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Title of the Invention 

High Rigidity Glass-ceramic Substrate for a Magnetic 

Information Storage Medium 

Background of the Invention 

qeos 1r-4-1 

/fJ(}~ ~ .. 

This invention relates to a glass-ceramic substrate for a magnetic · 

information storage medium used in an information storage device and, 

more particularly, to a glass-ceramic substrate for a magnetic information 

storage medium such as a magnetic disk substrate having a highly smooth 

substrate surface suitable for use in a near contact recording or a contact 

recording used mainly in the ramp loading system and also having a high 

Young's modulus and low specific gravity capable of coping with a high speed 

rotation of the storage medium. The invention relates also to a method for 

manufacturing this glass-ceramic substrate for a magnetic information 

storage medium. This invention relates further to a magnetic. information 

storage medium made by forming a film on such glass-ceramic substrate for a 

magnetic information storage medium. In this specification, the term 

''magnetic information storage medium" includes fixed type hard disks, 

removable type hard disks and card type hard disks used respectively such as 

so-called hard disks for personal computers and other magnetic information 

storage medium in the form of a disk which can be used for storage of data and 

can be also used in digital video cameras and digi~ cameras. 

In contrast to conveiltional fixed type magnetic information storage 

devices, there have recently been proposed and put into practice magnetic 

information storage devic~ of a removable. type or a card type and 

developments of applicatio~s thereof for digital video cameras and digital 

cameras have been started. Such tendency relates to utilization of personal 

computers for multi-media purposes and prevailing of digital video cameras 

and digital cameras arid,, fo~ handling data of a large size such as data of a 

moving image or voice, there is an increasing demand for a magnetic 
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information storage device of a larger storage capacity. For coping with this 

demand, a magnetic information storage medium is required to increase its 

bit and track density and increase the surface recording density by reducing 

the size of the bit cell. On the other hand, as for a magnetic head, there is an 

increasing tendency toward adopting the near contact recording system and 

further the contact recording system according to which the magnetic head 

operates in closer proximity to the disk surface in accordance with the 

reduction of the bit cell size. 

Aluminum alloy has been conventionally used as a material of a 

magnetic information storage medium substrate. The aluminum alloy 

substrate, however, tends to produce a substrate surface having projections or 

spot-like projections and depressions during the polishing process due to 

defects inherent in the material. As a result, the aluminum alloy substrate is 

not sufficient in flatness and smoothness as the above described magnetic 

information storage medium substrate of high recording density. Further, 

since the aluminum alloy is a soft material, its Young's modulus and surface 

hardness are low with the result that a significant degree of vibration takes 

place during rotation of the disk drive at a high speed rotation which leads to 

deformation of the disk and hence it is difficult to cope with the requirement 

for making the disk thinner. Furthermore, the disk tends to be deformed due 

to contact with the magnetic head with resulting damage to the contents of 

the disk. Thus, the aluminum alloy cannot cope . su:fliciently with the 

requirement for recording with a high recording density. 

As a material for overcoming the above problems .of the aluminum alloy 

substrate, known in the art are chemically tempered glasses such as alumino­

silicate glasses (Si02 -Al20 3 - Na20) disclosed in Japanese Patent Application 

Laid-open No. Hei 8-48537 and Japanese Patent Application Laid-open No. 

Hei 5-32431. This material, however, ha~ the following disadvantages: 

(1) Since polishing is made after the chemical tempering process, the 
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chemically tempered layer is seriously instable in making the disk thinner. 

Further, the che~cally tempered layer causes change with time after use 

for a long period of time with resulting deterioration in the magnetic 

property of the disk. 

(2) Since the chemically tempered glass contains N a20 and ~O as its 

essential ingredients, the film forming property of the glass is adversely 

affected, and a barrier coating over the entire surface of the glass becomes 

necessary for preventing elution of N a20 and K20 ingredients and this 

prevents stable production of the product at a competitive cost. 

(3) The chemical tempering is made for improving mechanical strength of the 

glass but this basically utilizes strengthening stress within the surface 

layer and the inside layer of the glass and hence its Young's modulus is 

about 83 GPa or below which is about equivalent to ordinary amorphous 

glass. Therefore, use of the glass for a disk with a high speed rotation is 

limited and hence it is not sufficient for a magnetic information storage 

medium substrate. 

Aside from the aluminum alloy substrate and chemically tempered 

glass substrate, known in the art are some glass-ceramic substrates. For 

example, Japanese Patent Application Laid-open No. Hei. 9-35234 and 

EP0781731Al disclose glass-ceramic substrates for a magnetic disk made of a 

Li20 - Si02 system composition and has crystal phases of lithium di.silicate 

and {j -spodumene, or crystal phases of lithium di.silicate and {j -cristobalite. 

