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aackgronnd o£ the Invonuon.
This invention ralates to a magnat.:l.a recozxding

nedium for recording and rez?goducing at. a high denaity,- a
. glass substrate for the mag'lfmtic racoxding medium and a
mathod of manufacturing the.same. ; '

Recently, a magnetic digk having a high recorxding
deneity has been demanded. To achleve the high recording
dengity, it 1s important to reduce a flying height aof 2 ¢
magnetic head for a surface of a magnetic recording
medimm. In recent years, it has been requi:éed‘ that the
£lying height falls within the range between 0.1 and 9.2
4 m. To satisfy such a requirement, the magnetic disk
having the high recording density has been developed as
--diaclased in Japanese Unexamined Patent Publications Xog.

E5-303735 and H8-293177. '

In the magnetiec digk discloged 1n. the above-—
nentioned Jépanese Unexamined Patent Publicat.ion No.
H5-303735, an annular-shape substrate (glass substrata)
has a surface roughness Ra of 1 £ m or legg and a

£latness of 1 xm or less. Thereby, the flying height of °



gl ass substrate for the magnetic recording nediumand a nethod of

manuf act ur.i.ng t he-sane. - Recently, a magnetic di sk having—a high
recordi ng den5|ty has been denmanded. To achi eve the high recordjng

density, it is inportant to reduce a flying hei @hit Sheft ?% head for
a surface of a magnetic recording nmedium Inr has been
" required that the flying height falls within th 0.1 and 0.2

[err] m To satisfy such a requirenment, the nmagnetic disk having the high
recordi ng density has beéen devel oped as 2di scl osed in Japanese Unexam ned
Pat ent Publications Nos. H5-303735 and H8-293177. In the magnetic

di sk disclosed in the above- nentioned Japanese Unexam ned Patent -,
Publ i cati on No.the magnetic head for the magnetlic disk 1s reduced to

realize the high recording density. In the above~
mentioned conventional aechpique, additional disclosure
is made abouti a polishing method for smoothing the
suzfaca roughness of the annular~shaped substrate (glass
subgtrate), and the glass gpubstrate with its surface
finished in a supér—tmoothlgg manner so that the surface
roughness is get to 0.3 nu pr less by Ra and 5§ nm or less
by Rmasx. . ;

Further, azsclosnre'ﬁs made sbout a magnetic disk
which is-equipped in a dgnamic head loaaing type magnetic
disk drive in the Japanese Unexamined Patent. Publication
No. H8-293177. Int the above~mentioned dynamic head A
loading type magnetic disk drive, the head is sgeparatad
from the dipk during a stop operation instead of the CCS
drive in which the head halts on the medium during
start/stop operations of the magnetic disk. Tﬁis
magnetic disk is structured by forming a magnetic layer
having a super smooth finighed magnetic surface and a '
protectlion layer having a super smooth finished
protection surface on a super smooth finished subastrate.
Thereby, a magnetic distance between the head ind the
medium i3 reduced to realizé the high recording density.
Puxther, add}@ional algelosure i1s made abouﬁ a method for
reducing a distance (effective flying height) between the '
surface of the magnetic layer and the magnetic head by .

reducing the £ilm thickness of the protection layer.



H5- 303735, an annul ar-shape substrate (glass substrate) has a surface
roughness Ra of 1 [err] mor less and a flatness of T [err] mor less.
Thereby, the flying height of This Sheet Has Been Replaced 2°  the
magneti c head for the nmagnetic disk is reduced to hi gh
recording density. In the above- nentioned conveH!llﬂEHlumluEMque .
addi tional disclosure is nade about a polishing ot hing the

surface roughness of the annul ar-shaped substrate (glass substrate), and
the glass substrate with its surface 3

In the above-mentioned conventional magnetic
racording medium, the magnetic distance between the head
and the mediuwnm can be sufficiently reduced by setting .
Rmax and Ra to predetermined values or less. However,
adcording to inventor's rese#rch, it has been found out
that the magnetic characteristic, such as the coercive
force and the S/N ratio, and the record/reproduce
characteristic do not aufiieiantiy gatisfy the recent
striet demand in the conventional magnetie recording
medium. Nhﬁhiy, aven whan the magnetic recordiang media v
are manufactured in the condition that the agurface
' roughness of the glass substrate and the manufacturing
condition of the magnetic layer formed therecn are made
wniform, the magnetic diak having an excellent magnetic
characteristic cen not be always obtained. The inventors
have enthugiastically researched about this cause. As a
result, it has been concluded that the cause results in
the variation of the aurface roughness of the glass
substrate, and the crystal giuﬁth of a thin £1lm formed
thereon, such as the magnetic layer, is disturbed due to
the variation to deteriorate the magnetic characteristic
-and the record/raproduce characteristic. That 1s, the v
surface state (the surface roughness and the variation of
the surface roughness) of the glass suhstrate relates to
the erystal grain of the underlying layer and the
magnatice laydz which arxae formed thereon. Tharafore, it
ip necessary to suppress the surface roughness of the

glass substrate and equalize the cxystal grains of the



finished in a super-snoothing manner so that the surface roughness is set

to 0.3 nmor less by Ra and 5 nmor |ess Rvex— —__ Further,

di scl osure i s nade about a nagnetic disk mhlc ped Vﬁ‘a‘dynantc
head | oadi ng type magnetic disk drive in the aﬁd Pat ent
Publication No. H8-293177. In the above- nentlo | oadi ng
type magnetic disk drive, the head is separated during a

stop operation instead of the CCS drive in which the hea alts on the
medi um during start/stop operations of 4 he nagnetic disk. This magnetic
disk is structured by formng a nmagnetic |ayer having a super snooth
finished magnetic surface and a protection |ayer having a super snooth
fini shed proteeipchilburfamedtharsompcio ohvatim fhenimsgadt $absdeatding

medium which has an excellent maqneﬁic charactaristic and
which {8 capable of recording and reproducing at the high
dengity.
On the othexr hand, the relation between Rmaz.and
Ra has not been considexed gt'all in the above-mentioned.
conventional magnetic reco:éing medium. Therefore, e¥en
1f the gubstrate 1; exnosci%dly.amuothea. the magnetic
characterigtlc. of each magnetic recording medium is '
fluctuated when & pluralitygbf magnetic reuoiding media
are manufactured. Namely, even when the magnetic media
are manufactured in the condition that the gsurface .
t - roughness of the glass subgtrate and the magnetic layez '
formed thereon are kept in the same manufacturing
condltion, the magnetic dis#_having stable and excellent
magnetic characteristic can not. be always cbtained. In
particular, the variation 5£ the magnetic eharacteristic
remarkably occurs when the magnetic disk is manufactured -
by the use of the known in-line type sputtering method.
Thersfore, inventors has enthusiastically
researched the causes. As a result, it has been found
‘out that the relation (nmax/Ra) between the surface
roughness Rmax and Ra id not specified Ain the conven=
tional techniques. Consequently, it has been concluded
that the fluctuation of the magnetic characteristic of
each magnetic disk may'éccur with the variation of the

above-ment.laned relation {(Rmax/Ra).



Thereby, a magnetic di stance between the head and the mediumis reduced to
realize the high recording density. Further, additional disclosure is made
about a nethod for reducing a distance (effectlve flying hei ght) between

the surface of the magnetic |ayer and the nagnetJ_c__head_by———pe—duang t he
filmthickness of the protection |ayer.

3 - In the above-nentioned conventi onal Tng rredl um
t he magnetic di stance between the head and the ne | “ﬂ ficiently
reduced by setting 5

Summary of the Invention:

Thiu invention is performed based upon the above-
mentioned analyzed result. It is an object.of this
invention to provide a magnetic recording medium which
has a stable and excellent magnetic characteristic and
which is capable of recording and reproducing at a high
dansit}.

' According to this invention, the suxface rough-
nesg ofl the glass subetrate and the variatiom of the
surface rouwghness are suppréssed to the predetermined
range. Namely, the surface roughness (Rmax, Ra, Rg) and
the relation (Rmax/Ra) bhotween Rman and R:Ex are restricted
to the predetermined 'range. In this evert, Ra 1is
representative of a center-line mean roughness, Rmax is
defined as a maximum helght represeantative of a differ-
ence botween a highest poiz;t and a lowest .point and Rq is )
representative of a oot mean square roughness. !I.'_hereby,
crystal grainas of f.he underlym.g layer and the mﬁgnetic
layer formed t.he:r;-eon are equalized; Consequently, the
magnet{c recording medium having an excellent magnetic
characteristic and a high record/repraducae characteristic
‘can be obtained. Specifically, the surface rou.ghness is
specifiod by Rmax = 15 nm, Ra £ 1 om and Rq £ 1,5 nm.
Further, the ratio between the surface roughness Rmax ané
the surface zoughness Ra is specified by Rmax/Ra < 30.

