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a b s t r a c t

A novel silica/ceria nano composite abrasive was synthesized by homogeneous precipitation using car-
bamide, ammonium ceric nitrate and silica. The abrasive was characterized by X-ray diffraction (XRD),
X-ray photoelectron spectroscopy (XPS), time-of-flight secondary ion mass spectroscopy (TOF-SIMS)
and scanning electron microscopy (SEM), respectively. Then, the chemical mechanical polishing perfor-
mances of the composite abrasive on hard disk substrate with nickel–phosphorous plated were investi-
gated. Atomic force microscopy images show that the prepared abrasive gives much lower topographical
variations than before polishing. The average waviness (Wa) of the polished hard substrate surface can be
reduced from 15.5 Å before polishing to 8.36 Å, and the average of roughness (Ra) can be reduced from
14 Å before polishing to 4.80 Å.

� 2009 Elsevier B.V. All rights reserved.

1. Introduction

With the increasing capacity of hard disk, the enhancing rota-
tional speed and the lowering distance between the magnetic head
and substrate, higher requirements are set for hard disk substrate
to minimize roughness and defects of the polished surface. Chem-
ical mechanical polishing (CMP) is one of the preferred methods
that are currently in use for both planarizing and smoothing sur-
faces [1]. Abrasive is one of the key influencing factors on the sur-
face quality during the CMP. At present, alumina [2–4], silica [5,6],
ceria [7–13] are widely used as traditional inorganic abrasives in
CMP slurries. But the traditional inorganic abrasive used in slurries
often leads to undesired CMP performance. It has been proved that
the nanoparticle impacts during CMP can lead to nanodeforma-
tions or damages in sub-surface layer of the silicon single crystal
and Ni–P coating surfaces [14–17]. In recent years, composite par-
ticles as abrasives in slurries have been paid much attention [18].
Nobuo and Masayuki [19] presented newly designed composite
particles consisting of polymer core covered with inorganic com-
position such as SiO2 and Al2O3. Lei et al. prepared a-alumina-g-
polyacrylamide composite abrasives [20], a-alumina/polymethac-
rylic acid composite abrasives [21] and investigated their chemical
mechanical polishing behavior on glass substrate. And Lei and
Zhang [17] also developed a kind of slurry with alumina/silica
composite abrasives for hard disk substrates; the slurry resulted
in less scratching and better planarity.

Silica and ceria are the most commonly used abrasives in CMP
slurries. Silica can be prepared as monodispersed spheres with nar-
row size distribution [22]. Ceria possesses high polish selectivity,
but the commercial ceria has large particle size. Up to date, prepa-
ration of silica/ceria nano composite abrasive and being used in
CMP slurry on hard disk haven’t been reported. In the present pa-
per, silica/ceria abrasive was prepared and its chemical mechanical
polishing behavior on disk substrate has been studied.

2. Experimental methods

2.1. Preparation of silica/ceria nano composition abrasive

Preparation of silica/ceria composite abrasive was carried out by
homogeneous precipitation: a certain amount of 0.6 mol/l CO(NH2)2

and 0.3 mol/l(NH4)2Ce(NO3)6 solutions were added into the pre-
pared 5 wt.% SiO2 solutions respectively under continuously stirring
at the reaction temperature of about 100 �C and refluxed for 2 h. The
cooled mixture was washed three times with deionnize (DI) water
using a centrifuge, followed by drying at 80 �C in a vacuum oven.

The purified silica/ceria composite particle was characterized
by X-ray diffraction (XRD), X-ray photoelectron spectroscopy
(XPS), time-of-flight secondary ion mass spectroscopy (TOF-SIMS)
and scanning electron microscope (SEM), respectively.

2.2. Preparation of the slurry

Preparation of the slurry containing silica/ceria composite par-
ticles: 6 wt.% composite particles and 0.3 wt.% functional additives
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were added into DI water in a container under continuously stir-
ring. After adjusting pH value to be between 1 and 4 by adding ni-
tric acid, the mixture was milled for two hours in a vibrator
containing ZrO2 balls as abrasives. Finally, the mixture was fil-
trated with a pore strainer to get the slurry.

2.3. Polishing tests

Polishing test was conducted with a SPEEDFAM-16B-4M CMP
equipment (SPEEDFAM Co., Ltd.) using the polishing performances
was measured under polishing conditions as follows: processing
pressure of 70 g/cm2, rotating speed of 25 rpm, processing duration
of 3 min, and slurry supplying rate of 300 ml/min. Work pieces
were NiP plated aluminum alloy disk substrates with diameter of
95 mm and thickness of 1.25 mm, the plated layer consists of about
85 wt.% nickel and 15 wt.% phosphorus elements. The polishing
pad was a Rodel porous polyurethane pad. For comparison, the pol-
ishing test with traditional abrasive (commercial alumina slurry
used in hard disk CMP) was conducted under the same conditions.

After polishing, the substrate was washed with ultrasonic in a
cleaning solution containing 0.5 wt.% surfactant in DI water. Final-
ly, they were dried by a multi-functional drying system.

2.4. Examination of the polished surface

The polished disk substrate was evaluated by its surface fea-
tures such as average of waviness (Wa) and average of roughness
(Ra). Wa and Ra were measured by using a Chapman MP2000+ sur-
face profiler (Chapman Instrument Inc., USA) with the resolution of
0.3 Å for Wa and 0.1 Å for Ra. The measuring wavelength was
80 lm for Ra and 400 lm for Wa. All the data were the mean val-
ues of six times of three disks.

The polished surface topography was measured by using a DID-
300 atomic force microscope (Digital Instrument Corp., USA) with
the resolution of 0.01 Å in vertical direction and 0.1 nm in horizon-
tal direction, and scan area is 5 lm � 5 lm.

Fig. 1. XPS spectra of SiO2 (a) and SiO2/CeO2 nano composite particle (b).

Fig. 2. TOF-SIMS spectra of SiO2/CeO2 composite particle. (a) Si element of nano
SiO2/CeO2 composite particle. (b) Ce element of nano SiO2/CeO2 composite
particle.
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Fig. 3. XRD spectras of nano SiO2/CeO2 (1), CeO2 (2), and SiO2 particles (3).
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