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GLASS SUBSTRATE FOR A MAGNETIC DISC 

AND MANUFACTURE THEREOF 

The present invention relates to a glass substrate for 

a thin film magnetic data storage disc and to a process for 

producing such a glass substrate. 

Thin film magnetic discs for storing data are known in 

which a magnetic recqrding medium has been deposi tea. onto a 

glass substrate. In use, the magnetic disc is disposed in a 

magnetic disc drive unit which utilises a magnetic head tor 

reading · an·d writing information from and onto the disc. 
, 

Prior to the reading. and writing operation, the disc is 

stationary and the head is in contact with the magnetic 

recording medium on the · disc. In the reading and writing 

operation, the disc is driven to rotate at a predetermined 

=speed relative to the head which. can be ·moved radially 

relative to the disc. The head is spaced a very small 

distance from the magnetic recordi~g medium and is adapted 

to read information from and write information onto the 

-~magnetic recording medium at the desired place on the 

magnetic recording medium. After the reading and writing 

operation, the rotation of the disc is terminated and the 

head is permitted to rt3turn to ·th~ initial configuration 

wherein the head contacts the disc. This method of 

operating a disc is known in the art as a.contact-start-stop 

{CSS) method. It is known that such. magnetic disc drive 

units suffer from the problem of "stiction" or static 

friction which exists between the head and the magnetic 

recording medium on initiation or termination of. the reading 

or writing operation. This stiction can cause wear of the 

head and of the medium and thus can reduce the life time of 

the magnetic disc drive unit. The tendency for stiction to 

occur increases with increasing smoothness of the magnetic 

recording mediu~. Glass is known for use as ~ substrate for 

such magnetic discs, al though it is also well known to use 

aluminium discs as the substrate, because glass is hard and 

has .high surf ace smoothness. However, glass· can suffer f rem 
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the disadvantage that it has such a smooth surf ace that the 
overlying magnetic recording . medium which has a . 
correspondingly smooth surf ace is so smooth that the surf ace 

static recording area of the medium actually contacting the 
head is sufficiently large whereby the stiction problem can 
be encountered during use of the drive unit. ·This can cause 
premature failure of the drive unit and/or the media as 
described .above. 

It is known from US-A-4833001 to provide a glass 
substrate for a magnetic disc with an isotropically 
roughened surface. The surf ace roughening is achieved by 
chemical etching of · the glass surf ace either by a gas 
containing hydrogen fluoride or by an aqueous solution 
containing a fluorine compound. US-A-5087481 discloses a 
method for texturing a magnetic disc silicate glass 
substrate in which prior to surf ace roughening or 
"texturing" of the disc, this being achieved by chemical 
etching, the glass surf ace is subjected to a chemical or 
gentle. mechanical polishing step to remove microcracks or 
scratches in the disc surface. However, we have found that 
the use of chemical etching of the disc ·surf ace has the 
disadvantage that a fully isotropic micro-textured surf ace 
can be difficult to achieve. 

The present 

producing a glass 

storage disc; the 

invention aims to provide a· method of 
substrate for a thin· film magnetic data 

glass substrate having a textured or 
roughened surf ace, which has advantages over these known 
processes. 

Accordingly, the present invention provides a process 
for producing a glass substrate for a thin film magnetic 
data storage disc, the process including the steps of:- (a) 
providing a glass substrate; (b) printing a masking pattern 
onto at least a portion· of the surface of_ the substrate; and 
(c) etching the unmasked surface of the substrate thereby to 
texture the substrate surface. 



- 3 -

The present invention further provides a glass 

substrate for a thin film magnetic data storage disc, the 

sub~trate having a roughened surf ace produced by 

preferential area etching, the roughened surface being 

composed of a regular pattern of peaks separated by valleys. 

Embodiments of 

described by way of 

the presen~ invention will now be 

example only, with reference to the 

accompanying drawings, in wnich:-

FIG. 1 is a plan view of a glass disc to form a glass 

substrate fo"r a thin film magnetic data storage disc in 

accordance with an embodiment of the present invention; 

FIG. 2 is a schematic perspective view of the surface 

of the glass substrate of Fig. 1 which has been printed with 

an ink dot pattern in accordance with an embddiment of the . . 

present invention; 

FIG. _3 is. an. enlarged cross-section on line A-A thro_ugh 

an ink dot and the substrate shown in Fig. 2; 

FIG. 4a to 4e illustrate .schematically -a sequence of 

steps in a pad printing process ·for printing the ink dot 

pattern of Figs. 2 and 3; 

FIG. 5 is a schematic perspective view of the glass 

substrate of Figs. 2 and 3 after an etching step in 

accordance with the embodiment of the.present·invention; 

FIG. 6 is an ·enlarged cross-section on line B-B through 

an ink dot and the underlying glass surf ace of the etched 

substrate shown in Fig. 5; and 

FIG. 7 is a schematic perspective ·view of the glass 

substrate shown in Figs .. 5 and 6 after removal of the 

printed ink dot pattern. 

Referring to Fig. 1, there is shown a glass· disc 2 

having a central circular hole 4 to form a glass substrate 

for a thin film magnetic data s.torage disc in accordance 

with the present invention.. The <;1lass disc 2 is typically 

COl"!lposed of a soda lime silicate float glass but, 
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alternatively, the glass disc 2 may be composed of a sheet 

·glass. The glass disc 2 may be composed of other glass 

compositions such as an·· alkali-containing borosilicate 

glass, an alkali-containing aluminoborosilicate glass, an 

alka li-aluminosi lica te glass, an alkali-£ ree glass; an 

air-cooled or liquid-cooled toughened glass, a chemically 

strengthened or toughened glass or a crystallised glass i.e. 

a glass ceramic. In this specification, the term "glass" 

encompasses all of these types of glass or glass ceramics. 

In accordance with an embodiment of the present invention·, 

typically the glass composition is a standard soda lime 

silicate float glass composition such as Si02 70.5-73.0 

wt%, Al2o 3 0.5-2.0 wt%; Cao 7.5-10.0%, Fe2o3 
0.05-0.15 wt%, MgO 3.5-5.5 wt\, Na 2o 12.5-15.0 wt%, K2o 

0.05-0.5 wt\. 

The initial polished, blemish free, flat and parallel 

float glass disc typically has a surface roughness average 

(as hereinafter descr.ibed) of 0.5 to l.Onrn. Initially, the 

glass is polished, for example by a mechanical or chemical 

polishing process, in order to remove surface damage from 

the opposed disc sur!aces 6, 8 which are ultimately to carry 

the magnetic recording medium. The polishing process 

removes the outer glass surface because it is that surf ace . . 
which tends to have defects such as microcracks present 

therein. The amount of material which is removed during the 

polishing step depends on the initial degree of surface 

damage and also on the initial thickness of the glass disc 

2. A typical thickness of the outer glass surface which is 

removed on polishing is between 10 and 50 um. The polishing 

step also smooths out the surfaces 6, 8 of the glass disc 2. 

Typically, the polished surf aces have a surface roughness 

average of 0.5 to 1 nm, more particularly from 0.5 to 0.8 nm. 

The average surf ace roughness parameter ·can be 

determined from measurement of the surface of the glass, for 

example, by means of an optical. or stylus profilometer such 

/ 
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as that made by Wyk9 Inc. of Arizona, U.S.A. and sold under 
model No. TOP0-30 or the Talystep profilometer ~ade and sold 
by Rank Taylor Hobson of Leicester, England. Such 
profilometers can measure the profile of the surf ace of the 
substrate, the surface of which is composed of a series of 
peaks and valleys. The surf ace finish can be defined by. a 
"mean line" which is a line which bisects the peak/valley 
profile such that over any _given cross sectional length· the 

. . 
area of the peaks above that line is equal to the area of 
the valleys below that line, with both areas being a 
minimum. The surf ace roughness average· (which has also ·been 
ref erred to in the art as the arithmetic ·average or the 
center line average), is· the arithmetic average of the 
distance of the roughness profile from the mean line over a 
given assessment length of the mean line or for a given 
number _of assessment points along the mean line. The 
roughness average is statis·tically a stable parameter and is 
goo~ f ~r representing the roughness of random-type 
surfaces. The roughness average is also easy to implement 
into known profilometer instrumentation. 

