Speci fication G.ASS SUBSTRATE FOR PERPENDI CULAR MAGNETI C RECORDI NG DI SK
AND METHOD OF PRODUCI NG SAME 5 [Technical Field] This invention relates to
a glass substrate for a perpendi cul ar nagnetic recording disk and a nethod
of produci ng such a substrate. [Background of the Invention] 10 Data
processors for recording and reproduci ng data such as characters, images
and sounds are comng to be installed not only in conputers but also in
apparatus such as tel evisions, cameras and tel ephones. Such data
processors are now required to have inproved processing capabilities (with
i ncreased recording capacities) #&p@cHirationcy i n reproduction and to be
smaller 15 in size. Data are magnetically recorded on a magnetic recording
medi um arf@LASSpPUBSTRATRS OR BERRENDIOY IR MASMNETIC REGORDINGe dat a

processor. As di scI osed | n_http://ww.trl.ibm coni projects/perpen/
(" Per pendi cul ar %ﬁ'@ﬂ%ﬂ OFWQBWWM Laboratory) and
20 http://spin. pe. tltech ac.j p/ hp/research/nfts2/ ("Production of Co-Cr

H gh- Density Perpendi cul ar Magnetic Recording Mediunt, Nakagawa Group,
De_par r@?‘%"}}‘%@i‘i’m' c Physical Engineering, Tokyo Engineering

Uni ve Sit ul ar magnetic recordi ng di sks are now under

consi deration ;[@ﬁs ﬁl@ﬁ%@ﬁ%‘eﬁat%§fooé g’la%g su gtragn f ?légt%r:e[rpen&llcu%w mg%n%q;uced by 25

sequentially formng a na 1ot Ve layer e surface

of a di gkesthaRedist! A ﬁ}él@ﬁ&{ gfﬁ:m@(mﬂ%l faTo RN glmslg ;{tb' m t echnol ogy such as 1

sputtering. The magnetic |ayer conprises an asse y of col umar
crystalline

[Background of the Invention]

10 Data processors for recording and reproducing data such as characters,
images and sounds are coming to be installed not oﬁly in computers but also in
apparatus such as televisions, cameras and telephones. Such data
processors are now required to have improved processing capabilities (with
increased recording capacities) and accuracy in reproduction and to be smaller

15  in size.

Data are magnetically recorded on a magnetic recording medium and
reproduced therefrom by means of a magnetic head of the data processor.
As disclosed in http//www.trl.ibm.com/projects/perpen/ ("Perpendicular
Magnetic  Recording", IBM  Tokyo Research Laboratory) and

20  http//spin.pe.titech.ac.jp/hp/research/nfts2/ ("Production of Co-Cr
High-Density Perpendicular Magnetic Recording Medium", Nakagawa Group,
Department of Electronic Physical Engineering, Tokyo Engineering
University), perpendicular magnetic recording disks are now under
consideration as a magnetic recofding medium. Such disks are produced by

25  sequentially forming a magnetic layer and a protective layer on the surface of

a disk-shaped glass substrate by using a thin film technology such as




el ements having a segregated structure by conposition separation of a
magnetic | ayer material deposited on the surface of a high-tenperature

gl ass substrate, and each crystalline elenment is conprised of a
ferromagnetic 5 columar center part extending in a direction perpendicul ar
to the surface of the glass substrate and a non-magnetic surroundi ng part
formed around this center part. These columar crystalline elenents form
"the recording bits that are nagnetizable in the direction perpendicular to
the surface of the glass substrate. 10 Because a nagnetic |ayer is thus

f or med wi_stfﬂmtf@i e 186¥84t3d 1alyBRcorBh SIEBNAS a83ERY o RGARE G GtlBRd Y T O the
surface of the glass substrate, the surface of a perpendi cular nagnetic

recor di ngeleinektd hapaig i Weardgatdé®gitititdrd by Renfpositicandepimeidn s0ch t hat

t he average surface roughness should be 2A or less. 15 The increase in the
capaci t y thegnefat hyee omatdriad dapekitedeorativusadycd of a high-taugdiaturdoginhs depend

| argely on_the distance of separation between the surface of the nmagnetic
di sk and substigigynenilcetrdadrysilive dlomentr és covpoisdddoby durpmagiefic a
magneti c signal fromthe magnetic head to form smal] magnets on the
magneti ¢ QOL%PaéﬁﬂlﬁeémH%f@&dH}g eadiirpgtione arnepdicnlar 2o the gusiase of om t hese

smal|l magrRets b ns of the nagneti.c head, an increased di stance of '
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nmeans th nati ¢ signals out pufted from,t netic,.head. is
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i ncrease the capacrty of data recordi ng-an o0 i'nprove the accuracy of

reproductdlags siaerdbst ance of separation between the surface of the
magnetic 2

10 Because a magnetic layer is thus formed with columnar crystalline
elements extending perpendicularly to the surface of the glass substrate, the
surface of a perpendicular magnetic recording disk is particularly required to
be flat and smooth such that the average surface roughness should be 24 or
less.

15 - The increase in the capacity for data recording and the accuracy in
reproduction both depend largely on the distance of separation between the
surface of the magnetic disk and the magnetic head.  Since data are
recorded by outputting a magnetic signal from the m-agnetic head to form
small magnets on the magnetic layer and reproduced by reading the magnetic

20 signals from these small magnets by means of the magnetic head, an
increased distance of separation between the surface of the magnetic disk and
the magnetic head means that the magnetic signals outputted from the
magnetic head is dispersed more such that the quantity of recording per unit’
area (the recording density or recording capacity) is reduced. Thus, 1n order

