-silica MAS 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 performance. The surface 

charge of the abrasive in the slurry is determined using zeta potential measurements at different 

slurry pHs. Particle size measurements are made to determine the degree of agglomeration of the 

particles in the slurry. A l ight scattering technique used to measure both the particle size and zeta 

potential are reported. The effect of the slurry chemistry on the polished surface using x-ray 

photoelectron spectroscopy, scanning electron microscopy and auger electron spectroscopy are 

presented. 

 

3.1 Wafer, Slurry Preparation and Polishing 

All polishing experiments were performed on a Strasbaugh 6EC Polisher in our lab at the 

University of Alberta as seen in Figure 3-1. This polisher came equipped with a ViPRR 8òwafer 

carrier and a high-grade aluminum polishing table of ~ 22-in. diameter with chuck and platen 

rotational speeds of up to 185 rpm, and a maximum down force of 10 psi for 200 mm-diameter 

wafers . In this work, the polishing time for all substrates lasted between 1- 1.5 minutes using 
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table and carrier rotational speeds of up to 60 rpm and down force of up to 8 psi. The back 

pressure was always kept at one-third of the down force value to avoid blowing the wafer off the 

carrier during a polish cycle.  During the polish cycle, the slurry was constantly mixed at 350 

rpm using an IKA EUROSTAR digital stirrer while it was pumped onto the pad using a 

peristaltic pump at a rate of 200 ml/ min to 250 ml/min. The recipe used for polishing both oxide 

and nitride substrates unless otherwise stated is shown in Figure 3-2.  

 

Figure 3-1 Strasbaugh 6ec Polisher 
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The pads used in this work were NexPlanar E7450-30S and E7070-30S which are both 

radially and concentrically grooved. The pad was conditioned with a powered diamond-grit pad 

conditioner. This is carried out continuously during polishing. 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. 

 

Figure 3-2  Screen shot of the recipe for chemical mechanical polishing of both oxide and nitride 

surfaces. 

 

 

 

 

 






























































































































































