The polished glass is then cleaned by washing with an 
aqueous detergent and deionised water and then the glass 
disc 2 is dried in air or nitrogen gas. 

Preferably, the glass disc is chemically strengthened. 
It is preferred that· the chemical strengthening operation, 
which is well known per se to the man skilled in the art, is 
carried out at this stage, i.e. before printing and etching 
of the di~c. However, the chemic~l strengthening operation 
could alternatively be carried out after the printing and 
etching steps. The glass disc is cleaned after the chemical 
streng.thening step in the same manner described · above in 
which the glass disc is cleaned after· the polishing step. 

Referring to Fig. 2, the cleaned glass disc 2 is then 
printed in a manner described hereinbelow· with a pattern 10 
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of ink onto each· glass surface 6, 8 (simultaneously or 

successively) of the disc 2. In this specification the term 

"printing" is intended to refer to a printing process in 

which ink is printed onto the· glass surface; the printing 

process may be a gravure printing process, for example an 

offset gravure process such as pad printing; a· lithographic 

printing process such. as offset lithography, or a letter 

~ress printing process. .The term "printing" does not 

encompass photoli thographic t_echniques. In the illustrated 

embodiment, the pattern 10 is composed· of ink dots 12. In 

Figure 2, as in Figures 3 to 7, the vertical.extent of the 

printed dots 12, and the resultant surface of the glass dise 

2, ·are greatly exaggerated w~ th respect of the horizontal 

extent (typically by a factor of 100 to 1000 to I) for the 

sake of clarity of illustration. However, the pattern · 10 

may alternatively be composed of li=nes or other shapes, 

provided that after etching the desired surface roughening 

·of the glass disc 2 is obtained. As will be seen with 

reference. to Fig. 2, in the preferred embodiments the ink 

dot pattern 10 is printed. in a regular array which may 

either be an orthogonal array, which.is preferably a square 

array, or a non-orthogonal array, which may be a triangular 

.array. Alternatively, the array may be circular with the 

dots being formed either in concentric circles or in radiai 

lines. A triangular array can provide a hig~ density array 

of ink dots. In plan view the· dots may be circular, 

elliptical, rectangular with rounded corners or any_ other 

shape. Preferably, the dots. are approximately circular in 

plan. Preferably, the pitch between adjacent ink dots 

ranges from 5 ·to 100 microns·~ with a typical value bein·g 

from 15 to 30 microns. The pitch between the adjacent ink 

dots 12 is the distance between the centres of the adjacent 

dots 12. When the ink dots 12 are approxi~ately circular in 

plan, depending on the limits of the printing process which 

is employed to print the dots 12, they pref er ably have a 

base diameter up to 60 um with a typical diameter being from 

5 to 15 um. It is believed that the diameter of the ink 
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dots 12 may be reduced, with careful control of the printing 

processes, down to about 2 um. The thickness of the ink 

dots 12 in the vertical ~irection is .not particularly 

critical. The thickness ·is controlled so that· the ink dot 

is of sufficient thickness so as to act as a mask during a 

subsequent etching process which is described. hereinafter. 

Typically 1 the ink dots 12 are around a few microns thick, 

for example up to about 10 microns thick, more preferably 

from 2.5 to 10 microns thick. 

The printing ink_ which is employed is of. a type which. 

is suitable for application to glass. The printing ink 

should be resistant to the . se_lected etchant in the etching 

step but be cleanly removable from the glass surf ace 

subsequent to the etching step. The ink is ·preferably 

particulate-free but the ink may incorporate non-particulate 

colouring agents. However, the ink may for some 

applications contain a fine particulate ·pigment." The ink 

possesses a surf ace tension which enables extremely fine 

dots 12 to . be ~rinted on the surface of the glass 

substrate. Preferably the ink is a resinous ink. A 

suitable particulate-free ink is a resinous non-hardened ink 

of a group of inks sold by AM Ramp & Co. GmbH of Eppst~in, 

Germany under the designation RUCO 10-KK, a particular ink 

being RUCO 10-KK-3976 NT. Another suitable resinous ink is 

sold in commerce by Marabu Werke GmbH & Co. of Tamm, Germany 

under the trade name MARABU GL. However other similar 

resinous inks may be employed. 

rem9ved from the glass surface 

solvent. Suitable solvents· 

Such a resinous ink may be 

after the etching step by a· 

are butanone (ethyl methyl 

ketone), N-methyl-2-pyrrolidone, cyclohexanone, acetone, 

methanol/methylene chloride, or 1,1,2 trichloroethylene. 

An example of another ink which can be employed in 

accordance with the present invention is an alkali removable. 

acid etch resist ink which is manufacturered by Sericol 

Group Limited of London UK and is sold under the trade name 



, --
- 8 -

PC966. That ink is solo commercially as a high definition 

screen ink for use in the pro.duction of printed circuit 

boards. The ink is generally used in combination with a 

thixotropic reducer for maintaining detailed printing. 

If desired, the adhesion of the ink onto the glass can 

be controlled by the incorporation into the ink,. or prior 

treatment of the glass, with a silane compound. This 

improves the adhesion between the ink and the glass. 

Alternatively, the ink may be bonded effectively to the 

glass by including a hardener in the ink mix. Certain inks 

are known in the art as be~ng suitable for bonding to 

glass. · Such inks are two-pa.rt inks, one part of the ink 

being the non-hardened resinous ink and the other part being 

~he hardener. In the case of RUCO 10-KK ink identified 

above, the hardener 37172 (also sold by AM Ramp & Co. GmbH) 

is preferred, preferably in an amount about 20% by weight of 

the ink. In certain applications, the degree of bonding . 

between the glass and the ink can be too strong and so a 

smaller amount or even no hardener is added to the ink. 

Alternatively, a single component ink may be employed. I.f 

the bonding is not strong enough _then baking or curing. of 

the ink, for example by heating using a fan oven, microwave 

oven or any other means of treating .the samples with 

electromagnetic radiation suitable for the curing/baking of 

printing inks, may improve the bonding. For example~ 

overnight drying in a heated oven may be employed "if heating 

temperatures are as low as ss0 c are used, although raising 

the ·temperature signi.f.icantly reduces the time needed. For 

example, at ao 0 c a typical heating period :is around 1 hour. 

A variety of printing proce.sses may be employed, such 

as offset gr~vure, letterpress or lithography. However, a 

preferred method of printing the matrix of ink dots 12 onto 

the glass substrate 2 uses an offset. gravure method of 

printing known in the art as "pad" printing. This is 
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broadly described ·as follows. As shown in Figure 4a, the 

process uses a printing plate 40 which has etched into the 

surface thereof an array of pits 42 which. m~tches the 

pattern which is required to be printed. The pi ts 42 are 

filled with ink 44 using, for example, a doctor blade 46, so 

as to form an ink dot pattern corresponding to the·array of 

etched pi ts 42. Then the in_k dots 44 are allowed to dry by 

a contro.lled amount so as to render the ink tacky. As shown 

in Figure 4b, a pad 48 is pressed a~ain~t the pattern of ink 

dots 44 on the printing plate 40. The ink dots 44 adhere 

preferentially to the pad 48 so that, when the pad 48 is 

removed from the plate 40, the ink dots 44 rema~n adhered to 

the pad 48 and are.removed f~om the plate 40. As is shown 

in Figures 4c and 4d, the pad 48 is then pushed down onto 

the substrate 2 and the ink dots 44 are transferred onto the 

substrate 2. The pad 48 is then removed, depositing. dots 44 

in the desired array on the substrate 2. 

