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GLASS SUBSTRATE FOR MAGNETIC RECORDING MEDIUM, 

MAGl\1ETIC RECORDING MEDIUM, AND 

METHOD OF MANUFACTURING THE SAME 

Rackwund of the Ixmntion; 

This invention relates to a gla.ss substrate for uee in a 

magne~c recording medium, s~ch as, a haxd disk, a magnetic 

recording medium having the glass substrate, and. a method of 

manufacturing the magnetic recording medium and the glass 

substrate. 

An interface between a magnetic head and a mag.netip disk has 

become a key tec.lm.ology for inlproving recording capacity in a 

technical :field for magnetically recording (writing) and reproducing 

(readll:tg). 

It is neeeeeary to excessively reduce a flying height of the 
I 

magnetic head which is float over a surface of the magnetic disk to 

improve recordmg density.. 

. However, when the record/reproduce (write/read) operation is 

. .\carried out in the known CSS (Contact Start Stop) method, the 

\,,.~gnetic head often sticks to the magnetic disk with a low flying 

hel~""ofi-he-magnetic bealt Herein, it is to be noted that this 

phenomenon is generally called "head stictionn. 

Suggestions conventionally have been made about a variety of 
. 

texture techniques to prevent such stiction of the magnetic head. A 

representative suggestion has been made about a method of fol'ming a 

8 9'.04".,,.0 ~' fJ ·•. iJ' __ .n~ 
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surface of an AlJNiP plating substrate into a rough surface by 

mechanically polishing (mechanically texturing) the surface in 

Japanese Unexamined Patent Publication (JP-A) No. Sho. 62-273619. 

Further, another suggestion. has been made about a method of 

depositing a thin-film having the rough surface on a glass sub~trate 

by the use oftbe known sputtering process in Japanese Examined 

Pa.tent Publication (JP-B) No. Hei. 4'62418 or a method of forming 

·· the rough surface by the use of the chemical etching process in 

.Japanese Examined Patent Publication (JP-B) No. Hei.7-101507 

when the glass substrate is superior in flatness in comparison with an 

aluminum substrate. 

In the m.eaJ:l.Wbile, a glide height recently has reached 1.2 

µinch or less to improve the recording capacity. 

However, the method of forming the texture, which has been 

conventionally suggested and described above, is the texture 

tech:nique on the condition that the ~lide height is equal to about 

Su.inch. 

Therefore, even when the conventional textuxe forming me~od 
, -

is applied for the recent magnetic disk whlch records (writes) and 

reproduces (read$) with the low flying height, it is difficult to obtain 

the magnetic disk which simultaneously satisfies sufficient electro­

magnetic conversion characteristic and stiction preventing effect of 

~ the magnetic head. 

~-···-··--- In this E!.ae,...the conventional glide height was equal to about 8 

µ,inch. Therefore1 the surface state (the surface morphology) of the 

magDetic disk (the substrate) could be sufficiently evaluated by the 

known thally step. He:rein., the surface roughness is measured by 

scannjn g a contact needle having radius of several JL m (for example, 

.• ... · .... 
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2. 5 µ.. m) along the surface. 

However, when the flf...ng height becomes 1.2 J.L inch or lesa 

(1 inch = 25.4 mm) which is recently required, it is difficult to judge 

whether or not the surface state of the e-lass substrate can realize 

prevention of the stiction of the magnetic head by tbe use of t~e 

conventional thally ste:p. 

Spmxgaxy ofthe Invention: 

It is therefore 8ll object of this invention to provide a 

magnetic recording medium and a glass substrate for the magnetic . . 

recording medium which has a glide height of 1.2 P. inch or less and 

which is capable of~alizing high electro-magnetic characteristic (high 

memory performance) and high CSS durability cb.a:racteristic. 

lnV"~tors have paid attention to specify the surface state of 

the glass substrate by the use of the interatomic force microscope 

(A.FM.) in order to evaluate the surface state of the glass subetrat~~ 

This is because it is impossible to identify whether or not the surf.ace 

state of the glass substrate is suitable, since the resolution is low in 

tbe conventional measuring method using the contact needle method. 
I 

Based upon the above-mentioned evaluation metbod, it has 

been confirmed that height and distribution (namely, variation of the 

height) of each projection of fine roughness, which are formed on a 

. . principle surf.ace of the glass substrate, are important factors to 

achieve the above purpose. 

Further, as a result of various experiments, it has been found 

'· ___ ... ......-.. out that the gla~s substrate surface as a target or a goal can not be 

obtained unless specific polishing condition and surface process 

condition are properly combined. This invention is performed base 

upon this analyzed result. 
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(fyst invention) 

This Sheet Has Been Replaced 

I 1111 111~ 11111111111 

In the glass substrate for use in the magnetic reco:rding 

metliUJI!. according to the first invention, when the surface roughness 

of at least the principal surface of the glass substrate is measured by 

the use of the interatomic force microscope (AFM), Ra (center~ µzte 

mean Tou.ghnees) falls within the range between 0.2 anci 2.5nm, Rm.ax 

(maximum· height) falls within the :range between 3 and 25 nm., and 

Rm.ax/Ra falls witlrin the range between 3 and 35. 

(Second invention) 

In the glass substrate according to the first invention, a 

surface parallel to a vlltual principal surface is defined as a contour 

surface when it is assumed that the principal surface of the glass 

substrate is completely flattened., 

when the roughness formed on the principal surface is cut by 
I 

the use of the contour surl'ace (a surface which is structured by the 

same height components). a percentage rate of a total area of the 

principal surface for sum. of areas of the cut cross sectional surface is 

defined as a bearing ratio, 
. ' 

the contour surface having the beating ratio of 50 % is denned 

as a l'eierential surface, 

each distance from the referential surface to each contour 

surface having each bearing ratio is specified as a bearing height, 

( the bearing height of the contou:r sinface hav.ingthe bearing 

\ ratio of 2.5 % is defined. as B.H.(2.5) while the bearing height of the 

~toi:_r_~~~-!:~ving the bearing ratio of 5.0 % is defined as B.H. 

(5.0), and 

B.H. (2.5)/Rmax falls within the range between 0.1 and 0.5 or 

B.H. (5.0)/Rmax falls within the range between 0.1 and 0.45. 
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In the glass substrate according to the first invention1 the 

surface rougbness of at least the principal surface is measured. by the 
-
- use of the mteratomic force microscope (AFM), 

-- .......... . 

'R.max falls within the range between 5 and 25 nm, and _ 
B.H. (2.5)/Rm.ax falls within the range between 0.1and0.5 or 

B.H. (5.0)!Rmax falls within the range between 0.1and0.45. 

(Fourth invention.) 

In the glass substrate according to any one of the first through 

the third inventions, the glass substrate contains at least aJkali metal 

oxide and alkali earth oxide, and 

the content of alltali earth oxide is not exceeding a mol %. 

(Fifth in'Vention) 

In the glass substrate according to any one oi the first 

through the fourth inventions, the glass substrate is used for a 

magnetic disk which has a glide height having 1.2 J.l.inch o:r less. 

(Sixth mvention) 

In a Jnagnetic recording medium according to the fift~ 
. I 

invention, at least a magnetic layer is formed on the principal surface 

of the glass substrate of a.ny one of the first through the fifth 

inventions. 

(Seventh in1Tention) 

A method of manllfactming a glass substrate which is for iise 

in a magnetic recording medium, comprising the steps of: 

preparing a glass member in which Ra falls within the range 

between 0.1and1.0 nm when a surface roughness of a principal . . 
surface of the glass member is measured by the use of the interatomic 

force microscope (AFM), and 
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chemically processing the surface so that Ra falls _within 

the range between 0.2 and 2.5 nm, Rm.ax falls within the :range 

between 3 and 25 nm, and Rmax/Ra falls within the range between 3 

and35. 

(Eighth invention) 

· A method of manufacturing a glass substrate which is for use 

in. a magnetic recording medium., comprising the steps of: 

preparing a glass member in which Ra. f.alls 'Within the range 

~etween O.l and 1.0 nm when a surface roughness of a principal 

surface of said glass member is mes.sured by the use of the 

i:o.teratomic force microscope {AFM), and 

processing at least the principle surf.ace by the use of 

hydrotlu.osilic acid. 
i 

(Ninth inventioll) 

A method according to the seventh o:r the eighth invention, 

further comprismg the steps of 

polishing at least the principal surface by the use of ab:rasi~e 

materiel containfog free abrasive grain having grain diameter 
. I 

between 0.3 and 3.0 JJ. m before the cheJ:nical surface process or the 

surface process due to the hydrofluosilic acid. 

('!Snth invention) 

In a method according to the ninth invention, the chemical 

surface process or the smface process due to the hydrofluosilic acid 

processes the surface so that a portion having relatively high 

remaining distortion forms an island or peak in remaining stress 

distribution which is generated at a portion of abrasive trace due to 

the abrasive grain in the polishing step of the glass xnembel". 

\ 
' 
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(Eleventh invention) 

In a method according to any one of the eighth through the 

tenth inventions, the hydrofluosilic acid has concentration between 

0.15 and 8.0 by weight%. 

(Twelfth invention) 

In a method according to any one of seventh through ninth 

inventions, the glaes constitu.ting the glass member contains at least 

a1kali metal oxide and alkali earth oxide, and content of the alkali 

_earth oxide is not exceeding 3 mol %. 

(Thirteenth invention) 

In a method according to the twelfth invention, the glass 

constituting the glass member contains Si02 between 58 and 75 

weight %, Al.:08 between 5 and 23 weight%, ~O between 3 and 10 

weight %, and NazO between 4 and 13 ~eight % as main components. 

(Fourteenth invention) 

ln a method according to the thirteenth inventio~ the glass 

contains Si02 between 62 and 75 weight %> ~03 between 5 and 15 

weight %, Li20 between 4 and 10 weight %, NStO between 4 and 12 
. I 

weight%, and Zr02 between 5.5 and 15 weight % a.s mam components, 

and 

weight ratio of Na10/Zr01 falls. with.in the range between 0.5 

and 2.0 while weight ratio of Al.:02'ZT02 falls within the range 

between 0.4 and 2. 5. 

(Flfteenth invention) 

In a. method according to any one of seventh throu.gh 

fourteenth inventions, the step of chemically processing the surface or 

a chemical l'einforcement process (chemical strengthening process) is 

carried out after the surface process due to the hydrofluosilic acid. 
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(Sixteenth invention) 

liiiiflfli 
In a method of manufacturing a magnetic recording medium 

according to the sixteenth invention, at least a magnetic layer is 

formed on the principal surface of the glass substrate manufactured 

by the method according to any one of the seventh through the 

fifteenth inventions. 

(Seventeenth invention) 

A method of manufaet:ur:in.g a glass substrate for use m_ a 

.m.agnetic recording medium, compr.isine the steps of: 

·specifYing a surface state of said glass substrate to improve 

±ly.ing characteristic of a magnetic head at every kinds of the magnetic 

head within a specific l'ange Ra, Rmax and Rmaxf.Ra measured by the 

u.se of the in.teratomic force microscope (A.FM); 

processing the surface of the glass su.bstrate under various 

surface processing conditions; 

determining the surface processing condition so that Ra, Rmax 

and Rm.axl.Ra measured by the use of the interatomic force microscope 

(AFM) after the process falls within the specific range; and 
. I . 

processing the surface of the glass substrate based upon the 

determined eur!a.ce processing condition. 

According to the first invention. when the surface· roughness 

.. of at least the principal surface of the glass substrate are measured 

by the use oftheAFM. Ra falls within the range between 0.2 and 

2.5nm. Rmax falls within the range between 3 and 25 nm, and 

Rmax/Ra falls within the range between 3 and 35. 

Thereby, the glase substrate for the magnetic recording medium, 

such as, the magnetic disk has the glide height 1.2 /1. inch or less 

without the stiction of the magnetic head. 

,---
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Further, the glass substrate satisfies iui:ther high CSS 

durability characteristic m the magnetic disk using the CSS method. 

Herein, it ie to be noted that Ra and Rm.ax are center-line 

mean roughness and maxi.m.Ulll height specified by JIS B0601i 

respectively. 

