.
SUBSTRATE FOR A MAGNETI C DI SC AND MANUFACTURE THERECF The prese gypntlon
relates to a substrate for a thin film nmagnetic data storag ¢S and
to a process for producing such a substrate. The substrate &Eﬁﬁ
conprise a glass disc, a netal disc or_ a%g_ass di sc having netal face
| ayers. Thin f|In1nagnet|c discs for storing data are known in which a
magneti c recordi ng nmedi um has been deposited onto a glass or netal
substrate. I n use, theSHBGARALIE HORCA MAGNEFISe®ISE a magnetic disc
drive unit which utilises a n N%FE%%%R g and. witing
i nformation fromand onto the ig%f rior%?g t he Fgading and witing
operation, the disc is stationary and the head is in contact with the
magneti c recording mediumon the disc. 1In the reading and witing

operation, the disc is driven to rotate at a predeternined speed relative
to the head whiThe ceFeiR hoVBUCRE4PRI FPlrErS |t\?e 3 SYRREERER. foThe RelR s

spaced a V&lim Sddndt sd antetd r oitd g ohibgd C 40T Or €l nga neplt oo e8d £8r
adapted to read jntornmafion fron1ang wite info ngflgn onto the ma netic
recor di ng BEQAUFARE BHEISR PEPSHILECE -on TR ﬁb}é’ rB&Hr §OTF Stedi uin
After thedgﬁ@@g ngizd wai tmegadpedidd¢orprt e gakatsi odiek thevdngc mstal
termnate head is permtted to return to the initial configuration
wherein tHE ﬂﬁ%?‘%ﬁﬁﬁacts the disc. This nethod of operating a
disc is knowmn in the art as a contact-start-stop (CSS) net hod. It is

known t hat suchxf-mgne;m %@%@Hfa%mésféyfg%r&hewam D188 in

"stiction" atic Triction which exists between the _head_and the
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glass or metal substrate. In use, the magnetic disc is
disposed in a magnetic disc ‘drive unit which utilises a
magnetic head for reading and 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 1is 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 recording medium and is
adépted 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 return to the 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. I+ 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 medium.



of witing operation. This stiction can cause wear of the head and of the
medi um and thus can reduce the life tinme of the nagnetic disc drive unit.
The tendency for stiction to occur increases with increasing snoot hness of
t he magnetic recordi ng medi um -2- The glass or '"netal substrate can
have such a snooth surface that the ovetlying nmagnetic recording nedium
whi ch has a correspondingly snooth surface is so snooth that the surface
area of the nediumactually contacting the static recording head is
sufficiently | Zhge ghesebyo haedrilct $Wrs pr dte ewadanhBEcersamimt er edhahith ng
use of th LXe | .1 LS e pLeaBtiLe | e, Of ri M It
and/or t hgurgrgé?éé atesyafjces%i}rﬂié bgg%ggg\%k? id[?él S k%omrt%rdoﬂnglﬁl - Amégggg()lw‘{?g‘f{'
provi de ahgbadss GRPEEFRPRILIRGLY SMOREHncIY%Laqh s&S \fa hSme@thi §datogineal |y
roughenedggukhage. arddieogur 96 € medy@hend Sy a 1 By adynvrd: ing chali calsStehi ng
of the glass surface either by a _gas containing hydrogen fluoride or by an
aqueous s&RGPTEANGoNRRRRi N SUf &Grlieﬁélgomo%){g‘ﬂ. wheighy sphsast iftdemoses

a method pgheblehmexdddi Be encoBgeetse dadicSag Sisécaie tgbasgrsdstygte in
whi ch prLgn to  surface rogﬁbening1 or "te ggéigg?.of the disc, this
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chem cal ehegeetiie msclasicedlbedolabeolieng step to renove mcrocracks or
scratches in the disc surface. However, we have found that the use of

chem cal etching of the disc surface has the .
It is known from US-A-4833001 to provide a glass

substrate for a magnetic disc with an isotropically
roughenad surface. The surface roughening is achieved by
chemical etching of the glass surface either by a c¢as
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 surface roughening or
"texturing® of the disc, this being achieved by chemical
etching, the glass surface 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 ekching of the disc surface has the
disédvantage that a fully isotropic micro-textured surface
can be difficult to achieve.

It is known to texture the surface of a metal substrate
by mechanically abrading the surface after an initial
polishing step. The abrasion is carried out either by an
abrasive tape or by lose abrasive material. However, we
have found the the usea of mechanical abrading of the disc
surface has the disadvantage that a fully isotropic
micro-textured surface can be difficult to achieve.

The present invention aims to provide a method of
producing a substrate for a thin f£ilm magnetic data storage
disc, the substrate having a textured or roughened surface,
which has advantages over these known processes.



di sadvantage that a fully isotropic micro-textured surface can be difficult
to achieve. It is known to texture the surface of a netal substrate by
nmechani cal |y abrading the surface after an initial polishing step. . The
abrasion is carried out either by an abrasive tape or by |ose abrasive

mat eri al . However, we have found the B3he use of nechani cal abrading of
the disc surface has the disadvantage that a fully isotropic

m cro-textured surface can be difficult to achieve. The present invention
ains to provi daccomtirgllyf pheduptegent subyvengtienf opraviden fd | provgestic
dat a storage. di ulst LN t ext . L.OU ned .surface,
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onto at | ekEts PPt taontAFSE e RAFERRRe of the subsecst ©bhythe srbskrate

printing pywcess bEreicChpakttiagl of Faddes maski REipAt LEBAR it ! FaReS e%g—‘d
froma printing plate to the %ubstgate by. an _offset. $rlgt|ng menber
and wher SRFRIGE (RAREFER 1Fr SHAPRESSER iTTe IR RF 115t Y hBLasef & the
printing nemyyrdte ink famgneffset ntpridbeisqk metiser anghd c)wiee cdibpg dhe
unmasked surf f S tr e t.o textuce_.th trate surface.
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member the ink fragments into the ink dots; and (c) etching

the unmasked surface of the substrate thereby to texturs the

substrate surface.

The present invention further provides a substrate for
a thin film magnetic data storage disc, the substrate having
a roughened surface composed of peaks separated by valleys
produced by preferential area etching, the peaks being
grouped into a plurality of substantially circular
sub—arrays with the sub-arrays forming a reqular pattern.

The substrate may comprise a glass disc, a metal disc,
or a glass disc carrying at least one metal surface layer.

Embodiments of the present invention will now be
described by way of example only, with reference to the
accompanying drawings, in which:-

FIG. 1 is a plan view of a glass disc to form a glass
substrate for 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 embodiment of the
present invention;

_ FIG. 3 is an enlarged cross-section on line A-A through
an ink dot and the substrate shown in Fig. 2;



a~thin filmnmagnetic data storage disc, the substrate having a roughened
surface conposed of peaks separated by valleys produced by preferenti al
area etching, the peaks being grouped into a plurality of
substantial ly circular sub-arrays with the sub-arrays form ng a regul ar
pattern. The substrate may conprise a _glsass disc, a nmetal disc, or a glass
disc carrying at |east one netal surface |ayer. Enbodi nents of the present
i nvention will now be described by way of exanple only, with reference to

the acconpanyi ngrelr aweangse 4@ WLChserdt& skhlemad iRlaan i W Qfg @ asgedi sc
to forma glass substr athin filmnmagnetic data storage disc in

ate for
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schemati c Wtdﬁ/@i@ﬁw pfatiddes surface of the glass substrate of Fig. 1
dwth an_ in tern in accordance with an

whi ch has do at
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line A-A tlhlrougﬂ"EGm 4 dhaled anfulbe Stdhghemted shondot Fabtedn; -4- FIG
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Figs. 2 and 3 after an et chi n% step in
FIG. is an larged cross-section on line B-3 through

an ink dot and the underlying glass surface of the etched
substrate shown in Fig. 7; and '

FIG. 9 1is a schematic perspective view of the glass
substrate shown in Figs. 7 and 8 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 storage disc in accordance
with an embodiment of the present invention. The glass disc
2 is typically composed of a, soda lime silicate float glass
but, 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
alkali-aluminosilicate glass, an _alkali-free glass; an
air-cooled or 1ligquid-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 sioz 70.5-73.0
wt%, A1203 0.5-2.0 wt%, Cao 7.5-10.0%, Fe203
0.05-0.15 wt%, MgO 3.5-5.35 wt%, Nazo 12.5-15.0 wt%, K,0