More particularly, the printing plate 40 is preferably 

formed as follows. A "screen" is formed which can be either 

an acetate sheet with the images of the ·dots burned on it 

using a laser or a glass photomask (such as those available 

in commerce from the company Compugraphics of Glen Rothes, 

Scotland) which is formed with the desired pattern upon it~ 

The screen is placed. in contact with a photoresist layer 

coated on a.metal plate, which may be of the type sold under 

the trade name "Nyloplate" sold by the firm Teca-Print UK of 

Sheffield, England. The photoresist is then exposed to a 

source of ultraviolet radiation. When larg.e dot sizes are 

required,. an acetate screen and a multipoint UV source are 

preferably used and when sm~ller dot sizes are required, the 

dots are preferably formed using a glass photomask and a 

single point UV source, which ca~ produce better defined 

dots. 

The . photoresist layer is then developed by a known 

process so· as to leave an array of pi ts in the resist 
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layer. The phototesist layer can constitute the upper 

surface of printing plate 40 shown in Figure 4a, or 

alternatively, the pits 42 can be etched completely ·through 

into the metal plate carrying the photo resist layer. In 

this embodiment, the photoresist layer is removed completely 

after etching of the pi ts 42 into the metal layer. This 

leaves a much more durable printing plate. 

The printing plate 40 is then.mounted on a pad printing 

machine, which· is known in the art, and is flooded with ink 

thereby filling the array of pi ts 42. The excess ink is 

then scraped off automatically, back into a reservoir, by 

the doctor blade 46. 

The ink viscosity tends to vary with local operating 

additions =and is adjusted as necessary by dilution with an 

appropriate amount of a suitable thinner such as the thinner 

sold by AM Ramp & Co. GmbH under the trade name Ruco 100 VR 

1271. Typically, the viscosity of the in~ may vary from 0.5 

to 8 seconds as measured using a Teca-Print viscospatula. 

The pad 48 comprises a specially shaped.silicone rubber 

pad, such as that available in commerce from Teca-Print UK 

mentioned above or the company F. Schmid of Cormoret, 

Switzerland. The pad has the property of being relatively 

deformable and so is able to contact all the ink dots 44 in 

the holes of the printing plate 40. In the printing 

machine, such as that available in commerce from Teca-Print 

UK refe.rred to hereinabove, the pad 48 is carefully brought 

into contact with the array of ink dots 44. The printing 

machine is adjusted so as to apply the pad over the required 

surf ace of the printing plate and at the right pressure 

enabling it to pick up the whole array of ink dots. The pad 
. . 

48 · is then brought by the machine into contact with the 
. . 

glass disc substrate and the dots are deposited onto the 

glass disc substrate in the defined array .. 
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The present "inventors have found that the pad printing 
process illustrated in Figures 4a to 4e does not always put 
sufficiently circular dots of ink down. onto the glass 
substrate. For example, the ·dots of ink may have an 
eliptical or otherwise non-circular configuration.·. The 
present inventors have found that more circular dot. shapes 
can be obtained if the printing ink contains only fine 
particulate material or more preferably no particulate 
material. The present inventors. have further found that 
after the printing step, if the temperature of the printed 
ink dots is raised above so0 c, more particularly during 
the drying stage after th_e printing step, then the ink dots 
become more rounded. It is b~lieved that during the heating . . 
step, the ink becomes sufficiently fluid ·so that the surface 
tension -forces are strong enough to cause the ink dot to 
consolidate and become significantly more circular in plan_. 
This rounding effect has been seen using the ink.Ruco 10 KK 
.-3976. referred to above. This ink contains no particulate 
pigment and is used without a hardener. It is believed that 
without a pigment, it is possible for the ink to become more 
mobile at a higher temperature and consequently readily 
spherodises so as to become rounder on heating. 

The rounding of the printing dots provides a technical 
advantage in the fin al printed glass substrate. This is 
because when the dots are more circular in plan in the 
printed structure then the dots will etch to. give a more 
uniform series of textured peaks in the glass substrate. 
This can significantly assist in the consistency of the 
flying characteristics of the magnetic disc head. 

Following the printing operation, the glass substrate 2 
is then subjected to an etching process in which the surface 
regions of the glass substrate 2 which are not directly 
covered by the masking 

etched to a controlled 
the surface .of the 

array 10 of printed ink dots 12 ar~ 

depth. in order to roughen or texture 
glass substrate 2 to the desired 
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roughness without substantially changing the overall 
flatness of the disc. The etching is carried out either by 
chemical etching, for example by the use · of wet chemical 
etching, typically by using aqueous solutions of hydrogen 
fluoride, 

optionally 

ammonium bifluoride or fluorosilicic acid, each 
with an addition of .sulphuric acid; or by 

reactive ion plasma etching. The etching step may utilise 
agitation of the liquid etchant, for example, by ultrasonic 
vibration, in order to accelerate the etching of the glass. 

Figs. 5 and 6. show the glass substrate 2 after the 
etching step. 

Referring to Figs. 5 and 6, in ·the illustrated 
embodiment, the unmasked surf.ace of the glass substrate 2 
has been etched by an aqueous solution of hydrcigen 
fluoride. Typically, the concentration of the hydrogen 
fluoride solution is from 0.01 to 0.5 wt%. The etch depth 
can be controlled depending on the selected etch 
temperature, etch time and etchant concentration but it .has 
been found that 'if the hydrogen fluoride solution is too· 
concentrated then the etch process can be difficult to 
control. Generally, the concentration of the etchant, the 
etch temperature, ·the ·etch time and the etch rate are 
controlled so as to be readily compatible with ·a production 
environment. It· will be noted from Figs. 5 and 6 that the 
unmasked surf ace of the glass substrate 2 is etched to 
provide an array 14 of glass peaks 16 on the glass surf ace, 
the distribution of th'e array 14 corresponding to that of 
the original printed ink dots 12. The peaks 16 are 
separated· by flat bottom valleys 18. The etch process is 
calibrated by performing a series of prior etch calibration 
tests so that for any set of process conditions a known etch 
period can produce the desired degree of etching of the 
glass surface. At the. end of the prior-calibrated etch 
period ·the etching process is stopped ~Y removal of the 
substrate from the etchant solution and washing with water 
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(possibly after immersion in dilute sodium carbonate 

solution). The etch process is controlled so as to provide 

in the resultant subst~ate average peak heights of from 0.5 

to 40 nm .. The range of peak heights of the etched surface 

is typically around +/- 20% of the average peak height. As 

with the array 10 of printed ink dots 12, the glass peaks 16 

are typically around 5 to ;30 microns in base diameter and 

have a repeat pitch which is typically from 10 to 100 

microns, more preferably from 20 to 60 microns. The surface 

roughness of · the etched glass substrate·. 2 can be measured 

using the optical. profilometer referred to hereinabove. 

We have found that bY, using the masked etching process, 

particularly by usin~ liquid chemical etchants, the etching 

of the glass substrate 2 occurs underneath the peripheral 

edge 20 of the ink· dots. 12 leading to= a detachment of the 

peripheral edge 20 of the ink dot 12 from the etched glass 

substrate 2. This is shown in Figure 6. It is believed 

that this phenomenon occurs because detachment of the ink 

dot 12 proceeds at a faster rate in q horizontal direction 

than the rate at which the glass is etched. Thµs, in the 

final etched microstructure, _the ink dots 12 tend partly to 

be adhered to the glass .substrate 2 by their central portion 

24. This provides the advantage that the glass peaks 16 ·on 

the glass substrate surface are relative.ly narrow and thus 

have a good profile for avoiding the s·tiction phenomenon 

referred to hereinabove. The smooth physical dimensions of 

the peaks 16 on the glass substrate 2 give good mechanical 

strength to the glass substrate· 2 by means of a simple 

masking and etching technique. The simple masking and 

etching technique can provide a regular array of very fine 

surface peaks which can provide the . desired roughening or 

texturing required to enable a thin film magnetic data 

storage disc to be employed without encountering undue 

stiction problems. 
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When the etching step employs a liquid etchant, 

solvents may be present in th.e liquid etchant which tend to 

reduce the adhesion of the ink dot to the glass substrate 

around the periphery of the ink dot leading to enhanced 

lateral etching of the glass substrate around the periphery 

of the portion of the glass subs-trate masked by the ink 

dot. This leads to control of the texturing of the surface 

by rounding of the upper surf ace of the peak produced in the 

etched microstructure. A suitable solvent for use in the 

etchant solution is N-Methyl-2 Pyrrolidone (NMP). NMP may 

be used in the etchant solution at a concentration of up to 

about 10% by volume. The solvent also reduced the variation 

in the etched peak heights. The solvent· may alternatively 

be butanone (Ethyl Methyl Ketone). 