· The value of Rmax measured by the .AFM represents the 

maximum height of the roughness formed on the substrate sur.face­

When Rm.ax is not exceeding 5 nm, the suhstrate surlace substantially 

.becomes the xnmw surface. This is not preferable because the 

magnetic head is stuck to the surface of the magnetic disk. When the 

Rm.ax exceeds 25 nm. the glide height exceeds 1.2 JI. inch. This is not 

also desirable. 

The ratio of Rm.ax/Ra measured by the AFM :represents 

distrlbutio?\ {ve.riation (unifomllty)) regarding height of the island (the 

peaks) in the roughness on the substrate su:rfaee and changes the 

coefficient offr:iction.-Therefore, this ratio is an nnportant factor. 

-·~Ventors have found out that the variation regarding the 

height of the island (peaks) of the roughness has a proper range to 
. I 

keep the glide height of 1.2 J.L inch or less and to realize the bigh CSS 

durability characteristic. 

When Rmax/Ra which represents the height distribution 

(variation) of t~e peaks is not exceeding 5, the :roughness l'ela.tively 

becomes uniform, the static coefficient of friction exceeds 3, and 

contacting area with the magnetic head is increased to readily occur 

the stiction. This is not preferable because the CSS durability 

characteristic is degraded. 

Furthe?t when Rmax/Ra exceeds 35, the maximum height of the 

peaks for the total average surface. roughness becomes large. 

r . 
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Thereby, the static coefficient of friction becomes 1 or less. 

Although the contacting area with the magnetic head is 

reduced, a load for the Dlaxilllu.m peak becomes large. This is not 

desirable because the head crash occurs. 

The record/reproduce (write/read) method of the magnetic disk 

comprises the CSS method and the load • 'Ullload (namely, lalnp load} 

method. For example, the surface roughness is controlled within the 

range specified by Ra= 0.7-1.6 mn, and Rm.ax= 8-18 nm, RmaxlRa = 
10-20 in the CSS method. 

On the othe:r hand, the surface roughness is specifir.a]ly 

controlled within the range specified by Ra= 0.2-2.5 mn, Rmax = 

3-10 nm ,and Rm.ax/Ra= 3-15 in the load • unload method. 

As :mentioned before, Rmax /Ra is a parameter which indicates 

the distribution (variation (uniformity)) of the island (peak) of the 

roughness on the substrate sm:face. It is certain to be able to obtain 

the magnetic disk which has the glide height of 1.2 t.t.inch or less and 

which. satisfies the bigh CSS durability characteristic by selecting the 

predetermined :range. 
I 

However, the projection (,peak) on the surf.ace of the magnetic 

disk. which directly contacts with the magnetic head, is practically a 

high projection (peak) conesponding to Rmax which is the maximum 

projection(peak) ~eight among the roughness on the substrate surface. 

'Th control ratio (distribution) of the high projections (peaks) is 

important to realize further low flying height and obtam the high CSS 

durability characteristic. 

The:refore, the ratio ofB.H. /Rmax as the parameter, which 

represents-the ratio of the high projection (peaks) corresponding to 

Rm.ax, becomes excessively important. 

r:'-~::-::.·.: . ·.. . . . 
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Accordmg to the second and third inventions, the contou:r 

surface having the bearing ratio of 50 % is defined as the referential 

surface, and the height from the referential surface is specified as the 

bearing height. Herein, it is to be note that the contour surface means 

a surface which is structured by the same height components. 

When the bearing height of the contour surface having the 

bearmg ratio of .2.5 % is defined as B.H. (2.5) while the bearing height 

of the contour surface having the bearing ratio of 5.0 % is defined as 

B.H. (5.0). 

In this event, B.H. (2.5)/Rmax falls within the range between 

0.1and0.5 or B.H. (5.0)/Rm.axfalls within the range between 0.1 and 

0.45. This is preferable because the low ·£lying height is further 

realized and the high CSS durability characteristic is obtained. 
I 

Herein. description will be made a.bout the bearing :ratio and 

the bearing height. 

In the roughness picture illustrated in Fig. lJ the su:rface 

roug~ess on the principle surface of the glass substrate obtained 

according to this invention were measured. by the use of the 

interatomic force microscope (AFM). 

Further, the suxface roughness on a specific lineu line on the 

surface illustrated in Fig. 1 is represented. in the measuring curve 

illustrated in Fig. 2. 

Now, when it is assumed that the principal surface of the glass 

substrate is completely flattened, tbe virtual principal surface is 

defined and the surface parallel to the virtual principal surface is 

defined as the contour surface. . 

The contour surface, in which the distance from the virtual 

principal surface falls within the predetermined range, cuts roughness 
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formed on the principal surface of the gl~ss substrate. 

A percentage rate of a total area of the virtual principal 

surface for sum of areas of the cut cross sectional surface of the all 

roughness cut by the contour surface is defined as the bearing :ratio. 

Further, the contour s~ace having the bearing ratio of 50 % 
. .. 

is defined as the referential surface and each distance from the 

referential surface to the contour surface having each bearing ratio is 

specified as the bearing height. 

In this event. the above.mentioned bearing ratio is plotted in . 

the abscissa axis, and the vertical distance from the maximum point of 
. . 

the contour sUrf'ace, namely .dept)l (bearing depth) is plotted in the 

vertical axis. This is called as the bearing curve. 

In Fig. 3, the bearing curve of the surface roughnees 

illustrated in Fig. 1 is illustrated. Herein, the contour surface, which 
' 

is laid in the depth having the bearing ratio of 50%, is defined as the 

:referential surface .. 

. Further, the bearing height havjng the bes.ring :ratio of 2.5 % 

is defined as B.H- (2.5) while the bearing height having the bearing-­

ratio of 5.0 % ie defined as B.H. (5.0). 

In tbis case, when B.H. (2.5)/Rmax falls within the range 

between 0.1 and 0.5 or B.H. (5.0)/Rmax falls within the range between 

0.1 and 0.45. it has been found out to realize further low flying height 

and obtain the hig-h CSS durability characteristic. 

The :ratio of B.H.!Rmax measured by the AFM relatively 

represents the rate (distribution) between the height in one bearing 

value and the maximum projection height, and deeply relates with the 

projection density. 
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The inventors have found out as a result of a variety of 

eXperiments that the value·ofthe B.H. /Rmax in the beating ratio of 

2.5% and 5% closely relates with the CSS durability and the static 

coefficient of friction. Namely; when B.H. (2.5) /Rmax: and B.H. (5.0) 

!Rm.ax are not exceeding 0.1, respectively, the coefficient of :friction due 
. . 

to slidmg is increased and the CSS dU?ability is lowered.. 

Further, when the B.H. (2.5)/Rmax and B.H. (5.0)JRmax 

exceeds 0.5 and 0.45, respectivel~ the coefficient of friction exceeds 3 .. 

This is not preferable. 
l 

In this case, the surf.ace having the bearing ration of 50 o/o in 

the bearing curve is defined. as t~e referential surface. However, this 

defines the referential surface of the bearing height, and the value of 

the arbitrary bearing ratio in the bearing curve may be adopted as the 

referential surface. 
l 

However, when the bearing ratio is 50 %, it is preferable 

because the referential surface is a central surface between the island 

(peaks) and the concave portion in the roughness on the principal 

surface of the glass substrate. 

Further, the value of the hearing height {B.1L) is seleet.ed to 

the bearing ratio 2.5% and 5% from the following reason. Namely, the 

density ratio of the island (peak), which has the height corresponding 

to the maximum slll'face roughness that contacts with the magnetic 

head in the corresponding relationship with the loi.y flying height 

required for the magnetic disk, the low coefficient of friction and the 

high CSS durability, can precisely identified. 

In Table l, a plurality of (four) magnetic disks, which had the 

predetermined density of the island (peaks) measured by the use of 

the AFM, were prepared. Herein, the number of the islands (peaks) 

. -·· .... 
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was 380 in the disk A, 96 in the disk B, 64 in the disk C, and 0 in the 

disk C when the disk was sliced with 6 nm from the center line of the 

surface roughness. In thi.e condition, B.H/Rm.ax was calculated. when 

the bearing ratio was set to 0.025%, 0.25%, 2.5%, and 25%, 

respectively. Table 1 represents the calculated results. 

Table l 

B.H.(0.025%) B.H.(Q.25%) B.H.{2.5%) B.H.(5.0%) B.H.(25%) 
/Rmax /Rm ax /Rmax /Rmax /Rrnax 

Disk A 0.64 0.58 0.43 0.38 0.15 

Disk B 0.62 0.53 0.26 0.18 0.04 

DlskC 0.67 Q:!! 0.21 0.13- 0.03 

OiskD 0.58 0.39 0.18 0.11 0.01 

B.H./Rm.ax in"Table l relatively represents the ratio of the 

is13Jld (pealcs). However, when the bearilig ratio was set to 0.025% and 

0.25%, the relationship of the diskA) the disk B) the.disk C) the 

disk C must be naturally satisfied proportional to the density of th-e 

islands (peaks). However, the value ~fB.H IRlD.ax of the disk C 

becollles large in comparison with the diskA or th~ disk B. 

Thie is because the ra.t.e of the number of the abnormal 

projections (peaks), which does not relate with the glid~ characteristic, 

· is contained much,. since the bearing ratio is considered as the 

relati.Yely small value, namely, as only excessively small region of the 

isla:nds (peaks). Therefore, it is not preferable in this case because the 

rate of the islands (peaks) can not be identified. 

When the bearing ratio is 25%, the rate of the denEiity of the 

islands (pea:k.s) can be identified. However. it is not desirable because 

the range ofB.H. /Rmax between the respective disks is small. 

I 
' 
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The above-mention~d r~sults axe briefly explained as follows, 

and the second invention and the third invention depend upon these 

:results. 

(1) The bearing curve of the eurlace roughness of the substrate 

ie determined, and the referential surface as the reference of the . . 

bearing height is defined. In the second invention and the thlrd 

mvention, the depth having the bearing ratio of 60% is selected as the 

:reference. 

(2) The bearing ratio is selected so that the specific parameter, 

in which the bearing height B.H. and the rate of Rmax meas'U?'ed from 

the-referential surface detemined from the above-mentioned (1) 

indicates the characteristic reqlrired for the magnetic disk or the state 

of the surface roughness in the corresponding relationship with this 

characteristic, can be precisely identified by the value of B.H./B:nax. 

In the second invention and the third invention, the bearing 

ratio value (2.5%, 5.0%) is selected so that the rate of the islands 

(peaks) on the substrate surface in the corresponding relationship 

with the glide height, the coefficient of .friction, and the CSS durability 
l 

as the cha:racterietic required for the magnetic disk can be precisely 

identified. 

(S) The range of B.H. /Rmax which satisfies the characteristic 

. . required for the magnetic disk is determined for the bearing ratio 

selected by the above-mentioned (2). 

In the second ·invention and the third invention. the glide 

height is L.2 J.L inch or less, the coefficient of friction is 3 or less , and 

B.H. (.2.5) /Rmax which satisfies the excellent CSS durability falls 
~ 

within the :range between 0.1 and 0.5 or B.H. (5.0) /Rmax falls within 

the l'ange between 0.1 and 0.45. 
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The glass substrate for the magnetic disk manufactUred by 

the method of controlling the surface roughness is useful for the 

magnetic disk in which it is necessary to strictly control the surface 

roughness of the substrate to achieve further flying he~ht of the 

magnetic head. 

· According to the fourth :invention, the above-mentioned glass 

substrate contains at least sJkali metal oxide and alkali earth oxide, 

and content of the alkali earth oxide is not exceeding S mo! %. Thereby, 

. the desired surface roughness mentioned in the first through third 

inventions can he readily obtained by the chemical surf.ace process 

(hydrotluosilic acid process} which vnn be described later. 

According to the fifth invention, the magnetic disk 1 which is 

recorded (writt.en) and reproduced. (read) 'With the glide height of 1.2 µ 

inch or less, is used. Thereby, the effeet is maximized in the high 

recording density and the high CSS durability. 

According to the sixth invention, at least magnetic layer is 

forme~ on the principal surface of the above·xnentioned glass 

substrate. Consequently, the magnetic disk satisfies the high electro-
. . ' 

magnetic convel'sion characteristic and the high CSS durability 

characteristic. 