In these publications, however, the relation between Young's modulus and 

specific gravity with respect to high speed rotation is not taken into 

consideration or suggested at all. The upper limit of Young's modulus of 

these glass-ceramics is no more than 100.GPa. 

For improving the Young's modulus, Japanese Patent Application Laid­

Open No. Hei 9-77531 discloses a glass-ceramic of a Si02 -Al20 3 - MgO -

ZnO - Ti.02 system which contains a large amount of Spinel crystal as its 
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predominant crystal phase and Mg'l'i20 6 and several other crystals as its 

subordinate crystal phases and has Young's modulus of 93.4 GPa to 160.11 

GPa and a substrate for a high-rigidity magnetic disk made of this glass­

ceramic. The glass-ceramic has, as its predominant. crystal phase, Spine! 

crystal represented by (Mg/Zn) A1.20 3 and/or (Mn/Zn)2 Ti.04 containing a large 

amount of ~03 and has several other optional crystals as its subordinate 

crystal phaes. This glass-ceramic is .significantly different from the glass­

ceramic of the present invention which, as will be described later, contains a 

relatively small amount of ~03 and has a high Young's modulus and a low 

specific gravity. Addition of such a large amount of A1.20 3 is undesirable 

from the standpoint of production because it causes deterioration of melting 

property of the base glass and also deterioration of resistance to devitrification. 

Further, in this publication, the relation of Young's modulus (GPa)/specifi.c 

gravity and the value of specific gravity per se which are necessary for the 

high speed rotation are not taken into consideration or suggested at all. 

Particularly, the specific gravity in this publication is a high value of 2.87 or 

over. This publication therefore merely proposes a glass-ceramic substrate 

made of a rigid material. Moreover, the glass-ceamic of this system has the 

serious disadvantage that processability is poor and therefore is not suited for 

a large scale production since it is too hard and hence the improvement of this 

glass-ceramic a.S · a high recording density magnetic information storage 

medium substrate is still not sufficient. 

It is therefore an object of the invention to eliminate the above described 

disadvantages of the prior art materials and . provide a glass-ceramic 

substrate for a magnetic information storage medium capable of coping with 

the tendency toward a high recording density recording, namely having 

excellent melting property, resistance to devitrification and processability, 

excellent smoothness of the surface of the substrate which is sufficient for 

contact recording of a high recording density and having a high value of 
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Young's modulus and a low value of specific gravity which are sufficient for a 

high speed rotation of the disk. 

It is another object of the invention to provide a method for 

manufacturing the glass-ceramic substrate. 

It is another object of the invention to provide a magnetic information 

storage medium made by forming a film of a magnetic medium on this glass­

ceramic substrate. 

Sum.m.axyofth.elnvention 

Accumulated studies and experiments made by the inventors of the 

present invention for achieving the above described objects of the invention 

have resulted in the finding, which has led to the present invention, that for 

coping with driving of the disk with . a high speed rotation, a magnetic 

information storage medium substrate must have a high rigidity and a low 

specific gravity for preventing vibration of the disk caused by deflection and 

that an optimum ratio of Young's modulus to specific gravity of the substrate 

is: 

Young's modulus (GPa) I specific gravity = 37 to 63. 

The inventors of the present invention have also found that a glass­

ceramic substrate for a magnetic information stciJ:"age medium can be 

produced whi:ch has a predominant crystal phase limited to one or more 

crystals selected from the group consisting of /3 -quartz, /3 -quartz solid 

solution, enstatite, enstatite solid solution, forsterite and forsterite solid 

solution, has grown crystal grains which are of a fiµe globular grain, has 

excellent melting property, resistance to devitri:fi#ation and polishing 

processability, has superior flatness and smoothn~~~ in the surface after 

polishing, and has a high value of Young's modulus and·alow value of specific 

gravity capable of coping with driving of the disk with a high speed rotation. 

For achieving the above described object of the invention, there is 

provided a high rigidity glass-ceramic substrate for a magnetic information 
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storage medium having a ratio of Young's modulus to specific gravity within a 

range from 37 to 63 and comprising A1.20 3 within a range from 10% to less 

than 20%, and having a predominant crystal phase consisting of one or more 

crystals selected from the group consisting of /3 -quartz, /3 -quartz solid 

solution, enstatite, enstatite solid solution, forsterite and forsterite solid 

solution. 

In one aspect of the invention, the high rigidity glass-ceramic substrate 

is substantially free of N~O. K20 and PbO. 

