1 SHEET GLASS FLATTENI NG METHOD, NET%WU | ASS sudSor&bE -6
FOR AN | NFORMATI ON 5 " RECORDI NG DI SKUSI'NG FLATT ASS, NMETHOD OF
MANUFACTURI NG_A MAGNETI C RECORDI NG DI SK US| NG G_O,%jfg%BfT E, ANP MAGNETI C

RECORDI NG I\/I';-‘DI UM REFERENCE TO RELATED APPLI CATI +S
apphi cation:clainms the priority right under Paris Convention of Japanese

Pat ent ‘Applications No. Hei 06-339069 filed on Decerbgr %@994@@ Hei
07-291259 filed on July 7, 1995 No. Hei Q7-306822 filed on Cctober 31,
1995, and No. Hei 07-306823 filed on COctober 31, 1995, the entire

di scl osure of which is incorporated herein by reference. 15 BACKGROUND OF
THE I NVENTION Field of the Invention The present invention relates to a
pl ate glass fattening nethod, a nethod of manufacturing products using

gl ass substrate psEBERPGIMASS REIATTENINGIMETHODEMETHOMOR he product s.
The present invention relates nore particularly to a nethod of _
manuf act ur i nYTANIERA CTIRING GHASS HUBSTRABE HORrANINFOBMATKONsed hard

di sks, optical recording nediu and_simlar_things, and a gl ass substrate
Lechni qdo applBECORDENG AMSHSEURTG FEATTENEDCLASR: MRTHGR O ke

manuf act ur ef QoGRS R MateB TR ABUIASING BsRUEMG aLaks //

SUBSTRATE, AND MAGNETIC RECORDING MEDIUM

REFERENCE TO RELATED APPLICATION

10 This application claims the priority right under Paris Convention of
Japanese Patent App]icaﬁons_. No. Hei 06-339069 filed on December 28,
1994, No. Hei 07-191259 filed on July 7, 1995, No. Hei 07-306822 filed on
October 31, 1995, and No. Hei 07-306823 filed on October 31, 1995, the
entire disclosure of which is incorporated herein by reference. | |

15 |

BACKGROUND QF THE INVENTION

Field of the Invention
The present invention relates to a plate glass fattening method, a

method of manufacturing products using glass substrate produced with the

20 flattening method, énd the products. The present invention relates more
particularly to a method of manufacturing glass substrate for an
information recording disk used hard disks, optical recording medium, énd
similar things, and a glass substrate technique applicable advantageously
to magnetic disks and the like manufactured by the above-mentioned

25 'ma.t__;:xiifacturingmethod.



Description of the Related Art Conventionally, thin glass substrates

been used as substrates used for

have

magneti c recordi ng di sks (hard disks),

optical disks, liquid crystal displays, and the 5 like. Recently, glass
substrates have been noted because they have excellent characteristics such

as higher flatness and sheet thinning capability,
substrates and netal substrates. Usually, 4he thin glass substrate is

conpared wi th ot her

resin

prepared by 10 processing a sheet glass blank obtalned by fabrication such

as the down-drawi ng net h8@82¢d Doeihogneg Retatad Brbet hod to a

pr edet er mi ned di nensi on and thentgpradln the surface of the result.
iTeOhaas

down- dr awi ng netruﬁPQW$n§éﬁB?%}Yy

The

ofURSETakER rake DePRgUSeS heet

gl ass by draw_n | ten g%ass a d then |%#lnggdlgwm ¥Fr%|cally t he

same. |In ror&5d8 ratfe u%xd emat eetrlrgtﬁ

an~exanpl e %t he

down- dr awi “gdﬁlEkQPd)odticETO&@slbé’ vﬂ@ﬁaﬂ@&&%ﬂd@emﬁr%ddgngoal ong the

front and back surfaces of a nolding body With a wedged cros

section

and then §oi ngdeat Hdtenkowergpesd isubsekatbe natedbagn beshed Beaasbeet form

and t-he sheet

is cooled and solidified by pulling down it with a pulling

roll er to prategchaves kxeelibas scHakmgderist e xxurhned eghent fpathes=at i on
(Tokkai -Hei) No. 5-163032 or USP 3, 338,696). 25 A sheet gl ass
produced by BRé sheat dhawnipg neanaki Lisye heemrarechyhth Helthesr seated by ot her

net hods and i s, used as a_.thin

and a thin

10

15

20

25

substrates and meta strates.

Usually, the thin glass substrate is prepared by
processing a sheet glass blank obtained by fabrication such
as the doﬁn—drawing method (fusion method) or floating
method to a predetermined dimension and then abrading the
surface of the result.

The down-drawing method is generally a method of
manufacturing a sheet glass by drawing down molten glass -and
then pulling down vertically the same. In more detail, for
example, the method (an example of the down-drawing method)
is known by which molten glass is run down along the front
and back surfaces of a molding body Witﬁ a wedged cross
section and then joined at the lower portion of the molding
body in a sheet form, and Ehe sheet is cooled and solidified
by pulling down it with a pulling roller to produce a sheet
glass (Japanese Unexamined Patent publication (Tokkai-Hei)
No. 5-163032 or USP 3,338,696).

A sheet glass produced by the down-drawing method is

thinner than that produced by other methods and is used as a

thin glass substrate for magnetic recording disks and a thin

9I %f substrate for nmagnetic recordi ng disks



3 glass substrate for liquid crystal displays. However, because of the
characteristic of the form ng nethod, the flatness of the sheet is degraded"
conpared with the sheet gl ass produced by the floati'ng nmethod. For that
reason, 5 where the thin filmglass produced by the down-drawing nethod is
used for the above-nentioned applications, heat treatnent (heating and
annealing) is needed to correct and inprovg the flatness. In the nethod, as
shown in concrete in Figs. 1(a) and 10 .1(b), the heating and annealing are
carried out wildsst Bubs@tax Fosubsinidd esyktaandivshwa .betivperergut and

poli shed densified sheets (thick flatness correcting alum num sheet) 10 and
with a paper lmcassebofi Pepahatackeristyicaofathabfemime mathed edheet ween '
ei ther surface of the thin glass substrates 15 11 |am nated and the

densi fi ed shefkatngss mrﬁéreals QStré?)rQ%rﬂd@dach?ﬁ#Qﬂf Wﬁﬁbvém ishgethe

densified sheet to be_def | ur al sheets | am nated to
i ncrease the EfF9S Péﬂéﬂpe gpﬁ #@ﬂ?’F%éﬁFhﬁ%t 3Fe¥FQHQPhout 20 any

consi der atg on,, the tﬂgutg n gflﬁﬁ‘sgf%%e?fﬁ“%ehhﬁ n@l Q,Qnggg” g_&get her, thus
conpl etely bel'hg danmage |n use 'S nee o prevent the thin
gl ass sheets fdwpabes ngsém&@gdtﬁ@g@s&%-meﬁeleﬁ@a GYP kAt Sok¥ OlBlgl) there is
treatment (heating and annealing) is needed to correct énd
improve the flatness.
In the method, as shown in concrete in Figs. 1(a) and
10 1(b), the heating and annealing are carried out with thin
glass substrates 1 sandwiched between cut and polished
. densified Sheets (thick flatness correcting aluminum sheet)
10 and with a paper or carbon paper 12 acting as a lubricant
inserted between either surface of the thin glass substrates
15 11 laminated and the .densified sheet 10. Numeral 13
represents a fin for preventing the densified sheet to be
deformed.
Wwith plural thin glass sheets laminated to increase
the efficiency, when the heat treatment.is treated without
20 any consideration, the plural glass sheets are thermally
bonded together, thus completely being damaged in use.
Hence it is needed.to prevent the thin glass sheets from
being bonded together. To overcome this problem, there is
the method which inserts a paper or carbon paper between
25 thin glass sheets and utilizes paper cinders, or method

which utilizes a carbon paper acting as a lubricant

(Japanese Unexamined Patent Publication (Tokkai-hei)



the nethod which inserts a paper or carbon paper between 25 thin glass
sheets and utilizes paper cinders, or nmethod which utilizes a carbon paper
acting as a |ubricant (Japanese Unexam ned Patent Publication (Tokkai-hei)
4 No. 6-247730) In the nmethod in which a paper is sandwi ched between thin
gl ass sheets, as the nunber of lamnated thin glass |ayers increases, the
accuracy of flatness cannot be 5 acconplished to a desired val ue because of
t he paper's thickness and elasticity, and habor is needed in handling and
cl eani ng cinq@fsﬁ_bg7ng§_detail expl anation, in the paper sandw ched
between thin glass sheets, its peripheral portion is burnt out but its

center portion remannghd OmELHADONIZ QHidNEa tfApR¥Y Be s LABE Bl a
di fference in thickness occurs between the peripheral portion and the

center portiothiof glhest Sheetd Ass sheehumbdre ofhlakiresed shincirased by the
| am nat ed val ue, and the fl atness becones poor due to the increased
- thi ckness tr akasfexsr ddcoarees hethks achiinagy afs fiakrass Tangoresel ts in
insufficient satisfaction to a_required accuracy. Moreover, when the thin

sheet glass i3°ARIASHEE ©P & drfdTeAgvRiRmEeEate f (the PAR®ME t(reat ment,
B e e R AT R “ond P L LA B BRI
and cleaning cinders. In more detail explanation, in the
paper sandwiched between thin glass sheets, its peripheral
portion is burnt out but its center portion remains
10 carbonized due to oxygen shortage so that a difference in
thickness occurs between the peripheral portion and the
center portion of the thin glass 'sheet. The thickness is
increased by the laminated value, and the flatness becomes
poor due to the increased thickness transferred onto the |
15 .thin glass sheet. This results in insufficient satisfaction
to a required accuracy. Moreover, when the thin sheet
glass is taken out of a heating furnace.after the tﬁermal
treatment, paper cinders may be scatteréd around, thus
worseniﬁg the working environment. Thus.the handling is
20 troublesome. Moreover, a tar component from the paper
adhered on the surface of the thin glass sheet causes
troublesome and labor for cleaning.
In the method in which .a carbon paper is sandwiched
between thin glass sheets, the thickness and elasticity of a
25 carbon paper make it difficult to set the accuracy of |

flatness to a desired value and the costly carbon paper

causes an increase in cost. In more detail, since the



20 troublesome. Mreover, a tar conponent fromthe paper adhered on the
surface of the thin glass sheet causes troubl esonme and | abor for cleaning.
In the nethod in which a carbon paper is sandw ched between thin glass
sheets, the thickness and elasticity of a 25 carbon paper make it difficult
to set the accuracy of flatness to a desired value and the costly carbon
paper causes an increase in cost. In noresdetail, since the 5 carbon
paper with a thickness of 0.5 mMmor nore is thicker than paper, the
elasticity abspbds daperf Watnesstiifcknkessbeeal. sgmassr nidsreaiseshidkent he

i nsufficient correction of the flatness causes the inproved fl at ness
accuracy. Thehsargeyer; papeelassicityadbsovbsityecflatnass bfchhgeshsfetit s
insufficient strength and its brittleness., In order to avoid the

above- ment i ogdaspr ofisers resul rmythse Io6HEEHEFRE CARYCTHIR BEWERS s of an
inorganic material is used as the Iubrig?%t. In_this case ig difficult

it
to 10 scatt éF2FRH )cagH‘ﬁFFoFHFleFPFé’Vﬁdn RS §c8\1/réa}c5‘t°he'r§lﬁ.r?% f a thin
gl ass sheet, and, e J b8 ROMIOt Sl BBLURIAce! B ADLAEHE P4 WOr ki g

envi ronne since I ne powders fuse on the surface of a thin

gl ass sheet qf bQutdy the sesf Bescinglaefl, they deteriorate the abrasion 15
property of the thin glass sheet to an unusable state.

In order to avoid the above-mentioned problems, it may
be considered that fine powders of an inorganic material is
used as the lubricant. In this case, it is difficult to

10 scatter (coaﬁ) uniformly the fine powders over the surface
of a thin glass sheet, and the fine powders are scattered,
thus worséning the.working environment. Moreover, since the
fine powders fuse on the surface of a thin glass sheet or
hurt the surface thereof, they deteriorate the'abrasion

15 property of the thin glass sheet to an unusable state.

In addition, when paper or carbon paper is inserted
between thin glass sheets, dusts in air are involved. This
causes flaws due to rubbing; thus resuiting in a decrease in
yield.

20 Because of such problems, it has been difficult to
treat efficiently and thermally plural thin glass sheets
laminated With the flatness of a required accuracy, without
producing flaws and foreign matter bonding.

For'thét reason, at the cost of the efficiency, a heat

25 treatment is performed with thin glass sheets respectively'
sandwiched between densified sheets with goodlflatness to

secure the flatness of a required accuracy, or at the cost



I n addi tion, when paper or carbon paper is inserted between thin glass
sheets, dusts in air are involved. This causes flaws due to rubbing, thus
resulting in a decrease in yield. 20 Because of such problens, it
has been difficult to treat efficiently and thermally plural thin glass
sheets lamnated with the flatness of a required accuracy, w thout

producing flaws and foreign matter bonding, For that reason, at the cost of
the efficiency, a heat 25 treatnent is pe?forned with thin glass sheets

respectively, §aagwia%la§séa99t veerAenskhifshshaehsr Mhideagagdnl basaessy to
secure the flatness of a required accuracy, or at the cost 6 of the

accuracy, a &eddord bRpkReBhndwidedd etwden tHinpgbess atheeashonHeaper

sandwi ched between thin glass sheets. Hence the cinders is troubl esone
whi | e cl eani tige icsindeasoidabteublesdneewbble arlcaohad hewavgidable| att eni ng
method, it 5 has been difficult to _prevent thin_glass sheets |am nated from
bei ng bonded and ti® &bearanvertionalneheehigipss fEhsdd9aretredy Yy

t ti fficientl .th | 1 | I l, .t hi I | am d,
W thout i odit P A ARBLF oreirr Rty Brtih daarnghdp TaRiistGa 2T Dot e
been a probl e, 1At 13 GORVER | Apedl AShe HRTEARSS itHCRSERYubRERUSE the

flatness w th an accudracy
accuracy by treating efficiently and thermally with plural

thin glass sheets laminated, without producing flaws and
foreign matter bonding.

10 There has been a problem in that a conventional glass
substrate is costly because the flatness with an accuracy
“required at the cost of the efficiency must be secured, or

because a thin glass sheet prepared at the cost of the
accuracy requires a considerable polishing to secure the
-15 flatness of a required accuracy uses.

Many aluminum substrate have been used as the
substrate for magnetic recording disks.' However, with the
demands for small-sized and thinned magnetic recording disks
and low—floating of a magnetic head, éléss substrates have

20 been used at an increasing use rate because small—sizing.and
thinning, high flatness, and low floatin§ over a magnetic
recording disk areleasily-realized, compared with aluminum
substrate.

However, a.magnetic recording disk glass substrate of

25 that kind is costly and the éurface condition of the
substrate is poor because flaws unremovable in the polishing

step and foreign matter bonding are left on the substrate.



required at the cost of the efficiency nmust be secured, or because a thin
gl ass sheet prepared at the cost of the accuracy requires a considerable
polishing to secure the 15 flatness of a required accuracy uses. Mny

al um num substrate have been used as the substrate for magnetic recording
di sks. However, with the demands for small-sized and thi nned nagnetic -
recordi ng disks and |l owfloating of a magnetic head, glass substrates have
20 been used at an increasing use ratée’ because snal |l -sizing and thinning,

high flatness, and |l ow.floating over a nagnetic recordlng di sk _are easily
real i zed, conpienEs: mF??F%ﬂhﬂﬂ HﬁﬁPsﬁb@??ﬁﬁ%@ 1potRare £he gheaf (fesE recor di ng

di sk glass substrate of 2 t kipdis co and _t he surface condition

of the substr&SEYFE FoH gétff lﬁuﬂﬁgﬁogéﬁﬂa mFﬂ“??ﬁf[fﬂq CZRARY step
and foreign r r t t S t there has
been a probl g‘ranéllsﬁ tg &%%gc% S Cg;us n%c%ﬁfnsgg er?t e lﬁt e%&l s’used for
a magnetic rqu&glegugqﬁaganp@rQQEects occur in a- fI|ﬁ1$UCh as a magnetic

| ayer, thus causing an error. 5 Were a gl ass substrate is used as a_

magneti c reacordi ng wheke siikglasat eubsteatstrisansedfast hemagrastsicsubstrate i s
generally subjected to a chem cal strengtheni ng process
recording disk substrate, the surface of the glass substrate
is generally subjected to a chemical strengthening process
by the low-temperature ion exchanging method to improve the
shock resistance and vibration resistance.
10 This chemical strengthen is made after cutting and
- polishing the glass substrate. There is a substrate |
cleaning step as the step prior to the chemical
reinforcement process. This cleaning step is carried out
with pure water, as described in Japanese Unexamined Patent
15 Publication (Tokkai-Hei) No. 2-285508.

Conventionally, the polishing is made to the front and
back surfaces of a glass substrate, but is not made. to the |
outer peripheral end surface and inner peripheral end
surface. Since these ends have rough suffaces, dusts may

20 occur from the ends unintentionally rubbed when the glass
substrate is carried, or stored into or taken out of a
housing case.

Recently, the slight dusting causes problems with the
high density magnetic recording disks

25 It is possible to polish the end surfaces. However,
this leads to a high cost because it is difficult to polish

the end surface to the surface roughness with which dusting



by the | owtenperature ion exchanging nethod to i nprove the shock

resi stance and vibration resistance. 10 This chem cal strengthen is
made after cutting and polishing the glass substrate.” There is a substrate
cl eaning step as the step prior to the chem cal reinforcenent process. This
cleaning step is carried out with pure water, as described in Japanese
Unexam ned Patent 15 Publication (Tokkah-kbi) No. 2-285508. Conventionally,
the polishing is nade to the front and back surfaces of a glass substrate,
but is not nmadeah Ood Rrefreheeaperirphaationd idiikapesailie moepopLsi pheer al
end surface. Since these ends have rough surfaces, dusts may 20 occur from
" the ends uni nt eath crtadnliyai pbelge vénels .t hBowgdess $hbsstaing iescbangi ed, or
stored into or taken out of a housing case. Recently, the slight dusting
causes probl ensffcth mave makghi bledidi fiFukh ghR AR e B BRY FHF faceRswith 't
IS possible to polish the end surfaces. However, this leads t hi gh cost
because it is ﬂ??‘ﬁiﬂﬂqacﬁorﬁﬁgli‘%??%'heP@ﬁﬁl‘é‘\t,fafrgé’e 13 iR c25fr 8gea?eoughness

Bt PP S e SR0RCERB A kigel SleLatty dibies pRas Pe Lo
meke it di fficublndQabtial M4 d2e88h R etching process so that
the center deviation results in rejected products. The
strong etching effect may reversely deteriorate the surface
roughness of the end surface.

10 Moreover, where the glass substrate is used as a
magnetic recording disk substrate, the surface of -the glass
substrate is generally subjected to a chemical strengthening
process by the low-temperature ion exchanging method to-
prevent the substrate breakage due to shock or vibration to

15 improve the shock resistance and vibration resistance.

The method disclosed in Japanesé Unexamined Patent
Publication (Tokkai-Hei) No. 5-32431 is known as a method of
manufacturing a magnetic recording disﬁ using that kind of
chémical reinforced glass substrate. Aécording to the

20 method described in the publicétion, the glass substrate is
reinforced by immérsing'into a mixed solution of potassium
nitrate and sodium nitraﬁé at 400C°, and an underlayer and a
magnetié layer are successively formed on the chemical
reinforced glass substrate.

25 . However, as described in the conventional method, in
the magnetic recording disk_which is manufactured by pulling

up a glass substrate from the chemical reinforcement



good surface roughness. Particularly, in the case of the 5 glass substrate
used for magnetic recording disks, the roundness is inpaired through the.

etchi-ng process so that the center deviation results.in rejected products.
The strong etching effect may reversely deteriorate the surface roughness

of the end surface. 10 Mor eover, where the glass substrate is used
as a magnetic recording disk substrate, the surface of the glass substrate
is generally subjected to a chenical stxengthening process by the

| ow-t enper at ur e, i on exchangi.ng net hg revent the. substr.ate breakage due
to shock or vFBFAETYN tcg‘efgmgn”p‘?'o %kge‘ghsoucﬁ?eﬁsa%}’%%%n%er%& #f'brati on

resi stance. T%gfigg%%g%s%hﬁggo&g&éﬂc]qgg.ggs& Qﬂ%xéﬁé‘fds\ﬁ?stt&%tte@b' i cation

( Tokkai - Hei ) known as a het hod of fanufacturing a nagnetic

recordi ng di skngsé N thali skiipgnedgehencaat amiorhal cetoghassnsubst rat e.
According to the 20 nethod described in the publication, the glass
substrate i s sematimeeddeyri onetlse raprifate @f @ xednsblatrenordfingodbss um
nitrate and sodiumnitrate at 400Cerr], and an underlayer and a magnetic
| ayer are Bucd8sdestibedpiede onthehabalRehal Arotsrpione ciprfiess snstist r at e.

25 ' However, as_described in the, conyentional nethod, in_the
magneti c recofHF AR ¥k AnWAPERSELC RERPE &??wa;fkbyaﬁu???§ﬁ)é%? hegfass
substrate frogHzQE l%" %mn%%Lze.Efé rﬁeoarcf: %@egﬂat the magnetic recording disk
cannot be used as a product. : ' |
Since molten salt is adhered with the glass substrate
10 after the chemical strengthening process, cleaning is
required. Conventionally, Japanese Unexamined Patent
Publication (Tokkai-Hei) No. 2-285508, for example,
discloses a magnetic recording disk glass substrate after
the chemical reinforcement'process is cleaned using alkaliﬁe
15 ' cleaning agent, pure water, and organic cleaning agent.
With the high recording density of a magnetiq
recording disk, it has been required to decrease the
.distance (spacing) between the magnetic recording disk and
‘the magnetic head. Hence, the current broblem is to remove
20 completely the foreign matters on a glass substrate causing
protrusions formed on the surface of a magnetic recording
disk.
| However, the above-described conventional cleanihg
method can provide'a cleaning effect to some extent.
25 Partiéularly, it has been difficult to remove completely
molten salt left on the glass substrate even if the glass

substrate is cleaned after being pulled up from the chemical



9 solution, cleaning it, and then successively formng an underlayer and a
magnetic | ayer on the glass substrate, there is a disadvantage in that
abnornmal protrusions sonetines occur on the surface of a magnetic recording
di sk. 5 As described above, the abnormal protrusions formed on the surface
of a magnetic recording disk may cause the head crush to a magnetic head so
that the magnetic recording disk canngb be used as a product. Since nolten
salt is adhered with the glass substrate 10 after the chemi cal

strengt henin qﬁﬁﬁﬂa | s required. Conventionally, Japanese
Unexam ned Pgﬁégn Pgag?g%9%¥gkkal Hei) No. 2-285508, for exanple,

di scl oses a nmagnetic recording disk glass substrate after the chem cal

rei nforcenent process is cleaned u5|ng alkallne 15 cleaning agent, pure
wat er, and organi ¢ cl eani ng SARRAARY ANDIOOr di ng density of a
nagnetlc recording disk, it has been reqU|red to decrease the distance
(spaci ng) bet ween Itrh@rﬁlﬁgném everayedEhg 3&1051’1% BRRf tanedRgABLe®S hedad. Hence,

th t bl t 20 tely the f
gl ass subbt r SHESTd I%aj ‘éefé?ﬂ”l?wn:%ﬁ? O™ W S RAEe P atet | ¢

recording di gy, diuey £F Do TR0V Gndeac | R0 BN oAb CheAMA o NOC

can provide some ext ent ticu has been

ditficult €0y 4RITMS G Gheb FRIdeeR: Bl lodneht PRoveit cdl aRE1BUbSt rate even
i e gl ass

plural laminated sheets of thin glass can be thermally

treated efféctively with a required accuracy of flatness
10 without occurring any flaw-and foreign matter welding.
A second object of the present invention is to provide
a thin sheet glass substrate with high flatness and at 1ow
price. |
A third object of the present invention is to provida
15 a magnetic recording medium which does not cause any head
crush and has a defect-free film or magnetic layer.
A fourth object of the present invention is to provide
a method of manufacturing glass substrate for an 1nformation
recording disk which can prevent the glass end surface from
20 dusting, without impairing the roundness and deteriorating
the surface roughness at the end surface.
A fifth object of the present invention is to provide
a method of manufacturing a magnetic recording disk which
can be designed so as to remove a defect due to dust from
25 the glass end, to improve the.product quality, and to reduce
a defect occurrence during using a product.

A sixth object of the present invention is to provide



substrate is-cleaned after being pulled up fromthe chem cal 10

rei nforcenent solution. SUMVARY OF THE I NVENTION I n order to overcone the
above nmentioned problens, a 5 first object of the present invention to
provi de a nmethod of flattening sheet glass wherein the thermal bonding
between | am nate thin sheet glass filns can be prevented while plural

| am nat ed sheets of thin glass can be thernally treated effectively with a
required accuracy of flatness 10 withoutloccurring any flaw and foreign

macter vel di 19, AePELNSE QSR Pl LAP B SRROIRIANETLL0 | Sl LoV de o

thin sheet glass su e W ness an price. third

obj ect of the present dvheMal1OBrbEriSidisO¥hdea %thean@m@éﬂ‘&aeew%&d{@
medi um whi ch does not cause any head crush and has a defect-free fi1mor

magneti c | ayer madnéoid tdecahtjddaly aisk heithr aseabnddmadnprorisiohe. provi de a
met hod of manufacturing glass substrate for an information recordi ng disk
whi ch can prevent thk sgwesheob]eat fat dhfer predgnt dovenhipn Wist hout i npairing
t he roundness and deteriorating the surface roughness at the end surface. A

fifth object oPTPHEIPr&asH SURFERRFREITs 2RoipfRrfageon FRAGT6dngr disk
manuf act uri ng ?narrlr& Qgé\ircinrge?ncél;:gi)ggar% -Sak m\é@ngpic recording disk
manufacturing method each of which can remove effectively
deposited molten salt without damaging a glass substrate.
According to the present invention, a sheet glass

10 flattening method comprises the steps of forming a film of a
solution on at least a principal surface of a sheet glass
formed using a down-drawing method, the solution containing
a water soluble inorganic materialhand a surface-active
agent; sandwiching both sides of a single sheet glass on

15 which the film is formed or of a laminated structure of

‘-plural sheet glasses with a densified sheet with a high
flatness to pressure the single glass or laminated
structure; and heating and annealing the single sheet glass
or laminated structure to flatten the snme.

20 Gldss subétrate for an information recording disk
manufacturing_method comprises the step of tfeating at least
end side of a glass substrate with a treating solution
containing a hydrofluosilicic acid.