Accorcling to the seventh invention, the glass Jnem.ber, in 

wbich, Ra falls within the range between 0.1and1.0 nm when the 

surlace roughness of the principal su:rface is measured by AFM, is 

prepared. The surface roughness of at least the principal surlace of 

the glass member is chemically surface .. processed so that Ra falls 

within the range between 0.2 and 2.5 nm. Rmax falls within the 
-

range between 3 and 25 nm, and Rmax/Ra. falls within the range 

between 3 and 35. 
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Thereby, the glass substrate for the magnetic disk, which 

satisfies the high CSS durability, can be stably manufactured. 

According to the eighth invention, the glass member, in which 

Ra falls within the range between 0.1and1.0 nm when the surface 

roughness of the principal s'Urface is measured by the AFM, ie 

prepared. At least the principal surface of the glass member is 

processed the sutfaee .by the use of hydro:fluosilic acid. 

Therebyt the glass substrate for the magnetic disk> which 

~atisfies the high CSS durabili.tyt can be stably manufactured. The 

surface rou~hness oftbe glass substrate before the smface process 

xnust be set to the demed roughness (Ra=0.1-1.0 nm) and chemical 

material for processing the surface must be select.ed. to the 

hyd:rofluosilic acid in order to stably manufacture the glass substrate 
I 

for the magnetic disk which satisfies the high CSS durability. 

Inventors have found out that the surface roughness of the 

glass substrate before the surface process gives large effect for the 

height distribution (variation) of the islands (peaks) on the substrate 

surface which is 5na.lly obtained to stably manufacture the glas$-
4 

substrate for the magnetic disk of this invention which is required to 

be controlled the surface roughness with high accuracy. 

Inventors have enthusiastically researched this case. As a 

:result, it is preferable that the surface of the glass substrate before 

the surface process is in the mirror state. Specifically, it is found out 

that Raf.alls within the range between 0.1 and 1.0 nm, more 

p:referably, that Ra falls withln the range between 0.1and1.0 nm, 

and the Rmax falls within the range between 1 and 20 nm. 

Fu:rther, the hyd.rofluosilic acid used during processing the 

surface of the glass substrate of the this invention has weak etching 
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force (slow etching rate) as comp axed to hydrofluoric acid solution 

which contains hydrofluoric acid or potassium :fluoride and which is 

conventionally used as the etching liquid. 

Consequently, it is possible to precisely control the surface 

roughness. Silicofluoric acid ~SiF &) is typically used as the 

hydrofluoeilic acid. 

The bydrofluosili.c acid process may contain the other acid 

(hydrofluoric acid, sulfuric acid, hydrocltloric acid, nitric acid) and 

, commercially available washing materiel (natural wa.shlng material, 

surfactant, alkali washing material) with fine quantity in order to 

enhance the etching (wasbmg) efiect. 

Further, the process condition of the hydrotluosilic acid is 

mainly determined in depend.ency upon concentration of the 

hyd:rofl.uosilic acid, nnmersing time into the hydrofluosili.c acid, 
I 

temperature crf the hydro.tluosilic acid. 

The hydrofl.uos'ilic acid is formed. by dissolving the silicofluoric 

acid into water. The concentration cf the hydro.fluosilic acid indicates 

the concentration in which the sili.cofluoric acid is dissolved in the 

water. 

The concentration and the temperature of the hydrofluosilic 

acid relate with the etchint rate (the specific l'ange w?U be explained 

later) while the immersing time into the hydrofluosilic acid relates 

with the obtained roughness and the process time of the step. 

These process conditions of the hydro:fluosilic acid mainly 

relates with the surface roughness Rmax. Specifically, the surface 

Toughness Rmax becomes larger as the concentration of the 

hydrofl.uosilic acid is higher, the immersing time into the 

hydrofluosilic acid is longer, and the temperature of the hydro:fluosili.c 
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acid is higher. 

The process condition of the above-mentioned hydrofluosilic 

acid is suitably adjusted based upon the roughness of the formed 

surface roughness. However, it is preferable from controllability of the 

surface roughness that the imxnersing time into the hydro:fl.uosilic acid 

falls within the range between 50 and 600 sec and the temperature of 

the hydrofl.uoailic acid falls within the range between 15 t; and 60 't. 

I 

According to the ninth invention~ the glass member before the 

above surf.ace process is polished at least the principal surface by the 

use of the pollsbing material contai7:llng the free abrasive :rain having-
·. 

grail'l diameter between 0.3 and S.O µ,m. 

The grain diameter mainly relates with the surface rough:D.ess · 

Ra. Namely, when the average grain diameter of the abrasive grain 

becomes large, the surface roughness Ra of the glass substrate after 

the hydrofluosilic acid process becomes large (however, the s'Ul"face 

roughness Rm.ax is not almost changed in this time) . 

... Preferable density of the island (peaks) and tip shape of the 

island (peak) contacting with the magnetic disk can be obtained by 
( 

setting the grain diameter within the range between 0.8 and S.O µ, m. 

In consequence, the glass substrate for the magnetic disk has 

further hirh CSS durability characteristic. 

When the grain diameter of the £ree abrasive grain is not 

exc~edin.g 0.3 LL m, aggregation of the polishing material readily 

occurs, and further, much residue generates after the washing step. 

This is not preferable. When the grain diameter exceeds 3. 0 µ, m, the 

:roughness after the etching becomes excessively large. This is also 

'UD.desira ble. 
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Moreover, cerium oxide (Ce02), alumina (Al20:J, colloidal silica 

(SiOJ, ·iron oxide (FezOJ, chromium oxide (Cr20;J, zirconium oxide 

(ZrOJ, titanium oxide (Ti.02) a.re exemplified as the free abrasive grain. 

According to the tenth mvention, the chemical surface process 

or the surface process due to the hydrofluosilic acid processes the 

smface so that the portion having relatively high remaining distortion 

becomes the island (peak) in remaining stress distribution which is 

generat.ed at the portion of abrasive trace ~ue to the abrasive grain in 

,the polish:i%1g st.ep of the glass ;n,ember. 

Inventors have discoveTed that the trace> along which the 

abrasive grain passes, tends to be forined as the island (peak) when 

the surface is processed by the hydrofluosilic acid after polishing by 

the polisbing material containing the f.ree abrasive grain. 
I 

Although tbis mechanism is not clear, the load in the polishing 

step by the free abrasive gra:in is applied to the surface of the glass 

substrate. Consequently, the network of Si-0 is (systematically and) 

struc~ally changed, and nonuniformity occurs in the remain:i:o.g­

stxess distribution by the structural change. 
I 

.A:s a result. the etchi:ng rate due to the hydrofluosilic acid 

becomes slow in the portion having relatively high remaining 

distortion. This is assumed to be the above~mentioned mechanism. 

In the eighth through the tenth inventions, the above· 

mentioned phenomenon due to the discovery is positively utilized. 

The:reby. the desU-ed surface roughness state can be firstly obtained. 

The. concentration of the hydrofluosilic acid preferably falls 

within the range between 0.15 and 3.0 weight (the eleventh invention). 

When the concentration of the hydrofiuosilic acid is not 

exceeding 0.15 weight%, the etching effect or the washing effect for 
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the glass substra~e is lowered. Consequently, the desired surface 

roughness can not be obtamed. 

When the concent:ration exceeds 3.0 weight %, it is clifficult to 

control the surface roughness with high accuracy because the atcbing 

rate becalXle quick. Consequently, the glass substrate for the magnetic 

recording medium having stable quality can not be obt.amed. This is 

not preferable. 

If the projection (peaks) is formed in the first through the 

~bird mventions, no limitation is imposed as tO a kind, a size and a 

thickness of the dass substrate ~sed :in this invention.. 

As the :mat.erial of the g~ss substrate, aluminosili.cate glass, 

sod.a.·lim.e glass, soda alumjnosilicate glass, aluminoborosilicate glass, 

borosilicate glass, and silicate glass are exemplified. The hydro£luosilic 

acid has excellent controllability of the chemical etching for the 
1 

aluminosilicate glass, and the surface roughness can be controlled 

with high accuracy . 

.. . Farther, the glass substrate (the glass substrate for forming 

the island (peaks) by the mechanism in the te~th invention) ue~d in 
I 

the manufacturing method of this blvention is preferably formed by 

the mater.isl which contains the alkali metal oxide and in which the 

total content of the alkali earth oxide (RO: MgO, CaO and the like) is 

. not exceeding 3 mol % (the twelfth in~ention). 

The composition ratio ie preferably specified by 58-75 

weight % of SiO,, 5-23 wejg'ht % of Al20s ,3-10 weight % of L~O and 

4-18 weight % of Na~P as main components (the thirteenth i:avention). 

Further, it is desirable that the glass does not contain alkali 

earth (metal) oxide, such as, CaO or MgO to remarkably form the 

island (peak) by the mechanism in the tenth invention. 
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In particular, it is preferable in the fourteenth invention that 

the glass substrate is an aluminosilicate glass which contains 62-75 

weight% ofSi02, 5-15 weight% of Ali 0 3, 4-10 weight% ofLiiO, 

4-12 weight % of Na20, 3lld 5.5-15 weight % of Z:r02 as the main 

components, the weight xatio of Na20 /Zr02 falls within the range 

between 0.5 and. 2.0, and the weight ratio of.Ali0,,!Zr02falls within the 

range between 0.4 and 2.5. 

The transverse bending strength is increased, the compressive 

stress layer becomes deep, the Knoop hardness is excellent, and the 

controllability of the etching in tb.e surface process due to the 

hydrofluosilic acid is excessively superior by chemicallY reinforcing 

(chemically strengthening) the aluminoailicate glass. 

Therefore. such an alu:minosilicate glass is desirable. Herem, 

it is to be noted that N5 manufactured by HOYA CORPORATION is 

:representative of the above-mentioned aJ:um:inosilicate glass. 

Further, the surface process due to the above hydrofluosilic 

acid is performed twice. Moreover, the different hydrofluosilic acid 

concentrations are ll.sed in the respective steps. Thereby, the :fine 

surface roughness on the substrate surface can be controlled. 
l 

It is preferable that the chemical. teinforcement (chemical 

strengthemng) process is can::ied out after chemical surface process or 

the surface process due to the bydrofluosilic acid (the tblrteenth 

invention). Herein, the known chemical reinforcement (chemical 

strengthening) methods a.re used as the above chemical reinforcement 

(chemical strengtheni?lg) method without limitation. 

For example, the low~temperature ion exchange method, in 

which the ion exchange is perlormed in the reg].on which does not 

exceed the .. txansition point temperature from the vie~oint of the 
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glass transition point, is preferable. A fused salt used for the chemical 

reinforcement (chemical strengthening) includes potassium. nitrate1 

sodium nitrate. nitrate mixed with them. 

When the above surface process due to the hyd.rofl uosilic 

acid is performed immediately after the glass substrate 

surface is chemically l'eitrforced (chemically stt'engthened), the 

remaining distortion. formed by the free abrasive grains on the 

glass substrate s1rr&ace is buried in the stress of the chemical 

. remforcement by chemically reinforcing (chemically strengtheDing), 

This is lllldesirable because~ surface roughness can not be 

controlled. 

However> the same resW.t as the above·mentioned case can be 

obtained by interposing the polishing processing step due to the free 
; 

abrasive grains betwee11 (immediately after tha surface process due to 
I 

the hydrotluosilic acid) the ch,mical reinforcement process step 

(chemical strengthening process step) and the surl'ace process due to 

the h~drofl.uoeilic acid a.s the chemical reinforcement step (chemical 

strengtb.eningproeess step) -+ the polishing step due to the free 

abrasive grains -+ the ·surface process due to the hydrofluosilic acid. 

Accorcling to the sixt.eenth invention, at least the magnetic 

layer is formed on the principal surface of the glass ~ubstrate 

manufactured. by the method of manufacturing the glass substrate for 

the magnetic recordingmediUlll, such as, the above-mentioned 

magnetic disk . 