25  to increase the capacity of data recording and to improve the accuracy of

reproduction, the distance of separation between the surface of the-magnetic




di sk and the magnetic head nust be nmade smaller. Mreover, the magnetic

di sk can be nmade smaller if the recording quantity per unit area is
increased. For this reason, the distance of separation between the surface
of the magnetic disk and the magnetic head is nowrequired to be 12nm or

| ess. 5 Magnetic heads are either of the floating type or the contacting
type, as explained, say, in http://ww.jst.go.jp/pr/report/report22/
("Success in Devel opnment of Contacting Type Thin Film Magnetic Heads for
Hard Di sk”, Report No. 22, Kagaku G jutsu Shingo Jigyodan). Magnetic heads

of the fdigRtanA%tHeYRAgASE: REAY nHlad BY fhda sdd1Her mr&m_r,smemagﬁéﬁé te the
magnetic disk 10 so as to stabilize the head at a floating distance (the

di st ance diskiche beagadé bmalldi skheOfecd@Nng q@bantieF per Lhittdiea U QueBanRdEs in the
hei ght of the magnetic disk surface is large, the slider of the nmagnetic

head may Fenthst remsongl thieddistatde tofiesepanatien Isatwleanetheo sdafargeott ke magneti c
disk and it will not be possible to stably maintain a floating distance of
15nm or IragretigBigharidctheendgnetic herd nayomequiréchty bey p2nmrar legtapt ed to

contact the surface of the magnetic disk through an_elastic_ pad but if the

magnetd ¢ di sk R&asngiiceadsagreltharg the flaading tpseoridgrrontactingatyneay be
dt i|l.at dd d. The gl bstrate f , di cul
magnot | ¢ FeddPUTAETAek 18 BRAIETEIEC FeRIPH BRI [iSgRcdssveR of
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circunferential diréct gener ass subs es are Bollshed W th

free abr Wit feProvilid Wt BideRBRIREY A HAltedhb dpfmetr dgeor di ng
panese Patent Publication Tokkal 9-314458, 'slurry wth abrading
partilg essovad b stvbilagahpdHdadCdten floafiRg Qist@hcel AR tANcOTo Bhe magnetic
disk) of 15nm or less. If the unevenness in the he'ight of the magnetic disk
surface is large, the slider of the magnetic head may contact or collide with the
uneven surface to damage the magnetic disk and it will not be possible to
stably maintain a floating distance of 15nm or less. Magnetic heads of the
15 contacting type are adapted to contact the surface of the magnetic disk
through an elastic pad but if the magnetic disk has an uneven or rough
surface, the magnetic head may be caused to oscillate and damaged.
The glass substrate for a perpendicular magnetic recording disk is
~ therefore required to have a high level of smoothness (with average surface
20 roughness of 2.0A or less) and a high level of flatness (with the surface height
variations of 14 or less with wavelengths in the range of 0.05mm-0.5mm in
both radial and circumferential directions). |
In general, glass substrates are polished with free abrading particles
by using a lapping plate or a tape.
‘25 According to Japanese Patent Publication Tokkai 9-314458, slurry

with abrading particles with average particle diameter of 10nm-1pm of a




3 material such as artificial or natural dianond, cerium oxide and
zirconium oxide dispersed at a rate of 0.5 weight % - 20 weight % w th
respect to the whole of the slurry is used for the polishing. Wth prior
art slurry of this kind, however, the surface roughness of 5 the polished
surface of a glass substrate exceeds 5A, and it is not possible to obtain
a surface with average roughness equal to or |less than 2A, as desired.

[ Summary of the Invention] It is therefore an object of this invention to
provi de a glass substrate 10 for a perpendicul ar magnetic recordi ng di sk,

havi ng a f afehci : : : f i ght
vari ati o%gﬁgf? Ia&i%% SEUEFSess \A'ACI%l Hg&gﬁﬁé%ﬁlﬁlg Qlﬁhg‘%%{éﬁfgﬁggdao@%# ml%“rﬁlg 5mm in
bot h radicidappeideauatf 8abd bfl.5 iRl 4030 vASeNeY with fedpRbhartiad

produci ng such a gl ass substrate. The invention therefore relates on one
hand to aviglasstlaslsifaisendedrfonthelpoliddiipgndi cul ar magnetic recordi ng di sk,
having a surface wth an average surface roughness of 2. OA or |less and
surface hei ght Wish iprtdroms sderrylofarhié &esd, dvwdvenattel sndadesraughinkss pinge of
0.05mM 0. 5mm “in both radial and circunferential directions. The invention
al so Pel dhegpolished surfacel 0bh Presdadistrpts exheedsghsand Hoissabsrasaibte tor

per pendi cyl ar magnetic_recording, characterized_as conprd sing .the steps of
rot at i ng SRty S at With averagmughngsperialip 95 legsibap %h as degitedce  of the
gl ass substrate, pressing a polishing tape on the substrate surface and
causing it to travel in a direction opposite to the direction of rotation

of the %ﬁf’f‘.“%&?%f“&i?& t he above, the polishing slurry conprises

abradi ng part and~a spersant, the abrading particles conprising
artificial di afppdiRaEfohé a@SoMbdtbe this invention to provide a glass substrate

10 for a perpendicular magnetic recording disk, having an average surface
roughness of 2.0A or less and surface height variations of 1A or less with
wavelengths in the range of 0.05mm-0.5mm in both radial and circumferential
directions, as well as a method of producing such a glass substrate.

The invention therefore relates on one hand to a glass substrate for a

15 perpendicular magnetic recording disk, having a surface with an average
surface roughness of 2.0A or less and surface height variations of 1A or less
with wavelengths in the range of 0.05mm-0.5mm in both radial and
circumferential directions.

The invention also relates to a method of producing such a glass

20 substrate for perpendicular magnetic recording, characterized as comprising
the steps of rotating a glass substrate, supplying polishing slurry on a surface
of the glass substrate, pressing a polishing tape on the substrate surface and
‘causing it to travel in a direction opposite to the direction of rotation of the
glass substrate.