Brief Degscription of the Drawings: '

Fig. 1 is a partlal cross sectional view showing

a magnetlc zucording medium according to an example 1 of



Rmax and Ra to predeterm ned values or |ess. However, according to
i nventor's research, it has been found out that the magnetic .
characteristic, such as the coercive force andJe&N—mﬁT and the

record/ reproduce characteristic do not sufficientl \yceﬂhe recent
strict demand in the conventional nmagnetic rem:s Nanel y, even
when the nmagnetic recording.nedia are nmanuf ac ndi tion that
the surface roughness of the gl ass substrate cturing
condition of the magnetic |ayer forned thereon are made unlform t he
magneti c di sk haV| ng an excellent magnetic characteristic can not be

al ways obt ai ne eml rénﬁ RLars -have enthusi astically researched about this
cause. resu as been concl uded that the cause results in the

variation of the surfagqgr.ogghgeﬁsgﬁti,ht BSowlindS8 relation between an
average film thickness of an irreqularity forming layer
and Rmax according to examples 12 to 15;

Flg. 3 is o graph showihg a relation between an
average £1lm thickness of an !.:xeﬁnlnr:l.t.y forming layer
and Rmax according to .comparat.ive examples. 9 to 13; |

Fig. 4 chows a £ilm gtructure of a magnetic
:ecorﬂ:.nﬁ medium according to an example .21 and a
Emparative example 17;

Fig. 5 shows a £ilm structare of & magnetic
recoxding medium aiééofa:l.ng"to a modification example;

Pig. 6 shows a roughness curve which 1s used to -,
define the root mean square roughness (Rq).

Description of the Preferred Embodiments:

Referring to Fig. 1, description will be made
about a magnetic recording mgdium of this invention and a
method of manufacturing the sa.me. '

In a magnetic recording meﬂuin illustrated in
Fig. 1, a first underlying layer 2, a second underlying
layer 3, an irregularity forming layer 4 (2 texture
layer), a third underlying layer 5 consisting of a Cr
layer 5a and a CrMa layer 5b, a magnetie layer 6, a
protection layer 7 and a lubricant layer_s are
successively. formed on a glass substrate 1. '.l‘hl-as, a "9
magnetic diak 13 obtained. .

Eere:l.naft.ér, datailed description will be made

ahout a method of manufacturing the above-mentioned



substrate, and the crystal growth of a thin f'Ln1f6?ﬁEa-‘Tﬁ§TEUﬂn such as
the magnetic layer, is disturbed due to. the BetrRegRéegr | Orate the
magneti c characteristic and the record/reprod stic. That is,
the surface state (the surface roughness and of the surface
roughness) of the glass substrate relates to the crysta ain of .the
underlying layer and the magnetic |ayer which are forned thereon. °*
Therefore, it 1is necessary to suppress 4he surface roughness of the gl ass
substrate and equalize the crystal grains of the '

magnetlec disk with each manufacturing etep ané structure.
(1) Roughlng step .
Fizot, a glaas gubstrate of an alumiposilicate
glass was cut into a disc-shape having a diametef of 96
mm and a thickness of 3 mm by a grinding gtons from a
sheet. glags fogmed by the down draw method. The glass
substrate was ground by a.relatively rough diamond
grindstone to.cbtain the gléas-substrate having the
dismeter Of 96 mm and the thickness of 1.5 mm. In this
event, the glass snbsirate may be cut into the disc—shape}
in the same manner as the aéove from the gheet glass
formed by the float method instead.of the above-mentioned
down draw me}hod. Alternatively, the disc-shaped glass
substrate may be fo:meﬁ by directly pressing a melting
glass with a cope, a drag and a drum jinstead of the down
- draw method. ) |
A chemical reinforced glags was used as the above-
mentioned aluminosilicate glass. The chemical reinforced
glass contains 57-74 & of §10,, 0-2.8 % Of zZno,, 3-15 % |
of 31203, 7-16 % of 1102 and 4-14 & of 2,0 as a maln
component. For example, the chemical reinforced glass
contains 67.0 % of 810,, 1.0 3 of #n0,, 9.0 % of AL,0,,
12,0 & of Lioz and 10.9 & of Nazo as a main component..
Subsequently, the both principal surfaces of the
glass gubstrate were ground by a diamond grindstone
having grains smaller than those of the above-mentioned
grindstone. In this case, a load was aset to the extent

of 100 Kg. Thereby, the hoth principal surfaces of the



v

4 thin filmforned thereon to obtain the magnetic recording nedi um which
has an excel |l ent magnetic characteristic and which i capable—of_recording
and reproducing at the high density. ; mmkeeﬂgtgg&rEhg{l , the

rel ati on between Rmax and Ra has not been cons t he
above-nenti oned conventional nmagnetic recordin Ilﬂ efore, even
I f the substrate is excessively snoothed, the mag cteristic of

each magnetic recording nediumis fluctuated when a plurality of nagnetic
recording media are manufactureéed. NameBy, even when the magnetic nedia
are manufactured in the condition that the surface roughness of the gl ass
substrate anclél %snggggkggtéaﬁgge ground into a surface roughness Rmax
of ahoixt. 10 2 m.

Next, an opeaing was formed at a center. portion
of the glass substrate by using a cylindrical grindstone.
Further, the outer side end surface was ground to a
diameter of 95 mm. Thergafiter, the outer and the inner
end sni:faces‘ t.rere chamfered. In this case, the end
surface (the side surface and the chamfered portion) of
the glass substrate had a surface roughness Rmax of about
4 g m, _.

(2) Mirror finishing step of the end purface

Subsegquent.ly, the g:;l._aaz substrate waa polished by
the use of a brush polishing by rotating the glass _ .
substrate so that the surface roughness of the end
surface portion (the angular portion, the side surface
and the chamfered portion) of the glass substrate is set
to about 1 zm by Rmax and to about 0.3 2 m by Ra. The’
mirror :E.i.nish:[pg atep is effect.tv_e for preventing a £ilm '
defact which ‘ia caused by dusts which ara attached 20 the )
principel) surface of the glass substrate. In thizs event,
the Qusts are generated from the end surface of the glass
aunbstrate when the glasg substrate i=s trahsferr'ed or when
the glagss substrate is cleaned.

' The glass substrate was washed with water aftex
the ahove-mentioned mirror finighing step. In this case,
the mirror finighing step may be caxriea out before each
of first, second and third polishing steps which will be

degcribed later, and may not be carried out.



formed thereon are kept in the same manufacturing condition, the magnetic
di sk having stable and excellent nagnetic characteristic can not be al ways
obtained. In .particular, the variation of the magnetic characteristic

remar kably occurs when the magnetic disk is manufactured—by the use of the

known in-line type sputtering nethod. ThggsShQf Bas BeiMEPLQES has

ent husi astically researched the causes. As a'res ' en found
out that the relation (Rmax/Ra) between the surfaﬂnmmgm& Rmax and Ra
s not specified in the conven- tional gt echni queS" y, it has
been concluded that the fluctuation of the magnetic characteristic of
each magnetic disk may occur with the variation of the above-nentioned
relation (Rmax/Ra). . {3) Lapping step .

The lapping step was performed foar the glass
substrate t,? improve dimension and shape accuracy. The
lapping step was carried out by using a lapping )
apparatus, In this c..ase, the lgpping step was conducted
two times by changing grain gggree £rom #450 to #1000.
chificany_. the 'lappipg was performed l.‘gr the both '

. principal eurfaces of the gif._ss substrates which were
contained in 2 carrier eso f.h'-at. t:he pz-incipal: gurfécea had
a surface acouracy aof 0-1 u.m and the surface roughness "
Fmax of .about 6 2z m. In this evnnt_.'-t;he lapping was
carried out by rotating an inner gear a-na an outer :gea:
by the use of alumina gralns i\av!.ng' a gr'ain degree of
#4080 :Lr.| the condition that g.ﬁe load I was kept at about
100 Kg. Rext, the lapping \y.as performed by changing the '
grain degrae of the alumina grain into #1000. In this )
case, the surface roughness Rmax wae set to about 2 u.m.
Subsequently, the glass substrate was guccessively
immersged in washing units of natural detergent and watexr
to be washed after the lapping step was completed.