After the etchi31g step, the ink dot 10 array is removed 

with a solvent in the case of resinous inks or with an 

alkaline detergent in the case of acid etch resistant inks. 

The disc is rinsed with deionised water and then dried and 

the resultant glass substrate surface is illustr~ted in Fig. 

7. 

Although an acceptable texture can be obtained by the 

use of the etching step as a final texturing step of the 

glass substrate, it is, in accordance· with ·the present 

invention, possible additionally to incorporate a further 

post etch treatment of the glass surf ace so as further to 

modify the texture of the surface. For example, the. etched 

surf ace may be treated by· very light polishing or by other 

forms of additional whole surface etching, which may be 

·either wet etching or dry etching. This further processing 

step may be employed either to roughen the surface or 

further to smooth the peaks of the texture, depending on the 

requirements of the particular product which is being 

manufactured. Thus the man skilled in the art will 

appreciate that the· present· invention provides a 

comprehensive scheme for manuf.acturing a glass disc 

substrate for a magnetic disc with the desired texture. 
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As referred to hereinabove, in accordance with the 
present invention the glass disc substrate may be chemically 
strengthened. The chemical strengthening step may be 
carried out either before or after the texturing process of 
the pre~ent invention. Thus·when the chemical strengthening 
step is carried out before the .texturing process, the 
ultimate glass substrate is still chemically strengthened 
because the texturing step has not removed all of the 
chemically strengthened surface of the . glass. 
Alternatively, the chemical strengthening step can be 
carried out after the texturing step so as to leave at least 
sufficient residual texture in the surface of the glass 
substrate. 

Samples of glass substrates made in accordance with the 
invention were tested to assess their ability to overcome 
the stiction phenomenon referred to hereinabove. In order 
to be suitable for use in a· thin film magnetic data storage 
disc drive, the glass substrate of the magnetic disc must 
have surface features which exhibit good mechanical 
durability as well as having a suitable textured surface to 
reduce the friction bet~een the recording head and the 
conformally coated substrate. Glass substrates made in 
accordance with the invention we.re coated, in the 
conventional manner i.e. by sputtering, with magnetic 
recording medium and then the magnetic recording medium was 
overcoated with a protective coating in the· conventional 
manner. It is also conventional to coat the surface of the 
resultant thin film magnetic data storage disc with an 
appropriate lubricant in order to reduce the friction 
between the magnetic disc and the magnetic head. 

The present invention is further illustrated with 
reference to the following· non-limiting examples. 
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EXAMPLE 1 

Magnetic discs manufactured in this way by employing 

substrates made in accordance with the present invention 

were subjected to an IDEMA (International Disc Equipment and 

Materials Association) standard css tests to assess the 

friction co-·efficient Vd representing the stiction between 
the magnetic disc and the head. The head was of the thin 
film transverse type. The css test was carried out on a 
single disc ~hich was rotated at 3, 600 rpm. 

disc had an outer diameter of 65 mm and 

Each magnetic 

the internal 
diameter of the centre hole was 20 mm. The glass thickness 
of each disc was 0.635 mm (0.025 inch). Each glass 
substrate was formed using a regular rectangular array of 

printed ink dots prior to the etching process. After . . . 

etching, the. average peak height ·was approximately 10 nm 
(i .e~ about 100 Angstroms) and the average peak pitch was 

around 65 urn. The results of the tests are shown in Table 1. 

Number of 

CSS Cycles 

200 

2000 

4000 

6000 

8000 

10000 

12000 

14000 

16000 

TABLE 1 

Disc 1 

Friction Coefficient 

Disc 2 

Friction Coefficient 
Vd Vd 

Side 1 Side 2 Average Side 1 Side 2 Average 

0.45 0.45 0.45 0.56 0.36 0 .46 

0.57 0.57 0.65 0.65 

0.58 0.58 0.64 0.64 

0.58 0.58 0.65 0.65 

0.60 0.60 0.65 0.65 

0.61 0.61 0.66 0.66 

0.62 0.62 0.68 0. 6.8 

0.62 0.62 o.6a 0.68 

0.61 0.61 o·. 66 0.66 
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In the single disc CSS test, the results of which are 
shown in Table 1, a disc was subjected to a number of 

start/stop cycles as shown in the column entitled "surf ace 

cycle". The disc was then stopped and on starting the disc 

the mean value of the static friction coefficient Vd between 
the recording head and the disc was measured at a· starting 

speed of l rpm. Table l · shows the results of the test on 
both sides of the tested disc. 

Typically, it is desired that the friction coefficient 

is in the range_ up to about 1. O, although the Vd value can 
be altered . depending on the type a·nd amount of lubricant 

which is · applied to the sur~ace of the disc. It wi 11 be 
noted that the vd· value increases slightly with increasing 

number of test cycles. This indicates that the static 

friction= increases with increased usage of :the disc due to 

surface damage. The measured values of Vd are preferably 
less than about O. 4. A typical target for the value of Vd 

-
for optimal operation is around O. 3 and it is believed that 
in the ~mbodiment illustrated in Table 1 if further tests 
were carried out employing different lubricants or 

optimising the amoq.nt of lubricant, then the values of Vd 
would be decreased to this desired value. The friction 

coefficient Vd is dependent on the combination of both the 
surface texture of the disc and the lubricant which · is 
employed. 

Discs made in accordance with the present invention 
were also subjected to "glide" testing. The glide test 
studies the behaviour of the disc under steady.· running 
conditions with the head flying above the disc surface. 
There is no need for lubrication of the disc surface since 

the head is not intended to contact the surf ace as in the 
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CSS test described above. A good disc will just run in the 

glide test with "no" flaws. If the head intermi tently hi ts 

the disc surface or debris on the disc surface, then the 

disc would have problems 

problems are serious then 

glide test, the disc is 

in operating in use. If such 

the head will "crash". In the 

set to rotate and the head is 

positioned over the disc surface at a suitable height which 

is· determined in relation to t;he ·speed of the disc and the 

head characteristics. A typical height is from 50 to lOOnm 

(from 2 x · 10-6 or 4 x 10-6 inches). The disc system is 

allowed to run and is monitored for the head hitting the 

surface of the disc or debris on the surf ace of the disc. 

With good discs there sho.uld be little or no contact with 

the substrate. It has been found that with the textured· 

discs manufactured in accordance with the present invention, 

the head can fly at a typical height of around 100 nm (4· 

· microinches) above the disc without encountering any 

problems. 

EXAMPLES 2 to 25 

These Examples, which are shown in Table 2, illustrate 

the use of different.printing methods; the use of different 

pad ·materials in offset gravure pad printing; the use · of 

different inks; different dot spacing; different dot base 

diameters; and different drying and curing regimes. 

Examples 2 to 5 illustrate the use, respectively, of offset 

gravure pad printing, letterpress printing, off set 

lithography and gravure printing techniques to print the ink 

dots on the glass substrates. In addition to the printing 

technique, Table 2 shows the pad material and the ink 

employed in the printing method, if appropriate; whether or 

not there was pigment in the ink; the drying temperature, 
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drying time and drying method, if employed; the dot· spacing 
and the print dot- base diameter; and also the percentage of 
dots present after the printing process ( i. e the printing 
efficiency of the printing process). 