25 In the above, the polishing slurry comprises abrading particles and a

dispersant, the abrading particles comprising artificial diamond particles with




di aneters |l ess than 50nm, say, obtained by a shock wave nethod. The
polishing slurry contains such abrading particles in an anount of 0.005
weight % - 0.5 weight % of the polishing slurry. The di spersant consists of
wat er and an additive. 5 Exanples of the additive include one or nore
selected fromglycol conpounds, higher aliphatic am des, organic esters of
phosphoric acid and surfactants. The anmount of dispersant to be contai ned
is 1 wight %- 10 weight % of the whole of the polishing slurry. The
polishing tape has a contact part conprising a material selected 10 from

the groupdiaefasst idd8 @anVBush, CdBt RPeainBoME R @hgémvavfe' kRl .clphds and

rai sed cloths conprising fibers Wth thickness of 0.1m- 5.0m By such a

net hod acssisHimg sl@rihédnthine Biélo abrhfihes Battades ah ﬁn%xﬂ&ﬁnt Pbmbomt e can
be polished so as to have an average surface roughness of 20A or |less and

surface heeght % abisaveight %06 the padishigssuwist h wavel engths in the 15 range
of 0.05Mm 0.5mm in both radial and circunferential directions. [Brief
Descri ption of Thecdibperspnteqnsistg of water and ehedditive.dr awi ng of a pol i shing
machi ne which may be wused for _the production of a glass substrate

accor® ng to trﬂ’@nﬂmﬁérﬂflt@ﬁ agditiveginchudes one canere relegtade fvme @lysehge t hat
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gl ass subgty gﬁi% ?ftéﬁlvﬁgglre o%ﬁ‘?%ﬁslﬁgges'ilmlrge pol i shi ng process. Fig. 5is a

conput er - ner a ‘urface condition
The polishing tape has a contact part comprising a material selected

10  from the group consisting of woven cloths, unwoven cloths, flocked cloths and
“raised cloths comprising fibers with thickness of 0.1um - 5.0pm.

By such a method according to this invention, the surface of a glass

substrate can be polished so as to have an average surface roughness of 2.0A

or less and surface height variations of 1A or less with wavelengths in the

15  range of 0.05mm-0.5mm in both radial and circumferential directions.

[Brief Description of the Drawings] |
Fig. 1 is a schematic drawing of a polishing machine which may be
used for the production of a glass substrate according to this invention.
20 Fig. 2 is a computer-generated image that shows the surface condition
of a glass substrate after the rough polishing process.
Fig.31sa co'mputer'generated image that shows the surface condition
of a glass substrate after the surface reinforcing process.
Fig. 4 is a computer-generated image that shows the surface condition
25  of a glass substrate of a test example after the polishing process.

Fig. 5 is a computer-generated image that shows the surface condition




5 of a glass substrate of a conparison exanple after the polishing process.
10 [ Nunerals] 10... a polishing nmachine 11. ..contact rollers 12, 13..
.nozzles 14...a polishing tape 15... a glass substrate R ..the rotating
direction of a glass substrate T...the traveling direction of a polishing
tape [Best Mdde for carrying out the Invention] This invention relates to a
gl ass substrate for a perpendi cul ar magnetic recordi ng di sk, having an
average surface roughness of 2. OA or less 15 and surface height variations
of A or less with wavelengths in the range of 0.05mm0.5mm in both

radi al ang oChlasHSHIRNE oRh c‘éh{;ﬁ%éoﬁrb%anﬁﬂe‘éﬁbf tl"i’épél‘?s}ﬁn§%%&§§i of producing
such a glass substrate. Exanpl'es of the glass material at may be used

according to this invention include soda-linme glass with silicon dioxide
(Si2), sodiumoxide 20 (Na20) or cal cium oxide (CaO as mai n conponent,
alunlslllﬂhnnegﬂdhs with silicon dioxide (Si @), alum num oxide (A1203)
and R20 (where R is potassium (K), sodium (Na) or lithium(Li)) as main
conponent¥)...apobshingcaaehigeass, |ithium oxide (Li20)-Si® gl ass,

Li 20- A1203-Si 2 glass, R OA 2B-SiXR2 glass (where R is magnesium (M),
caIC|Gh1(¥h)“n§ﬁﬁdW@ﬁﬁh1(Sr) or barium (Ba)), 25 and chenically reinforced
gl ass obtlaé ri%d b(}/zz?ddl ng zirconi um oxi de (ZrQ2),

14...a polishing tape
15...a glass substrate
R...the rotating direction of a glass substrate

10  T...the traveling direction of a polishing tape

[Best Mode for carrying out the Invention]
This invention relates to a glass substrate for a perpendicular
magnetic recording disk, having an average surface roughness of 2.0A or less
15 and surface height variations of 1A or less with wavelengths in the range of
0.05mm-0.5mm in both radial and circumferential directions, as well as to a
method of producing such a glass substrate.
Examples of the glass material that may be used according to this
invention include soda-lime glass with silicon dioxide (SiO2), sodium oxide
20 (Na20) or calcium oxide (Ca0) as main component, alumisilicate glass with
silicon dioxide (SiO2), aluminum oxide (Als03) and R20 (where R is potassium
(K), sodium (Na) or lithium (Ii)) as main components, borosilicate glass,
lithium oxide (Li20)-SiO2 glass, Liz0-Al203-Si0O: glass, R'0-Al03-Si02 glass
(where R' is magnesium (Mg), calcium (Ca), strontium (Sr) or barium (Ba)),
25 and chemically reinforced glass obtained by adding zirconmium oxide (ZrQ2),

titanium oxide (TiO2), etc. to the above. Glass substrates with a surface




titaniumoxide (TiQ2), etc. to the above. d ass substrates with a surface
6 subjected to a chem cal surface-reinforcing process can be used.
Crystalline glass with main crystals of a-crysto-balite (a-Si Q) and

| ithiumnonosilicate (Li20SiQ2) nmay al so be used as gl ass substrate. Such
a gl ass substrate for a perpendicul ar nmagnetic recording disk 5 may be
produced by using a polishing machine 10 shown in Fig. 1 to polish the
surface of a glass substrate. Although the polishing nmachine 10 shown in
Fig. 1 is of a type for polishing both surfaces of a glass substrate, a

- pol i shi ngsubjered 88 a ChemitRRFRE-RAUHLAILPProRkY BRDeSILE. 0TrRsaliass
substrate nmay be enployed. 10 After a glass substrate 15 is set on a shaft

