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New glass ceraimics were investigated for the application as substrates to be used i hard disk devices, The glass
system to precipitate lithivm di-silicate was studied so as to optimize the composilion to realize very high sur-
Tace flatness. The addition of emall amaount of several metal oxides with high valences had very drastic effecis an
the microstructure, because they played a role of erystallization agenis, and consequently it determined surface
flatness even afler the pelishing process, The possible mechamsm changes of crystal growth due to the addition
ol metal oxides were discussed in relalion to the final micro-texture development. The glass ceramics with very
high surface flainess (Ra=7.1 A) was obtained by the addition of the mixture of P,0; and MoO,, as erystallization

agents.
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1. Introduction

magnetic memory disk using a glass-ceramic plate as

a substrate is being developed for compact hard disk
drive units."™ Since a glass-ceramic disk 15 greatly supe-
rior to an aluminum counter part in several aspects such
as mechanical properties such as abrasion resistance, the
ultimate rotation speed of the disk can be much higher. If
a hard disk with a disk using a plass-ceramic substrate
should achieve a higher bit density, the fatness of the pol-
ished surface is the most important factor. A flat substrate
is required in order to realize a device with a higher hit
density due to reduclion of a flying height of an MR and
GMR head. In this work. the glass system to precipilate
lithivm di-silicate as a primary phase was investigated so
as to optimize the composition in order to realize very high
surface flatness, because a fine-grained microstructure
reduces lhe surface roughness of a glass-ceramic sub-
strate?® The influence of the addition of small amount of
several metal oxides with high valences as a nuclealing
agent was examined. The possible mechanism changes of
crystal growth due to the addition of the metal oxides will
be discussed in relation to the final micro-texture develop-
ment.

I1. Experimental Procedure

The glasses of molar composition. 20Li,0 - 2K,0 3ALO, -
75810, to which 1.9 wit% P,0, and 4.2 wt% another metal
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oxide was added as a nuclealing agent, were prepared.
The oxides chosen as the secondary nucleating agent were
Tiy,, V,0,, MnQ,, Co(, Zr(,, MO, Ta,0,, and WO,. The
well-mixed powder containing appropriate amomnt of car-
bonate (LiCO,, K,CO,, MnCO,, CoCO,) and oxide (A1.0,,
810, TiO,, V,0,, Zr0,, MoD,, Ta,0;, WO,) and NH H,PO,
was melted in a Pt-Rh crucible for 2 h at 1450°C and
quenched in air onio a steel mold. The obtained glass
sample was heat treated for 2 h at 520°C and for 4 b at
760°C for nucleation and crystallization.

The powdered glass sample was examined by differen-
tial thermal analysis (Model Thermo Plus, Rigaku,
Japan). The crystalline phases in glass-ceramic samples
were ldentified with X-ray diffraction (Model Rint2100,
Rigalku, Japan) using nickel-filtered Cu-Koo radiation.
Scanning electron microscope (SEM) observations (Model
S4500, Hitachi ce., Japan) were made on polished glass-
ceramic samples after etched (5 vol% HF solution, 3 min)
and then coated with a Pt thin film. The surface rough-
ness of the polished glass-ceramic samples was deter-
mined by a moving needle probe.

111, Results

1. Differential Thermal Analysis (DTA)

A typical DTA curve of the glass samples has fwa exo-
thermic peaks associated with the crystallizamon of the
prasent glass as shown in Fig. 1. The first peak [T=650°C)
corresponds to the crystallization of lithium di-silicate,
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Fig. 1. A {ypical DTA curve of the powdered glass sample,
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Fig. 2. XBD pattern of the glass-ceramic sample without
P,0,: LS2=lithium di-sihcate; c=p-quarlz solid salution,

balite or o-quartz solid solution. The glass transifion tem-
perature {Tg) ranged from 485 to 515°C.

2. X-ray Diffraction (XRD)

2.1 without P,0;

Fig. 2 shows the typical XRD patterns of the glass-
ceramic samples without the addition of P,0; after heat-
treatment at 760°C. The lithium di-silicate and a-quartz
solid solution phase were identified. and it was observed
that the lithium di-silicate had (002} preferred orienta-
tion due to surface crystallization mechanism.”

2.2 with P,0;

Samples containing both P,0, and another oxide as the
secondary nucleating agent were heat treated at 760°C.
All the crystalline phases shown as Figs 3 and 4 were
almost randomly oriented in comparison with JCPDS
Files No. 40-376 (lithium di-silicate), Na. 39-1425 {cristo-
halite) and No. 46-1046 (a-quartz), it was concluded that
the volume erystallization cecurred. Two types of the crys-
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Fig. 3. XRD pattern ol the glass-ceramic samples without
P,0, and a differenl metal oxide: LS2=lithium di-silicate:
t=c-quartz solid salution.
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Fig. 4. XRD pattern of the glass-ceramic samples without
PO, and a different metal oxide: L32=lithium di-gilicate;
Cri=cristobalite.

tallization were observed depending on the kinds of the
additional oxides. In the case of Ti0,, Zr0, MoO, and
Ta,0,, the crystal phases of lithium di-silicate and cristo-
balite were precipitated as shown in Fig. 3. In the case of
V0., Madl, CoO and WO,, the phases of hihium di-sili-
cate and orquartz solid solution appeared (Fig, 4).