A magnetic recording disk manufacturing method

25 comprises the step of applying the manufac;uring_method

defined b& claim 6 to a disklike glass substrate; and then

forming at least a magnetic layer on glass substrate for an



can be designed so as to renove a defect due to dust from25 the gl ass
end, to inprove the product quality, and to reduce a defect occurrence
during using a product. A sixth object of the present invention is to

provi de a nmet hod of manufacturing an information glass substrate with no
abnormal protrusions and a nethod of manufacturing a magnetic recording
disk with no abnormal protrusions. A seventh object of the present
invention is to 5 provide glass substrage for an infornmati on recording

di sk manufacturing nmethod and a magnetic recordi ng di sk manufacturing

met hod each of Whiematannr eeenrstioif déskvel y deposited nolten salt without
damagi ng a gl ass substrate. According to _the present invention, a sheet

/ p
glass 10 flattening RefRgBeEHhpacozsing Ligke panpfasiminggmethed m of a

solution on at |east, a principal surface .of a _shee l.ass.formed using a
down- dr awi ng rref?fg%r,lsteﬁe%%@%poﬁ%cﬁﬁ? %ﬁaﬁé”lggv\%?%rp%g&lsgbfl% ‘Trngweﬁﬁﬁig
material and a _ - j ; sqgg%4 ' - hot ' o singl e
sheet gl ass on ?%é%?%hagégg%%%%t?brne g?bgglgé)lég‘rﬁs@tgg sa%l?cture of
plural sheets gl asiseisralet Rieh densieht 86y SftERit ivht Bodtdlirghgf hat ness to

pressure the single glass or lamnated structure; and heating and annealing
t he singl e sheebydpfalsosiliain ratidd shd udtenr €otnidd sttt deatbea saghet 20
G ass substrate for an information recordi ng disk
layer on glass substrate for an information recording disk.
Glass substrate for an information recording disk
manufacturing method comprises the step of chemically
10 strengthen a glass substrate by immersing the glass
substrate in a chemical reinforcement solution heated and
then ion exchanging ions on the surface layer of the glass
substrate with ions in the chemical reinforcement solution;
pulling ﬂp the substrate from the chemical reinforcement
15 solution and then annealing it to a temperature higher than
the crystallization temperature of a molten salt; annealing
the glass substrate at a rate at which the crystallization
of the molten salt is deposited on the surface of the glass
substrate; and then cleaning the surfacé of the glass
20 substrate.
| A magnetic recording disk manufacturing method
compriées the steps of chemically strengthen a glass
substrate by immersing the glass substrate in a chemical
reinforcement solution heated and then ion exchanging ions
25 on the surface layer of the glass substrate with ions in the

chemical reinforcement solution; pulling up said substrate

from the chemical reinforcement solution and then annealing



manuf acturing method conprises the step.of treating at |east end side of a
gl ass substrate with.a treating solution containing a hydrofluosilicic

acid. A magnetic recording di sk manufacturing method .25 conprises the step
of applying the manufacturing nethod defined by claim6 to a disklike glass.
substrate; and then form ng at | east a magnetic |ayer on gl ass substrate

for an 12 information recordi ng di sk. A magnetic recording disk-

manuf acturi ng net hod conprises the stepldf sand-bl asting and polishing at

| east a disklike glass substrate; then treatjng the whole glass 5
substrate wit Htator 8atRerasrEe | BishesnthrRi hge LRI eI cic acid; and

th f ' t | tie | .al . t f
| nf or mat o r SEBFRPRBUH Gb AdPALEeT dmerrardopar iR Tt S RorEPeRts di ng
di'sk manufact yj 09, ogl *s%d.vﬁxg%%ﬁegsay&aigwaeio&_fzﬁmtﬁ@'rhaicleql sgicefgthena

gl ass substrate by Immersin | ass substrate in a chemca

rei nforcement &Qodited eahedsapthdd VT ithR §X&EHANGIDRYraOHS QBahhgg Sur face
| ayer of the glass substrate with ions in the chem cal reinforcenent

sol ution; pul liheg supféde fulhhergiasd rsubstirete heand ahenefofdmgeaent 15
solution and then annealing it to a tenperature higher than the
crystal | i zat i creasénpenzanatd colayenuvin &iesghbsteafiteal i ng

Glass substrate for an information recording disk
manufacturing method coﬁprises the steps of chemically'
strengthen a glass substrate by immersing the glass

10 substrate in a chemical reinforcement solution heated and
then ion exchanging ions on the surface layer of the glass
substrate with ions in the chemical reinforceﬁent-solution;
and pulling up the substrate from the chemical reinforcement
solution and then cleaning the surface of the glass |

15 substrate with a cleaning agent containing acid.

A magnetic recording disk manufacturing method
comprises the step of chemically strengthen a glass
substrate by immersing the glass substrate in a chemical
reinforcement solution heated and tﬁeh ion exchanging ions

20 on the surface layer of the glass substrate with ions in the
chemical reinforcement solution; cleaning the surface of the
glass substrate pulled up from the chemical reinforcement
solution with a cleaning agent containing acid; and then

_ cleaning the surface of the glass substraté;

25 .. According to the first aspect of the present

invention, a water-soluble‘inorganié material can be coated

thin and uniformly on the glass surface by adding a surface-



the glass substrate at a rate at which the crystallization of the nolten
salt is deposited on the surface of the glass substrate; and then cl eaning.
the surface of the glass 20 substrate. A magnetic recording di sk
manuf act uri ng nmet hod conprises the steps of chemically strengthen a gl ass
substrate by immersing the glass substrate in a chem cal reinforcenent

sol ution heated and then ion exchanging ions 25 . on the surface |ayer of
the gl ass substrate with ions in the ched#cal reinforcenent sol ution;

pul ling up said sybstrate fromthe chemc r.ei nf or cenent s%lution and then

|
anneal i ng 1§citthFoa%erfter?ﬁ§Paf‘ﬁraél‘ﬁob‘ﬁe?&f‘h%t’r?nt'he EFy8¥%I95 2ati on
tenperature of s%llfmk& n; 4 ;i{xﬁng J.Jfgge:[-g?tt;ﬂ}é’i%éeﬁ'ﬂbéltﬁ$ q,a@%ﬁg rate at
Wi e i's on

whi ch the crysta ation o nol'ten sa eposite e surface of

the gl ass substgalgie Cl ¥R comb el hacswdfard Necdbanse Saketiai e, and
then form ng at | east a magnetic |ayer on the substrate. d ass substrate

for an.infor micoalingoiiin@reirektsreilabacttiom g imet bhdrmnbhded td1eeSt eps
of chem cally strengthen a glass substrate by imersing the glass 10
substrate i A afohmadcéhto rasiveral ceinmenssphuthiorkriess) edueind-balten i on
exchanging ions on the surface |ayer of the qlass substrate with ions in
the chenical r&PRFEFEEMBHMeHLaERIS of a sheet glass 1s not disturbed.

With no addition of the surface-active agent, it is
difficult to form uniformly and smoothly a thin film. The
solution which does not include the water-soluble inorganic

10 material does not provide a film which can prevent glass
from thermal bqnding.

According to the second aspect of the present
invention, since the ends of a glass substrate is treated
with hydrofluosilicic acid, the surface roughness of the

15 ends of the glass substrate is improved. ﬂence dusting from
the glass eqd surface ean be prevented. The etching effect
of the hydrofluosilicic acid not very strong can improve the

. end surface of a glasé substra;e to have a good surface
roughness (Rmax less than 2um) at which austing can be

20 prevented, and does not deteriorate the roundness of the

| glass substrate. Furthermore, where the whole glass
substrate is treated with a hydrofluosilicic acid, flaws
caused by polishing and cutting the surface of a glass
substrate can be decreased.

25 . . In the magnetic recording disk manufactufing method
according to the second aspect of the present invention,

adhesion of foreign matters due to dusting as well as flaws



and pulling up the substrate fromthe chem cal reinforcenent solution and

t hen cleaning the surface of the glass 15 substrate with a cl eaning agent-
containing acid. A magnetic recordi ng di sk manufacturing nmethod conpri ses
the step of chemcally strengthen a gl ass substrate by imersing the gl ass
substrate in a chem'cal reinforcenent solution heated and then ion
exchangi ng ions 20 on the surface | ayer of the glass substrate with ions in
the chemical reinforcenent solution; cl®aning the surface of the gl ass

bstrat | I.ed f th hem cal i.nf t | uti ith
irezn{ﬁgeaggn?‘e‘%oﬁ a‘?‘{ﬁ%lﬁgi%} gr‘i‘ggf"?\éﬁé}gﬁ %&%?%ent e%s§ %ggewof tﬁe gl ass

substrate. 255u?strat%wﬁ rdi nged R chhe ﬁéﬁéﬂihﬁﬁﬂgﬁﬁafﬁtf:RSQ§é€ﬁgnt
a C f

i nventi on, wat er-sol ubl'e Tnorganic nateri a an be coaté i n and

uni forny on EQ@QH&ﬁﬁfrd%BkE@ﬁﬁttp)é 3RS DO bACEraws chd BELi ve agent into
an aqueous solution. The use of a solution including a surface-active agent

and a wat er- sshubdeturedr ganhighratieidal all ows an inorganic nmateri al
coating-which prevents glass from being thermal bonded to be 5 fornmed (to
several mTrons in Advogiddngsyo sihehthhed aspacscefngha meeseatness of a sheet
glass is not disturbed. Wth no addition of the surface-active agent, it is
difficult to FBYRREART-othPydseRFidBeL FeY selthpAheredntoThbe glass

substrate can be weakeried by quickly cooling a glass
substrate pulled up from the chemical reinforcement
solution, and can be easily removed a deposit molten salt by

10 cleaning. Hence a magnetic recording disk glass substrate
with no abnormal protrusions can be manufactured. Since the
glass substrate contained in a holding means holding with
the end surfaces thereof is immersed into a chemical
reinforcement solution, a deposit moiten salt produced

15 Dbetween the end surface of é glass substrate and the holding
member is weakened. Hence, the end surface of a glass
substrate can be prevented from béing unintentionally broken
when the glass substrate is taken out of the hoiding member.
Moreover, since the chemically reinforcéd glass substrate

20 has a compressive stress in the surface thereof and
internally a tensile stress, possible fine flaws in the
surface cause breakage of the glass substrate due to the
cooling step. Hence defective substrates can be easily
distinguished.

25 ) According to the magnetic recording disk manufacturing.
method of the third aspect of the present invention, since a

magnetic recording disk glass substrate with no abnormal



sol uti on whi ch does not include the water-soluble inorganic 10 materi al
does not provide a filmwhich can prevent glass fromthermal bonding.
According to the second aspect of the present inventi-on, since the ends of
a glass substrate is treated with hydrofluosilicic acid, the surface
roughness of the 15 ends of the glass substrate is inproved. Hence dusting
fromthe glass end surface can be prevented. The etching effect of the
hydrofluosilicic acid not very strong ca%Ginprove the end surface of a

gl ass S“bs”ab‘%oEQu?at}; %%O%Qnéuﬁﬁ% im0 gﬂ% S?rsfa(cR”gﬁete]!eeo%s 1§hga ?ﬁ[e”] m

at whi ch dust can reven 0es not eriorat

roundness of EﬁéhgﬁééiiﬁyJHébhéEﬁc rdd¥rd186"R S d@hﬁhfcﬁfﬁhéMﬂQhSe9|@§s
substrate is treated with a hydrofluosilicic acid, flaws caused by

pol i shing and d@tﬂé&t@gﬂdethSHbﬁaﬁlﬁapfpribtgll§$6n§Uiiﬁi lfahe tiawsbardesngpsed. 25
In the magnetic recording di sk manufacturing nethod according to the second
aspect. of thecpnebemanufaetured, aadiiadiegnydéldorei gn matters due to dusting

as well as flaws 15 due to polishing and cuttlng the surface of a gl ass
substrate €an be rmlnﬂeﬁeetmgﬁp & pEpetra@ietie E@ﬁcﬂn&i ng di sks with
a small nunber, of flavvs e manuf act ur ed ﬂ 41 %h q\

invention, g ass substrate pulled u f m the chemical

reinforcement solution is cleaned with a cleaning agent
including a sulfuric acid and/or.phosphoric acid. Hence the
deposit molten salt can be effectively removed without

10 damaging the glass substrate.

-According to the magnetic recording disk manufacturing
method of the fourth aspect of the present invention, the
deposit molten salt is'completely removed and a magnetic
recording .disk glass substrate with no minute flaws in the

15 surface due to breakage of a glass substrate is used. Hence
high-quality magnetic recording disks with less defects can

be manufactured at high vield.

BRIEF DESCRIPTICN OF THE DRAWINGS

20 Fig. 1(a) is a front view for explaining a prior art
treating method and Fig. 1(b) is a side view for explaining
a prior art treating method;
Fig. 2 is an explanatory view illustrating an
embodiment of an agqueous solution coating step in a sheet
25 | glass flattening method according to the present invention;
Fig. 3 is an explanatory view illustrating an

embodiment of the glass flattening method according to the



5 According to the third aspect of the present invention, the -
deposit nolten salt adhered to the glass substrate can be weakened by

qui ckly cooling a glass substrate pulled up fromthe-chem cal reinforcenent
solution, and can be easily renoved a deposit nmolten salt by 10 cl eani ng.
Hence a magnetic recording di sk gl ass substrate wth no abnor mal
protrusions can be manufactured. Since the glass substrate contained in a
hol di ng means holding with the end surfates thereof is imrersed into a

chem cal reinf L.gn, a deposit nolten salt produced 15 between
the end surfa géggﬂgngrgggﬂéhbstrate and the hol di ng nmenber is weakened.
Hence, the end surface of ia ghaSReSHHIR] dkiCasdhiRAgPEENEMIRE hhogybei ng
unintentionally broken when the glass substrate is taken out of the hol ding
menber. Mor eowmbodsinete dfhehehgasal tiavtenthgrmeathodl assordikigt tat en@0 has a
conpressive stress in the surface thereof and internally a tensile stress,
possi bl e fi ne pirlegest i invandion;f ace cause breakage of the glass substrate

due to the _cooling step. Hence defective substrates can be easily
di stingui sRed. 25 Fig. 5 igc@afai pREaidechlyY nbihdlrttrRing Rregeapsk

manuf acturing nethqd of the third as t of the present invention, since a
magneti ¢ r ecoPSERBAHRLK YR 8REBk P At WPFREF SEROFHIGNC; apg -
Fig. 6 is an explanatory diagram used for explaining

the data shown in Fig. 5.

10 : DESCRIPTION OF THE PREFERRED EMBODIMENTS

A sheet glass flattening meﬁhod and a magnetic
recording.medium'manufactured using a flattened glass
substrate flattened by the before-mentioned method according
to the first embodiment will be explained in detail |

15 hereunder.

According to the first embodiment, a laminate
structure of a sole or plural sheet glass substrates which
are formed by the down—dfawing methoa is sandwiched between
densified sheets each with high flatnesé. Each sheet'glass

20 is flattened by heating under pressure and then annealing.

The shéet glass formed by the down-drawing method may
be a sheet glass formed either by the conventionally-known
down-drawing method including detail manufacturing
requirements{ or by a sheet glass with a shape equivalent to

25 that of a sheet glass formed by the down-drawing method.

The sheet glass is not particularly limited in

material, size, thickness, or the like. As the material



protrusions and fine flaws in the surface thereof is used, a high-quality
magneti c recordi ng di sk of which the nunber of defects due to abnornal
protrusions and fine flaws are small can be nmanufactured at higher yield. 5
According to the fourth aspect of the present invention, the glass
substrate pulled up fromthe chem cal reinforcenent solution is cleaned
with a cleaning agent including a sulfuric acid and/or phosphoric acid.
Hence the deposit nolten salt can be eFﬁ%ctively renoved wi t hout 10

damagi ng the gl ass substrate. According.to, the_nagnetic recording disk
manuf act ur i nﬁgrr%tﬁfﬂﬁftoﬁlf"ﬁé ?B%r]tll‘?t§§pg%‘t‘m’6f°st"ﬁé°%?%%ssi'nventi on, the

d it | t | £ 0. | I : ' t.G . I di sk
o1 hos subst r SPAS LR SHTRGRLS 19 T ROt el e oTRPR S R RESPLRAR L2 00 of

a gl ass subs Ishd'$6d- 1ikENce high-quality magnetic recording disks
with |ess de%cﬁé%%g' can be rra%15§actur ed at high yield. BRI EF DESCRI PTION OF

THE DRAW NGS 20 The nulb@r 3faghdet alhs®rdubsteutéorlanipatiedi i a prior art
treating method and Fig. 1(b) is a side view for explaining a prior art
treating et podfefdalily 2 te &0, ekplvdest of ythe dlverinbl seorgluicgvany embodi ment
of an aqueous solution coating step in a sheet 25 glass flattening nethod
accordi ng t oglaes pr enshegtealasm subsgraes sagnbexsPRarateLy vi ew
' Tustrating ap, enbogi,Tent (of L& 4 8580081 LahoY: "ELod 255 Lhng to the
A material with a heat resistance and high
conductivity is preferably used as the material of a
10 densified sheet with high flatness, for example, including
SiC, carbon sheet, a metal sheet such as aluminum, or the
like. A quartz sheet, heat-resistant glass, or.the like
with low thermal conductivity may be used. In this casé, it
is necessary to slope gently the annealing schedule. This
15 éorresponds to prolonging the annealing time.
It is preferable that the surface flatness of the
glass sheet in contact with the densified sheet is higher
than tha; of the glass sheet. For example, it is preferable
that the flatness is less than 10 um by cutting and
20 polishing the surface. Moreover, it is desirable that the
densified sheet is thickened to maintain the flatness, thus
preventing the deformation thereof. For example, it is
-desirable to be more than 10 mm for a SiC sheet, more than
15 mm for a carbon sheet, and more than 20 mm for an
25 aluminum sheet. A fin may be arranged on the back surface

of the densified sheet to prevent the deformation of the

densified sheet.




17 present invention;, Fig. 4 is the heating and annealing schedules in an
enbodi nent of the glass flattening nmethod according to the present

i nvention; 5 Fig. 5 is data obtained by the flattening process
according to an aspect of the present enbodinment; and Fig. 6 is an

expl anatoory di agram used for explaining the data shown in Fig. 5. 10

DESCRI PTION OF THE PREFERRED EMBODI NVENTS A sheet gl ass flattening nethod
and a magnetic recordi ng nedi um manuf actured using a flattened gl ass

substrate fIattengﬂl@%dggetggﬂﬁ&§%¥gﬁfégﬁﬁgﬁnggggg'QQQQQQﬁ@ e§o the first

enbodi nent wi |l be explained ereunder. According to the

first enbodi gRREe, & l13MiRAEEG SdHdeR! g'l&sé?farﬂi $0kBmPresidd dheshpetow! ass
substrates which are fornmed by the down-drawi ng nmethod i s sandw ched

-bet ween densiekbfflshemtespebed m tdrdeirgh THeat redsadbmg lsisferebfghass 20 i s
flattened by heating under pressure and then annealing. The sheet gl ass
formed by t hprdderediimsidnyehshthawynhy btacesleoethgl kaminadieded either by the
conventionallx-knomm down-drawi ng net hod i ncludi ng detail manufacturing
requir enent s SEEBRCEYYS sheet glass with a shape equivalent to 25 that of a

sheet gl ass for rrEdIrPyortdg% gg"@iedcru Vén @ge nl%a%%%‘g and annealing process,

the heating témperature and heating time of the heating
furnace are controlled to follow a predetermined heating and
annealing schedule (temperature rising, temperature
10 retaining, annealing, cooling) corresponding to a glass
material. In this case, the heating temperature is
- necessary to be a temperature more than ‘the distortion spot
ofsglass. It is desirable to set the heating temperature to
a temperature higher than the transition temperature of
15 glass. The retention time is a time during which the load
of a glass are sufficiently'corrected by deforming the glass
using the flatness of a densifiéd sheet_and a load and by
uniforming the whole structure.
In the first embodiment, it is characterized thnt a
20 solution including a water-soluble inorganic material and a
surface-active agent over at least one surface of a sheet
. glass substrate to flatten plural sheet glass substrates
Jlaminated.
In this case, there is at least one coating surface in
25 each interface in the sheet glass substrates laminated. The
coating surface intervenes between the densified sheet and

the sheet glass. . Needless to say, a solution including a



The sheet glass is not particularly limted in material,
or the like. As the materi al 18 of a sheet glass are |isted
al um nosilicate glass, soda-alumnosilicate glass, soda-line glass,
chain-silicate glass, and the |Iike. The nunmber of sheet gl ass substrates
lam nated is 5 preferably 2 to 50, in view of the thermal conductivity of
glass. The sheet gl ass substrates can b% separately subjected to a

S with a heat

resi stance andybioh saudvet bxbigadss PRELATADLYa o Shedck b P Lbghy of @ 10

flattening process, without laninating tfhem A material

densified sheet wth at ness exanpl e

i ncluding Si

si ze, thickness,

on

sheet, a netal nePasd a%&heasoﬁ!éaﬂmﬁﬁhﬁe tlae bhkRicel) quardactsbEethe
heat -resi stant glass, or the like with | ow thermal conductivity nay be

used. In this shee dliassSsnbsesstasy lamisdtmde gently the anneal i ng schedul e.

This 15 corresponds to prolongi the annealing tine.
t hat the surface fldﬁhésyaéﬁrt$ﬂié;

It

is preferable

lgs inergand cj pateFieacravi e kilssedensi fi ed

heet i h t th h F t f bl
That the f131 nBUEATE Rvagbxtriarsiot IR0k B0k LPEI g ANEE DS (FBFRER ng. the
sur f ace. I\/bregyﬁt nes§§°§§52‘5m*ﬁzg h@é(dﬂ“? qéac_rgsl)f |§ﬂ<§ﬂeqha5§0$ hi ckened

to maintain the

organlc alkali, etc.}, sulfate such as ammonium sulfate,

alkyl-ether ammonium sulfate, or the like, alkyd compounds,

chelate compounds, and the like. These water-soluble

10 inorganic materials may be used a sole kind of chemical or a

compound of two kinds or more of chemicals.

The surface-active agent may be.an'agent improving the

wetting to glass and forming a thin film uniformly and

evenly. The kind of surface-active agent is not specially

15 restricted in use.

When a water-soluble solution is coated unevenly, the

portion causes thermally-bonded glass. The surface-active

agent reacts with oxygen in air during a heating process to

produce carbon dioxide. The carbon dioxide reacts with

20 alkali, alkaline earth, or the like added in the solution to

produce carbonate, so that a cabonate film is formed on the

glass surface. As a result, it is prevented that glass is

thermally bonded.

Where ammonium sulfate is added into a water-soluble

25 solution containing a surface-active agent, the ammonium

sulfate added to the glass surface reacts with the sodium

included in a glass component during a heating treatment so



preventing the deformation thereof. For exanple, it is desirable to be nore
than 10 nmfor a SiC sheet, nore than 15 nmfor a carbon sheet, and nore
than 20 nmfor an 25 alum numsheet. A fin nay be arranged on the back
surface of the densified sheet to prevent the deformation of the densified
sheet . 19 In order to inpose on a sheet glass, a densified sheet, a

| am nat ed sheet glass and a conpressed sheet, for exanple, are piled in
order, Then a | oading sheet of a predeternn ned wei ght may be placed on the
| am nated 5 structure. In order to execute the heating and annealing
process, the tigat angihetPerdings Fidmheftdodguii ¥ faltet he PeAidd@nf Ur nace
are controlled to follow a predeterm ned heati ng and anneal i ng schedul e

(t enper at ur e thesiglgsst swpEace .ur €htd ibt b$ mireyentethddbknglasodls ng)
corresponding to a _glass material. In this case, the heating tenperature is
necessary to thergadéipeendqfte nore than the distortion spot of glass. It is

desirgb!e to set th hea%;n te rature to a I enper tgre i her hap t he
transition tenperattfeSdf %%tgﬂ ﬁgm ?ﬂ‘é g &REHEH st"llﬁﬁ ?sf{a&“?ﬁ?é‘ hﬁrl ng
uhich the g 0ag 8h AuBLASE RIS, S LEEPLd Yackat Bt %@agyggeéga@m@atﬁ he gl ass
g the flatness of a densified sheet and a load an
As the surface-active agent are listed an ionic
surface-active agent such as anionic surface-active agent,
cationic surface-active agent; amhoteric surface-active
agent, or the like, and nonionic surface-active agent.
10 These surface-active agents may be used singly or in a
mixture of two kinds or more of agents.
The addition ratio of the surface-active agent and the
water-soluble inorganic material is adjusted so as to form
thinly and evenly a thermal-bonding prevention film on a
15 glass surface. Other component such as alcohol, boron
nitride, or the like may be further added to the solution
including a water-soluble inorganic material and a surface-
active agent. '
The method of coating a.solution including a water-
20 soluble inorganic material and a surface-active agent on the
surface of each sheet'glass is not specially limited.
However, for example, the solution may be coated uéing a
spray gun, or a sponge soaked with a solution. 1In addition,
the solution may be coated by immersing a sheet glass.
25 It is preferable to adjust the coéting thickness of

solution to a value at which the correction is not

. disturbed, in concrete, to several microns.



uniform ng the whole structure. In the first enbodinent, it is
characterized that a 20 solution including a water-sol uble inorganic
material and a surface-active agent over at |east one surface of a sheet

gl ass substrate to flatten plural sheet glass substrates lamnated. In this
case, there is at least one coating surface in 25 each interface in the
sheet gl ass substrates |am nated. The coating surface intervenes between

t he densified sheet and the sheet gl ass. Aeedl ess to say, a solution

i ncluding a 20 wat er-sol uble inorganic material and a surface-active
agent may be appli edTon deel slasacElatoening fretdol afcaatimgotot tiee sheet

gl ass substrates |am nated. As a water-soluble inorganic material nay be

listed 5 al kal iEifpdr esbpeingnsups (peaierakin, u"e‘tl(,lz}ad b Keanufacsure o ¥aadr oxi de

group (Ba(OH) 2, etc al kal i ganlc al kalj, etc.),

sul fate such aéugg%'ﬁg_%?ﬁn F‘é?’%et‘aﬂ IE?FQE\% n?ﬁrﬁ]satﬁsf éPEStJEﬁ:thhe

i ke, alkyd COQQPUEQS he&ptgegg %pQg g gg% békethe S t er-sol ubl e
10 inorganic na Cerrars “petused a 56 F em Cca es % conmpound

of two kindg ori Rhe: &k é}{b%ﬁhcﬁ&é beTflﬁim%ééad‘rﬁ_ya%' Mﬁl@gﬁ%dmntpe an agent
i-nproving the wetting to glass and formng a thin filmunifornly and

This invention also is applicable to flatten the surfaces of
glass substrates for photomasks or optical disks, or othef
conventional glass sheets.