(not showldsscaitheiatsl ciystals ¢ d-vigo-aliod (o-Bi@y) dridv liflgui binokdicaed | vat ed
to polish the glass substrate 15 by rotating it in the direction of arrow
R as shdiuMeQeSiBignay alsediel wdeidray slhss sybstistesuppl i ed through nozzles 12 to
both surfaces of the glass substrate 15, and polishing tapes 14 are
pressed upon b&ughgy g?@é esnbstrate dos @abpetrendiciah yapBetie mesonsfing ehigkact
rollers 11. The p Iiﬁ ing.tapes_14 are caused to advance in the direction
of ar Pondnay ﬁlsa%fﬁff@ oy yiee paolishing Bechine 10 hommainclies 1 tappliph thee

ol i shin was hi | i quj d such as water i.s.blown thro nozzl es 13 onto
'to he suyf%&%fﬂcsff?ﬁig%s&a@ﬁﬁﬂ% 1@‘3&&#@@%&}%&%% ingolt Hotacr E%in the
pol 1 shi ng. o 852 E'hsntor, RURHF 188R SRR B D, bbb sl iR eV enness
S Tormedn@imihber & U5PA%ES plfishind A5 P8I, I hadd Sl i hEN pON L he
pol i shing process Is"too Pong.n%he ime require For “the pollgﬁing process
can be regugegedf a rough polishing process is carried out prelimnarily.

10 After a glass substrate 15 is set on a shaft (not shown) connected to a
driving motor, the driving motor is activated to polish the glass substrate 15
by rotating it in the direction of arrow R, as shown in Fig. 1. Polishing slurry
is supplied through nozzles 12 to both surfaces of the glass substrate 15, and
polishing tapes 14 are pressed upon both surfaces of the substrate 15 by

15 means of contact rollers 11. The polishing tapes 14 are caused to advance in
the direction of arrows T opposite to the rotation of the substrate 15. After
the polishing, a washing liquid such as water is blown through nozzles 13 onto
the surfaces of the substrate 15 while the latter is kept rotating in the
direction of R.

20 It is preferable to preliminarily carry out a rough polishing process on
the surfaces of the substrate 15. Unwanted unevenness is formed on the
surfaces of a glass substrate if the time spent on the polishing process is too
long. The time required for the polishing process can be reduced if a rough
polishing process is carried out preliminarily.

25 The preliminary rough polishing is carried out such that the average

roughness of the surfaces of the substrate will become 2A-5A and the surface




25 The prelimnary rough polishing is carried out such that the average
roughness of the surfaces of the substrate wll beconme 2A-5A and the
surface height variations with wavel engths in the range of 0.05m 0. 5mm
in both radial and circunferential directions will be in the range of
1A-10A'. This process of rough polishing may be carried out by the
conventional technology of using a |apping plate or a polishing tape,
descri bed, say, in Japanese Patent 5 Publications Tokkai 11-114792 and
11-221741. A surface reinforcing process may preferably be carried out
after theheightoveARAGhOREEh RFBlIAARE n1PLHURR! dfshDp PR SS irdRetIPef or e
the final polishing process. This surface reinforcing process nmay be
carried autlialchsiricratinferehoial etreploas vyl bemerthen@ngbaofdl A49ASUlldtig ate in a
heated solution 10 of m xed nolten salt with potassiumnitrate and sodi um
nitrate gwogesstad rough paligeing pay theafartied oudhy thie doheestitstlrtatenslogy aces
with ions having |arger_ dianmeters. The polishing slurry is conprised of
abr adi ng Pawing# dapriRg platedir srolishing taps, describeds hay, abJapanepeRatent| es i s
made %f a%tificjalggkgnpnd gartiééﬁs of _diameters |l ess than 50nm produced
by a €on Hilicshens dpskat Tad L TH2 1¥8e174kpl osi on method) of a known type
such as descri %ed i.n Jaepgpes.e Pat ent Publication Tokkai, 200Q-136376.
According to t un{aGe FRNIORCIRE REOACHS A% BrETera § PP GPELRTeE S0 powder
is conpr . i - ey at ur .2 shock wave an her gaf t.er

i mpuriti ?gg%?%&?té&ng@egp?%ﬁoo.% %&{laﬁq} i%lhglll%]lg Bf%cﬁ%%&‘npo% golreo “d lﬁlg%t y in

the ran _1@&2% OB, THs 4&£J?Apéa%r tréitéﬁ(gmﬂ!%ﬁigbé’eggf 33t e aéargiﬁfa”BﬂE’ bei ng

3.51g/c tificial dianon I S obtained are chemcally
pr ocessethaynibgliy dor example, by immersing the glass substrate in a heated solution

10 of mixed molten salt with potassium nitrate and sodium nitrate so as to
exchange a part of the ions on the substrate surfaces with ions having larger
diameters.

The polishing slurry is comprised of abrading particles and a
dispersant.

15 Use as the abrading particles is made of artificial diamond particles of
diameters less than 50nm produced by a conventional shock wave method (or
explosion method) of a known type such as described in Japanese Patent
Publication Tokkai 2000-136376.

According to this method, a diamond material comprising graphite

20  powder is compressed at a high temperature by a shock wave and thereafter
impurities are removed to obtain artificial diamond powder of density in the
range. of 3.2g/em3 - 3.4g/cm? (the density of natural diamond being 3.51g/cm?).
Artificial diamond particles thus obtained are chemically processed by using
hydrochloric acid or nitric acid in order to dissolve the impurities and

25  thereafter washed with water. Since marks as shown in Fig. 5 may be

formed on the surface of the glass substrate or the substrate surface may be




hydrochloric acid or nitric acid in order to dissolve the inpurities and 25
thereafter washed with water. Since marks as shown in Fig. 5 may be forned
on the surface of the glass substrate or the substrate surface may be
rendered rough if the dianeter of the abrading particles is 50nm or

greater, only artificial dianond particles with dianeters |ess than 50nm
are kept by a classification process and used as abrading particles.
Artificial dianmond particles to be used as abrading particles according 5
to this invention are required only to have a dianmeter |less than 50nm and

ey be GehiglediduBRr Y tREGAELES G iSARALAY pRALALL] Lo RRRoLaL

particles are adapted to break up into sna primary an ondary -

particl esndp a&ﬂiﬁbﬁaﬁﬂ&nﬁ’éxﬁﬁ?&ﬂi&éﬁ @if@iattbRCB:OPTh 4N808hASS 1&pRDyTAte Dby a
pol i shing tape during a polishing process such that these resultant 10

