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Effect of Stress on the Dielectric
Constant of Alumina

The relative dielectric constant (10 kHz) of alumina was found to increase reversibly (by
up to 13%) with compressive stress (up to 18 MPa). The effect of stress on the relative
dielectric constant diminishes with increasing stress, such that it is almost absent when
the stress exceeds ~7 MPa. The relative dielectric constant is higher during loading than

subsequent unloading. [DOL: 10.1115/1.1939029]

Introduction

Alumina (aluminum oxide, Al,O3) is widely used for substrates
in electronic packaging [1-5]. This is because of its dielectric
behavior, thermal and chemical resistance, low thermal expansion
and low cost. An important aspect of the dielectric behavior is the
dielectric constant, which is usually expressed as the relative di-
electric constant («, which is equal to 1 for the case of vacuum).
In order to avoid a capacitive effect, which would cause a signal
propagation delay, k should be low.

Because of the heating experienced by an electronic package
during use, thermal stresses are often encountered, particularly
when there is a mismatch in the coefficient of thermal expansion
(CTE) of adjoining materials in the package. The thermal stresses
may cause warpage, interface degradation, and even debonding.
They constitute one of the main causes of the reliability problem
of electronics. In addition to thermal stresses, mechanical stresses
can be encountered, because of vibrations and handling.

In spite of the common occurrence of stress in an electronic
package, the effect of stress on « of dielectric materials used in
electronic packaging has not been previously addressed. This pa-
per is thus focused on the effect of stress on « of alumina.

The effect of stress on « is associated with its effect on the
electric polarization. It corresponds to the direct piezoelectric ef-
fect. This effect is large and well known for titanate and zirconate
ceramics [6—12], however, it has not been reported for alumina,
This effect is to be distinguished from the reverse piezoelectric
effect (or electrostriction), which has been reported for alumina
[13] and aluminum nitride [14].

Experimental Methods

_The alumina used was a commercial substrate material contain-
ing 96 wt. % AlyOs, of size 25.4X25.4X 0.6 mm. Dielectric con-
stant measurement was performed by sandwiching an alumina
substrate between copper disks of 12.3 mm diameter, at a pressure
of 1.68 kPa. Prior to sandwiching, the copper disks had been
mechanically polished on both sides by using alumina particles of
size 0.25 um. The copper disks served as electrical contacts.

The real and imaginary parts of the impedance were measured
along the thickness of the specimen using the two-probe method
and a Resistance-Inductance Capacitance Meter (RLC) meter
(QuadTech 7600) at a fixed frequency (10 kHz). The magnitude of
voltage applied across the thickness (0.6 mm) of a specimen was
1.000 V. Hence, the magnitude of the applied electric field was
1700 V/m. The resistance (real part of the impedance) and reac-
tance (imaginary part of the impedance) were obtained from the
impedance by assuming that they were in series connection. The
capacitance was obtained from the reactance. To show that the
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quality of the electrical contacts was good, the measurement was
also conducted when silver paint had been applied between each
copper.disk and the specimen.

During the impedance measurement, compressive stress was
applied to the sandwich, so that the stress was parallel to the
direction of impedance measurement. The stress (repeated loading
at increasing stress amplitudes within the elastic regime of alu-
mina) was provided by a hydraulic mechanical testing system
(MTS Model 810, MTS Systems Corp., Marblehead, MA). The
minimum compressive stress was 1.68 kPa.
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Fig. 1 Variation of the reactance with time (solid curve) and of

the compressive stress with time (dashed curve) for alumina
with silver paint at the electrical contacts
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Fig. 2 Variation of the resistance with time (solid curve) and of
the compressive stress with time (dashed curve) for alumina
with silver paint at the electrical contacts
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Fig. 3 Variation of the relative dielectric constant « with the
compressive stress during the three cycles of stress variation
in Fig. 1. First cycle: »; second cycle: o; third cycle: 5. In each
cycle, « is higher during loading than subsequent unloading.

Results and Discussion

Figure 1 shows the reactance and applied stress (negative for
compression) during repeated compressive loading of alumina
with silver paint at the adjoining surfaces of the two copper disks.
The magnitude of the reactance decreases (i.e., « increases) upon
loading, and the effect is quite reversible; the greater the stress
amplitude, the greater the effect.

Figure 2 shows the corresponding plot for the resistance, which
was obtained simultaneously with the reactance in Fig. 1. The
resistance does not show any systematic variation with stress. Al-
though the resistance is high compared to the reactance, it is less
than that expected for alumina, because of the experimental limi-
tation in the measurement of large resistances.

The absence of silver paint at the adjoining surfaces of the two
copper disks results in data that are quite similar to Fig. 1. The
similarity means that the interface between alumina and the cop-
per disks does not contribute to causing the observed change in
the reactance with stress. This further means that the effect is due
to the alumina itself.

Figure 3 shows the variation of « with stress during the three
cycles of stress variation at increasing stress amplitudes in Fig. 1.
The variation is reversible, but it exhibits hysteresis such that « is
higher during the stress increase than the subsequent stress de-
crease in the same cycle. The increase of x with stress is not
linear. The effect becomes less as the stress increases. At a com-
pressive stress beyond ~7 MPa, « essentially does not change
with stress. At the stress levels used in this work; the strain in the
alumina is so small that its effect on the capacitance of the sand-
wich is negligible.
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The change of r with stress is up to 13% (Fig. 1). This effect is
very small compared to that of titanate or zirconate ceramics, but
it is of concern to the performance of electronics that use alumina
as a dielectric material.

Conclusion

The relative dielectric constant (10 kHz) of alumina increases
reversibly with the compressive stress. The increase is up to 13%
for a stress of up to 18 MPa. The increase is nonlinear, such that
i essentially does not change with stress at stresses above
~7 MPa. The increase is hysteretic such that « is higher during
loading than during subsequent unloading.
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