(4) Pirst polishing step '

Next, a firet polishing step was :ie:fomied by the
use of a polishing apparatus to remov.e a defect and a
distortion remainipng in the above-mentioned lapping
process. Specifically, a hard poligher (which may be a
cexium impregnated foamed urethane pad, such as MHC1S
made by SPele.am) was used ag polisher (polishing ]

powder). In this case, the first poiishiﬂg was performed )



Summary of the Invention: This invention is perforned based upon
t he above-  nmentioned anal yzed result. It is an objer"r of this invention

to provide a magnetic recordi ng nedium which has a Ie and excellent
magneti c characteristic and. which is capable of rec uci ng
at a high density. - According to this invent e
rough- ness of the glass substrate and the variation e

roughness are suppressed to the predeteagined

under the foll?wing polishing condition.
Polishing liquid: oxide cerium (grain size of

1 ¢ m) + water

‘Load: 150-300 g/cm® (L = 238 kg)

Polishing time: 15-30 minutes

Removing amount: 35-45 g m

Revolution of lower surface plate: 40 :pm

Revolution of upper surface plate: 35 zpm

Revolatioﬁ of inner geaxr: 14 :pﬁ

Revolution of outer gear: 29 xpm . _

The glass substrate was washed by being .
succesgively dipped in washing unitd of natunral
detergent.,, pure water, pure water, IPA (isoézopyl
alcobol), 1PA (vapox drying) afyei the first polishing
g2tep. In thils event, the washing step may be omitted if
a polishing liquid in the subsequent seecond polishing
step is the same as the ahove, . e

(5) Second polishing step '

Next.. a second polishing was conducted by
changing the above-mentioned hard polisher into a soft
polisher (which may be a polishing pad of a euede type,
such as Polylax made by Spetham)_by using the ﬁo;ishing
apparatus used in the first polishing step- The
polishing condition is similnr to the first polishing
step except for the load of 25~150 q/cm . the polishing
time of 5-20 minutes and the removing amount of 2.5-10
g m. The glass substrate was successively immersed in

waghing unitg of the natural detergent, tho natural



range. Nanely, the surface roughness (Rmax, Ra, Rg) and the relation

(Rmax/ Ra) between Rmax and Ra are restricted to—’c—he—pr‘etl*term ned range.
In this event, Ra is representative of a center ISH&”@@@@mm geiess, Rmax

is defined as a maxi mum hei ght representative o ce bet ween a
hi ghest point and a | owest point and Rq is repre “lgmg root nean
squar e roughness. Thereby, <crystal grains of the ayer and the
magnetic |ayer formed thereon are equalized. Consequently, the magnetic
recordi ng nedi um havi ng an excell ent madhetic characteristic and a high
record/ reproduce char acteri st I C can be obt ai ned Specifically, the surface

roughness is é“g by é nm err 1 nm and Rq [err] 1.5
nm  Furt her - t I 0 belﬁ\é"‘ﬁ' ﬁ'@*‘ Eit f%ﬁ?epr‘ﬁﬁgﬂ

(isopropyl alcohol), the IPA (vapor dryinq) to be washed -,
therein after the sevond polishing step. In this case, a
supersonic wave was applied to each the washing unit.rs.

(6) Third polishing step

Next, a third polishing was conducted by changing
into a ‘super soft . polisher (pold.sh:lng powdar: 0. 5 #mor
less) by using the pol.talung apparatua uged in the second
polishing step. The polishing condition is similar to
the second polishing step except. for the polishing liguid
of colloidal silica {(grain size; 0.2 gz m or less) +
vater, the load of 25—;00 g/.m ¢ the polish:l.ng time of
5-2b minutes and the ;Temoving amount. of 1'-5 £ m. The
glags subatiate wa:a succesgively immersed in washing K
units of the natural dat.e:geni. the natural detexgent,
the pure watax, the pure water, the IPA (isapropyl
alcohol), the IPA (vapor drxying) to be washed therein
after the above-mentioned super pz':eoise. polishing step.
In this case, a supersonic wave was applied to each of
the washing units. In this event, it 1s desirable that
an abrasive used in the third 'pbl.téhlng step ig small in
graln size. The grain size is preferably equallt.o 0.15
£ mor less. and more preferably 0.1 g m or less.

Further, the above-mentioned hard poligher and
the soft polisher are not regtricted to the ahove-
mentioned materials. Hard velour, foamed urethane, pitch v

impregnated snede, or the like are exemplified as Lthe

hard polisher while a suede, a velour or the like are



t he surface roughness Ra is specified by erxLRa_Ler—r—]——ae—f/ Bri ef
Descriptipn of the Draw ngs: Fig. 1is a parti e(gloss secti onal

vi ew showi ng a magnetic recordi ng nedi um l exanple 1 of
6 this invention; Fig. 2is agra \ Iatlon bet ween
and Rmax .

an average fil mthlckness of an irregularit

according to exanples 12 to 15; Fig. 3 is a graph showing a
rel ati on between an avefage filmthickness of an irregularity form ng
| ayer 12

.axemplified as the zoft polisher. PFurther, cerxium oxide,
alumina, red oxide, chromium oxide, zirconium oxide,
titanlum oxide and colloidal silica or the like are
exemplified as the ahrasive.

In this event, the grain size of the abrasive of
the polishing liguid uged in the first to third polishing
stéps is not restricted to the above-mentioned grain
size. The grain size falls within the range between 1
and 3 £ m in the first polishing etep while the grain
3i2¢ falle within the range between 0.5 and _2 £r in the
sacond poliz;h;!.ng step. Further, the graln size is N
adjusted within the range of‘ 0.5 2w or less in the third
polishing step. In this event, a flattening process is
efficiently performed by using the abrasive having the
above~mentioned range to obtain the smooth substrate
having no variation in the fmxghnesa.

(7) Cheinical reinforcing step .

Next, a chemical xeinforcing step was performad
foz.- the glasa substrate after the grinding and polishing
step was completed. PFirst, a chemical reinforcing
solution was prepared by mixihg potagsivm nitrate (60 %)
with godium nj.t,raf.e {40 t]'- The chemical reinforcing

solution was neat.ed up to 400 C. The glass substrate
which was wagshed and preheated to 300 C was dipped in
the chemical reinforeing solution for 3 hours. The
chemical reinforcing step was carried out so that the
entizre surface of the glass substrate was chemically

reinforced with a plurality of glass substrates retained



and Rmax according to comparative exanples 9 to 13; Fig. 4 shows a

filmstructure of a nmagnetic recording medi um according to an exanple 21
and a conparative exanple 17, Fig. 5 shows a f|In1structure of a
magnetic recording nedlun1accord|ng to a nndlfnmasmm eplaced

Fig. 6 shows a roughness curve which is used to t mean
square roughness (Rq). Descri ption of the odi nent s:
Referring to Fig. 1, description will be made abou a magneti ¢ recording

medi um of this invention and a nethod B manufacturing the sane.
In a magnetic recording nediumillustrated in Fig. 1, a first underlying

layer 2, a Secondtﬁ”“&i BQJ¥%ace in a holder. Under the cirxcumstances,

lithium ions and godium ions on a surface layer of the
glass substrate were replacad by sodium ions and
potasgium ions in the chemical reinforcing solution by
dipping each glass oubstrate in the chemlcal reinforcing
solution. IThns, the glass substrate 13 chemically
- geinforced. A Eomprossive étzacs layer £oxmed in the
surface 1ayér of the glase substxate had a thickness of
about 100 to 200 £ m. Rext, the chemically reinforced
glass substrate was dipped in a water tank of 20 T,
gquickly cooled and-retainedlfoz 10 minutes. Subsequenti-
1y, the cooled glass substrata was dipped in a sulfuric '
acid heated up to 40 15, and wag washed in the eondition,
that the supersonic wave is applied. Thus, the glaes
gubstrate in which the principal surface was supex
precisely polished was obtained.

Under the above-mentioned condition, the
polishing process Qas carried out with several steps, and
the grain size qf the abrasive used in each s;eb was
_selected to a size smaller than the normal case.

Thereby, the glass substrate having the super smooth
surface can be obtained and further, a manufactﬁring
efficlency can be excessively improved.

In this event, the ;urface ronghness of the
principal surface of the glass substrate was meagured.

Ae a result, Rméx was 2.6 nm, Ra was 0.23 nm and the
ratioe (Rmax/Ra) of the surface roughness was 11.3. In

this case, Ra 15 representative of the center-line mean



| ayer 3, an irregularity formng |ayer 4 (a texture layer), a third
underlying layer 5 consisting of a & layer 5a and a OV |ayfﬁ—%ﬂ&——a
magnetic layer 6, a protection layer 7 and a | ubThiCshed: Hhnee! g% ,
successively formed on a glass substrate 1. Thus, S
obt ai ned. Hereinafter, detail ed descripti mm"m " about
met hod of manufacturing the above-nenti oned

7 magneti c di sk with each nanufacturlng step and structure.
Roughi ng step

roughness (defined in Japanese Industrial Standard JIS
B0601) while Rmax is defined as a maximum height
representative of a difference between a highest point
and a2 lowest point (defined in- Japanese Industrial
Standard J15.30601l. The surface roughness ;ns measu:od"
by the uge of the 1ntarutom1§ force microscope (AFM).

In the ahove-mentioned ambodiment; the third
polishing step was performed before the chemical
reinforcing step. BOwevez,:tpe third polishing step may
be carried out after the chémical reinforcing step to
prevent the f£ilm defect. In thie -event, the.film defeet
15 cauged by the generation of deposited .salt.of ‘the
glass substrate due to ihe chemical reinforcement. ‘

(8) Magnetic disk manufasturing step:

Subsequently, a heat treatment, deposition of the
£irat underly;ng layex, deposition of the aéeona
underlyling iayer,'deposition of the irregularity layer.
deposition of the third underlying layer,,depésition of
the magnetic layer and depositicn of- the pioteqtion laysr
were successively carried ount for the above-mentioned
glass substrate by the use of the in-line sputtering
appaxatus. ' )

The in-line type sbutteriﬁg'apparntus (not showm)
has a first chamber in which a substrate heater is
arranged, a second chamber in which an Al target, a Cr
target and an Al target ﬁre arxanged, a third chamber in
which a heater is arranged, a fourth chamber in which a

Cr target, CrMo target (Cx: 94 at %, Mo: 6 at %) and

Q

(1)



First, a glass substrate of an alumnosilicate gl ass Was
di sc- shape having a dianeter of 96 mmand a thi ckné’lszsst@&@s

grinding stone froma sheet glass forned by the do Iace‘ﬂhe
gl ass substrate was ground by a relatively rough d| one to

obtain the glass substrate having the dianmeter of 96 h| ckness
of 1.5 mm In this event, the glass substrate may be cut into the

di sc-shape in the 'sane nmanner as the abgve fromthe sheet glass forned by
the float nmethod instead of the above- mfti oned down draw net hod.