smal | er phddsifideenagiocess drveusadosd slndadiistiphdtdes. |t goes wit hout saying,
however, that the secondary particles thenselves act on the substrate
surface bef or &rtifieinl isakndiparfitias to bu eied ks sbcadidgparpalesisctading eak up
into smaller particles with dianmeters |ess than 50nm they may | eave

nmar ks Son tPiBis inypaiienare myuiradordy torhkee akbamatestlesstthan f0nae endouaph bef ore
they bregk up if 15 their_qianeters before, breaking up is larger than 50nm
This is %ﬁ’yﬂ PHRIENPAEHC pROPeceRd Ay adifdss. secondary particl es according
to this inventiwn houl d .have di gneters .s | er. than 50nm . The apount of
bbr adi ng par 11 SPEREHEPEERE G ARREIES © 15POD SR AT Pria i hn 5
and pref I r of 0. 005 ight. % - .0.1 ight 9% .2 i th
espect | tetgidanybalBesh Bed ar pREREA T b S e Wlss Cupitell

oobe R | ng- st . o .
ot 1 oine bing Sapeodutiiglh bRtk IRG HRRLAGSARMEE T ©
excesy VainyallaNgarti@bs| 49 SRt 8Gh4RANERARESe.t 01 ¢8&d twiPRokin8apitlf ace of

the however, that the secondary particles themselves act on the substrate surface

before they break up. Thus, even if secondary particles break up into smaller

particles with diameters less than 50nm, they may leave marks on the

substrate surface or make the substrate surface rough before they break up if

15  their diameters before breaking up is larger than 50nm. This is why the

invention requires that even secondary particles according to this invention
should have diameters smaller than 50nm.

The amount of abrading particles that are contained is 0.005 weight %

- 0.5 weight %, and preferably in the range of 0.005 weight % - 0.1 weight %

20  with respect to the whole of the polishing slurry. If the content of the

abrading particles is less than 0.005 weight %, the polishing power is

insufficient and the time required for the polishing process becomes

excessively long, causing unwanted unevenness to result on the surface of the

glass substrate. If the content of the abrading-particles exceeds 0.1 weight %,

25  on the other hand, marks begin to be formed on the surface. If the content

reaches 0.5 weight %, not only are marks formed on the surface but the




gl asssubstrate. |If the content of the abrading particles exceeds 0.1

wei ght% 25 on the other hand, marks begin to be fornmed on the surface. If
the content reaches 0.5 weight % not only are nmarks forned on the surface
but the surface also beconmes rough. If a nagnetic head of the contacting
type is used, the surface unevenness due to such marks and roughness
causes the magnetic head to vibrate and becones the cause of a breakdown.
The di spersant for the polishing slurry is conprised of water and an 5
additive. Exanples of the additive include one or nore selected fromglycol

conpoundssurfics Bedo BcbRRakbEgRM H%Smagﬁ&fi'@hgac? &t @leToRfapIRSRDOE Gs@Li d and
surfactants. The ampunt of dispersant to be contained is | weight %- 10

wei ght  %théQuefact haewitleds Auetth 8upd hi Stk AAdSLUERNess@aused tHeOMBERES have
affinity with abrading particles and function well as a dispersant. d ycol

conpoundshealdso vilerate ahd herepas thacaumefodarbredkdg@ensant because they have the
effect of reducing the viscosity of the dispersant when the dispersant is
prepared. Sincdhetdigpersant frarvideapdlishing shrmis komatised of veatgr asd aubstrat e
can be washed efficiently after the polishing process. Exanples of glycol
conpotind a4aiVean be used include al kylene glycol, polyethylene glycol,

pol ypropyl ene col, an di ef hyl ene utyl ether. Hi gher aliphatic am des
function as a g&%f’gﬂ?%ﬁgébﬁe?‘%ﬂéf’%rm OGS Jheee ﬁ%@c@ﬂeﬁrﬁmo\gi%]r i shing.
Exanpl es of hiagher,alii phati,c am de,that 20 be, used ,i ncl ude ol eic acid
i ot hanolSmeoadS pneR Bt R aiaes Brea e fHitks 5F HRFARECHEC PR hanol

am de, rg&&g@hgﬁsacid di ethanol amde, retinoic acid isopropanol am de,
ersinic aci I et hanol amide and tall oil aliphatic acid

The amount of dispersant to be contained is 1 weight % - 10 weight %
10  of the whole of the polishing slurry.

Glycol compounds have affinity with abrading particles and function
well as a dispersant. Glycol compounds also serve to prepare a uniform
dispersant because -they have the effect of reducing the viscosity of the
dispersant when the dispersant is prepared. Since they also have affinity

15  with water, the glass substrate can be washed efficiently after the polishing
process. Examples of glycol compound that can be used include alkylene
glycol, polyethylene glycol, polypropylene glycol and diethylene butylether.

Higher aliphatic amides function as a polishing accelerator that
improves the speed of polishing. Examples of higher aliphatic amide that

20 may be used include oleic acid diethanol amide, stearic acid diethanol amide,
lauric acid diethanol amide, retinoic acid diethanol amide, retinoic acid
isopropano! amide, ersinic acid diethanol amide and tall oil aliphatic acid
diethanol amide. Those with 12-22 carbon atoms are preferred.

Organic esters of phosphoric acid have the function of controlling the

25  generation of abnormal protrusions (burs that are formed by polishing debris

and become attached to the surface of the glass substrate) on the substrate

10




di et hanol ami de. Those with 12-22 carbon atons are preferred. Organic
esters of phosphoric acid have the function of controlling the 25
generation of abnormal protrusions (burs that are formed by polishing
debris and becone attached to the surface of the glass substrate) on the
substrate 10 surfaces. They are esters obtained by replacing a hydrogen
atom of phosphoric acid (H3PO4) wth alkyl or allyl group. Exanples of
organi c esters of phosphoric acid that nmay be used include aliphatic salts
and aromatic salts such as phosphates of pol yoxyethyl ene

nonyl phenehfidar - TheySWirk agdteid Suiaed! B 8df18Ghe0h hYRFRENNAdRE of

di spersion capability of abrading particles. ExanpleS of surfactant that
may be ussitbsphetitideid BREOQWethallyPod A0 Grows f aEtaRpRs oPeldahE Bgesd urry my
be produced by addi ng abrading particles to water, dispersing the abrading
parti cl esofiphosplacsc afiduhtt asgrbecusalesludeldiphmicafltseind ardobstic asldd ng
additives and still further thereafter using ultrasonic waves to disperse
t he abr adiugl asarhasphates ofpplypsyathylanearmnylphénolethaoven cloth, flocked
cloth (having hair known as piles attached to _the surface) or_raised cloth

with & |east twefastantydmvepdie: efert (of imurevingr theodispearsion: eapahility ahd

actually actsg. on the surfa of the 15 gl ass substrate) conprised_ of fibers

Wi th thi cinedus ﬁafﬂ@e?-angﬁexamplﬁﬂ of; spcagapt that nrawbﬁe el ncvde

polishing tape. |f the thickness of these fibers is less than 0.1jim the
B8 b P A EREe

