| DESCRI PTI ON METHOD FOR PRODUCI NG GLASS SUBSTRATE FOR MAGNETI C DI SK
AND METHOD FOR PRODUCI NG MAGNETI C DI SK Techni cal Field [0001]

The present invention relates to a nethod for producing a gl ass
substrate for a nmagnetic disk, and nore particularly relates to a
techni que for preventing the occurrence of mcro-waviness on the
princi pal surface of a glass substrate in a chem cally strengthening
step. Background Art [0002] In recent years, with the

sophi stication of information technology, there have been significant

advancenents in information record ues, in particular,
magneti c recordi ng techniques. h@%@?g&'ﬁd. ng nmedi a, such as HDDs
(hard di sk drives), have rapidly decreased In size, decreased in

t hi ckness, increased in recording density, and increased in access

speed. In a ayerhgjld@cmt}ms RS IBGTHATE HORKVABNENC DISK

I ncl udes a nagne sposed on a di sk-shaped substrate, is
rotated at high Spee%NBﬂﬂETH@@"%R@%@U@N@MA@N@HC&DI@I@GFfOrfTEd

whi | e nmaki ng a nagnetic head afl oat over the magnetic disk. [0003]
Technical Field
[0001]
The present invention relates to a method for producing a glass substrate
for a magnetic disk, and more particularly relates to a technique for preventing
the occurrence of micro-waviness on the principal surface of a glass subsirate

in a chemically strengthening step.

Background Art
[co02]

In recent years, with the sophistication of information technology, there
have been significant advancements in information recording techniques, in
particular, magnetic recording techniques. Magnetic recording media, such as
HDDs (hard disk drives), have rapidly decreased in size, decreased in thickness,
increased in recording density, and increased in access speed. In a magnetic
recording medium, a magnetic disk, which includes a magnetic layer disposed

' on a disk-shaped substrate, is rotated at high speed, and recording and
reproduction are performed while making a magnetic head afloat over the
magnetic disk.

[0003]

With an increase in access speed, the rotation speed of substrates also
increases. Therefore, higher strength is required for subsirates. Furthermore,
with an increase in recording density, there has been a transition in magnetic

heads from thin-film heads to magnetoresistive heads (MR heads) or giant



Wth an increase in access speed, the rotation speed of substrates

al so increases. Therefore, higher strength is required for
substrates. Furthernore, with an increase in recording density, there
has been a transition in magnetic heads fromthin-fil mheads to
magnet or esi stive heads (MR heads) or giant 2 nagnetoresistive heads
(GWR heads). The flying height of a magnetic head above a substrate
has decreased to about 8 nm Under thesé ci rcunstances, if an
irregul ar shape is present on the surface of magnetic disks, in sone
cases, trash failures resulting from magnetic head crash or thermnal
asperity faagresoresistivehedds @GR dends)s Jhe flymgslesightyof benbgnedicheadt o
adi abatic conpression of air or contact, nmay occur. [0004]

Consequent | ppoveaathyatedasalesigased o ebool 8 amaadinsler hesecycdmnaignces,
medi um in place of conventional alum num substrates, q(l ass
substrates [A/eimgguiar ghare IsTHESerdL9dhe FBHashPiMAgneticiskse BhiiPe 425¢% h
al um num substr S _co sed._ of netal. which is a soft material. | ass
Subst rat eq CEERTS FORITE TR Ere R0 Fr S Sl ket Faky s i
fl atness of th t r (e TPe IRBYA
[o00s] " WG RIS S ety 1R b BUIERNS fom B slon Ut
conposed of c%n{?{citrﬁéfo erial. Therefore, various nethods for

st rengt heni ng gl dss ‘substrates have been proposed. For exanpl e,

Pat ent Docungmi4]l (JP-A-2002-121051) describes a structure in which
by imersing a glass substrate in a chemcally strengthening salt

sol uti on heat ed Consdmuentiy,00®/adaiys Msuarsiksiatain sswdgoeticirensrding a
surface | ayer of the glass substrate are ion-exchanged with sodi um

i ons and potaedimmin Rlage Pheanyenieratpbamingmaubstigierealprysuhatiates have
soLuLion T GapscLlyel fue HLEN, KNS, £ RAIRLESH NErF bSO
L900S) ., cTHEREFA o BREHMI Rl 5080 r g
performed usiHigh 8 haheMataidl e EXRNEHNRA Mbit@ss aF thesalbdtrbensurat,
contains potassiumnitrate and sodiumnitrate as main conponents and
| ess than 1%ubgtraei sgtengtf, aadcigiditgn

[0005]

However, in another aspect, glass substrates are composed of a brittle
material. Therefore, various methods for strengthening glass substrates have
been proposed. For example, Patent Document 1 (JP-A-2002-121051)
describes a structure in which by immersing a glass substrate in a chemically
strengthening salt solution heated to about 400°C, lithium ions and sodium ions
in a surface layer of the glass substraie are ion-exchanged with sodium ions
and potassium ions in the chemically strengthening salt solution, respectively,
thereby foerming a compressive stress layer on the surface layer of the glass
substrate to perform strengthening.

[0006]

Furthermore, Patent Document 2 (JP-A-2001-192239) describes a

structure in which a chemically strengthening process is performed using a

chemically strengthening salt solution that contains potassium nitrate and

sodium nitrate as main components and less than 1% by weight of a cation



3 conponent other than potassium and sodium and that has a conpletely
freezing point of 130C or |ower. According to Patent Docunent 2,
al t hough solidification of sone conponents starts at about 230C, the
solution has sherbet-like flowability until it conpletely solidifies
at about 110C. Thus, stress/strain can be decreased, and warpage of
the gl ass substrate in the chemcally st3rengt heni ng process can be
prevented. [0007] Patent Docunent 1. JP-"A-2002-121051 Patent Docunent
2: JP-A-2001-192239 Disclosure of Invention Problens to be Sol ved by
the Invention [0008] In the chem cally strengthening step, it
has been f owmthjdrant othter tvanypaiassiuh landaopageand thah dag laassndelelt r at e
but also local mcro-waviness occurs. The m cro-waviness has a width
of about 100°rqezmg ROiNGTGHI0 G for ddyesrt ecqorﬁmmtomraﬂcmg‘ﬁmtafalﬂwehal
mllinmeters in sorre cases and i s observed ag ng protrusion or
depr essi on, Slﬂdj gfmon of some components starts at apout 230 the solution has

sherbet-like flowability until it completely solidifies at about 110°C. Thus,

stress/strain can be decreased, and warpage of the glass substrate in the

chemically strengthening process can be prevented.

[0007]

Patent Document 1. JP-A-2002-121051

Patent Document 2: JP-A-2001-192239

Disclosure of Invention
Problems to be Solved by the Invention
[0008]

In the chemically strengthening step, it has been found that not only
overall warpage of the glass substrate but also local micro-waviness occurs,
The micro-waviness has a width of about 100 pm, a height of about 0.1 pm, and
a length of several millimeters in some cases and is observed as a linear
protrusion or depression.

{0009]

On the other hand, recently, in order to further improve the recording
density, a perpendicular magnetic recording method has been employed.
Compared with an in-plane magnetic recording method, the perpendicular
magnetic recording medium is easily affected more markedly by glass
substrates. Therefore, lower roughness and more flatness are required for
glass substrates than ever before.

[0010]
Under these circumstances, there has been a demand for prevention of

micro-waviness, which has not been a problem conventionally even if it exists.



On the other hand, recently, in order to further inprove the
recording density, a perpendicular magnetic recordi ng nethod has been
enpl oyed. Conpared with an in-plane magnetic recordi ng nethod, the
per pendi cul ar magnetic recording nmediumis easily affected nore

mar kedly by gl ass substrates. Therefore, |ower roughness and nore
flatness are required for glass substrates than ever before. [0010]
Under these circunstances, there has beén a demand for preventi on of
m cr o-wavi ness, which has not been a problem conventionally even if
it exists. Note that an object of the technique described in Patent
Docunent 2 iNotedahairaveliectiofdhatdchngup dgecrifed ihatediDocanmntansliot is
not possible to effectively prevent the m cro-waviness. [0011]

