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NEW ALUMINA SUBSTRATES FOR MICROELECTRONICS
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Alumina substrates of A12 03-MgO-Cr2 O3 give excellent surface smoothness. These were studied with respect to
their green tapes, the surthce finish of fired substrates, and in particular smoothness. The factors contributing to
these characteristics were investigated, in particular the effect of the addition of Cr O3 on surface smoothness.

INTRODUCTION

One of the important requirements for micro-
electronics applications is favorable surface character-
istics of ceramics, particularly the surface smooth-
ness. Surface roughness for instance, affects the
electrical characteristics and reliability of tantalum
thin film capacitors and thin film resistors.

Alumina substrates which have been used for
microelectronics are still not good enough for thin
film capacitors without glazing, because of their
roughness and surface defects. Glazing or partial
glazing treatment is necessary. This treatment will
reduce the desirable properties, except for surface
smoothness. It is obvious that a substrate with a
completely smooth surface is most desirable for these
thin film circuit elements.

It is reported 2 that the smoothness of the surface
of the ceramic substrate is affected by the manu-
facturing process, and by properties of the raw
materials. The substrate surface smoothness also
depends on grain structure, grain size, grain shape and
substrate density In this regard, studies had been
made towards obtaining smaller grains and well-
ordered grain structure on the surface of alumina3,4.
A long period of firing at a low firing temperature,
and addition of MgO were proposed for reducing the
coarser grains, thus obtaining a smooth surface. A
substrate obtained by this method will have a
roughness of about 0.1 pm Center Line Average
(CLA). However, this surface roughness is not
sufficiently low for a thin film capacitor to perform
its r61e without glazing.

Therefore it was necessary to develop a new
substrate with a smoother surface. From the results
of several studies concerning addition effects on
alumina sintering, it was found that addition of
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Cr20a with MgO makes it possible to obtain higher
densities at relatively low firing temperatures.

In this paper, discussion is made on the surface
smoothness of a new alumina composition,
AI: Oa-MgO-Cr: O3 system.

2 EXPERIMENTAL PROCEDURES

The alumina powder used for the new composition
was of particle diameter 0.3/.tm, and 99.7% purity.
Tape casting was accomplished using polyester film as
the green tape carrier. At first alumina powder was
mixed with 0.25 wt% of MgO and 0.025 wt% of
Cr:Oa. Binder, plasticizer and solvents were then
added. The powder was milled for 48 hours using a
plastic mill pot and high purity (99.5%) alumina balls.
Viscosity of the Slip was controlled at approximately
15 cP by controlling evaporation of solvents in
vacuum chamber.

Two methods were employed for the measurement
of the surface smoothness; measurement of specular
glossiness (gloss) by gloss meter6 and examination
using Talysurf7

The cast green tapes were first fired at 1300 C in
air after drying for about 24 hours to vaporize the
binder, and then at 1600C in hydrogen. The surface
smoothness was measured at each stage, and the
density of the green tapes, specific gravity of the fired
substrates, microstructure and surface grain diameter
were studied.

Density p of the green tape was estimated from
the following equation (V volume of the green tape
and G weight)

p G/Vx
where P is a constant which changes in accordance
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with the amount of binder. In this experiment,
=0.9. Specific gravity of the substrate was

measured by the well known method using water.
Grain diameter of the substrate surface was calculated
by the line intercept method. The microstructure was
observed using a scanning electron microscope.

3 RESULTS AND DISCUSSION

FIGURE 2 Surface roughness of green tapes examined by
Talysurf; tape side.

3.1 Unfired State

The gloss of the surface (tape side surface) of the
green tape contacting carrier film shows some varia-
tions between 60 and 70, although there is little
relationship between gloss and the density of the
green tape. In the blade side surface, however, which
is opposite to the carrier film, the gloss increased with
the increase in density of the green tape, as shown in
Figure 1. During the process of drying, if the cast slip
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FIGURE Relation between gloss of blade side and
density of green tapes.

becomes densely packed, a high density green tape
will be obtained, resulting possibly in improved
smoothness of the blade side. On the other hand, in
the case of the tape side, the surface of the green tape
is in close contact with the carrier fihn; consequently
the tape side surface will show no relationship
between surface smoothness and green density.
Figure 2 shows a typical example of surface rough-
ness examined by Talysurf on the tape side. The gloss
by gloss meter shows 70 on the same surface, and
calculated roughness from Figure 3 is 0.05/m CLA.

’IFL

(b)

FIGURE 3 Surface roughness examined by Talysurf,
3(a) Fired at 1300C, 2 hours in air; tape side,
3(b) Fired at 1600C, 2 hours in hydrogen; tape side.