Examples 6 to 8 illustrate the use of different offset 
gravure pad materials 'in the pad. printing process, the pad 
material· being .indicated by the. relevant trad~ name in the 
Table. Examples 9 to 11 illustrate the use of different 
inks. The designation (r)" or (b) in the ink type means red 
or black respectively. Examples 12 to 16 illustrate the use 
of different dot spacings using the offset pad printing 
process and Examples 17 to 19 illustrate variations in the 
dot base diameter using different pads and processes. 
Examples 20 to 25 illustrate different drying and curing 
regimes, being either in air, an oven or a microwave oven. 

EXAMPLES 26 to 30 

Examples 26 to 30 illustrate the different etched 
conditions and regimes employed to produce textured glass 
substrates having the specified peak height, peak height 
standard deviation and·peak radius in the textured surface. 
The results are indicated in Tab"le 3. 

EXAMPLES 31 to 48 

Examples _31 to 48 illustrate the use of different 
printing methods and also illustrate the different etched 
conditions and regimes employed to produce textured glal:?s 
substrates having the specified peak height, peak height 
standard deviation and peak radius in the textured surface. 
Tables 4 and 5 indicates the composition of the etchant, the 
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type and quantity, if appropriate, of a solvent, the etch 
time and the etch tef'!lperature and whether. or not there was 
any agitation of the etch bath. The Tables also indicate 
the peak height, the peak height standard deviation. and the 
peak radius. Examples 31 to 34 illustrate the use of 
different etch mixtures and concentrations. Examples 35 to 
42 illustrate the use of d·ifferent etch times. Examples 43 
to. 45 illustrate the use of different etch temperatures and 
Examples 46 to 48 illustrate diffe.rent height ranges. 

EXAMPLES 49 to 51 

As shown in Table 6, ·Example 49 utilizes a polishing 
treatment after e~ching and Examples 50 and 51 employ 
butanone or methanol as a solvent to remove the ink after 
the etching treatment. 

EXAMPLES 52 to 57 

These Examples illustrate, with reference to Table 7, 
the results of CSS static friction test and CSS dynamic 
friction tests of magnetic media-coated glass substrates 
fabricated in accordance with the present invention. Table 
7 indicates the printing method and the etchant regime and 
whether or not any cleaning or other post etch treatment was 
effected. It will be seen that in accordance with the 
present invention, low values of Vd can be achieved. In 
particular, it will be noted in accordance with the present 
invention the friction coefficient can be around 0.3. 

EXAMPLE 58 

Example 58 shows with reference to Table 8 the use of a 
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hardener in an ink. The hardener was the hardener sold by 

Ruco under designation 37172 specified above and was present 

at 20% by weight in the ink composition. 

EXAMPLES 59 to 70 

These Examples, ·which are illustrated in Tables 9 and 

10, illustrate the use of N-Methyl-2-Pyrrolidone in the 

etchant. Table 10 shows the etchant conditions on a glass 

substrate carrying ink dots which have been printed using 

the conditions illustrated . in Table 9. There was no 

agitation of the etchant. It will be seen from a comparison 

of Examples 59_ to 62 that an increase in the pointed nature 

of the peaks in the glass surface results with increasing 

· etch times.· 

EXAMPLES 71 to 73 

These Examples. illustrated 

strengthening and its effect on 

substrate was printed and etched 

conditions indicated in Table 11. 

the use· of 

the texture. 

in accordance 
Table 12. 

chemical 

A glass 

with the 

shows the 

results of chemical strengthening prior to texturing on the 

resultant microstructure. The P-V value is the maximum·peak 

to the minimum valley height of the texture. The SD value 

is the standard deviation of the· variation of P-V and is a 

measure of how consistent the P-V value is. Table 13 shows 

the texture on a glass substrate which has not been 

chemically strengthened ·but has been treated to the same 

printing and etching condi'tions. Table 14 shows the texture-

. measurements when chemical strengthening has been .carried 

out after the texturing process. It wi 11 be seen from a 

comparison of Tables 14 and 13 · that the SD values are 
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significantly less that the P-V values which show that the 

peak to valley height is surviving with little change as a 

result of the chemical strengthening step. 

In accordance with the ~resent invention, either the 

whole area of the substrate or only selected portions of the 

area may be textured as afo.resaid. Alternatively, the whole 

disc may be textured but with different areas textured in 

different ways. Thus the invention may employ limited area 

texturing for the manufacture of substrates suitable for 

so-called "contact recording" thin film magnetic data 

storage discs having a superfine polished surf ace over the 

majority of the disc surface. For the manufacture of such 

discs, the present invention can be employed to texture an 

annulus, typically 8mrn wide, surrounding the centre hole of 

the disc. Such textured annulus, in the resultant data 

storage disc, can be employed as a "parking zone" for the· 

read/write head. 

The parking or landing zone can be made by -the printing 

and etching process, with or without masking of ·the data 

storage area of the disc, by a gradation in the dot size 

(diameter} from the outer rim of the annulus to a constant 

dot diameter towards the centre hole of the disc. This 

technique provides a gentle ramp to a constant height 

plateau up which the read/write head can "fly", "land" and 

"park". The smallest dots of ink can give lower peak 

heights. The dots may be in rectangular .arrays, triangular 

arrays, concentric ring arrays or continuous concentric 

rings. The surface rou~hening of the textured surface thus 

can be varied to define a plurality of functional zones of 

the substrate, the zones including a landing zone and a 

read/write zone, each zone having the desired surface 
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roughening, with optionally there being a graded ·ramp of 

roughening between adjacent zones. 

In accordance with the invention, experiments have been 

carried out using simple landing zones, by using a disc 

surf ace which is untextured apart from a band which acts as 

a "parking" zone. Such la.nding zone textures were uniform 

in height and rang_ed from 16 to . 32 nm. The landing zones 

were tested by rotating the discs and permitting a head to 

fly above the· rotating surface at a typical flying height of 

around 100 nm (4 microinches). The results of the test 

showed that the head could fly across the boundary between 

the landing zone· and the remainder of the disc without 

"cr~shing" i.e. contacting the disc surface and causing 

damage_ ~hereto. 

Another form of .landing zone known as a "down" zone may 

be produced which is an annular textured area where the 

peaks of the texture are on the same level as the other 

areas over which the head flies. These other areas may be 

adjacent and may be either polished or have a significantly 

shallower texture than the original "down" zone. This 

substrate can be produced by protecting all over the 

adjacent areas with a complete covering mask of, for 

example, printing ink a~d then printing the texture pattern 

on to the . "down" zone · area. During etching, the texture 

develops only where the ·glass is exposed. Subsequent 

cleaning produces a "down" 

flat polished . areas. - This 

head to move laterally 

encountering significantly 

zone as required with adjacent 

arrangement . allows the magnetic 

across the the ··disc whi 1st 

less upset to its flying 

characteristics than with the previously described landing 

. zone. 
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In order to prod_uce a two texture substrate, first the 
whole disc may be covered with the shallow texture by 
printing overall with the required array and performing a 
shallow texturing etch. The ink is then cleaned off. Next, 
the area .required to have the shallow texture on the final 
disc is completely covered with ink to protect the textured 
surface during subsequent p.rocessing. Then the "down" zone 
is reprinted with the ink dot array required for that area 
and etched with the stronger conditions necessary to produce 
the higher texture of· the "down" z·one. This superimposes 
the deeper texture of the "down" zone on the shallower 
texture already present, which is etched out. 
Alternatively, each area can .be protected whilst the other 
area is printed and etched to be textured to the required 
degree. 