Accor di ngl y,preventovaralioshroage of thetseibpireteeand itis/ roft passibletopeiteciively a
met hod for producing a glass substrate for a magnetic disk in which
t he occurr erffEVeH the BHGOMANIRRSSs on the gl ass substrate is prevented
in a cooli ng[ ﬁi‘ﬁp after a chemcally strengthening step.sa that the
gl ass substrg has a significantly snmooth principal surface, and to
provi de a net hod xf i : i j LR+ Whi ¢ ,
t hermal asperi tyAfcgérldthrggg,Hq%%g Opjr?gpﬁ\ﬁé pg?%”;?‘é’?@% eQ&PR@g% @%ﬂ%ﬁ
hei ght of a fﬁﬁﬁfb@hbiﬁg@f\%ﬁ%@ﬁbéﬁ%ﬁé&@h ticiidk iRiviicHigRSddcYirrence of
recording i s enabl ed. ans for Solving the Problens [0012] The
present i nvanices-gvakimees dhlth@glaks yulsdtrde dorebentedtime cpoiny $tep after a
descri bed above. As a result, it has been found that m cro-wavi ness
occurs in a deoticaly streagthening step ebdrtdae pirss suksitpitbas agigtifigantips a
result of nore detajled studies on this matter, it has been found

that when a YRRMEENFPaLIYEGE: ARMIARIOWLP @ METOAJorRMENERY GTaaneti ass
et ot SO Bhad B P EABER) A o 0Bl e evercn
o Podhert BRGNS o B r iSRRG
m cr o- wavi negsoidingigtenablggied have been found, and thus the present
i nventi on has been conpl eted. [0013]
Means for Solving the Problems
[0012)
The present inventors have diligently studied about the problems
described above. As a result, it has been found that micro-waviness occurs in
a cooling step after a chemically strengthening step. As a result of more
detailed studies on this matter, it has been found that when a chemically
strengthening salt having adhered onto a glass substrate solidifies at a certain
temperature or lower, micro-waviness does not occur.  On the basis of this,
chemical strengthening conditions under which chemical strengthening can be
performed to an extent that does not cause a practical problem and micro-
waviness is hot caused have been found, and thus the present invention has
been completed.
[0013]

That is, in order to overcome the problems described above, a typical

structure of a method for producing a glass substrate for a magnetic disk



That is, in order to overcone the probl ens described above, a typica
structure of a nethod for producing a glass substrate for a nagnetic
disk 5 according to the present invention is wherein in a nethod for
produci ng a gl ass substrate for a magnetic disk including a

chem cally strengthening step in which a glass substrate is i mrersed
in a heated chem cally strengthening salt solution prepared by

di ssolving a chem cal ly strengthening salt under heating, and netal
ions in the glass substrate are ion-exchanged with netal ions in the
chemi cally strengthening salt, wherein the chemi cally strengthening
step is car racedrding totbengesent irentiah isywisdrergtarasineg feahrodachata giaes n
whi ch the dissolved chem cally strengthening salt does not solidify
until the taupsiratedora deagnetis disktincluading apbenticslly strieagthpningi stiers in which
hardness at which the surface shape of the glass substrate is not .
def or med by &dlpss sebwiAle isdarersed & ghgaisdhegtisaly strangtheping salt solution

SO, SR LR MBS B
et oL Y i ST GBS LR WL b

force due t qhegtnehfRACIL Whekeil BRE ciehgBal t%@ihéﬂﬁngsﬁé%@i‘érﬁ ioﬁg-

Furthernore, thé "tefperature that provi des hardness at which t

surface shapsimf achemipatp strengtbéniag ealt solotibn felbichesk dissolpsetiRsmizhlly a
tenperature | ower than the glass transition point of the gl ass
substrate. [H@h§ihening sallWmms ndieolidigyrindibihielerpetigerdasreapesdba i s a
m xed salt, the individual conponents start to solidify at different

t enper at ur edermpgTatyie thatrierides harhiess At whishithe shdaceshapefihe olgeSt he
gl ass substrate, decreases. to I term.n enper.at ur all o
Chontcal Iy SPEHERETERPR S olRed of RO EMIAT L8 Ba Rttt phorThhe
chem cal ly i ! i dj
vords. the tHenIENeRguRRe R A e ot ot subRrlk SBjifis.
sol i di fyi ng [pemper ature anong the conponents of the chemcally
strengthening salt solution starts to solidify is set |ower than the
pr edet er mi ned t eheee,dheterm 00L& appiied to theAyiasdslitsirets whaptrent ot her

than the chem caIIP/ strengthening salt may be added to the chemcally
st r engt heni ridesFal ysdiengiheringsaltsplidifige’ inCludes a physical force due to

solidified crystals, and also includes a force due fo heat capacity or heat such
as heat of solidification. Furthermore, the "temperature that provides hardness
at which the surface shape of the glass subsirate is not deformed" is preferably
a temperature [ower than the glass transition point of the glass substrate.
[0015]

When the chemically strengthening salt is a mixed salt, the individual
components start to solidify at different temperatures. In the present invention,
until the temperature of the glass substrate decreases to a predetermined
temperature, all of chemically strengthening salts intenticnally contained in the
chemically strengthening salt solution do not solidify.  In other words, the
ternperature at which the component having the highest solidifying temperature
among the components of the chemically strengthening salt solution starts to
solidify is set lower than the predetermined temperature.

[0016]



predeterm ned tenperature is achieved by freezing-point depression.
That is, using the effect of freezing-point depression, it is
possible to decrease the - tenperature at which the conponent having
t he hi ghest solidifying tenperature anong the conponents of the

chem cally strengthening salt solution starts to solidify. [0017]

The additive conponent is preferably a r%et al salt other than KNO3 or
Nal | 03 as a chem cally strengthening sal’t. In the case where a

chem cally strengthening process is performed using KNGB and Nal | 03
as chemcally strengthening salts, preferably, the additive conponent
does not i npair Aheadditeaicomipbyestoteearghhe thenchgmioalbssirengiiesiifig sait nay
preferably, the additive conponent does not inpair the ion exchange
bet ween t he bglagsiedsolia ehareicafdsttangthaning sait sajulian smiehths ng salt, or
the additive c rrpon_ené does not ,degrade the surface shape of the .

gl ass subst PEREEIGHIRS Fﬁéﬂ&%ratttfﬂﬁeaqgm%ﬂ&érmﬁfemwgt deprepsionyr Thatds. of

h | b . 0Q18] _. ) ddi ti i | t.
other than LADOIAP BaEEH HbrnacnahRRr TS 0t PR AG eaeBsS #iE.
ddi ti | ;
A
Ca, N, M, AagndMe dohmpoMEntsN theBbrica®strSuMEHING 8t S5ILTHIEBHS o

thereof. Specifically, the additive conponent” may be at | east one

sel ected frawiidife group consisting of AgNG3, Ca(NGB)3, Ca(NGB)2-4H20,
Ni (NO3)2, Ni éNCB) 2-6H20, Mh(NGB) 2, M(NGB) 2- 6H20, Co(NGB) 2, Cu(NGB) 2,
Cu( NOB) 2- 31{a%%1 Li NO3, My(NGB) 2, My(NB) 2- 6H20, NaNR2, KN®2, Na2SM4,

and K2SO4. I n particylar, either Na or, KNO2 can be preferably
sed By addi ng. THe HArS FOBPEGHIGRBIeISBl Bt Aa SIRSAETORNGDRT i on

is 5% by wei Q j L.cal | t eni ng sal

sol ution, thr\géms%lés i y%fé:g%%g%nrgé?ﬁ{?%%et ﬁﬁ tl?: é%%&%’rﬁ %%}eﬁa%qyeni ng
salt can be i e Farl OB Hthi

Anot her typiﬁrgﬁfgﬁgﬁégﬁﬁggﬁ%t hodﬁfﬁﬁgkglr%dauﬂci ng 213 ég?ass isc,:ﬁlstrate
for a magnetstendingkinacetis dhrateriiclytthe agdEise sbmpon@itidoa nos irdbkr ien i n
a nethod for producing a glass substrate for a magnetic disk

i ncl udi ng a corevgaliistrgngtheaingtiiestisag Spegificalyivetsiakly, jhasddisuwbst r at e
is brought into contact with a heated chem cal Ig st.rengt heni ng sal t

sol ution t o SMRERGPHIIESN IPPAEE 19) ExCRANIeRetyPeR hasalass pufisyrate and
A N T L G Ry
o T R0 S s A T o
to the surface of the glass substrate.
[0018]

The additive component is a salt other than the salt used as a chemically
strengthening salt. The additive component may be at least one selected from
the group consisting of nitrate salts, nitrite salts, or sulfate salts of Ag, Ca, Ni,
Mn, Co, Cu, Li, Mg, Na, and K, and anhydrides or hydrates thereof.
Specifically, the additive component may be at least one selected from the
group consisting of AQNO3, Ca(NQO3),, Ca(NO3)24H,0, Ni{NOa)2, Ni(NO3),-6H,0,
Mn(NO3)z, Mn{NO3z)z6H,0, Co(NO3)z, Cu(NO;), Cu{NO3)2-3H;0, LiNOs,
Mg(NOa)z, Mg(NQCa)26H20, NaNQ2, KNO;, NazS04, and K2804.  In patticular,
either NaNO; or KNO- can be preferably used. By adding the additive

component so that the amount of addition is 5% by weight or more in the



[ 0020] Anot her typical structure of a nmethod for producing a

gl ass substrate for a magnetic di sk according to the present

i nvention is wherein in a nethod for producing a glass substrate for
a magnetic disk including a chemcally strengthening step in which a
gl ass substrate is brought into contact wwth a heated chemcally
strengthening salt solution to strengthen a surface |ayer of the

gl ass substrate, wherein the chenically’strengthening step is carried
out using a chemically strengthening salt solution in which an

addi tive conponent other than a chemcally strengthening salt is

added such tdnamidng str@ngméﬁmgrs%lt%bwﬁhpﬂne@@;ﬁdiqmagﬁ@qdémusé &Ethet heni ng
salt contained in the chemcally strengthening salt solution starts