Al ternatively, the disc-shaped glass substrate may be formed by directly

3;3;31 ng a xlt tﬁg&meha&ar&@é Neéb CORCatd, Erd013Nehe, FUMe! BEL SaFRLfy the
ats) are successively arranged and a £ifth chamber in
which a carbon target is arranged, along the moving
direction.

Fifty sheets of the glass substrates were -
attached on a pallet consisting of titanium and the like
to be introduced into the fiz,:ﬂ. chamber via a load lock
chamber. These glass subatrates ver-e su.ccessiw'al.y
trangferred into the regpective chambers by a carrier
apparatus at a constant :at._e: to dapogit and process in
the foliowing conditions. ' '

Namely, the anhstraﬁ:.e wao heated to 350 C for 2
minutes in the first chasber. An Al £ilm (the £irst -
undex)ying layer 2) having an average film thickness of §

- nm, a Cr £1ilm (the second underlying layer 3) having the
film thickness of 20 .mn, the irregularity forming layex 4
having the average £ilm thickness of 5 nm and the .
successive texture film of Al having the surface
roughness (Rmax) of 24 nm were deposited in the second
chamber.. The substrate was heated to 350 € for 1 minute
in the third chamber. The Cr film 5a (the third -
aunderlying layey 5) having the average £ilm thickness of
50 nm, the CrMo f£ilm Sb having the average £ilm thickneas
of 30 nm, the CoCrPiTa £ilm (the magnetic layer 6) having
the average £ilm thickness of 24 hm were successively
deposited in' the fourth chamber. The carbon £ilm (the "o
protection layer 7) having the average £ilm thickness 15
n;xl wa9 deposited in the ﬂfu;__ chamber.



A chem cal reinforced glass was used as the abﬁve——ﬂ%ﬁﬁ—eﬁed———

alum nosilicate glass. The chem cal reinf orcecﬁ.hls s 57r 74 % of
Sigerr], 0-2.8 %of zZn(Jerr], 3-15 % of AI[er A)of Ligerr]
and 4-14 %of Na[err]O as a main conponent. e chem cal
reinforced glass contains 67.0 %of SiJerr], rr], 9.0 % of
Al[err]Jerr], 12.0 %of LiJerr] and 10.0 %of Na[err]Oas a main
conponent . Subsequently, the both principal surfaces of the gl ass

substrate were ground by a dianpond grinddSone having grains smaller’than
t hose of the above-nentioned grindstone. In this case, a |load was set to

t he extent of 100 Kg. Therebz t he both principal surfaces of the
In thic case, the sputtaring conditions in the

second, fourth and fifth chamwbers were as follows.
Namely, the aputtering pregsure was 5 mTorr in the second
chawber while the sputtering pressure vas 3 mTforr in the
fourth chamber. PFurther, the sputtering pressure was S
mTorr in the £ifth chamber... Moreover, an inactive gas of
argon was uséd asg the .sputtgrix;g atmm.aphere in the second
and forth .chumbers. The .l.né.le‘l'.ive gas .0£ argon, @& mixing
gas comprising & mixture of'hyd:ég'm and/or nitrogen of 1
to 25 % with the arxgon, o'zla mixing gas comprising a
mixture of hydrcoarbon gas ot 1 to 25 & and the argon wag
used as the sputtexing at.moaphere in the £ifth ehamhez.
In addition, the sputtering power was 200 W in the third
and fifth chambers while the sputtering pover wasz 100 W
in the sixth chamber. - |

Subsequent.ly, the substrate having the protection
layer was taken out from the in-line sputtering
apparatus. Perfluoropolyether is applied to the aurface
of the protection layer by the d:l.pping_ px;oéess. _
Thereafter, the lubricant. layer having the average filn
thickness of 1 nm was formed to obtain the magnetic '
recording medium of an éxampla 1.

Further, the magnetic characteristic and the "
record/reproduce characteristic of 0° , 90° , 18'0' ’
270° (a center of a sputtering mark formed by the
attachment of the pallet was specified as 0° ) were
measured at a portion of radiuz 22 mm of the obtalned

magnetic recording medium. As a result, the coercive



8 gl ass substrate were ground into a surface roughness Rmax of about 10
[err] m Next, an opening was fornmed at a center portion of the
gl ass substrate by using a cylindrical grindstone. Further, the oyter side.
end surface was ground to a dianeter of 95 nﬁT—Tﬁ’”E%ﬁTEE‘ t he outer and

the inner end surfaces were chanfered. In thig asBaaR ed surface’ (the
side surface and the chanfered portion) of the te had a
surface roughness Rmax of about 4 [err] m w& or finishing
step of the end surface Subsquently, ss substrate was

pol i shed by

. Foxrce of sach magnetic recording medium at each polnt. -
fall within the range between 1900 and 2000 Oe while the
S/N ratio fell within the range between 24.2 and 25.8 dB.
The proceas capability index Cp which indicates the
stability of the mamufacturing process was evaluated. In
this event,, the Cp is zepxe;entad by the followiang
formmla,
| (uppexr standard) - (lower.standard)

CF - - ’ ) v
6 » (standard deviation) '

for hoth sides otandard

(nverage value). - (lower standard)
and Cp = — .
Ix ¢ atandard daviation)

; for lower limit standard

A8 a result of the evaluatien, the coercive force
(Bc) becomes 2.4 for the both sides standard of 1900 *
100 Qe while the S/N ratio (dR) bacomes 5.3 for the lower
limit gtandard of 1% dB or moxe, Further, 1nplane
distribution aof each magnetic recording medium and the
variation of the magnetic chéracteristic of the magnetic
recording medium in the pallet could be suppressed.
Consequently, the magnetic recording medium having an
excellent magnetic characteristic could be obtained, and
further, the stability of the manufacturing process could
be improved.

In addition, the CSS durability test was carried
out a hunarod thougsand timeg bf using a head slide¥ of
70 % having the load of 3g. As ; result, no adéo:ption

phenomenon odcurred between the magnetic recording medium



the use of a brush polishing by rotating the glass substrate so that the
surface, roughness of the end surface portion (the angular portion —the

side surface and the chanfered portion) of the gl su strate is set to
about 1 [err] mby Rrax and to about 0.3 g m by Rag, Tg},eetuasBae i shi ng
step is effective for preventing a film defect V\:hl dusts
which are attached to the principal surface of the a‘gg e. In
this event, the dusts are generated fromthe end sur the gl ass

substrate when the glass substrate is tl8ansferred or when the gl ass
substrate is cl eaned. The gl ass substrate was washed with water

after the above ment i oned mirror_ finishi siep. In e, the mirror
finishing step*¥fhyife ®2gretds Beadoans, B"Q%C”Hat Rash"d Laoutd

about. 'rhn‘s_. the magnetic racording medium having t_.he
high CSS durability was obtained. In this case, the
. ceerc.tve force (Bc) was measured by the use of the
vibration sample type magnetometer At a makimum eXternal
applying magnetic fleJ..d of 10 kOe by cutting a sample of
8mm¢ f£rom tLhe maghetic record.tng medium and applying the
magnetlc i.‘.tuld in the £film surfnce direction.
Moreovar, the :aco:d/rep:oduce characteriatic
(8/8 ratio) was measured as follows. HNemely, the
obtained magnetic 'disk and fhe’ MR (magnetb—:esist.iv
' type) head having the Flying height of 0.055 4 m were
rused. In this evant, tﬁe record/xreproduce qhardcf.eriat.ie
in a line recording density of 1_20' kfel (line rscording .
density of 120,000 bits per 1 inch) was measured in the
condj.tion that a relative rate between the MR head and
the magnetic disk was get to 9.6 m/s. Further, medium
noise during recording/reproducing signals was measured
by the use of the known spectrum analyzei: to caleulate
the 8/N ratio in the condition that a carxier fzeciuency
was set to 23 MHz and a measuring bandwidth was’ eet to 26
MHz, The MR head which was used in the above-mentioned
measurement. has a track wid_f.h of 3.1/2.4 g m and a
magnetic head gap length of 0.35/0.28 ¢ m at write/read
sides. In this case, the surface roughness, the crystal
grain size, the coercive force and the $/N ratio of

L
examples and comparative examples which will be described



of first, second and third polishing steps which will be described | at er,
and may not be carried out.