The present invention ·has enabled the production of a 
glass substrate for a thin film magnetic data storage disc 
which results in the magnetic disc having the required low 
friction coefficient to enable it to pass the · known CSS 
tests for thin film magnetic data storage discs. The 
process of the invention, employing an etching and masking 
technique, is very simple but nevertheless gives good 
stiction performance coupled with the provision of good. 
mechanical strength to the glass substrate which improves 
the lifetime of the magnetic disc. The good profile of the 
glass substrate results from the formation of a narrow peak 
profile. The etching process also removes surface edge 
defects which could potentially· lead to mechanical failure 
of the glass substrate, for example by the propogation of 
microcracks. The peak pitch and height can be controlled 
relatively easily using the masking and etching 
which employs simple and relatively inexpensive 

process, 

printing 
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technology. The printing technique has the advantage of 

providing good· repeatability of surface texturing both from 

one disc to another and between different areas of any given 

disc. 



Ex~r11ple 2 3 '• 5 6 - -
PRINTING METI-100 Of11el Grawro Lottor Prooa O/f rt t 1..4 l~o. Grnvuro Ol!oot Grnvuro 
Pod mot•riol Tocn pink 26 NA Nd T ocn pink 26 
Ink Ruco 1 Okk fr} ~nk(block} t!..11 10KKf~ RuoolOkk(r.l_ 
,f!sm•nl In lho Ink no Yoe NA Yoa no 
Dl):in9 tompornturo Do9 C BO 66 Nil BO 
Drying ll1J1• lhoun) 1 26 tJ.11 . 1 
0!)'.ins malhod Ovon oven ttl1 Oven 
Dot 1paclno um 4:1 20 '~ 30 4:1 
Dot bAu dlamolor um 13 10 j>O 1:1 13 
% ol dots proaonl 98 ·- 98 

Example 10 l1 12 13 
PRINTING METHOD Oflaet GrAvuro Olaot Grnvuro Ollsel Gravura Oi111Dt Gravuro 
Pod m•loriol Toco oroon :191 T11ca pink 26 fe.c"' '-ue,,..rql schmld wfillo 267 
ink Ruco10KK~ Ruco 1 Okk(r) Ruco lOKK lbl Auco 1 Okk (r} · 
Piamonl In tho ink Yoe no nono No 
Dn:in9 lome•rnluro Do9 C 60 80 60 66 
Drying limo (houra} 16 1 16 26 
Orvinci molhod oven Oven Oven Oven 
Dot •p11cing um ~ 4:1 30 20 . 
Dot b11u dlamolar um 20 13 12 7 
~! ~ots pruont 97 98 9:1 97 

E l 
- - -·-

PRINTING METIIOO Ollsot Grc.vlaro Olluol Gr11vuro Ollsol Grnvuro Ollsol GrAvure 

Pod maleriAI T aca 9raon !197 Toco Pini< 26 Toca pink 26 Tocn qroon 26 

ink Ruco 10kk!b) Ruco 101tk (r) Ruco10kk (r} Ruco 10KK(bl 

Pigment In tho Ink Yoe nano no no Yoe 

Drvinq tomoonilura DoQ C 60 23 23 40 

Drving limo fhourD) 16 16 16 o.:s 
On:in9 molhod ovon nlr nir oven 

Dot epncinq um ~ 30 30 6:S 

Dot bo.u dlo.rnolor um 20 12 12 40 

'l(, ol dots prounl 97 96 98 100 

7 8 -- 9 
Olfsot Grnvuro Ofiaet Grnvuro Offoot Grnvuro 

Taco 9raan :197 Schmid white 267 !lchmld whit• 
Ruco IOkk(b) RucolOkk(r} lvlnrnbu GL(b} 
Yea No · Vos 

60 66 66 

16 26 4B 

ovon Ovon oven 
~ 20 20 

20 7 11 
97 97 9:l 

1'i 15 16 
Offaet Grnvuro Ollaet Gravuro Ollool GrAvure 
Toco aroon :197 TocnPlnk 26 Toco pink 2S 
Ruco 10kk(b}__ Ruco lOkk (rl Ruco 1 Okk t) 
Yoo nano no 

60 23 BO 
16 16 I 

Qvon nlr Ovon 
~ 30 4!1 
20 12 .13 .. 
97 ·98 98 

22 23 211 

OllHI Gravure 0111101 Gmvuro Ollsat Grevuro 

Schmid whlto Tocn groon 26 Tac11 pink 26 

MARABU GL(bl Ruco 10KK (bL_ Ruco 1 Okk fr) 

Yes Yoo no no 
66 80 

48 0.:1 0.07 

av on ovon microw•vo 

20 ~ 30 -
11 40 1~ . 
9:1 . 100 97 

., 

.17 
Ollaol Gravuro 

schmld whilo 267 
Ruco 1 Okk frl 

No 
66 
26 

Ovan 
20 

7 
97 

25 
011101 Gr11vuro 

Tocll pink 26 

Ruoo 1 Okk !r} 
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80 

1 
Ovnn (mollod Ink) 

4~ 

13 
98 
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Ex:ciro.ple 26 27 
-

,ETCH 

MJ~turo compoailion HF% 0.1 ----· 
t-12SO'\% 0 

NH4F.lif% --
Solvonl 

Solvonl auMtv'x. 
Eich limo min 3.5 -
Eich tomoornluro doo C 21 

. Agitation of otch both. 
l"loight of eoo.k.(um) 40 

1-!olsht S.D.(uml 2 

Peak radius mm I 

28 ~9 

0.05 1 
0 1 

3.5 5 -
25 2:> 

20 106 

1.5 27 

I 

30 

O.O:S ___ O.OL 

0.05 0.01 

-
4 20 

25 80 

21.4 28 

2 4.7 

t-3 
lb 
(j 
I-' 
CD 

w "' ~ 

<' ~ .. . 



l!:xamp.I e 31 .. 
rnnmNG ME"ll 100 Offud Gravura ·-
!~!!J!1alo1i~-------- !ocag~~97_ 
ink !_'luc~ Oh~(!l. __ . -·-------·--------
r!H!!!!!!!.!!!.~!~-----· non a --... -·------·· 
Q!:y~~.!!!!!e!'ah!!!.Q!!l.L ____ ___IQ__ 
!?!}'.~~ci limo (ho.!!!!I__ 1.~. 
Oryin!L.!!!!lhcxl _ ·--- 2Y!!!.. --
!~~e~~!!!I urn 30 --------·-Ool b eiac. Jiarnolor llll\ 11 - . 
~ ol dob.e!_!~!'I 

£TCH -

~~1po1ilio'!.! IF'X. 
i2S01'X. 

M 

I 

!17 

O:.Q!_ 
0.03 

3'{ 33 )11 32 35. J6 -·· ~ - . 

Toca ll!!!_!!..:197 . laca groan !197 ~~.r?i T aca ~~~ !197. ! oca 9.!,!_on !197 !.~Jl!.!!!' !19?_ 
!!~co 1 Olch{!) ___ Auco 1011~{~). ____ Ruco 101111 Ruco 101111 Ruc~_IO_kl< __ Ruco 10klc --------- --------non a Va~ 1\01\D 110110 no no non a --- . ·--------· -----:-c~· ·-------
. 10. GO 70 70 70 - ... ·--------16 16 '" 16 16 16 -------· ---------·· ·----· -------- - -Ovon . ~~!"---·--- ·-----· ----·-- ---------- ______ .. 

30 6:1 3CJ 30 30 30 ·----·--- ----·---- -------
11 20 1!1 11 11 11 . ------97 97 ··--~-2~- - 97 97 97 ·-- ·-------

-
.. ---··------- - ·--

0.0!1 0.0!1 0.0!1 ----· 
0.02 ------_.Q. 0:1 .1..:.._ ___ ..Q:.Q!., __ _ 
0.02 O.O:l 0.0!1 --· 0.0:1 J_ __ _Q.0:1 -·----____ .!!:!!~. -------- -----1111 F .t-lf'X. .. 