In another aspect of the invention, this substrate is provided by heat 

treating a base glass having a composition expressed on the basis of 

composition of oxides which consists in weight percent of: 

Si0 2 40 - 60% 

MgO 10 - 20% 

Al20a 10 - less than 20% 

P205 0.5 - 2.5% 

B20a 1 - 4% 

Li20 0.5 - 4% 

Cao 0.5 - 4% 

Zr0 2 0.5 - 5% 

Ti0 2 2.5 - 8% 

Sb20s 0.01 - 0.5% 

As 20 3 0 - 0.5% 

Sn0 2 0 - 5% 

Mo0 3 0 - 3% 

Ceo 0 - 5% 

Fe20a 0 - 5%. 

In another ·aspect of the invention, a grain diameter of the respective 

predominant crystal phases is within a range from 0.05µm to 0.30µm. 

In another aspect of the invention, a coefficient of thermal expansion 
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within a range from - 50°C to + 70°C is within a range from 30 x io-1 /°C to 50 

x 10·1rc. 
In another aspect of the invention, the surface of the substrate after 

polishing has surface roughness (Ra) of 3 to 9 A and maximum surface 

roughness (Rmax) of lOOA or below. 

In another aspect of the invention, there is provided a method for 

manufacturing the high rigidity glass-ceramic substrate comprising steps of 

melting the base glass, molding a molten glass into a predetermined form, 

annealing the formed glass, and thereafter heat treating the glass at a 

nucleation temperature within a range from 650°C to 750°C and at 

a crystallization temperature within a range from 75 0 °C to 105 0 °C. 

In still another aspect of the invention, there is provided a magnetic 

information storage disk having a film of a magnetic medium formed. on said 

high rigidity glass-ceramic substrate. 

In this specification, the term "solid solution" means each of the above 

described crystals a part of which is substituted by other ingredient or in 

which other ingredient has been mixed. The term "/3 -quartz solid solution" 

means /3 -quartz crystal a part of which is substituted by an element other 

than Si or in which an elemep.t other than Si is milted. /3 -quartz solid 

solution includes /3 -eucryptite (/3 -Li20 · Al20 3 • 2SiOJ in which U and Al at 

the ratio of one to one partly substitute Sj. , /3 -eucryptite solid solution which 

is /3-eucryptite crystal a part of which is substituted by other element or in 

which other element has been mixed, and a mixture thereof. 

Detailed Descri,ption of the Invention 

Reasons for limiting the physical pr9perties, preda,minant crystal phases 

and crystal grain diameter, surface ch'*acteristi.cs and composition of the 

glass-ceramics of the present invention will now be described. The 

composition of the glass-ceramics is expressed on the basis of composition of 

oxides as in their base glass. 
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Young's modulus and specific gravity will first be described. As 

described previously, there has been an increasing tendency toward driving of 

a magnetic information storage medium with a high-speed rotation for 

improving the recording density and data transfer rate. It has been found by 

the inventors of the present invention that, for sufficiently conforming to such 

tendency, a material for a magnetic information storage medium must have 

high rigidity and low specific gravity in order to prevent vibration caused by 

deflection of the disk which occurs during high speed rotation of the disk, e.g., 

10,000 rev/min. or over. A disk which has high rigidity but high specific 

gravity causes deflection duri.D.g a high speed rotation with resulting vibration 

of the disk. It has been found that an apparently· contradictory balance of 
. . 

physical properties of the material must be adopted, namely high rigidity and 

low specific gravity and this balance has been found to exist in the ratio of 

Young's modulus (GPa) to specific gravity within a range from 37 to 63. A 

preferable range of Young's modulus(GPa)/specific gravity is 40 to 63, a more 

preferable range thereof is 4 7 to 63 and the most preferable range thereof is 

50 to 63. It has been also found that there is a preferable range of rigidity, 

That is, from the standpoint of preventing vibration, the material should 

preferably have rigidity of at least 120 GPa even if it has low specific gravity 

but, having regard to processability and increase of specific gravity, the upper 

limit of rigidity should preferably be 150 GPa. The same applies to specific 

gravity. That is, from the standpoint of preventing vibration, the material 

should preferably have specific gravity of 3.50 or les,s even if it has high 

rigidity, because otherwise vibration tends to occur during a high speed 

rotation due to its weight, but the material should pr~erably have specific 

gravity of 2.3 or over because otherwise it is difficult to obtain a substrate 

having desired rigidity._ A more preferable range of specific gravity from 

these standpoints is 2.5 to 3.3. 

If a material for a substrate contains Na20 or K20, Na ion or K ion of 
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these ingredient diffuses into a magnetic film during the film forming process 

when the temperature of the substrate rises to a high temperature (this 

phenomenon is particularly remarkable in a barium ferrite perpendicular 

magnetic film) and thereby causes abnormal growth of grains of the magnetic 

film and deterioration of orientation of the magnetic film. It is therefore · 

important that the material of the substrate is substantially free of such 

ingredients. The material of the substrate should also be substantially free 

of PbO which is not desirable because of the environmental problems. 

