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INTRODUCTION

Chemical-mechanical polishing(CMP) appears to be the most promising technology in microelectronic fabrication for the planarization of globally complex device topography. Requirements for low interconnect' resistance is becoming more stringent as a result of the increased device density. Copper with its unique electrical properties has been chosen to be a substitute for aluminum in interconnections. 

Chemical-mechanical polishing(CMP) of copper has emerged as a new technology in integrated circuit fabrication. The slurry containing abrasives and chemicals is utilized to remove unwanted materials from the wafer surface. Commonly used abrasives include silica, alumina, and ceria particles. Generally, silica is used in alkaline media and alumina, in acidic media. [1,2]

Key factors for the successful production of ceramics by these techniques are the homogenization and dispersion of the powder particles and the stability of the suspension. The suspension properties are determined by attractive and repulsive forces. Attractive van der Waals forces can be counteracted by repulsive forces resulting from either overlapping of the electrical double layers(" electrostatic" stabilization) and/or layering of materials adsorbed on the surface ("steric" stabilization).Whereas the magnitude of the van der Waals forces is largely determined by the nature of the particles and the solvent, the repulsive forces can be modified over a  wide range by organic and inorganic additives. [3-6] 

In this paper, the stability of alumina slurries containing organic acid, is discussed, with the stability being evaluated on the basis of the initial settling rate of alumina particles in the suspension. The initial settling rate is obtained by extrapolating the settling rate data of the suspension to time zero. The effects of pH, added chemicals-BTA, organic acid, and hydrophilic polymer-on the stability were investigated in detail. Poly(ethylene glycol) was selected to stabilize alumina slurry because of its charge neutrality and since it did not generate stable bubbles during mixing and polishing process.

The goal of the present work is to stabilize aqueous alumina suspension  and to prepare alumina slurry for copper CMP.

EXPERIMENTAL

Materials

A high purity gamma alumina powder from EMS was used in this study. According to the manufacturer the mean particle size was 0.05㎛. The isoelectric point (IEP) for the γ-alumina used in this investigation is about 9 determined by acid/base titration. Solution pH was adjusted using potassium hydroxide and nitric acid solutions. The slurry additives are BTA(Benzotriazol), Citric acid, Nitric acid, PEG(Polyethyleneglycol, M.W.=10,000 , 20,000).

Methods

The slurries were prepared by wet ball milling. The amount of PEG adsorbed on alumina particle was determined by EA(Elemental analysis). The ζ-potential and particle size of the alumina particles in different slurries were determined with a zeta plus. Effect of PEG on stability of alumina suspension was determined by using a rotational rheometer Haake RV20.

The slurry contained some chemical additives and alumina, solids concentration was fixed at 4% by weight. The initial settling rate was obtained from the slope of the plot of settling height vs time at time zero.
Result and Discussion

Surface Potential of Alumina with and without Additives

 Figure 1 shows the influence of additives on theζ-potential of alumina particles. PEG does not apparently influence the ζ-potential of alumina particles. This behaviour is to be expected, since it has charge neutrality. The addition of citric acid lead to a shift of IEP of over 6pH units and to a negative surface charge in the pH range above 3.

Time-dependent Behaviour of Alumina 

In mild acidic media, the addition of polymer is often necessary in order to attain a high degree of stabilization of alumina particles. When the dispersant concentration is lower than the saturation limit of polymer adsorption, particles in suspensions tend to flocculate. Such systems exhibit higher viscosities with respect to stabilized suspensions, plastic behaviour and often pronounced time-dependent effects. 

Figure 2 shows the adsorption isotherm of PEG(molecular weight of 10.000) on γ-Al2O3 at pH 4. The amount of PEG adsorbed on alumina increases with both the overall PEG concentration. 

Figure 3 shows the flow curves of three suspensions containing 0, 2, 4wt% of dispersant and with the same solid volume fraction(Φ=0.25). The bare suspension (0wt%) exhibits strong time-dependent effects on flow behaviour.
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  (a)                                     (b)

Fig. 3. Shear dependent behaviour of alumina suspension at Φ=0.25 formulated with (a) 0wt%, (b) 2wt% and 4wt% of PEG. (pH = 4)
Fig. 1. Influence of additives on the (-potential of alumina particles.





Fig. 2. Adsorption curve of PEG at pH 4 on γ-alumina
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