. Thereby, the magnetic recording medium, such as, the 

magnetic disk satisfies the high electro·magnetic conversion 

characteristic and the high CSS durability characteristic. 
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Accordi~g to the seventeenth invention, the surface roughness 

of the principal surface of the glass substrate is controlled so that Ra, 

Rmax which indicate the height of the roughness measured by the 

interatomic force microscope (A.FM), Rm.ax/Ra which indicates the 

height distribution of the toughness. 

In consequence, the glass substrate for the magnetic recording 

medium used. for the magnetic disk, satisfies the high electro· 

magnetic conversion characteristic and the high CSS durability 

characteristic. 
I 

Alternatively, the surface roughness of the principal eurfaee of 

the glass substrate is controlled so that the ratio (B.H./Rmax) between 

the bearing height (B.H.) of the contour surface and. Rm.axJ or Ra. 

Rmax. Rmax/Ra, B.H./Rmax fall within the specific ±ange~ as 

desc:ribed. in the following stru.ctures (a} and (b). In the above contour 

suxface, the bearing ratio, which indicates the rate (the distribution) 

of the projection ha\in.g the height corresponding to the maximum 

projec~~n height, has the specific value. 
-

Thereby, the glass subst'rate for the magnetic recording medium 
I 

used for the magnetic disk, also satisfies the high electro-magnetic 

conversion characteristic and the high CSS dmability characteristic. 

(a) A method of manufacturing- a glass substrate which is for · 

. use in a magnetic recording medium and which has surlace roughness 

Ra and Rmax, where Ra is representative of a center· line mean 

roughness, Rm.ax is defined as a maximum height representative of a 

difference between a highest point and a lowest point, 

a surface parallel to a virtual principal surface is defined as a 
-

contour surface when it is assumed that the principal surface of the 

glass su.bsttate is completely flattened, 

1 
I 
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when roughness formed on the principal surface of the glass 

substrate are cut by the use of the contour surfa.ce1 a percentage rate 

of a total area of the principal surface for sum of areas of the cut cross 

section.al surface is defined as a bearing ratio, 

the contoux surface having the bearing ration of 50 % is 

defined a.s a referential surface ,aD.d 

each distance from the referential surface to each contour 

surface having each bearing ratio is specified as a bearing height 

. (B.H.)1 comprising the steps of: 

specifying a surface state of the glass substrate to improve 

fly.mg characteristic of a magnetic head at every kll:td.s of the magnetic 

head within a specific range ratio (B.H.f.Rmax) of the bearing height 

(B.H.) aJld ltmax measured by the use of the interatomic force 

microscope (AFM); 

processing the surface of the glass substrate under various 

surf.ace processing conditions; 

... determining the surface processing condition so t.hat 

B.HJR.m.ax measure~ by the use of the m:teratomic force microscope 

(AFM) after the pTocess falls withln the ·specific range; and 
pl'ocessing the surface of the glass substrate based upon the 

detennmed surface processing condition. 

(b) A method of manufacturing a glass substrate which is for 

use in a magnetic recording medium and which has surface roughness 

Ra and Rm.ax, where Ra is representative of a center-line mean 

roughness, Rm.ax is defined as a maximum height representative of a 

diffe?ence between a highest point and a lowest point, 

a surlace parallel to a virtual principal surface is defined as a 

contour surface when it is assumed that the principal surface of the 

' l 
' 
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glass substrate is conipletely flattened, 

when roughness formed on the principal sUJface of the glass 

substrate are cut by the use of the contour surface, a percentage rate 

of a total area of the principal surface for sum of areas of the cut cross 

sectional surface is defined as a bearing ratio, 

the contour surface having the bearing ration of 50 % is 

defined as a referen~ ~urfa~ ,and 

each distance from the referential surl'ace· to each contour 

~urfa.ce having each bearing ratio is specified as a bearing height 

(B.H.), comprising the steps cf: 

specifying a sunace state of the glass substrate to improve 

flying chara~eristic of a magnetic head at every kinds of the magnetic 

head within Ra, Rm.ax, Rm.ax/Ra, and a specific range :ratio 
i 

(Bli.1.Rmax) of the bearing-height (B.H.) and Rmax me~sured by the 

use of the intel"atomic force microscope (AF.M); 

processing the surlace of the glass substrate under various 

surface processing conditions; 

determinin~ the surface processing condition so that Ra., Rmax, 
. . . ' 

Rm.ax/Ra, and B.H.l.Rmax measured by the use of the interatomic 

force microscope (AFM) after the process falls within the specific 

:range; and 

processing the surface of the glass substrate based upon the 

determined surface pY-ocessing condition. 

Brief Descri:PliOJl of the Jltawjngs; 

Fig. 1 is a measuring picture of a principal surface of a glass 

subst'rate fol' a magnetic recoI"cling medium measured the intera.tomic 
~ 

force microscope (AFM.) according to this invention; 
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Fig. 2 is .a measuring curve of surface roughness along a 

specific leaner line on a surface illustrated in Fig. 1; 

Fig. 3 is a. bearing curve of surface roughness illustrated in 

Fig. 1; 

Fig. 4 is a schematic cross sectional view ehow:ing a magnetic 

disk according to an example 1 of this invention; 

Fig. 5 is a graph showing a relationship between immersing 

time into hydrofluosilie acid and Rm.ax; and 

Fig.6 is a graph showing a relationship between immeraing 

tillle into hydrofluosilic acid and Ra. 

]lescription Qf the Preferred Em bodj'Q) en ts~ 

(Example 1) 

As illustrated in Fig. 41 a seed layer 2, an underlying layer a, a 

magnetic layer 4, a protection layer 5 and a lubricant layer 6 are 

successively formed on a glass substrate 1 in a magnetic disk 

according to this embodiment, 

The glass substrate! is an aluminosilicate glass which h.ae 

composition of 63.5 weight% of SiOz, 14.2 weight% of Al203, 10-.4 

weight% ofNa20~ 5.4 weight% of ~O and 6.0 weight% o!ZrO, ,0.4 

weight % of Sh20a, and 0.1 weight % of As20 3 , and is processed to the 

disk shape having outer diameter (65 mm d> ), hole cliameter(20 mm tb) 

of a central portion and a thickness of 0.635 nm. The ·both principle 

surfaces, end surfaces and chamfered portions are precisely polished 

and are processed t.he surfaces by the use of hyd:rofiuoeilic acid. 

Consequently, the surface roughness oi the both principle 

surfaces is specified by Ra= 1.3.ron, Rm.ax= 14.l n:m, Rmax/Ra. = 10.8. 

B.H. (2.5) = 6.02 nm, B.H. (5.0) = 4.33 nm, B.H. (2.5)/Rmax;; 0.43, and 

B.H. (5.0)/Rmax::: 0.31. 

\ 
! 
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The seed layer 2 is a NiAl(Ni: 50 at%, Al: 50 at%) film having 

the thickness of 40 nm. The seed layer 2 has small crystal grain 

diameter and is superior in uniformity. In consequence, each of the 

underlying layer 3 and the magnetic layer 4 formed thereon has fine 

crystal grain diameter. Theteby, the seed layer 2 serves to reduce 

noise. · 

As the seedlayer 2, NiAlRu, NiAlNd, NiAlW, NiAlTa, NiAIHf, 

NlAlMo,NiAlCr, NiAlZr, and NiAlNb, in which the other elements are 

~Med in addition to the NiAl other than the above-mentioned NiAl, 

are exemplified. 

The underlying layer. 8 is a CrMo (Cr: 94at%, Mo; 6at%) film 

having the film thickness of 25 nm. In the underlying film 8, it is 

desirable that difference of crystal lattice distance of the magnetic 
I 

layer 4 formed thereon is reduced as possible, and the underlying 
f 

layer 3 serves to i:m.prove coercive force. 

Cr and CrV are exemplified other than the above-?tlentioned 

CrMo as the underlying layer 3. It is preferable to match with the 

lattice distance of the seed layer 2 because the crystal growth becomes 
• I 

excellent and the electro-magnetic conversion characteristic also 

becomes superior. 

In this event, the underlying layer 3 is not restricted to a single 

. layer. and may be a multi-structure. in which the same·or the different 

layers are laminated. For example. a multi-layer underlyi.ng layer, 

such as, CrfCrMo. Cr/CrV, and CrV/CrV are exemplified. 

The magnetic layer is a CoPtCrTa (Co: 75at%, Cr: 17at%, Pt: 

5at%. Ta: 8at%) fi~. Herem, it is.to be noted that material of the 

magnetic layer of the magnetic disk of this invention. is not 

particularly restricted. Specifically, a magnetic thin.film. such as. 
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CoPt, CoCr, CoNiCr, CoCrTa, CoPtCr; CoNiPt, CoNiCrPt CoNiCrTa 
~ ' , 

and CoCrTaPtNb, which contains Co as a main component, is 

exemplified as the magnetic layer 4. 

Altematively, a multi·structure (for example, CoCrPtTa/C:rMo/ 

CoCrPtTa), which is formed by dividmg the magnetic layer wi~h a 

non·magneticfi.lm (for example. Cr, CrMo, CrV) to reduce the noise, 

may be used a.s the magnetic layer 4. 

Further, the magnetic layer 4 may be granular having such a 

structure that magnetic particles, such as, Fe, Co~ FeCo, and CoNiPt, 

are dispersed in a non·m.agnetie film. consisting of material. such as, 

ferrite based material, iron-rare earth-based material or Si02, BN 

other than the above~mentioned Co based material. 

MOl'eover, the magnetic layer 4 may be a recording form of an 

in·plane tYPe or a vertical type. 

The protection layer 5 is a hydrogenation carbon (H; S0s.t%) 

film having the film thicknees of lOnm. The protection film. 5 

achieyes corrosion resistance and resistance to abrasion of the 

magnetic layer 4. 
I 

· As the protection layer 5, carbon, nitrogen carbon, hydrogen 

nitrogen earbon, fluorine carbon, Cr, and Si02 are exem.plliied other 

than the above-mentioned hydrogenation carbon. 

The lubricant layer 6 is a liquid lubricant film· consisting of 

perfluoropolyether having the film thickness of l nm. Tb.e lubricant 

layer 6 achieves resistance to abrasion. 

In addition, ±1uoroearbon based liquid lubricant material or a 

lubricant material consisting of alkali metal salt of sulfonic acid may 

be used as the material of the lubricant layer 6 other than the above­

mentioned perfluoropolyether. 
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In this event, if the pl'otection layer 5 has function as a solid 

lubricant material, the lubricant layer 6 can be omitted. 

Herein.after, description will be made about a method of 

manufacturing the above-mentioned magnetic disk and glass 

substrate for use in the magnetic disk. 

· Step of Producing; Glass Substr~e fox Magnetjc Dif.k 

(1) Roughing step; 

First, a glass substrate of an aluminosilicate glass was cut into 

. a disc-shape having a diameter of 66 mm and a thickness of 3 mm by 

a grinding stone from. a sheet glass formed by the down draw method. 

The glass substrate was ground by a relatively rough diamond 

grindstone to obtain the glass substrate having the diameter of 66 mm 

and the thlclmess of 1-5 mxn. 

In this eve'Jlt, the glass substrate may be cut into the disc­

sha.pe in the same manner as the above from the sheet glass farmecl 

by the float method instead of the above-mentioned down draw 

method. 

A chemically -reinforced glass was used as the above-mentioned 
• I 

aluminosili~ate glass. The chemically reinforced glass contains 63.5 

wei&'ht % ofSi02' 14.2 weight% of Al203,.10.4weight % ofNa20, 5.4 

weirht % ofLi20 and 6.0 weight% ofZr021 0.4weight % ofSb20 8, and 

0.1 weight % of AB10 3. 

Subsequently, the both principal su:rfaces of the glass substrate 

were ground by a diamond grindstone having grains smaller than 

those of the above·mentioned grindstone at every one surface. 

In this case, a load was s.et to the extent of 100 Kg. TherebY, 

the both principal surfaces of the glass substrate were ground, into a 

sUX"face roughness Rme.x of about l 0 µ,Ill. 
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Next, an opening was formed at a center portion of the glass 

substrate by using a cylindrical grindstone. Further, the outer side 

end surface was ground to a diameter of 65 mm. 