Description of predominant crystal phases of the substrate of the 

invention will now be described. ~ 
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A predominant phase of the substrate consists of one or more of the 

group consisting of 8-quartz, 8-quartz solid solution, enstatite, enstatite 

solid solutiOn, forsterite and forsterite solid solution. This is because these 

crystal phases are advantageous in that they have excellent processability, 

contribute to increase in rigidity and to decrease in specific gravity and can · 

have a very :fine grain diameter of grown crystal. Growth and content ratio 

of 8 -quartz, enstatite and forsterite are determined by the content ratio of 

MgO and Si02• Growth and content ratio of these three crystal phases and 

solid solution of these three crystal phases are determined by the content ratio 

of MgO, Si02 and other ingredients. 

Description will now be made about crystal grain diameter of grown 

crystal and surface roughness. As was previously described, for coping with 

the near contact recording system and the contact recording system for 

improving the recording density, the smoothness of the surface of the 

magnetic information storage medium must be improved over the 

conventional magnetic medium. If one attempts to carry out high density 

inputting and outputting of information on the magnetic medium having the 

conventional level of smoothness, the distance between the magnetic head and 

the surface of the magnetic medium is so large that inputting and outputting 

of magnetic signals cannot be achieved. If one attempts to reduce this 

distance, the magnetic head will collide with projections of the magnetic 

medium resulting in damage of the magnetic head or magnetic medium. For 

coping with the near contact recording system and the contact recording 

system, it has been found that the substrate should have smoothness 

expressed in terms of surface roughness (Ra) of 3 to 9A and maximum 

surface roughness (Rmax) of 100 A or below. Preferably, the surface 

roughness (Ra) should be 3 to 7 A and the maximum s~ce roughness 

(Rmax) should be 95A o;r below. · More preferably, the $urface roughness (Ra) 

should be 3 to 6A and the maximum surface roughness (Rmax) should be 90 
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A orbelow. 

For obtaining a glass-ceramic substrate having a high rigidity and high 

flatness (3-9 A in the data area) as in the present invention, the crystal grain 

diamter and crystal grain shape are important factors. It has been found 

that a substrate having a grain diameter which is larger or smaller than the · 

range of diameter defined in the claims cannot achieve the desired strength 

and surface roughness. 

In increasing the bit number and track density and reducing the size of 

the bit cell, difference in coefficient of thermal expansion between the 

magnetic film and the substrate significantly affects achievements of these 

objects. For this reason, it has been found that the coefficient of thermal 

expansion within a temperature range from -50°C to +70'C should preferably 

be within a range from 30 x 10-7/'C to 50x10·7/t. 

In the glass-ceramic substrate according to the invention, the above 

described content ranges of the respective ingredients have been selected for 

the reasons stated below. 

The Si02 ingredient is a very ~portant ingredient which, by heating a 

base glass~ forms /3 -quartz, /3 -quartz solid solution, enstatite, enstatite solid 

solution, forsterite and forsterite solid solution crystals as predominant 

crystal phases. If the amount of this ingredient is below 40%, the crystal 

phases grown in the glass-ceramic are instable and their texture tends to 

become too rough whereas if the amount of this ingredient exceeds 60%, 

diffic_ulty arises in melting and forming the base glass. For the growth of the 

crystal phases, conditions of heat treatment are also important factors. A 

preferable range of this ingredient which enables a broadened heat treatment 

conditions is 48.5 - 58.5%. 

The MgO ingredient is a very important ingredient which, by heating a 

base glass, forms /3 -quartz, /3 -quartz solid solution, enstatite, enstatite solid· 

solution, forsterite and foresterite solid solution as predominant crystal 
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phases. If the amount of this ingredient is below 10%, the grown crystals of 

the obtained glass-ceramic are instable and their texture is too rough and 

melting property deteriorates. If the amount of this ingredient exceeds 20%, 

melting property and resistance to devitrification are reduced. For the same 

reason as in the Si02 ingredient, a preferable range of this ingredient is 12 - · 

18%. 

The ~03 ingredient is a very important ingredient which, by heating a 

base glass, forms /3 -quartz solid solution as a predominant crystal phase. If 

the amont of this ingredient is below 10%, the grown crystals of the obtained 

glass-ceramic are instable and their texture is too rough whereas if the 

amount of this ingredient is 20% or over, melting property and resistance to 

devitrification are deteriorated. For the same reason as stated above, a 

preferable range of this ingredient is 12 - 18%. 