Next, explanation will be made below as to a glass

10 sheet manufactured using the sheet glass flattening method
according to the first embodiment.

A glass sheet is usually subjected to cutting and
forming in predetermined size and shape, bevelling, surface
polishing, surface-chemical strengthening, and the like, to

15 form various glass substrates.

The sheet glass manufactured using the sheet glass
flattening method can be used as various glass substrates
requiring a high-surface smoothness thrqugh a simple
polishing step or no polishing step. Therefore, the shéet

20 glass can be manufactured at very low cost[ compared with
the conventional sheet glass. |

In concrete, the magnetic recording disk substrate has
5een conventionally manufactured by polishing a 3 mm or more
thick glass sheet by 2 mm because it is difficult to

25 fabiicate a magnetic recording disk sheet using a thin glass
substrate.  However, the magnetic recording disk glass

substrate can be formed merely by cutting and processing a



evenly. The kind of surface-active agent is not specially 15 restricted in
use. When a water-soluble solution is coated unevenly, the portion causes

t hermal | y- bonded gl ass. The surface-active agent reacts with oxygen in air
during a heating process to produce carbon di oxi de. The carbon di oxi de
reacts with 20 alkali, alkaline earth, or the |ike added in the solution
to produce carbonate, so that a cabonate filmis formed on the gl ass
surface. As a result, it is prevented th&t glass is thermally bonded. Were

amonium sulfate i s added into a magzr sol bIe 5 sgkutlon contajning a
surf ace- ach%hJafg&PrFSStIﬁ%mhﬁﬁmFﬁ I“fhfté %’l‘ﬂ%l A5 %%‘F%‘? E‘SFP%‘ée

reacts with the so n1|ncl ded |n aqne atlng
treatment so —° BF FE m%P?n ﬁ&f& nsg% éﬁ Qg gHE Fggforned

on the gl ass fs%%%acghﬁgefségdf: 3mﬁéﬁ<}/ee%%dm3§fnéug_i %@éofélﬁghﬁ @&' |y bonded.

The carbonate | m and fate fi can be 5 easily washed away

and renoved aéﬁwgtrhme headidegd leheadm@®dan Be hditufdethace-fKetd werggesy are
| isted an ionic surface-active agent such as anionic surface-active agent,

cationic surfees:.active agent, anhoteric surface-active agent, or the liKke,
and noni oni ¢ surface-active agent.

If a thin glass prepared using the above-described
sheet glass flattening method is adjusted to a predetermined
size and shape, an LCD glass substrate can be manufactured
excellently and at very low cost merely by surface-polishing

10 it without cutting.

Fig. 5 is data showing warpage and deflection improved
by the flattening process according to an aspect-of the
present embodiment. Fig. 6 is an explanatory diagram
showing the state where warpage and deflection occur in the

15 glass substrate 1, and shows a corresponding to the datum
iength a in Fig. 5 and b corresponding to the warpage and
deflection amount b in Fig. 5.

Next another example according to_the first embodiment
will be explained below.

20 According to another example of the first embodiment,
the magnetic recording medium is characterized by the steps
of polishing the principal surface of a sheet glass
subjected to the sheet glass flattening method, thereafter
chemically strengthen the result through an ion exchanging

25 step, and_then forming at least a magnetic layer.

In comparison with the conventional sheet glass, the

'sheet glass subjected to the sheet glass flattening method



10 These surface-active agents may be used singly or in a mxture of two

ki nds or nore of agents. The addition ratio of the surface-active agent and
t he wat er-sol uble inorganic material is adjusted so as to formthinly and
evenly a thermal -bondi ng prevention filmon a 15 gl ass surface. O her
conponent such as al cohol, boron nitride, or the Iike nmay be further added
'to the solution including a water-sol uble inorganic material and a surface-
active agent. The method of coating a sol#fion including a water- 20

sol ubl e inorganic material _and a surface-active_agent on the surface of

each sheet gl a2 iiEsnErcepbenty fAprtpeafianf eMGRelert SunfagRanpndltiare
5ol ut i b d l ked with
Sol Ution. 11 AMBATSISE S 1 REAGRI Thvon (RS He 208aPERaY ToRRars: I tetsheet
| . 25 : ' : | : | t Q.| f
go?ﬁtsi on to a V\V/}étlléuﬁe ag?" %?%ﬁéfaﬁ%l%cggrg%ilbc%)’tnh%ggrrl\%?ﬁdéld;gar Egg%ﬁﬁ@gﬁgr ete,

to several m cedSsubstrd@elNEnsNRRIEaBE aSSnAinat L8NGdHH RBhAVEH; &FCOMGjNg to
the first enbodinent is preferably utilized to manufacture gl ass substrates

for magnet ik regomt diurfadeskonditiginadees it caties flog HeGBscthish ek descri bed
| ater). However, the present 5 invention should not be [imted only to this
enbodi nent . completed magnetic recording disk as well as an error due to
a defect formed in a layer such as a magnetic layer.
The magnetic recording medium according to the second
embodiment is manufactured using the abbve—described
10 inexpensive glass substrate. Since the polishing step can
be further simplified, the magnetic recording medium can be
priced to a very low value, compared with the conventional
one. In concrete, compared with the use of the magnetic
recording disk substrate manufactured by polishing a 3 mm-~
15 or more thick glass sheet by about 2 mm, a magnetic
recording disk substrate of less than 1 mm thick can be
obtained by slightly polishing a glass sheet of 1 mm or more
thick so that the short polishing time results in a decrease-
in cost.
20 The magnetic recording medium which.has usually a
predetermined flatness and surface roughness is formed by
sequentially laminating an underlayer, a magnetic layer, a
protection layer, and a lubricant layer on a magnetic
recording disk glass substrate of which the surface is
25 chemically reinforced.

In the magnetic recording medium, nonmagnetic thin

films such as Cr, Mo, Ta, Ti, W, and Al are listed as the



This invention al'so is applicable to flatten the surfaces of glass
substrates for photonmasks or optical disks, or other conventional gl ass
sheets. Next, explanation will be nade below as to a glass 10 sheet
manuf act ured using the sheet glass flattening nethod according to the first
enbodi ment. A glass sheet is usually subjected to cutting and formng in
predeterm ned size and shape, bevellingassurface pol i shi ng,
surface-chem cal strengthening, and the“li ke, to 15 form various gl ass

substrates. The sheet glass manufactured using the sheet glass flattening
met hod can bé’qﬁggaxgrvar?kb%émgﬁﬁgg%mr ?e’soﬁngguf’?i?\g a high-surface

smoot hness t fauan, daSEIRY&: ROl G100 13URR Ghudl0 M9LLIBL NG Stgp Therefore,

t he sheet. 20 gl'ass can at very 1 ow cost, conpared with the
conventional shget glass. In concrete, the magnetic recording disk
substrate has been conventionally manufactured by polishing a 3 nmor nore
thi ck gl ass sheet hg Pheammézpraugelayer Isdilistedild mbon@bid aliriine &igma
magnetic recording disk sheet using a thin glass substrate. However, the
magnet i ¢ PecdmdilugidgsRoptCiss ColbSrTant @rchhe blikepr ABdadition Iy €atting and
processing a .23 thin glass manufactured by the sheet glass flattening
met hod acting as a major component. The magnetic layer may be
formed of a multi-layer structure such as
CoPtCr/CrMo (or CrV)/CoPtCr which is designed to reduce
noises with nonmagnetic layers divided.
10 As the protection layer are listed, for example, a Cr
film, a Cr alloy film, a carbon film, a zirconia film, a
silica film, and the like. These protection films can be
.sequentially formed by in-line-type sputtering apparatus,
together with the underlayer and magnetic layer. These
15 . protection films may be formed singly or a multilayer
structure of different kinds of films.

Another protection layer may be more formed on the
above-mentioned protection 1ayef. For gxample, a tetra-
alkoxysilane diluted with a solvent of alcohol series is

20 coated on the protection layer and then a sintered silicon
oxide (Si02) may be further formed on the resultant
structure.

The lubricant layer is generally formed by diluting a
perfluoropolyether (PFPE) acting as a liquid lubricant with

25 a solvent such as a Freon series, then coating the result on

the medium surface by the dipping method, spin-coating

method, or spraying method, and, if necessary, thermally



in predeterm ned size and shape and then slightly polishing the surface
t hereof. Hence the magnetic recording disk substrate is excellent and can
at a very low5 cost. If a thin-glass prepared using the

be manuf act ur ed
above-descri bed
predeterm ned s

sheet glass flattening nethod is adjusted to a

i ze and shape, an LCD gl ass substrate can be manufactured

excellently and at very low cost nerely by surface-polishing 10 it w thout

cutting. Fig. 5
flatteni ng proc

i s an expl anat ohgatimgrizam showi ng the state where warpage and defl.ection

i s data showi ng war page an@édefl ection i nproved by the

ess according to an aspect of the present enbodinent. Fig. 6

occur in the 15 glass substrate 1, and shows a corresponding to the datum
length a in Fig.lFérahcexempded esponding to the warpage and defl ection anpunt

binFig. 5. Ne

xt another exanpl e ordln to t he fLrs odiment wil|
expl ai ned bel ow. 20 Th lrﬁ&EE#?ﬁéiTqﬂ5 Hﬁ tris 9§P&ﬁb?% q?ﬁel?lW%ﬁe

Jacterized by the steps of

enbodi nent, the
pol i shi ng the p
glass flattegin
t hrough an ion

d
rrﬁgrf;gccé’u?%gée@%&%gﬁgg b§?1gg£er subj ected to the sheet

gzgﬁﬁﬁggkﬂghereafter chenlcally strengthen the result
exchanging 25 step, and then form ng at |east a nagnetic

|l ayer. In conparison 3¢ t#h dfthe caustei isodal (Nhetet igl dissolvied sheetaryl ass

subj ected to th

10

15

20

25

e sheet glass flattening nethod
aqueous solution into which 10 % of a commercially-available

surface-active agent is added. The agueous solution 7, as
shown in Fig. 2, is lightly coated (2 um) on the surface of
a sheet glass (of an aluminosilicate glass) 1 using a spray
gun 6.

- Next, as shown in Fig. 3, 15 .sheet glass substrates 1
coated with aqueous solution laminated, or the laminated
sheet glass (group) 2, is placed on a SiC thick sheet 3 (of
25 mm thick) which has the cut and polished surface with the
flatness of less than 10 jim. Moreover, a SiC thick sheet 4
{of 25 mm thick) having the same flatness as the thick sheet
3 is placed on the laminated sheet glas; 2 lying on the
thick sheet 3. A steel member 5 of 30 kg is placed on the
thick sheet 4 to impose a load.

A sheet glass flattening process is performed by
heating and annealing the laminated sheet glass 2 set as
described above according to the annealing schedule as . shown
in Fig. 4.

The glass sheet is sufficiently cooled through
annealing and then is taken out of a furnace. The surface

of the glass sheet is covered with a white film of a

" be



24 has its excellent flatness and excellent surface condition. Therefore,
since flaws (marks) and bonded foreign matters which are unrenpovable in the
polishing step do not remain on the substrate, the surface remains in good
condition. The 5 good surface condition does not cause the head crush of a
conpl eted magnetic recording disk as well as an error due to a defect
formed in a |layer such as a magnetic |ayer. The magnetic recordi ng nmedi um
according to the second enbodi ment is nmandif actured using the

above-descri bed 10 i nexpensive gl ass substrate. Since the polishing step
can be furt hercaibuplaicki edangdie fragnatkalir.ecHedcagtiredilesscsiredis prieced to a
very | ow val ue, conpared with the conventional one., I n _concrete, conpared

with the use ofot Hhermghby ikondedoparmpPtdiask sTbetwhite Famif el deed by
polishing a 3 mm_ 15 or npre thick glass sheet by ahout nm_a_nmagnetic
recording di ske&Sigdt FaPeved RYevaspin “il%ﬂuf:hf“ﬁﬁk%%tég‘g Sg?%“f‘ et fBﬁg'
slightly polishing %s%f’ifés&@,eta 860 Ix BHY Ok 1P Iticek §Dadddast hegshort

polishing time results in a decrease in cost. 20 The magnetic

recordi ng nedi pynwhisehoBaso Ysiidll Yeds Pr aehebli 68 dul lakagast and surface
roughness is forned by sequentially |am nating an underlayer, a nmagnetic

| ayer, a prot egddsraingy@isk aibstrhubs i ssyinedyby cuttdngughetshedtecor di ng
di sk gl ass substrate of which the surface is
glass has a flatness of 5 um or less (2 pm or less in
average) .
The glass transition point of the sheet glass used is
10 500 °C. Heating at a temperature of 500°C or more is
sufficient to obtain the aboveFmentioned result. It is
necessary to hold the retention time for 5 hours to uniform
the whole structure. The flattening temperature must be
over the distortion temperature. It is necessary to heat
15 the glass at 400°C or more. The retention temperature must
be prolonged at a temperature of less than 500°C. .It is
necessary to prolong the retention time- to 10 hours at a
heating temperature of 450°C.
Comparison example in the first embodiment
20 ‘The sheet glass flattening process is performed
similarly to the example 1-1, except that a paper
{(interleaving paper) is inserted between glass sheets,
without coating an aqueous solution on the glass substrate.
At a result, a 300 X300 X1.1 mm sheet glass with a flatness
25 of 150 um or less was obtained. Each of 65 mm @ magnetic

recording disk substrates obtained by cutting the sheet

glass .has a flatness of 15 um or less (8 um or less in



25 chenically reinforced. In the magnetic recordi ng nmedium nonmagnetic
thin films such as G, M, Ta, Ti, W and Al are |listed as the 25
under | ayer. The underl ayer nay be formed of a multi-underlayer including
Al/Cr/CM, AI/C/Cr, or the like. As the magnetic layer is listed a
magnetic thin film5 including CoPtCr, CoNNCrTa, or the like, in addition
to Co acting as a maj or conponent. The magpetic |ayer may be formed of a
mul ti-layer structure such as CoPtCr/CrMo (or CrV)/ CoPtCr which is designed
to reduce noi sggerhdd) .nonmagnetic |ayers divided. 10 As t he
protection layer are listed, for exanple, a & film a C alloy film a
carbon film a zirconicansiflegaldesiperdadfof mimendst heedadkeéo dbhesin pnhot ecti on
films can be sequentially formed by in-|lipe-type aﬁuttering appar at us,
together with Pﬁ% UiRS BEHRFrakfd H%Qﬁé%?’%lf}ga;}éﬁ 38299 5 T o} e &bpeR fil s
may be formed sjngly ar. a | tilayer structure of different kinds of filns.
Anot her pr ot ec?#‘%gﬂaféflc?ra eoé'q%ﬂéjafﬁr SREENER QPSR ARt 1 enssd

prOLeot O 4 2 Ehne R KRR P oy 18! e AIUARY| BPSCal 98, M 2 5ol vert
silicon difficult to manufacture a magnetic recording disk glass
substrate by polishing a 1.1 mm thin glass because the
flatness 'is worsened fairly.
As apparent'from the above-mentioned embodiment 1-1
10 and the comparison example 1-1, according to the sheet glass
-fattening method according to the first embodiment, a
-considerable high flatness and surface condition are
obtained, in comparison with the. conventional method.
Because of the easy cleaning process, the previous steps
15 1xreaching the polishing step can be shortened and the
production.efficiency can be improved. Furthermore, since
no flaws are formed by involving dusts }n the air when a
paper is inserted, the yield is improved so that the cost
_ reduction can be realized.
20 Examples 1-2 to 1-3
| A sheet glass flattening process is carried out
similar to the example 1, except that a caustic potash (XOH)
(Example 1-2) and an alkyl acid ether sodium sulfate
(Example 1-3) are used instead of caustic soda as a water
25 soluble inorganic material. The result is almost similar to

that in the example 1-1.

_Examolg 1-4



oxide (Si @) may be further formed on the resultant structure. The

| ubricant layer is generally fornmed by diluting a perfluoropol yether (PFPE)
acting as a liquid lubricant with 25 a solvent such. as a Freon seri es,
then coating the result on the nmedium surface by the dipping nethod,

spi n-coating nethod, or spraying nethod, and, if necessary, thermally 26
heating it. [First exanple] The first enbodinent will be expl ained below in
more detail according to concrete exanpl$% 5 Exanple 1-1 30 % of a caustic
soda (NaOH) is dissplved into_an eous _sol utiaon.into ich 10 % of a
commer ci al | y- avai | &bl ¥ r9;%5§eﬁi%gignéagh?rqﬁfsgdégd?eﬁ€g1ﬁgguﬁ%mﬁi%§blution
7. as shown | QoFfe Qrard hO! | 4! eflad 2ud ShickBh ool cSUIL AT 10 2
sheet gl ass (oP an alumnosilicate glassﬁ 1 using a spray gun 6. xt, as
shown in Fig. j3stdda dreelaudtassssaslsr at fstdr GRALBIe M Adrqagueous sol ution

| am nated, or the | am nated sheet glass (group) 2, is placed on a SiC thick
sheet, 3 (of 1mat@biaim t IThekyeshlichishaimbhe <imilamdtpothsthdd sheface with

the flatness of less than 10 [err]m Mreover, a SiC thick sheet 4
: 5 example 1-1. The surface of the glass sheet after the

annealing is covered with a dense film of sodium sulfate.
The film can be easily removed by water cleaning.
E&mmﬁe;lzi

In order to finish the surface roughness Rmax. to about

10 20 angstroms, a 66 mm® megnetic recording disk glass
substrate with a flatness of 5 pm or less (2 um or less in
average) manufactured in the example 1-1 is beveled, then
sand-blasted with #400 and #1000 abrasive grains, polished
with a cerium oxide (Ce02), and finally cleaned..

15 Next, a chemical reinforcement is made by subjecting
the above-mentioned disk glass substrate to a low-
temperature ion exchanging treatment. In the conventional
sheet glass flattening process, flaws and fused foreign
matters which cannot be removed in the pre-polishing step

20 are left at this ion exchange, whereby an uniform chemical
reinforcement cannot be performed sometimes. However, the
flattening process according to the present invention allows
an uniform chemical reinforcement and the prevention of
damages due to uneven stress.

25 . Next, an underlayer consisting of Al (of a thickness
of 50 angstroms)/Cr (1000 angstroms)/CrMo (100 angstroms), a

magnetic layer consisting of CoPtCr (120 angstroms)/CrMo (50



(of 25 mmthick) having the sane flatness as the thick sheet 3 is placed on
the I am nated sheet glass 2 lying on the thick sheet 3. A steel nenber 5 of
30 kg is placed on the 20 thick sheet 4 to inpose a_load. A sheet glass
flattening process is perfornmed by heating and annealing the | am nated
sheet glass 2 set as described above according to the annealing schedul e as

showmn in Fig. 4. 25 The gl ass sheet is sufficiently cool ed through
annealing and then is taken out of a furn¥te. The surface of the gl ass
sheet is covered with a white filmof a 27 carbonate changed from

al kal i . Hence anustgonss/SpRets Erdd ﬁ@gs%ﬁﬁﬂshal?%dlioﬁﬂééeé§£¢Pcth§r ofhe
white filmcan_be %aS|I¥ r enoved b% I ng, Wi t ho narklng t he gl ass
surface. As a Tesol 2ngsspems) °imi AR BRER(S11eSs S ThasSIREETRTR) BY ness

bt ai ned by cattd b PAES RSt e ARt T eae ot 8 er ?]kms‘éPSf cas (2
[err]mor less in a\iﬁ@aggﬁstﬁ@e QlsassméF RS L hEOPVrdbndt G heet gl ass
used is 10 500 [err]C. Heating at a tenperature of 500[err]C or nore is
suffucuentstocﬁhtamndtbelabnmenﬁemhudnedjneaufineIgantscmeseaﬁamy to hold
the retention time for 5 hours to uniform
particle diameter of 100 angstroms) are dispersed, and then
sintered to form a Si02 protection layer. Furthermore, the
protection 1ayér is dipped with a lubricant consisting of a
perfluoro polyvether to form a lubricant layer 7. Thus a
10 magnetic recording disk used for a MR (Magnetic Resist Type)
head can be obtained.
.In the magnetic head flying test to the above-
nentioned magnetic recording disk, it was confirmed that a
head crush does not occur. Moreover, it was confirmed that
15 no defects in the substrate surface does not cause any
defects in a film such as a mégnetic layer.
The magnetic recording disk described above is more
inexpensive than the conventional one and has no defects on
the substrate surface. Hence it was ascertained that the
20 magnetic recording disk has no error causing defects which
harms to the magnetic film formation and has excellent
magnetic characteristics.
Xamno -6 s
In a similar manner to the example 1-5, é thin-£film
25 head magnetic recording disk is obtained. However, the

underlaver is formed of Al/Cr/Cr and the magnetic layer is

formed of CoNiCrTa. As to this magnetic recording disk, an



the whol e structure. The flattening tenperature nust be over the distortion
tenperature. It is necessary to heat 15 the glass at 400[err]C or nore.
The retention tenperature nust be prolonged at a tenperature of |ess than

500[err]C. It is necessary to prolong the retention tinme to 10 hours at a
heating tenperature of 450[err]C. Conparison exanple in the first
enbodi nent 20 The sheet glass flattening process is perforned

simlarly to the exanple 1-1, except thaBla paper (interleaving paper) is
i nserted between gl ass sheets, w%out cqat i ngﬁ ag eous sol ution _on the
gl ass substrﬁdé’.an%chﬁ FERHIRT &P $68txEH0-eL SRS "gt Wit aserbirRed -
flatness 25 of 15 errlmo tai.ne : . magneti c
recordi ng disk subg‘%1 %afE é%g%b‘%%k%oﬁdég\eﬁgs%%%thl%ﬁg g’FPeleiﬁ%gt Qé‘f%gdsl agoa

flatness of 15d erbkByeb1beSaaridl st I hidWdVer], CERL ¢ Nnven?BoR VEIAAS) nof
considerable period of tine is needed to obtain an LCD gl ass substrate by

pol i shing t hes30QAmided nly lto rones bbove-gladesib&d neaniphes LCD gl ass substrate
was thin and |arge, 5 sone were broken during the polishing process. It is
di fficult 5to manuf ast descaibedrdiove, recoonfiing th sheglshsst silestsr at e by
PolTShiNg & & Tening mothod of tha present iavention,” the thermal & 'Y’
bonding between laminated thin sheet glasé substrates are
prevented while plural thin sheet glass substrates laminated
can be t:eated effectively and thermally without producing
10 flaw and bonding foreign matters, thus being formed with a
flatness of higher accuracy. The thin glass substrate
according to the present embodiment has an excellent
flatness and is not expenéive.
Moreover, in the magnetic recording medium according
- 15 to the first example, a glass substrate has an excellent
flatness and foreign matters are not bonded on the substrate
surface. Hence the head crush can be prevented. No flaws
occurring on the substrate surface results in no defects in
a film such as a magnetic layer. .
20 Next, glass substrate for an information recording
disk manufacturing method and a magnetic recording disk
manufacturing method according to the second embodiment will
be éxplained below in detail.
In the glass substrate for an information recording
25 disk manufacturing method according to the second

embodiment, at least the end surface (including a beveling

portion and a side wall portion) of a disklike glass



As apparent .fromthe above-nenti oned enbodi nent 1-1 10 and the conparison
exanple 1-1, according to the sheet glass fattening nethod according to the

first enmbodi nent,
obtai ned, in conparison with the conventi onal

a considerable high flatness and surface condition are
nmet hod. Because of the easy

cl eani ng process, the previous steps 15 reaching the polishing step can be

short ened and

the production efficiency can be inproved. Furthernore,

si nce

no flaws are fornmed by |nvoIV|ng dusts i B2 he air when a paper is inserted,

the yield is

Exanpl es 1-2 %

i um sul fate

d t th L b lized. 20 |
P58 SRt o to Pt o Y Oioet PReBmeREqtour si m | o

i nstead of caustic

to the exanpl%r%atQQQEﬂhlth%&egt%€§SQh$¢H%ha? ‘gﬁﬁ% Exanpl e 1-2) and an

al kyl acid. ethér
soda as a wat efya2er1essiblac ae&aanuceﬁmhﬁlftaf re'EEQré&SEH sl s al nost

simlar to that in the exanple 1-1. Exanple 1- 4 29 A sheet gl ass

flatteni ng proyassfisogidrifcdenmadidi titdaringosbhetimnanpl e 1-1,

anmmoni um sul fate i s used.inspead of caustic‘soda as a water sol ubl e
i norgani ¢ Faterial . TR¥Rtingswithi 8 kydnefilugsilicic roidhegalutionhe
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15

20

25

(hereinafter, referred to as a hydrofluosilicic acid
treatmeﬁt) is carried out after any one of steps of cutting
and polishing a disklike glass substrate, or each step.
Usually, it is desirable to do the hydrofluosilicic acid
treatment after an accurate cutting step.

The cutting and polishing step is roughly divided into
(1) roughing cut (coarse cutting), (2) sand blasting (fine
polishing), (3) first polishing, and (4) second polishing
(finai polishing).

The hydrofluosilicic acid treatment may be carried out

by contacting only the end surface of a glass substrate to a

hydrofluosilicic acid solution, or by contacting the whole
glass substrate to the same.

In order to contact only the end éurface of a glass
substrate to a hydrofluosilicic acid solution, glass
substrates laminated, for example, are immersed into a
hydrofluosilicic acid solution.

Contacting the whole glass substrate to a
hydrofluosilicic acid solution can be performed with
cleaning the surface of the glass substrate. Hence the

glass substrate washing step and the glass substrate end

- surface treating step can be'performed as a single step at a

except that an



5 exanple 1-1. The surface of the glass sheet after the annealing is
covered with a dense filmof sodiumsulfate. The filmcan be easily renoved
by water cleaning. Exanple 1-5 In order to finish the surface roughness
Rmax to about 10 20 angstroms, a 66 mmjerr] magnetic recording disk glass
substrate with a flatness of 5 [err]mor less (2 [err]mor |less in average)
manuf actured in the exanple 1-1 is bevel ed, then sand-blasted with #400 and
#1000 abrasive grains, polished with a cé3iumoxide (Ce®), and finally

cl eaned. 15 Next, a chemi cal reinforcenment is, made by subjecting
the above- mentinmeel dilsenghgseit s thvarefleosilighe RS EPALEFRM 1 on

exchanging treatnent. In. the conventiognal sheet SS flat enlng pr ocess,
flaws and fus&BSEeRDin Hhst f‘é?ger\?\t/i"ﬁoé’ﬁ cﬁkﬁ%‘?“}%”&gﬁ&“ ?ﬁé

pre-polishing step 20 are I J% gggcﬁﬁﬁﬂﬁagﬁerwﬁﬁf§Q¥fé%btﬁﬂéC”f“
Be pe

chem cal reinforce t* céhno soneti nes. However

flattening Pr 96fSS A6 Ydiraget Or tH& R8s 8BbsMRNEL Ol | OWs an uni form
chemi cal reinforcenment and the prevention of danages due to uneven stress.