_ 2
0.05-0.5 wt%.



accordance with the enbodi nent of the present invention; FIG 8 is an

enl arged cross-section on line B-B through an ink dot and the underlying

gl ass surface of the etched substrate shown in Fig. 7; and FIG 9 is a
schemati c perspective view of the glass substrate shown in Figs. 7 and 8
after renoval of the printed ink dot paftern. Referring to Fig. 1, there is
shown a glass disc 2 having a central circular hole 4 to forma gl ass
substrate for a thin film maggetic dat a st,oragg di sc _.in accordance with an

enbodi nent of The prdddtl i ROLAEREH, PHETGSEssEERSe Fhiak ( §pfc 352 Kdhhosed
of a, sodaibike giddcatest] onfoptadsy bhes al tarmBdceekyughhesgl asseedigs 2

may be conposed of. a _sheet. gl ass, Th | ass disc may_be. nposed. of
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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 S0 microns. The
polishing step also smooths out the surfaces 6,8 of the
glass disc 2. Typically, the polished -surfaces have a -
surface roughness average of 0.5 to 1 nm, more particularly

from 0.5 to 0.8 nm.

The average surface roughness parameter «can be
determined from measurement of the surface of the glass, for
example, by means of an optical or stylus profilometer such
as that made by Wyko Inc. of Arizona, U.S.A. and sold under
model No. TOPO-3D or the Talystep profilometer made and sold
by Rank Taylor Hobson of [Leicester, England. Such
profilometers can measure the profile of the surface of the
substrate, the surface of which is composed of a series of
peaks and valleys. The surface 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 surface roughness average {(which has also been
referred to in the art as the arithmetic average or the
center 1line average), 1is 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



The initial polished, blem sh free, flat and parallel float glass disc
typically has a surface roughness average (as hereinafter described) of 0.5
to 1-Onm Initially, the glass is polished, for exanple by a mechani cal

or chem cal polishing process, in order to renove surface danmage fromthe
opposed disc surfaces 6,8 which are ul~tiémately to carry the nmagnetic
recordi ng mnedium The polishing process renpbves the outer glass
surface because it is that surface which tends to have defects such as

ni crocr ack RS eRE t RIIFTSMCHhe BADURE ot l9RF erFAR WRPBR i dipenpvedhe
during therfodnsdeNgavetegedependsdrtiike 1lynid isdabiegpeeametersynfacs
damage and al so on the initial thickness of the glass disc 2. A typical
t hi ckness %% he er \GPASSAhite WHSh F§u93ﬁ8§§d ofRfpol FERARG<¥Be
bet }Neen 1oszambf6@sm crams. roudhee pol hsbirlagesltilsso als«ri: Sélmqlt tsohogmgua?ent
surfaces 6,8 0 1 disc. 2, Typicall) the polished surfaces
have a su#‘?ta%eké%g%ﬁé]gés’gﬂa%&éég‘gﬁ st ?%gait%?ﬁl' nore particularly from
0.5 to 0.8 nm The aver age surface roughness par amet er can b
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means of an optical “or stylus profilonmeter such as
of Arizon®IUs®A. BFE ST udder doterised RaIemBDasE t heemaltpns eplass

profil ometessdragle; angl 564 didyaiRapK nileyb@en dobson of Leicester,
Engl and. Such profilometers can neasure the profile of the surface of
t he substrate, the surface of which is conposed of a series of peaks and
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| i ne which_biggcts_ kivall ey, praofil ch.that .over. any given. Cross
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of 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 disc. However, the chemical strengthening operation
could alternatively be carried out after the printing and
etching steps. The glass disc is cleaned after the chémical
strengthening 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
of ink onto each glass surface 6,8 (simultaneously or
successively) of the disc 2. In this sﬁecificatidn the term
"printing” is intended to refer to an offset printing
process in which ink is printed onto the substrate surface
by being transferred from a printing plate to a substrate by
an offset printing member; the printing process may be a
gravure printing process, for exzample an offset gravure
process such as pad printing or a 1lithographic printing
process such as offset 1lithography. The term “printing*
does not encompass photolithographic techniques.

In the 1illustrated embodiment, the pattera 10 is
composed of ink dots 12. As is described in greater detail
hereinbelow, each ink dot 12 comprises part of a sub-array
14 of ink dots 12, each dot 12 of the sub-array having been



the valleys below that line, with both areas being a m ninum The surface
roughness average (which has also been referred to in the art as the
arithnetic average or the center line average), is the arithnetic average
of the distance of the roughness profid g f+omthe nean |ine over a given
assessnent length of the nean line or for a given nunber of assessnent
points along the nean |Iine. The roughness average is statistically a

stabl e parfommed bid §ragmeatation ofr eprbsege s ngnk tdmopleougbigstal 1 pf
randomty S aGESintidde g1IHghn .qver IS asy. to inpl epgent
R SEhE AR ntidge & Sariay Tﬁggpﬁsﬁli%%%l %gqegst‘hengg?ganed

into known profiloneter instrunmentation.
by washi ng 5Aake ant RRAESuLPdendederhhea st tRibri Eesunbtee hedsibenitbe gl ass

disc 2 is Qe | §F akhaQleli WoREGEN LS s LI EEADL Yy ol L-ass . di $¢.
chem cally strengthened. It is pref erre'e:c.i thall?ft e %ﬁe%ggglrggﬁ' engﬁcﬂn&es?liﬁg
oper at i on,CHAFLHT sSWBTRERABWP DetniEedebsSt heé FHATOMAGIEG ithe Heentre ¢&
carri ed owhet otdﬁgs;r?ﬂagdrdplﬁst.bef ane pékﬂ@iﬂ@lalrldar6%a§éi:ngrn9§ ltm%é“ sg-
However, the chem calk s gtheni operation cou alternatjvely be
carried oékaé‘ﬁmeérgt & pé’iroﬁ{?i %g t%nggset%ﬁf:ﬁﬁn& eﬁ’?.raTh%r%%aﬁibiﬁ’sé i% cl®aned
after the mluatnsal agdr ehgehesiepstap mmayt heasaneanadbenedescripeicabpye in
whi ch the i | lceaned after. ol i shi t.ep. ferring. to Fig.
2, the cl e%rﬁ%}% a?sql.OI | S%SZ :&g tﬁéneng)lrc%grhenesg' i nagjp%%r?ﬁ'el ’degﬁ?i pegitdinal

her ei nbel dFRkET abpagker #P10°Bf frpgments dath fzwe 20r fweS6, Ssmaller

(simul tangouslyoes. sueaesEwelydrfs  BErAl $Re-ind Nabhi $a3RQGT I1GAL 1 o), the
term Figure 2, as in Figures 3 to 7, the vertical extent of the
printed dots 12, and the resultant surface of the glass disc
2, are greatly exaggerated with respect of the horizontal
extent (typically by a factor of 100 to 1000 to 1) for the
sake of clarity of illustration. As will be seen with
reference to Fig. 2, in the preferred embodiments the ink
dot pattern 10 is printed in a regular array of sub-arrays
14 which may either be an orthogonal array, which is
preferably a square array, or a non-orthogonal array, which
may be a triangular ai‘ray. Altérnatively, the pattern 10
may be circular with the sub-arrays 14 being formed either
in concentric circles or in radial lines. A trianqular
pattern can provide a high density array of ink dots. The
ink dot pattern 10 is determined by the original pattern on
the printing plate. For clarity of illustration, in Figures
2, 4, 5 and 7 only some of the dots, and resultant peaks of

each sub—-array are shown.