3. 2 Fired State

The surface observation in the fired state was made
on the tape side surface, which is the surface used for
thin films. In the substrate fired at 1300C, measure-
ment of smoothness by gloss meter was not possible,
as it was found to be bent to such an extent that the
reflected light from the surface was scattered.
Figure 3 shows results of the Talysurf measurements
of the surface of the substrates fired at 1300C. This
substrate showed a gloss of 70 at green state, and
roughness 0.05/am CLA, which changes to about
0.08/am CLA. This is possibly mainly due to the
pores caused by binder vaporization during the air
process. Figure 4 shows the open pores present in the
surface after firing at 1300C. These pores disappear
after firing at 1600C, and the fine grain structure
can be observed as shown in Figure 4. In this state,
roughness of less than 0.05/.tin CLA is obtained, as
shown in Figure 3, which corresponds to that of the
green state. Figure 5 shows the relationship between
the gloss and the specific gravity of the substrate fired



NEW ALUMINA SUBSTRATES 117

F[GE 4 Sface microstructe of substrate; tape side, 4 (a) Fired at 1300C, 2 hours in ak, 4(b) Fed
at 1600 C, 2 hours in hydrogen.

8o

7o

60

55

FIGURE 5 Relation between gloss of tape side and
specific gravity of substrates fired at 1600C, 2 hours in
hydrogen.

at 1600C in hydrogen. A substrate which has a
specific gravity greater than 3.96 shows more than 70
in gloss on the tape side surface. This result clearly
suggests that the density of the fired substrate is
related to the grain structure of the substrate surface,
which influences strongly the smoothness of surface.
As shown in Figure 6, as the surface smoothness
examined by the gloss meter decreases, the well-
ordered grain structure of the surface deteriorates,
resulting in the growth of irregular grains and pores.
Straight grain boundaries and dense packing of grains

are observed in the smoother surfaces, curved grain
boundaries and irregular grain shape in lower gloss
(rougher) surfaces. These differences in microstructure
may be caused by dissimilar grain growth mechanisms
due to the different green density. It is understood
that the green tapes of lower density with many pores
due to binder vaporization will loose much more
surface texture than those of high density. Also
individual grains in the former possibly vary more in
shape or size, due to the decrease in pores during
firing, compared with the latter. For instance, the
green tape, of less than 2.2 g/cm2 density, and
smoothness 60 in gloss, changes 50 to 55 after firing
in hydrogen.

In accordance with the report made on
AI:Oa-MgO system aluminas, it is concluded that
the grain growth is continuous with respect to the
firing temperature, and the surface roughness of the
substrate can be controlled by controlling firing
temperature. The surface roughness, however, was
limited to approximately 0.1 #m CLA, and the grain
arrangement is no better than that of the
A12Oa-MgO-Cr:Oa system, as shown in Figure 7.

This difference between systems suggests that the
effect of Cr20a addition upon the sintering mechan-
ism makes possible a high specific gravity at a low
firing temperature. In the A1203-MgO-Cr203
system, the substrate is coloured pink at temperatures
between 1300 and 1400C, attributable to diffusion
of Cr203. This agrees well with the reports of
Gruszka et al. This diffusion energy may accelerate
the driving forth of the grain growth, which is
convenient for well-ordered grain structures resulting
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FIGURE 6 Scanning electron micrographs showing differ-
ence in microstructure of substrates fired at 1600C, 2 hours
in hydrogen, 6(a) Gloss 75, 6(b) Gloss 65,6(c) Gloss 58, 6(d)
Gloss 5 2.

(c)

(d)

FIGURE 7 Typical microstructure of the AIOa-MgO
system substrate fired at 1600C, 2 hours in hydrogen.

in a smoother surface. However, a more important
factor is the green density. If this is as low as
2.0g/cm2 the substrate obtained after firing will
show a low specific gravity, resulting in a rougher
surface even when 0.025 wt% CrOs is included
in the AI:O3-MgO-Cr203 system.

Figure 8 shows an example of capacitor step stress
reliability using the new substrate of
A12Oa-MgO-Cr2Oa. 9 In this experiment a tant-
alum-tantalum oxide (Ta-TaOs-Ni’Cr’Au) film
was applied to form capacitors on both the new
alumina substrate without glazing (as-fired) and the
commonly used glazed alumina substrate. The results
show that the reliability of the capacitor on the
unglazed new alumina is nearly similar to that on the
glazed alumina.

4 CONCLUSION

The addition of Cr2 03 accelerates grain growth in the
AlE O3-MgO-Cr2 03 system. This is considered to be
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FIGURE 8 Weibull distribution of step stress failure; failure voltage V is indicated by the ratio, break down
voltage v/forming voltage of 288V.

due to the diffusion of Cr203, which gives higher
density than the A12Oa-MgO system. This results in
a good surface smoothness. The smoothness is mainly
dependent on the surface grain structure, which is a
result of firing the green tape, which has high density
and smoothness due to the tape casting.
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