t o sol i di fy chemécaliy ettebgihaningdatieap deated nepredeteomecd t¢ropebiure or loweds
the material for the glass substrate, an alum nosilicate glass can be
preferably 8] As the material for the glass substrate, although

any glass that is chemcally strengthened y be used w t hout
particular |imi tgﬂw@ﬁg’wp'@ plragtaie WG&WQE&W%@PQ@&A@%‘S Yisdsteiona

be ed. In parti.c r..an.alum,nosilicate gla cont ai ni ng,,lithium
s br et er apriaonsie ik 2eeP iR KUHA Rarert B Bolo R SRR p AR
contains, a ' 9 (78 )V ERIYCY : ' %to 23%
cont 2l e, A STPRISNL S B3Rt RefRERDURSHANINGD clLfifay % Lo

wei ght of Nag@ngiefdlstep in whibh BYfasadubstratecs WreudHt irfto BBEIARE Wih di SK
according to the present invention includes formng at |east a

magnet i ¢ | ayeatahchensioaliyesteengthening sedssduiitst toattengthieal nedfdoe 1ayer of

met hod for producing a glass substrate for a magnetic di sk descri bed
above. Advarihaglassstbstraie; wheviein bs gheoually strengthening step is carried out

using a chemically strengthening sait solution in which the temperature at which
a chemically strengthening salt contained in the chemically strengthening salt
solution starts to solidify is 220°C or lower.

10020]

Another typical structure of a method for producing a glass substrate for a
magnetic disk according to the present invention is wherein in a method for
producing a glass substrate for a magnetic disk including a chemically
strengthening step in which a glass substrate is brought into contact with a

| heated chemically strengthening salt solution to strengthen a surface layer of
the glass substrate, wherein the chemically strengthening step is carried out
using a chemically strengthening sait solution in which an additive component
other than a chemically strengthening salt is added such that the temperature at
which the chemically strengthening salt contained in the chemically
strengthening salt solution starts to solidify is a predetermined temperature or
lower.
[0021]

As the material for the glass substrate, an aluminosilicate glass can be
preferably used. As the material for the glass substrate, although any glass

that is chemically strengthened may be used without particular limitations,



According to the present invention, in a cooling step after a

chem cally strengthening step, cooling can be perfornmed while
preventing the occurrence of mcro-waviness on a glass substrate.
Consequently, it is possible to obtain a nmethod for producing a gl ass
substrate for a nmagnetic disk in which the glass substrate has a
significantly snmooth principal surface. Furthernore, it is possible
to obtain a nethod for producing a rragn%ti c disk in which head crash,
thermal asperity failures, and the |like are prevented, the flying

hei ght of a magnetic head can be decreased, and hi gh-density

recordi ng i prefevablypdn aBmninbsilidete glgst ican befusBdawimpsrtit@ian 4h

Fig. 1 is a table showwng the relationship anong the additive
conmponent | alunirosiknate glalss gortairdngtithivim isgoreteirableol Guelvan aluminosilicate
tenperature at which solidification starts, and the oc urrence of

ni cr o- wavi ng5ss niatgrial preferalho coIRINg oB% B”aﬁh@ﬁmﬂﬁﬁqfﬁ% ia ToRd ‘ﬁe'th

Corution. 1 ALKt AR ARG PPt b &P LBn R 4%

occurrence Qko/ML.Cl Qs j . Best Modes for Carrying Qut the
| nventi on [gééog%ycw&g\"{?%ﬂg yjodi ment of a nethod for producing a gl ass

substrate fgypo@inmagnetic di sk and a method for producing a nmagnetic
di sk accordi ng go the present invention will be described. Fig. 1is
a tabl e show ng Ahgig=kaidtorsdi pmagnatis dikle aactatinigte tioprasetihvéentiohhe
chem cally strengthening salt solution, the tenperature at which

sol i di fi cat instudssdetsing ab tbashe rmagnetie Eyeeonh swirgce ohadlarsssybstratei s t o
be understood that the specific sizes, shapes, materials, other
nuneri cal vaPIREEd ki e BaHRH FrPrefkCIRg B SRSTEHDSHRISW dmadhetie dipk
exanpl es for ilitating understandi ng of the invention, and do not
limt the pggggrﬁ}edi%?&ﬁti on unl ess ot herw se descri bed.

Advantages of the Invention
[0023]

According to the present invention, in a cooling step after a chemically
strengthening step, cooling can be performed while preventing the occurrence
of micro-waviness on a glass substrate, Consequently, it is possible to obtain
a method for producing a glass subsirate for a magnetic disk in which the glass
substrate haé a significantly smooth principal surface. Furthermore, it is
possible to obtain a method for producing a magnetic disk in which head crash,
thermal asperity failures, and the like are prevented, the flying height of a

magnetic head can be decreased, and high-density recording is enabled.

Brief Description of Drawings
[0024]

Fig. 1 is a table showing the relationship among the additive component
in the chemically strengthening salt solution, the temperature at which
solidification starts, and the occurrence of micro-waviness.

Fig. 2 is another table showing the relationship among the additive



[ 0026] First, a chemcally strengthening step and a cooling
step in a nethod for producing a glass substrate for a magnetic di sk
w Il be described, and then a chemcally strengthening salt solution
wi |l be described. [0027] [Chemnically strengthening step] A
chem cally strengthening step is carried out after the principal
surface and end face of a disk-shaped gl ass substrate are subjected
to mirror polishing. However, a polishiflg step, which will be

descri bed bel ow, may be provided after the chem cally strengthening
step. By performing a chenmically strengthening process, it is

possi bl e t 0ceapSReH ifiths SRANRESY Yiterffth@Sisg balt Solatidrt, A tdriydbtupé ab

gl ass substrate for a magnetic disk, and I npact resi stance can be

i nproved. | whidhr $olidification smrtshmctﬂr@e)omheemcemf ralcnoAvaoieks.cat e gl ass
is used as the material for the glass substrate, a chemcally

strengt heni ng process can be suitably 10 perforned. [0028] In
the chemcally st reng; heni ng ste i on exchange is perfornmed by
bringing a GeatModgs "r%@@“”%pé‘t %ertio th a chemcally

strengt heni T(?%,%gl t solution containing ions having a |arger ionic
radi us than contained in the glass substrate. As the chemically

strengt heni ng sahf eﬁfﬂoﬂﬁrjpgﬁ't  oflsf mgﬁ\ogi’fﬁlf ;Frbé%lﬁ%%%l?’s%emﬁzsﬁg*e%l‘ gnin

which a nitrate salt containing or exanpl e,

a nitrate S%é r@ﬂﬂfd@krﬁﬁlga Hf&tl@&cﬁfovmdlldcrr@te?magﬁéildlﬂhkﬂabétﬁrﬂﬁlg tb i um
nitrate, or the li ke is dissolved. Furthernore, the anount of

el enent al | iprddemtrireentian nilicbe deddnibedheRigc alid ¥ tattle showingihe geistidriship
solution is preferably 0 to 2,000 ppm The reason for this is that,
when a gl asgmang tharaddiive somponeal inihe ekemicaly éir@mgi'@@i@@ﬁ@fasmiw@, the

elenental lithiumis subj.ected.to . the chem stren enin
orocess,  sudtMRSER G olouingling alag. € fhe dortirenbs R b digviness.

rigidity and g@g%gt!.mdglss{t&i A 1d%s te@ﬁ:c%ﬁz%?ﬁs Oéﬂ%it Tteen f%ﬂ?errﬁﬁ%%blc

di sk. If the anount o umlo s cont ai ne ém cal
strengt heni Rgy Al btcs %ém ANtheeredRnshiMedl dw la?é BRrell %ﬂarﬂﬁ%@%ﬂ@cﬂ@tmg

inhibited, and as a result, in sone cases, is difficult to obtain
desired t ensudderssamﬂtsgs obihe icwehioassid/éo bt IemSthe present invention unless
otherwise described.
[0026]
First, a chemically strengthening step and a cooling step in a method for
producing a glass substrate for a magnetic disk will be described, and then a
chemically strengthening salt solution will be described.
[0027]
[Chemically strengthening step]
A chemicaily strengthening step is carried out aifter the principal surface
and end face of a disk-shaped glass substrate are subjected to mirror polishing.
However, a polishing step, which will be described-below, may be provided after
the chemically strengthening step. By performing a chemically strengthening
process, it is possible to cause high compressive stress in a surface layer of a
glass substrate for a magnetic disk, and impact resistance can be improved.