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 sub-arrays 14 ranges
from 5 to 100 microns, with a typical value being from 15 to
65 microns. The pitch between the adjacent sub-arrays 14 is
the distance between the centres of the adjacent sub-arrays
14, The pitch between adjacent ink dots 12 in each
sub-array 14 is preferably from 0.5 to 3. microns. When the



"printing” is intended to refer to an offset printing process in which ink
Is printed onto the substrate surface by being transferred froma printing
plate to a substrate by an offset printing nenber; the printing process may
be a gravure printing process, for. gxanple an offset gravure process
such as pad printing or a lithographic printing process such as offset
| it hography. The term "printing" does not enconpass photolithographic
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greatly exaggerated with respect of the horizontal
A variety of offset printing processas may be employed,
such as gravure 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 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 matches the pattern o0f sub-arrays 14 which
is required to be printed. <The pits may typically have an
average diameter of around 17 microns, although the pits may
preferably range from around 5 to 25 microns in average
diameter. The pits 42 are filled with ink 44 using, for
example, a doctor blade 46, so as to form an ink droplet
pattern corresponding to the array of etched pits 42. The
droplets preferably have an average pitch of from 15 to 65
microns and an average diameter of from 5 to 25 microns,
tyoically around 17 microns. The volume of the pits defines
the droplet volume which in turn determines the overall size
of the fragmented ink dots. The smaller the pit volume, the
smaller the area of each sub-array of printed dots. Then
the ink droplets 44 are allowed to dry by a controlled
amount so as to render the ink tacky. As shown in Figure
4b, a pad 43 1is pressed against the pattern of ink droplets
44 on the printing plate 40. The ink droplets 44 adhere
preferentially to the pad 48 so that, when the pad 48 is
removed from the plate 40, the ink remains adhered to the
pad 48 and is removed from the plate 40.



extent (typically by a factor of 100 to 1000 to 1) for the sake of «clarity
of illustration. As will be seen wth reference to Fig. 2, in the
preferred enbodi nents the ink dot pattern 10 is printed in a regular array
of sub-arrays 14 which nmay either be angort hogonal array, which is
preferably a square array, or a non-orthogonal array, which may be a
triangul ar array. Alternatively, the pattern 10 may be circular with the
sub-arrays 14 Imengifloramdl ehehewtieriadonderitnd cpadi 48| ese meldataddial
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typical  Jjapisle REITateiNeerhel paddyg SisMeaeANTemovE® depositing
dots 12 in the desired pattern on the substrate 2.

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 1it. The screen 1is
placed in contact with a photoresist layer coated on a metal
plate, which may be of the type sold ﬁnder 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 1large dot sizes are required,
an acetate screen and a multipoint UV source are preferably
used and when smaller dot sizes are required, the dots are
preferably formed using a glass photbmask and a single point
UV source, which can produce better defined dots.

The photoresist layer 1is then developed by a known
process so as to leave an array of pits in the resist
layer. The photoresist 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 photoresist layer. In
this embodiment, the photoresist layer is removed completely
after ekching of the pits 42 into the metal layer. This
leaves a much more durable printing plate.



thi ckness of the ink dots 12 in the vertical direction is not particularly

critical. The thickness is controlled so that the ink dot is of
suff|C|ent thickness so as to act as a mask during a subsequent
etching process which is described hereinafter. Typically, the ink

dots 12 are around a few mcrons thick, for exanple up to about 10

m crons thick, nore preferably fromZ.51t0 10 microns thick. A variety of
of fset printing processes nay be enployed such as gravure or I|thography
However, a pref i h f AkN t he
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surface thereof narray o which matches the pattern of sub-arrays
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the area each sub-array of printed dots. Then the ink droplets 44 are
allowed to dry by a controlled anobunt so as to render the ink tacky. As

shown in Fi gurerdd, paipadng8 ik priessedisgaimpiioytede jat b8ra dfypenksidrapl et s
is suitable for application to glass. The printing ink
should be resistant to the selected etchant in the etching
step but be cleanly removable £rom the glass surface

subsequent to the etching step. The 1ink 1is 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
possé;ses a surface tension which enables extre@ely fine
dots 12 to be printed 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 Eppstein,
Germany under the designation RUCO 10-XKX, a particular ink
being RUCO 10-KK Code LVB 18830, having red dye but no
particulate pigment - and having a viscésity of 80 Poise.
Another suitable resinous ink is sold in commerce by Marabu
Werke GmbHE & Co. of Tamm, Germany under the trade name

MARABU GL. However other similar resinous inks may be
employed. Such a resinous ink may be removed from the glass
surface after the etching step by a solvent. Suitable

solvents are butanone (ethyl methyl ketone), MN-methyl-2-
pyrrolidone, cyclohexanone, acetone, methanol/methylene
chloride, or 1,1,2 trichloroethylene.



44 on the printing plate 40. The ink droplets 44 adhere preferentially to
the pad 48 so that, when the pad 48 is renoved fromthe plate 40, the ink
remai ns adhered to the pad 48 and is renoved fromthe plate 40. -9- The
ink and the material of the pad 48 are selected so that the ink is unable
to wet the pad evenly as a result of th&lconbination of relatively |ow
viscosity of the ink and limted wettability of the pad. Accordingly,
under the effect of surface_tension, each ink dé?plet 44 fragnments or

breaks up on t H¥ sGRIPE Sof Ofhe? BATE Rt & Hf oHPECHF SARI 179 iome levesd son
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trade nane iH-\leo | ate",sold by t.he. firm Teca-Print ,
Engl and. ¢ t"p‘ﬁot BrFEL st i s SEHERPHosEI 1% 4 s§QFce BFmRle  to  a
photoresist/thinner ratio of around 1:30.

If desired, the adhesion of the ink onto the glass can
be controlled by the incorporation inte 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 being suitable £for bonding to
glass. Such inks are two-part inks, one part of the ink
being the non-hardened resinous ink and the other part being
the hardener. In the case of RUCO 10-KX 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 koo strong and so a
smaller amount or even no hardener is added to the ink.
Alternatively, a single component ink may be employed. The
ink may be heated on the substrate in order to increase the
resistance of the ink to the etching solution. The heating
is controlled so as to provide sufficient etch resistance
but without increasing the bonding between the ink and the
substrate so much that the ink cannot be removed from the
substrate by a solvent following the etching step. The ink
may be baked or cured for example by heating using a fan
oven, microwave oven or any other means of treating the



ultraviolet radiation. Wen |arge dot sizes are required, an acetate
screen and a nmultipoint UV source are preferably used and when snal |l er dot
Ssizes are required, the dots are preferably forned using a gl ass phot onask
and a single point UV source, which can produce better defined dots. The
photoresi st |layer is then devel oped by 12 khown process so as to | eave an
array of pits in the resist |ayer. The photoresist |ayer can
constitute the wupper surface of printing plate 40 shown in Figure
4a, or alseepias veidkh t elqnizonpgneticde wmdirtionfiwitiylea hrbugh i o
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ink may alternatively be removed from the glass after
ektching by heating the disk in air, for example for a period
of at least 40 minutes at a temperature of around 430°%C.

The 1ink vwviscosity which influences the degree of
fragmentation 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 ink may vary from 20
to 40 seconds, more typically from 24 to 31 seconds, at
21°Cc as measured using a Flow Cup, No.3, measurement
method in accordance with BS 33%00/ISO 2431. The ink/thinner
ratios are selected to achieve such ink viscosities, the
viscosity range of 24 to 31 seconds specified above broadly
corresponding to an ink/thinner volume ratio of from 1:5 to
1:20 when RUCO inks and thinners are employed. The
viscosity of the particular ink employed is varied for the
selected ink and the selected pad material so as to ensure
the desired degree of fragmentation of the ink when it is
transferred ontoc the pad surface. Using an ink/thinner
volume ratio of from 1:5 to 1:20 as specified above, it is
possible that the ink dots are only partially £fragmented
i.e. some large bodies o¢f ink remain which are not
fragmented into the desired smaller dots. A partially
fragmented ink dot pattern is shown in Figure 5 and a fully
fragmented ink dot pattern 1is shown in Figure &. The
improved pattern illustrated in Figure 6 may more reliably



shoul d be resistant to the selected etchant in the etching step but be
cleanly renovable fromthe glass surface subsequent to the etching

st ep. The ink is preferably particulate-free but the ink may

i ncorporate non-particul ate col ouri ng- 1agents. However, t he I nk

may for sone applications contain a fine particulate pignment. The ink
possesses a surface tension which enables extremely fine dots 12 to be
printed di eheainedfB¥e upingt hek/ghimsesypsivaeeratipsefad abtym Lhes ink

is a resiqiousigenk eA i t @bt g1 pagthguliabe- f‘rd?el' @5 ' €
non- hardened ink of QOr ou% of Jnksipsol d b AM Ra Sc&%—l é#'g%gps?el n,
Ger nany urkd& at | S RUBES Y- Kt ’a 1|:)$a3r5‘t*t~cul a¥n| NkEBR| ngP R 0- KK