The P 20 5_ ingredient functions as a nucleating agent for the glass and is 

also effective for improving melting property of the base. _glass and resistance 

to devitrification during molding. If the amount of this ingredient is below 

0.5%, these effects cannot be obtained whereas if the amount of this 

ingredient exceeds 2.5%, resistance to devitrification is reduced. A preferable 

range of this ingredient is 1 - 2%. 

The B20 3 ingredient is effective for controlling viscosity during melting 

and forming of the base glass. If the amount of this ingredient is below 1 %, 

this effect cannot be obtained whereas ifthe amount of this ingredient exceeds 

4%, melting property of the base glass deteriorates and the grown crystals of 

the glass-ceramic are instable and the texture becomes too rough. A 

preferable range of this ingredient is 1 - 3%. 

The Li20 ingredient is a very important ingredient which, by heating a 

base glass, forms /3 -quartz solid solution as a predominant crystal phase and 

improves melting property of the base glass. If the amount of this ingredient 

is below 0.5%, these effects cannot be obtained whereas if the amount of this 



- 13 - . 

ingredient exceeds 4%, the grown crystals of the glass-ceramic are instable 

and their texture become too rough. A preferable range of this ingredient is 1 

-3%. 

The CaO ingredient improves melting property of the glass and prevents 

grown crystals from becoming too rough. If the amount of this ingredient is · 

below 0.5%, these effects cannot be obtained whereas if the amount of this 

ingredient exceeds 4%, a desired crystal cannot be obtained and the grown 

crystals of the glass-ceramic become too rough and moreover chemical 

durability deteriorates. A preferable range of this ingredient is 1 - 3%. 

The Zr02 and Ti.02 ingredients are very important ingredients whch 

function as a nucleating agent for the. glass and also are effective for making 

the grown crystal grains finer and improving m~chanical strength and 

chemical durability of the material. If the amount of the Zr02 ingredient is 

below 0.5% and the amount of the Ti02 ingredient is 2.5%, these effects cannot 

be obtained. If the amount of the Zr02 ingredient exceeds 5% and the 

amount of the Ti02 ingredient exceeds 8%, difficulty arises in melting the base 

glass and impurities such as ZrSi04 are produeed which are left unmolten 

and, moreover, resistance to devitrification is reduced. As a result, abnormal 

growth of crystal grains is brought about in the crystallizing process. A 

preferable range of the Zr02 ingredient is 1 - 4% and a preferable range of 

the Ti02 is 3 - 7.5%. The total amount of the Zr02 and Ti.02 ingredients 

should preferably not exceed 9%. A mqre preferable range of the total 

amount of the Zr02 and Ti.02 ingredients is 3 - 8%. 

The Sb20 3 and/or As20 3 ingredients may be added as a refining agent in 

melting of the glass. It will suffice if one or both of: these ingredients are 

added up to the total amount of 2%. 

The Sn02, Mo03, CeO and Fe20 3 ingredients may be added up to the 

total amount of 5% as a coloring agent or for improving,sensitivity of detecting 

defects on the surface of the substrate by coloring the substrate and also 
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improving laser absorption characteristics for an LD excited laser. As to 

Mo03, it will suffice if this ingredient up to 3% is added. The Sn02 and Mo03 

ingredients are important in that they have light transmissivity in the glass 

state before the heat treatment and have the coloring property after the 

crystallization processing. 

·For manufacturing the glass-ceramic substrate for a magnetic 

information storage medium according to the invention, the base glass having 

the above described composition is melted, is subjected to heat forming and/or 

cold forming, is heat treated for producing a crystal nucleus under a 

temperature within a range from 650°C to 750'C for about one to twelve 

hours, and further is heat treated for crystallization under a temperature 

within a range from 750°C to 1050°C for about one to twelve hours. 

Examples 

Examples of the present invention will now be described. 

Tables 1 to 6 show examples (No. 1 to No. 14) of compositions of the 

glass-ceramic substrate for a magnetic information storage medium made 

according to the invention and three comparative examples, i.e., the prior art 

chemically tempered alumino-silicate glass (Japanese Patent Application 

Laid-open No. Hei 8-48537), Comparative Example No.l, the Li20 - Si02 

glass-ceramics (Japanese Patent Application Laid-open No. Hei 9-35234, 

Comparative Example No. 2, and the Si02 - Al20 3 - MgO - ZnO - Ti.02 glass­

ceramics (Japanese Patent Application Laid-open No. Hei 9-77531), 

Compara~ive Example No. 3 together with the temperature of nucleation, 

temperature of crystallization, crystal phase, crystal grain diameter, Young's 

modulus, specific gravity; Young's modulus (GPa) I specific gravity, surface 

roughness (Ra) after polishing, maximum surface roughness (Rmax) after 

polishing, and coefficient of. thermal expansion in the range from -50'C to 

+70 t . The {3 -quartz solid solution is expressed as " {3 -quartz SS". 