In particular, in the case where an aluminosilicate glass is used as the material

for the glass substrate, a chemically strengthening process can be suitably



[ 0029] In this enbodi ment, as the chem cally strengthening salt
solution, a solution in which KNOB (potassiumnitrate) and NaNG3
(sodiumnitrate) as main conponents are dissolved and an additive
conponent, which will be described below, is further dissolved is
used. Lithiumions and sodiumions in a surface |ayer of the gl ass
substrate are ion-exchanged with sodiumions and potassiumions in
the chemically strengthening salt soluti®bn, respectively, thereby
form ng a conpressive stress |layer on the surface | ayer of the glass
substrate to perform strengthening. [0030] 11 high-tenperature ion
exchange nngﬁgmnéaﬁurface crystal lization nmethod, a glass surface
deal kal i zation nethod, or the like is known. It is preferable to use
the lowtenpmzaiure i on exchange nmethod in which ion exchange is
performed in a tenperature range not exceeding the glass tranition
poi nt of the gl daghe ch&didally strengtfitring stepi, i exehpegatsuyesfoomet! gy

chem cally strengthening salt solution when the chemcally

st r engt heni RNGRB Eedlass sulisdietintreeontactpyity  cagmicaligsicenaheBocsaland
particul arl eferably 300C to. 400C, fromthe standpoints .that the
Femper at ur e SN RBHARG RS PRUNg I S0et 1SHb 140w haBIATS SOrANes eHbRge
is perforne ti or iyl . i i gl g, t

substrate i A CCSRrage” wethe Fhsuical ete et gt REkhy g pfeBRbe
sol ution ispped aTsBRIEFFUAICH a H%fessémcérﬁaf.ﬁﬁgg'antaqmi RAbtall@léfrient, for |
Additionally, before the glass substrate iIs ought into contact with

t he chem cakksmplg, andirdtervatigoniiiiing pbiaksiam nitatepsediemt nitgte, ithRing! ass
substrate is preferably heated to 100C to 300C. [0032] [Cooling step]
The gl ass sobistearéhafikels dissohagen Fadbgeceredthecnndunt oh elermeitalfithium

strengthening process is imersed in a water tank at 20C to perfarm

quenchi ng aREN&HIS At Eh9BICARLRIRN et Eaksoluten ie ecfeeaihel & 4,000

deoreases. bR HE BRkY T LFENAE I b 30 R R AR i
glass containing elemental lithium is subjected to the chemically strengthening
process, such a chemically strengthening salt can provide certain rigidity and
impact resistance as the glass substrate for a magnetic disk. If the amount of
lithium ions contained in the chemically strengthening salt solution is
excessively large, ion exchange is inhibited, and as a result, in some cases, it is
difficult to obtain desired tensile stress and compressive stress.
[0029]

In this embodiment, as the chemically strengthening sait solution, a
solution in which KNO;3 (potassium nitrate) and NaNO; (sodium nifrate) as main
components are dissolved and an additive component, which will be described
below, is further dissolved is used. Lithium ions and sodium ions in a surface
layer of the glass substrate are jon-exchanged with sodium ions and potassium
ions in the chemically strengthening salt solution, respectively, thereby forming
a compressive stress layer on the surface layer of the glass substrate to
perform strengthening.

[0030]

As the ion exchange method, a low-temperature ion exchange method, a



[0033] [Structure for preventing m cro-wavi ness] At this stage,
conventionally, m cro-waviness occurred locally on the principal
surface of the glass substrate. The mcro-waviness is a |inear
protrusion or depression having a wi dth of about 100 pm a hei ght of
about 0.1 pm and a length of several mllineters in sone cases. The
present inventors 12 have found that m cro-wavi ness occurs after the
cooling step and occurs at positions ofllthe chemically strengthening
salt solidified and remai ning on the glass substrate. Based on this,
it has been considered that m cro-waviness occurs under the influence
of solidifi ﬁ@h‘-t@ﬁxp%?ath?@ioﬁ@ﬁh@ﬁéé MefodeBQLASHY PYs&fizhtiod Ae&Hd, a
Furthernore, the present inventors have found that the m cro-wavi ness

can be prevghiseduifhcd Healkhkzationmathad, roe tigs filens kaowal t itsopreféerabledan be
solidified at a surface tenperature of the glass substrate having
surf ace har deedze oaptebiperaturgiosveerhange methoddo whidnion exthange is

m cr o- wavi ness. [0035] More specifically, it has been found
that ni cr o- RaUPIead ingd EMpRIEtUGR EaNge; Net exeeedingthirpiass ransitiospmintal fhe
at which a cperri cally strengthening salt solution prepared by

di ssol ving &8@®fenically strengthening salt starts to solidify is

| ower than t[é\m,’%errperature of a glass substrate having surface

har dness at Ich the surface shape of the glass substrate does not

change even V‘he”Tﬁé‘h@&HgotBn{pfe%tﬁfe)ofﬁﬁé’%ﬁgn%rifigﬂé%ﬁi{tﬁérﬁﬁé isgllﬂsélt;tiéme

chem cally strengthening salt solution is app o the ass

substrate. Wheathe chemicalipatrengthemifg pheeke Mpgsrfirmed i9prefd@blyl 2805C to
substrate i ncreases, the surface hardness thereof decreases. \Wen a

force (acti 60Y°C sarabpartiedathopreferally 866°6 dbh400 41, drommite Sardpoinih dras thene
surface hardness is decreased, the surface shape, t hereof changes.
Consequent | {eMRgiatresiocs dppercacdrthe glasimianpition Qohdan exghange is

FLrenat e Bafhda Shaikcal 30 Btk Ty BB Deud Bt gfe

prevent s tNeoREEHRIR RRCciEmithiy SiohHeMiRrsall fulbindt BratBiabliAsseriaes
hours to several tens of hours. Additionally, before the glass substrate is
brought into contact with the chemically strengthiening salt solution, as
preheating, the glass substrate is preferably heated to 100°C to 300°C.
[0032]

[Cooling step]

The glass subsirate which has been subjected to the chemically
strengthening process is immersed in a water tank at 20°C to perform
guenching and maintained for about 10 minutes.. As the temperature
decreases, the chemically sirengthening salt solution changes from a liquid to a
sherbet-like state and a solid in that order.

[0033]

[Structure for preventing micro-waviness]

At this stage, conventionally, micro-waviness occurred locally on the
principal surface of the glass substrate. The micro-waviness is a linear

protrusion or depression having a width of about 100 um, a height of about 0.1

pm, and a length of several millimeters in some cases. The present inventors



[ 0037] Consequently, in order to prevent the occurrence of

m cr o-wavi ness, for exanple, a nethod in which m cro-waviness is
prevented using a glass 13 substrate having high surface hardness
even at high tenperatures, a nmethod in which the occurrence of

m cro-wavi ness i s prevented by decreasing the tenperature at which
the chemcally strengthening salt sol uéi on starts to solidity, or the
| i ke may be used. [0038] The effééts (actions/forces) applied
to the glass substrate when the chem cally strengthening salt
solution is solidified will be described bel ow. [0039] The first
possi bl e ef hawd foohd dlodtindicfd-watiness aécurd eftettbeicoaling/step mad gichessiaig
salt on the glass substrate is that solidified _ﬂ(crystal lized)

chenmi cal | y Besitens ¢fdhe shemigatly ajpnrgteeniag pal soliciiied rdemainingendbe f ace
of the glass substrate. That is, .the glass substrate expands and

sof tens by BEsRGURRERRY I:P[ﬁseiqﬁ%“ %ﬁ%h%“ﬂ“@ﬁ&fﬁﬁ?ﬁ@'%%@@%t ep.

subseavent Boars R efBR s B FolRie 808 pbiwTeliedl yBlut PobiGetta:

i s expanded (ﬁﬂq softened, when the chem cally strengthening salt
adheres to { e Lurface and solidifies, contraction of that portion

may be i nhi bi t edsurieemsid, m@%@énﬁﬁmtars He¥@48nd that thefHickL@a0RESS
anot her possible effect is that due to adherence of crystals of the

chemnical | y sam bagrdvamitethif el ¢hentcallystiengihentmgodaltt dodutipnass udsidifietie,
the heat capacity of that portion is increased, resulting in a

decr ease i nat Asudees lemparale oidhe gassaurstelehayingureiricee haedngseven
tenmperature distripution, Furthernore, Ssince heat .of solidification
o T el easedcbie PheLRlinc P o U LR g CSATESS: | di {1 o5 uneven
t enper at ur e[cﬂj's%ﬁ ribution is caused, resulting in strain.

More specifically, it has been found that micro-waviness does not occur in
the case where the temperature at which a chemically strengthening salt
solution prepared by dissolving a chemically strengthening sait starts to solidify
is lower than the temperature of a glass substrate having surface hardness at
which the surface shape of the glass substrate does not change even when an
action (force) caused by sclidification of the chemically strengthening salt
solution is applied to the glass substrate.

[0036]

That is, as the temperature of the glass substrate increases, the surface
hardness thereof decreases. When a force (action) is applied to the glass
substrate in a state where the surface hardness is decreased, the surface
shape thereof changes. Consequently, when the temperature at which the
chemically strengthening salt starts to solidify is lower than the surface
temperature of the glass substrate having surface hardness that prevents the
occurrence of micro-waviness, the micro-waviness does not ocour.