Code LVB L&&%tﬂwl Ngaredogye Pkt aOr el inklcaianep grenumeandzhayi nPs a

vi scosity of ot her table resi ous, ink_is.sold. in comerce
by Marabu 3 ke @1@-‘"% &048 A E; VITHE 3 raiRCoSHEY MRAEU

G. Howesesronds heand si #i0l arsecasisioust | m'lesnosay obe Enpboyeedm SUEhd(ji
resinous i R T e hg<9Lassnuas f et chi
DS vent l}‘e% ﬂe%%ﬁ%& Gs %xg £havld w%’da(}e‘r b h(?:i.sc?]%?

step by e sol ven are SBUt anone
ket one), Mmm‘-“ 2usppgr of r@8kegorYcyisifoxafondest abeowne to those

net hanol / n@tshvleena £higy igle; . or 1, 1,2 trichl oroet hyl ene. An exanpl e of
anot her ink which can be errpl oyed in accordance with the present invention

is an al kali renovable acid etch resist ink, e.g. a photoresist,
which is manufmas sl b9 SempedlseS @URJddTialay afhdguglan e dndl Henol d

under the éraandn rﬁ%.ta%qge padghae[re'nal%a labIS=O|d commerce from
Teca—Prlnt UK mentioned above, the company F. Schmid of
Cormoret, Switzerland, Tampogrephics of Rushden, Northants,
UK or Tampo Supplies of Teddington, Middx, UK. The pad has
the property of being relatively deformable and so is able
to contact all the ink droplets 44 in the holes of the
printing plate 40. In the printing machine, such as that
available in commerce from Teca-Print UK referred to
hereinabove, the pad 48 is carefully brought into contact
with the array of ink droplets 44. The pz:'inting machine is
adjusted so as to apply the pad over the required surface of
the printing plate and at the right pressure enabling it to
pick up the whole array of ink droplets. The silicone
rubkber material of the pad, when used with the low viscosity
ink is not fully wettable because of the nature of the pad
material and this causes the droplets of ink te fragment as
described above under the effect of surface tension in the
ink surface. The pad 48 is then brought by the machine into
contact with the glass disc substrate and the droplets are
deposited onto the glass disc substrate in the defined
array. Each sub array of droplets formed from each drop
associated with each pit preferably has a diameter of around
35 to 40 microns, which sub-array has bheen formed as a
result of ink fragmentation.

The present inventors have found that the pad printing
process illustrated in Figures 4a to 4e does not always put



commercially as a high definition screen ink for use in the production of
printed circuit boards. The ink is generally used in conbination wth
a_ thixotropic reducer for maintaining detailed printing. The
photoresist may be diluted with a suitable t hi nner, for exanple
to a photoresist/thinner ratio of areuhdl 4:30. If desired, the adhesion of
the ink onto the glass can be controlled by the incorporation into the ink,
or prior treatnent of the ?Iass with a silane conpound. Thi s

i nproves t#ef BERESRBRY hetWEEHIRFe fAkSanelt hinlyl adewnAl eakaat khel yglehe ink

may be bO“@'@E’s@Eé@étlVeé‘drtoekéﬁﬁ%asst@éf | st ydi g ai RRT dgRr hRyLhe,fnk
m x. Certain, inks are known in the art as belng suitable for bon |ng to

gl ass. SikhPFHRRL ar 85t WO ST Sk s POE LRSI (FRAF HKUBRF QR t he The

non- har dengtle § €5t NQusehRlsrancthdhe Hbhed past hRirkg ¢hechasdemy: snhpethe

case of RUCO KK |nk | nt above the hardener 37172 (al.so spld by
AM Ranp & €% éﬁ) frfgd%%ﬁr ePEFARFDY i M SRfthfL %ogtn 1300k bye

wei ght of p&etimklatén met&anal apml|m@&@cn@xef@h@nﬁ@greﬁaofpbeaﬂ¢@gage
bet ween th and o] d smal_l er _.ampunt or
FafhEPeL SR SRR b RREEER SR AL BT colbanonint |k

even no hardener s a térna ng
may be enpkbyed. umﬁeQQﬂ@Qﬁﬁgbéthéatéé G@Qﬁﬂ#@iﬁ%@?%&% PA drtverptbnted

i ncrease thewr esdsd ange Qfalts@%l | Aok t@@oé‘t Chiche SQEEEHQBIJE%OWH@ s

controlled so as to provide sufficient etch resistance but wt
i ncr easi ng*#hetBEHBTNG B@ﬁm&ﬁ?%ﬁu§qgﬂPE&ﬂF%qﬁa%ﬁﬁ%trSP%n56hﬁu&WKrﬁﬂt$he
i nk cannothdéeomenmyed ftoamiede Slmst:rsatbaemvaecso&wwtdﬁﬁiﬂz@%m hdecpighi ng

oD T hab e YEolls LB FEbaFIPTRASLRY sl T el "2 el
tension forces are strong enoggh to cause the ink dot to
consclidate and become significantly more circular in plan.
This rounding effect has been seen using the ink Ruco 10 KX
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 conseguently readily spherodises
so as to become rounder on heating.

The rounding ©f the printing dots_provides a technical
advantage in the final 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 1in 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 array 10 of printed ink dots 12 are
etched to a controlled depth in order to roughen or texture
the surface of the glass substrate 2 to the desired
roughness without substantially changing the overall
flatness of the disc. The etching is carried out either by



-~ 12 - sanmples with el ectromagnetic radiation suitable for the

curing/ baking of printing inks, in order to inprove the etch resistance.
Wen a RUCO 10-KK ink is enployed, the ink tends not to be conpletely
renovabl e by organic solvents after baking. If the RUCO 10-KK ink

iIs heated to a tenperature of from-120 #0 140 C for a period of around 1
hour, a small anpbunt of resin cross-I|nking occurs and sone of the ink can
be renoved by an organic sol vent, but at higher baki ng t enper at ures
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than 5 nm are difficult to distinquish against the
background surface.

Figs. 7 and 8 show the glass substrate 2 after the
etching step.

It has been found that when the ink dots are printed
with inks which have been significantly diluted by the
addition of ink thinners as described hereinabove, it is
possible that a thin layer of less than about 1 micron in
thickness of etch resistant material <c¢an be deposited
between the ink dots. That thin 1layer consists of ink
deposits and silicone oils which have been released from the
pad surface during the printing step. The etch resistant
properties of the thin layer can increase following baking
of the ink at temperatures of £from 140 to 166°Cc and the
existence of the thin layer can act to delay the onset of
etching of the fragmented dot  £features. This is
disadvantageous because it leads to non-uniform etch heights
being produced in the resultant glass surface.

In order to overcome this technical problem, it has
been found that ink dots baked at a temperature of from 140
to 160°C can be pre-treated before the etching step. The
pre-treatment consists of subjecting the ink dots/glass
surfaces to be etched to a 5% by volume sodium hydroxide
solution for a period of from 4 to 10 minutes. This acts to



selected ink and the selected pad material so as to ensure the desired
degree of fragnentation of the ink when it is transferred onto the pad
surface. Using an ink/thinner volunme ratio of from1l:5 to 1:20 as
specified above, it is possible that the ink dots are only partially
fragmented i.e. sone large bodies-afs <nk remain which are not
fragnented into the desired snaller dots. A partially fragnented
i nk dot pattern is shown in Figure 5 and a fully fragnented ink dot
pattern irgmo¥BOVthe i BRtCHI gne‘eisﬁant Ty empbebreepattther ninkl ds:ltrsat eshu’ n
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1: 40, theetﬁlnn I'n aving a viscosity of 66 seconds and 60 seconds
at ratios of 1 30 and 1:40 respectively as neasured using the Gstwald
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is able tﬁromnth@tl did €hd ivieid derdﬁewstm gion NHyF hepaseptrahéon about
ten times that of the HF concentration, a particularly
preferred etchant concentration being from 0.02 to 0.04 vol%
HF and around 0.2 vol% NH4F. The etch depth can be
controlled depending on the selectad etch temperature, etch
time and etchant concentration. The fragmented ink dots
formed by the invention are relatively shallow in height and
this can lead to difficulties in achieving uniform etching
because the etchant can penetrate through the thin ink
dots. It has been found that the use of a hydrogen fluoride
solution buffered with ammonium f£fluoride reliably achieves
uniform feature heights in the range 153 to 20 nm, which
cannot be achieved with hydrogen fluoride alone or hydrogen
fluoride in admixture with a mineral acid such as sulphuric
acid. It is believed that that etchant achieves uniform
feature heights because the diffusion of etchant through the
jnk has been retarded by the presence of ammonium ions. The
etch temperature 1is preferably from 17 to 30°C. The etch
rate varies linearly with temperature, a typical temperature
coefficient being 0.3 nm/°C. 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. 7 and
8 that the unmasked surface of the glass substrate 2 is
" etched to provide an array 14 of glass peaks 16 on the glass
surface, the distribution of the 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