Thereafter, the outer and the inner end surfaces were 

chamfered. In this case, the end surface (the side surface and the 

chamfered portion) of the glass substrate had a surface roughness 

Rmax of about 4 JJ. m. 

(2) Mjnor finishing step of the end surface: 

Subsequently, the glass substrate was polished by the use ~fa 

brush polishing by rotating the glass substrate so that the surface 

roughness of the end surface pol:"tion (the angular portion, the side 

surface and the chamfered portion) of the glass substrate ie set to 

about l P. m by Rmax and to about o.a JLm by Ra. The xnirror 
I 

fil:dshi:ng step is effective for preventing a film defect which is caused 
l 

by dusts which are attached to the principal surface of the glass 

substrate . 

.. In this event, the dusts are generally generated from. the eng 

surface of the glass substrate when the glass substrate is transferred 
• I 

or when the glass substrate is cleaned. The glass substrate was 

washed with water after the above-mentioned mirror finishing step. 

(8) Lapping step: 

The lapping step was performed for the glass substrate to 

improve dimension and shape accuracy. The lapping step was 

car.ried out by using the known lapping apparatus. In this case, the 

· lapping step was conducted two times by changing grain degree from 

#400 to #1000. 

Specifically, the lapping was performed. for the both principal 

surfaces of the glass substrates whlch were contained in a car:rier so 
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that the principal surfaces ~ad a surface accuracy of O·l µ,m and the 

surface roughness (Rmax) ·of about 6 J.J. m. 

In this event, the lapping was carried out by rotating an inner 

gear and an outer gear by the use of alumina grains having a grain 

degree of #400 in the condition that the load L was kept at a.bout 100 

Kg. 

Next, the lapping was performed by changing the grain degree 

of the alul2lina. grain in.to #1000. In this case. the surface roughness 

, (Rmax) was set to about 2 JJ. m. Subsequently, the glass substrate was 
.. 

successively immersed in washlng units of natural detergent and 

water to be washed after the lapping etep was completed. 

(4) First polishing step: 

Next, a first polishing step was performed by the use of a 

polishing apparatus to remove a defect and a distortion remain;ng :in 

the above·mentioned lapping process. Specifically, a hard polisher 

(which may be a cerium pad LP66 made by Speedfam) was used as 

polisher. In this case~ the :first polishing was performed under the __ 

following polishing condition. 
I 

Polishine liquid: oxide cerium (grain size of 1.3 µ, m) (free 

abrasive grain) +water 

Load: 80-100 g/cm2 (L=238 kg) 

Polishing time: 30-50 minutes 

Removing amount: 35-45 µ m 

Revolution of lower surface plate: 40 rpm 

Revolution of upper surface plate: 35 rpm 

Revolution of inner gear: 14 rpm 

Revolution of outer gear: 29 rpm 

The glass substrate was washed by being successively dipped 
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in washing units of natural deterge~t. pure water, pure water, IPA 

(ieopropyl alcohol), IPA (vapor drying) after the above polishing step. 

Herein, supersonic wave was applied to each washing unit. 

In this event, the washing step may be omitted if a polishing 

liquid. in the subsequent second polishing step is the same as the 

above case .. 

Further, the hard polisher used in the first polishing step is not 

particularly :restricted, and may be suitably selected in dependency 

. upon the surface roughness and end portion shape of the substrate as 

the target (or the goal) 

(5) Second polishing. step (Final polishing step): 

Next, a second polishing was conducted by changillg the above. 

mentioned hard polisher into a soft polisher (Kanebou N7519) by 

using the polishing apparatus used in the first polishing step. 

The polishing condition is similar to the first polishing step 

except for polishing liquid of oxide cerium (grain size of 0.8 tJ. m.) (free 

abrasive grain)+ water, the load of 80-100 g1cm2, the polishing time of 

9·15 minutes and the removing amount of 3-5 µ,m. 
. . 

. I 

The surface roughness of the glass substrat.e obtained m this 

second polishing step was measured by the use of the interatomic 

force m.icroscope (AFM). Consequently, Ra was equal to 0.3 nm 

while Rmax was equal to 3.8 nm. Herein1 it is to be nbted that the sofi 

polisher used in the second polishing step is not particularly 

restricted. 

In this event, it is desirable to use polisher having :relatively 

small hardness to form a projection formed via the subsequent 

surface processing step to an island shape. Herein. the hardness 

(asker C) of the polisher may preferably be 60 or less, a.n.d more 
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preferably, 50 or less. 

(6) Surface processing step (Washing step): 

The glass substrate was successively immersed in each 

p:rocessing (washing) UD.it ofhydrofluosilic acid (concentration: 0.35%. 

temperature: 45 't, immersing time: 150 sec), hydrofluosilic acid 

(concentration: 0.28%, temperature: 45 'C, immersing time: 200 sec) 

to be processed (washed) the surface therein after the second 

polishing step. In t.bis case, a supersonic wave was applied to each of 

the processmg (washing) units. 

The glass substrate was washed by being successively dipped 

in ea.ch washing unit of natural detergent, pure water. pure water, 

IPA (isopropyl:alcohol), IPA (vapor drying) after the above surface 

processing st~. Herein, supersonic wave was applied to each washing 

unit except far an IPA vapor unit used in the IPA (vapor drying) step. 

(7) Chemieal reinforcing (chemical strengthening) step: 

Next, a chemical reinforcing (chemical strengthening) step was 

.Performed for the glass substrate after the grindi:o.g, the surface 

polishing processing (washing) and the washing step were completed. 
. I 

First, a chemical reinforcing salt was prepared by mixing 

potassium nitrate (60 %) with sodium. nitrate {40 %). The chemical 

reinforcing salt was heated up to 400 .. C. The glass substrate which 

was washed and p:reheatecl to 300 "C was dipped in the chemical 

reinforcing salt for 3 hours. 

The chemical :reinforcing step was carried out in a holder so 

that the entire surface of the glass substrate was chemically 

reinforced with a plurality of glass substrates retained at the end 

surface in the holder. 
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Un_der this circumstances, lithium ions and sodium ions on a 

su...-,.face layer of the glass substrate were replaced by sodiu:m ions and 

potassium ions in the chemical reinfo:rcing salt by dipping each glass 

substrate in the chemical reinforcing salt. Thus, the glass substrate 

was chemically reinforced. 

A compressive stress layer formed in the sutface layer of the 

glass substrate had a thickness of about 100 to 200 µ, m. Next, the 

chemically reinforced glass substrate wae clipped. in a water tank of 

. 20 1:, quickly cooled and retained for 10 minutes. 

(8) Washing step: 

Subsequently, the cooled glass substrate was dipped in a 

sulfuric acid heated up to 40 l>C, and was washed in the condition that 

the supersonic wave was applied. The surface of the glass substrate 

obtained thu.s was inspected.. As a result, no contaminant was 

detected. 

In this event, the surface roughness of the principal surface of 

the glass substrate after the above·menti.oned washing step was 

meas'Ured by the use of the in.teratomic force microscope (AFM). 
I 

As a result, whenRmax was 1.3 nm, Rmax was 14.1, B.H. (2.5) 

was 6.02 nm and B.H. (5.0) was 4.83 nm, Rm.ax/Ra was 10.8, B.H. 

(2.5)/Rmax was 0,48 and B.H. (5.0)/Rmax was O.SL 

In this case, Ra is representative of the center..:line mean 

:roughness (defined in Japanese Industrial Standard JIS B0601) while 

Rmax is defined as a ma.ximm:o. height representative of a difference 

between a highest point and a lowest point (defined in Japanese 

Industrial Standard JIS B0601). 

Further, observation was made about the surface state of the 

principal surface of the glass substrate after the final polishing step 
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and. the surface state of the principal surface of the glass substrate 

after the washing step by the AFM. 

Consequently, it was co:ofumed that islands (peaks) were 

formed at a portion of a trace of free abrasive grain in the final 

polishing step. 

Particularly, it is assumed that a portion having a relatively 

high :remaining distortion forme the islands (peaks) in remaining 

stress distribution form.ed on the glass principal surface by the free 

abrasive gram. 
Step of Producing Mae;n®c Diak 

Subsequently7 a heat.treatment of the glass substrate 1, 

deposition of a seed layer 21 deposition of an the underlying layer 8. 

deposition of a magnetic layer 4 and deposition of the p:rotecti.on laye:r 

5 were successively carried out for the above-mentioned glass 
! 

substrate 1 for the magnetic disk by the use of the known in-line 

sputtering apparatus . 

. The in-line type sputtering apparatus (not shovrn) has a first 

chamber in which a substrate heater is arranged, a second chamber in 
. • t 

which a NiAl target (Ni: 50 at %, Al: 50 at%), a CrMo target (Cr~ 

94at%, Mo: 6 at%) and. a CoCrPtTa target (Co: 75at%, Cr; 17at%, Pt:. 

5at%, Ta; 3at%) are successively arranged, a third chamber in which a 

carbon target is arraJlged, along the moving direction. 

With such a structure, the glass substrate l was introduced 

into the :first chamber via a load lock chamber. The glass substrate 

was successively transferred into the respective chambers by a desired 

carrier apparatus at a constant rate to deposit and process in the 

following conditions. 
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Namely, the substrate was heated to 350 "C fq_r 2 minutes in 

the first chamber. The NiAJ. film having the film thickness 0£ 40 nm as 

the seed layer 2, the Cr Mo film having the film thickness of 25 nm as 

the underlying layer 3, the CoCrPtTa film having the film thickness of 

27 nm as the magnetic layer 4 are successively deposited in the second 

chamber. The hydrogenation carbon film having the film. thickness of 

lOnm as the protection layer 5 is deposited in the third chamber. 

In this case, the sputrering conditions in the second and third 

. chambers were as followe_ 

Namely, the sputtering pressure· was 2 m.Torr in the second 

ch.am.ber while the sputtering pressure was 3 mTorr in the third 

chambex. An. inactive gas of argon was used as the sputte:rhig 

atmosphere in the second. chamber. A mixed gas in which 8% of 

hydxogen is mixed into the inactive gas of argon was used as the 

sputtering atmosphere in the third chamber. 

In this event, the sputtering power was 2kW in the second 

chamber while the sputtering power was 3kW in the third c:} .. amber. 

Subsequently, the substrate having the protection layer 5 was 
I 

taken out f:rom th& in-line sputtering ap:Paratus. Perfluoropolyethe'? is 

applied to the surface of the protection laye:r 5 by the dipping pl'ocess. 

Thereafter, the lubricant layer S ha,,ing the film thickness of l nm 

was formed to obtain the magnetic disk of an example· 1. 