[0037]
Consequently, in order to prevent the occurrence of micro-waviness, for

example, a method in which micro-waviness is prevented using a glass



[ 0041] In any case of the above, it is considered that the
occurrence of mcro-waviness can be prevented by carrying out the
chem cally strengthening step 14 under the conditions where the

di ssol ved chemi cally strengthening salt does not solidify until the
tenperature of the glass substrate decreases to a predeterm ned
tenperature that provides hardness which is not affected by the
solidification of the chemcally strengthening salt. [0042]

That is, a force applied to the glass substrate when the chemcally
strengthening salt solidifies includes a physical force due to

EE' heat | uchUi e R BRG] AR kR i R AR AR
Chem cal 1y ST R B s R R R PR e Payite

chem cal Iy sdmgeatlier Mdichahé cﬁ@@ﬁca’ﬂ@btré@éthéﬁiﬁ% s sblutibh etatenp epkidityy e
of the glass substrate is decreased to | ower than a predeterm ned

t enper at ur e or the like mepbengedt ep. [ 0043] The predetern ned
tenperature nmay be appropriately set depending on the nmaterial of the
gl ass subst (@3] Preferably, the predetermined tenperature is a
tenperature that_provi des hardpess at which th? surface shape of the

gl gss subs;tN[1 ate E e ﬁﬁ?Ctﬁé@?':Pﬁﬁl@‘[ﬁ?S)épﬁB‘?@p @Erﬂl ?%cﬁ"lb&”f"ﬁew e
The ol ase saperiey SUERbERRI BN RPREPRIT 1 IRIGR Wik Be HeBhupGH o ©

terrperature[g%g]be set at a tenperature equal to or lower than the
vicinity of ‘the’l ower end of the glass transition point Tg of the

gl ass substrat e, Ths fieh pbigbleasiest off soliliicalcPveiee®thdapicaly sttengtherand
poi nt, softening point, or the |ike. [0044] Furthernore, as the

means for adjplisinithg glase subsipateas thae salidified (crystaiizedh ehdroisblly
strengthening salt solution starts to solidify, by addi ng an additive
conponent otSHEPSERINGSAE aPREAS 8 Ahi§icakiperde HishsHipcsATthe glpas srbdEte.of

TO; g? élr 2& EO; L ?s: reeg.;sl%isso Qulgs?r%teb gxﬁjasn%g'ang%%ﬁglqsd byt/ ibgl%g%%%?e%i%%ei S
chemically strengthening process step. The glass substrate contracts and
hardens by being cooled in the subsequent cooling step. Here, in the state
where the glass substrate is expanded and softened, when the chemically
strengthening salt adheres to the surface and solidifies, contraction of that
portion may be inhibited, and strain may remain.

[0040]

Furthermore, ancther possible effect is that due to adherence of crysfals
of the chemically strengthening sali to the surface of the glass substrate, the
heat capacity of that portion is increased, resulting in a decrease in the cooling
rate, and strain occurs due to the uneven temperature distribution.
Furthermore, since heat of solidification is released when the chemically
strengthening salt solidifies, uneven temperature distribution is caused,
resulting in strain.

[0041]

In any case of the above, itis considered that the occurrence of micro-

waviness can be prevented by carrying out the chemically strengthening step



15 salt other than KNO3 or Nallo3 as a chemcally strengthening salt.
In the case where a chemcally strengthening process is perforned
using KNO3 and Nall 03 as chemically strengthening salts, preferably,
the additive conponent does not inpair the chem cally strengthening
process. Specifically, preferably, the additive conponent does not
inpair the ion exchange between the gl ass substrate and the
chemcally strengthening salt, or the additive conponent does not
degrade the surface shape of the glass substrate by adhering to the
surface of the glass substrate. [0045] As the method for

adj usting t hedéempaiopbiibhs MhemtheiddoreapehiedilystiehyBraliyeittbes not
solution starts to solidify, for exanple, a nethod may be used in
whi ch an addbldifyaintibinedesperatieaif thd glasp stlasisie teoichsed @ and sodi um
nitrate as chemcally strengthening salts is added to the chenically
st r engt heni Répdsiermingédtappasaites that Reryidss| hagdrassavhjeh ismatgifeated by the
solution, and_thereby the tenperature at which the chemcally

st rengt heni ﬁB“‘i{.‘]ﬂE{t‘OQ(ﬂfmﬁ Qﬂ?”%‘f’%![yt%ret”@hoe(ﬂfrlgcﬁ % is decreased. By

addi ng t he W t]i ve conmponent to the chemcally strengthening salt,

t he tenpera @ at which the chemcally strengthening salt solution

starts to soll difueian BRLRMIERTS thetifed QusiBRAWAGH BRI Berfielliyssi on.

[ 0046] As the a conpone a componen does “not

adver sel y afstresgthbhing SBRBbldfidy/inslLEES 8 iRGSIcAToREUIRSS JohdiRE@ LRGN, Y
used. For exanple, at |east one can be selected fromthe group

consi sti ng ehdAigddBciufag AR du€ad NEB) bRty oMNngNGBER as NieGiNGB) 2. 6H20,
Mh(NOB) 2, Mh(NOB) 2- 6H20, Co(NOB) 2, Cu(NOB) 2, Cu(NGB)2- 3H20, Li NGB,
My( NOB) 2, M§elidifationHo by thebresent ikveptiondbeschie migastrergtheningconditions
articular, ,Na or KNO2, can be. preferab sed. The reason for this
Pt NahEBS PeRNREh BERL DR eng 4% Bremealy SR bt S0 ids
substrate a ] 1 1eni | Ut -} chem cal |
strengt heni % %]rg goc’géslg&ecﬁagg?&O%Eé‘%méﬂg%%e%ﬁégﬁ%*%%#&er ucture Y

descri bed ab@viperahite ntheC@fdd &%s%@%s@%eb%raséﬂ% RRRITe & Yredetermined

strengt heni ng step, cooling can be perforned while preventing the
occurrence témperatwe\iathenmstingetephe gl ass substrate. Consequently, it
is possible to produce a glass substrate for a nagnetic disk so as to
have a si gni[@@‘@gntly smoot h principal surface. Furthernore, it is
possi bl e to obt ﬁ] a ma%eti % di sk i.n whi cg head c.r%?h, %J’uerrral
asperity failure5"® BidetRINaddemprEtuiedDa: Pe dPPAREatRIY seisleRending o9 a
magneti ¢ heggh Ak e oARE'RARS L. NPt ABRS e/ peBSRIAINY thfiperature

enabl ed.
is a temperature that provides hardness at which the surface shape of the glass

substrate is not deformed by a force applied to the glass substrate when the
chemically strengthening salt having adhered onto the glass substrate solidifies.
Alternatively, the predetermined temperature may be set at a temperature equal
to or lower than the vicinity of the lower end of the glass transition point Tg of
the glass substrate, or on the basis of the slow cooling point, strain point,
softening point, or the like.
[0044]

Furthermore, as the means for adjusting the temperature at which the
chemically strengthening salt solution starts to solidify, by adding an additive
component other than the chemically strengthening salt, the effect of freeiing-

point depression can be used. The additive component is preferably a metal



[ 0048] [ EXAMPLE] An exanple of a method for producing a gl ass
substrate for a magnetic disk and a magnetic disk to which the
present invention is applied will be described bel ow. The gl ass
substrate for a nagnetic disk and the nagnetic disk are produced for
a magnetic di sk having a predeterm ned shape, such as a 0.8-inch disk
(inner diameter 6 nm outer diameter 21.6 nm thickness 0.381 mm), a
1.0-inch disk (inner dianeter 7 mm out®s dianeter 27.4 nmm thickness
0.381 mm), or a 1.8-inch disk (inner dianeter 12 nm outer dianeter
48 mm thickness 0.508 mm. Furthernore, the nmagnetic disk may be

produced as gy 2upsl tﬂgﬁ]}(ﬂ'()f;l%r alNb, s blé%cgﬁfé‘trer@%ﬁﬂlg éa]ii In the case

Shape- form ng step and ap i'ng

al umi nosi | i GHBe glcgc,‘éﬁma{@r@ sftr%hgﬁ\@nln@tﬁ?oe?eéé' i§ beﬁb@ﬁ&i Qéﬁngll(fl\ﬁ%arﬂf RERbLNY

usi ng an upper nold, a | ower d, "and a body nold, and thereby an

anor phous pla%rmfeng«beﬂﬁ%tmgtr@htr@ gute, préferaibie, tab @eititos icbimpahenigls ot a
gl ass for chem cal strengthening was used. Instead of direct

pressing, a icipak {fshapedicghestergtirsingprocess. Speadically, prefemsblyythe be
cut, using a grinding wheel, froma sheet glass formed by a down-draw
process or @dﬂltwﬁtcommsﬁsdoeﬁm impaifthedpn #XChayIoe wwgﬁa%e glasstrate
is not part

st rengt hene(fuglﬂ?%‘lﬁy : Ibt% Cﬁgw?%"ﬁgpg’b@ﬁ?ﬁ'ﬁgggpg‘?ég gg]'”ﬁ‘?: éa%PPﬁent does
particul ar, %h}é@ew ol G atﬁ?h&ﬁl%@'sﬂb%’t?até' &@dﬂ%s%@tqﬁ{h@fsﬁ%@
'ca