25 s Nex{aranwsyianilkayeacionsieitinegt pfbudl itols gpdssiibkaess adpli0
angstrons)/ Cr (1000 angstrons)/CrM (100 angstrons), a nagnetic |ayer
consi sting of tBaPs&ne (k3@ amgstmemts )ondyWbo (&ither god surface.

A fluosilicic acid (H2SiF6) is typically used as the
hydrofluoric acid. 1In ofder to improve the cleaning effect
or the like, fluoric acid (such as hydrofluoric acid) and

10 cleaning agents (neutral detergent, surface-active agent,
alkali detergent, or the like) available commercially can be
added in trace amounts as the hydrofluosilicic acid tréating
solution.

It is desirable that the concéntration of the

15 hydrofluosilicic acid is 0.01 to 10 per cent by weight. 1In
the ﬁydrofluosilicic acid, a concentration of less than 0.01
wt% shows a poor etching effect and cleaning effect, but a
concentration of moré than 10 % causes rough surfaces and
dusting.

20 it is desirable that the treating hour ranges from 1
to 10 minutes. Where the treating hour is less than 30
seconds, the good surface roughness (Rmax 2 Pm or less) at
whiéh dusting from the glass substrate end.surface can be
prevented cannot be obtained. 1In the case of a treating.

25 hour of 15 minutes or more, the roundness of a glass

substrate is impaired or the surface roughness of the end is

deteriorated.



angstrons)/ CoPt Cr (120 angstrons), and a protection |layer of C (50
angstrons) are fornmed on both sides of a substrate by the in-line
sputtering apparatus. The substrate is inmmersed into an organic silicon 5
conmpound solution in which silica fine particles (of a particle dianeter of
100 angstrons) are dispersed, and then sintered to forma Si Q2 protection

| ayer. Furthernore, the protection |ayer is, dipped with a |ubricant
consisting of a perfluoro polyether to fortma lubricant layer 7. Thus a 10

magnetic recording digk_us f.or. a netic. | Type) head can_ be
obtained. In the rragr%’%ﬁ”r ﬁg%d’%qrﬁf%/go%le%Eltcoafhget}lbecs#g-exgre%? i REnet i ¢
recording di sk, ofeMascR0BE 0B LRabu NRAGNE! YSTH HA8S, NPhe AR
Moreover, it was confirmed that 15 no defects in the substrate surface does

not cause any def&fting Rodrfid eidehedstd d@RethE Whaler trddandiRgnet i c
recordi ng di sk descri bed above is nore inexpensive than the conventi onal

one and has no dafget s Ianis hdessidadieatieats eateeattionc éempenasurasder tai ned
that the 20 nmagnetic recordi ng disk has no error causing defects which
harms to theéd magPebPE filmformation and has excel l ent magnetic
characteristics. Exanple 1-6 In a simlar manner to the exanple 1

thin-film25 head nmagi8t Kenfecthd ngrFEiesss §bt ai%&hekﬁmﬁ“hshgétg

e e, G b LB R Bl
glass substrate are listed, for example, aluminosilicate
glass, soda-lime glass, soda-aluminosilicate glass,

16 aluminoborosilicate glass,-bérosilicate glass, quartz glass,
chain silicate glass, or the like. The hydrofluosilicic
acid shows specially a good chemical etching controllability
to aluminosilicate glass. Hence a good surface roughness
which can very easily prevent dusting from the end surface

15 .of a glass surface can be obtained without impairing the
roundness of the glass substrate.

It is desirable that the aluminosilicate glass
includes as main components Si02 of 62 to 75 wt%, Al203 of §
to 15 wt%, Li20 of_4 to 10 wt%, Na20 of 4 to 12 wt%, and

20 2zr0z of 5.5 to 15 wt®. It is preferable that the chemical
reinforcement glass includes Na20/Zr02 of a weight ratio of
0.5 to 2.0 and Al203/2r02 of a weight ratio of 0.4 to 2.5,

Such an aluminosilicate glass chemicaily strengthened
has the increased bend-brittle strength, deep compressed

25 stress layer, and excellent Knoop hardness. |

In the éecond embodiment, the step of chemically

strengthen a glass substrate surface by the ion exchanging



31 advantage simlar to that in the exanple 1-5 were confirnmed. The first
enbodi nent has been expl ai ned according to the preferable exanples.
However, this invention should not be limted only to the above-descri bed
exanples. 5 As descri bed above, according to the sheet glass
flattening met hod of the present invention, the thermal bondi ng between

| am nated thin sheet glass substrates are_prevented while plural thin sheet
gl ass substrates | am nated can be treated3§ffectively and thermal ly wi thout

producing 10 flaw and_ bondi oreign matters. thus being.forned wmith a
flatness of hi aﬁg‘w"ié‘bﬁﬁ §8y§g‘%1i %h an%?%sssteguﬁi%tgée[ &4 g&e:g%ﬁi TEYSHHe
present enbodiﬁggﬁ &EE%s?%ﬁS§Ef%éﬁﬂﬂhnﬁE§§Eﬁ¥¥%gaﬂggﬁ6%u”Ot expensi ve.

Mor eover, int magneti ¢ recordi ng medi um according 15 to the first

exanpl e, a gl ass subsid ahemhasy atr@xeehéwity kbahoesis avd tpeeignymtters
are not bonded on the substrate surface. Hence the head crush can be

prevent ed. No liminseddduar cogvent idnel Swdkl-kabenschidnioalr ssuéhgthenimg
defects in a filmsuch as a magnetic |ayer. 20 Next, gl ass
substrate for mathed disrseleate@cotigvayedi sit dsnprefanablegtoestlrrtafiica
magneti c recordi ng di sk manufacturing nmethod according to the second

embodi nent wi | FOBeCWRATALHER %ﬁﬂQfﬁrF%mERﬁzﬂheFe the ion” exchange is

performed in the regions not exceeding the transition point,
in the view of the glass transition point. Potassium
nitrate, sodium nitrate, and nitrate in combination of them

10 are listed as the alkali molten salt used for the chemical
reinforcement.

. The above-described hydrofluosilicic acid treatment
can be applied to the glass substrate for an information
recording disk after the chemical reinforcement.

15 The glass substrate for an information recording disk.
manﬁfacturing method according to the second embodiment can
be utilized as a method of.processing the end surface of an
electronic optical disk substrate such as a magnetic
recording disk glass substrate, an optiéal magnetic

20" recording disk glass substrate, an optical disk kept away
from dusts, an optical memory, or the like.

By using the chemically strengthen method according to
the present invention described above, a compressive strain
layer is formed 50 pm depth from the surface of the glass

25 substrate. The tensile stress value of a tensile stress
layer inside the compressive strain layer is 4 kg/mm? or

less.



I'n the gl ass substrate for an information recording 25 disk manufacturing

nmet hod according to the second enbodi nent, at |east the end surface

(including a beveling portion and a side wall
32 substrate flattened according to the first enbodi nent
treating solution including a hydrofluosilicic acid (hereinafter,
to as hydrofluosilicic acid treating solution). 5 Treating with a

hydrofluosilicic acid solution (hereinafBer, referred to as a

hydrof l uosi licic acid treatnent)

I's desirable to do_the hydrofluosilicic acid 10 treatnent after an

accurat e cutt??@P%ﬁ(ﬁilnﬁhéhﬁu?F?ﬁﬁ”EhﬂmﬁB?$Shing step is roughly divided
i nt 1 hi It tti ) ; ' | | i.shi ,
(3 1115t port shi notestiain, Reghbts Ssreefing SiF Metisaiiuplag fndiea®" 1)

(3) first polishin

The hydrof | bOSLLL 6 hECBLUEA diBbabReraltl £Choheohits60A (8NGOl Y

the end surface o ass substrate to a hydrofluosilicic acid solution,
or by cont&cting the, Whel Raghatsc stdiraahe diekt hemsfeurlng oneleiod o cont act

only the end surface of a glass

10

15

20

25

according to the second embodiment, a magnetic layer is
formed at least on a magnetic recording disk glaés substrate
as a post étep of the above-mentioned magnetic recording
disk glass substrate manufacturing method.

Aécording to the second embodiment, since a dust- and

‘defect-free glass substrate is used,. a high-quality magnetic

recording disk can be obtained. . Namely, the frequency of
the head crush of the magnetic recording disk is very small
by using a glass substrate with good surface condition and
of less dusting, compared with the conventional one.
Moreover, there is no problem in that a defect occurs in a
film such as a magnetic layer, thus resulting in an error.

The magnetic recording medium is usually manufactured
by sequentially laminating an underlayer, a magnetic layér,
a protection layer, and a lubricant layer, on a magnetic
recording disk glass substrate.

The magnetic recording medium is usually manufactured
by sequentially laminating an underlayer, a magnetic layer,
a protection layer, and a lﬁbricant layer, on a magnetic
recording disk glass substrate with its predetermined
flatness and surface roughness of which the surface is

chemically reinforced.

portion) of a disklike glass
Is treated with a
referred

is carried out after any one of steps of
cutting and polishiTg ahdeskilkes gieess igubha saeend grbogdiRest apay Bsual |y, it



20 substrate to a hydrofluosilicic acid solution, glass substrates

| am nated, for exanple, are imersed into a hydrofluosilicic acid solution.
Cont acting the whole glass substrate to a hydrofluosilicic acid solution
can be perforned with 25 cleaning the surface of the glass substrate.
Hence the gl ass substrate washing step and the gl ass substrate end surface
treating step can be perfornmed as a sing g step at a 33 tine by cleaning
with a hydrofluosilicic acid solution, instead of the conventional cleaning

with pure water. |trd $Har 8hghable ARosHPhE GledillR, OMSBagaBdi s Wiigre and
I nner end surface of a glass substrate to the 5 ﬁydroflu05|I|C|c acid

treatment, bufildsisudiossi bke Mo, appl wit e, sAneandithd neren@nd WRltedt o
~either end surface. A fluosilicic acid (H2SiF6) is typically used as the
hydr of | uori c asithe underdervetro iThe omagnebic clecandimp efeidom may thee | i ke,
fluoric acid %such as_hydrofluoric acid) and 10 cl eani ng agents (neutral

detergent, suFPERRA £ By BUALRRTURIATIIANPT dek dridER( T orhBLI¢RAIr -avai | abl e
Creating sblution. 0 PaREotit) VARt ¢ TRap P onBE T PUCPaR Sretisings ™ ¢
hydrofluosilig}c, 8¢ Ghalsdr0cOipdfertl REE &EHp1RY YE! B¥ed Bs the |
magnetic laver. The magnetic layer may have Aonmagnetic
films divided and may be formed of a multilayer structure of
CoPtCr/CrMo/CoPtCr, or the like to reduce noises. The
10 magnetic layer may be a'magnetic Iayer for horizontal
magrietic recording or vertical magnetic recording.
For example, a Cr film; a Cr alloy film, a carbon
film, a zirconia film, a silica £ilm, and the like are
listed as the protection layer. These protection films can
15 Dbe sequentially fo;med together with the underlayer and the
magnetic layer, and the like, using an in-line sputtering
apparatus. These protection films may be formed as a single
lajer or a muitilayer structure formed of the same or
different kinds of films. | |
20 Other protection layer may be further formed on the
above-mentioned protection layer. For example, a tetra-
alkoxysilane diluted with an alcohol series solvent is
coated on the protection layer. Then a sintered silicon
dioxide (Si02) may be formed.
25 . The lubricant layer, for example, is formed-by
diluting a perfluoro polyether (PFPE) acting as a liquid

lubricant agent with a Freon series solvent, coating the



t he hydrofluosilicic acid, a concentration of |ess than 0.01 wt % shows a
poor etching effect and cleaning effect, but a concentration of nore than
10 % causes rough surfaces and dusting. 20 It is desirable that the
treating hour ranges from1l to 10 mnutes. Were the treating hour is |ess
than 30 seconds, the good surface roughness (Rmax 2 [err]mor |ess) at

whi ch dusting fromthe gl ass substrate %gd surface can be prevented cannot
be obtained. 1In the case of a‘treating=~25 hour of 15 m nutes or nore, the

roundness of dahgt@ésdg%msgh%ﬁeiﬁeé]iglnﬁggﬁﬁ K B3] 36C LhOUENNASS, of the

end is deteriorated ere t I CI C aci S

performed af keen&@Chgih-eb8PEn& métHodl, Ner aé&d@,qhbsxhém:d t BRat QAE?A t reating

hour is selected to cover the whole treatnent range. It is desirable that
the treatingifenpesssaie hesatdnd tHeo reBLEE4dtC. The kind, size, thickness,
etc. of the oIass substrate are not oartlcularly restrlcted As the

mat eri al of BAHD o i} S B or exanple, alumnosilicate

gl ass, soda-line Iass soda alun1n05|llcate gl ass, 10 al um noborosilicate

gl ass, boPosil i cat@gEeEendqempedingriswillhn expipined degpPusin mare he | i ke.
The hydroflugngifi

according to examples.
Example 2-1
(1) Coarse polishing step
First, a glass substrate formed of a 96 mmp, 3 mﬁ
10 thick disklike aluminosilicate glass is prepared by cutting
a sheet glass formed by the down-drawing method and the
flattening method according to the first embodiment, with a
cutting whetstone. Thus a 96 mm@ diameter, 1.5 mm thick
substrate is formed by cutting the glass substrate with a
15 relatively coarse diamond whetstone.

A chemical reinforcement glass including Si02 of 63
wt%, Al203 of 14 wt%, Li20 of 6 wt%, Na20 of 10 wt%, and Zro2
of 7 wt% as maﬁor componentssis as an aluminosilicate glass.

Next, both the surfaces.of the glsss substrate are

20 polished alternately using a diamond whetstone with finer
graih than that'of the ébove-mentioned whetstone. In this
case, the load is about 100 kg. Thus, the surface roughness
‘RMax (measured in JISB0601) of either surface of the glass
substrate is finished to about 10 pm.

25 First cleaning step

The surface of the glass.substrate after the shaping

process is rinsed.



acid shows specially a good chem cal etching controllability to

alum nosilicate glass. Hence a good surface roughness which can very easily

prevent dusting fromthe end surface 15 of a glass surface can be obtai ned

wi t hout inpairing the roundness of the glass substrate. It is desirable

that the alum nosilicate glass includes as nmain conponents SiQ2 of 62 to 75

wt% Al 203 of 5to 15 wt% Li[err]0 of 4 to 10 wt% Na[err]O of 4 to 12
w% and 20 ZrQ2 of 5.5 to 15 W% It i3 preferable that the chem cal

rei nforcenent glass incl udes Na[err]O’Zroz of a weight ratio of 0.5 to 2.0

and A1203/ zZr Q2(Df Sandeblpgsting i(dag ep. 5. Such an al uminosilicate

gl ass chemcally strengt hened has the |ncreased bend-brittle strength, deep

conpressed 25  str&8%t} fha 9lzss swberraift 1Rn§61b39%eén5%sa seadrhe second

mbodi ment t f_ch t h bst r at f b
he 1 on excharbi AR5 BESGHAoA THES B IR 4T PRBRES ot b5 LR Hagnet |

recordi ng di Sktcgllﬁnggos?é'béﬁé asﬁ%e”ﬁﬂﬁ?&##”drf@gﬁ?#@%cﬂg cheﬁq ngnﬁ ]

st rengt heni ng net I'S not specla mte a conve ’u onal known
chemi cal sty engit}@NhGYpPoFEINQ@ bgrﬁﬂé&%&duslﬁﬁwa}a@phﬁglaspg&rxﬁftﬁgabl eto
select' the | ow tenperature reinforcenent where the ion exchange is
perfornmed in tte segtdehbastiinge wasegenfpodriesl ttwaosily ahapgimg ,the

abrasive grain from the grain size #400 to the grain size
#10000.
In detail, first, both the surfaces of a glass_

10 substrate housed in a carrier are lapped so as to have a
surface accuracy of 0 to 1 um and a surface roughness of
(Rmax) of about 6um by ﬁsing alumina grains of grain size
#400, setting a load L of about 100 kg, and by rotating the

- inner gear and the outer gear. .

15 Next, the grain size #1000 of alumina abrasive grain
is selected to lap the surface roughness {(Rmax) to about 2
um.

cond cleaning st
The glass substrate to which the sand-blasting has

20 finished is cleaned by immersing sequentially it into a
hydrofluosilicic acid (of 2 % concentration) bath, a neutral
cleaning agent bath, a neutral cleaning bath, and a water
bath. |

The immersing hour to the hydrofluosilicic acid is 1

25 t°_3 minutes. Ultrasonic waves are applied to each cleaning

bath.

Cleaning with the hydrofluosilicic acid sets the



in the view of the glass transition point. Potassiumnitrate, sodium
nitrate, and nitrate in conbination of them10 are listed as the alkal

mol ten salt used for the chemi cal reinforcenent. The above-descri bed
hydrofluosilicic acid treatnment can be applied to the glass substrate for
an information recording disk after the chem cal reinforcenent. 15

The gl ass substrate for an information recording di sk manufacturing nethod
according to the second enbodi nent can B utilized as a nethod of

processing the d surface of an electropic optical disk substrate such as
a magnetic res&f%%Fﬁgrﬂ? &%a8 %?ﬁ%torf;ttg? AN BpPLaPUrERfR @ she

recordi ng di sk alas 1sg$§%; t g|9p s ﬁi a from dusts, an
opti cal nmenory, oreﬁﬂe [ é% g? % |Hgkéﬁgg% é%&?é%ﬁégsﬁg%ﬂﬁ¥ﬂl ®RBt hod
according to (3herprgeendlidniant § descri bed above, a conpressive strain
| ayer is formed 50 [err]mdepth fromthe surface of the glass 25 '
substrate. The tersktge g €issvabald shfing seasilse cakressd dudyer rhosi de the
conpressive strain layer is 4 kg/m® or |ess. 36 The sheet glass used in
t he secon8 em9ddshing stgp e shplerenisdnysite Ppredsshingrsdpadatiextg t he
magneti c recordi ng di sk manufacturi ng nethod,
remove flaws and distortions left in the sand-blasting step.
In detail, a hard polisher (cerium pad MHC1S
manufactured by SPEEDFAM CO.)} is used as a polisher
(polishing powder). The first polishing step is made under
10 the following polishing requirements:
Polishing solution: Cerium oxide + water
Load: 300 g/cm? (L = 238 kg)
Polishing hour: 15 minutes
Removed amount: 30 um
15 Lower sheetn rotation number: 40 rpm
Upper sheetn rotation number: 35 rpm
Inner gear rotation number: 14 rpm
Outer gear rotation number; 29 rpm
Third cleaning step
20 The glass substrate to which the sand-blasting has
finished is cleaned by immersing sequentially it into a
-hydrofluosilicic acid (of 2 % cdncentration) bath, a neutral
cleaning agent bath, a pure water bath, a pure water bath,
an IPA (isopro§y1 alcohol), and an IPA (steam drying) bath.
25 The immersing hour to the hydrofluosilicic acid is 1

to 3 minutes. Ultrasonic waves are applied to each cleaning

bath.



according to the second enbodi nent wll be explained below 5 “In

t he magnetic recordi ng di sk manufacturing nmethod according to the second
enbodi nent, a magnetic layer i-s formed at | east on a- magnetic recording

di sk glass substrate as a post step of the above-nenti oned magnetic
recordi ng disk.glass substrate nmanufacturing nethod. 10 According to
t he second enbodi nent, since a dust- and gefect-free gl ass substrate is
used, a high-quality nagnetic recording di'sk can be obt ai ned. Nanely, the

frequency of the head, HQE REE| God § Qgrdéggi$é%§ EﬁFvery'snall by

using a gl ass substrate mn ace con |t|on an | ess

dusti ng, CO”D%&Q@a&@tﬁbddﬂﬁeegnaﬁrééd%ﬂ%E BRE - olRCBNEsurlfaRECahd fiRe PrObl em
in that a defect occurs in a filmsuch as a nagnetic |ayer, thus resulting
in an error. Theenbgnbisurfaeeotdi Ngunedivmuts inpuating rMveutachaness by
sequentially Ianrnathg an underl ayer, a magnetic layer, 20 a protection

| ayer, and a [l4brfecend p@ldshingm stepgnetic recording di sk gl ass substrate.

The magnetic recording mediumjs usually manufactured by sequentlally
| ami nating®an under¥&Kfer thg Hﬁbﬁﬁﬂ%qg PB?%Fat%§|&§89eh?|§§? f&y8E, and a

‘lubricant | ayer n, a netic 25 or dj di sk sS.substrate, with its
plrJedlat erm neé Pil?i%ﬁ n’g%& §Iﬁr‘1“é%% g‘g‘ﬁﬂn{'@!}%% s&c%}ﬂg% ighan gu??’ﬁ%el? s
chem cal l'y reb@%@&fﬁ%ﬁ by changing a hard polisher to a soft polisher

(Polirax manufactured by SPEEDFAM CO.). The polishing
reqguirement is same as that in the first polishing step,
10 except that the load is 100 g/cm2, the polishing hour is §
minutes, and the removed amount is 5 um.
Fourth cleaning steo
‘The glass substrate to which the sand-blasting has
finished is cleanea by immersing sequentially it into a
15 neutral cleaning agent bath, a neutral cleaning agent, a
pure water bath, a pure water bath, an IPA (isopropyl
alcohol), and an IPA (steam drying) bath.
Ultrasonic waves are applied to each cleaning bath..
(5) Chemical strengthening step ‘
20 Next, the glass substrate to which the cutting and
polishing steps have been finished is chemically reinforced.
The chemical reinforcement is made by preparing a chemical
reinforcement solution obtained by mixing potassium nitride
(60%) and sodium nitride (40%), heating the chemical
25 reinforcement solution at 400°C, preheating the glass
substrate at 300°C, and then immersing the cleaned_glass

substrate into the solution for 3 hours. In order to




37 In the magnetic recording nmedium nonmagnetic thin films such as Cr,; M,
Ta, Ti, W A, and the |like are |isted as the underl ayer. The nmagnetic
recordi ng medi um may be formed of a mullet-underlayer of AI/C/CrM or
A/C/Cr. 5 A magnetic thin filmof CoPtCr or CoNi CrTa including Co
as a mgjor conponent, for exanple, is |listed as the magnetic |ayer. The
magnetic | ayer may have nonmagnetic filnms divided and may be forned of a
mul tilayer structure of CoPtCr/CrMo/ CoP#@r, or the like to reduce noises.
The 10 nagnetic |ayer may be a nmagnetic |ayer for horizontal magnetic
recordi ng or SAEFEFREY megmEcree, E]E%r‘ﬂ???tj’. spbfacsQfpFRe Hast film a O
alloy film a Gar bg@ fitlhm izl%méirgconigé‘rialt naissi Iei (f‘ar&é%ra{# and the like are
listed as thesupr(%fec?’l on ayer. Thes? profecti ol ot i PHE 15 be
sequentially JoBiaedi APAHN S uPLE N A WIREE VR 580D AdfsdiROfeL Crldyer
and the like, using an 1 n-lI'irne sputtering apparatus. ese pro ECEIOH filmns
may be for meGnas sarfadk @ciayer or a nultilayer structure fornmed of the
same or different kinds of films. 20 Q her protection |layer may be
further férmed on AsvaisHnibedeabovned ihdumciomsn ahdysodiunoioaxatmpl e, a
tetra- al koxysilane diluted with an al cohol series solvent is coated on the
protection | d&er sugfrge dayent efebhsiglassn subehgade por geanecrivedy be forned.

25 The | ubricant |ayer, for exanple,, is fornged h iluting a
berf 1 uoro polRpRAGES (REmeritim: 1ags And RoEaEsim tons In che

e ghemlca
reinforcement solution by immersing into a chemical
reinforcement solution. Thus the glass substrate is

10 reinforced. |
The compressed stress layer formed on the surface
layer of the glaés substrate has a thickness of about 100 to
200 pm.
The glass substrate chemically reinforced is immersed
15 into a water bath of 20°C to cool rapidly, and then
maintained for about 10 minutes. |
Fifth cleaninag step
The glass substrate rapidly cooled is heated at about
40 °C, immersed into-a sulfuric acid, and then cleaned under
20 ultrasonic waves. Any foreign matter is not recognized in
an inspection of the surface of the glass substrate thus
obtained. Cleaning with the sulfuric acid does not cause
any.change in the surfacé roughness of each of the outer
peripheral end surface and thé inner peripheral end surface,
25 and the roundness. _
(6) Magnetic recording disk manufacturing step

Using an in-line sputtering apparatus, a magnetic



| ubricant agent with a Freon series solvent, coating the 38 diluted

agent on the nmedium surface according to the dipping nethod, spin-coating
nmet hod, or spraying nethod, and then, if necessary, heating the resultant.