(3) Lapping step . The | appi ng step was perfor (g Jeﬂ-laszQéﬁIQ})ch%& '
substrate to inprove dinension and shape accuracy. The

carried out by using a |l apping apparatus. In this ca;Hlﬁﬂﬁm m)l step
was conducted two tines by changing grain degree fro

Specifically, the | apping was perfornqufor the both principal surfaces of
the gl ass substrates which were

later were measured in the same manner as the above- v
ment.ioned wmethod.

Examples 2 to 4, Comparative egamples 1 to 4

‘The magnetic recording medium was manufactured in
the same manner as the aboee—mentioned example 1 except
that the polishing condition and the surface roughnesgss of
the glasa subgtrate wers changed. Thus, examples 2 to 4
and comparative examples ] to 4 we:e.made- The suxface
roughness Ra (nm), Rmasx (nm) of the principal suzface of
the glags substrate, Rmax/Ra, the coezcive force Hc (Oe),
the S/N ratio (dB), Cp and the result of the €S8
durability teet are reproesented for eﬁe examples 2 to 4

and comparative examples 1 to 4 in Table 1.

Table 1
Ruax | Ra Hc p S/N Cp |Css
(nm) | (mn) E%%E (O=) ;2335 (dB) §g:§§ {£5§;V
1( 2.6{0.23{11.3|1900-2000| 2.4 {24.2-25.8| 5.3 O
gg:m— 2115.0}1.3 }11.5]1850-2050| 1.6 21.5-2¢.1 3.7
3{10.0{0.8 }|10.5|1865-2035| 1.8 22.2-24.6| 4.5 O
4| 5,010.5 |11.0{1875-2025| 2.2 22.9-25.1| 5.1 O
Con- 1118.5(1.2 |15.4}1810~20%0| 1.2 20.4-23.6| 3.0 0
gg::— 2114.3]1.4 |10.2{1830-2070( 1.3 21.3-23.9¢ 3.5 O
ETZP— 3] 9.0}1.0 9.0 | 1840~2060 | 1.5 21.9-24.5{ 4.0 X
4)18.,4 1.7 |10.8|1800~2100] 1.1 18.5-23.5| 2.9 A,

From the above-mentioned result, the ccarcive
forece falls within the range between 1850 and 2050 Oe

while the 8/N ratio 1s 19 dB or moxe in the examples.



contained in a carrier so that the principal surface s—had a surface
accuracy of 0-1 [err] mand the surface roughpes Rnax of about 6 [err]
m In this event, the | apping was carried out haﬂnner gear
and an outer gear by the use of alum na grains n degree of
#400 in the condition that the load L was kept Kg Next, the
| appi ng was performed by changing the grain degree of the alum na grain
into #1000. In this case, the surface roughness Rmax was set to about 2
[err] m Subsequently, the glass subst r&l e was successively imrersed in
washi ng units of natural detergent and water to be washed after the

| appi ng step WagneoRPt eUffhh ¢p (botn éfﬁesElééé égﬂﬂfauhgglﬁﬁfﬁ5 exceed
Next, a first pollsh|ng step was perfornmed by t
1.3 so that the variation of the magnetic characteriastic
is Euppressed. Thus, the magnetic recording medium can
be stably manufactured in the examples.

On the othexr hand, Rmax/Ra is less than 10 in the
comparative examplas. Conseguently, the adsorption
between the magnetic head and the magnetic recoxding
medium owcuxs to deteriorate the CSS adwrability.

Further, Rmax and/or Ra are large in the comparative .
examples. bénnequently. the variation bE.the magnetic 1.
characteristic such as the coercive force (0O¢) and the
8/8 ratio (dB) bhecumes large. As 4 result, the stable
magnetic recording can not be manufactured.

Examples 5 ¢o 11, Comparative examples 5 to 9

The magnetic recording medium was manufactured in
the same manner as the above-mentioned example 1 except
that the polishing condition and the surface roughness of
the glass substrateé were chanéed, the avérage £42m '
thickness of the first underlriné layer 2 was sget to I um“
and the surface roughness (Rmax) of the irregularity
forming layer was set to 24 nm. .Thus. examples 5 to 11
and compataiive exampies 5 Lo 9 were made. The surface v
roughness Ra (nm), Rmax (nm), Rg (nm) of the principal
surface of the glass gubstxate, Rmax/Ra, the average
cxystal graln size (om) of the magﬁetic layer, the S/W
ratio (dB) and the presence or abeence of the head crash
are represented for the examplas 5 to 11 and comparative

examples 5 to 89 An Table 2.



use of a pol i shi ng appar'a't us to renove a defect and a distortion §enmaining.
in the above-nentioned | apping process. Specifically, a hard polisher
(which nmay be a ceriuminpregnated foanmed urethane pad;—suctras WVHCIS

made by Speedfan) was used as polisher (polishing prWdgL) HasBledRY ﬁcegase
the first polishing was perfornmed

under the follow ng polishing condition. PoI 'mHul “ME' oxi de
cerium (grain size of 21 l][e

Load: 150-300 g/cnferr] (L = 238 kg)

. Table 2
Surface Roughness Crystal Grain ) S/N | Head
of Substrate Size of Crash
Magnetic Layer
Ra |Bmex | Rg [ BRumax/Ra
(om) | (om) | (om) {(om) (dB)
5/0.25| 2.85|0.31{ 10.2 11 24.7|. O
6|0.83| 7.77] 0.3 | 23.5 13 #.4] O
7[0.42| 9.80 | 0.80| 23.3 15 24.0] O
Example | 80.46|12.0 |0.58] 26.1 18 22.8{ O
9|0.68| 3.5¢[0.79] 5.2 21 24| O
{10]0.8a| 7.8¢2.05] 3.3 25 221/ O
11]0.93 | 9.85 |1.12 |:10.6 30 22.0| O
6|1.15/10.3 [1.60]: 0.96 40 203| O
6|0.8¢|15.2 |1.21] 18.0 25 J20.8| x
Compaxra- '
tive 7]o.9] 3.55|1.52] 4.50 % 205| O
Exanple A
6]|0.52|16.7 |0.63| 32.1 20 20.8| x
9[1.50{14.9 [3.50| 9.93 45 19.5| x

In 1‘.b_..is event.,, the root mean squaze. roughnass _
(Rg) 18 defined as follows._ Namely, an evaluation lengt.h'
(Im) is sampled in a center~line direction fxrom a
--zoughnems curve 11 illustrated in Fig. 6. The root mean
square roughness (Rq) is represented by the fellowing

egquation:

1 Lm 2
—Jf £(x)"ax ,
Lm



Polishing tinme: 15-30 m nutes - Renovi-ng-ampuhrt—25-45-{err] m
Revol ution of |ower surface plate: 40 rpm ) e oh tiggdof.upper
surface plate: 35 rpm - Revol ution of Wﬁﬁt ﬁ{lﬁ[ﬁn pm .

-

Revol ution of outer gear: 29 rpm The e was washed by *
bei ng successively dipped in washing units of rgent, pure
wat er, pure water, |PA (isopropyl alcohol), IPA (vapor drying) after the

first polishing step. In this event, the washing step may be onmitted if
a polishing liquid in the subsequent sédond polishing step is the sane as
t he above. (5) Second polishing step

where the roughness curve is represented by f£(x). In
this case, the center-line of the sampled portion is

defined as the X axis while the direction of vertieal
magnification is defined as the Z axis.

That 4a, the root mean square roughness (Rq) is
defined as the rout of the value which is obtained by
integrating the square of the daviation betwecen the
Ccenter-line and the roughness curve by the section of the
evalnation length and averaging with the seetion. y

The average crystal grain eize of the magnetic
layer aof the magnetic recording medium of the axgmple 5
was measured by the surface observation ﬁy'the use of the’
known transmission electron microgscope (TEM). As a "
zaeoult, thé grain gize of the magﬁetic layer was 11 nm by
reflecting the cxystal grain size of the underlying
layer. PFurther, the diatribution of the crystal grain
eize.of the magnetic crystal grains was investigated. As
a result, the half bandwidtk from the grain size point
which is mostly distributed was 20 nm ox less.. Thus, the
magnetic layer having uniform crystal grain size was
obtajined. fn.this'case, the distribution of the c:ystai y
grain size of the magnetic crystal grains was méasuxed by
the same measuring method as the magnetic crystal grain
gize distribution due to the TEM which is disclosea.in a
paper (IEEE Transaction on Magnetics. VOL. 32, NO. S
[Mlcrogstructure/Magnetic Dzogérty Relationships in CoCxPt
Magnetic Thin Films/Mary Doexnex]. In this event, Number



*
Next, a second polishing was conducted by changi ng the above-nentioned

hard polisher into a soft. polisher.(which may be. a,poJ_lﬂsm—Hgﬂad—of”a
suede type, such as Pol yI ax nmade by Speedfan) by usin RJ: S8 ng
apparatus used in the first polishing step. The [ |on S
simlar to the first polishing step except for tﬁ%\ @
g/cnferr], the polishing time of 5-20 m nutes and m)unt of
2.5-10 [err] m The gl ass substrate was successively imersed in washing

units of the natural detergent, the nat?# al
0 2 FEB 1998

of Grgins are plotted. The distribution of the érystal
grain size was evaluated by the half band width from the
maximum value of the Nuwber of Gralnas.