;olvanl .~ 
s llv .!.!."!!.9~!!!!y'X. 
g lch lim1>rnin 
E 

A 
1ch lame.!!!!!!!!.~!.9.~--
!lilation ol olch baU1. 

t 
~ 
r 

~tf.!!!Llurn) 

t!!_!Q.J!~!!~I 
: rndiua mm 

0.008 - -----
·autnnoncS ·----

20 3 ---60 2:1 - ----
--]£____ 19.7 

ll. 0.7 

-

-·---· ------
0110 Buh•nona Bulonono ---·- --------

7 .7 7 -
---· !!uln~_,l.'lula11 

__ I_ ______ :!__ ----
!!.:! :I 1 :I 6 --·-· - ----· -

2:1 2:1 2:1 . ·------
_2!1.G _______ 2:1_

1 
__ 

-·--· -------·· - ·-
--'~:!. 13.7 14.1 

O.G 1.2 I _ _!·~I=--=.-~-;.[=----

:}O 

-
laca 9~!n ::>97_ 
Ruco 10kk 
nono 

70 
16 

-
30 -------
11 
97 --------

.. 
0.0!1 -

. 0.0!1 

Butanono 

7 
8 

2:1 --------
--

12.2 
I 
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Example 39 1,0 '• 1 
PAINTING J.tETIIOO Lollar pros.• 
~E_cl. m11lorio.J -··· NA NA NA 
ink·. !.!!hl~l lnl1(b) .lnk(~L_ -
.~~onl ir!.!_~o ink YH Yes Yos 

D1Y!!:!g lomei.1alu10 Dog C 66 66 66 ·---· Drying .lime (ho•1111) 26 2G 26 
D~ moU1cd -~n __ ovon ovan ---Doi apodng 11rr1 20 20 20 -
Dot bc:.so diDmolar urn 10 10 10 
~ of dots presonl . - -

ETCH 
--· 

Mlxluro composition HF% 0.0!l 0.0:! 0.0:! 
H2501'X. 0.0:> 0.0:! 0.0:> 
NH1F.l-IF% 
Solvonl. 

Solvonl que>nty'X. 
Eich time min 3 4 ::> -
Etch tame.•tDhJla dog C 2:1 2:1 2:1 
AC,itation ol alch bath. 

liaiQhl ol ponk.(um) 7 10 13 
Haight S.D.(uml_ 2 
Poak rodiua mm 0.3 

'•2 1,3 1, 1, 1,5 116 1,7 '18 --- --------·-· Olfsol Gravuro Loller~ 
NA loco. gr!~" !>97 __ Toca 

~~)_, ~Ohk(b) __ Au co 
.Yo_a ___ v .. Yos 

!aon 26 ! oca groon ::>9 l~A .Toca groon ::>97 · NA 
~Kl< i~L Ruco IOkk(!L NA Ruco 10k~.!.~l __ !!J""'k""(b;,.c.) ___ _ 
--- ~~!_ ___ NA .. Y.. Y!" I 

66 60 60 66 ·---·· -----~-.<?~ii=- ·~~-\~--· 26 !~ 
ovan ovon 

20 6!S . -
to . 20 --------

-
-

-
6:S 

30 

NA 

11 30 ·---
97 

--~30_1 __ 6~-
90 I 97 I 

-------- -----· - -
--------0.0:! 0.0:! 0.02 0.03 0.1 

0.0::> 0.0::> 0.02 0.03 0 

Butonono ... 
7 -

~-_____ ._:s.~- 20 20 ·--~~---------2:1 2:>.6 3:1 60 21 -
7 18 70.2 '10 -

2 12 2 ---· ..... _________ 
2.:S I -

6 28 ·--
ovon ovon 

'1:S 20 

2.0 10 
99 

o.~ 0.0~-.. 
0 o.o::> 

3,:t_ 3 
2:1.:! 2:> 

20 7 
2 2 -

0.3 
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Example '•9 50 51 

PRINTING Mcnioo 0111101 Gravuro Ollso\ Gravuro Offsol Grovuro 

Pad maleril\I !•= 9reon 26 Toca pink 26 Toca 9roon :197 

Ink Ruco 10KK ~) Ruco 1 Okk (!1.._ Ruco 10kk{b) 

Pigment In lhe ink Yoa no Yoe 

.Q!Y.lnci lomporaluro Dog C 6:1 80 60 

£!:Y.in9 limo (hours) 16 1 16 

Drtin9 moU\od o\/en Oven - oven 

Ool aeocin9 um 6!5 4!) 6!5 

Doi baso dlamolor um 2:1 13 20 

% of dots erooent 
98 97 

facB_=--~-=-~--=- _________ _ 

Mlx1ur11 comeoaition HF% o;o:s 0.0!) Q,00 

H2504% o.o:s O.M 

NH4F.HF% 

Solvent 
Butanono 

....:i ,.. w 

Solvont 9uo.nty% 
7 

Eich Umo min 3.~ " :s.:s 

CD O 
r 
C'1 

Eich lomeorciluro d119 O 2:S 2:S 2:S.6 
0, 

Aciilo.llon of olch bo.lh. 

Vf,11ht of peak. 20 21.4 18 

{,·l.!Jhl 5.D. 2 2 2 

Pool< radlua mm >l:S 
2.:S 

f CLEANING I . l:!anono r:::ol I 
l11k 

f OTHER !Polish 

'

-_·_-- --·· 1--·---·1 
- - --- -



Example 52 53 51, 55 5,{l 57 
PAINTING METllOD 011101 GroV\110 011101 Lllhogroph• Ill.ff.re.I c;,, •• ,,e Ollool Gravuro 
Pad malarial Toc:c& groon 26 NA Toc:a oroon :197 toca groon :197 NA NA 
Ink ftuco IOKK(b) NA Ruca IOkk(bl Ruc:o 10kklbl Ruc:o 10kklbl Ruc:o IOkklbl 

Plomonl In U10 Ink ..... NA Yoe Yoo Yos Yos 
Drvlno lomoeraturo Dog C 6:1 NA 60 60 60 60 
Drvlnc1 limo lhoun) 16 NA 6 16 16 16 
Drvlna mothod Oven NA av on av on ovan av on 
Doi 1poc:lng um 6:1 63 1:1 63 63 . 6:S 

Doi ba .. dlamolot um 2:1 30 20 20 1:1 2:1 
% al dot. arounl 99 97 96 99 

ETCH 

Mixture c:omeo1illon llF% 0.0:! NA 0.0:1 0.0:! 0.0:1 0.0:! 
H2S04% 0 0.0:1 0 
NH1F.HF% 
Solvonl Butanono 
Solvonl auantv% 7 
Etch limo min ·- 3.li 3.:1 :I.:! 4.:1 3.:1 
Etch lami>eroluro dea C 2:1 2:1.ll 2:1.6 2:1 2:1 
A9lladon ol olch both. 
Hlohl ol peak. 20 1:1 20 18 20 20 
tllghl s.o. 2 2 2 2 1.:1 
Poak ro<llu• mm >1:t 12.:1 2.:1 0.3 1 

lci.EANING I I IMolhanol I I I Ink I 
!OTtlef\- - ·- H- ··-HH H-lroiioh ·---,~----i=--=i I T- - ---1 

lcoATING ---lM-;;dlo - =1M•<ll;- IModlo !Media IModla IM.;di;- . - - ) 

TEST 
en oladclrlcl 

1 cvclo 0.38 0.18 0.26 0.1:1 0.2-4 0.21 
IOOcvcloa 0.38 o.2 0.3:1 0,18 0.19 0.2:1 

1000 cvcloe 0.4'4 0,23 0.4:1 0.2:1 0.23 0.27 . 
1000 c;vc:IO. 0.:12 0.44 0.16 0.33 0.3 0.3 
CH dvnomlc lricl 

1 cvci. 0.48 0.28 0.34 0.23 0.3 0.26 
100 cvclo• • 0.48 0.36 0.1:1 0.24 0.2:1 0.31 

1000 cvclH o.:s6 0.:!7 0.:14 0.3:S 0.32 0.37 
4000 cvdoe 0.6 0.:16 0.:13 0."7 0.4 0.39 