[ Exanpl es of the second enbodi ment 5 The second enbodi nent will be
expl ained below in nore detail according to exanples. Exanple 2-1 (1)
Coarse polishing step First, a glass substrate formed of a 96 mferr], 3 nm
10 thick disklike alumnosilicate glass i%3prepared by cutting a sheet

gl ass formed by the_down-draw ng net hod and the flattepi ng nethod accordi ng
to the first emSSArAERd d4%Kt ASa Eﬁ‘t’??ﬁ’g%é??ﬁ%ﬁ%’ﬁu O’é{‘%g@ fnferr]

di aneter, 1.5 | ubs e.l ried by ' . gl su rate
with a 15 rel ar{{ﬂdégil%%%a%sgggﬁaﬁ%%#lm St gn%&%gcﬂgﬂ%l%%cgr%?%{ ()r%{zénent

gl ass including %'/QEOQéctEl%nV‘@.g( e SDDh Le Ve 3hraelkesf | RO manbt 16
Na[err]O of 10 % and ZrQ2 of 7 w % as nmj or conponents is as.an

al um nosi | i cat eceoa@sng NeDsk, ghatl $lsstrdckacpsaiiied e ghassbgbstrate are
20 polished alternately using a dianond whetstone with finer grain than

t hat of theSabdescrihed giteg.whet stone. In this case, the load is about 100

kg. Thus, the surface roughness ] , .
Where the magnetic recording disk thus formed was

subjected to a gliding test, hit (where a head'grazes
protrusions formed on the surface of a magnetic recording
disk) and crush (where a head collides with a protrusion
'10 formed on the surface of a magnetic-recording disk) were not
recognized. Moreover, it was confirmed that no occurrence
of foreign matters and defects due to dustiﬁg results in no
defects in a f£ilm such as a magnetic layer.
'Examgle 2-2
15 | This process is similar to the example 2-1, except
that the hydrofluosilicic acid cleaning process is perfofmed
only in the second cleaning step and hydrofluosilicic acid
is not used in other ¢1eaning steps. A magnetic recording
disk glass substrate as well as a ﬁagnetic recording disk
20 are obtained through this process. The result was similar
to that in the example 2-1.
Example 2-3
This process is similar to the example 2-1, except
that the hydrofluosilicic aéid cleaning process is performed
25 in the second to fourth cleaning steps. A magnetic glass
substrate as well as a magnetic recording disk are obtained

through such a process. The result was similar to that in



Rvax (measured in JI SBO601) of either surface of the glass substrate is
finished to about 10 [err]m 25 First cleaning step The surface of the

gl ass substrate after the shaping process is rinsed.. 39 (2)
Sand- bl asting (| apping) step Next, the glass substrate is subjected to a
sand- bl asting process. This sand-blasting process is carried out to

| nprove the size accuracy and shape accuracy. The sand- 5 blasting process
is carried out using a |apping apparatus. The sand-blasting was perfornmed
twi ce by changi ng the abrasive grain fréhthe grain size #400 to the grain
si ze #10000. Y% G%PEP1€ 3T%st both the surfaces of ‘a glass 10 substrate
housed in a carrier are | g so as to have a surface accuracy of 0 to 1
pmand a surf Rmax) of about 6[err]m by using alunina

grains of grain sigg; ?A&:QJC 36t Egngllﬁliaa(%O tﬂé ég%tlelggl k%'xc pd b

rotating the inner gear and the outer Next , the graln si ze
#1000 of al unima abaasiie glake l(éx&ﬁﬂ»l@tzed)téhd apdabglstirdoaceiegughness

(Rmax) to about 2 [err]m Second cl eaning step
5 glass are used instead of the aluminosilicate glass. Thus a
magnetic glass substrate as well as a magneticlfecording
disk are obtained.
As a result, in the case of soda-lime glass, the
surface of each of the outer peripheral end surface and
10 inner peripheral end surface of a glass substrate is 3 um.
The surface is rough, compared with the use of
aluminosilicate glass, However, there is not any problem in
dust prevention in practice use.
Example 2-6
15 An underlayer of Al (50 angstroms thick) /Cr (1000
angstroms) /CrMo (100 angstroms), a magnetic layer of CoPtCr |
{120 angstroms) /CrMo (50 angstroms) /CthCr (120
angstroms), and a Cr (50 angstroms) pro;ection layer are
formed on both surfaces of a magnetic recording disk glass
20 substrate obtained in the example 1 by an in-line sputtering
apparatus.
The above-described substrate is immersed into an
organic silicon compound solution (being a mixed solution of
water, IPA, and tetragthoxysilane)'dispersed with silica
25 fine;particles (of a particle size of 100 angstroms), and
then sintered so that a.sioz protection layer is formed.

Moreover, the protection layer is dipped into a solvent of



The gl ass substrate to which the sand-blasting has 20 finished is cleaned
by imrersing sequentially it into a hydrofluosilicic acid (of 2 %
concentration) bath, a neutral cleaning agent bath, .a neutral cleaning
bath, and a water bath. The imersing hour to the hydrofluosilicic acid is
125 to 3 mnutes. Utrasonic waves are applied to each cl eani ng bat h.
Cleaning with the hydrofluosilicic acid sets the 40 surface roughness of
each of the outer end surface and the i #fer end surface to 3 [err]m

Wi t hout inpairi t he roundness. %3) First polishing step Next, the first
pol i shing st &%t gueé??qjét?%r tPhiQIm a JyPFafaTHy 1SVep- i sTfi‘%ﬁpIaerrent ed using
a palishing a tus, to, reno fla and distortions left in the

sand- blastindﬁﬁpgg I?l?ﬁﬂ%ﬂld%%a A& d polisher (cerium pad MHCL5

manufact ured by SPREDRAMAIL Leclpgths il holdahen (DOLLUAgPeser) - The

first polishing step i s made un

requirenents: gl&@'lhﬁhté‘;ﬂ: SOlHdkieBr, Gy WO} dcqathw@agrnw%se%(}@dgf cne (L =
238 kg) Polishing hour: 15 ni nutes Renoved amount: 30 [err]

5 It was confirmed that there is no defect in a film such as a

magnetic layer.
Example 2-7

This process is similar to the example 5, except that
the underlaye; is formed of Al/Cr/Cr and the magnetic layer

10 is formed of CoNiCrTa. Thus a magnetic recording disk for a
thin-film head was obtained. As to the magnetic recording
disk,'the result similar to that in the example 2-5 was
confirmed.

Reference 1

15 " This process is similar to the example 1, except that
a fluoric acid ié used instead of a hydrofluosilicic acid,
without performing hy&rofluosilicic acid cleaning treatment.

" Thus a magnetic recording disk glass substrate and a
magnetic recording disk were obtained.

20 As a result, the surface roughness of each of the
outer peripheral surface and inner peripheral surface of the
glass substrate is 4 to 5 um and the roundness is deviated
from a allowable value. It is understood that the center
deviation results in a defect product. As described here,

25 the fluoric acid treatment démages largely glaés and has a
poor etching controllability. |

After the magnetic recording disk obtained was



15 Lower sheetn rotation nunber: 40 rpm Upper sheetn rotation
nunber: 35 rpmInner gear rotation nunber: 14 rpm Quter gear rotation
nunber; 29 rpm Third cl eaning step 20 The gl ass substrate to which

t he sand-bl asting has finished is cleaned by i mersing sequentially it into
a hydrofluosilicic acid (of 2 %concentration) bath, a neutral cleaning '
agent bath, a pure water bath, a pure water bath, an | PA.(isopropyl

al cohol), and an I PA (steam dryi ng) bathg 25 . The immersing hour to
the hydrofluosilicic acid is 1 to 3 mnutes. Utrasonic waves are applied

to each cleanjypgebabd to a 4hidiagntase Wd hither hodisof HesohsdrRci d sets
t he surface roughness of each of the outer end surface and the inner end
surface to 2 [err] thewsddund embpdiment Hase been nibwsdbefidyitGeadred pol i shing
step 5 Next, the polishing apparatus used in the first polishing
step i s used.abpvenmeneiswmsh ekapoleshi riipwsvep. | 5t Fdorddnnadt ie alegrdi ng a
hard .pol i sher to a, soft polisher (Poljrax nuf act ured by SPEEDFAM COQO.).
The pol i shi ndBe&qhhe efrdimensais Simien °rTﬁYtth‘é %?Faﬁg}?%'hi ng step, 10

except that the Iopd ig 404 Y S Bomhlfc RS LG MY shfedee-active
agent and a cleaning agent (including alkali cieaning
'agents) may be used in the cleaning step, instead of a
neutral cleaning agent.
Moreover, as a polishing agent can be used cerium
10 oxide (Ce02), alumina (y-Al203), iron oxide red (Fe203),
- chromium oxide (Cr203), zirconium oxide (Zr02), titanium
oxide (Ti02), and the like. An element material of suede
velour may.be used as a soft polishér, and hard velour,
urethane foam, pitch-sintered suede, and the like may be
15 used as a hard polisher.

As described above, according to the glass substrate
for an information recording disk manufacturing method of
the second embodiment, since the end su;face of a glaés
substrate is treated with hydrofluosilicic acid, the surface

20 roughness of the end surface of the glass substrate is
improved, whereby dusting from the glass end surface can be
brevented.

The hydrofluosilicic acid having a weak'etching'effect
can improve the surface roundness of the end surface of a

25 glass substrate, thus preventing dusting from glass end
surface.

Moreover, according to the magnetic recording disk



m nutes, and the renoved anount is 5 [err]m Fourth cleaning step The gl ass
substrate to which the sand-blasting has finished is cleaned by i mersing
sequentially it into a 15 neutral cleaning agent bath, a neutral cleaning
agent, a pure water bath, a pure water bath, an |IPA (isopropyl al cohol ),
and an | PA (steam dryi ng) bath. UItrasonlg waves are applied to each

cl eaning bath. (5) Chem cal strengthenlné step 20 Next, the gl ass

substrate to Mu@ﬁc&ﬁﬁlx%tr&ét%dasﬂ e isebboRd ShRdEE Ay e @@@éb:fdnnbihed is

chem cally reinforced e chemical reinforcenment is made by preparing a

chemi cal rei nfoafedgmemndt iseddittisomebbtad madtkbydue xtcgopdthssg tmdi tri de (60%

and sodiumnitride (40%, heating the chem cal 25 reinforcenent solution

at 400[err] Cc%téma@im@SSh@uglsassthMﬁaeecm BOokdredd, &Hedat hen :
i mmersing the cl eaned gl ass substrate into the solution for 3 haours. In i

order to ZF?Sé‘IJIEm g ’r%/h‘rqé‘laﬁ\‘BY RGNS LihBPECRTiMa ddshrwith R Alaws
bst.rat th db t th | |
substrate. the Irngrlln%g:o %gq_utg}e%erggrne y containing the pAgra

gl ass substract es A Surfaces held. 5

descri bed above, 'htﬂééﬂgél@‘§e?99dﬁ+§d&n%ﬁhhﬁn§u&}f‘ dshe sagdace | ayer of the

gl ass substrate are respective
recording disk has been described as the application field

of the second embodiment. However, it should be noted that
the second embodiment is not limited only to the examples.

10 The second embodiment is advantageously applicable to glass
substrates for an information recording disk such as optical
memories.

Next detail explanation will be made below as to the
information recording glass manufacturing method and

15 . magnetic recording disk manufacturing method according to
the third embodiment.

As to the third embodiment, the present inventor Has
studied thé reason why abnormal protrusions occur on the
surface of a magnetic recording disk. The inventor found

20 that deposit molten salt (e.g. KCl) adhered stubbornly on a
glass substrate pulled up from a chemical reinforcement
solution cannot be removed by a cleaning treatment, and that
- the deposit molten salt being a foreign matter causes
abnormal protrusions formed on the surface of a magnetic

25 recording disk.

We have further proceeded to continue this study in

consideration of the knowledge. As a result, the adhesion



repl aced by sodiumions and potassiumions in the chem cal reinforcenent
solution by imersing into a chem cal reinforcenent solution. Thus the

gl ass substrate is 10 reinforced. The conpressed stress |layer forned on the
surface | ayer of the glass substrate has a thickness of about 100 to 200
[err]m The gl ass substrate chemcally reinforced is imersed 15 into a
water bath of 20[err]C to cool rapidly, 4nd then maintained for about 10

m nutes. - Fi f%&'x&:]t %gl ngfséﬁg dT %sg.l ar?lgil?é{psstarl%t Eore?@u ls\‘_ﬁgeglfr% i s heat ed

at about 40 [err i mrer sed a surfuric acrd, an en cl eaned under

20 ultrasoni g; PRURSIL fHYt)fxé’r@dcﬂ.rln@aEE@% é&&okhée&%ﬁ'céﬁd in an inspection
of the surface of the glass substrate thus obtained. Ceaning with the

sul furic acigelloRfrcefbn€ausen aivtaGhangke i degdie tadridicenr saphneiserels each of

the outer peripheral end surface and the inner peripheral end surface, 25

and the rounstesmly( 6p dhgwiettimateedor i sitpwlicokl maguitart dikagatiugglUsi ng an

in-line s utterln apparatus, a nmagnetic 43 recording disk is obtained

by sequem i a3t BEsiAGLHOwy %éPIeaQ%?°SJateér PBlterisiatay ePtainashpt o

magneti layghfougﬁjthe rapid cooling step is very brittle and is easily
washed away.' Thus we have come to completion of the third
embodiment.

According to the magnetic reéording disk glass

10 substrate manufacturing method of the third embodiment,
firsﬁ a glass substrate formed according to the first
embodiment is immersed into a chemical reinforcement
solution heated and then chemically reinfdrced by exchanging
ions in the glass substrate surface layér‘for ions in the

15 chemical reinforcement solution.

A low-temperature ion exchanging method, a high-
temperature ion exchanging method, a surface crystallizing
method, a.glass surface dealkali method, etc. are wel;-known
as an ion exchanging method.

20 The low-temperature ion exchanging method is a method
of strengthening the glass surface by replacing alkali ions
in a glass by alkali ions with an ion radius larger than
that thereof over a temperature range less than the glass
transition point Tg and then producing a strong compressed

25 stress to the glass surface layer because of an increased

capacity of the ion exchanged portion.

As the chemical reinforcement solution are listed a



a C protection layer on both the surfaces of the nmagnetic recording disk
gl ass substrate obtained in the above- 5 described step. Where the nmagnetic
recordi ng disk thus formed was subjected to a gliding test, hit (where a
head grazes protrusions formed on the surface of a magnetic recording disk)
and crush (where a head collides with a protrusion 10 forned on the
surface of a magnetic recording disk) we4® not recognized. Mreover, it was
confirmed thadltea ssTtIrsweNcasobotaseign niRkies s(and) defeiiim dieride dust i ng
results in no defects in a filmsuch as a magnetic | ayer. Exanple 2-2 15
Thi s process(Nali08} nidngd posaskéusxeanianalel (K2G0sept a thrditenhgalt of
hydrof | uosi | j ci c_aci d cleanlgg process is perfornmed only in the second

e

cl eani ng st eP? SRAPKYF M Risithecrbowrt i stednsal tiss HN3 n+ d‘faﬁ’é’ﬁ cKi&hi ng
oD, A Rk SSOE B 23 AURRLY %R e I
L e o S Bad A e 5 2 ¢
performed 23 jke) hhE GREANKELO TRYM ERenBlcBANE Bfh fHreRent /sJIRAABHI fRaP! SS
substrate as well as a magneti c recording di sk are obtained through such a
process. Thebe @seblutibsh IfTohar of othdalbovB-listed salts, instead of
the molten salt.
It is preferable that the heating temperature is 350°C
10 to 650°C, and particularly to 350°C to 480°C, and more
particularly 350°C to 450°C, in the vieﬁ of glass transition
point. |
It is preferable that the immersion hour is 1 to 20
hours, in the view of the bend-brittle strength and st:ess
15 _ distortion layer.
it is preferable that the compressed stress layer
formed in the glass substrate surface layer has a thickness
of 60 to 300 um, in the view of increasing the shock
resistance and vibration reéistance.
20 _ In order to prevent a glaés substrate's breakage or
crack, it is preferable that a glass substrate is preheated
at 200 to 350°C, prior to immersing the glass substrate into
a molten salt. 1In the chemical strengthening step, it is
preferable to hold the end surface of a glass substrate for
25 chemical reinforcement to chemically strengthen the whole
surface of the glass substrate.

In the third embodiment, after the chemical



44 the exanple 2-1. Exanples 2-4 and 2-5 This process is simlar to the
exanpl e 2-1, except that soda-line glass (exanple 2-3) and

soda-alum nosilicate 5 glass are used instead of the alum nosilicate gl ass.
Thus a magnetic gl ass substrate as well as a magnetic recording disk are
obtained. As a result, in the case of soda-line glass, the surface of each
of the outer peripheral end surface and %@ inner peripheral end surface of

a gl ass substf@tfFor-semehe! rt]H}{)Q gIQQsSt $AG8 £bS; & %g_rl?dgggg)?{eorqngit\g{eth t he use

of alum nosilicate glass, wever, ere 1's not an dust

prevention i nciniietil Cee isEordox@iB! SoRutiiohdto annealAtoURUSFd P rnRbhedl (50
angstrons thick) /Cr (1000 angstrons) /CrM (100 angstrons), a nmagnetic

| ayer of CoPti@mpei2fuang& raamperAtudd Hisheantlisin ankr) teho&t{Hurcl 30

angstrons), and a Cr (50 angstroms) protection |ayer are forned on both

surfaces of a'hefnervetaldmediing of sk mplien 9oLt hehdnshte obtained in the

exanple 1 by an in-|ine sputtering apparatus. The _above-described substrate
r

i
is i mersed into a#‘% I LSrPRERHIO iPoGRE a¥1adiiBd {91ty a ni xed

oLt on o gy A GELRCLOCMEL LB, R Ll 52 20
chemical reinforcement.solution used (the kind of deposit
molten salt). However, it is preferable to anneal to a

“higher temperature than the temperature at which the

10 crystallization of -molten salt begins.

It is preferable that the annealing rate of the glass
substrate is 2 °C/min. to 100 °C/min., and particularly S
°C/min. to 60 °C/min., and further particularly 10 °C/min.
to 50 °C/min.

15 ~ In the third embodiment, the glass substrate.is
rapidly cooled at the rate at which crystallization of the
molten salt deposited on the glass substrate surface after
the annealing is prevented.

It is preferable that the rate of rapidly cooling the

20 glass substrate is 1600 °C/min. to 200 °C/min., particularly
1200 °C/min. to 300 °C/min., and.further particularly 800
°C/min. to 400 °C/min.

. It is preferable to rapidly éool the.glass substrate
by contacting it with a refrigerant carrier of, preferably,

25 100°C to 0°C, and more preferably with 40°C to 10°C, in the

view of discriminating a failure product due to heat shock.

It is preferably that the contact time of the glass



then sintered so that a Sierr] protection layer is forned. Mreover, the
protection layer is dipped into a solvent of 45 perfl uoropol yether to
forma lubricant |ayer. Thus a magnetic head is obtained. The magnetic
recording disk obtained is subjected to a gliding test. However, any hit or
cl ash . was not observed. 5 It was confirnmed that there is no defect in a
filmsuch as a magnetic |ayer. Exanple 2-%1This process is simlar to the

exanple 5, exegpscid@l tohg HofleidAuat bsrfiRd 9hodd 119 kG ¢gnfiihe
magnetic layer 10 is formed of CoNi CrTa. Thus a magnetic recordi'ng disk

for a thin-fikim tieadriews odbties nadandagtefidee .magneti c recordi ng di sk, the
result simlar to that in the exanple 2-5 was confirnmed. Reference 1 15
This process is simd &het vefigeseatptardieraceplistet lddulidoric acid is
used instead of _a hydrofluosjlicic acid, wthout performng

hydr of | uosi | | EREFLRSTRNE| ERFTIRY SUEHt AR HAtSuYaEM affst i @oge%mrui ng di sk

gl ass.substra and a _magnetic recordi ng di sk e obtai ned, 20 As
a result, %heig Y a@é‘tFSg%he%rs tg‘F vi\glé?'l’ i HE%HW%FFﬁﬁé?%IS%face and

i nner periphe&?'nfﬁ?&&%ﬁ? fliddife vapor, cooled air; air blasting; and
the like.
In the'third embodiment, the glass substrate is
cleaned after the rapid annealing and then the deposit
10 molten salt adhered to the glass substrate is removed.
If there is a suitable deposit molten salt reméving
.me;hod, the cleaning method  is not specially limited. For
"example, "as the:cleaning method is listed the method of
immersing and cleaning a glass substrate into an acid such .
15 as heated sulfuric acid, phosphoric acid, nitric acid,
fluoric acid, hydrochloric acid, or the like, a mixed acid
in combination of them, or one of these acids plus a salt
thereof, or the like. 1In this case, the glass substrate may
be cleaned with ultrasonic waves. After the acid cleaning,
20 a well—khown cleaning such as a cleaning with a commercially
available cleaning agent (neutral cleaning agent, surface-
active agent, alkaline cleaning agent, or the like), a
scrubbing cleaning, pure water cleaning, a solvent cleaning,
or solvent drying, or the like may be treated. Each
25 cleaning may be carried out under heating or applying
ulﬁrasonic waves.

An ion exchangeable glass substrate may be selected as



gl ass substrate is 4 to 5 [err]mand the roundness is deviated froma

al l owabl e value. It is understood that the center deviation results in a
defect product. As described here, 25 the fluoric acid treatnent danages

| argely gl ass and has a poor etching controllability. After the magnetic
recordi ng di sk obtai ned was 46 subjected to a gliding test, a hit or
crush was observed. The second enbodi nrentt2has been described with the
above- nment i oredylmsanghbstrdt@iewethoutt asiyolliditextione nohesl ishat the
enbodinment is |imted only to the exanples. 5 For exanple, a
commer ci al | y 3nrdiicable tarthecesizet and tddennesslaacbéanss nepkefeate(i ncl udi ng
al kali cl eaning agents% may be used in the c|leaning_step, instead of a
neutral cleaning adénthe srbstrate BEEREIRNGTEAREERSN I9F used cerium
10 oxi de (OeOe2)2 ?Ll umi.-na s[g.]errln-Al 203), _i.ron lo‘_ixisd%Or gg.]%erOBO}l, chrom um
oxide (Cr208)FH R Esnf U X FEPIHEY) SEHEANT RS RES T é°7]), and the
like. An g er@'ﬁnd@%‘bﬁ%' %ns?fsu%ﬂegg VAR TBYs 08145 €dr Ao P hibnPo! | sher,
and hard vel our, “urethane foam p|téh-5|ntered suede, and the |1 ke may be
15 used as a ha'd RE kshiRinosAl 168661310, absye 1 iaecgldssg doaat-he gl ass

substrate for an information recording di sk manufacturing nmet hod of
aluminosilicate glass, or the like.

Aluminosilicate glass which exhibits its high
strength, deep compressed stress layer, excellent shock

10 resistance, and excellent vibration resistance after a
chemical reinforcement is specially preferable.

Such aluminosilicate glass being an aluminosilicate
glass containing the component according to the second.
embodiment which is chemically reinforced exhibits its

15 excellent heat resistance, good flatness due to no Na
deposit under.high—temperature circumstances, and excellent
Knoop hardness.
The magnetic recording disk glass substrate
manufacturing method according to the third embodiment can
20 be used as an end surface processing method suitable for a
glass substrate for a magnetic recording disk and an optical
magnetic recording disk as well as an electronic optical
disk substrate such as an optical disk which dislikes
abnormal protrusions and fine .flaws, in addition to a
25 magnetic recording disk.

The sheet glass used in the third embodiment may be

shaped using the pressing method.



~the second enbodi nent, since the end surface of a glass substrate is
treated with hydrofluosilicic acid, the surface 20 roughness of the end
surface of the glass substrate is inproved, whereby dusting fromthe gl ass
end surface can be prevented. The hydrofluosilicic acid having a weak
etching effect can inprove the surface roundness of the end surface of a 25
gl ass substrate, thus preventing dustingfromglass end surface. Moreover;

according o the nagelq, gegrdhng. dhskeing 4T oFRAM AEIdLIAE, TRLGRG Of Che

second enbodi ment esion o Forei gn ters as as marks due to

polishing andcedtdimy %@S@hﬁt&)maafm&w fAge BaneksidieddcBalows a
result, a high-quality magnetic recording disk wwth no flaws 5 can be

manuf act ured at hi gh tHee mdgnét I gRebiraing clirst mgnuealkt tum isige kebBod nmagnet i c
recordi ng di sk has been described as the application field of the second
enbodi ment . Howevéing itto sheutblink embodimentat at magneevhdaeodFment is not
limted only to the exanples. 10 The second enbod nent_ i s advant ageously

appl i cabl @ t(§°§m8§sa%Lﬂﬁﬂ§Fa9ésafWﬂgqgﬁan¥%ﬁ9ﬁ9?P8n %%%d?%ﬁ%?gSHPE§F§ﬁﬁ:h as
opti ¢a| msrmr talntle\lg XLESlCIi'legt %Le ne1a)1( nleatl:nl%t i*ggozygmg leﬁmdfasbse 2 s@?aéeo the
manufacturing method.
According to the third embodiment, using a glass

substrate_of which its surface has no abnormal protrusions

10 and no minute flaws leads to a high-quality magnetic
recording disk. That is, where a magnetic recording disk is
formed from the glass substrate, the head crush due to
abnormal protrusidns does not occur because a glaés
substrate with its surface much better than that of the

15 conventional one is used. Moreover, the defect due to a
flaw formed in a film such as a magnetic layer does not
cause an error.

The magnetic recording medium is usually manufactured

by éequentially laminating an underlayer, a magnetic layer,

20 a protection layer, and a lubricant on the magnetic
recording disk glass substrate. The underlayer, the
magnetic layer, the prétection layer, and the lubricant
layer are similar to thosé in the second embodiment,
respectively.

25 ([Third embodiment]
| The third embodiment will be explained below in more

detail by referring to examples.



i nformati on recordi ng gl ass manufacturing nethod and 15 magnetic recording
di sk manufacturing nethod according to the third enbodinent. As to the
third enbodi nent, the present inventor has studied the reason why abnornal
protrusions occur on the surface of a nagnetic recording disk. The inventor
found 20 that deposit molten salt (e.g.s5§Cl) adhered stubbornly on a gl ass
substrate puld@dnup §r;0m a chem cal reinforcenent solution cannot be
renoved by a cleaning treatnent, and that the deposit nolten salt being a
foreign matter causies maiynetABl roétdity @iskferamd sabstheressurface of a
magnetic 25 recording disk. W have further proceeded to continue this
study in consiagefattwnimf rehbo& nbe srighlyAdiaidesksinte (he cadhésgoand 48
condi tions of the deposit nolten salt to a substrate are different in the
cool i ng st ep reflishinestemeni@l chemivadlyerbrengihendeterd | (3Pheoadpesi t ed
nolten salt adheres strongly to a substrate in a slow cooling step |like
natural 5°hedt€8 s{Patd’of1eBBt Y He-Weposited nolten salt obtai ned through
the rapid coq&in 5 fﬂ%i SqV8LY; igél Qd is easily washed away. Thus we
have cone to € di ment. According to the nagnetic

recordi-ng di sk gl @88 s¢, a sheet glass of aluminosilicate glass is
prepared by the down drawing method. As the aluminosilicate
glass are used a chemical reinforcement glass containing
10 Si02 of 63 wt%, Al203 of 14 wt$, Li20 of 6 wt%, Na20 of 10
wt%, and Zr02 of 7 wt% as major components.

Successively, a disklike glass is cut from the sheet
glass using a cutting whetstone. Next, the front surface
and back surface are cut by a sand blasting operation. The.

15 center portion of the glass substrate is perforatéd in a
disk form. The iﬁner peripheral surface and outer
pefipheral surface perforated are polished with a whetstone
to determine the outer diameter and the inner diameter while
they are bevelied. The front surface and back surface are

20 subjected to an accurate polishing stép as a final polishing
step. Thus a diskiike glass substrate.is obtained.