‘contact betwe SHPBESLT “surface portion of the polishing tape

and the abradi mligﬁfngn%i&%}éi(#a% 2)%,[ ﬁ?&dlﬁ:@? Sd'd#ﬁli% é{ggzﬁ%ggsgﬁgctl&n , the

abradi ng particles ¢ e surface o rate 20

suff! Cl enierediQnlbing! Yhe |dorhhel BafHPRE SoPTmbfifs fdibAliSa&HEC Pvesd. O-UN,
, p differences anong the fibers formng the
surfage phetddter further adding additives and still further thereafter using
| ultrasonic waves to disperse the abrading particles.
A tape of woven cloth, unwoven cloth, flocked cloth (having hair known
as piles attached to the surface) or raised cloth with at least the surface
portion (or the portion that contacts and actually acts on the surface of the
15 glass substrate) comprised of fibers with thickness in the range of 0.1um -
5.0um may be used as the polishing tape. If the thickness of these fibers is
less than 0.1um, the contact between the fibers on the surface portion of the
polishing tape and the abrading particles in the polishing slurry diminishes
and the abrading particles cannot act on the surface of the glass substrate
20  sufficiently effectively. If the thickness of the fibers exceeds 5.0um, on the
other hand, the step differences among the fibers forming the surface portion
of the polishing tape increase and the surface of the glass substrate cannot be

polished uniformly.

256 <Test Example>

A glass substrate for a perpendicular magnetic recording disk was

11




of the polishing tape increase and the surface of the glass substrate
cannot be polished uniformy. 25 <Test Exanple> A glass substrate for a
per pendi cul ar magnetic recordi ng di sk was 11 produced by a method accordi ng
to this invention. The surfaces of a crystalline glass substrate with
dianeter 2.5 inches was subjected to a rough polishing process and after a
surface reinforcing process was carried out, a polishing machi ne as shown
in Fig. | was used to 5 polish its surfaces. The rough polishing process
was carried out by using a double-surface polisher of a known kind (trade

name: Harmodaéeﬁbyaqgé&%aa%rdﬁggdth1§%@q4ﬁé§lho Corporation). It was

carried out by sandw ching the substrate between the upper and | ower

| appi ng pl at es Te@cfurhavi 08 aersstaliene flpa dubstrath@etht dahictes 015 deBes
supplying polishing slurry having ceriumoxide particles with average

di anet er wds 2gbjectplets adrdughr polisling @rbeids snd fafieesa ehirfatheelfassngubstrat e
and causing the glass substrate to undergo a planetary notion while the
upper androesssrwanpairiagl piiateesolidyieg motchine as Bhgwn2inskignd waheselitd ace
condition of the glass substrate after the rough polishing. 15 The surface
rei nf 'Rﬁ§ AGfs carried out chemically by immersing the glass

substrate in a heated nolten Iiquid of m xed nolten salt f assi um
nitrate and so{Jrh hﬁrﬁ(’Hg}E‘ PQL@ﬁF’@ Rlﬁ%‘?séwa%%ﬁ%g‘é‘ Yp‘ésrlflg&f‘fqur]i’ie ?B‘F\ftéce on the
SU0et 2 SRR kbl SRR R, bR BT IE Bl BB L0 o
process. S@léaq{us%edo%{%tl%ﬁ b 1Sk %Qasa'&gn%‘&fcﬂ&e vh el RhEhilg RLOCASRES. the
substrate between the upper and lower lapping plates each having a suede
10 pad attached to its surface, supplying polishing slurry having cerium oxide
particles with average diameter of 2u dispersed therein onto both surfaces of
the glass substrate and causing the glass substrate to undergo a planetary
motion while the upper and lower lapping plates were rotated. Fig. 2 shows
the surface condition of the glass substrate after the rough polishing.
15 The surface reinforcing process was carried out chemically by
immersing the glass substrate in a heated molten liquid of mixed molten salts
of potassium nitrate and sodium nitrate to thereby exchange a part of the ions
on the substra_te surfaces with ions having larger diameters. Fig. 3 shows
the surface condition of the glass substrate after the surface reinforcing
20  process.
After the rough polishing and surface reinforcing processes, the
surfaces of the glass substrate were polished under the conditions shown in
Table 1 given below by using tapes of non-woven cloth of thickness 660pm
comprised of nylon fibers of thickness 2.0pm. Fig. 4 shows the surface
25  condition of the glass substrate after the polishing process.

The polishing slurry used in Test Example was obtained by adding

12




surfaces of the glass substrate were polished under the conditions shown in
~Table | given bel ow by using tapes of non-woven cloth of thickness 660 gm
conprised of nylon fibers of thickness 2.0~ tm Fig. 4 shows the surface

25 condition of the glass substrate after the polishing process. The
polishing slurry used in Test Exanple was obtai ned by adding 12 artifici al
di anond particles produced by the shock wave nethod to pure water and

di spersing them by neans of ultrasonic waves. The average di aneter (D50)
of the artificial dianond particles after the dispersion was 20nm. An

addi tive Wil 4RRASHhY !p%tialagwo&&be&'gdgﬂ &e%IﬂFK %v%%@%{o\i’ac% Ip;?ﬂl@' edytand

stirred, 5 and the artificial dianond particles were dispersed again by

nmeans of and Hispsedihg themEBy nlfHCofRItPadtRi@fddvbhCi Bhe GivarmRddiaaidibe! es
either in the formof primary or secondary particles contained in the
pol i shi ndDs0uS yhd hrtéficiabdiaimred pdahiies Atehtiwsdisperstanpasi2nan ofA:d hi s
polishing slurry. 10 Table 1 Rotational speed of glass substratel600rpm
Travel spalsldtivé widi ¢ophp ostiompedvime feblen? givee M8lpp Wasredided ehdptirradi ng
slurryl5m /m nute Hardness of rubber contact rollers45 duro Pressure by
contact raMd dhesapifigias damgnenegrticlet arerangdispenshs) aghinodwi mearsonbHz
T b e e gt poihcle] dibhohd peh AR RSk Ghes O

form of primary or secondary particles contained in the polishing slurry thus

obtained. Table 2 shows the cbmposition of this polishing slurry.