Further, the magnetic characteristic and tha
recoxrd/reproduce characteristic of the obtained magnetic
recording medium were measured. As a result, an
excellent :ﬂagnetic recording medium having t.hel coercive "
force of 2300 Oe and the S/N ratio of 24.7 4B was
_obta:l.ned. .

Moreover, the C5S durability test was carried out
a hundred t.lmuéand times by usiang the head glidexr of 70
hav.ing the load of 3g. As a result, no adiao:ption
phenomenon occurrxed between the magnetic racording medium
and the magnetic head, and.furth_er, no héaa crash is
brought about.. Thus, the magnetlc recording medium
havin§ the high C55 durability was obtained. IXa this
case, the coercive force (Hc) was measured by tile.uae of
the vibhration aampl_e type magnetometer at a muw
ex't.ernal apéiying magnetic field of 10 KOe b;.r cutting a .
gample of 8mm¢ £rom the magnetic reco:din§ medium and
applying the magnetic field in the film surface
. direction,

Moveover, the record/reproduce characteristic

(S/N ratio) was measured as follows. Namely, the:
obtained magnetic disk and the MR head having the f£flying
height of 0.055 2 m were vsed.  In this event, the

record/reproduce characteristic in the line recording



detergent, the pure water, the pure water, the IPA__(J_sepPepyl——ﬁl—co‘lTol)

the I PA (vapor drying) to be washed thereln after the s C laledDi NQ |
step. In this case, a supersonic wave was appll shlng
units. (6) Third polishing step Ilshlng
was conducted by changing into a super soft polls powder :

0.5 [err] mor less) by using the polishing apparatus used |n the second
polishing step. The polishing conditionis simlar to the second polishing
step except- for the polishing liquid ofz4colloidal silica (grain size: 0.2
[err] mor less) + water, the |oad of 25-100 g/cnferr], the polishing tine
of 5-20 mnutes and the renovi ng anount of 1-5 [err] m The gl ass

e

substrate was sTRRELY WF (20nkErSeting FAHdigy density of 120,

bits par 1 inch) was measured {n the condition that a
relative rate between the MR head and the magnetic disk
was sét to.9.6 m/s. Further, the medium noise during
recording/reproducing signals was measured by thé use of
the spectrum analyzer to calculate the S/N ratio in the
condition that the carrier frequency was get to 23 ﬁxz
and the measuring bandwidth was set to 26 MHz. The MR
head which was used in the above-mentioned measursment
has the track width of 3.1/2.4 g m and the ma.gnet;ic head
gap length of 0.35/0.28 & n-at write/read sides. In this
case, the surface roughness, the efysthl-graih gize, the
coercive force and the §/N.ratio in examples and
comparative egamples which will be described later were
measured in the same manner as the above—mentioned
mathod. ' Further, the coercive forces of the magnetic
recording media of the examples 6 to 11 and the
conparative examplgs 5 to 9 were measured. As a result,
the magnetic recording medium had a high coercive force
of 2000 (Oe) or more.

In the compafative examples 5 and 7, the gurface
roughness of the glass subgtrate became largexr ﬁhan 1.0
nm and/or Rq became larger than 1.5 nm. cOnsequentlr;
the crystgl grain size of.the underlying layer formed
thexreon became large by irregular and abnormal growth.
Thexreby, it. seems that the grain size of the magnetic
layer became large, the variation is bxought about and

the §/N ratio was lowered. ' v



units of the natural detergent, the natural deterg the pure water, the
pure water, the.lIPA (isopropyl alcohol), the IPA (vapor dryrng—tao_be

washed therein after the above-nentioned super préfiShet IBe, step. In
this case, a supersonic wave was applied to each ofﬁ mqu‘iﬁﬁi ts. In
this event, it is desirable that an abrasive used /i ol i shing

step is srmall - in grain size. The grain size is prefera to 0.15
[err] mor |less, and nore preferably 0.1 [err] mor |ess. Furt her,
t he above-nentioned hard polisher and ®he soft polisher are not restricted
to the above- nentioned materials. Hard velour, foaned urethane, pitch

| npregnat ed suede, or the |ike are exenplified as the polisher while
a suede, a velour or thB YR%FWR Fal T Tedanpil £° il sulEhce g

roughness qf the glass substrate became larger than 15.0:.
nm. This affected the surface of the magnetic disk,
COneequent.Ly; the magnetic haad cou_ld not run at a low
£1lying height and the record/reproduce characteristic was
deteriorated. Further, the"snl ratioc was dgterio!‘at.ed by
the abnormal crystal grain growth and the head 'c:%ash'
occurred. .

In the comparaf.ive éxample 4, the magnetic head
could not ruan at the low flying heigﬁt becauase the
surface roughness Bmax of the glass substrate was large.
Purther, the difference beti.reez:x Ra and mna?: was large.
Consequently, :t.he crystal grain of the magnetic layer
formed thereon locally and abnoxmally grew. As a result,
the S/N ratic was deteriorated and the head crash due to
abnormal projection was hrought about,

In the comparative example '9. the crystal grain
size of the magnetic layer became large and the variation
of the crystal grain size occurred like the above-
mentioned comparative examples 5 to B. Consequently, the
S/N ratio was deteriorated, the magnetic head could not
run at the low flying height and ‘the head crash. was
brought about. |

Moreover, the distribution of the cryestal grain
gize of the crystal grains of the magnetic layex was
measured for the examples 6 to 10 like the example 5. "

Consequently, the same result as the example 5 was



12

oxi de,
silica or the like are

event

grain

in the first polishing step while the grain
between 0.5 and 2 [err] min the 26 ' v

exenplified as the soft polisher. Further, ceriumoxide, alumna,
chrom um oxi de; . zi rconi um oxide, titanium oxi dé and coitoi dal
exenplified as the abl"lﬂsShV&HasBeenReplaced| n-this

, the grain size of the abrasive of the d used in the
first to third polishing steps is not restric ﬂ“ MMEM“ e- nmenti oned

‘The grain size falls within the range

Sl Ze.

obtained. Namely, the magnetic layer having -uniform
crystal grain sizes was formed. OQOn the other hand, the

distribution of the grain sizes of the crystal grains of

~ the magnetic layer was measured for the comparative

éxamples 5 to 9. An a resuli, the orystal grain alzes
varg varied.

From- the ahove—nent!.onea result, it is neceuazy
that the ‘surface roug'hneas of the glass substrate 1is
speo:{.tiad by Rmax = 15 nm, Ra &1 rm, Rg &al.5 nm,
preferably, Rmax & 10 nm, Rd £ 0.5 am, Rg & 0.7 nm, more
preferably, Rmax s 5 mm, Ra :s 0.3 nn, R¢ £ 0.4 nm to

" obtain the magnetic record:lné medium which has excellent

magnetic characteristic and record/reproduce chafacter—
istic and which has a high reliability without the head
crash. |

Similarly., the surface roughness of the glass
substrate must be specified by Rmax = 15 nm, Ra _S' 1 nm,
Rmax/Ra & 30 to obtain magnet;l.c recording medium having
an excessively high relisbility. In this evs;nt., the
average crystal grain size of the magnetic layer must
fall within the range between 3 and 30 nm. Further, the
surface roughness of the glass swbetrate is preferahly
specified by Bmax S 10 me, Ra S 0.5 nm, and move
prefarahly BRmgx = 5 nm, Ra X 0.3 nm.

Examples 12 to 15 and Comparative examplas

9 to 13
The magnetic¢ recording media were manufactured by

changing the £ilm thickness of the irregularity forming

r ed

and 3 [err] m
size falls within the range



second polishing step. Further, the grain size is adjusted within the
range of 0.5 [err] mor less inthe third polishing step. In this event, a
flattening process is efficiently perforned by using the abrasive having
the above-mentioned range ta obtain the smooth substrate having-po
variation in the roughness. : (7) Chemcal reinforcing step

Next, a chemcal reinforcing step was perfornmed for the glass substrate
after the grinding and polishing stepjypas conpleted. First, a chemcal
reinforcing solution was prepared by m xing potaSS|un1n|trate (60 %9 wth
sodiumnitrate (40 %9. The chem cal reinforcing solution was heated up to
400 [err]C. Thaye#rats Shbestbjate. w(flfsbf.yvaﬁ waehetemRé poagredad do 300

