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1. Introduction

Chemical tempering processes are conducted
by immesing glasses containing Na™ ions into the
molten salt containing K™ ions.” Then, Na ions
in the glasses are exchanged by K' ions in the
molten salt, and compressive stress layers are
formed on the glass surfaces. Chemically
tempered glasses with thicknesses of thinner than 1
mm were realized, and those are widely used as
cover glasses of cell phones.

We proposed a method for evaluating
chemically tempered glasses by the ultrasonic
microspectroscopy (UMS) technology.> ¥  We
detected large changes of velocities of leaky
suraface acoustic waves and leaky surface
skimming compressional waves caused by the
chemically  tempered  processes by  the
line-focus-beam ultrasonic material characterizaiton
system. 23)

In this paper, we characterize elastic
properties of the surface compressive stress layer by
measuring velocities and attenuation coefficients of
longitudinal and shear waves and densities for
non-tempered and tempered specimens of a
chemically tempered glass.

2. Specimens

Two aluminosilicate glass substrates (Gorilla
glass, Corning Inc.) were prepared for the
specimens. One of them was immersed in the
molten KNO;. The other was not processed.
The compressive stress and the depth of layer
(DOL) were measured as 762 MPa and 49 pm,
respectively, by a surface stress meter
(FSM-6000LE, Orihara Industrial Co. Ltd.).

3. Method

Figure 1 shows a cross-section view of a
chemically tempered glass having a thickness of &
and a DOL of x. We extract elastic properties of
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Fig. 1. Cross-section view and K* ion
concentration profile of chemically tempered glass.

surface compressive stress layer by assuming that
the layer is homogeneous and isotropic. We also
assume that the elastic properties in non-tempered
region are same with those of the non-tempered
specimen.

The density, velocity, and attenuation
coefficients in the compressive stress layer are
expressed as Egs. (1)-(3).

pe =Py TN+ py [1-h/ 0] (D
VC=[L.1+L.(1_£)] @)

ac=ay [hl@0)l+ay [1-h/20)] (3

Here, pc, V¢, and ac are the density, velocity,
and attenuation coefficient of the compressive
stress layer, respectively. pu, Vn, and ay are those
of the temped specimen, and pn, Vn, and ay are
those of the non-tempered specimen.

Velocities and attenuation coefficients of
bulk waves of the specimens were measured by the
complex-mode measurement method.” Density of
the specimen was measured by the Archimedes
method.
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(b) Shear velocity

Fig. 2. Frequency dependences of bulk-wave
velocities for Gorilla® glass specimens.

4. Results and discussion

Measurement results of velocities for the
non-tempered and tempered specimens are shown
in Fig. 2. Longitudinal and shear velocities of the
tempered specimen were larger than those of the
non-tempered specimen. Figure 3 shows the
measurement results of the attenuation coefficients.
ay were smaller than ay for both longitudinal and
shear waves. py and py were 2429.1 kg/m’  and
2433.0 kg/m’, respectively. py was 3.9 kg/m’
larger than py because of the exchange from Na'
ions to K" ions.

pc was obtained as 2460 kg/m’ by using Eq.
(1) and the layer thickness of 49 um. Frequency
dependences of V¢ obtained by Eq. (2) were shown
in Fig. 2. The density and velocities in the
compressive stress layer were larger than those of
the non-tempered and tempered specimens. The
gradients of frequency dependences of V- were
smaller than those of V4 and Vy. ac obtained by
Eq. (3) were 0.4 dB/mm for longitudinal wave and
0.1 dB/mm for shear wave at 225 MHz, and ac
were smaller than ay and an.

Pure SiO, glass takes three-dimensional
random network structure composed of SiOy4
tetrahedra. The covalent bondings of Si-O-Si are
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Fig. 3. Frequency dependences of attenuation
coefficients of bulk waves for Gorilla® glass
specimens.

partially broken by doping alkali metals and it
causes formations of non-bridging oxygen. The
alkali metals enter into interstices of the network.
The interstices were reduced by exchanging Na’
jons into K" ions, and then the elastic constants
increased. As the concentration of dopants
increase, gradients of velocity dispersion and

attenuation  coefficients of silicate glasses
increased.” Therefore, stiffened structure of the
compressive stress layer was detected from

frequency dependences of velocities and attenuation
coefficients of bulk waves.

5. Summary

In this paper, we clarified that the
compressive stress layer of the chemically tempered
glass was stiffened structure by measuring the bulk
acoustic properties by the UMS technology.
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