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AFM Observation of the Surface Structure of Insulating Powders
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A new method for the observation of surface morphology of insulating ceramic powders by means
of atomic foree microscopy (AFM) has been proposed. Several parsmeters for the measurements,
such as the fixation methods of powders on a steel holder, the removing effect of static electricity
and the influence of scan rates in AFM operation were examined. The quality of AFM images
depended on how the powders were supported. In particular, a clear image was obtained when
the powder was rigidly fixed on the holder by use of commercially available epoxy-type adhesives
having Shore hardness values of 85 or above. Removal of static electricity by the combined use
of an ion-blower and a conductive tip and also by slow-moving scanning of a probe led to a better
clarity of the imapge. A detailed surface morphology (30nm x30nm) of silica fine powder could be
obtained with & high resolution under the optimized cperative conditions for AFM observation.
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Fig. 1 AFM images of silica powder sample
supported with adhesives having several val-
ues of Shore hardness, (A)3%, (B)72, and
{C)85 respectively.

Scan area, 500500 nm ; height scale, 160 nm ;
scan rate, 10. 2 Hz;
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Fig. 2 Relationship between values of Shore
hardness of supporting adhesives and mean
roughness of silica powder and fused silica
powder.
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Fig. 3 AFM image of silica powder sample
using the nonconductive tip at 30 minutes
after start of measurements.

Scan area, 500500 nm ; height scale, 150 nm ;

10, 2Hz. Several line-like noises

were observed on the image.

scan rate,
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Table I Effect on the removing conditions of
static electricity.

oy Measurement  Mean roughness
Condition time (min) {nm)
Nontreatment 30 9.0x1.5
5 2.9x0.9
Tonblower
30 4.0+1.1
Ionblower and 20 9 60,7
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Fig. 4 Relationship between scan rates and
mean roughness for silica powder and fused
silica powder.
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Fig. 5 AFM image of silica powder.
Scan area, 2xX2pm ; height scale, 400nm ;
scan rate, 10. 2 Hz.
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Table 1 Composition of the as-grown magnesium oxide/titanium oxide superlattices.

Specimen  annealing-Temp. Periodicity Thickness of MgO Mg/Ti mole ratio
[°C /nm nm
A 525 5. 066 2. 054 0. 868
B B50 5. 889 1.977 0.836
C 575 5, 848 1.938 0. 818
D 600 5. 781 1.869 0. 790
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Fig. 1 Changes of XRD diffraction pattern
from e magnesium oxideftitanium oxide super-
lattice thin film with annealing time at 600°C :
{a) as-deposited; (b) 40 minutes; {(c) 80

minutes; {d) 320 minutes.
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Fig. 2 Changes of periodicity of a magnesium
oxideftitanium oxide superlattice thin film
with annealing time at 500°C.
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Table 2 Relative volume change by the interfacial reaction between magnesium oxide

and titanium oxide.

Volumes of titanium oxide (Vrioz) and magnesium oxide (VMg0)

were caleulated by using the number of titanium atoms and magnesium atoms in
101078 ¢m™® of magnesium titanate, respectively. The 10x10%cm? of magnesium
titanate was formed by the reaction between the titanium oxide {(Vriog) and the

magnesium oxide {Vugo).

Crystal Density/grem=! V1ios Vmeo Relative change of volume/%
J10-8 cm? 078 em®  (10x 1078/ V1ioe + Veo) X 100)
Mg TiO4 3.52 4. 501 4,944 +5.55
MgTi0O4 4,05 11.536 3.168 —47. 04
MgTiOs 3.81 B. 676 3. 667 —3.43
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Fig. 3 Cross-sectional transmission electron
micrograph of a magnesium oxide/titanium
oxide superlattice thin film annealed at 576°C
for 180 minutes. Solid state reaction occurs

at the surface of the &im.
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Fig. 4 Changes of Spinel (400) diffraction in-
tegral intensity with annealing time at 600°C.
Solid line indicates the parabolic equation fit-
ted on experimental results (open circles).
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