Amounts of the respective ingredients are expressed in weight percent. 
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Table 1 

Examples 
1 2 3 

Si02 52.2 52.2 52.2 
MgO 12.0 12.0 12.0 

Ala Os 17.0 16.0 16.0-

P205 1.5 1.5 1.5 

B20s 3.0 3.5 4.0 
LiaO 2.0 2.5 2.0 
Cao 2.0 2.0 2.0 
Zr02 2.0 1.5 1.5 

Ti02 5.0 5.5 5.5 

Sb20s 0.3 0.3 0.3 

As20 3 

Sn02 1.5 1.5 1.5 
Mo03 1.5 1.5 1.5 
CeO 

~ 
Nucleation tem:Rerature {'C} 650 600 650 
Crvstallization temRerature {'C} 1000 800 900 

(3 -quartz SS 13 -quartz SS {3 -quartz SS 
Predominant crystal phases O.lttm O.lttm O.lgm 

and grain diameter 
enstatite ens:t;atite enstatite 
0.05ttm 0.05ttm 0.05ttm 

Youn~s modulys (GPa) 120 128 135 
Specific gtfll?:itJZ: (glee) 2.65 2~65 2.6'.Z 
Yonn~s mQd11h1s(GEa)ls12ecitic gta,vitJZ: ~5.3 -~a.a 50.6 

. Surface roughness Ra (A) 7 ·.·. 5 8 
Maximum surface roughness Rmax (Al 76 ··_.··s1 84 

.. ·: '·. ·' :~ 

Coefficient of thermal expansion 
( x io·1t'Cl (-50t to +70'C} 43 . 48 45 



- 16 - . 

Table 2 

Examples 
~ 15 6 

Si02 52.2 56.0 41.0 
MgO 12.0 13.0 16.0 

~Os 16.0 15.0 20.0 

P20s 1.5 1.5 2.0 

B20a 3.5 3.5 4.0 

LiaO 2.0 2.5 2.0 
Cao 2.5 3.5 3.9 
Zr02 1.5 1.0 2.5 

Ti02 5.5 3.5 3.5 
Sb20 3 0.3 0.5 0.2 
As20 3 

Sn02 1.5 4.9 
Mo08 1.5 
Ceo 

~ 

Nucleation tem~erature ('C} 700 650 670 
Crvstallization temRerature CC} 1000 750 800 

(3 -quartz SS (3 -quartz SS (3 -quartz SS 
Predominant crystal phases O.ltLm O.ltLm O.lgm 
and grain diameter 

· enstatite enstatite enstatite 
0.05/1.m 0;05gm 0.05/1.m 

YQ:u.ng'.s mad:u.l:u.s (Gfa) lfi'.Z 120 122 
Sp~cific gi:al!'.itt (gf_cc) 2.71 2.150 2.53 
Young'.s mad:ul:u.s(Gfa)lSllecific gi:avitt 57.~ ~8.0 48.2 
Surface roughness Ra {Al 7 4 6 

Maximum surface roughness Rmax {Al 68 48 59 
Coefficient of thermal expansion 
( x 10"7/°C} (-50°C to +70°C} 41 50 48 



.-

- 17 - . 

Table 3 

Exam;pl~s 

7. 8 9 
Si02 51.4 46.1 49.0 
MgO 11.0 18.0 19.0 
~Os 18.0 15.0 11.0 
P205 2.0 0.5 2.5 
B20s 1.4 1.5 3.5 
Li20 0.5 3.5 3.9 
Cao 2.5 3.5 0.5 
Zr02 0.5 1.0 4.7 
Ti02 7.7 7.5 2.5 
Sb20 3 0.01 0.01 0.1 
As20 8 0.09 0.39 0.3 
Sn02 1.5 1.5 
Mo03 1.5 1.5 
Ceo 4.9 

Ee~ 
Nucleation tem12erature CC) 690 710 730 
Crystallization tem12erature ('C} 850 900 1000 

13-quartz SS /3-quartz SS /3-quartz SS 
Predominant crystal phases 0.1 J.l m 0.1 J.l m 0.1 J.l m 
and grain diameter 

enstatite enstatite enstatite 
0.05/.lm 0.05/.lm 0.20/.lm 

YQJJ.ngs mgdulus (Gfa) . 128 180 l~O 

~~cific gi:a~it)!: (g/.cc) 2.62 2.70 2.80 
YQung:s madulY.s(Gfa)/s;pacific gi:avitJt: 48.a ~8.l 50.0 
Surface roughness Ra (A} 7 7 9 