[ 0050] an a am nosi ass erra
contains, aghmd g 1289 andIeRE S, 58% to 75% by wei ght of S102, 5% to 23%
by wei ght of Al 203, 3%to 10% by wei ght of Li20, and 4% to 13% by
wei ght of Ng@@45]Note that the alum nosilicate glass used here is
conposed of 63.6% by wei ght of Si 02, 14.2% by weight of A 203, 10.4%
by wei ght of Na2és tBe mwﬂ fne agiusting theitempesitos a5 ywhigh tstchemizaly?,
and 0. 4% by wei ght of t?
strengthening solution starts to solidify, for example, a method may be used in
which an additive component other than potassium nitrate and sodium nitrate as
chemically strengthening salts is added to the chemically strengthening salts to
prepare a chemically strengthening salt solution, and thereby the temperature at
which the chemically strengthening salt solution starts to solidify is decreased.
By adding the additive component to the chemically strengthening salt, the
temperature at which the chemically strengthening salt solution starts to solidify
can be decreased due to freezing-point depression.
[0046]

As the additive component, a component that does hot adversely affect
the chemically strengthening process is preferably used. For example, at least
one can be selecled from the group consisting of AgNO3, Ca(NO3)z,
Ca{NO3)2-4H20, Ni{NO3)z, Ni(NO3), 6H0, Mn{NO3)2, MN(NO3),-6H,0,
CO(NO:-))Q, CU(NOs)z, CU(NOg)z'SHzO, LENO3, MQ(NO3)2, Mg(NO3)2'6H20,
NaNQ,, KNO3, NayS0Qy, and K280, In particular, NaNO2z or KNO2 can be
preferably used. The reason for this is that NaNO; or KNO; does not inhibit
ion exchange between the glass substrate and the chemically strengthening

solution in the chemically strengthening process.



[ 0051] Next, both principal surfaces of the planar glass was
subj ected to |lapping to obtain a disk-shaped gl ass base. The | apping
was performed with a doubl e-sided | appi ng apparatus having a

pl anet ary gear mechani sm using | oose al um na-based grains.
Specifically, a pressure was applied to upper and | ower surfaces of
t he pl anar gl ass pl aced between Iappinq@plates. Then, a grinding
fluid containing | oose grains was suppli‘ed onto the principal
surfaces of the planar glass, and these are relatively noved to
perform | apping. A glass base having flat principal surfaces was
obt ai ned by[00K&] | appi ng. [0052] (2) Cutting step (coring, formng)
Next, the glass base was cut using a dianond cutter, and a

di sk-shaped gl adiccouting tathe sirstuedeseriediabovgl ishe isasling sterafteitbeng
a cylindrical diapond drill, an inner holgxyas formed .in the center

of the gl asShelisaly sifengthenibg aior. spPlngf@nde Rerismed Wulerpieventingthe ) |
Then, the i i ph | d f th i ph end f
Were subj ecPERTERCE o MR TS MR ARF GIPelteleng RSER e R or m
predet erm nﬁgs e ?deﬁ'u%eggééq Qﬂ:)strf?&eo%vc’%] adriete HiskGE 08 ng
step Xt, both princtpal surfaces o e resulting glass

substrat e WegRificHiMyeshESthiRineREPasdRPPFIRh@dr8, t Repddsibid td GRahng
step. By carrying out the second | apping step, the fine i rregul ar

shape f or neechagnetiddishin whichdieasiorbstt diserial bbserjiy &ilucass astl dpslikd are. |

the cutting step and the end-face polishing step, can be renoved in

advance, angrevestesuthecityingnbeipbl ofshmagneticdfeasikean keidecreassd, end high-

FBIOgZi pal Sldjétfis%g(ergcgr%pngbig ecngg%h.et ed for a short period of tine.
[0048]

[EXAMPLE]

An example of a method for producing a glass substrate for a magnetic
disk and a magnetic disk to which the present invention is applied will be
described below. The glass substrate for a magnetic disk and the magnetic
disk are produced for a magnetic disk having a predetermined shape, such as a
0.8-inch disk (inner diameter 6 mm, outer diameter 21.6 mm, thickness 0.381
mm), a 1.0-inch disk (inner diameter 7 mm, outer diameter 27.4 mm, thickness
0.381 mm), or a 1.8-inch disk (inner diameter 12 mm, outer diameter 48 mm,
thickness 0.508 mm). Furthermore, the magnetic disk may be produced as a
2.5-inch disk or a 3.5-inch disk.

[0049]

(1) Shape-forming step and first lapping step

First, molten aluminosilicate glass was formed into a disk shape by direct
pressing using an upper mold, a lower mold, and a body mold, and thereby an
amorphous planar glass was obtained. As the aluminosilicate glass, a glass
for chemical strengthening was used. Instead of direct pressing, a disk-

shaped glass substrate for a magnetic disk may be cut, using a grinding wheel,

from a sheet glass formed by a down-draw process or a float process. The



(4) End-face polishing step Next, the end face of the glass
substrate was subjected to mrror polishing by brushing. In this
step, a slurry containing ceriumoxide grains (loose grains) was used
as the polishing grains. Then, the inner peripheral end face was
subjected to mrror polishing by magnetic abrasive finishing. The

gl ass substrate having undergone the end-face polishing step was
cleaned with water. By the end-face pollishing step, the end face of
the gl ass substrate was polished into a mrror state capabl e of
preventing dusting of particles or the like. [0055]

Addi tional | yatddhl Wﬁhégﬁsfs%@lﬁsi?@tbiif@ hbt\arGéfiiry BhisPas Idngldedt 8 BE €

stacked, and the end faces are polished. In order to prévent the

princi pal syhéaraly sreridiBeiddis Prafepsiily, aireallimiioshiasiengadd iswsedandint he
like at this stage, the end-face polishing step nay be carried out

bef ore a fi psticplakisshaluagirsiséicater gibed cordainimg l#fitkeris preferedd pol i shing
step, which will be described |ater. [0056] (5) Principal surface
pol i shing st@}H0] First, as the principal surface polishing step,

o e 58 TRl Yt S TP

or mec | . ! g T 0
frrat pori sOEoafus BRka0 BeRy Rk Gt P08 M8 2% b PR of Pehi% .o
doubl e- si deg, pgd; %&gh@@m@&ﬂ Savb NGy PLRREE Bf MadSar NSRGAAThE M

using a hard resi ol'i sher. As the abrasive, "cerium oxi de grains

were used. ROPSRdsilicate glabbaisgl avre SWonipuake ohagisRgbyndrhon8idhe4.2%
first polishing step was i mersed in cleaning tanks respectively

cont ai ni ng &ymeightalf Ab€:et @éli by peigbt obiNa:Q, 4% hyPweighbefdidpy8.0% by
Al conol) TN L ight of 2755, and 4% by weight of By,
[0051]

Next, both principal surfaces of the planar glass was subjected to lapping
to obtain a disk-shaped glass base. The lapping was performed with a double-
sided lapping apparatus having a planetary gear mechanism, using loose
alumina-based grains. Specifically, a pressure was applied to upper and lower
surfaces of the planar glass placed between lapping plates. Then, a grinding
fluid containing loose grains was supplied onto the principal surfaces of the
planar glass, and these are relatively moved to perform lapping. A glass base
having flat principal surfaces was obtained by the lapping.

[0052]

(2) Cutting step (coring, forming)

Next, the glass base was cut using a diamond cuiter, and a disk-shaped
glass substrate was cut from the glass base. Then, using a cylindrical
diamond drill, an inner hole was formed in the center of the glass substrate to
obtain an annular glass substrate (coring). Then, the inner peripheral end face
and the outer peripheral end face were subjected to grinding with a diamond

grinding wheel to perform predetermined chamfering (forming).

[0053]



[ 0058] Next, as the principal surface polishing step, a second
polishing step was carried out. The second polishing step is
performed for the purpose of finishing the principal surfaces into a
mrror-like state. In the second polishing step, the principal
surfaces were subjected to mrror polishing with a doubl e-sided
pol i shing apparatus having a planetary gear nechanism using a soft
resin foam polisher. As the abrasive, fi%her cerium oxi de grains than
those used in the first polishing step were used. [0059] The

gl ass substrate having undergone the second polishing step was

i mrersed in cl eqa) Bgctmhkppingsdget i vel y containing a neutral
detergent, pure water, and | PA (isopropyl alcohol) in that order to
per f or m cl eani ngNext| bothsoinnigalwmsfaapplof the: resuling blast suhstratbawreng
tanks. [0060] By carrying out the second polishing step, cracks
on the prinévpigrtedip sacend lgppind@sdn Masfirstigppingtséemr SY eariiegiouttha t he

bo. for oxafBrad BPRRS Sioh 4R i RohiEr Ropé fofey By hatERaraLSiTiaces 1 <
bt ai ned b ) _ : ! !

ool ongt b ST AR Bdiepte AOMIR KD Baftng ERGYERSORNIR Bep capsbe o

a "Mcro XAMq,aReiachsanes 4 tﬁ%%élﬂ%%&%ﬂﬂﬂ%&&&h@@oﬂ% the

measurenent was perforned in a rectangular area wth sides of 800 pm

and 980 pm ggﬁ@ipﬁmdﬁa%&)c@ﬁbe corpidte@fdla {Hort sérid sfaide/ st rengt heni ng
step xt, the glass substrate havi ng undergone the | apping

step and t h@@eli shi ng step was subjected to chem cal strengthening.
In the chem cal st rengt hening, a chemically strengthening salt
sol ution in whi ctf) FHd13s% DATVRT HER (609 and sodium nitrate (40%

i xed and 5% ' f 2 further. added
brepar ed. The. chiERe S glbrS ot FRulr SRR iRt SR BRA S MliPed o
400C, and thegl: G309
oo seq. | nPCla IR OFPrEREE S SRbCe MR ARIRHG ol ke G2t
hours. In th@okdgrisd)WasPliseiesstheipdlishing Grdiss. C BYSNC e iMnét g ipdiehgn

the entire surfaces of glass substrates, a plurality of glass

substr at es weddaqe wesdubjeczdioindeor palishingHayt mageeterabrasiee §niaking. héhel.
glass substrate having undergone the end-face polishing step was cleaned with
water. By the end-face polishing step, the end face of the glass substrate was
polished into a mirror state capable of preventing dusting of particles or the like.
[0055]

Additionally, in the end-face polishing step, glass substrates are stacked,
and the end faces are polished. In order to prevent the principal surfaces of
the glass substrate from having flaws and the like at this stage, the end-face
polishing step may be carried out before a first polishing step or before and after
a second polishing step, which will be described later.