Table 2 represents evaluation results of the electro-magnetic 

conversion characteristic and the CSS durability characteristic of the 

obtained magnetic disk. In this event, the magnetic characteristic and 

the record/reproduce characteristic were measured, and as a result, 

an excellent result was obtained. Specifically, the coercive force was 

2300 Oe and the SIN ratio v.-as 20 dB. 
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Table 2 
Drain Coeff1 
Diameter Etching Total Rtnax Ra Rma;r. S.H. B.H. cient Glide css 
ofFtco Time Time /Ra (2.5) (5.0) of Heigt,t Dura- Rematic$ 

Abrasi"'e 1 2 1•2 /Rrnax /Rmax friotion ~lity 

Grain (nm} (nm} 

ERmpfe 

1 0.8 150 200 350 14.1 1.3 10.8 0.43 0.31 0.6 0.7 0. 
2 0.8 100 100 200 5.5 0.5 11.0 0.38 0.30 2.9 0.3 0 
3 (),8 150 110 260 8.2 0.9 9.1 OA5 0.35 2.3 0.4 0 .. 0.8 200 120 320 10.7 1.2 8.9 0.42 0.29 1.9 0.5 0 
6 1 100 100 200 5.2 0.9 5.6 0.49 0.44 2..4- 0.3 0 
6 , 150 180 330 11.Z 1.3 8.6 0.4S 0.45 1.tl 0.8 0 
7 , 200 180 3BO 12.9 1.1 11.7 0.40 0.27 1.8 0.6 0 
8 1.4 100 100 200 10.4 1 10.4 0.45 0.31 2.1 0.5 0 
9 1.4 160 170 320 12.7 1.4 9.1 0.50 0.37 1.6 0.6 O· 
10 1.4 190 190 380 14.4 1.5 9.6 0.49 0..32. 1.4 0,7 0 
11 1.4 220 220 440 17.4 1.9 S.2 O.oO O.s-4 0.8 0.9 0 
12 3 100 100 200 10.6 0.9 1 t.8 0.40 0.26 2.1 0.5 0 
13 3 130 130 280 13.1 1.2 10.9 0.43 0.29 1.7 0.7 0 
14 3 160 t60 320 15.4 1.5 10.3 0.44 0.30 1.2 0.B 0 
15 3 270 270 540 24.8 2.6 S.9 OA9 0.35 0.4 1.2 0 
16 0.3 120 120 t2.00 5.1 0.2 25.5 0.12 0.11 2.9 0.3 0 
17 2 300 300 BOO 23.B 0.7 34.0 0.14 0.12 1.2 1.2 0 
Comparative ~Pit 

Thally 
l 3 350 350 700 (11.1) (1.2) 9.3 3.2 2.5 x Step 

Measure 

2 3 280 280 560 25.1 2.7 9.3 0..53 0.34 0,5 1.~ 0 
Rml)(,Ra 

I are h;gh 

3 3 250 250 500 24.4 2.S 9.4 o.so 0.34 0.4 1..3 x Ra Is high 

. Rmax is 
4 1 100 60 160 4.9 0.4 12.3 0.36 0.24 3 0.3 x 

low 

5 0.8 100 100 200 5.4 1.1 4.9 0.52. 0.40 3.1 . 0.3 'J( 
Rmax/Ra 
is low 

6 0.3 40 40 eo 2.8 0,1 28.0 0.11 0.09 3.4 0.3 x: Rm8)(, Ra 
are low 

7 0.3 260 260 szo 24.B 0.6 41,3 0.09 o.oa 0.9 1.Z x Rmex/Ra 
Is high 
grain 

8 0.2 100 120 2.20 e.e 0.3 22.7 0.17 O.t3 2.B 0.4 x dis meter 
is small 
gr&in 

9 4 200 260 460 26.7 1.3 2.0.5 0.22 0.15 2.8 1.4 x diameter 
is large 

~--· .. · 
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In this case, the coercive force was measured by the use of the 

known vibration sample type magnetometer at a. maximum external 

applying magnetic field of 10 KOe by cutting a sample of Smm tb from 

the manufactured magnetic disk and applying the magnetic field in 

the film surface direction. 

Moreover, the record/reproduce characteristic (SIN ratio) was 

measured as follows. 

Na.m.ely, the obtained magnetic disk and the MR (magneto· 

resistive type) head having the flying height of 0. 055 µ. m were used.. 

In this event, the record/reproduce characteristic ln. a line recording 

density of 163 kfcl (line reco:rdmg density of 163,000 bits per 1 inCh) 

was measured in the condition that a relative rate between the 1\ffi · 

head and the magnetic disk was set to 9.? mis. 

Further, medium noise during recording/reproducing signals 

was measured by the use of the kn.own spect::'um analyzer to calculate 

the SIN :ratio in the condition that carrier frequency was set to 23 

:MHz and measuring band'Wi.dth was set t;o 26 MHz. The MR head, 

which was used. in. the above.mentioned measurement, had a track _ 
I 

width of 3.1/2.4 µ. m and a magnetic head gap length of 0.85/0.28 Ji, m 

at write/read sides. 

FUrther, atiction between the magnetic wk and the magnetic 

head did not occur in the CSS durability test of 10 tens thousand with 

the rotating rate of the magnetic disk of 4000 rpm using 30 % slide:r: of 

Sg load in atmosphere of the room temperature and the room 

moisture. 

Moreover, the head crush did not occur. As a result, the 

magnetic disk having the high CSS durability chaxacteristic was 

obtained. 
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Further, the static coefficient of friction between the magnetic 

disk and the magnetic head was meas'Ured by the use of the strain 

gage, and it wae 0.6. 

Subsequently, the glide height test was carried out by the use 

of the AE sensor. It has been confirmed that no contact was generated 

between the head and the medium up to the head flying quantity of 

1.0 µ.inch. That is, the glide height of this disk was 1.0 /.Linch. 

From the above.mentioned result, the ?ecordlreproduce was 

perfo:rmed with the glide height of 1.2 .t.Linch or less, and the magnetic 

disk satisfied the high electro-magnetic conversion chax-a.cteristic and 

the high CSS durability characteristic. 

(Comparative Example 1}. 

The magnetic disk was manufactured in the same manner as 

the example 1 except that the glass substrate was manufactured by 

changing the polishing condition and the surface processing time due 

to hydro:fluosilic acid and the surface roughness of the ,lass substrate 

was evaluated by the 11se of the thally step. 

As a result, t.be static coefficient of friction, the glide height 
. I 

(JJ. inch), and the CSS durability characteristic are represented in 

Table 2 as a comparative example 1. In this case, the evaluation of 

the measured thally step was cattied out under the condition of 

scanning distance (250 µ, m) and stylus pressure of 7 mg. 

When the surlace of the glass substrate for the magnetic disk 

was evaluated by the thally step as the comparative example 

(although the surface falls within the range specified by this 

invention). the glide height was 2 µ,inch or more and va:riation 

became large. This reason is explained as follows. 
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Namely) radius of curvature is large in the contact needle type 

measuring method, such as, the thally step. Consequently, fine 

roughness can not be captured. As a result, it is difficult to control 

the su.rface state of the magnetic disk which satisfies the glide height 

of 1.2 µ.inch or less . 

. Therefore, it is found out that the surface roughness must be 

evaluated by the use of the interatomic force mic:roscope (AFM), 

which is capable of observing :finer surface state, in order to control 

the surface state of the :magnetic disk which can satisfy the glide 

height of 1.2 JJ, inch or less. Herein.after, the surface roughness of the 

glass substrate is measured by the _i.\.FM. 

(Examples 2-17, Comparative examples 2-9) 

The magnetic disk was manufactured in the same manner as 

the example l except that the surf.ace roughness of the glass 
! 

substl'ate was changed by changing the polishing condition and the 

surface processing time due to hydrofluosilic acid . 

., They were defined as examples 2-17 and comparative 

examples 2-9. In the respective cases, the surface roughness Rm~ 
l. 

(nm), Ra (nm.). Rm8.x/Ra, B.H. (2.5)/Rmax, B.H. (5.0)/Rmax of the 

principal surface of the glass substrate1 the static coefficient of 

friction, the glide heit:"ht (JJ.inch), the CSS durability cha:racteristic 

a:re represented in Table2. 

In this case. the coercive force and the SIN ratio of the 

magnetic disk were measured in the examples 2-17 and the 

comparative examples 2-9. In consequence, the coercive force and the 

SIN ratio were 2200 Oe or mol'e and 18 dB Ol' more, respectively) and 

were superior values. 
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In the comparative example 4, the surface roughness Rmax of 

the principal surface of the glass substrate '91as not exceeding 5.0 . 

Consequently, the magnetic head is stuck to the magnetic disk 

because the surface became the mirror surface state. 

In comparative example 21 the surface roughness Rmax of the 

principal surface of the glass substrate exceeds 25.0 nm. Thereby, the 

glide height exceeded 1.2 J.L m. 

In the comparative example 6t the surface roughness Ra of the 

principal surface of the glass substrate is not exceeding 0.2 nm. 

Thereby, the coefficient of frlcl:ion was 3 or m.o~* Consequently, the 

head crash occurred. 

In the compuative example 3, the surface roughness Ra of the 

principal surface of the glass substrate exceeded 2.5 nm. Thereby, the 
j 

glide height exceeded 1.2 u. m. 

In the comparative example 5, Rm.ax/Ra was not exceeding 8. 

In consequence, the coefficient of friction was S or more. As a result, 

the head crush occurred. Further1 B.H. (2.5)/Rmax and B.H. 

(5.0)/Rmax exceeded 0.5 and.0.45, respectively. 
. . l 

In the comparative example 7 and the comparative example 8, 

Rmax/Ra exceeded 20. Thereby, the CSS d'Ul'ability was lowered and 

the head crush occurred. Further, B.H. (2.5)/Rmax and B.R. (5.0) 

/Rmax were not exceedm.g 0.1. 

In the comparative example SJ the grain diameter of the free 
abrasive grain was not exceeding 0.3 µ,m. Consequently, the CSS 

durability was degraded because the surface roughness became small. 

In the comparative example 9, the grain diameter of the free 

abrasive grain exceeded 0.3- µ,m. Consequently, the glide height 

exceeded 1.2 JJ. m because the surface roughness became large. 
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From the abo"e-men.tioned :result, it has been con:firmed that 

the surface roughness of the glass substrate of the magnetic disk falls 

within the range specified by this invention and further. the grain 

diameter of the free abrasive grain in the final polishing etep before 

the suriace process due to the hydrofluosilic acid. falls within the 

predet.ermined Ian.ge in order to obtain the magnetic disk which is 

recorded and reproduced with the flying height of 1.2 µ.inch or less 

and which ea.times the high electro·magnetie conversion 

characteristic and the high CSS duxability characteristic. 
1 • 

Reptjmi.Zation of the l{ydrofluosjHc acid Cgncentratjon 

(Example 1, examples 18-21, comparative examples 10-12) 

The magnetic disk was manufactured in the same manner as 

the example 1 except that hydrofuosilic acid concentration was 

variable in the surl'ace process due to the hydro:fluosllic acid after the 

D..nal. polishing step. 

They were defined as an ex3lllple 1, examples 24-27 and 

comparative ex~ples 18-20. In the respective cases, the surfac~ 

roughness Rmax (nm), Ra (nm) and Rmax/Ra of the principal surface 
I 

of the glass substrate, the static coefficient of friction, the glide yield 

a:re represented m Table 3. 

In this event. 100 of the magnetic disks were prepared for each 

magnetic disk manufactured unde:r each condition ,and were 

inspected with 1.2 µ,inch flying height of the glide head. 

Under this circumstance, the hit magnetic disk was determined as a 

defective product m the glide yield. 

In this case, the coercive fprce and the SIN ratio of the 

magnetic disk we:re measured in the examples 18-21 and the 
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Table 3 
Coneen- 1st Concen- · 2.nd Rm ax Ra Rm ax Coeffi- Glide 
trabon of Etching tration of Etching /Ra cient of Yield Remarks 
i$t Time 2nd Ttme fric;tion 
proc~ss process (nm) 1(nm} (%) 

Example 

1 0,35 150 0.30 200 1-4.1 1.3 10.8 0.6 96 
18 0.60 200 0.15 200 12.4 1.1 11.3 1.4 91 
19 1.00 60 1.00 60 11.6 1.4 8.3 0.9 ae 
2.0 2.90 25 1.00 25 12.0 1.~ 8.0 0.8 75 
21 1.00 60 1.50 60 13.5 1.4 9.6 0..8 83 
Com1>81'8trve Example 
10 OA 200 0.14 200 7.6 0.55 13.8 3.2 56 conccntra-

tion is low 
11 3.2 20 2 20 12.4 1.5 8.3 1.6 38 conc.ontra-

tion is hi!Zh 
12 0.14 300 .2 40 11.6 0.8 H.5 1.9 43 oonoentra-

tion Is few 

comparative examples 10-12. In consequence, the coercive force and 

the SIN ratio were 2200 Oe or more and 18 dB or more. respectively, 

and were excellent values. 

In the comparative example 11, controllability of etching was 

deteriorated and varmtion of the surface roughness became large 

because the hydr¢luosilic acid concentration exceeded 1.0 vreight %. 

Consequently. the magnetic disk could not be manufactUl'ed with 

superior reproduction. 

In the comparative example 10, enough etchlng effect could 

not be obtained because the hydrofl.uosilic acid concentration was not 

exceeding 0.15 weight o/o. In consequence, the surface roughness of 

the principal Slll'face of the glass substrate became the mirror surface, 

and the magnetic head is stuck thereto-

In the comparative example 12, although the hydro:flu.osilic 

concentration in the first process was not exceeding 0.15 weight%, 

proper roughness could be obtained by enhancing the concentration in 
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the second process. However, the variation was large and the ~eld 

was low. 