[err] C was dipped in
the glass substrate for the irregularity forming layer 4.
Thus, the examples 12 to 15 and the comparative examplas
9 to 13 wefe made. Namely, the magnhetic re;ofding media
wexe manufactured by uszing the above-mentioned glaés
substrate of the example 5 in a similar manner as the
example 5 ex¢ept for changing the average £1ilm thicknesa
of the irregularity forming layer into 5 nm (example 5),
6.5 nm (examqle.IZ), 6 nu (ezxample 13), 4.5 nm (example
14) and 4 n& (example 15).
The glass pubstrate of the -comparative example
8 wa;.used as an example which departs from the range
of this invention. Furiher, the magnetic :eco:dipg
media were manufactured in a sim;iar nenner as the
above-mentioned example 1 except. for changing the average
£1lm thickness of the irregularity forming layer 4
into 5 nm (comparative example 8), 6.5 nm (comparative
example 10), 6 nm {comparative ezaﬁple 11), 4.5 nm
(compa¥at1ve example 12) and 4 nm (écmparative example
13).
The average £ilm thickness (mm), the surfacs _
.roughness (Rmax) and (3q/na) of the irreqularity forming '
layer 4 of the obtained magnetic recording medium are
represented in Tables 3 and 4. Further, the relation
betweeh the average £ilm thickﬁess gnm) of the

irreqularity forming layer 4 and the surface roughness

{(Rmax) is indicated in Figs. 2 and 3 as g:aphs1_’_’____,_ﬂ_f-———~—"
as Been R?‘laced '
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t he chemnica

step was carried out so that the
reinforced with a plurality of glass s

chem cal ly
13

at the end surface in a hol der.

reinforcing solution for 3 hours.
entire surface of the

the C|r€§§ﬁﬁﬁ
gl ass su

Under

and sodiumions on a surface |ayer of the

sodiumions and potassiumions in the chem cal

the gl ass substrate is chenmically

di ppi ng each gl ass substrate in the chenjgcal reinforcing solution.
. Table 3
Irregularity Average Pilm | Surface Rq/Ra | Read
Forming Layer | Thickness Roughness Crash
(nm) {Rmazx)

12 6.5 35.0 1.5 Q

13 6 32.0 .14 | O
Example | 5 5 28.0 1.3 O

14 4.5 25.0 1.2 O

15 4 22.0 - 1.2 | O

i

(Substrate: Glass Substrate in Example 5)

L

Table 4
Irregularity | Average Film | Surface Rq/Ra | Head
Forming Layez | Thickness Roughness ' Crash
.- (rm) (Rmax)
9 6.5 35.0 2.1 X
10 6 31.0 1.6 | X
Compara~
tive 11 5 34.0 1.8 X
Example -
12 4.8 32.5 1.7 . X
13 4 18.0 1.6 X

(Substrate: Glass Substratelin Comparative Eiamp;e 9)

Seen from these results, the £ilm thickness of

The ghenlcaL~$e+ﬁ%ﬁftTng

a%édr at-e was

h|un1|ons
placed by

rei nforcing solutlon by

Thus, - -

the irregularity forming layer and the surface roughness

aze in a linear relation in the glass substrate of the

abhove-mentioned examples.

ccnséquently. the surface

zoughhegs c&ﬁ be easily controlled to obtain the high CSS,

durability wo that the magnetic recording medium having



reinforced. A conpressive stress layer forned in the surface |ayer of the
gl ass substrate had a thickness of about 100 to 200 [err] m Next, the
chenmically reinforced glass substrate was di ppedhis Sheet HasBasn Replased of 20
[err]C, -quickly cooled and retained for 10 m nut n - ly, the
cool ed gl ass substrate was dipped in a sulfuric to 40
[err]C, and was washed in the condition that the supersonic wave is
applied. Thus, the glass substrate in which the principal surface was
super precisely polished was obtained. 22 . Under the above-nenti oned
condition, the polishing,process was carried out with several steps, and
the grain size gha! RE,RAANYNE1436%1) LRAINCA! Con'Ahe BEhEE!Glhd O ST 2
smal | er than the~nornal case. :

relation batween the £film thickness of the irregularity

layer and the surface xoughnesa ia variable in the glass

substrate (the comparative example) having large surface
roughness. Consequently, it is exceasively difficult to
contzol the surface roughnags of the iriegnlaritf forming
layer. As a resuit. the reli#bixiiy beconeg low.
Moreover, each example aﬁd each pumparative
example were examined with respect to the ration (Rg/Ra)
of the surface roughness of the 1rxegn1a¥itr forming
layer. The abnormal projection of the 1rzegulér1ty
forming 1a§gr due to the variation of the surface
roughness of the subgtrate and the variation of the
surface roughness occur in the cpmparative examples. In
the examples, the irregularity forming iafér gatisfies
Rq/Ra £ 1.5, and no. head erash occurs be'cau_se the surface
roughness of the subsﬁrate i3 excellent. On the othezx
hand, the magnetic recording medium satisfies nqiéa >1.5
due £o the variation uf the surface rouéhness of the
glass substrate and the abnormel prejection. 'In this
case, it 1s confirmed that the head crash occurs.
Although not indicated in the figure, the
relation between the £ilm thickness of the irregularity
forming layer and the surface roughness'and the relation .
between the variation and the héad crash were '

investigated for the glass substrates of the above-

mentioned examples 6 to 11 and the comparative examples 6



Thereby, the glass substrate having the super snmpooth _surface can be
obt ai ned and further, a manufacturing efficiency. can be exceSS|ver

I mproved. In this event, the surface ed princi pa
surface of the glass substrate was neasur ed. H X was 2.6 nm
Ra was 0.23 nmand the ratio (Rmax/Ra) of the SS was 11. 3
In this case, Ra is representative of the center-line mean

14 roughness (defined in Japanese Industrial Standard JI'S 80601) mhlle
Rvax is defined as a maxi num hei ght 3

to 8 in a simllar manner as the above. The examples 6 to
11 had the same trend as Table 3 and the graph of Fig. 2

while the comparative examples had the same trend as

Table 4 and the graph of Fig. 3. Therefore, the surface
roughness of the irregularity forming layer can be
precisely controlled and the variation of the surface
roughness can be guppteesed by using the glass substrate
according to thig 1nvent10n. COn-equently; the hdgnetic
recording medium having the high :eliability can be
cbtained. . |

Examples 16 to 20, mauve examgi.les -14 te 16 )

The magnetic recording media were ‘manufactured by
adjusting the £ilm thickness of the irrvegnlavity forming
layer and the sputtering condition in the.same manner as
‘the example 5 except that the surface :ougﬂness of the
irregularity forming layer was changed into 9 mm
(comparative eiample 14), 10 nm (example 16), 20 am
{example 17), 30 nm (example 18), 40.nm.(exampls 19), 50
mm {example 20) and 55 nm (example 15). Furthe:,'the
magnetic recording medium was manufactured in the same
manner 3§ the examplae 5 except that the.izregularity
forming layer having the surfaée roughﬁess (Rmai) of 10
nm was formed on tﬁe glass substrate of the above-
mentioned comparativé example. In this event, the
surface roughnesgs of the irregularity forming layer, the
CCS @urability and the characteristic of the head crash

are represented in Table S.



representative of a difference between a highest point and a |owegt point

(defined in Japanese I'ndustrial Standard JI'S B0601). The surface roughness
was neasured by the use of the interatomc force nmicroscope (AFM.

In the above-nenti oned enbodi nent, the third poI|sh|ng'ngpﬂmas_pe+%ﬁfﬁed

before the chem cal reinforcing step However, the third polls (Lep
may be carried out after the chem cal relnforC|ng swmpﬂm

filmdefect. 1In this event, the filmdgfect is caus ation
of deposited salt of the glass substrai’e due to the c

rei nf orcenent . (8) Magnetic di sk manufacturing step

Subsequently, a heat treatnent, deposiddueg §f the first underlying |ayer
deposi tion of the second

Rmax | CS$ Duzability | Head
{(am) | (100,000 times) | Crash
Compara-
tive 14 9 X O
nxamp].e
16} 10 o | O.
7] 20 0 o
Example |18 | 30 ') Ko} ’ :
19| 40 0 O
20| so (o) -0
Compara- | 15 | 55 0 o
tive
Bxample 16 10 O . X

As seen from the above-mentioned result, when
the surface roughness of the irregularity forming layer
is less than 10 nm, the magnetic head adsorbed with the
magnetic recording medium. COnaequently.'the high €S8
durability could not be obtained. The glass substrate
having the high surface roughhness was used like the
comparative .example 16. As a result, the projection of
the surface proughness of the irregularity fo:ming layer

- was inc¢reased with the abnormal projection on the surface
of the glass substrate. Consequently. as shown in Table
5., the head crash due to the abnormal prolection
occu:red. Thereby, the magnetic dlsk as well as ihe
magnetic head were subjected to a fatal damage. furt.her.
the magnetic head could not run at the low flying haight

in the cowparative example 15 because the gurface



underlying | ayer, deposition of the irregulariry“féyer~——deﬁﬁs+%ken of the
third underlying | ayer, deposition of the- nngrmigggeetl}@ay g§p05| tion of

the protection layer were successively carrled ove ment i oned
gl ass substrate by the use of the in-line sputt

The in-line type sputtering apparatus (not sho chanber I n
whi ch a substrate heater is arranged, a second chanber I n V\/m ch an 9l
target, a O target and an Al target are arranged, a third chanmber in
which a heater is arranged, a fourth chaaber in which a C target, CM
target (Cr: 94 at % Md: 6 at % and

roughness Rwax was large. Consequently, the comparative .
example 15 le undesirable for recording and reproducing
at the high density.