[0056]

(5) Principal surface polishing step

First, as the principal surface polishing step, a first polishing step was
carried out.  The first polishing step is performed mainly for the purpose of

removing flaws and strain remaining from the lapping step on the principal

surfaces. In the first polishing step, the principal surfaces were polished with a



[ 0062] In such a manner, by performng imrersion in the
chemcally strengthening salt solution, lithiumions and sodi umions
In a surface | ayer of the glass substrate were replaced by sodi um
ions and potassiumions in the chem cally strengthening salt
solution, respectively, and thereby the gl ass substrate was
strengthened. A conpressive stress |layer formed on the surface | ayer
of the glass substrate was about 100 t3%00 pm [0063] The

gl ass substrate having undergone the chem cally strengtheni ng process
was imrersed in a water tank at 20C to perform quenchi ng and

mai nt ai ned fanpiaReidd PdlisAinnparatddBaitg BGIAEtyaear MephAigie usAg a

I mrersed in concentrated su;ﬁ:purl c acid heated to about 40C to perform
cl eani ng. Therdyleampalishet r Alsehe bbrzed, vetdm sxidewyraimsaedrd usad. f urt her

i mersed in cleaning tanks respectively containing pure water and | PA
(i sopropyl HIS@hol) in that order to performcleaning. [0064] 21 By
performng the first lapping step, the cutting _ ste he end-face

pol i shing step, thfedlasssueptialepaviag sndeygonndhy frst pqelisg}ngﬁgp ¥@€ond
LT TR A e e
di sk was Obrv\%ité},egnd [F%O@s'::t]propyl alcohol) in that order to perform cleaning.

[0058]

Next, as the principal surface polishing step, 'a second polishing step was
carried out. The second polishing step is performed for the purpose of
finishing the principal surfaces into a mirror-like state.  In the second polishing
step, the principal surfaces were subjected to mirror polishing with a double-
sided polishing apparatus having a planetary gear mechanism, using a soft
resin foam polisher. As the abrasive, finer cerium oxide grains than those used
in the first polishing step were used.

[0059]

The glass substrate having undergone the second polishing step was
immersed in cleaning tanks respectively containing a neutral detergent, pure
water, and IPA {isopropy! alcohol) in that order to perform cleaning. Ultrasound
was applied fo each of the cleaning tanks.

[0060}

By carrying out the second polishing step, cracks on the principal
surfaces of the glass substrate are removed, and the maximum value of micro-
waviness on the principal surface is set to be, for example, 5 hm or less. The
maximum value of micro-waviness is cbtained by measuring the waviness
having a frequency with a wavelength of 4 um to 1 mm by non-contact laser
interferometry, using a "Micre XAM" manufactured by PHASE SHIFT
TECHNOLOGY INC. The measurement was performed in a rectangular area

with sides of 800 pm and 880 pm {800 pum x 980 pm).



(7) Magnetic disk production step A perpendi cul ar nmagnetic
recordi ng di sk was produced by depositing an adhesive |ayer conposed
of a C alloy, a soft magnetic |ayer conposed of a CoTaZr-based

al l oy, an underlying | ayer conposed of Ru, a perpendicul ar magnetic
recordi ng | ayer conposed of CoCrPt-based alloy, a protective |ayer
conposed of hydrogenated carbon, and a lubricant |ayer conposed of
perfluoroether in that order on each s@&X¥ace of the glass substrate
obtai ned by the steps described above. This structure is an exanple
of the structure of the perpendicul ar nmagnetic disk. A structure may
al so be usegmmH whi ch a magnetic layer, etc. is forned as an in-plane
magneti c di sk. E0066] [ Eval uati ons] Figs. 1 and 2 are each a

tabl e show ng t he) Cakalidcadipshengihehingeieg he tenperature at which
solidification starts and the occurrence of m cro-wavi ness when

Ca( NOB) 2. 4H20 orNeéj( iRegjiassosudBirateshavifdedndesgame tadapping steprgrohtbat . | n

Figs. 1 and 2, x indicates that m cro-wavi ness occurred, and O
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solution was heated to 400°C, and the cleaned glass substrate was preheated
to 300°C and immersed in the chemically strengthening salt solution for about 3
hours. In the immersion process, in order to chemically strengthen the entire
surfaces of giass substrates, a plurality of glass substrates were placed in a
holder such that the end faces were held.
[0062]

in such a manner, by performing immersion in the chemically
strengthening salt solution, lithium ions and sodium ions in a surface layer of the
glass substrate were replaced by sodium ions and potassium ions in the
chemically strengthening salt solution, respectively, and thereby the glass
subsirate was strengthened. A compressive stress layer formed on the
surface layer of the glass substrate was about 100 to 200 um.

[0063]

The glass substrate having undergone the chemically strengthening
process was immersed in a water tank at 20°C to perform quenching and
maintained for abouf 10 minutes. The quenched glass substrate was
immersed in concentrated sulfuric acid heated to about 40°C to perform
cleaning. The glass substrate cleaned with sulfuric acid was further immersed
in cleaning tanks respectively containing pure water and IPA (isopropy! alcohol)

in that order to perform cleaning.

[0064]



22 6% by wei ght of My(NO3) 2. 6H20 was added. [0068] As is
evident fromthe tables, in Conparative Exanple 1 in which no
addi ti ve conponent was added, the tenperature at which solidification
starts was 230C. Regardl ess of the additive conmponent, in Conparative
Exanples 2 and 3 in which 3% by wei ght was added, the tenperature at
which solidification starts decreased 38 225C, and in Exanples 1 and
2 in which 6% by wei ght was added, the tenperature at which
solidification starts decreased to 220C. In Conparative Exanples 1 to

3, (I cr o- v negsy SaRfitginelo0aningsion, e EXATPLER, thednfh fe ¢ vas

possi ble to prevent the occurrence of m Cro-wavi ness.

Consequent | golishing stef] tharsetbad lappingastéayy,iangd thetfira aptegtord bylishing steps,
strengthening step using a chemcally strengthening salt solution In
whi ch t he t entéreathensicalty sthengthemirghsiap e@aldegcriiacealpvieeaifial ssadath,st art s
to solidify is set at 220C or |ower, the occurrence of m cro-wavi ness
can be prevbighbdigictglossstheiyate forrmagaeticdple was obiadeed.it is clear

t hat by adqur}% Ca(NG3)2 in an anount of 5% by weight or nore in the
chem cal ly éhgt hening salt solution, the tenperature at which a

chemcally st rer‘tgi\ﬂ‘%gh%é@é%r &U%Liéfigtte fsol idify can be controlled to

a tenperature at curr m Cr o- wavi ness can be

prevented. [0070] perpendichisk WRRWERE focotding DRKRIARAMSHIQR HRYOREIHIoM

. . . er _
in this enbodlnenF, the cooling step in Which cooling I1s actively

per f or med haghésaniagesedrhpesbd dianerglicy, & Beft pimelit layer enhposed 6f 10t
limted thereto, and the advantages of the present invention can al so

be achi evedCeMedr-basadmloyaaeuntieiving lagenuankpised of R, slpewandiaddred by
being left to stand in air, or in the case where slow cooling is
further per fAGREHC [9c0K1IBG RYCRRPTPESRSEFHr e E1haeR0 2o 2 Proteptive layer

composed of hydrogenated carbon, and a lubricant layer composed of
perfluoroether in that order on each surface of the glass substrate obtained by
the steps described above. This structure is an example of the structure of the
perpendicular magnetic disk. A structure may also be used in which a
magnetic layer, etc. is formed as an in-plane magnetic disk.

{0068]

[Evaluations]

Figs. 1 and 2 are each a table showing the relationship between the
temperature at which solidification starts and the occurrence of micro-waviness
when Ca{NO3)2-4H20 or Mg(NQO3),-6H,0 was added as an additive component.
In Figs. 1 and 2, x indicates that micro-waviness occurred, and O indicaies that
micro-waviness did not occur.