Maximum surface roughness Rmax (A} 73 68 92 

Coefficient of thermal expansion 
( x 10·1/C} (-50°C to +70°C} 47 45 37 
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Table 4 

Exam:gles 
lQ 11 12 

Si02 59.7 56.8 60.0 
MgO 13.0 14.0 10.5 

Al20a 12.0 14.0 16.0 

P205 1.0 1.0 1.0 

B20a 2.5 2.0 1.0 
LiaO 1.0 1.0 0.7 
Cao 0.5 1.0 1.0 
Zr02 3.0 0.5 3.5 

Ti02 4.0 4.5 6.0 
Sb20 3 0.3 0.3 0.3 
As20 3 

Sn02 

Mo03 3.0 
CeO 

~A ~.~ 
Nucleation temRerature ('C} 750 650 680 
Crvstallization temRerature ('C} 950 980 1050 

13 -quartz SS 13 -quartz SS 13 -quartz SS 
Predominant crystal phases 0.1.ttm ·. O.lt.lm 0.1µ,m 

and grain diameter 
enstatite enstatite enstatite 
0.05µ,m 0.05µ,m 0.10µ,m 

YQ11ng'.s mQdulys (GPa) 1~1 185 148 
S:pecific gxal!:it~ (g/.cc) 2.81 2.78 2.90 
YQYng'.s mQd11l:us(GPa)ls:pecific gxal!:it~ 50.2 ~8.6 ~8.6 

Surface roughness Ra (A} 7 8 9 
Maximum surface roughness Rmax (A} 68 84 98 
Coefficient of thermal expansion 

( x 10·1tC} (-50°C to +70°C} 41 39 38 
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Table 5 

Examples 

13 14 
49.2 41.0 

12.0 16.0 

17.0 20.0 

1.5 2.0 

3.0 4.0 
2.0 2.0 
2.0 3.9 
2.0 2.5 
5.0 3.5 

0.3 0.2 

1.5 4.9 

1.5 
3.0 

~~.~~~~~~~~~~~~~~~~-
Nucleation temperature (QC) 

Crystallization temperature (QC) 

Predominant crystal phases 

and grain diameter 

Young's modulus (GPa,) 

Specific gravity (g/cr.,) 

650 

900 
{3 -quartz SS 

0.1,um 

enstatite 
0.05,um 

128 

2.75 

670 

850 

{3 -quartz SS 

0.1,um 

forsterite 

0.05,um 

125 

2,58 

Young's modulus(GPa)/specific gravity 46.5 48.4 
Surface roughness Ra (A) 5 6 

Maximum surface roughness Rmax (.A) 61 .. 59 

Coefficient of thermal expansion 
< x 10·1rC) (-50QC to +70QC) 40 48 
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Table 6 

Comperative Example 

Si02 

MgO 

~Oa 

P205 
ZnO 
Li20 
Other alkali ingredients 

Zr02 

Ti02 
Sb20 3 

As20 3 

Sn02 

Mo03 

CeO 
Other ingredient 
Nucleation temperature CC) 
Crystallization temperature f'C) 

Predominant crystal phases 
and grain diameter 

1 2 

62.0 78.5 

16.0 4.4 

7.0 
Na20 9,0 

4.0 

0.5 

2.0 

12.5 

KzO 2.8 

0.2 

450 

850 

lithium 
disilicate 
O.lOJ.t.m 

3 

43.0 

26.8 

23.0 

KzO 2.4 

GazOa 4.B 
800 

950 

Spine! 
crystal 
0.10µ.m 

a -cristobalite 

Young's modrilus (GPa) 
Specific grayjty (glee) 

Young's modulus(GPa)/speci:fic gravity 

Surface roughness Ra (A) 

Maximum surface roughness Rmax (A) 

Coefficient of thermal expansion 
( x 10·1/'C) (-50'C to +70'C) 

82 
2.54 
32.3 

8 
86 

70 

0.30J.t.m 
92 110.5 
2,51 3.24 
36,0 34,1 

11 65 
140 679 

61 53 
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For manufacturing the glass-ceramic substrate of the above described 

examples, materials including oxides, carbonates and nitrates are mixed and 

molten in a conventional melting apparatus at a temperature within the 

range from about 1350"C to about 1450"C. The molten glass is stirred to 

homogenize it and thereafter formed into a disk shape and annealed to · 

provide a formed glass. Then, this formed glass is subjected to heat 

treatment to produce the crystal nucleus under a temperature within the 

range from 650 "C to 750 "C for about one to twelve hours and then is 

subjected to a further heat treatment for crystallization under a temperature 

within the range from 750"C to 1050CC for about one to twelve hours to 

produce the desired glass-ceramic. Then, this glass-ceramic is lapped with 

lapping grains having average grain diameter ranging from 5 µ, m to 30 µ, m for 

about 10 minutes to 60 minutes and then is finally polished with cerium oxide 

having average grain diameter ranging from 0.5 µ, m to 2 µ, m for about 30 

minutes to 60 minutes. 