(2) chemically strengthen steo

Next, the glass substrate cut . and polished is cleaned
and then chemically reinforced. The chemical reinforcement

25 is perfofmed by preparing a chemical reinforcement solution
of a mixture of potassium hitride (60 %) and sodium nitride

(40 %), heatihg the chemical reinforcement solution at



10 substrate manufacturing nethod of the third enbodinent, first a glass
substrate formed according to the first enbodinent is imersed into a

chem cal reinforcenent solution heated and then chemcally reinforced by
exchanging ions in the glass substrate surface layer for ions in the 15
chem cal reinforcenent solution. A lowtenperature ion exchangi ng nethod, a
hi gh- tenperature ion exchangi ng nethod, assurface crystallizing nmethod, a
gl ass surface 4988F kadrid riswikodingt che grlasweblbkinmte asechbated axGangi ng

met hod. 20 The | owtenperature ion exchanging nethod is a method of
st rengt heni ng ¥fe3glaldss sulpagedpy e mhaiaal y kelinfpoee the ahglass by

al kal i ionS\Méflan iqg radiis | arger than that, thereof over a tenperature

range | ess thanrtfﬁ(éegcf s glase SURFLIGRr HRE dMmerféAn pkodRdenyiEh st rong
ed 25 t t | [ d
Capactty of tIaS SREE A pinad 85deS LuniERet Y donaeard jath PRRdehBrR

sol uti.on ase lnoshed. a 49 nolten salt such as potassiumnitride
(KN err]), sodiumnitride (NaNO8), and potassium carbonate (K2CQJerr]), a

mol ten salt of in cridy¥ nabieoglaés tditbsthave-1d Hadrsabés KKNamer N3, KNCB
+ K2CO err], or the like), a nolten salt made by mi xing the 5 above-listed
salts with a $8etgbisOfudstratdgimta Ja cRehiral refafercdmernr sbhetion
and then by replacing the lithium ions and sodium ions by
sodium ions and potassium ions in a chemical reinforcement
10 potassium. |

‘The thickness of a compressed stress layer formed on

the surface layer of a glass substrate is about 100 to 200

Mm.
(3) Cooling step
15 "~ The glass substrate chemically reinforced is grédually

cooled in the first and second annealing chambers. First,
the glass substrate is pulled up from the chemical
reinforcement solutioﬁ, transferred it into the first
annealing chamber at 300°C, and kept it for 10 minutes in
20 the first annealing chamber to anneal to 300°C. Next, the
glass substrate is transferred from the first annealing
chamber to the second annealing chamber heated at 200°C to
anneal it from 300°C to 200°C.
This two-step annealing treatment can liberate the
25 -glass substrate from damage due to thermal distortion.
Next, the glass substrate rapidly cooled is immersed into a

water bath of 20°C and then maintained for 20 minutes.



li ke, and the |like. The chemical reinforcenent solution may be a sol ution
of one of the above-listed salts, instead of the nolten salt. It is
preferable that the heating tenperature is 350[err]C 10 to 650[err]C, and
particularly to 350[err]C to 480[err]C, and nore particularly 350[err]Cto
450[err]C, in the view of glass transition point. It is preferable that the
i mersion hour is 1 to 20 hours, in the ¥ ew of the bend-brittle strength
and stress 134)dCxeamironstenyer. It is preferable that the conpressed
stress layer fornmed in the glass substrate surface | ayer, has a thi ckness of

60 to 300 [err]m Tie tHess substratec suRIeHEd he ERB KO NS SERR Bind

vi bration resi stance., 20 I n order to prevent S_sybstrate's
breakage or diEeksedtinto g spdfupte atcﬁgtﬁ%thqiég ?EBBEr%&e igngréheélat ed at
200 to 350[err%C gri oi to im*regr'ls{cng]aglgg gl ass substrate into a nolten
salt. In the CREAPAAITES T SAGFRERTHG YEYED; it is preferable to hold the end

surface of a gl assqulslfakecf PEcAAingn8EIC 12581 BhOE CRIRNFabeieaedd cal |y
strengthen the vvhoTe sur acecof ct:he'lg?Pass szl?lbstrate. In the third

embodi nent, ahbeaghhehs haydvealiescriedr et & drcenbiectedeglaasdssabstrate is
pull ed up fromthe
. inspection, with the surface irradiated at 150,000 lux with
a halogen lamp. As a result any foreign matter causing
possible problems did not found.
10 (5) Magnetic recording disk manufacturing step

A magnetic recording disk is obtained by sequentially
forming a Cr underlayer, a CrMo underground layér, a CoPtCr
magnetic layer, and a C protection layer on boﬁh-the
surfaces of the magnetic recording disk glass obtained in

15 the above-described step, using an in-line sputtering
apparatus.

The magnetic recording disk obtained is subjected to a
gliding test. As a result, a hit (meaning that a head
grazes protrusions on the surface of a magnetic recording

20 disk) and a crush (meaning that a head collides protrusions
on the surface of a magnetic recording disk) were not
observed. It was confirmed that no defects in a film such
as a magnetic layer were pbserved.

Examples 3-2 and 3-3

25 This is similar to the example 3-1, except that a

soda-lime glass (example 3-2) and a soda-aluminosilicate

glass (example 3-3) are used instead of an aluminosilicate



chem cal reinforcenent solution to anneal to a predeterm ned tenperature (a
tenperature higher than the tenperature at which crystallization of a
nolten salt begins). -5 The | ower tenperature in the annealing is not
uncondi tionally determ ned because it depends on the kind of chem cal

rei nforcenent solution used (the kind ofSerosit nolten salt). However, it
Is preferable to anneal to a higher tenpérature than the tenperature at

whi ch the 10 93@SFst aFPis A inpgnet iaprecardiag tdiskgigAgss| andlsa masinetabl e t hat
supstrate is 2 [err]C/ mn. to 100

the annealing rate.of the gl as

[err]C/mn., g‘aer? ol épgié’cﬁ%&rcﬁ? g""[@?‘?ﬁl@eﬂrn. to 60 [err]C/ min., and further
particularly 10 [egL] 1 n.,,t0.50 [err]CLmi.n. 15 In the third
enbodi nent, the gl é‘ésgs%nbss"flrtat égfesé?pe{ﬁ 8Fy 0 0ICETPEESERE RSP St 2T ch
crystallizatlin s6h116@. Matdlesal tndiepesi hed-AMERC 0l Bogcciigl pate surface
after the annealing is prevented. It is preferable tha {he Tate of rapi dly
cooling the ZBxamgles3-4ubstrate is 1600 [err]C/min. to 200 [err]C/ mn.
particularly 1200 [err]Cmn. to 300 [err]C/ mn., and further particularly
800 [err]Cd min. toaAd0dndesrlaly€inpfi. Al t(S0samgsfremabklitl) rap diipogool the

gl ass substrate by contacting it with a refrigerant carrier of, preferably,
25 100[ er r ] GPOSLEPBF} |4ErMend 1RBrangsitapes bblay magnat 19[ aywgrCofoceBferr] C, in

t he view of ctgl?Sri né% g fail {#oe Er(s)duct dl}goggcﬁealtzoshock. It is
preferably that t 9% t /Erie fRESTRSS (
angstroms), and a Cr (50 angstroms) protection layer are
10 formed'on both surfaces of a magnetic recording disk glass
substrate obtained in the exémple 3-1, using an in-line
sputtering apparatus. |
The above-described substrate is immersed into an
organic silicon compound solution (being a mixed solution of
15 water, IPA, and tetraethoxysilane) dispersed with silica
fine particles (of a particle size of 100 angstroms), and
then sintered so that a Si02 protection layer is formed.
Moreover, the protection layer is dipped into a lubricant of
perfluoro polyether to form a lubricant layer. Thus a MR
20 magnetic head is obtained.
The magnetic recording disk obtained was subjected to
a gliding test. However, any hit or clash was not observed.
It was confirmed that there is no defect in a film such as a
magnetic layer.
25 Example 3-5
This process is similar to the example 5, except that

the underlayer is formed of Al/Cr/Cr and the magnetic layer



51 substrate to a refrigerant carrier is about" 10 to 60 mn., in the view
of the cleaning effect. As the refrigerant carrier are listed liquid
refrigerant carrier such as water, warmwater, solution, 5 liquid

the Iike; gas refrigerant carrier such as nitrogen, noisture

nitrogen, or

vapor, cooled air; air blasting; and thesBike. In the third enbodi nent,
gl ass substrate:gs cIeaPe<)after the rapid annealin
t

Vi T as TR PRARES1 & TPERBULRE Tk ABF Al s a
J S9YLAGL ToL00, GNP oLeani 0 JBLed. s not
% P58 The ¢ NegEgt1S

i$Ced"fhe et hod

10 nolten sat¥
sui t abl e depogiit, mmhlen.sal,

specially limted. For exanp

SAMEReR

€aning ne

t he

¢d then the deposit

Of [Lmmersing ik ChRANOGLIA Gligasasubsidateih Nk Aafpld AlCleta as heated

sul furic acid, phosphoric acid, nitric acid,
acid, or the ¢orkddrmadnm xed acid in conbination of them or one of these

uori c. acl

ydrochl oric

acids plus a salt thereof, or the like. In this case, the glass substrate

may be cl @an

wel | - known cl eanin
cl eani ng agent (ne

10

15

20

25

rasoni ¢ waves. After the acid cleaning, 20 a
such as a_cleaning with a comrercially avail able

glass substrate preheated at 350 °C is chemically
reinforced.
As to the magnetic recording disk, the result similar

to that in the example 3-1 were confirmed.

‘Comparison example in the third embodiment

This is similar to the example 3-1, except that the
glass substrate completely annealed is naturally .cooled
without rapidly cooling. Thus a magnetic recording disk
glass substrate and a magnetic recording disk were obtained.

Like the example 3-1, the visual inspection is made to
the magnetic recording disk glass subst;ate. As a result,
it Qas observed that the surface has about 10 to 100 foreign
matters. |

The magnetic recording disks thus obtained was
subjected to a gliding test. Hits and crushes were observed
to about 20 % of the magnetic recording disks tested.

The present embodiment has been.described with
reference to preferable examples. The third embodiment
should not be limited only to the above-described examples.

For example, a commercially available surface-active

gb%an%wé&ﬁilﬁa b eite exarpie - lacexgertagdat, thekal i ne
cl eani ng agen Qr._the like a_scrubbi.ng ¢l eani:ng, pur ter _cl eaning,
sol vent gcI ganélhﬁe&lc%? E%ﬂlé;%)[dem nﬁ‘,yﬂbtrm?’héslE‘T?ete%aﬁgbég?\r,%af"ﬁﬂ.t}F_%\ch °

a



25 'cleaning may be carried out under heating or applying ultrasonic waves.
An ion exchangeabl e gl ass substrate may be sel ected as 52 a gl ass
substrate, w thout any |i m:ti ypli.cabl e to the size and

t hi ckness of a glass substiilts stibstrate material are |isted,
for exanple, a nulti-co . e ining ion 5 changeable

i ons such as lithiumions (L|[err]) or §ﬁﬁ|un1|on (hb[err]) of

alum nosilic I , 0S4l gl ass, or the
ke A um nagEnE R s PR AR S i R IO RIeRBIAE 8 20> O
conpressed stadgeafs) WS beusE ! AttHEeGkadthg rs@ébZStﬂ{H?t%adaBﬂ gxcel | ent

vi bration resistance after a chemcal reinforcenent is specially
preferable. 3echral wilcaasdnyi agérer gl awsebeéng aznanl abtazivel agate glamss
contai ning the conponent according to the second enbodi nent which is
chenical |y r &enpeed cxprdsnmi pkide i tGe0RS, estblmdehtsﬂaaxa KE&PBk.ance, good

fl d h d
et S A M D B

f d d nbodi
et et Ut RO S e B, d PR TREBCART, Bt oo

the like. A material of suede velour may be used as a soft

polisher, and hard velour, urethane foam, pitch-sintered
suede, and the like may be used as a hard polisher.

10 " As described. above, according to the glass substrate
for an information recording disk manufacturing method of
the second embodiment, since the deposit molten salt adhered
on a glass substrate can be easily removed by cleaning, a
magnetic recording disk glass substrate with high flatness .

15 and no abnormal protrusions can be manufactured.

Since the molten salt deposited between the glass
substrate end surface and the holding member is brittle, the
glass substrate can be taken out of the-holding member
without any breakage of the end surface thereof,

20 Moreover, since a minute surface flaw or mark causes
breakage in the rapid cooling process, a defect product can
be easily discriminated.

Furthermore, according to the present invention of the
third embodiment, a magnetic recording disk glass substrate

25 with no abnormal protrusions and no minute flaws on the
surface thereof is used, a high-quality magnetic recording

disk with fewer defect due to abnormal protrusions and



gl ass substrate for a magnetic recording di sk and. an optical magnetic
recording disk as well as an electronic optical disk substrate such as an
optical disk which dislikes abnormal protrusions and fine flaws, in
addition to a 25 magnetic recording disk. The sheet glass used in the
third enbodi nrent may be shaped using the ﬁressing met hod. 53 Next, the
magneti c recordi ng di sk manufacturing mefRod according to the third

enbodi ment wimihube Gheusaicaedbbehanuiaatursd aradghehi viektordi ng di sk

manuf acturing nethod according to the third_enbodi nrent, a magnetic |ayer is
5 forned at IeastN%ﬁFQiq¥§gH§ PEm?%ﬁﬁkJFﬁ@FQﬁQﬂ(géF%§§W§HB?FFHFén%bta|ned

using the ma ordlng di sk q§trat nuf act uring nethod.
Accor di ng toq‘FEé ‘% HET%‘SGFHEE?C% ahs |"§§§§§€€ & geg*" ichits
surface has t o) N9 BLNeter £l AW pk S;40 a
hi gh-quality nag%%quq%égégdﬁgéf gﬁﬁﬁﬁﬁﬁaeq”' wher égglhagnetﬁgpréiordlng
disk is fegrmgdefifpmthe gl ass substrate, the head crush due to abnornal
protrusi ons does not occur because a glass substrate with its surface much

better than that ofntihe kagneebyarddorddahg odisk glasedsubdvmaeever, the def ect

due to a flaw fornmed in a filmsuch as a nagnetic | ayer does not
manufacturing method according to the fourth embodiment, the

glass substrate prepared according to the first embodiment
is reinforced by first immersing it into a chemical

10 reihforcement solution heated and then exchanging ions
formed on the glass substrate surface with ions in the
chemical reinforcement solution.

As the ion exchanging.method,fit is preferable to use
a low-temperature ion exchanging method because of the same

15 reason as that in the third example;

The four embodiment is equivalent to the third
embodiment 'in the contents and conditions of the chemical
reinforcement solution, heating temperature, immersing hour,
the thickness of the compreésed stress layer formed on a

20 glass substrate layer, and the pre-treatment of immersing a
glass substrate into a molten salt.

In the chemical reinforcement step according to the
fourth embodiment, it is preferable that the glass substrate
of which the end surface is held is chemically reinforced to

25 chemically reinforce the whole glass substrate.

Like the third embodiment, after the chemical

reinforcement operation in the fourth embodiment, it is



cause an error. The magnetic recording nmediumis usuall'y manufactured by
sequentially lam nating an underl ayer, a nmagnetic |layer, 20 a protection
| ayer, and a |ubricant on the magnetic recording disk glass substrate. The
under| ayer, the nmagnetic |ayer, the protection |ayer, and the | ubricant

| ayer are simlar to those in the secong;enbodi ment, respectively. 25

[ Third enbodi nent] The third enbodi nent will be explai ned bel ow in nore
detai | by rePEeferdpleotbabnpieglass substearg s Pullpde vpafrer ithe ecor di ng

di sk gl t facturi thod i hly divided int 1

Cutti g and POTMAngCLrERE S T RO LT et FEHOARARSLPEptS (%) oo | ng 5
, and (4 | t ti] | shi eps_First, a sheet

ol a%5 of al b o reaed Ehmeratyth Ly aEoETOS ltnd) v rReHon. “Ac

the al uni nosbédwdicicdl asghad %ryﬁadiaA?beéHcﬁ@ht r£1 1 eREBGa Ll ass
containing 10 Sierr] of 63 W% 203 of 14 wt% Li[errJ]O of 6 wt%

Na[err] Oof dtbstrdteafidodrEPiref rélehSedStrvh| Olie claipQReitom hixeR3sSi vely, a
di sklike glass is cut fromthe sheet
distortion.

In the fourth embodiment, the glass substrate is
annealed at the same rate as that in the third embodiment.
After the annealing step, it is preferable to quickly cool

10 the glass substrate at the rate shown in the third
embodiment to prevent the molten salt deposited on the glass
substrate surface from being recrystallized. Thus when the
glass substrate-is quickly cooled, the deposit molten salt
becomes brittle so thét the cleaning effect of an acid

15 cleaning (to be described later) can be improved.

The glass substrate rapid cooling is treated under the
same condition (on temperature and hour) using the
refrigerant carrier.

In the fourth embodiment, the deposit molten salt

20 adhered to the glass substrate is removed by cleaning the
surface thereof after the cooling step.

The cleaning is made by immersing the glass substrate
into a cleaning égent containing a heated acid such as
sulfuric acid, phosphoric:acid, nitric acid, fluoric acid,

25 or hydrochloric acid, a mixed acid of the above-listed
acids, or one of the above-listed acids plus a salt thereof

(such as ammmonium fluoride or potassium nitride) thereof.



gl ass using a cutting whetstone. Next, the front surface and back surface
are cut by a sand blasting operation. The 15 <center portion of the glass
substrate is perforated in a disk form The inner peripheral surface and
outer peripheral surface perforated are polished with a whetstone to
determ ne the outer dianeter and the inngﬁ diameter while they are

bevel | ed. The front surface and back surface are 20 subjected to an
accurat e pol FRhFRES 88 -ashg ginss yoSEsMingayt bp. cleanedaudder| i ke gl ass
substrate is Qgt ained. (2) Chemcally strengthen step Next, the gl ass
substrate cut*sRFPYIG $R¥ESis cl eaned and then chemically reinforced. The

chem cal reinforc | r by. .pr.epar.i chem ¢

rei nf or cenent sol 3%?3%%? gi%‘agﬁé %gg‘ﬁg%btlggélsu%%?%ai%&g ?805%6%&‘ sodi um
nitride (40 Meakdf aR@nth8oRbLMGR shEFIH Y GEIBUndAIUHhS ic_ 95

400[ err] C, and i nmersi ng thg gl asjg@sgbstralte preherét;egémgt %8‘3?’%#?](: for 3
hours. In5ordeidf adrche oabiyof eilif eleenilie efiete sairdhrcaepbsibe gl ass
substrate, the inmersion is made with the ends of plural glass substrates
cont ai ned anwohk¢nl saita 5Inhbhilercasthushe tdleagliog seffidest Lat furtshewi nf or ced

by immersing,the glass substrate into a chem cal reinforcenent solution and
then by repl ¥PFYhEY CLARRHRY ofidhakbe strfickarh oprathpf the cleaning :

agent containing sulfuric acid and/or phosphoric acid plus
hydrogen peroxide.

10 The acid cleaning may be carried out by sequentially
immersing the glass substrate into plural same or different
acid cleaning baths.

The concentration of acid is determinéd in
consideration of the cleaning effect. The optimum

15. concentration depends on an acid used. For example, the
concentration of a.sulfuric acid is preferably 1 to 20 wt$%
or more preferably 2 to 10 wt%.

The heating temperature of acid is preferably 40 to
100°C, or more preferably 40 to 70°C. The acid cleaning

20 hour is preferably 0.5 to 5 minutes, or more prefrably 1 to
3 minutes.

After the acid cleaning, a we;l-known cleaning
treatment including a commercially-available cleaning agent
{such as neutral cleaning agent, surface-active agent, or

25 alkaline cleaning agent), scrubbing cleaning, pure-water
cleaning, -solvent cleaning, solvent steam drying,

centrifugal drying or the like may be carried out. Heating



'sodi-am i ons and potassiumions in a chemcal reinforcement 10 potassium
The thickness of a conpressed stress |ayer fornmed on the surface |ayer of a
gl ass substrate is about 100 to 200 [err]m (3) Cooling step 15 The
gl ass substrate chemcally reinforced is gradually cooled in the first and
second anneal i ng chanbers. First, the gl gss substrate is pulled up fromthe
chem cal reinf rci- nt sol ution, transferred it intg the_ fjrst gnnealing
chanber at 366 el ?%és%ﬂﬁf PEYE PPPEHTATEN PR (RS PRRI9FMeE HE £3F8t anneal i ng
to a : ferr]C. Next, the glass substrate is transferred
t he firgﬁgghﬁégl$%%§lzhanber to the second anneal i ng chanber heated at
200 err] C to anneatné tultremodQel fkvd GabOn20phiakCa Bhis sydsst ep anneal ing
treatnment can |iberate the 25 glass substrate from damage due to thermal
di stortion. Neegpehde tghss genebsatontwhicapbstillatekedvers 4 Mregmedcy Nt o a
water bath of 20[err]C and then naintained for 20 m nutes. 56 (4)

Cl eani ng 38t eFange. gpass Lixedrfaeeuendy syredsenerater cdoidmesstidpatesi ner sed

into a sulfuric acid heated at about 40 Lerr]C and t hen cl eaned under
ul trasoni c Wg§eg_f1xed frequency. Since the lower frequency leads to

higher cleaning effect but may damage largely a glass
s@bstrate, the frequency must be determined in consideration
‘of the effect.

10 The steam drying does not produce a stain due to
drying, thanks of its quick drying rate. As the solvent
used in the steam drying process are listed iso-propyl

" alcohol, Freon (t;ademark), acetone, methanol, ethanol, and
the like. |

15 The glass substrate is not limited if it belongs to aﬁ
ion exchangeable glass suﬁstrate. The size, thickness, or
the like of the glass substrate is not particularly limited.

As the material of the glass substrate are listed, for
example, aluminosilicate glass, soda-lime glass, sodé—

20 . aluminoéilicate glass, aluminoborosilicate glass,
borosilicate glass, quartz glass, chain silicate glass, or
the 1ike. Particularly, the.aluminosilicate glass is
preferable because it is relatively immune to the acid
cleaning and has its excellent shock resistance and

25 vibration resistance.

‘The aluminosilicate giass, or an aluminosilicate glass

containing the components shown in the second embodiment,



. gy
5 The magnetic recording di sk glass substrate fabricated through the
above-described step is subjected to a visual inspection, with the surface
irradi ated at 150,000 lux with a halogen lanp. As a result any foreign
matter causing possible problenms did not found. 10 (5) Magnetic recording
di sk manufacturing step A magnetic recording disk is obtained by
sequentially formng a C underlayer, a €M underground | ayer, a CoPtCr

magnetic | ayehemdckl 13 StReAbEREHED HaRY @EsOxd¥lLBnt eeirkatesante t he
magnetic recording disk glass obtained in 15 the above-described step,

usi ng an i n- khdedegutioer laggappatepasit Faecumisgnbiglc tr@tp@trditngesij sadobt ai ned
is subjected to a gliding test. As a result, a hit (neaning that a head
grazes protrB§PY§#§esor-’l-ttSh9°§Grfh%@Qﬁs anﬁagmltlenteléremﬂ ﬁgrgeeat;sk) and a
crush (meaning that a head collides pro %EI ns on the urface of a

magneti ¢ recor di ng tH TRPOGELE FRTO SfatuRt A e red that no
defects ig amghul.l_ﬁgcc‘c‘b‘ij}ngsmé 'n%é%%dllgéeEO f%?zs ‘é‘?&)od{fﬁ & 3-2 and

3-3 25 t Iee3 except at a soda i me

gl ass (exanphg §p;2tlea1@oatﬁ@dxaeatéaﬂdtoaéa&ﬁtgeg%a§ssd&&%aetes dsel are used
i nstead of an alum nosilicate

for magnetic recording dlsks and optical disks as well as
electrical optical disk substrates used for optical disks
which dislike abnormal protrusions and minute flaws.
10 The sheet glass used in the fourth embodiment may be
shaped using the pressing method.
Next, the magnetic recording disk manﬁfacturing method
according to the fourth embodiment will be described below.
In the magnetic recording disk manufacturing method
15 according to the fourth embodiment, a magnetic layer is
formed at least on the magnetic racording disk glass
substrate'obtained the above-mentioned magnetic recording
disk glass substrate manufacturing method. a
In the fourth embodiment, since a glass substrate with
20 the surface having no molten salt residue and no minute
flaws is'used, alhigh—quality magnetic recording disk is
obtained. That is, since a glass substrate in the surface
condition much better than that of the conventional one is
used, a head crush due to molten salt residue does not occur
25 to the magnetic recording disk completed. Hence the case
| where the flaw in a film such as a magnetic layer causes an

error does not occur.



gl ass. Thus a magnetic recording disk glass and a magnetic recordi ng di sk
can-be obtained. As a result, the depth of the conpressed stress |layer is
shal | ow. However, there is no problemin practical use. 5 Exanple 3-4 An
under| ayer of Al (50 angstrons thick) /Cr (1000 angstroms) /CrM (100
angstrons), a magnetic layer of CoPtCr (%20 angstrons) /C M (50 angstrons)

/[ CoPt Cr (120 t , d Cr 0 t t] | ay 10

formed on bot h Sur AR AR HCnEGHE TS, BRALUT s HPERLoY LOMESD LTy at e
btained int -1 ' in-Li t i NO: tus. Th

gbosg?ges l: Pi b%f?ugégg?ir% glaﬁ'l"s}ng?r%‘ggs%g 'Jll'%t"%!L a e%’lrogléa%\n?éhglg}?@%?egélrjr%ou nde

solution (beigiptacPideth ST LAR #F1ubricuRtelaydPAn 8RE h&fdagkhoxysil ane)
di spersed with silica fine particles (of a particle size of 100 angstrons),
and then sintmicedding tdiadk glSsEPsytvsirattel. onThayriderdafer MmkotlEeoner, the
protection layer is dipped into a |ubricant of perfluoro polyether to form
a lubricant |laper, FhdslubriRand lawametriec iheerhtientolbimi havd toTitéammagnetic
recordi ng di sk obtained was subjected to a gliding test. However, any hit
or clash was SWnohBetRR Fecrpdngiabedifientned that there is no defect in a

Iihiame)s(;ch as &orraggetic%{ﬁyer 25 Exanpl é_ 3-5 This process is simlar to
mpl e SLFOMFEBETRIAMSREL nder| ayer is formed of Al/Cr/Cr and the
magnetic |ayer The present invention will be further described below
according to examples. |
10 Example 1
The magnetic recording disk glass substrate
manufacturing method is roughly divided into (1) cutting and
polishing step, (2) chemically strengthen step, (3) cooling
step, and (4) cleaning step. |
15 (1).gut;ina and lapping steps
First, a sheet glass of aluminosilicate glass is
prepared by the down drawing method. As the aluminosilicate
glass are used a chemical reinforcement glass containing
Sioz of 62 wts, Al203 of 15 wt%, Li20 of 10 wt%, Na20 of 10
20 wt%, and zfoz of 2 wt% as major components.
Successively, a disklike glass is cut out of a sheet
) glass using a cutting whetstone. Next, the front surface
and back surface are.scraped by a sand blasting operation.
The center portion of a glass substrate is perforated in a
25 disk form. The inner peripheral surface and outer
peripheral surface perforated are polished with a whetstone

to determine the outer diameter and the inner diameter while



~

58 is formed of CoNi CrTa. Thus a magnetic recording disk for a thin-film

head was obtained. As to the magnetic recordi ng disk,

the result simlar to

that in the exanple 2-5 were confirned. 5 Exanple 3-6 This is simlar to

the exanple 3-1, except that the chenica

rei nforcenent solution is heated

to 500 [err]C and the gl ass substrate pr@feated at 350 [err]Cis chemcally

rei nforced. Ithey are beyllied.t hBherdipoeti sur faoe dindg bdik ksurnfaeer asell t

simlar to that in the exanple 3-1 were confirned. CbnEarison exanple in

the third enYPIRERBATHR &0 §CSpFateyPoldshiRrg starples 8

inadx popishing the

| ass substrate conpletely . .apnealed is naturally coo]ed, 15 w thout rapidly
gool i ng. Thu?tgpmg;ﬁ%‘ﬁ & ?éé%@f%ggq@s?ksbp%ga%%lﬁt P F%lféﬁﬁad a magnetic
recordi ng diq&)MQﬁgmgggfﬂgyggn%éﬁéﬁi¥bbgtg§anple 3-1, the visual inspection
is made to the magnetic recording diSk ghass substrate. As a result,
observed shat the gekf AamhehgsasdUibst@ate 4O fQiehdl pdismht g5s. The
magneti c recording di sks thus obtained was subjected to a gliding test.
H ts and crusflesnedrandhenvelethirallguire2Rfd0ddd.t hehaagh@tiicalr ecor di ng
di sks tested.