10 Table 1
Rotational speed of glass substrate 1600rpm
Travel speed of polishing tape , 5 inches/minute
Supply rate of polishing slurry 15ml/minute
Hardness of rubber contact rollers 45 duro
Pressure by contact rollers 5 pounds
Frequency (total amplitude) of oscillation | 5Hz (1mm)
Polishing time 20 seconds
Table 2
Artificial diamond particles | 0.01 weight %
(diameters less than 50nm)
Additive 5.0 weight %
Pure water 94.99 weight %
Glycol compositions 50 weight %
Organic phosphoric acid | 15 weight %
esters
Higher aliphatic-amides 15 weight %
Nonionic surfactant 20 weight %

15 <Comparison Example>
Another glass substrate of comparison example for a perpendicular

13




Addi tive5.0 wei ght % Pure water94. 99 wei ght % d ycol conpositions50 wei ght
% Organi ¢ phosphoric acid 15 weight % esters Hi gher aliphatic am desl15

wei ght % Noni oni ¢ surfactant20 wei ght % 15 <Conpari son Exanpl e> Anot her

gl ass substrate of conparison exanple for a perpendicular 13 magnetic
recordi ng di sk was prepared by polishing both surfaces of a gl ass

substrate on which rough polishing and surface reinforcing processes as
expl ai ned above have been carried out (of which the surface condition after
t he rough polishing process is shown in Fig. 2 and that after the surface 5
rei nfor C'ﬂﬂgt?ﬁ:?&?&%r&ﬁxgs@ﬁwwé@ pFéhred)byPpolisting b%l@h's%?fa@@s ok U Esof a

di fferent d, containing abrading particles rncluding artificial dianond

parti cl essubstilate e wageh Serghdaslshiakt hed esaretanhfRbinkOPRiesseki s 5 shows
the surface condition of this glass substrate after the polishing process.

Tabl e 3 shaplained dbosoipysiidenncaatietiheuta@divhivie the egirfaee donéjtion afiet he
~polishing slurry and 10 shows the conposition of the polishing slurry thus
pr epar ed therr pelishing 1Eveess| is. shih én3Figy t3 fandi lat difserotie parfacel es0. 01
wei ght. % (aver age secondarg particle diameter = 100nm ]
5  reinforcing process is shown in Fig. 3) by using polishing shurry of a different

kind, containing abrading particles including artificial diamond particles with

average secondary particle diameter of 100nm. Fig. 5 shows the surface

condition of this glass substrate after the polishing process. Table 3 shows

the composition of the additive used for preparing the polishing slurry and

10  shows the composition of the polishing slurry thus prepared for Comparison

Example.

Table 3

Artificial diamond particles 0.01 weight %
(average secondary particle

diameter = 100nm)

Additive 5.0 weight %
Pure water 94.99 weight %
Glycol compositions 50 weight %
Organic  phosphoric  acid | 15 weight %
esters

Higher aliphatic amides 15 weight %
Nonionic surfactant 20 weight %

15
<Comparison Experiment>
The glass substrates of Test and Comparison Examples were
compared in terms of average surface roughness and unevenness in the radial
and circumferential directions_ after the rough polishing process, after the

20  surface reinforcing process and after the polishing process.

14




Addi tive5.0 wei ght % Pure water94. 99 wei ght % d ycol conpositions50 wei ght

% Organi ¢ phosphoric acid 15 weight % esters Hi gher aliphatic am desl5

wei ght % Noni oni ¢ surfactant20 wei ght % 15 <Conpari son Experinent> The

gl ass substrates of Test and Conpari son Exanples were conpared in terns of
average surface roughness and unevenness in the radial and circunferential
directions after the rough polishing process, after the 20 surface

rei nforcing process and after the polishing process. 14 The average surface
roughness was neasured by using an atom c-force m croscope AFM (trade

name: Di mensi omh3108/epRid eSurfREOdbGRthnelY R:A tAkadiielr WBNsiGRr RAT ation).
The conputer- generated drawings shown in Figs. 2-5 were produced by using

t hi s AFMdtomse furcamiardacdpeaAFM (frademeeie Oisnedsane 3 E8efibs,Cpddomad x 0. 65mMm
on the glass substrates (at 512 points) and converting the result into a

t hr ee- di rfeonddigital Insigenefthdarpesstimess The tdoenadi-génemted i drawihgs ent i al
directions was neasured by using a white-light m croscope (trade nanme: New
Vi ew 502Ghopinouigs. 185 maye raodpesdaby omwing shiseABNE o stan ancanbifresidy i n an
arbitrarily 10 sel ected surface area of 0.87mm x_0.65pm on Ehe | ass

subst Pat celectid sHEACEaER Wa\ES EREY KsO-bAmmp o1y Hhryalase sobgbiaten! in both

radi al and. . . . . .
points) and converting the result into a three-dimensional image.

The unevenness in the radial and circumferential directions was

measured by using a white-light microscope (trade name: New View 5020
produced by Zygo Corporation) to measure the unevenness in an arbitrarily

10 selected surface area of 0.87mm x 0.65mm on the glass substrates surface
with wavelengths in the range of 0.05mm-0.5mm in both radial and

circumferential directions.