printing plate 40. |In the printing machine, such as that available in
commerce from Teca-Print UK referred to hereinabove, the pad 48 is
carefully brought into contact with the array of ink droplets 44. The
printing machine is adjusted so as to apply the pad over the required
surface of the printing plate and at thk7rtght pressure enabling it to pick
up the whol e array of ink droplets. The silicone rubber material of

t he pad, when use h t he MIVISCOSIty ink is not fully wettable because
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f ragment atsuwrs t ke pféQ@ntt‘ia"lv%m@mst haodutdand andat Weﬁmpad v\p'rﬁmt vafer
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sufficiently circul ar dots of 1nk down gnto t ?éss su strate
exanpl e, SHEERRL oFRe| RkChnEFORaFe lsarF%"r‘-l 1%; S®r asot‘\'rférwr@'éme

non-circuligf tReNfhegwlatanmn. subghewéeaeet:agevw shéayRe§0WEd 4ha

circul ar dot n%(?ages cg.?lebe obt ai ng i f the pr| nting i Ig conthaléms onI |ne

particul at Fal BG5S of or BBRY MFLIANS Ut affS etched surface

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

with the array 10 of printed ink dots 12, the glass peaks 1§
are typically around 1 to 5 microns in base diameter and
have a pitch which i; typically from 15 to 65 microns. The
surface roughness of the etched glass substrate 2 can be
measured using the op’tical profilometer referred to
hereinabove.

We have found that by using the masked etching process,
particularly by using liquid chemical etchants, the etching
of the glass substrate 2 occurs underneath the peripheral
edge 20 of the ink dots 12 leading &0 a detachment of the
peripheral edge 20 of the ink dot 12 from the etched glass
substrate 2. This is shown in Figure 8. It is believed
that this phenomenon occurs because detachment of the ink
dot 12 proceeds at a faster rate in a horizontal direction
than the rate at which the glass is etched. Thus, in the
final etched microstructure, the ink dots 12 tend partly to
be adhered to the glass substrate 2 by their central portiocn
24. This provides the advantage that the glass peaks 16 on
the glass substrate surface are relatively narrow and thus
have a good profile for avoiding the stiction phenomenon
refaerred 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 reqular array of very fine



mat eri al . The present inventors have further found that after the
printing step, if the tenperature of the printed ink dots is raised
above 80[err]C, nore particularly during the drying stage after the
printing step, then the ink dots becone nore rounded. It is believed that
during the heating step, the ink beconess sufficiently fluid so that the
surface tension forces are strong enough to cause the ink dot to

consol i date and becone significantly nore circular in plan. This rounding
ef fect hasurdacesep@dksi Ml ide FAR RUEY Id® KRbeefd@siked orapgheninghiasr i nk

cont ai ns: NQ RAiigUl equRirgENtoandnbsidses Wiioute A Mandenieic | tads,
believed that without a pignent, it is possible for the ink to becone nore

mobi | e at SEofid@fer HSfpersd urk® afPRIGHSu eI Yte afNGP WHIRF I sendie as
t o becone grqwiden Prdtdaidsng. The rounding of the printing dots provides a
techni cal advantage in the final printed glass substrate. This is
because when the dots are note circular in plan in the printed structure
then the dots wHdn etitte t oegching nektepunidmployseri @s dfquesdt urettbipaeks in

t he gl ass substrate, Thi I_Qni.f |y b SE L] be I st ency, of
the flyi ngs"gﬁaﬁ’ﬁ%t e“r‘?;%rt %%s%%f%sf%ﬁ% r%e#gﬁ% cyjd%g]?:a h%ggﬂa ol V%%Bg‘gstteﬁg to
printing opeduatd othet Adhgsdsn Rbsthrat dnk Gt hbp s egledst G ulis tatadts ng

process inMhiLh the SpeffsReFPIIANS 8k theK0lRYS 3uB8ihat ecd WHHIhQE not
directly covered by the maski ng array 10 or{i‘pr inted ink. ogls 12 are etched
to a cont rlcﬁtlﬁdﬂde%ﬁcﬂ"‘i‘?ﬁ o HeFBBo ILGIGh AT T3hG LR ECYHE tEEr fRR5PUSICY t he

glass subgirahe portdonthef  dewi retassugiuasraten hlasked Bubshantimd |y

changing odd® TRI€"fllal! BeRReth1! 1% Ul cedlfr AIFNLRIChE RHLSL O
by rounding of the upper surface 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 wvolume. The solvent also reduced the variation
in the etched peak heights. The solvent may alternatively

be butanone (Ethyl Methyl Ketone).

After the etching 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 illustrated in Fig.
9.

Although an acceptable texturs 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 additiomally to incorporate a further
post etch treatment of the glass surface so as further to
modify the texture of the surface. For example, the etched
surface 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



chem cal etching, for exanple by the use of wet chem cal etching,
typically by using aqueous sol utions of hydrogen fluoride, amonium
bifluoride or fluorosilicic acid, each optionally with an addition of

sul phuric acid; or by reactive ion plasma etching. The etching step may
utilise agitation of the liquid etchantygfor exanple, by ultrasonic
vibration, in order to accelerate the etching of the glass. The etching is
preferably carried out so that a feature height of 15 to 20 nmis achieved.
Feat ure hefuygtmemftd essobhan the owaksares théf&ex&mratodedéaHEHQUBﬁhthe

agai nst the d rf g . the s subsirate 2
after the eet%“ﬁ?trc]%&% ep. f%l hgggbeEg ?%ﬁﬁég? ?\%ﬁ l:the | dof% argeing
printed wintdnufdatunsdh ha¥buBeerkhs grmdn caakwladl utied byhe heamddi #idh of

i nk thi nnegf, A% {GRSCT b@ﬁagerekﬂabovgreb% 'ts P%ﬁ&l@iézﬁat Frd Pl dad aye%aof

| ess t han ‘@bout 1 m cron 1 n_thicknes resistant ~naterr al
be deposidoEP ARSIV he SGheMot sfor Tmnufiaﬁtrwuaq/er a coddiasss @discink

deposits afiths¥ddtednm0id &nglﬂ%a@@l@a&ies@ww edpnseds{radn theeppd surface
during the printing step. e etch resistant properties of the thin |ayer

can increase follow ng baking of the ink at tenperatures of from 140 to 160
0C and t he exi nacefarddie tdo nhkeagénabameactiho ded:aydéheaorwethOftae

et chi ng 0 n t .

di sadvant ag%e()st?sné;elc%‘ﬁés% | gs g?. gtsﬁor‘?L 1%% gﬁnsn% A ﬂ!ﬁ h}?% %ké?rﬂlgcﬁjr]dﬂuced
in the resinengthgnsd. surﬁ'é@e ahengcgdr ts)-rtﬁramr@mu sstephnimzat be

problem id;8%4 out either before or after the texturing process of
the present invention. Thus when the chemical strengthening
step 1is 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.

In accordance with the present invention, either the
whole area of the substrate or only selected portions of the
area may be textured as aforesaid. Alternatively, the whole
disc may be textured but with different areas textured in
different ways. Thus the invention may employ limited aresa
texturing for the manufacture of substrates suiktable for.
so-called “contact recording® thin £film magnetic data
storage discs having a superfine polished surface over the
majority of the disc surface. For the manufacture of such
discs, the present invention can be employed to texture an
annulus, typically 8mm 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. '



pbeen found that ink dots baked at a tenperature of from 140 to 160C can be
pre-treated before the etching step. The pre-treatnent consists of

subj ecting the ink dots/glass surfaces to be etched to a 5% by vol une

sodi um hydroxi de solution for a period of from4 to 10 minutes. This acts
to renove the etch resistant |ayer- B ween the ink dots, but without
removal of the fragmented ink dots thenmselves. This provi des t he advant age
that any delay _in the gnset of etching is elimpnated. Referring to Figs.