3. Microstructure

Figs. &(a)~(h) show the microstructure of the glass-
ceramics heat-treated at 760°C. Two types of the micro-
structures were observed corresponding lo the precipi-
tated phases. When the specimen contained the
precipitation of cristobalite and lithium di-silicate, only
the crystalline particles having fine grain sizes less than
30 nm were detected. On the other hand, in the case of o-
quarlz solid solulion apd lithium di-silicate, [lowerlike,
needlelike or planar crystalline particles were obaerved
and their mean grain sizes were much larger than those
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Fig. 5. 8SEM images of polished and etehed (HF solution! surface sections through the samples with P,0, and a different metal
oxide: {a) Ti0;, (b) Zr(y, (e}MoQy, (d)Ta,0,, te) WO, () V,0,, (g) MnO, and h)Co0.

of cristobalite. were not smooth due to swiace crystallization, so their
surface roughness was not measured. The surface rough-
4. Surface roughness ness of the samples with ci-guartz solid solution was net

In the case of the samples without P,0,, their surfaces examined because it was considered that the degree of
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Tahble 1. Surface Roughness of the Glass-ceramic Samples
with PO and a Different Metal Oxide

Secandary nucleating agent Ra(A)
TiO, 81
7r0, 7.7
MoQ, 7.1
Ta,O, 8.2

surface roughness was very high due to the larger grains
revealed by SEM. The values of the surface roughness
(Ra} are summarized in Table 1. Very flat surface with
Ra=7.1 A was attained by the addition of both P, and
MoO,.

IV. Discussion

Without the addition of P,0,, lithium di-silicate and/or
a-quartz solid solution was orientated due to surface crys-
tallization as shown in Fig. 2.* In this case the surface
was not {lat because the crystal growth oceurred near the
surface. In general, when surface crystallization occurs,
the nucleation density is so low that the crystallite size
increases. In fact, the outer shape of the sample without
PO, changed before and after the crystallization. It seems
hard to achieve a high mechanical strength due to its low
degree of crystallinity. Therefore, it is necessary for the
present glass to add P,O, as a nucleating agent.

P,0, was found as an essential nuclear agent to form
fine-grained lithium di-silicate crystals, By the addition of
P,0., randomly oriented XRD profiles, as shown Figs. 3
and 4, were cbtained owing to the volume crystalliza-
tion.4-6) According to the DTA result in Fig. 1, o-quartz
solid sclution or cristobalite precipitated as secondary
crystalline phase from Si0,rich residual glassy phase. It
has not yet been made clear which 5i0, phase precipi-
tated by the addition of nucleating agents with P,0;. In
the case aof the precipitation of v-quartz solid sclution as
shown in Figs. 5(el~(h), flowerlike, needlelike or planar
larger crystals were observed. The surface roughness was,
therelore, expected to increase due to the large particles.
In the case of present glass, it seemed inevitable to sup-
press precipitation of c-quartz solid solution in order to
improve surface roughness. By the addition of WO,, the
needlelike crystals, which are characteristic of the growth
of lithium di-silicate crystals, were observed as illustrated
in Fig. 5(el™ It was assumed that the addition of WO,
caused the reduction of the efficiency of phase separation
ability of P,0,, because the precipitation of the needlelike
crystals was the proof of the reduction of nucleation den-
sity for lithium di-silicate. It will be a similar reazon that
the planar ¢rystals were precipitated by the addition of
V,0,. As discussed already, the o-quartz solid solution
phase appeared in the case of the glass without P,0,, and
it was concluded that the phase is ohserved more fre-
quently when no effective nucleation agent is added to the
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present glass. The addition of CoO or Mn0O, is, also, sup-
posed to reduce the efficlency of phase separation ability
of PO, because the flowerlike crystals, probahly corre-
sponding to c-gquartz solid solution, precipitated.

In the case of the precipitation of cristobalite as the sec-
ondary phase, larger particles were not observed. There-
fore, it is important to control the crystallization of both
cristobalite and lithium di-silicate so as to obtain the fine-
grained microstructure. The addition of the mixture of
MoO, and P.O, resulted in the lowest degree of surface
roughness and the finest mean gran size. In order to dis-
cuss the relationship between the surface roughness and
the crystal phases, the glass-ceramics sample containing
MoO, was compared with the sample containing Ta,O,.
From the comparizson of the XRD peaks corresponding to
cristobalite, the intensity in Ta,0, was higher that in
Mo0O,. While the slightly large particles having the mean
grain size of 20-30 nm appeared in the SEM photograph
of Ta,0, system, which they were not observed in MoQ,
system. The particles were, therefore, identified as cristo-
balite In the case of Ta,0, system, the cristobalile crys-
tals grew i the crystallization stage at 760°C, but on the
contrary the crystal growth was not observed for MoQ,
gystem. MoQ, is considered to play a role of a nucleating
agenl for cristobalite. This esplains why the XRD peaks
corresponding to cristobalite in MoO, was broadened by
the reduction of particle sizes. It was assumed that ithe
rale of MoC, was an effective nucleating agent for cristo-
balite rather than an agent to enhance P,O, for nucle-
ation of hithium disilicate.

V. Conclusion

New glass ceramics were investigated for the applica-
tion as substrates to be used in hard disk devices. In the
present glass. the precipitation of c-quartz solid solution
phase increased the surface roughness due to ihe large
particles. Tt is necessary to optimize the crystallization of
both cristobalite and lithium di-gilicate in crder to obtain
the fie-grained microstructure. The addition of the mix-
ture of P,0. and MoO; had very drastic eflects on the
microstructure, because the addition of P,0, was efficient
to form fine-grained lithinm di-silicate crystals and the
addition of MoQ, was adequate to precipitate fine-grained
cristobalite crystals. The glass ceramics with very high
surface flatness (Ra=7.1 A} was obtained.
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