10

15

20

. 25

reinforcement is performed by preparing a chemical
reinforcement solution of a mixture of potassium nitride (60
%) and sodium nitride (40 %), heating the chemical
reinforcement solution at 400°C, and immersing the glass
substrate preheated at 300°C for 3 hours. In order to
chemically reinforce the whole surface of the glass
substrate, the immersion is made with the ends of plural
glass substrates contained and held in a holder.

Thus, the glass substrate is reinforced by immersing
the glass substrate into a.chemical reinforcement solution
and then by replacing the lithium ions and sodium ions by
sodium ions and potassium ions in a chemical reinforcement
potassium. |

The thickness of a compressed stress layer formed in
the surface layer of a glass substrate is about 100 to 200
pm. _

(3) Cooling step

The glass substrate chemically reinforced is gradually
cooled in the first and second annealing chambers. First,
the glass substrate is pulled up from the chemical

reinforcement solution, transferred it into the first

it was



The present enbodi nent has been described with 25 reference to preferable
exanples. The third enbodi nent should not be [imted only to the
above-descri bed exanpl es. For exanple, a commercially avail able
surface-active 59 agent and a cl eaning agent (including alkali cleaning
agents) may be used in the cleaning stepg,instead of a neutral cleaning
agent. Moreover, as an abrasive aﬂent can _be used cerium oxide (CeQ),

col | oi dal si | Y repFhamper, 3t PRY [JrePPP- AR HE foroh gidniEesedn
F 0 i id O 0 L ZI i id Zr2),
T um oxi dibe £25 RS chahbeh O pBheb] £f {00 Tl kb5 be used
ft | dsher . « Lt ch- si red de,
B the |1 ke So s BRCeA eV Eratieni B20R, (00 PRt i SLNE! P 1 bove,

accordi ng to dHeni@rass SHOTIRNE ARKe T dgnCARABET AbatR@OLHI 560 BbSk,
manuf act uri ng met hod of the second enbodi ment, since the deposit nolten
sal t .adherfed amealgliasSremb3a0°at eoc200%e easily renoved by cleaning, a
magneti c recordi ng disk gl ass substrate with high flatness 15 and no
abnor mal protrusi oABig gfWs ternarrealingd treptent iranmbiberatsalthedeposi t ed

bet ween t he %??ss sugstrate end surface and the hol ding nenber is brittle,
the glass sub&t3Ss §UREFafe EZRBIAYAISHAULHEC NIFMRG FFERTEIAN: hout any

breakage of tﬁéié%”@héLgféggesE gE;égé rapidly cooled is immersed into a

water bath of 20 °C and then maintained for 20 minutes.

10 (4) Cleaning step |

. The glass substrate completely subjected to the

cooling step is immersed into a sulfuric acid of a
concentration of 8 wt% heated at about 65 °C for 2 minutes
and then is subjected to an acid cleaning treatment while

15 ultrasonic waves (of 40 kHz) are applied. Thus a deposit

- molten salt is removed chiéfly.

Next, the glass substrate is cleaned by sequentially
immersing it into a neutral cleaning bath, a neutral
cleaning bath, a pure water bath, a pure water bath, an IPA

20 (iso-propyl alcohol), and an IPA (steam drying) bath. In
this case, ultrasonic waves (of 40 kHz) are applied in each
cleéning bath.

The magnetic recording disk glass substrate fabricated
through the above-described step was subjected to a visual

25 inspection, with the surface irradiated at 150,000 lux with
a halogen lamp. As a result, only 5 foreign matters were

found at maximum.



20 . Moreover, since a mnute surface flaw or mark causes breakage in
the rapid cooling process, a defect product can be easily discrimnated.
Furthernore, according to the present invention of the third enbodi nent, a
magneti c recording disk glass substrate 25 w th no abnornmal protrusions
and no mnute flaws on the surface thereof is used, a high-quality nagnetic
recording disk with fewer defect due to ébnornmal protrusions and 60

m nut e fl aws (GanMéenarmnUreebut btk ati siti fnyisadtohrihexsted he | nformati on

recordi ng gl ass manufacturing nethod and magnetic recordi ng di sk

manuf act uri ng met dneameaidi ngeddirige di skiri e rdbsdinedtbwiselqubet mddlyai ned
belowin 5 detail. In the magnetic recordi ng di sk glass substrate

manuf act ur i nGoRBIRD R ScONAREERYRY 4 Re Cr¥QrunflesdBYer nehtCoOPLRE gl ass '
substrate pr%gared, according to the first, enhodi nent i s regnforced by firs

i mrer sing it "PARBEIC ARFcafn90? & AREBFERMRARYEDI OR i RRFMESRed and then
ot ' peres ane

chenoal Pei SREFeSbErt Hel Rat S ~RHOPRLY QUMM RERS, Uiedih @i ", "

preferabl e t QuuSgndyd-QsLOTBEAAMULE LITngXGNANGN e RIS DRSaUSE Of the

same 15 reason as that in the third exanple.
apparatus. ’

The magnetic recording disk obﬁained is subjected to a
gliaing test. As a result, a hit {meaning that a head
10 grazes protrusions.on the surface of a magnetic recording
disk) and a crush (meaning that a head collides protrusions
on the surface of a magnetic recording disk) were not
observed. It was confirmed that no defects in a film such
as a magnetic layver were observed.
15 Example 4-2
This is similar to the example 1, except that an acid
cleaning is carried out by immersing a glass substrate into
a phosphoric acid of 10 wt% concentration heated to about
40°C for 2 minutes, instead of the sulfuric acid, under the
20 appiication of ultrasonic waves (of 32 kHz). Thus a
magnetic recording disk glass substrate and a magnetic
recording disk were obtained. However, as a result, a
relatively small effect wés obtained, compared with the
sulfuric acid cleaning.
25 | Examples 4-3 and 4-4
This is similar to the examples 1 and 2, except that a

hydrogen peroxide of a concentration of 35 wt% is added to



The four enbodinent is equivalent to the third enbodiment in the contents
and conditions of the chem cal reinforcenent solution, heating tenperature,
i mrer sing hour, the thickness of the conpressed stress |ayer forned on a 20
gl ass substrate layer, and the pre-treatnent of imersing a glass substrate
into a nolten salt. In the chem cal reinggrcenent step according to the

fourth embodi geatsal t hiyPreherable. that, hhe, dhass sobstrale at whieh the

.an ac .
end surface i's ﬁng | sT'Chem CarFly rernforcea to emcally rerntorce

the whol e gl a5%.9HRei & At&oddikg &6k thakdogdefdigrent, after the chem cal

rei nforcenent opéeration in the fourth enbodinent, it is 61 preferable

that the glass subghéadFedrSnBUkEesctipitn 08t tie telaemi aaths abxpkpleenent
solution and then annealed to a predeterm ned tenperature to suppress the

t hermal di st dr endn4ez cuas ebceinddilsy addéayi vhp thydabgentpaddxads t he gl ass 5
substrate from being rel eased fromthe damage fromthermal distortion. In
the fourtR entiddicnbnextemaldivabsatingsenaeids anneal ed at the sane rate as
that in the third.enbodi nent. After the annealing step, it is preferable to
qui ckly cool Stz strate at the rate shown in the third

enbodiment to prevepl the JRLteP 8! theISRORIIET 19N kBEO! AR a soda-
lime glass (example 5) and a soda-aluminosilicate glass
(example 6) are used instead of the aluminosilicate glass.
10 Thus a magnetic recording disk glass substrate and a
magnetic recording disk was obtained.

As a result, the compressed stress layer becomes
shallow, compared with the aluminosilicate glass. However,
there is no problem in practical use.

15. Example 4-7

An uﬁderlayer of Al (50 angstroms thick) /Cr (1000
angstroms) /CrMo (100 angstroms), a magnetic layer of CoPtCr
(120 angstroms) /CrMo (50 angstroms) /CoPtCr (120
angstroms), and a Cr (50 angstroms)'protection layer are

20 formed on both surfaces of a magnetic recording disk glass
 substrate obtained in the example 4-1, using an in-line
sputtering apparatus.

The above-described substrate is immersed into an
organic silicon compound solution (being a mixed solution of

25 .water, IPA, and tetraethoxysilane) dispersed with silica
fine particles (of a particle size of 100 angstroms), and

then sintered so that a Si02 protection layer is formed.



substrate surface frombeing recrystallized. Thus when the gl ass substrate
I's quickly cooled, the deposit nolten salt becones brittle so that the
cl eaning effect of an acid 15 cleaning (to be described |ater) can be
i mproved. The gl ass substrate rapid cooling is treated under the sane
condition (on tenperature and hour) usi ngothe refrigerant carrier. In the

fourth enbodigellved e, depostionl qayapl . Mopadhered 4 dubecaless

substrate is renoved b anr ng Ur f 2c ereo & ¢ool i ng

step. The C'E@BEIEbféSd@@96t9¥r'€6“¥6%h”9 1&5%ﬁ$ba§81§y&§tram@slat@Ra cl eani ng
agent containing a heated acid such as sulfuric acid, phosphoric acid,

nitric acid, mhthetic meiddis26btind®@.drochl oric acid, a m xed acid of t he
above- | i st ed acids, or one of the above-Ilisted aci ds plus a salt thereof
(such as anmmoni urfie wagndeior reuiradsgudi sk tobitdéhed wasssfubjecté@ tan this
case, the glass_substrate may be cleaned under ultrasonic waves. O these
cl eani ng ageft §1iding §e|§rtef eWREer. 0288 ik oF ElaghivYRF ApEnePESHYEE ni ng

sul furic acid _and/o oric 5.acid, int vi ew of t.he cleaning effect
to the depositt WtcéﬂPé;‘ ul’?rt tifiezecig 410 I‘Jrq?geEFeh?n%gélgf‘f 8BER &S A1 t her
| nproved by RLSS‘QH‘@ 1%%9,the reactronlheat of the cl eaning
Example 4-8
This is similar to the example 4-7, except that the
10 underlayer is formed of Al/Cr/Cr and the magnetic layer is
formed of CoNiCrTa. Thus a magnetic recording disk for a
thin-film head was obtained. As to the magnetic recording
- disk, the result similar to that in the example 4-7 were
confirmed.
15 Comparison example
This is similar to the example 4-1, except that the
glass substrate completely annealed is naturally codled
without rapidly cooling. Thus a magnet;c recording disk
glaés substrate and a magnetic recording disk were obtained.
20 Like the example 4-1, the visual inspection is made to
the magnetic recording disk glass substrate. As a result,
it was observed that the éurface has about 10 to 100 foreign
matters. |
The magnetic recording disks thus_obtained are
25 subjected to a gliding test. Hits (about 20 %) and crushes
were observed to the magnetic recording disks tested.

The present embodiment has been described with



agent containing sulfuric acid and/or phosphoric acid plus hydrogen

peroxi de. 10 The acid cleaning may be carried out by sequentially
i mrersing the glass substrate into plural sane or different acid cleaning
bat hs. The concentration of acid is determ ned in consideration of the

cl eaning effect. The optinum 15 concentrfgion depends on an acid used. For

exanpl e, the_concentration of sulfuri.c aC| er 1 to 20 w % or -
nor e prefera’f)efé; 7 o] % /9 éehgﬁ?mﬁge oﬁ;rrefh %g%%ﬁ st preferably

40 to 100[9@}1&&]&)&10@%@ PLe IR RhYy 40 tt‘?xe79£>8€}é-]c£ésc1 Seécéagan&l QaNi ng 20

hour is prefera fo 5 nmnutes, or nore prefrably 1 to 3 mnutes

After the acid cl eepi @Qamﬁlé&?'al t%ﬂﬁ@fbﬁlle..@nhﬂgliéﬂﬁ%t FRRtat&cdatdiveg a
comerci al | y-avai |l abl e cl eani ng agent (such as neutral cleaning agent,

surface- act iageragenid, aocl@nimy kgkhhe(idlcdading alderiti) clsaniropi ng cl eani ng,
pure-wat er cleaning, -solvent cleaning, solvent steamdrying, centrifugal
dryi ng ors t Rgents may be wsad iiadthetcleamdnpngter. msaaad bt raasoni ¢ wave
application nay be perforned in each cleaning step. The ultrasonic wave nay

be gener at edPeRE 2 InGlepning agent.

As described above, according to the glass substrate
for an information recording &isk manufacturing method of
the fourth embodiment, since a glass substrate pulled up

10 from the chemical reinforcement solution is cleaned with an
acid containing cleaning agent, the deposit molten salt can
be effectively removed without damaging the glass substrate.

Furthermore, according to.the present invention of the
fourth embodiment, since the deposit molten salt can be

15 completed removed and a magnetic recording disk glass
substrate with no minute flaws on the surface thereof is
used, a high-quality magnetic recording disk with fewer

defect can be manufactured at high yield.



frequency type generator which oscillates over a frequency 5 range, or a
fixed -frequency--type generator which oscillates at a fixed frequency. Since
omer frequency | eads to higher cleaning effect but may damage | argely

a gI as ,mwﬁf' "lﬁ"l’lmﬂl’frequency must be deternined in consideration of the
effect. stean1drying does7mot produce a stain due to drying,
thanks of its" qU|c dr'yi ng rate. spkvent used in the steamdrying
process are listed iso-propyl aIcohoI ireon (trademark), acetone,

met hanol , ethanol, and the like. 15 The gl ass substrate is not
limted i f It belongs to an ion exchangeabl e gl ass substrate. The size,

t hi ckness, or the 1i ke shethegiisasS1laubatiraf metBodotongarisiagl aney |im ted.
As the material of the glass substrate are |listed, for exanple,

al um nosi | i caterglelbs, soda-l1ine glass, soda- 20 aluminosilicate glass,

alun1nobor05|llcate gl ass, borosilicate glass, quartz glass, chain silicate E
glass, orSthe |ikefommsng aufikm )Pf PhéOh‘F‘E}rﬁfh@@ pF c]a?%?’fglaaﬁlﬂglﬁﬁlef erabl e

b t | ati h d.cl h t | 1 ent
ohock resi st HEERERPEE SUFBF 1A FOERSE FES TrROd GHAYACH PERE gl ase.
or an al UM ng3i ki 691 8kaS5nERH M el P HITBPRCIHS HhAW AR 13 Second

and a surface-active agent;
sandwiching both sides of a single sheet glass on
10 which said film is. formed or of a laminated structure of
plural sheet glasses with a densified sheet with a high
flatness to pressure said single glass or laminated
structure; and
heating and annealing said single sheet glass.or

15 laminated structure to flatten the same.

2. The sheet glass flattening method in accordance
with claim 1, wherein said water soluble inorganic material
consists essentially of any one selected from the group

20 consisting of NaOH, KHO, Ba(OH)2, ammonium sulfide, alkyl
ether ammonium suifide, alkyd compound, and chelate compound

or a combination of at least two chemicals.

3. The sheet glass flattening method in accordance
25 with claim 1, wherein said surface active agent consists
essentially of any one selected from the group consisting of

anionic surface-active agent, cationic surface-active agent,



64 chemical Ty strengthened has. its excellent heat resistance and does not

| ar " nder high tenperatures, and provides its good fl atness
andﬂmmmnminmﬂgmhardness. The magnetic recording di sk glass substrate 5
man urt ng net hed according to the fourth enbodi ment can be applied to
the nmethod of cleaning glass substrates i3ed for magnetic recording disks
and optical dnshsteas cwshiface-eladivel egenoptiadlc disfacatbstive ezsgarged f or
optical disks which dislike abnormal protrusions and mnute flaws. 10

The sheet gl 888 ned@niif swefacanacyivabadgenefr pagopeingtipedofisithg t he
pressi ng net tfod. Next, .the magnetic recordi ng di sk manufacturing method
accordi ng t otBHEL e FHEB ment will be described -below. In the magnetic
recordi ng di sk manufacturing nethod 15 according to the fourth enbodi nent,
a magnetic layer is forned at |east on the magnetic recordi ng di sk glass

substrat es obt ai ned, t h%hébg‘{@e'%’%i}aisgnfgaﬁf’&ﬁ% ﬁeEﬁg&riQi' B@cdtdndd ass

substrate manufacturing nethod.” In the fourth enbodi nent, since a gl ass

substrate w iheRQ&1aife1$Unhées hauiagaessiblderheat tedmpelidee Anicno mnute
flaws is used, a high-quality nmagnetic recording disk is obtained. That is,
si nce a gl assheethstar abebon theetswrf aneabumiciun sheatodf dtickrtitdian t hat of
the conventional one is used, a head crush due to nolten salt residue does
not occur 25Su¥fpaehdagagnilatnasscefdings dihan déniretsadd Signkeinhdlcase

where the flawin a filmsuch as, a netic | r causes an
mm or more tH}ck, séﬁd cagggn sheet %%?ng 15 mm or more

10 thick, and said aluminum being 20 mm or more thick.

5. The sheet glass flattening method in accordance
with claim 1, wherein. said sheet glass flattening method is
applied as the method of flattening the surface of a

15 magnetic recording disk glass substrate, an LCD glass
substrate, a photo mask, or.an optical memory glass

substrate.

6. Glass substrate for an information recording disk
20 manufacturing method comprising the step of:
treating at least end side of a glass substrate with a

treating solution containing a hydrofluosilicic acid.

7. Glass substrate for the information recording disk
25 manufacturing method in accordance with claim 6, wherein
said hydrofluosilicic acid has a concentration of 0.01 to 10

wt¥.



error 65 The magnetic recording nmediumis usually forned
by se’clm;ﬂnﬂmuﬂﬂﬂaﬂmtl ng an underl| ayer, a nmagnetic |ayer, a protection
| ayer,*and a | ayer on the magnetic recording disk glass
substrate. The underl ayer, protection 5 ayer, and lubricant layer are in
content similar to that shown in the secthd enbodi nent. (Fourth enbodi nent ]
The present invent$on Glidsis Bubstratiee fodethy iindorpat ban sssording disk
exanples. 10 Ex | e 1 The pmagnetic recording disk glass substrate

manuf act uri n@aﬂ'ég 5109 BgHRPY 1 ACGeRIRRRD W("E" girin fg #HETBHRI shing

step, (2) chem aIJ[ strengthen ste 3 aol i ng st ep, _and éﬁ%.cleani ng
step 15 C(TPENIYeS CRETHEED o Lenpade DRl L o Rhab e
al um nosi | i caigsgl ass is prepared by the down draw ng nethod. As the
alum nosilicate glass are used a chemical reinforcement glass containing
Sigerr] »f 62 wt% A1203 of 15 wt% Li[err]Oof 10 wt% Na[err]O of 10 20
w%.and ZrQ2 of 2 wt% as maj or conponents. Successively, a disklike glass
is cut out of a shkeet Qllaasssulsstupte Cottthey infersdtivn d¥esidihdedidiont
surface

manufacturing method in accordance with claim 8, wherein

said aluminosilicate glass comprises a chemical reinforced

glass containing Si02 of 62 to 75 wt%, Al203 of 5 to 15 wt%,

10 Li20 of 4 to 10 wt%, Na20 of 4 to 12 wt%, and Zr02 of 5.5 to
15 wt% as major components, Na20/Zr02 having a weight ratio
of 0.5 to 2.0, Al203/Zr02 having a weight ratioc of 0.4 to

2.5.

15 10. Glass substrate for the information recording
disk manufacturing method in accordance with claim 6,
further comprising the post-step of:

chemically strengthen the surface of said glass

substrate using an ion exchanging method.

20
11. A magnetic recording disk manufacturing method
comprising the step of:
applying the manufacturing method defined by claim 6
to a disklike glass substrate; and
25 then forming at least a magnetic layer on glass

substrate for an information recording disk.



and scraped by a sand bl asting oper gT4.0R. -
portﬁmlHH"Hmﬂﬂﬂ'mbstrate Is perforated in a 25 is@gfsﬁlpiégﬁié %E}%‘\r‘er
peri pheral tsumfaee and outer peripheral surface perf ' 4
with a whetstone to determne the outer dianeter and the inner dianeter
whi | e 66 they are bevelled. The front Surface and back surface are
subj ected to an acédr at’e BFEMESAF nEeersingsabsk imsanipeFusHinhdesteg. Thus a
di skli ke glass substrate is obtained. (2) Chemi cal strengthening step 5
Next, the glé§§p§65§??dﬁgaﬁﬁ&§ 8tf and polished is cleaned and then

chem cally reinfor _h Lcal it orc LS.p r.ned reparing
a chemcal rei nf.orggﬁ%nﬁlmgs&gag%ﬁgoqé’lgs%%uaﬁgﬁl%%sgo a‘g%él)gln}:% ??%ﬁ‘g (60 %
and sodi um nidybsdeatd0 %9, heating the chemical 10 reinforcenent solution
at 400[err]C, and imrersing the glass substrate preheated at 300[err]C for
3 hours. Bn order thefhardatdahbyth€iwdolecglade subekeasardiade aof the gl ass
substrate, the immersion is nade with the ends of plural glass substrates
cont ai ned andriesking nseluidlodeconti&ining a hfguefluckélfitbsacidbhsandte is
reinforced by imersing the glass substrate into_a chem cal reinforcenent
sol ution and then BYenr fsirainggathkeast: Bi URIPSHS AAUCE RN FRESEns by sodi um

I ons and pot as%i umjons in a,chem cal reinfor.cenment
substrate for an information recording disk.

el

10 13. Glass substrate for an information recording disk
manufacturing method comprising the step of:
chemicaliy strengthen a glass substrate by immersing
said glass substrate in a chemicél reinforcement solution
heated and then ion exchanging ions on the surface portion
15 of said glass substrate with ions in said chemical
reinforcement solution; |
pulling up said substrate from said chemical
reinforcement solution and then annealing it to a
temperature higher than the crystallization temperature of a
20 molten salt; -
annealing said glass substrate at a rate at which the
crystallization of said molten salt is deposited on the
'_surface of said glass substrate; and
then cleaning the surface of said glass substrate.
25
14. Glass substrate for the information recording

disk manufacturing method in accordance with claim 13,

——
——
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pﬁun The thickness of a conpressed stress layer fornmed in
m mu" H"lof a glass substrate is about 100 to 200 [err]m (3)
Codl i hg st ¢ Fhe*gl ass substrate chemcally reinforced is gradually 25
cooled in the first and second -anneal i ng_chanbers. First, the glass
substrate is pulled up fromthe chenicaI7Feinforcenent solution,
transferred ivherein $abd faltestical Heirdivreameny stlatben atnSiGts[ efr&C, and
kept it for 10 mnutes in the first annealing chanber to anneal to 300
[err] C. Next malffengrabls afissnr ape 9% notassiwr rf@d—rﬂ@@m“ﬁ?fé”f:l sedfliwnneal i ng

chanber to the se gond anneallnﬂ chanber heated at 200 &Frr to 5 anneal it
from 300[ er r PEHF99 0NN ¢. PRhRES TR CerRpralithdERERY + M3t NQan liberate

the gl ass subsly 3i6 (T WHIIIE 148118 IETRE 81 SLOHAR0, oKty d he ol ass

substrate rapidly coo ner se nt'o a water fﬁC and

then mai nisai nagvEals 20edduthes. ohla kel eaNl AcS! 6p Ao a3spspbstrate

compl etely subjected to the cooling step is imersed into a sulfuric acid

of a concent red aBoeé-Bi WD Baatedviih abeudlt &x [cert ] A&gf orri? ,ncBt| esr and
then is subjected to an acid cleaning treatnment while
the like.

15. Glass substrate for the information recording
10 disk manufacturing. method in accordance with claim 13,
wherein said rate of rapidly cooling said glass substrate is

1600 °C/min. to 200 °C/min.

16. Glass substrate for the infdrmation recording

15 disk manufacturing method in accordance with claim 13,
wherein said chemically strengthen step comprises heating
said chemical reinforcement solution to 350°C to 656°C; and
wherein said step of annealing said glass substrate
comprises pulling said glass substrate énd then annealing

20 the same to 300°C to 350°C; and wherein said step of rapidly
cooling said glass substrate comprises rapidly cooling said
glass substrate by contacting said glass substrate with cool

medium.

25 17. Glass substrate for the information recording
disk manufacturing method in accordance with claim 13,

wherein said glass substrate comprises a glass substrate



-y

15 _ultrasoni c waves (of 40 kHz) are applied. Thus a depesii—paltens

i immmﬂg '“M ““I Next, the glass substrate is cl earjpdHiy/SHEETIRAS IBEENY
i i "% neutral cleaning bath, a neutral d|eani REPRLACED a pufje
wat er bath, a pure water bath, an |IPA 20 (i so- pr opy| S=evhur—arg=—at
(steam drying) bath. 1In this case, ultradonic waves (of 40 kHz) are
applied in eddlattkradiaupdrdihg Ghecheagheet cgYassoifdahgenirsk mglthed substrate
fabricated through _the above-described step was subjected to a visual 25

i nspection, WafRneAedy Alpd@elirradi ated at 150,000 lux with a hal ogen | anp.
As a result, only 5 foreign matters were found at maxi num 68 (5)
Magneti c recordi ng di sk manufacturing step A nagnetic recording disk is
obt ai ned by sequentjially faormn d ) .l ayer, a
CoPt Cr nmagnetic Ia%ée'r, %ir? gas%b%tr%ftgctf?gn %3é?°5ﬁ35%%%%q§lh§urfaces of
the magnesi ¢ di@&OnShIAHuSng! ASE PR BEELF darllewabRVEr i85 qhi, bed step,
using an in-line sputtering apparatus. The magnetic recording di sk obtai ned
i s subj ect ed wheraigl stlidg1hest suArrateesompriseshbh 41®Aitidydltibatea head 10
grazes protrusions on the surface of a magnetic recording

glass, said aluminosilicate glass being a chemical

reinforced glass containing S$i02 of 62 to 75 wt%, Ale3 of 5
to 15 wt%, Li20 of 4 to 10 wt%, Na20 of 4 to 12 wt%, and

10 Zrog of 5.5 to 15 wt% as major components, Na20/Zr02 having
a weight ratio of 0.5 to 2.0, Al203/2r02 having a weight

ratio of 0.4 to 2.5.