7 and 8, inThen@arkings ot dPEiihdidiehtcan Hie (RAREKEY e Reintinde

gl ass subsin@t geténhag b@m@whed«m aaramwm&ohukk@ﬁgofodﬂy@hegecfhta
soLutl ntal ns, from

fluoride and ammoni um fk%ﬁ‘l caIIy a61£§

0.01 to 0SFAF§9%HE™W P e[e??‘f C nFregt t fle Ot KRk Zof

t he HF con@dninetaign, fmxpathecujwtrd'y piref efr eﬂzeet&dnmmlusomerat reddsedei ng
from 0. 02 0.04 % oun \Y F e__etch, depth
can be cgi?t%r o?illér&gp%penlf ng on t h gré‘ cté&d }é&% 'Itge 5 St u %scetcgmt

and et chamtchndgueenraviiges El'hegerftrleﬁgnmw?@d tionk adoterfsdrardd the itghe

| nvent i on Arg J46f g\% 8 VEhYcANAHOW b Aa ApE 0L 8Bdat Riss, capfeadafg,gn

di ffICU|tIeS in achieving uniform etching because the efthant "can pene rate
through tR@amin i nFb&ot smalilesiys dadeh PSundnknafaBhediice ok Ty dheddren

fluoride $Qliynitan bufdfeerdsk i hbyammwmééww&f ehicabl¥, a(i:h-ll MP form
f eature hei %hts in the range 15 to 20 nm_which cannagt be achi eve

hydr ogen fA%é¥iSde &C8TE driogth falrlfc?‘rysde"lrn SQRSHRE S tcl‘?né‘er?icﬁé-tcal

aci d such rdsigsul pflvé surface roughening 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 2zone having the desired surface
roughening, with optionally there being a graded ramp of
roughening between adjacent zones.

Another form of landing zone known as a "down" zone may
be produced which is an annular texturad area where the
peaks of the texture are on the same leével 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 and then printing the texture pattern
on to the “down"” zone area. During etching, the texture
develops only where the glass 1is exposed. Subsequent
cleaning produces a "down" zone as required with adjacent
flat polished areas. This arrangement allows the magnetic
head to move laterally across the the disc whilsk
encountering significantly less upset to its flying
characteristics than with the previcusly described landing

zone.

In order to produce a two texture substrate, first the
whole disc may be covered with the shallow texture by



aci d. It is believed that that etchant achieves wuniformfeature

hei ghts because the diffusion of etchant through the ink has been retarded
by the presence of ammoniumions. The etch tenperature is preferably from
17 to 30[err]C. The etch rate varies Ic'wearly with tenperature, a typical
tenperature coefficient being 0.3 nm~™ Generally, the concentration of
the etchant, the etch tenperature, the etch tinme and the etch rate are

trolled to b di }. tihl i t
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t he® average g h e array 10
of print edlizekrddtisrely,, t&RCH| 2SS RS protedtsa whilst the other

area is printed and etched to be textured to the required

degree.

The present invention has been described ahove with
respect to the manufacture of "textured glass substrates.
However, the present invention may alsoc be employed to
texture metal substrates for thin film magnetic data storage

discs. Such metal substrates preferably comprise an
aluminium disc <coated with a hard layer of nickel/
phosphorous alloy. Preferably the etchant used is an

aqueous solution of ammonia and the etch is carried out
electrochemically. The present invention may alsoe be
employed to texture metal substrates wherein metal layers,
e.g. of nickel/phosphorous alloy, are carried on a glass

disc.

The present invention 1is further illustrated with
raference toe the following non-limiting examples.

EXAMPLES 1 to 13

In these examples, ink dots were printed onto glass
suhstrates in accordance with the method of the present
invention with the printing being controlled so as to obtain
fragmentation of the ink on the printing pads whereby" the
resultant dots printed on the glass substrate were smaller



are typically around 1 to 5 microns in base dianeter and have a pitch
which is typically from1l5 to 65 mcrons. The surface roughness of the
etched gl ass substrate 2 can be neasured usi ng the optical

profil oneter referred to hereinabove. W have found that by using the
masked etching process, particularly by using liquid chem cal etchants, the
etching of the glass substrate 2 occur 22inderneath the peri pheral edge 20
of the ink dots 12 leading to a detachnent of the peripheral edge 20 of the
ink dot 12 fromthe etched glass substrate 2. This 1is shown in Figure 8.
It is beliievestizdhathehi $hshehorpbohs oecesenfeciduspr et dotnmita tdfs .t heThak
dot 12 pr _ r kRga J¥or Lz [ ti n e fate at
whi ch t he Tam e R s B B Ty f B e
ink dots Izk errnpbited €6 BICQIRGEK terddel¥Pad8sdlpdniatas 2518ci fiedd

central pQiv@ 2¢nikhe8 RyDVvhdasd henagwirt aggcbhatobheval ags7peaksy,l6 on
the gl ass substrate surface are relatively narrgw and thus have a g

r 00
profile f@®F1RG G nGLERESStHLRT o SHRNBRENGTY ef EF Fed 1 heRBRN DAL The
snoot h physagali cd nershonsg oblekespeaksl 16nasrt theyl aespathiveatgry@ye

good nechani cal str. to t ég4 substrate 2 by neans of a sinple
maski ng §H&D%ﬁﬁcﬁﬁ§¥y§zﬁﬁnﬁ ) EE‘!i'he simple masking and etching
techni que can provide a regular array of very fine - 18 - surface peaks
which can provige the;deshged;d OUmPneRinglebeXidy | 28k eaY! ek tenenail © 2
thin filmmgnetic data . . ..
manner specified in Table 1 using the specified pads and the
specified ink/thinner ratic. Table 1 specifies the droplet
diameter and the pitch in both of the two printing plates
employed. The printed - inks were subjected to a baking

regime at a temperature of from 120 to 140°C for one hour.

It was observed  whether fragmentation occurred.
Fragmentation was deemed to have occurred when the droplet
broke up into about 20 to 50 features and was deemed to have
only partially occured when the droplet broke up into from 2
to 5 features.

It will be seen that fragmentation of the ink droplets
into smaller ink dots was achieved using different pads and
different ink/thinner ratios. The preferred ink/thinner
ratioc is lower than 1:5 (i.e. more diluted with thinner) in
order to provide fragmentation, although the more dilute the
ink, the more reliably fragmentation is achieved.



storage disc to be enployed wthout encountering undue stiction
probl ems. When the etching step enploys a liquid etchant, solvents
may be present in the liquid etchant which tend to reduce the adhesi on of
the ink dot to the glass substrate around the periphery of the ink dot

| eadi ng to enhanced | ateral etching of the glass substrate around the

peri phery of the portion of the glass substrate masked by the ink dot.
This leads to control of the texturi-ng3of the surface by rounding of the
upper surface of the peak produced in the etched mcrostructure. A

sui tabl e solvent for use in the etchant solution is N-Methyl-2 Pyrrolidone
(NWP). NEBBEEylbe used in the etchant solution at a concentration of up to
about 10% by volunme. The solvent also reduced the variation in the etched
peak heights. The solvent may alternatively be butanone (Ethyl Methyl

Ketone). afHter—theetThimng step, the MK dot 1 array, 1S T
sol vent amgdegase of PR@sTHdRIs i nks| 8RKkdi t h |afr %9 ne d¢Fergeert+h t he
case of ag¢id etch resistant inks. The dhgeqhgrrlmssﬁb\mﬁdPJMH Rksgd wafer
and then ¢dried gnd the resultant gl assf qustrat 5ace deS IIustrate in
Fig. 9. Although an acceptabl e texturel ¢a1-Be cb%%ﬁrm&f%ﬁfﬁ ¢ use of the
etching step ag a final texturing step dievtWelll Bstcxubstrate, it is, in
accordance with the present invention,j possibld agditdnal lyjto incorporate
a further|postf etch treatnent of the gl ass surflace so as further to nodgify
t he t ext ufre—ef—the—surtace—For—exan —ttre—gtched—surfacerray—be—treat ed
by very light{polishing or by other forns of additional wholg surface
etching, WiChmmiRes/120, White 1:3.5 | 10/65 Partial