<Results of Comparison>
15 The averagé surface roughness and unevenness in the radial and
circumferential directions of glass substrates after the rough polishing process,
after the surface reinforcing process and the polishing process according to the
test example and the comparison examples are shown in Table 6.
Table 4 clearly shows that a glass substrate for a perpendicular
20  magnetic recording disk having an aVerage surface roughness of 2.0A or less
and surface height variations of 1A or less with wavelengths in the range of
0.05mm-0.5mm in both radial and circumferential directions could be
produced by a method according to this invention (Test Example). A
comparison between Figs. 4 and 5 also indicates that no unwanted marks of
25  the kind appearing in the case of a comparison example (Fig. 5) are visible in

the case of a test example (Fig. 4. In other words, a smoother and flatter

15




circunferential
roughness and unevenness in the radial
gl ass substrates after the rough polishing process,
reinforcing process and the polishing process according to the

di rections.

and

<Resul ts of Conparison> 15 The average surface
circunferential directions of

after the surface

t est

exanpl e and the conpari son exanples are shown in Table 6. Table 4 clearly

shows that a gl ass substrate for a perpendicul ar
havi ng an average surface roughness of 2. QA or
vari ations of

| A or

20 magnetic
| ess

1l ess with wavel engths in the range of

recordi ng disk

and surface height
0. 05mM 0. 5mMm

in both rageal @RbeShioa B EDEAth@hofidceGididh s ﬂﬁslmve@ﬁmnpr oduced by a

nmet hod according to this invention (Test Exanple).

Fi gs.

case of dTakdet4 exanpl e (Fi g. 4)

surface Dy 2 accordin this—Tnventy
Aver age surfaceUnevé% eas |§HJ r %%?qnﬁs?ogﬁf enness —in
(Acir cgmc erent i al rlagnghness @t i qreivgundferdrdinl Af radial dinghBom1
After3.50.70.8 surflace rei nforci nglid&xiod. 80. 50,7

After rough 5.0 1.8 1.5

polishing

After 3.5 0.7 0.8

surface '

reinforcing

Text 0.8 0.5 0.7

Example

Comparison 2.8 1.3 1.5

Example

5 [Applicabilityl

In ot her words,

conpari son between
4 and 5 also indicates that no unwanted narks of 25 the kind
appearing in the case of a conparison exanple (Fig. 5) are visible in
a snoot her and flatter

t he
15
on. Table 4

81.5 polishing

The polishing steps in the manufacturing process according to the

present invention are applicable for polishing the surface of a optical device

such as lens and a mono crystal substrate for a semiconductor substrate made

of GaN, sapphire, quartz and the like.

6




Exanpl e Conparison2.81.31.5 Exanple 5 [Applicability] The polishing steps
in the manufacturing process according to the present invention are
applicable for polishing the surface of a optical device such as |lens and
a nono crystal substrate for a sem conductor substrate made of GN,
sapphire, quartz and the like. 16 Caims) 1. A glass substrate for a

per pendi cul ar magnetic recording disk, said 5 glass substrate having a
surface with an average surface roughness of 2. OA or |ess and surface

hei ght variations of |A or less with wavel engths in the range of
0.05mMm 0. 5mMm in both radial and circunferential directions. 2. A nmethod of
produci ng a gl ass substrate for a perpendi cular magnetic 10 recording

di sk, said nethod conprising the stHpsm{s)rotati ng a gl ass substrate;

suppl ying polishing slurry on a surface of said glass substrate; and
pressing a polishing tape on said surface and causing said polishing tape
to travel in a direction opposite to the direction of rotation of said

gl ass 15 Lubst Aaglasatrabetinate 401 asperbapdicobaremagoetiavwecendiny didgeasdir f ace
roughness _of .0OA or less and surface height variations of | A,or |ess
with Wavedlasigturstate haying a syelase wotlospaveragermuriase senghnessiof )2 Mher

ccunteneot Lol Glagclions sherein, 38 0 pol s ng Slurey comrises
Lol O RO R0 WA BRSSO a1
2. - A method of producing a glass substrate for a perpendicular magnetic
10  recording disk, said method comprising the steps of:
_rotating a glass substrate;
supplying polishing slurry on a surface 6f said glass substrate; and
pressing a polishing tape on said surface and causing ‘said polishing
tape to travel in a direction opposite to the direction of rotation of said glass
15 substrate wherein said surface comes to have an average surface roughness of
2.0A or less and surface height variations of 14 or less with wavelengths in
the range of 0.05mm-0.5mm in both radial and circumferential directions;
wherein said polishing slurry comprises abrading particles and a
dispersant, said abrading particles comprising artificial diamond particles
20  with diameters less than 50nm, said polishing slurry containing said abrading
particles in an amount of 0.005 weight % -0.5 weight % of said polishing slurry,
said artificial diamond particles being prepared by a shock wave process;
wherein said polishing tape has a contact part comprising a material
selected from the group consisting of woven cloths, unwoven cloths, flocked

25 cloths and raised cloths comprising fibers with thickness of 0.1um - 5.0pm.

17




particles in an anmount of 0.005 weight %-0.5 weight % of said polishing
slurry, said artificial dianond particles being prepared by a shock wave
process; wherein said polishing tape has a contact part conprising a
material selected fromthe group consisting of woven cloths, unwoven
cloths, flocked 25 cloths and raised cloths conprising fibers with

t hi ckness of 0.1m- 5.0m 17 3. The nmethod of claim2 wherein said
polishing slurry contains said abrading particles in an amount of 0.005
“weight %- 0.1 weight %of said polishing slurry. 5 4. The nethod of claim
2 wher ei r3.sai d Ttiesetle@Nbf eRAS St whefeinaldd RNGhird) sREAGY lcbMuinsahd additive
conprising one or nore selected fromthe group consisting of glycol
conmpoundsgbrhdmigepartidlghat ian amodas,of d).gosiveeipho PR ar.1 eveight 9 @ftsaids and
surfactants, said polishing slurry containing said additive in an anount
of 1 wei giedis@ing dlorgei ght % is

5 4, The method of claim 2 wherein said dispersant consists of water and
an additive, said additive comprising one or more selected from the group

~ consisting of glycol compounds, higher aliphatic amides, organic phosphoric

acid esters and surfactants, said polishing slurry containing said additive in

an amount of 1 weight % - 10 weight %.
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