As shown in Tables 1 to 6, the glass-ceramic of the present invention is 

different in its predominant crystal phase from the Comparative Examples of 

prior art alimino-silicate chemically tempered glass, Li20 - Si02 glass­

ceramics and Si02 - Al20 3 - MgO - ZnO - Ti.02 glass-ceramics. As regards 

Young's modulus and specific gravity, the glass-ceramic of the present 

invention has higher rigidity or lower specific gravity than the alumino­

silicate chemically tempered glass and the Li20 - Si02· glass-ceramics. The 

Si02 - ~03 - MgO - ZnO - Ti02 glass-ceramics of Comparative Example 

No.3 which is o~ a relatively high rigidity and low specific gravity is so hard 

that a desired surface roughness cannot be obtained. In contrast, the glass­

ceramic of the present invention has excellent proc~ssability and desired 

smoothness. Moreover, the glass-ceramic of the present invention is free 

from such defects as anisotropic crystals, foreign matters and impurities and 

has a fine and homogeneous texture and sufficient chemical durability 
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against rinsing or etching with chemicals or water. 

As described above, according to the invention, there is provided a glass­

ceramic substrate for a magnetic information storage medium which has 

eliminated the disadvantages of the prior art materials and has excellent 

melting property, resistance to devitri:fication and processability, has · 

sufficient smoothness for coping with the contact recording with a high 

recording density and has also high Young's modulus and low specific gravity 

characteristics capable of coping properly with driving of the disk with high 

speed rotation. According to the invention, there are also provided a method 

for manufacturing this glass-ceramic and a magnetic information storage disk 

having a film of a magnetic medium formed on the glass-ceramic substrate. 
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Claims 

1. A high rigidity glass-ceramic substrate for a magnetic information storage 

medium having a ratio of Young's modulus to specific gravity within a range 

from 37 to 63, comprising Al20 3 within a range from 10% to less than 20%, · 

and having a predominant crystal phase consisting of one or more crystals 

selected from the group consisting of /3 -quartz, /3 -quartz solid solution, 

enstatite, enstatite solid solution, forsterite and forsterite solid solution. 

2. A high rigidity glass-ceramic substrate as defined in claim 1 whichis free of 

Na20, ~O and PbO. 

3. A high rigidity glass-ceramic substrate as defined claim 1 or 2 wherein a 

crystal grain diameter of the respective predominant crystal phases is within 

a range from 0.05 µ, m to 0.30 µ, m .. 

4. A high rigidity glass-ceramic substrate as defined in any of claims 1 - 3 

wherein coefficient of thermal expansion within a range from - 50"C to+ 70"C 

is within a range from 30 x 10·1/"C to 50 x 10·1/"C. 

5. A high rigidity glass-ceramic substrate as defined in any of claims 1 - 5 

wherein the surface of the substrate after polishing has surface roughness 

(Ra) of 3 to 9A and maximum surface roughness (Rmax). of lOOA or below. 

6.. A high rigidity glass-cerami~ substrate as defined in any of claims 1 - 5 

provided by heat treating a base glass having a composition expressed on the 

basis of composition of oxides which consists in weight percent of: 

MgO 

Al203 

P205 

B20a 

Li20 

Cao 

40- 60% 

10- 20% 

10 - less than 20% 

0.5- 2.5% 

1- 4% 

0.5 - 4% 

0.5 - 4% -----------··------· ·-- ----------

· 1· 111111n111111111u1111·:111111 · 
* C L . M S * 
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Zr02 0.5- 5% 

Ti02 2.5- 8% 

Sb20 3 0.01- 0.5% 

As20s 0-0.5% 

Sn02 0- 5% 

Mo03 0- 3% 

CeO 0- 5% 

Fe20 8 0- 5%. 

7. A method for manufacturing a high rigidity glass-ceramic substrate for a 

magnetic information storage mediuni as defined in claim 6 comprising steps 

of melting the base glass, molding a molten glass into a predetermined form, 

annealing the formed glass, and thereafter heat treating the glass at a 

nucleation temperature within a range from 650 'C to 750 'C and at a 

crystallization temperature within a range from 750'C to 1050'C. 

8. A magnetic information storage disk having a film of a magnetic medium 

formed on said high rigidity glass-ceramic substrate as defined in any of 

claims 1- 7. 

-- ··-------··-·-----

rm11H1mu1IRll11111 UIU 
·*···•.c .. ·L MS* 