2 * 1:4.5 10/65 Yes

3 " 1:10 10/65 Yes

4 . 1:2¢ 10785 Yeas

5 . 1:20 10/3¢0 ¥as

6 oo 1:20 5/15 Yes

7 | Schmid 7/93, White 1:20 lo/65 Yes

8 | Tecaprint 26, Pink 1:4.5 10/8653 Yes

g {Tecaprint 26, Blue 1:4.5 10/65 Yes

10 |Tecaprint 26, White 1:4.5 10/65 Yas

11 |Tecaprint 597, Green 1:4.5 10765 Yes

12 |Tampographics P451/00&0 1:4.5 10785 Partial

13 " 1:10 19/65 Yes

14 |Tampo Supplies FP100/0060f 1:4.5 10/65 Partial

15 * -1 1:10 10/85 Yes




either wet etching or dry etching. This further processing step may be

enpl oyed either to roughen the surface or - 19 - further to snooth the
peaks of m ending on the requirenents of the particular

pr oduct ”“mumuuﬂﬂu(ul E manuf act ur ed. Thus the man skilled in the
art wll*apgpréci 8te® 1*hat the present “invention provi des a

conpr ehensi ve schene for manufacturing a glass disc substrate for
a magnetic disc with the desired texture. As referred to herei nabove, in
accor dangg.a¥Md: t he present invention the glass disc substrate may be
chemcally strengthened. - The chemcal strengthening step may be
carried out either before or after the texturing process of the present

i nventiorL. Thus witeceske foenipmidwtinngehenibatsitep fos xakhied fdlm

before the S he gt i a ratg | till
chem cal I“t;}a rengfﬁgened éegg g dls‘ﬁ t?lext%%ltc%ég s?é%léﬁ?ﬁ& % §E§%
all of Ctﬁ‘l?e- chemcally st rengt hened surface of t he gl ass.

Al ternatively, (a) thevidiaig @lsupdt g hening step can be carried out
after the texturing step so as to | eave at | east suf ficient residual

texture in thek®ur PEEBEIRAI he JIAEIbSREELER | A addtf d9RES woRKot het

present|ngg§E|4NpoﬁﬂidﬁHoﬁfﬁhewuutfaﬁé%b@fthaesahbstaaéeuy'éxﬂdfééé@Cted
portions of, the area may be text qéa afore ai g? A%tern veI t he whol e
ur

di sc may B eA0r &F KRS i dl‘? % 048 ol rf‘n éeﬂfl%ys

Thus t he gahiarn onisayteapsdgriedi t 6domrea printing Plaue tc the
substrate by an offset printing member and wherein on
transfer from the printing plate to the offset member the
ink fragments into the ink dots; and

(c) etching the unmasked surface 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 and the offset
printing member is a pad composed of silicone rubber.

3. A process according to claim 1 or claim 2 wherein the
masking pattern is formed £rom a resinous ink which is
thinned with a thinner.

4. A process according to claim 3 wherein the ink/thinner
volume ratio is from 1:25 to 1:40.

5. A process according to claim 3 or claim 4 further
comprising the step of heating the ink masking pattern on
the substrate.

6. A process according to claim 5 wherein the heating step
is carried out for about 1 hour at a temperature of from 129
to 140°%.

7. A process according to any foregoing claim wherein the
printed dots are printed in groups of printed dots, each



ttexturing for the manufacture of substrates suitable for so-called

"cont act ”!ml U leuml;lﬂm film magnetic data storage discs having a
superfine Lo'flag® over the majority of the disc surface. For the
manuf acture of such discs, the present aswvwention can be enployed to texture
an annulus, typically 8mm w de, surrounding the centre hole of the disc.
Such textured annulus, in the resultant data storage disc, can be

enpl oyed agoap' Pabkicegpomddng oot he réccipiett eohedichk pres2ht dhe pme ki ng
or Iandig& zone can b%émade by the printing and etching process, with or

wi t hout §%Pﬁdqﬁ 3%% Jata storage area of the disc, by a gradation in the
dot size (dianeter) fromthe outer rimof the annulus to a constant dot

di aneter _towar,ds ce . di sC. Iss techni ovi des
a gentle tBarrp fo %régﬁggaﬁc‘fcﬁoe%fg plg'tét e%gglt]‘p V\S]/rcﬂ gﬁ%%eﬁr egéi' vvr‘?%%g%e%% can
"fly", "l aade and avemdge digprtenmd |foom dos 2oMmigEAS can give | ower
peak heights. The dots may be in rectangul ar arrays, triangular arrays,
concentric ring arrays or continuous concentric rings. The surface

rougheni n§ -of PheP¥e&esF edSHTAARE (UL @GP b Var Fédilo Syafisrein Bamhl ity

of functi %Q%IupZQfé%S Ofd itdige tsabsd f o fom 13 twoRE@s niedatth Ng a | andi ng zone
and a read/wite zone, each zone having the desired surface rougheni ng,
with optionally there being a graded ranp of rougheni ng between adj acent
zones. Angicher A qrouadsd aawtiowgd zonek rrown e o £ dokmimgode tony wherein

the groups are separated by an average pitch of from 15 to
65 microns.

11. A process according to any foregoing claim wherein the
printed dots have an average diameter of from 1 to 5 microns.

12. A proceés according to any foregoing claim wherein the
etching step forms peaks separated by valleys and the
average peak width is less than 5 microns.

13. A process according to any foregoing claim wherein the
etching step is a wet chemical etching step using an aqueous
solution of hydrogen fluoride and ammonium fluoride as
chemical etchant.

14. A process according to claim 13 wherein the etchant
contains from 0.02 to 0.04 vol% hydrogen £fluaride and around
0.2 vol% ammonium f£luoride. '

15. A substrate for a thin film magnetic data storage disc,
the substrate having a roughened surface composed of peaks
separated by valleys produced by preferential area etching,
the peaks being grouped into a plurality of substantially
circular sub-arrays with the sub-arrays forming a regular

pattern,

16. A substrate according to claim 15 wherein the peaks are
dot-shaped.
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be produced which is an annul ar textured area where the peaks of the
texture are on the sane | evel as the other areas over which the head flies.

These ot her Imﬂ“ Hmljﬂ cent and may be either polished or have a
significantl I 3 ure than the original "down" zone. Thi s

substrate can*becproduce by protectinggcall over the adjacent areas with a
conpl ete covering mask of, for exanple, printing ink and then printing the
texture pattern on to the "down" zone area. During etching, the texture

devel ops 10Nl ya VWit radthe a8¢@88ind S toCXRSe 15 §¥bﬁﬁﬂﬂﬁﬁt%gga%@f¥1n

produces a "down" zone as required with adjacent flat polis areas.
This arraffenePRa%F | S h8tnePRtFeete AV i35S n80E DP%eerkiey maskeds

the the gdirsag whi bsthengopgrbees8dto Fboni EheaphliYeysl.ess upset to its
flying characteristics than with the previously described | anding zone. In
order to produce a two texture substrate, first the whole disc my be
covered wigh the sitdimatd extopedivg te 2hyprond i 0§ aveshd Wst hed hey

required array.an e .09 hal. | Xtyrin tch. The ink is then
cl eaned offtSrt I“x‘l@xg?gt %Iégggég F%&& raéggplogﬁaggsfhghgﬁasl B#°E8%%ure on the
final disc is conpletely covered with ink to protect the textured surface

duri ng subgequgnt éq._?%scsé n t " " ng el i nted W t h,the
i nk dot a?rgéy %‘eqsullgre for ?ﬁgto‘-fg?gg ta\'ﬁod g?%eofév)vi tsﬁ '?#eéafslﬁ or}fgeriy}s Ea
condi ti onYhAEEESs&NE AYYTRAGRRL e PrEfren t i aFenbf SuheaTgsws” cfokbe

This supephbpeg@Sis from 15 to 65 microns.