19. A magnetic recording disk manufacturing method
15 comprising the steps of:
chemically strengthen a glass substrate by immersing
said glass substrate in a chemical reinforcement solution
heated and then ion exchanging ions on the surface layer of
said glass substrate with ions in said chemical
20 reinforcement solution;
pulling up said substrate from said chemical
reinforcement solution aﬁd then annealing it to a
temperature higher than the crystallization tempereture of a
molten salt;
25 annealing said glass substrate at ‘a rate at which the
crystallization of said molten salt is deposited on the

surface of said glass substrate;

This Sheet Has Been Reilaced
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disk) ng that a head collides protrusions on the surface
of a ”ﬂ!’%@ﬂj’aﬂ di sk) were not observed. It " Eﬁ_ne’ h o]
def ects inc s a magnetic | ayer were obse ved. %@%@‘%2
This is simlar to the exanple 1, except that an aci ear I ijed
out by imrersing a gl ass substrate i nto &8 phosphoric acid of - 10 W %
concentrati on heatekkandngbithg siG{fece] C£foaid® ginpat eshstivaseeagndf t he
sul furic acid, under the 20 application of ultrasonic waves (of 32 kHz).
Thus a magnetic r SERMIEAETERS latylgastsabBgnatd cahdyer yfaific recor di ng

di sk were obtajned. However, as a result, a relatively small effect was

obt ai ned, coﬁBéFE%F%ﬁtl1 the sulfuric acid cleaning. 25 Exanples 4-3 and 4-4
This is simlar to the exanples 1 and 2, except that a hydrogen peroxide of
a concentration of 35 W% is added to 69 an acid. Thus a mmgnetic

recordingsdi sk gl ags, guhst réﬁt?st%‘&@eafaﬁgék?tl'rﬁfo&ﬁ&@{&i %e@&aknwﬁkobt ai ned.
The cleaning effect simlar to that in the exanples 4- 1 and 4-

obt ai ned by addi Pgeture nh Y RN derpeXk ity i sheps exiernal |y heatl ng an
acid. Exanmples 4-5 and 4-6
chemlcally strengthen a glass substrate by immersing

said glass substrate in a chemical reinforcement solution
_heated and then ion exchanging ions on the surface layer of
10 said glass substrate with ions in said chemical
reinforcement solution; and
pulling up said substrate from said chemical
reinfqrcement solution and then cleaning the surface of said
glass substrate with a cleaning agent containing acid.
15
21. Glass substrate for the information recording
disk manufacturing method in accordance with claim 20,
wherein said chemical reinforcement solution consists of s
molten salt of any one of potassium nitride (KNO3), sodium
20 nitride (NaNO3), potassium carbonate (K2C03), NO3 + NaNO3,
and KNO3 + K2C03, or a molten salt.of a combination of the
above-listed salts, or a molten salt made by mixing each of
'the_above—listed salts with a salt of cut, ag*, Rb*, cst, or
the like.
25 .
22. Glass substrate for the information recofding

disk manufacturing method in accordance with claim 20,

lill
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This | exarrpl es 1, except that a soda- linme glass (exanple
5) an ﬁm m m ilicate glass (exanple 6) are used instead of the
al um @ glsass. 10 Thus a magnetic recording disk glass substrate
and a magnetic record| ng di sk was obtaingd. As a result, the conpressed

stress layer QECONRSg §Pé"<{1%‘é(n188”£’ggér{ Eglﬁilﬁl?cqg(ggs+lél%%§ﬁgl ass.

However, there Is no problemin use

under | ayer ofag¥nd Egn@&ﬁ'&fﬁrfgoﬁﬁﬁ@f%)ac/l@r ahd 90 p’h@@%ﬁ&?ﬁ@)ad:.@r M (100
angstrons), a magnetic |ayer of CoPtCr (120 angstrons) /CrM (50 angstromns)

[ CoPt Cr (120 angstrons), and a O (50 angstrons) protection |layer are 20
fornmed on both surfaces of a magnetic recording disk glass substrate
obtained in the ex@Apl e3last, subsrrpten fion- Ehecinfarmesipngregaydiagus. The

above-descri bed substrate i;s immersed into an organic siljcon conpound
sol ution ‘ﬁgﬁ K MRPRERF BRG] BRERACD 25 aGePEIanqepHitRneLadt 22et hoxysi | ane)

di d lica f J f 100
and t hen s.v“nigﬁr%%l'eﬁ%éé‘o%ggéﬁ%éﬁ O SPEA RGPS Rormed, 0
Moreover, thepr@f%trsﬁliy% doP%8" i:é %‘@Eg h&%@:éf‘é@ébfﬁrﬁ (& 1844 uoro

polyether toftorma [Ubricant ayer

24. Glass substrate for the information recording
10 disk manufacturing method in accordance with claim 20,
wherein the heating temperature of said sulfuric acid is 40

to 100°C.

25. Glass substrate for the information recording
15 disk manufacturing method in accordance with claim 20,
further comprising the steps of:
chemically strengthen said glass substxate by heating
said chemical reinforcement substrate at a temperature
higher_than the melting point of a salt;
20 rapidly cooling said glass substrate; and

then cleaning said glass substrate.

26. Glass substrate for the information recording

disk manufacturing method.in accordance with claim 20,
25. wherein said glass. substrate comprises a glass substrate
flattened according to the sheet glass flattening method

defined by claim 1.



magnetic head is obtained. The magnetic recording di sk obtained was

subj ect ﬁ",lm"luamum“j g test. However, any hit or clash was not
observe “ d that there is no dgfEct ; as a
magnetic*l ayert Bxarfpl & 4-8 This is sinilar t;tﬁﬂ§ AS BEEN lexcept that
the 10 underlayer is formed of Al/Cr/Cr and t} FACED v er ijs fornmed of
CoNi CrTa. Thus a magnetic recordi ng di skgpor a thin-fil mhead was. obtained.

As to the magnetic_recording.disk, the result,sim.lar to that..in the
exampl e 4-7 were c?)?nfi TS fggs Wbearfi°§oﬁH8x r@‘#ﬁf”é‘ T€%MPPar to the

exampl e 4-1, gxgeRlol Bal: 11600185508 URS LLALLASRIPLALE! 1 2ol ed 1 s

naturally coo rap y cool1ng. us a nmagnefic recdrding disk
gl ass substraierand SaiRINQLCsHBSHMNGofpbsKsaee abtained1i28te

Li ke the exanple 4-1, the visual inspection is nmade to the nagnetic
recordi ng di sRagbassasdibaivmhesiPEcate edukh, beinghvas chbsiealed that the
surface has about 10 to 100 foreign matters. The nagnetic recordi ng disks
t hus ‘obt aPnedednéorged gifssc codtaming ISige nef te@sto 75wkt (803 09 and
crushes were observed to the magnetic recording disks tested. The present
enbodi ment hid® BéeWt¥eded2Oped 4ith 10 wt%, Na20 of 4 to 12 wt%, and

. 2r02 of 5.5 to 15 wt% as major components, Na20/Zr02 having

a weight ratio of 0.5 to 2.0, Al203/Zr02 having a weight
ratio of 0.4 to 2.5.
10
28. A magnetic recording disk manufacturing method
comprising the step of:
chemically strengthen a glass substrate by immersing
said glass substrate in a chemical reinforcement solution
15 heated and then ion exchanging ions on the surface layer of
said glass substrate with jions in said chemical
reinforcement solution;
cleaning the surface of said glass substrate pulled up
from said chemical reinforcement solution with a clganing
20 ageﬁt containing acid; and

then cleaning the surface of said glass substrate.

This Sheet Has Been Rerlaced




71 reference to preferabl e exanples. The fourth enbo

linmted only to the above-described exanples. For eXﬁﬁmhgs 2 PRI Lally
avai |l abl e surface-active agent and a cl eani ng agent ([ !

cl eaning 5 agent.s) may be used in the cleaning step, Thstead al
cl eani ng agent. As described above, accordi i to the glass substra Or

should not be

Pr=caova o

i nformation recording di sdygmnhasturtagreret e di@fropheMEonob roembodi rrent
since a glass substr ayaNgrRAdRRING E0ASS r SUBSTRATHIERORC AN [RFORMATIONENt
solution is cleaned WRHCORDRINGI DISIOMSTING FGATTENRP NGLARRNMETHA® GEposi t
nmol ten salt can be eMANERAGRIIRINGeADMAREANRTI® OREC %&%ﬁxh@s GQdg.ASS

substrate. Furthernore, aESUBFBRAEE+ ANDhMAGNETERt RE
enbodi ment, since the deposit nolten salt can be 15

U¥he fourth

a magnetic recordi ng di sk gl asaesmBacrataF wreB rRISEINAURY | aws on t he
I's used, a high-quality magnetic recording disk with fewer
def ect can be nanufactured at high yield. Clains 1. A sheet gl ass

flattening method ConprISIqég Lhe Stegg manuégctuflng methgg é%vantageoegly

surface thereof

solutlon on at
5

10

15

20

25

| east & [Fypstra
applicable to magnetic recording disk glass substrates, LCD

glass substrates, photomask glass substrates, or optical
memory glass substrates. This method includes the steps of
forming a film of a solution on at least a principal surface
of a sheet gla;s formed using a down-drawing method, the
solution containing a water soluble inorganic material and a

surface-active agent; sandwiching both sides of a single

sheet glass on which the film is formed or of a laminated

structure of plural sheet glasses with a densified sheet
with a high flatness to pressure the single glass or
laminated structure; and heating and annealing the singlé
sheet glass or laminated structure to flatten the same. The
end side of the flatten glass substrate is treated with a
treating solution containing a hydrofluosilicic acid. The
glass substrate.is formed by chemicall& strengthen a glass
substfate by immersing the glass substrate in a cheﬁical
reinforcement solution heated and then ion exchanging ions
on the surface layer of the glass substrate with ions in the
chemical reinforcement solution; pulling up the substrate
from the chemical reinforcement solution and then annealing
it to a temperature higher than the crystallization
.temperatu:e of a mélten salt; annealing the glass substrate

at a rate at which the crystallization of the molten salt is

This Sheet Has Been Replaced
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surface of a sheet gl ass formed using a down-draw ng nethod, said solution
containing a water soluble inorganic material and a surface-active agent;
AT, . T 1

sandw ching both sides of a single sheet glass on 10
formed or of a lami nated structure of plural sheet glh
sheet with a high flatness to pressure said single gl i _
structure; and heating and anneal i ng sai d single sheet—gass==¢ ; i
| am nated structure to flatten the sane. 2. The sheet gl ass flattening
met hod in accordance with claim 1, wherein &aid water sol uble inorganic
mat eri al consi stagpesiesdi ahl yhef sapyaodiosetingt §Thdg asubderapequ@mn) then
consi sting of NaOH, KHO Ba(OH)2, ammoni um sul fide, alkyl ether ammoni um
sul fide, alkyd cdepoind, thedswhisice efconpoyiasorsubstoabenat Horeoferat Yheast
two chemcals. 3. The sheet glass flattening nethod in accordance 25 wth
claim1, wherei 9l8gsdsshptaeee absi fermegey chapicatlyessermigiiep & HEdfFsSone
sel ected fromthe group c nsLstin%,of anionic surface-actiye agent, .
cationic surfacépﬁgﬁfegeaggnﬁﬁmer #39afPRoBLAFE SUPPLEREGCEPVE égEWPFaﬂonic
surface-actiye 3aent,, 200 MO NG AUHEEEE 5ha VEn @I n Uxh SRS Adnd ©f
on the surface layer of the glass substrate with ions in the

chemical reinforcement solution; and pulling up the
substrate from the chemical reinforcement solution and then
cleaning the surface of the glass substrate with a cleaning

10 agent containing acid.

This Sheet Has Been Reﬂlaced
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5 4. The sheet glass flattening nmethod in accordance with claiml1,
wherein said densified sheet conprises a Si C sheet, a carbon sheet or an

al um num sheet of which the surface has a flatness of less than 10 [err]m
said SiC being 10 nmor nore thick, said carbon sheet being 15 mmor nore
10 thick, and said alum num being 20 mmor nore thick. 5. The sheet gl ass
flattening nethod in accordance with claim 1, wherein said sheet glass
flattening nmethod is applied as the nmethod of flattening the surface of a
15 magnetic recordi ng disk glass substraﬁ)z4 an LCD gl ass substrate, a
photo mask, or an optical nenory glass subStrate, 6. G ass substrate for an
information recording disk 20 nmanufacturing nmethod conprising the step of:
treating at |east end side of a glass substrate with a treating solution
containing a hydrofluosilicic acid. 7. dass substrate for the information
recordi ng disk 25 nanufacturin?:ﬂﬁt d i accordance with claim®6, wherein
said hydrofluosilicic acid hasla entdation of 0.01 to 10 Wt % 74 8.
G ass. substrate for the information recording di sk manufacturing nmethod in
accordance with claim6, wherein said glass conprises an alum nosilicate

gl ass or soda-line F)R l OR ART

(a) (b)
13 13
10 1
10
.12 T 12
lo) Nl




glass. 5 9. G ass substrate for the information recordi ng disk

manuf acturing nmethod in accordance with claim8, wherein said

al um nosilicate glass conprises a chem cal reinforced glass containing
Sigerr] of 62 to 75 wt% A 203 of 5to 15 ww% 10 Li[err]Oof 4 to 10
wt% Na20 of 4 to 12 wt% and ZrQ2 of 5.5 to 15 wt % as nmj or conponents,
Na[err] O Zr@2 having a weight ratio of 0.8/ 2.0, Al 203/ZrQ2 having a

wei ght ratio of 0.4 to 2.5. 15 10. d ass substrate for the

i nformation recording di sk manufacturing nmethod in accordance with claim®6,
further conprising the post-step of: chemcally strengthen the surface of
sai d gl ass substrate using an ion haogi ng thod. 20 11. A magnetic
recordi ng di sk manufacturing net hﬁxitﬁrisi the step of: applying the
manuf acturi ng nmet hod defined by claim6 to a disklike glass substrate; and
25 then form ng at |east a magnetic |ayer on glass substrate for an
i nformati on recordi ng di sk. ) A magnetic recordi ng di sk

manuf.act uri ng nmet hod conpri sj he step of sand- bl Bt | ng and polishing at
| east a disklike glass sub _ '

— ¢ \
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then treating the whole glass substrate with a treating solution containing
a hydrofluosilicic acid; and then formng at |east a nagnetic |ayer on

gl ass substrate for an information recording disk. 13. A manuf acturing
met hod for a glass substrate for an information recording di sk conprising
the steps of: immersing said glass substrate in a heated chem cal
reinforcenment solution including a nolten salt and exchangi ng ions on the
surface portion of said glass substrate with-ions in said chem cal
reinforcenment solution to chemcally strergigen said glass substrate;
removi ng said substrate from said chem cal reinforcenent solution and then
anneal ing said substrate to a tenperature higher than the crystallization
tenperature of said nolten salt; rapidly cooling said glass substrate at a
rate at which crystallization of said nolten salt deposited on the surface
of said glass substrate is prevented; and then cleaning the surface portion
of said substrate. 14. A ass substrate for the information recordi ng di sk
manuf.acturing method in accordance with claim 13, - 76 wherein said

chem cal reinforcenment solution_gonsigts of a_nolten salt of any one of
potassiumnitride (KNO3), sodquant(ibe (NaM@B) , potassium carbonate
(K2COB), NO3 + NaNCGB, and KNO3 + K[err]CYerr], or a nolten salt of a

conbi nation of the 5. above-listed salts, or a nolten salt made by m xi ng
each of

(8]
O
8]
i

300°CH

TEMPERAFURE

IOHOURS S5HOURS 30HOURS SHOURS

TIME



the above-listed salts with a salt of Cu[err], Ag[err], Rb[err], Cs[err],

or the like. 15. dass substrate for the information recording 10 disk
manuf act uri ng. met hod i n accordance with claim 13, wherein said rate of
rapidly cooling said glass substrate-is 1600 [err]C/mn. to 200 [err]C/ m n.
16. d ass substrate for the information recording 15 disk manufacturing
met hod in accordance wth claim 13, wherein said chemcally strengthen step
conprises heating said chem cal rei nforceféfhk solution to 350[err]Cto

650[ err] C, and wherein said step of annealing said glass substrate
conprises pulling said glass substrate and then annealing 20 the sanme to
300[err]C to 350[err]C, and wherein j d, st pidly cooling said glass
substrate conprises rapidly cooling |dlg| s su trate by contacting said
gl ass substrate with cool nedium 25 G ass substrate for the

i nformation recording di sk manuf acturing nethod i n accordance mﬁth claim
13, wherei n{sarg grass SuUbStTate CONMPTrTSep - a grass subyrrate %

fl att-ened ag¢cording to the sheet gl ass f|pBEFERE ANNEARINGdd ABEER hMEAbLNGcI im
1. 18. Gqss S”bstpate fgr the |nfgpnaf on rnhnrrh nr1 rh cl/ Q‘a_n_u_f_agt_ux_' ng

met hod in aiwngpmmgh(m yai m 13, wherej n saigl qjass subst r atyeg conpr fses
an al um nositlicate alass, said alumnosili cate qlass bdi na a _chem cal

reinforced $ia9 £ MODEE I Bokl b (m] 03~15 |002~003

WARPAGE AND DEFLECTION RATE (b/a)(%) 0.1~05 0.028~0042

F1G. 6

1 GLASS SUBSTRATE
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62°to 75:wt% Al1203 of 5 to 15 w% Li[err]0 of 4 REMACEMENTSEEET S of 4
to 12 wt%  and ZrQ2 of 5.5 to 15 W% as major conppngnts, Na[err]d Zy O2
having a weight ratio of 0.5 to 2.0, Al20[err]/Zr a QQ\FRWGQM Fati o
of 0.4 to 2.5. 19. A manuf acturing nethod for a netic recordihpg| di sk
conprising the steps of: i mersing aAgBSéE%A@Ebstra e“ hefm cal
rei nforcenent solution including a nolten salt and]exchangi ng ions _oh the

surface | ayer of said glass substrate with ions in said chem cal

rei nforcenent solution to chem cally. strengthen sa&te gl ass substrate; :

renoving said subst rSHEET'GIASS FLATERNING METHOD CMETHOBWREt i on and t hen
anneal i ng sai d WANUPAETURING @}m?JSiSUBSTRlAEﬁEFORhAN INFORMWIIION | zat i on

tenperature of s sk YAPPENEDROGE. S@ MEPgoP bRt rate at a

rate at which ¥ Cﬁ% surface
of. said gl ass MJ%]S f,? ?&ﬁﬁpa] ﬂgg ﬁi%%%fé&%%m on of
sai d substrate; and ) g nu‘gn-t E sai d
substrate. 20. A manufacturing method for a glass substrate for an

i nformation recording di sk conprising the steps of: imersing said glass
substrate in a heated chem cal reinforcenent solution and exchangi ng ions
on the surface |layer of said glass substrate with ions in said chem cal

rei nf or cergeheed @lasé hahufactueih@meraibd 5 ditclesedtwiich e Mnghae strecnnstofat sele-omnd
removi ng sai d substrate fromsaid chenmical reinforcement solution and then

cl eani ng 3;1323? UhEAC Blak @ ¥ibstiltesS ) wilich® freS fleli by dhit Idbwh-Ga Gy RLHRAEN

containin
sandwiched between densified sheets (3, 4) each with high flatness. The laminate 'structure

(2) is flattened by heating under pressure and than annealing. The structure (2) is used to .
\

manufactured glass substrates for magnetic recording disks.



21.
in accordance with cla

Col b on o4 Mallmli

m 20, mhérein“said'ch
n salt of any one of pot

)
HEET ht

NCB) |, -
KNGS

SOdI um ni tr ssi um carbonate (K2C33), _

+ K2CG3, or A nolten saft of a conbination of the at [ $, jor a
nmol ten salt made by nixing each of the7above-|isted itk of
Cu[err], Ag[err], Rb[err], Cs[err], or the like. 22. Gass substrati for

the information recording disk rranuf acturing nmethod’

agent. cont ai ni ng 2l { i FRehireERRlnkiAORe %%@F%%‘@F%"gd%*‘g&‘ﬁé pdi L

for the informatisand-bhstrglantpslishitigsat Imnafdémme igiags swlistrad; i n accor dance
with claim?22, wherein the concentration of said sulfuric acid is

preferably 1 to Abenwfregtingnthej whaler glass: absirate| yitlp a¢ seating,goptions condaining a
substrate f:hyg E}F Q ] recording 10 disk manufacturing nethod in
totfhos 2R of

accordance erein the heating tenperature of said sulfuric
acid is 40 to 10Gh&{ Fdrfmingat 1éasB8 SmaghReE Nayfee ofn0%1a§sh§ubsﬁ£terfﬁﬁfahomfdrﬂﬁnﬁbﬁl ng
15 di sk manufacturing nmethod in accordance with claim 20, further

conpri si ng treeordinggkiskef : chenical |y strengthen said gl ass substrate by
heati ng said chem cal reinforcenent substrate at a tenperature

13.

disk comprising the steps of:

A manufacturing method for a glass substrate for an information recording

immersing said glass substrate in a heated chemical reinforcement solution

including a molten salt and exchanging ions on the surface portion of said glass
 substrate with ions in said chemical reinforcement solution to chemically strengthen said

glass substrate;

removing said substrate from said chemical reinforcement solution and then
annealing said substrate to a temperature higher than the crystallization temperature of
said molten salt;

rapidly cooling said glass substrate at a rate at which crystallization of said
molten salt deposited on the surface of said glass substrate is prevented; and

then cleaning the surface portion of said substrate.

14.  Glass substrate for the information recording disk manufacturing method

in accordance with claim 13,



_—_—
—_—

hi gher than Iting point of a salt; 20
gl-ass subst mrm& mjeani ng ;sai d «gl.ass subst
‘substrate f i T n recordi ng disk manufa

aceordance with claim 20, 25 wherein said gl ass sups
gl ass substrate flattened according to the sheet gl
defined by claim1. 80 27. G ass supktrate for , et-tom
recordi ng di sk manufacturing nethod in accordance th claim25, wherkin
sai d gl ass substrate conprises an alum nosilicate glessT—sard

al um nosi li I hei ' ' r&e: ini ng Si O2~of
52 10 75 w D8 RRRgnE f e it PaSChod il AERBY BERSELTRANAE P, P00 s
to 12 ww% and ZrQ2 of 5.5 to 15 wt % as maj or conponents, Na2Q Zr Q2 havi ng
a weight ratio of 0.5 to 2.0, A1203/ZrQ2 having a weight ratio of 0.4 to
2.5. 28. A manl8-act Glashgubstratedar therinfermatipnerererdingcdiskimanufactsting ompthddsi ng
the steps of:_ immersi saitd gl ass _substrate i.n heated chem cal ..

o1 nf or cemeiteEaaReon SR, 2 AhBreRy R RBSTslire St HEguingsitcarey

gl ass subst gjaése saiti tAurhPBSilicate $Rdsd beingnd ElmitAll rOinPer6&ITBIRAs 8HtalhindSiO2 of
chem cally strengthen said glass substrate, renoving said substrate from
sai d chem c&2 tor &) wi'r AB@het St 13 weYs; LidCdof 4hém 1@ me%n NagOtafet toul witde, andlyer

of sai d gl 5%, SUPSLHANE Wbk 0 ot R TR ZhiNiRg a 35t ratio of 0.5

. to 2.0, A1203/ZrO2 having a weight ratio of 0.4 to 2.5.

19. A manufacturing method for a magnetic recording disk comprising the
steps of: '

immersing a glass substrate in a heated chemical reinforcement solution including
a molten salt and exchanging ions on the surface layer of said glass substrate with ions
in said chemical reinforcement solution to chemically strengthen said glass substrate;

removing said substrate from said chemical reinforcement solution and then
anniealing said substrate to a temperature higher than the crystallization temj)erature of
said molten salt; | _ _

rapidly cooling said glass substrate at a rate at which crystallization of said

molten salt deposited on the surface of said glass substrate is prevented;
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cleaning the surface portion of said substrate; and

then forming at least a magnetic layer on said substrate.

20. A manufacturing method for a glass substrate for an information
recording disk comprising the steps of:

immersing said glass substrate in a heated chemical reinforcement solution
and exchanging ions on the surface layer of said glass substrate with ions in said
chemical reinforcement solution to chemically strengthen said glass substrate ; and

removing said substrate from said chemical reinforcement solution and then
cleaning the surface layer of said glass substrate with a cleaning agent containing

acid.

21.  Glass substrate for the information recording disk manufacturing
method in accordance with claim 20, wherein said chemical reinforcement solution
consists of a molten salt of any one of potassium nitride (KNO3), sodium nitride
(NaNO3), potassium carbonate (K2CO3), NO3 + NaNO3, and KNO3 + K2CO3, or a
molten salt of a combination 6f the above-listed salts, or a_molten salt made by

mixing each of the above-listed salts with a salt of Cu®, Ag*, Rb", Cs*, or the like.

22.  Glass substrate for the information recording disk manufacturing

method in accordance with claim 20,
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27.  Glass substrate for the information recording disk manufacturing
method in accordance with claim 25, wherefn said glass substrate comprises an
aluminosilicate glass, said aluminosilicate glass being a chemical reinforced glass
containing Si02 of 62 to 75 wt%, A1203 of 5 to 15 Wt%, Li20 of 4 to 10 wi%,
Na20 of 4 to 12 wt%, and ZrO2 of 5.5 to 15 wt% as major components, Na20/ZrO2
having a weight ratio of 0.5 to 2.0, A1203/ZrO2 having a weight ratio of 0.4 to 2.5.

28. A manufacturing method for a magnetic recording disk comprising the
steps of: |

immersing said glass substrate iﬁ a heated chemical reinforcement solution
and exchanging ions on the surface layer of said glass substrate with ions in said
chemical reinforcement solution to chemically strengthen said glass substrate;

removing said substrate from said chemical reinforcement solution; and

then cleaning the surface layer of said glass substrate with a cleaning agent

containing acid.