F:rom the abo\1e-mentioned xesult, the surface roughness can 

be controlled with high accuracy by selecting the hydrofluosilic acid 

concentration to the predetermined range (0.15-3.0 weight%), and 

the stable magnetic disk can be obtained. 

Further, the magnetic disk has the glide height of 1.2 U. inch 

or less and satisfies the high electro-magnetic conversion 

ch.aracteriati.c and the high CSS durability chfiracte:ristic. 
I 

R,eap:tjmjzati.cm of Sutfaa: Rouefroess of Glass Subs.trate 

after Final Polj~}ting Stell 

~ample 1. examples 22-27, comparative examples 13-15) 

The magnetic disk was manufactured in the same l:D.anner as 
I 

tb.e example l except that the surface roughness of the glass 

substrate afte:r the 5.nal polishing step was variable by changing the 

polishing condition . 

. They were de:fined as an. example 1) examples 22-27 and 

comparative examples lS-15. In the respective cases, the surface 
I 

rolJ.ghness Rm.ax (nm), Ra (nm) and Rm.ax/Ra of the principal surface 

of the glaes substrate, the static coefficient of friction, the glide height 

(ti inch), and the CSS durability are represented in Table 49 

In this case, the coercive force and the SIN ratio· of the 

magnetic disk were measured in the example l, the examples 22-27 

and the colD.parative examples 13-15. In consequence> the coercive 

force and the SIN ratio we:re 2200 Oe or more and 18 dB or more, 

respectively, and were superior values. 

In the colnpa:rative example 13, the surface roughness of the 

principal suxface of the glass substrate after the final polishing step 
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Table 4 

rmex(nm) Ra(nm) Rm ax Rs Rmax Coeff'r- lGlide css 
before before /Ra cient of Height Dura- Remarks 
jprocessirig prooessirig (nm) (nm) friction bility 

Exampl! 
1 3.8 0.3 14.1 1.3 10.8 0.6 0.7 0 

22 1.1 0.1 5.9 0.3 19.7 2.8 0.3 0 
23 6.5 o.s 16.B 1.5 11.2 1.1 o.e 0 
24 11.2 0.6 17.2 1.8 9.6 0.9 0.9 0 
25 13.5 0.5 21.4 1.7 12.6 0.5 u 0 
26 19,8 0.6 23.4 2.1 , 1.1 0.2 1.2 0 
27 15.2 , 14.S 1.9 7.8 0.9 0.7 0 

Comparative Example 
13 0.9 0.09 3.2 0.4 8.0 3.1 0.3 0 Rmax. Ra 

isre low 

141 5 1.2. 17.6 2.6 6.3 o.s 0.9 x Ra is high 

15 22 1.8 29.0 3.-4 6.5 0.4 1.5 0 Rmax, Ra 
are higii 

was not exceeding 1.0 run by Rm ax, and not exceeding 0 .1 nm by Ra. 

Consequently, the roughness was small after the hychofluosilic acid 

process and the coefficient of friction exceeded 3. 

· In the compaxative example 14, the surf.a.ee roughness of the 

principal surface of the glass substrate after the final polishing step · 

exceeded 1.0 nm by Ra. Consequently, the CSS durability was lowered 

and the head crush occurred because Ra after the hydrofluosilic acid. 

process became 2.5 nm or more. 

In the comparative example 15, the glide height was 1.2Uinch 

or more because Rm.ax and Ra were large. 

From the above-mentioned result, variation of the islands 

(peaks) of the :finally obtained glass substrate surface could be 

suppressed by selecting the surface roughness of the glass substrate 

after final polishing step to the predetermined roughness. 
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Further, the magll.etic disk has the glide height of 1.2 IJ.inch 

or less and satisfies the high electro-magnetic conversion 

characteristic and the high CSS durability characteristic. 

Glaea type Kind of Glass. Glass compositioD 

(Exatnple 28, comparative examples 16-17) 

· The :magnetic disk was manufactured in the same manner as 

the example 1 except that the glass substrate was changed into an 

aluminosilicate glass (example 28), a quartz glass (compaxative 

example 16) and a. soldalime glass (comparative example 17), and the 
1 

polishing condition fo:r setting the surfaces of these glase substrates 

to desired surface roughness and the surlace processing condition due 

to the hydro:fluosilic acid were suitably changed. 

In this case, the aluminisilicate glass used in the above-
• 

mentioned example 28 had composition of 64.0 weight% of SiOz, 16.0 
I 

weight % of Al203, 9.0 weight % of Na20, 7 .0 weight % of Li20 and 

4. 0 weight % of Zr02 • 

. On the other hand, the solalime glass used in the above­

mentioned example 17 had composition. of 72.5 weight % of Si02> 
l 

15.0 weight% of Na20, 1.0 weight% of A1203, 9.0 weight% of CaO, 

and 2.5 weight% ofMgO. 

As a result, the surface roughness was 1.2 :o.m by Ra and was 

11.0 DJn by Rmax in the example 28. Further, the coefficient of 

friction was 1.9 and the CSS durability was also excellent. 

However, the surface roughness of the comparative examples 

16and17 was largely different in comparison with the above 

examples 1-28. Specifi.cally, the static coefficient of friction was 3 or 

more and the superior result could not be obtained in the CSS 

durability characteristic. 
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Herein. examination has been made abou~ a reason reg""c.rding 

differences between ways, in which the projection is formed, in 

dependency upon the kind of the glass (glass tYJ>e) glass composition) 

from the results of the above~mentioned example and the comparative 

examples 16 and 17. 

· It is assumed that an exchange reaction occurs between H• 

con.tamed in the water and alkali ion (Na+, Li·) contained in the glass 

in the polishing step due to the free abrasive grain of the glass 

substrate surfac:e. 

By this exchange reaction, a hydration layer was formed. In . 

the hydration layer, OH-was attached to Si o:r Al which forms a 

network of the glass by the exchange reaction. It is assumed. that 

the distribution of the thickness o!the hydration layer was formed in 

accordance with the stress distribution applied. by the free abl'asive 

grain in the hydration, and the roughness was formed :in dependency 

upon the etching rate. 

Herein, it is to be noted that the etching rate is S?nall at a 

portion having large stress while the etching rate is luge at a. portion 

having a small stress. 

The formation of the hydration layer relates with the 

roughness (projections) and depends upon the difference of tb.e kind of 

the glass (glass type, glass composition). 

Subsequently, examination will be made about the glass 

composition for forming the island (peak) by the manufacturing 

method according to this invention. 

Seven kinds of glass materials having clifferent composition 

ratios illustrated in Table 5 were prepared, and the glass substrates 

were manufactured in the same manner as the example 1. 



..... - .... ---.. -~-·· ···--- ...... ···-·---······-·~ ········---. ·-··· -----···-····· ·--------·-·· ....... -~-· ·······--· _,__-------Rep~aced 1'hi Sheet l:las Been 

\\11\\1\\ ~\ \\\\ 
49 

Table 5 
Si02 . Al203 Na20 MgO Cao j2r02 Ti02 
65.6 8.6 12.S 10.4 l 3.0 3.0 

Glai;s A (63.S) (14.1) (6.0) (10.4) (6.0) 

65.6 7.6 12.5 10.4 0.5 0.5 3.0 
Glass B (64.0) (12..6) (6.1) (10.5) (0.3) (0.5) {6.0) 

65.5 £.6 12..5 10.4 ,_o 1.0 3.0 
Glass C (64.6) (11.0) (6.1) (10.6) (0.7) (0.9) (6.1) 

65.5 5.6 12.5 10.4 1.5 1..5 3.0 
Glass D (65.2) (9.5) (6.2) (10.7) (1.0) (1.4) (6.1) 

63.5 7.6 12.5 10.4 0,5 0,5 3.0 2.0 
Glass E (61.i) (12.5) (6.o) (10.4) (0.3) (0.5) (6,0) (2.6) 

63.6 6.6 12.5 10.4 1.0 1.0 3.0 2..0 
Glass F (62..2) (11,0) (6.1) (10.6) (0.7) (0.9) (6.0) (2.6) 

63.5 5.6 12..5 10.4 1.5 1 3.0 2.0 
Glass G (62.B) (9.4) (6.1) (10.6) (1.0) (1.4) (6.1) (2.6) 

Herein, th,e surface of the glass substrate before the 

hydrofluosilic acid p:rocess and the surface of the glass substrate after 

the bydrofluosilic acid process were obsel'Ved by the use of the 

interatomic force microscope (AFM). 

As a result, it has been confu:ro.ed that when the glass 
\ 

substrate contains no Ti01 ,the surlace roughness indicated in the 

above example did not become remarkable and the island (peak) was 

not readily formed in the glass substrate which contains the alkali 

earth oxide (Mg0 1 CaO) of2 mol % or more (1.6 wt% or more) in the 

total content. 

On the other hand, it has been con:firmed that when the glass 

substrate contains Ti02 , the surface roughness indicated in the above 

example did not become remarkable and the island (peak) was not 

readily formed in the glass substrate which contains the alkali earth 

oxide (MgO, CaO) of 3 mol % or more (2.4 ..,.rt % or more) in the total 
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content. 

From the above-mentioned result, it has been found out that 

the glass composition for forming the island (peak) by the 

manufacturing method of tlllii invention preferably contains the aJkali 

earth oxide of not exceeding 3 mol % (not exceeding 2.4 wt%) in the 

total content and contains the alkali metal oxide which forms the 

hydration layer by the polishing step. More preferably, the total 

content of the alkali earth oxide is not exceeding 2 mol % (not 

exceeding 1.6 wt %). 

Therefore, it is confirmed that the glass used in the 

manufacturing method according to this invention satisfies the abave­

m.entioned colldition and may contain 58-75 weight% of Si02, 6-28 

weight% ofA1203, 3-10 weight% ofLi20 1 and4-13 weight% of 
; 

Na1 0 as main components in the composition ratio and preferably 

does not contains alkali earth metal (oxide). 

In particular, the alum.inosilicate g-lass specified in the claim 

13 is desirable in the above-mentioned polishing condition and the 
•, 

· surface processing condition due to the hydro£1.uosilic acici. 
l 

However, the magnetic disk had the. glide height of 1.2 Umeh 

or less and satisfied the high electro-magnetic conveision 

characteristic and the high css durability characteristic by setting 

the condition of the surface roughness specified in the ela:ims 1-3 and 

by selecting the polishing condition and the surface processing 

condition in the glass substrate other than the glass specified in the 

claims 12-13. 

F'Urlher, although the glass substrate i.s excessively smooth 

and does not have the surface roughness specified in the claims 1-3, 

the same effect as this invention can be obtained by fo:rming fine 
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projections on the principal surfac~ of the glass substrate and by 

selecting the surface roughness specified. in the claims 1-3. 

As mentioned before, e,._""Planation mainly has been made a.bout 

the range of the surface roughness of the glass substrate for the 

magnetic recording medium for obtaining the desired glide height, the 

coefficient of friction, and the CSS durability:. 

Hereinafter, examination will be mad.e about effects in which 

the polishing condition (polishing abrasive grain), the surface 

condition (the concentration of the hydxofluosilic acid, the immersing 
. . -

time into the hydrofluosilic acid, and the temperatu:re of the 

hydrofluosilic acid) give for the surface roughness of the glass 

substrate, and explanation will be made about 'a method of controlling 

the surface roughness para.meter. 

Figs. 5 and 6 are graphs which :represent the relationship 

between the immersing time mto the hydrofluosilic acid and Rm.axJ 

and the relationship between the immersmg time into the 

hydrofluosilic acid and Ra when the grain diameter of the abrasi've 

grain are v-ariable. 
I 

In this event, the concentration and the temperature of the 

hydrofluosilic acid are constant, and are 0.28 weight % and 45°C, 

respectively. 

As illustrated in Fig. 5, Rmax does not depends upon the grain 

diameter of the abrasive gram. Thexe is correlation between the 

immersing time into tbe hydrofl.uosilic acid and Rm ax. Rmax can be 

controlled by adjusting the immersing time into the hydrofl.uosilic 

acid, as shown in Fig.5. 