20. A substrate according to any one of claims 15 to 19
wherein each sub—-array has a diameter of from 35 to 40
microns.

21. A substrate whenever made by the process of any one of
claims 1 to 14.

22. A thin film magnetic data storage disc incorporating a
substrate according to any one of claims 15 to 21,



tthe deeper texture of the "down" zone on the shallower texture al r eady
present, whi ch i's et ched out. Alternatively, each area can be
protected whilst the other area is printed and etched to be textured to the
requi red degree. The present invention has been descri bed above wth
respect to the manufacture of textured gl ass substrates. However, the
present invention may al so be enployed I/ texture metal substrates for thin
filmmagnetic data storage discs. Such nmetal substrates preferably
conprise an alumnium disc coated with a hard layer of nickel/
phosphorous all oy. Preferably the etchant wused is an aqueous
solution of ammonia and the etch is carried out electrochemcally. The
present invention nay alsq e enp d to texture netal substrates
wherein netal |ayers, e.g. ©of nickel/phosphgorous alloy, are carried on a

gl ass disc. The present ixivention is furtherNillustrated with reference to
the following non-limtinhg exanples. EXAMPLES\1l to 15 In these exanples,

i nk dots were printed to gl ass substrates in\accordance with the nethod
of the present inventipn with the printiqg being controlled so as to obtain

fragnentation of the ijnk on the FNATTg Pads ereby the resultant dots
printed on the gl ass qubstrate mal | er
droplets present in priinting plates The

2%- in size that the




printing machi ne consisted of a Teca Print TPX350 and the ink consisted of
RUCO 10- KK code LVB 18830 ink as specified above, thinned with the

thinner RUCO 100 VR 1271. The printing plates used were the two Teca
Print and Nicholl Gaphics printing plates sold under the respective
product nunbers 2707/1212 and KM 73. The printing in the exanples was
carried out in the manner specified in 2#ole 1 using the specified pads and
the specified ink/thinner ratio. Table 1 specifies the droplet dianeter
and the pitch in both of the two printing plates enpl oyed. The printed
inks were subjected to a baking regine at a tenperature of from 120 to
140 C for one hour. It was . observed whet her fragnent ati on

occurred. Fragnentation was deenmed to have occurred when the dropl et broke
up into about 20 to 50 features and ened to have only partially
occured when the droplet broke up into m2 to 5 features. It will be
seen that fragnentation of the ink dropldtijs into smaller ink dots was

achi eved using different padéZ ndédi ffer B\ I nk/thinner ratios. The
preferred ink/thinner ratio ig\bdmer tharE®H 5 (i.e. nore diluted with
thinner) in order to pyovide Tr&GmERt &4 on, al though,the nmore dilute the
ink, the nore reliably Tfagnentation i's achiivéggggz;(gi- TABLE | Exanpl e
Pad Type | nk Prntig Frag#ent - Thinner Pl ate drop-

ation )
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Ratio let Diane er (by Vol) Pitch (Mcrons) 1 Schmd 4/120, Wite

1: 3.5 10/ 65 Partial 2 1:4.5

10/ 65 Yes 3 1:10 10/ 65

Yes 4 1: 20 10/ 65 Yes 5

" 1: 20 10/ 30 Yes 6

1: 20 5/ 15 Yes 7 Schmi d3/493, Wite 1: 20

10/ 65 Yes 8 Tecaprint 26, Pink 1:4.5 10/ 65

Yes 9 Tecaprint 26, Blue 1:4.5 10/ 65 Yes 10

Tecaprint 26, Wite 1:4.5 101- 65 Yes 11 Tecaprint

597, Green 1:4.5 10/ 65 Yes 12 Tanpographics

P451/ 0060 1:4.5 10/ 65 Partial 13

1:10 10/ 65 Yes 14 Tanpo Supplies FP100/0060 1:4.5 10/ 65

Partial 15 1:10 10/ 65 Yes

CLAI M5: 1. é;fmehg- for producing a substrate for dﬁé,hln fil mmagnetic
p

data storage di rocess including the steps of: prgvi ding a
substrat e; (bé_BLﬁLLLﬂg—a maski ng pattern of ink dots to ast a
portion of th& surface of the substrate by an of fset pr|n i cess in

which the ink to formthe masking pattern is transferre froma prlntlng

plate to the
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substrate by an offset printing nenber and wherein on transfer from
the printing plate to the offset nenber the ink fragnents into the ink
dots; and (c) etching the wunmasked surface of the substrate thereby
to texture the substrate surface. 2. A process according to claiml
wherein the printing step (b) is carried out by pad printing and the offset
printing nmenber is a pad conposed of si4fdcone rubber. 3. A process
according to claiml or claim2 wherein the masking pattern is formed from

a resinous ink which is thinned with a thinner. 4. A process according to
claim3 wherein the ink/thinper volune ratio is from1:25 to 1:40. 5. A
process according to claim3 or q§n1 4 further conprising the step of

heating the ink masking patte
to claim5 wherein the heati

oh tHe substrate. 6. A process according
[ i 8 A about 1 hour at a

groups- of printed
et of ink present on
¢lgim7 wherein the

fi*crons. 9. A process

dots, each -25- grou

the printing plate. 8.
dropl ets have an averdge di afeter o
according to claim i

49ﬁ¥$ m 8 wher g




group has a dianeter of from35 to 40 mcrons. 10. A process according to
any one of clains 7 to &Q 8dgn the groups are separated by an average
pitch of from Tigs $hget . 11. A process according to any foregoing
clai mwherein t \ have an average diameter of froml to 5
mcrons. 12. A ng to any foregoing clarﬁ+ﬂheLeLn*Lh§_nghing
step forns peaks separated by valleys and the average H’éﬁkSHEEl’tﬂMS SEEﬁs{s
than 5 microns. 13. A process according to any foregding cREPIAQHPET €1 n |t he
etching step is a wet chemi cal etching step using an aqueoUS~So-t+on—0f
hydrogen fl uoride and ammoni um f| uorABETRACThem cal etchant. 14. A process
according to claim 13 wherein the etchant contains fromO0.02 to 0.04 vol %
hydrogen fluoride and around 0.2 vol % amoni um fl uori de. 1XFikunestrate
for a thin filmmagnetic data storage disc, the substrate having a
roughened surface conposeggggTﬁgggsgégpgr@g@ggggcvgkgeys produced by
preferential area etching, the peaks being grouped into a plurality of
substantially circul ar sub- afFRYy¥ANVENCTRRE STBEREPEYs form ng a regul ar
pattern. 16. A substrate according to claim 15 wherein the peaks are
dot - shaped. -26- 17. A substrate according to claim15 or claim16
wherei n the peaks have an unetched surface and have been nasked

The present invention relates to a process for

producing a substrate for a thin £ilm magnetic data storage
disc, the process including the steps of:~ (a) providing a
substrate; (b) printing a masking pattern of ink dots onto
at least a portion of the surface of the substrate by an
offset printing process in which the ink to form the masking
pattern is transferred from a printing plate to the
substrate by an offset printing member and wherein on
transfer from the printing plate to the offset member the
ink fragments into the ink dots; and (c) etching the
unmasked surface of the substrate thereby to texture the:
substrate surface. The present invention also relates to a

substrate.for a thin £ilm magnetic data storage disc, the

substrate having a roughened surface composed of peaks

separated by valleys prodpéed by preferential area etching,

the peaks being grouped into a plurality of substantially
circular sub-arrays with the sub-arrays forming a regular

pattern. -
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m c 19. A substrate accordin; to any one of clains 15 to 18 wherein
‘theMver age pitch between adjacent sub-arrays of the pattern is from15 t¢
65EKTAPNMHE ABSTRAGIt rate according to any one of claims 15 to 19 wherein

ilhenever made by the process of any one of claims 1 to 14. 22. Athin filin
magneti ¢ data storage disc incorporating a substrate according to any one
of clainms 15 to 21.

SUBSTRATE FOR A MAGNETIC DISC AND MANUFACTURE THEREQOF

The present invention relates to a process for producing a substrate for a thin film magnetic
data storage disc, the process including the steps of: (a) providing a substrate; (b) printing a
masking pattern of ink dots onto at least a portion of the surface of the substrate by an offset
printing process in which the ink to form the masking pattern is transferred from a printing
plate to the substrate by an offset printing member; and (c) etching the unmasked surface of
the substrate thereby to texture the substrate surface. The present invention also relates to a
substrate for a thin film magnetic data storage disc, the substrate having a roughened surface
composed of peaks separated by valleys produced by preferential area etching, the peaks being
grouped into a plurality of substantially circular sub-arrays with the sub-arrays forming a
regular pattern.

Fig. 2.
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