[0067]

tn Comparative Example 1, the chemically strengthening salt solution as
a standard was prepared by mixing potassium nitrate (60%) and sodium nitrate
(40%). In Comparative Example 2, 3% by weight of Ca{(NO3),4H,0 was
added; in Comparative Example 3, 3% by weight of Mg(NQO3)2-6H,0 was added;
in Example 1, 6% by weight of Ca(NQO3)>4H,0 was added; and in Example 2,



Wil e the preferred exanples of the present invention have been
described with reference to attached drawings, it is to be understood
that the present invention is not limted to such exanples. It is
apparent to persons skilled in art that, within the scope of the
clainms, various nodified exanples and corrected exanples are
conceivable, and it is to be understood that these exanples of course
bel ong to the technical range of the pmesent invention. Industrial
Applicability [0072] The present invention relates to a nethod
for producing a glass substrate for a magnetic disk and a nmethod for

produci ng a neti ¢ disk d be u as a techni que for
preventing ?%’2&‘6’8‘9& 8@@8%@%@@?@%@@& on the principal surface
of the gl aSﬁ)O%léi)st rate, in particular, in the chemcally

strengt heni hg step. 74 CLAINS 1. A nethod for producing a

gl ass substrate AOfs RidERgNB thedhiNKs, G TR pHIre,cTE&MR5TE Gah Mhich no
strengthening step in which a glass substrate is inmersed in a

chem cal | y aidigvgttaponentvdlst adilduiiedsmpeesarcest whichdssigificatiog starts
chem cally strengthening salt under heating, and netal ions in the
gl ass subst mas@38r@. | Bagaxibsang &k sdditivensamaporiephdn Gempesatdiedmxarapley
strengt heni ng salt ein the gl ass substrate is prepared of

, wh
an al umi nosriangat & whigk 3 %Py g’rﬁigﬂi‘bW@&iaﬁ ed 482 WRINRCEBHBSHBMEY 58%t 0
75% b ight . pf Si02 % to 23%.b L ght, .of-_ Al 203, . 3% 10%, by,
wei gt of LARkeaan SR eriRy aarh i BH Mg At 2 Rl

the chem Ca#;kl%Ghezéﬂtmmidng\esﬂeﬁﬁgraﬁu@%ﬂnhﬁ& Q(%ﬂ?iﬁcfaﬁén Eﬁgf%aﬁ%%sed to

substrate o alumnosificate ass, using e chemcC

st rengt heni pgos@l tin<driparativd BExiipes 1a8 Radticlvavicarnaitentdot fker than
the chemcally strengthening salt is added so that a tenperature at

whi ch t he clhenirast] ihExampegt kedi2ng veel jossibie & predentrihe becwrtanwiecdl | y
strengthening salt solution starts to solidify is |ower than or equal
to a tenper &IFOCNINGFH ch t he surface shape of the glass substrate is
not defor rreg %ﬁ'a force applied to the glass substrate when the
chemcally Q gt hening salt having adhered onto the glass substrate

St oL R RS ALY SN SRy
B?N: :z 3 tg ggraltoet‘i)r @Q 8 cRefRENIRRELhGhe MBGSHI SBREA6N & Whickiid tevhskestued aB800
which a chemically strengthening salt starts to solidify is set at 220°C or lower,
the occurrence of micro-waviness can be prevented. Furthermore, when
Ca(NGs); is used, it is clear that by adding Ca({NQOs), in an amount of 5% by
weight or more in the chemically strengthening salt solution, the temperature at
which a chemically strengthening salt starts to solidify can be controlled to a
temperature at which the occurrence of micro-waviness can be prevented.
[0070]
Furthermore, in the production method shown in this embodiment, the
cooling step in which cooling is actively performed has been described.
However, the present invention is not limited thereto, and the advantages of the
present invention can also be achieved even in the case where the workpiece is
slowly cooled by being left to stand in air, or in the case where slow cooling is

further performed in a constant-temperature bath.

[0071]



2. The nethod for producing a glass substrate for a magnetic di sk
according to claim1, wherein the chemcally strengthening step is
carried out for the glass substrate of the alum nosilicate gl ass
havi ng undergone a | ast polishing step. 75 3. The method for
produci ng a gl ass substrate for a magnetic disk according to claim1,
wherein the additive conmponent is at | east one selected fromthe
group consisting of AgNG3, Ca(NB) 2, éNCB)2.4H20, Ni (NX3) 2,

Ni (NOB3) 2- 6H20, M1(NGB) 2, Mh(NGB) 26H20, Co(NG3) 2, Cu( NB) 2,

Cu( NG3) 2. 3H20, LING3, My(NGB)2, MJ(NGB)2-6H20, NaNO2, KNO2, Na2SM4,
and K2SO4. WHile fRerefeirfeddxtampley afdhie preseat tivestiorshdbst bedre for a
magnetic di sk according to claim3, wherein the additive conponent

i ncl udes ei désaribRE MU referamNgpto attached Gravitngs, iids h@ﬂeﬂlﬁde@imq\‘gahﬂ)ea
gl ass substrate for a magnetjc_disk according tqg any one of clains 1
to 4. eSERY 'ﬁve@m@ndﬁém Waited losyuc RYBRWIFS g IEiE @prpent g persansut |

chem cal by St ArR T %s%kﬁﬁoz?ﬁﬂs'%é@u%t SnfeRatpatish Pletpleene
whi ch the chemoal biambbest BSRame hatoRiaLeshds B diPnsfigaeal 1Y

strengthening s tron s 0 soli ower

6. A nmet hodgf#thp |eéfa€la@wra8 b%!dﬁ%%%é ﬁecﬁh@gi r@ﬂg%rmerwe&@rﬁt%\%t@h Ieast
a magnetic Iayer on a surface of a glass substrate obtained by t

met hod for producing a glass substrate for a magnetic di sk accordl ng
to any one of clainms 1 to 5. 7. The nmethod for producing a
magnet i ¢ di dkdusttiebfpplicgbiity cl ai m 6, wherein the method is applied to
a magnetic disk for a hard disk drive in which the flying height of a
magneti c hef®/2E 6 nmor |ess.

The present invention relates to a method for producing a glass substrate
for a magnetic disk and a method for producing a magnetic disk, and can be
used as a technique for preventing the occurrence of micro-waviness on the
principal surface of the glass substrate, in particular, in the chemically

strengthening step.
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CLAIMS

1. Amethod for producing a glass substrate for a magnetic
disk comprising a chemically strengthening step in which a glass
substrate is immersed in a chemically strengthening salt solution
prepared by dissolving a chemically strengthening salt under heating,
and metal ions in the glass substrate are ion-exchanged with metal
fons in the chemically strengthening salt,

wherein the glass substrate is prepared of an aluminosilicate
glass which contains, as main components, 58% to 75% by weight of
SiO,, 5% to 23% by weight of Al,Os, 3% to 10% by weight of Li,O,
and 4% to 13% by weight of Na,O, and

wherein the chemically strengthening step is carried out, for the
glass substrate of the aluminosilicate glass, using the chemically
strengthening salt solution to which an additive component other than
the chemically strengthening salt is added so that a temperature at
which the chemically strengthening salt contained in the chemically
strengthening salt solution starts to solidify is lower than or equal to a
temperature at which the surface shape of the glass substrate is not
deformed by a force applied to the glass subsfrate when the
chemically strengthening salt having adhered onto the glass
substrate solidifies, thereby making a maximum value of micro-
waviness on a principal surface of the glass substrate of the
aluminosilicate glass be less than 5 nm in a rectangular
measurement area with sides of 800 pm and 980 um.

2. The method for producing a glass substrate for a magnetic
disk according to claim 1, wherein the chemically strengthening step
is carried out for the glass substrate of the aluminosilicate glass
having undergone a last polishing step.



3. The method for producing a glass substrate for a magnetic
disk according to claim 1, wherein the additive component is at least
one selected from the group consisting of AGQNO3, Ca(NOs),,
Ca(N03)2~4H20, N!(NO3)2, NI(N03)26H20, Mn(NO3)2,
lVIn(NO3)2-6H20, CO(NO3)2, CU(NO3)2, CU(N03)2'3H20, LINQg,
MQ(NO3)2, Mg(NO3)26HQO, NaNOp_, KNOE, Na->50,, and KQSO4.

4. The method for producing a glass substrate for a magnetic
disk according to claim 3, wherein the additive component includes
either NaNO, or KNO,.

5. The method for producing a glass substrate for a magnetic
disk according o any one of claims 1 to 4.

wherein the chemically strengthening step is carried out, for the
dlass substrate of the aluminosilicate glass, using the chemically
strengthening salt solution in which the temperature at which the
chemically strengthening salt contained in the chemically
strengthening salt solution starts to solidify is 220°C or lower.

6. A method for producing a magnetic disk comprising forming
at least a magnetic layer on a surface of a glass substrate obtained
by the method for producing a glass substrate for a magnetic disk
according to any one of claims 1 to 5.

7. The method for producing a magnetic disk according to
claim 6, wherein the method is applied to a magnetic disk for a hard
disk drive in which the flying height of a magnetic head is 6 nm or
less. ‘