As illustrated in Fig. 6, there is correlation between the grain 

diameter of the abrasive grain and Ra in accordance with the 
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immersing time into the hydrofluosilic acid (for example, the 

immersing time is 180 sec), and Ra can be controlled by adjusting the 

grain diameter of the abrasive grain. 

Further, the concentration of the hydrofluosilic acid and the 

temperature of the hydro:fluosilic acid relate with the etching rate. & 
.· 

the concentration and the temperature become highe:r, the etching 

rate tends to be quicker and the surface roughness Rma.x tends to be 

larger. 

When the glass substrate for the magnetic rec~rding :medium 

is practically fabricated by the manufacturing method of this 

invention, the surf.ace roughness is largely changed based 11.pon the 

variation of the hydroiluosilic acid concentration and the 

hydrofluosilic acid temperature. Therefore, it is necessary to 

monitor the hydrofl.uoeilic acid concentration and the hydro:fluosilic 
; 

acid temperature so that constant etching concentration is always 

kept. 

In particulu, the hydro£l.uosilic acid concentration relates with 

the conductivity, and the etcbing rate can be precisely controlled by 

monitoring the conductivity. 

Description has been ma.de about the magnetic recording 

medium which is m.ain.ly used in the CSS method in the above. 

mentioned examples. 

Thereinafter, explanation will be made about the typical glass 

substrate for magnetic recording medium and the manufactured 

magnetic recording medium which are used in the load • m:iload 

method. 

The glass substrate for the magnetic recording medium, which 

had the surface roughness specified by Rmax == 4.3 r.m 1 Ra= 0.46 nm., 
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and Rmax!Ra = 9.3, was manufactured by suitably adjusting the 

grain diameter of the polishing abrasive grain and the surface process 

condition (the hydrofluosilic acid concentration, the hydrofluosilic 

acid temperature, the immersing time into the hydrofluosilic acid) in 

an example 1. 

The magnetic recording medium was obtained by depositing 

the seed layer 2, the underlying layer 8, the magnetic layer 4, the 

protection layer 5 and the lubricant layer 6 on the obtained glass 

.substrate l as the same manner as the example L 

In the obtained magnetic recording.medium, both the coercive 

force and the SIN ratio were excellent, the glide characteristic was 

also superior, and the flyjng characteristic was also excellent without 

the head crush. 

Although. the invention has been so :far explained. with the 

preferred. embodiments, this invention is not always restricted to the 

above-mentioned embodiments. For example, although the surface 

process due to the hyd.ro:fluosllic acid was performed twice, the 

surface process step may be performed once, and alternatively, xnay 
I 

be performed three times or more. 

Further, although the chemically reinfo~ced glass substtate 

was used. as the glass substrate of this invention, and the chemically 

reinforced step was performed after the surface process due to the 

hydrofl.uosilic acid, the surface process due to the hydrotluosilic acid 

may be carried out after the chemically reinforced process. 

\Vb.en the glass subst"rate is polished by the use of the free 

abrasive grain and the above surface process due to the hydrofluosilic 

acid is performed immediately after the glass substrate surface is 

chemically reinforced, the remair..ing distortion formed by the free 
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ab?asive g:rain. on the glass substrate surface is buried in the stress of 

the chemical reinforcement. This is 'Un.desirable because the surface 

roughness can not be controlled. 

However, the same result as the above.mentioned case can be 

obtained by interposing the polishing processing step due to the free 

abrasive grain between (immediately after the surlace process due to 

the hydrofluosilic acid) the chemical reinforcement process step and 

the surface process due to the hydrofluosilic acid as the chemical 

reirlforceme.nt step ~ the polishing step due to the free abrasive 

grain -+ the surface process due to the hydro:fluosilic acid. 

Fu:rther, the disk manufactured by this invention is not 

restricted to the CSS method, and can be used in the zone-texture 

method or the load · unload method. 

As mentioned. before, when the surface roughness of the 

principal surface of the glass substrate is measured by the 

interatomic force microscope (AFM), the surface roughness becomes 

the specific state in this invention. 

Consequently, the glass subst?'ate and the magnetic medium 
. . l 

satisfy the glide height of 1.2 J.L inch, the high electro-magnetic 

conversion characteristic and the high CSS durability. 

Further) it is possible to obtam the above specific surface 

roughness state by chemically processing the glass substrate, which 

has the desired surface :roughness state, by the use of the 

hydrofluosilic acid when the .surface roughness of the principal 

surface is measured by the inte:ratomic force mictoscope (AFM). 

Moreover, the surface roughness of the principal surface of the 

glass substrate is controlled so that Ra, Rmax, and Rma:x/Ra specified 

by the interatomic force microscope (AFM) and the :ratio between the 
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bearing height of the conto\11' surface having the specific bearing ratio 
and Rmax fall within the specific range. 

Thereby, the glass substrate satisfies the high electro .. magnetic 
conversion characteristic and the high CSS durability. 
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1. A glass substrate which is for -use in a magnetic recording 

medium and which has surface roughness Ra and Rmax. where Ra 

is representative of a center-line mean roughness, Rmax is defined as 

a ma.xi.mum height rep?esentative of a difference between a highest 

point and a lowest point wherein; 

a surface roughness of at least a principal surface of the gla.ee 

substrate is measmed by the use of the interatomic force microscope 

(AFM), 

Ra falls within the range between 0.2 and 2.5 nm, 

R.m.ax falls within the range between 3 and 25 nm, and 

Rmax!Ra falls within the range between 8 and 35. 
i 

2. A glass substrate as claimed in claim 1, wberem: 

a surface parallel to a virtual principal surface is defined as a 

contour su:cface when it is assumed that tbe principal surface of said 

glass ~ubstra.te is completely flattened, 

when roughness formed on the principal surface are cut by the 
I 

use ofthe contour surface, a percentage rate ofa total area oft.he 

;principal surlace for sum of areas of the cut cross sectional surface is 

defi.ned as a be~ ratio, 

the contour surface having the bearing ratio of 50 % is defined 

as a referential surface, 

each distance from the referential surface to each contour 

surface having each bearing ratio is specified as a bearing height, 

the bearing height of the contom surface having the bearing 

ratio of 2.5 % is defined as B.H. (2.5) while the bearing height of the 

contour surface having the bearing ratio of 5.0 % is defined as B.H. 

\ llllH\ \\II\\ HI\\ \tlll \\ llll 
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(5.0), and. 

B.H. (2.5)/Rm.ax falls within the :range between 0.1and0.5 or 

B.H. (5.0)/Rm.ax falls within the range between 0.1 and 0.45. 

3. A glass substrate as claimed in claim 1. wherein: 

the surface roughness of at least the priD.cipal su:rface is 

measured by the use of the interatomic force microscope (AFM), 

Rmax falls with.in the :range between 5 and 25 nm, ·and 

B.H. (2.5)/Rmax falls within the range between 0.1 and 0.5 or 

~.H. (5.0)/Rmax falls within the :range between 0.1and0.45. 

4. A glass substrate as claimed in any one of claims 1 through 3, 

wherein: 

said glass substrate contains at least alkali metal oxide and 

alkali earth oxide, and. 

the content of the alkali earth oxide is not exceeding 3 mol %. 

5. A glass substrate as claimed in any one of claims 1 

thxoug-h 4, wherein: 

.. said ~lass substrate ie used for a magnetic disk which has a 

'glide height having 1.2 t.t.inch or less. 

6. Amagneticrecording medium.1 wherein~ 

at least a magnetic layer is formed on the principal surface of 

the glass substrate clallned in any one of claims 1 through 5. 

7. A method of manufacturing a glass substrate which is for 

use in a magnetic recording medium, comprising the steps of: 

preparing a glas~ member in which Ra falls within the range 

between 0.1 and 1.0 nm whe.o a surface roughness of a principal 

s"llrlace of said glass member is measured.. by the use of the 

interatomic force microscope (AFM), and 

I llll'lll IUl·ll Hlll ll'll:l II 1111 
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chemically processing the surface so that Ra falls within the 

r8.llge between 0.2 and 2.5 nm, Rm.ax falls within the range between 3 

and 25 nm, and Rmax/Ra falls within the :range between 3 and 35, 

said glass member hav:ing surface roughness Ra and Rm.ax1 

where Ra is representative of a center-line mean roughness, Rmax is 
.• 

defined ae a. maximum height representative of a difference between a 

highest point and a lowest point, 

8. A method of manufacturing a glass substrate which is for 

use in a magnetic recording medium, comprising the steps of: 

preparing a glass member in which Ra :falls within the range 

between 0.1and1.0 nm when a.su:r.face roughness of a principal 

surface of said glass member is meas\ll'ed by the use of the 

iuteratomic force microscope (AFM), and 

processing at least the principle surface by the use of 
! 

hyd.rofluoeilic acid, 

said glass member hav:i:ng .surface roughness Ra where Ra is 

rep?'esentative of a cente~line mean roughness. 

9. A method as claimed in claim 7 or 8, further com;prising 
I 

the steps of: 

polishlng at least the principal sur.face by the use of abrasive 

materiel containfog free abrasive grain having grain diameter 

between 0.3 and 3.0 /J,m before the chemical surface process or the 

surface process due to the hydrofluosilic acid. 

10. A method as claimed in claim 9, wherein: 

the chemical surface process or the surface pl'ocess due to the 

hych:otluosilic acid processes the surface so that a portion having 

relatively :b.igh remaining distortion forms an island or peak in 

remaining stress distribution which is generated at a portion of 

l \11\111 t\11\\ IHI\ \llll \\ lll\ 
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abrasive trace due to the abrasive grain in the polishing step of the 

glass member. 

11. A method as claimed in any one of claims 8 through 10, 

wherein; 

the hydrotluosilic acid has concentration between 0.15. and 3.0 

by weight%. 

12. A method as claimed in any one of claims 7 through 9, 

wherein: 

the ~lass constituting said glass member contains at least 

alkali metal oxide and alkali earth oxide and 
' 

content of the alkali earth oxide is not exceeding 3 mol % . 

13. A method as claimed in claim 12, wherein: 

the glass constituting said glass member contams SiOi 

between 58 and 75 weight %, Al20 3 between 5 and 23 weight%, Ll.20 

between 8 and 10 weight %, and Na20 between 4 and 13 weight % as 

main components . 

. 14. Am.ethod as claimed in claim 13, wherein: 

the glass contains Si01 between 62 and 75 weight %, .Ala03 
I 

between 5 and 15 weight%, ~O between 4 and 10 weight %, Na20 
between 4 and 12 weight%, and Zr02 between 5.5 and 15 weight% as 

main components, and 

weight ratio of Na20/Zr02 falls within the range between 0.5 

and 2.0 while weight ratio ofA1,,0s/Zr02 falls within the range 

between 0-4 and 2.5. 

15. A method as claimed in any one of claims 7 through 14, 

wherein: 

the step of chemically processing the surface or a chemical 

reinforcement process is carried out after the .surface process due to 

I llllHl llll:ll Hlll lllll 111111 
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the hydrofluosilic acid. 

16. A method of manufacturing a magnetic recording 

medium, wherein: 

at least a magnetic layer is formed on the principal surface of 

the glass substrate manufactured by the method claimed in any one of 

claims 7 through 15. 

17. A method of manufacturing a glass substrate which is for 

use in a magnetic recording mediUlll and which has surface roughness 

Ra and Rmax, where Ra is representative of a center .. Jine mean 

roughness, Rm.ax is defined as a maxi.?J:t. um height representative of a 
difference between a highest point and a lowest point, comprising the 

steps of: 

specifying a surface state of said glass substrate to improve 

flying characteristic of a magnetic head at eveey kinds of the magnetic 

head within a specific range Ra, Rm.ax and Rma.x/Ra measured by the 

use of the interatomic fo:rce microseope (AF.M:); 

.. processing the surface of the glass substrate under various 

surface processing conditions: 
I 

determining the surface processing condition so that Ra, Rmax 

and Rmax/Ra measured. by the use of the interatomic force microscope 

(AF.M:) aft.er the process falls within the specific range; and 

processing the surlace of said glass substrate based upon the 

determined surface processing condition. 

I IHllll f If If I 11111 11111 f I JHI 
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