>-i ,.. 
OJ 
r 
P1 

~ 

J 

w 



li:.>earnpl e 58 
-- I -
Printin9 method Offset Gravure 
Pad Material Teca Green 26 
lnl< _Rueb 1 Ol<K{b) · 
Pi9ment in lnl< Yes 
Drying Temperature 
Drying Time{hrs} 
DrY-ing Method oven 
Dor Spacing um -Dot Base Diam.um 
% of dots present 

--
ETC~I 

-
- -Mixture composition HF% 
H2S0'1% . -Nt·MF% 
Solvent 
%Solvent 

. Etch time min. 
Etch Teme. de~. c 
Agi~ated Etch bath 
Etch Peak Height nm 
Height S.D. -

65 
16 

30 
12 
74 

-
0.05 
0.05 

3 . 
25 

20.55 
0.51 

r-i w 
fij N 
r 
crJ 

()) 

' 



'rAnLE 9 

Printing melhod 011 sol Grovure · I 
Pod Malerlol Schmid Willie ge.4;120 
Ink Ruco t OKK{r} 
f>lgrnenl in Ink No 
~I em~erolure 60 
Dr ylng T ime(lir s} 

. 
t 

Oryliig Mclhod Oven 
.Qol S~c1cinc1 1nll 65 
~e Olnm.lllll 20 
% ol dols presenl ·---- 99 

Tl\Bl.E 10 

Example 59 60 61 62 6J 6't -nr.11 
---,.__ 

ldixlur e · composillon I If~ 0.07 0.06 117~04'~ 0.07 0.06 IHl4f'-
Solvenl Ht.IP 

!'JI.IP -~Solvenl 5 7 (lch lime min. I 
3 4 5 6 3 4 (lch T eme. deg. C 25.S 25.5 25.5 25.5 25.4 25.4 

(lch Pllok llei9hl nm 24.66 30.12 36.69 42.07 17.64 22.26 lleiuhl s O. 0.99 01.l_ 2.62 _1:2_ 1.36 1.57 P euk. Roul1~s llllll round 'P;.de poln mc1r o poln same 
ftdl 

65 66 67 

: 

0.07 
0.07 

NMP 
10 

5 6 . 3 
25.4 25.4 25.4 . 

25.66 30.31 19.U6 
1.79 1.3 1.12 

60 69 

4 5 
25.4 . 25.4 

H.22 29.53 
1.94 1.41 

'1.0 

Ii 
25.4 

.n 
J.89 

-

Ui w 

'} 



TABLE 11 
'rABLE 12 

PRIHTIHG 

Chom. S1t·1m~1lhen lhen Texture 
Pc11I M<1I trial Schmid White E: ... 

Gp,4 120dtom Eich Time r-v S.D. 
bllc Ruco I OKK {r) 3 19.2 2.72 
Ink Pignlenl Ho .. 25.4 1.6 
Or xlng T em(!erolure 80 5 29.4 l.9 
Orvino Time ' 6 H.8 0.7 
Or vi11C1 Mel hod oven 
Doi Sooclno tm 30 
Doi Bose Dlc1moler um \5 
~ dots present 99 
nc11am 

. lff% 0.05 
112504 ~- . 0.05 
tlll4f ~ -
Solvent ·-
Solvenl~" . -
flch T emn. dcc1C 26.S 

TAllLI!: 13 

Texture on UnCl\e1n. Slrengll~ened 

-··-· .... , .. _ ·-
l:tch Time P-V S.D. 

6 16.3 0.9 
8 21.3 0.9 

10 27.6 l.7 
12 30.4 3.5 

1'ABLE l '1 · 

Chem. strenqthen aller texture 
-.;.A-111.1.A-- .. 
(lch·Time P-V s.o. 

6 19.2 0.7 
8 21.2 1.9 

10 25.4 2.6 
t2 3 t.3 3.6 

w 
J:-
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CLAIMS: 

1. A process for producing a glass substrate ·for a thin 

film magnetic data storage disc, the process including the 

steps of:- . 

(a) providing a glass substrate; 

(b) printing a masking pattern onto at least a portion 

of the surface of the ~ubs~r~te; and 

(c) etching the unmasked surf ace of the substrate 

thereby to texture· the substrate surface. 

2. A. process according to claim 1 wherein the printing 

step (b) is carried out by pad printing~ 

3. A process according to claim 1 or claim 2 wherein the 

masking pattern is formed from a resinous ink. 

4. A process according to any one of claims l. to 3 wherein 

the masking pattern comprises a pattern of printed dots. 

5. A process according to claim 4 when appendant on claim 

3 further comprising the step of heating the ink masking 

pattern so as to render the printed dots circular in plan. 

6. A process according to claim 4 or claim 5 wherein the 

printed dots are 5 to 15 pm in diameter and have an average 

pitch between adjacent dots of from 5 to· 100 _pm. 

7. A process according to any foregoing claim wherein the 

textured surf ace of the substrate is roughened and composed 

of a regular array of peaks.separated by valleys. 

8. A process according to claim 7 wherein the· peaks have 

an average height of from 0.5 to 40 nm. 

9. A process according to claim 7 or claim 8 wherein the 

average peak width is from 5 to 30J1m. 
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10. A process according to any foregoing claim wherein the 
etching step is a wet or dry chemical etching step. 

11. A process according to claim 10 wherein the chemical 
etchant is an aqueous.solution of hydrogen fluoride. 

12. A process according to claim 10 or claim 11 wherein the 
etchant contains a solvent for the ink which acts during the 
etching step to increase the etching of the glass substrate 
beneath the edges of the printed ink. 

13. A process according to any foregoing claim wherein the 
textured surf ace extends over substantially the whole 
surface of the substrate. 

14. A process according to 

wherein the textured surf ace 

any one 

extends 

of claims 1 to 12 

over only a central 
part of the substrate which defines a landing zone for a 
read/write magnetic head. 

15. A process according to any foregoing claim wherein the 
surface roughening of the textured surf ace is varied to 
define a plurality of functional zones of the substrate, the 
zones including a landing zone and a read/write zone, each 
zone having the desired surface roughening. 

16. A glass substrate for a thin film magnetic data storage 
disc, the substrate having a ·roughened surface produced by 
preferential area etching, the roughened surface being 
composed of a regular pattern of peaks separated by valleys. 

17. A glass substrate according to claim 16 wherein the 
peaks are dot-shaped. 

18. A glass substrate according to claim 16 or claim 17 
wherein the peaks have an unetched surf ace and have been 
masked during an etching process to form the valleys. 

19. A glass substrate according to any one of claims 16 to 
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18 wherein the peaks have an average height of from O. 5 to 
40 nm. 

20. A glass substrate according to any one of claims 16 to 
19 wherein.the average peak width is from 5 to 30 Jlm. 

21. A glass substrate a<;::cording to any one of claims 16 to 
20 wherein the average pitch between adjacent peaks of the 
pattern is fro~ 5 to 100 pm. 

22. A glass substrate according to any one of claims 16 to 
21 wherein the regular pattern is rectangular or triangular. 

23. A glass substrate according to any one of claims 16 to 
21 wherein the regular pattern is circular. 

24. A glass substrate according to any one of claims 16 to 
23 wherein the roughened surface extends over substantially 

- the whole surf ace of the substrate. 

25. A glass substrate according to any one of claims 16 to 
23 wherein the roughened surf ace extends over only a central 
part of the substrate which defines a landing zone for a 
read/write magnetic head. 

26. A glass substrate according to any one of claims 16 to 
23 wherein the surface roughening of the roughened surf ace 
is varied to define a plurality of functional zones of the 
substrate, the zones including a landing zone and a 
read/write zone, each zone having the desired surface 
roughening. · 

27. A glass substrate whenever made by the process of any 
one of claims ·1 to 15. 

28. A thin film magnetic data storage disc incorporating a 
glass substrate according to any.one of claims 16 to 27. 