Example 21, Comparative example 17

The magnetic disk in which the. {rreqularities
vere formed on the surface by forming the 1r:egu1ar1ty
forming layer 48 examplified in the above-mentioned
examples. Alternatively, the magnetic disx may be usable
as a contact type magnetic disk drive by reflecting
exegselvely.ﬁigh smoothnesg gnd £latneas §£ the glass "0
subgtrate nced in the abéve—hsnfioned'exumples into the
surface of the magnetic disk without the irregularity
forming layer. Hereinafteyr, the élaas substrdie of the
example 5 was used as the glass substirate 6f the contact
type magnetic digk in the example 21 vhile the glaas
substrate of the comparative example 5 was used as the
gla;s substyate in the comparative eiample i7.

In the maghetie recording medium illustrated in
Flg. 4, a first underlying layer 2 {(Al: the .averaga £ilm
thickness § nm), a secohd underlying layer.3 {Cx: the
average film thickness 50 nh), a third underlying layex

"50 (CxmMo: ér.='94 ats, Mo: 6 ats, the average £ilm "o
thickness 30 nm), 2 magnetic layer 6 (CoCrPrTa: Co: 7B
ats, Cr: 13 ats, Pt: 6 at%, Ta: 3 at%, the average film
thickness 24 nm), a protection layer 7 {(carbon: the
average film thickness 15 nm) and a lubricant layer 8

(perfluoropolyether ligquid lubricant layer: the average



15 CoCrPtTa target (Co: 78 at% Cr: 13 at% Pt: 6 at% Ta: 3 at% ‘qre
successively arranged and: a fifth chanber in which a carbon target is,

arranged, along the noving direction. Fi ftysheets of the gl ass

substrates were attached on a pallet consisting OfThfsish&pﬁum and the Tike
to be introduced into the first chanber via a | oad | lackhes e
gl ass substrates were successively transferred i ntoﬁ e
chanbers by a carrier apparatus at a constant rate 't process
in the follow ng conditions. Napgely, the substrate was heated to
350 [err]C for 2 _

E£ilm thicknass 1 nm) were succesdively formed on A glass
subgtrate 1.

The vegults similar to the above-mentioned
examples ;nd comparative examples were obtained in these
example and comparative example. HNamely, the crystal
grai_ns of the underlyiny layer and the magnetic layer
formed on the glags substrate became ex_callen't. in-the _

case of the magnetic disk of the example 21" ia which the '
glags subgtrate of the example 5 was used, chsequent;ly.
the contact type magnetic disk having excellent magnetic
characteristic and zecord/reproduce charscteristic -
{coercive force: z'coo Oe, 5/W ratio: 24.5 dB) could be
 obtained. On the othexr hand, the gra:l.n' sizes nhieh
eonstitute the underlying layer and the magnetic layexr
formed on the glass substrate were yaried in the case of
t.he.magnatiu disk of the comparative example 16 in which
the glagsyg euhstrate of the comparative example $ having' a
bad surface condition was used. Consequently, the S/N
ratio was héter_:&.o:nteﬁ into 21.0 d4s. 'rhu.s. the
reco:d/repro&uce characteristic became bad.

' Although the magnetic digk was manufactured by

' using the in-line type successive sputtering aépa.ratus in
the ahove-mentioned exzamples, the same result t_:ould be
obtained even when the known still standing opposed type
sput.tering apparatus was used. Although the :Lx;tegularit.y
forming layer was formed on the underlying layet of Al/f:::
in the above-mentioned examples, the irregularity forming

layer might be directly formed on the surface of the



mnutes in the first chanber. An Al film(the first underlying |ayer 2)
havi ng an average filmthickness of 5 nm a C fil.m(the second underlying
| ayer 3) -having the filmthickness of 20 nm the i+regutarity formng

layer 4 having the average filmthickness of 5 nmand, the pSHgesissd ve
texture filmof Al having the surface roughness ( re
deposited in the second chanber. The substrate was ‘ | ”lH“Ferr]C
for 1 mnute in the third chanber. The C film5a ( erlying
| ayer 5) having the average filmthickmgss of 50 nm the CrM film5b
havi ng the average filmthickness of 30 nm the CoCrPtTa film(the
magnetic | ayer 6) having the average filmthickness of 24 nm were
successi vel y aharssienbgtirate hed fionrt Khe handmrlyifelapeibon I the(t he
protection | ayer Q havi ng the average fil mthickness 15
magnetic recdrding mediuim illustrated in Fig. S5, the
.1rregular.tt.y forming layer 4, the undexlaying layer S1
consisting of the Cr layer 51a and the CrMo layer 51b,
the magnetic layer 6, the protection layer 7 and the
lubricant layer 8 are successively formed on the glass
substrate 1.

Metal matarials having a low melting peoeint
constituting the J.rxegular!.t:y forming layer are
preferably selected from metals such aa Al, Ti, Cw, Ag,
Nh' I'a' 3'1, si. zr' c“' ce, Au' sn'.de Sb' Ge| Mg' In'
W, Pb and alloys thereof or oxide, nitride avd caxbide of
these metals and alloys. A material containing Al as a
main component, such as a single substance of A1, Al
alloy, oxida AJL and nitrogen Al, is particularly
prefexable. Among others, Al and nitrogen Al are most
preferable. The configuration of the irregularity
forming layer may be a successive texture f£ilm or
disecretely island-like projections.

Further, the irregularity forming layer may be
formed omnly on a landing zone. Alternatively, the
frregularity forming layer may be a zone texture which is
formed by smoothing a read/write zone and roughening the
surface roughness of the landing 2zone. Further, the
irregularity forming layer may be omj.t.t.ed. in accordance
with the kind of the used drive.

A surface reinforced glass substrate and a

crystallized glass substrate are exemplified ag the glass'
- " - . -'



nm was deposited in the fifth chanber.
In this case, the sputtering conditions in the second fourth and flfth

chanbers were as follows. Nanely, the sputtering pres
the second chanber while the sputtering pressure was 3 '
fourth chanber. Further, the sputtering pressure was 5 |fth

chanber. Moreover, an inactlve ‘'gas of argon was used as the sputtering
atmosphere in the second and forth chagbers. The inactive gas of argon,
m xing gas conprising a m xture of hdeBgen and/ or nitrogen of 1

. substrate used in this invention. Specifically,
aluminoailicate glasas, aluminoborosilicate glaszs,
bo:osilicat;.glass, ¢ilicate glase, soda-lime glags and "
oxyniteride glags are exemplified. Further, a non-metal
substrate, guch és a ceramic substirate, a glags earanic
subetrate, a silicon substrate and a carbon substrate is
exemplified ag a gubstrate having the same characteristic
as the glass. Moreover, the glags substrate of this
invention is useful as the substrate for an optical disk
other than the magnetic diek.

A matexial containing Ge, Ga, Zr and Ti as a main
component. other than Al may be used as the firgt
underlying layer 2. An alloy containing Cr as a main
component. othex than a single substrate of Cr may be used
as the second underlying layer 3. K

Further, the third underlying layer S may be
formed by one layer or more conta;ning at least one
glement or more sglecied from a group consisting of Cr,
Mo, %r, B, 81, zn, i, W, V, Ta and Al.

In this cdse, it is preferablé that Al is used as
the first uhdeilying layer 2 and Cr 18 used as' the second
underlying layer 3 to control the crystal growtﬁ of each
layer. COnsequegtly, the irxeéulnritiee Of the
irregularity forming layer 4 of the metal thin £1lm
having the low melting point formed thereon can be
Precisely controlled without the vaxiation. Further, the
low flying height can be realized by the synergistic A

effact. with the characteristic of the glass'aubstrate.to

16



to 25 %with the argon, or a'mxing gas conprising a_ mxture of

hydr ocar bon gas of. 1 to 25 % and the argon was used as the sputte L
at nrosphere in the fifth chanber. In addition, the s %ww 200
Win the third and fifth chanbers while the sputteri in
t he sixth chanber. Subsequently, the substrat
protection |ayer was taken out fromthe in-1line sputterlng apparatus
Perfl uoropol yether is applied to the surface of the protection |ayer by
t he di ppi ng process. Thereafter, the | abricant |ayer having the average
film thickness of 1 nm was forned to obtain the magnetic recording medi um
of an exanpl e i Furt her, the magnetic characteristic and ¢he .
| Amprove reproducing out_put.
Co based alloys, such as CoPt, CoCr, Coni,
CoPtCr, CoCrTa, CoMiCx, CoNiPt, CoNiCzrTa, CoNiCrPt,
CoCxPtTaNb, CoCrPtTaZr, CoCrPtTaSiO other than CoCrPtTa,
8 ferrite-baged material or an iron~-rare earth-based
material may be used as the magnetic layer 6. Aiter-
natively, a multi-layer £1ilm which is foxrmed by dividing
the magnetic layer with a non-magmetic £ilm (for example,
Cx, CrMo, CxV) to reduce a noise may be uéed as tha
magnetic layer 6.  For exampla, CoCrPtTa/CrMo/CoCrPtTa,
CoPtCr/CrMo/CoPtCxr (the left side of '/' is closer to the
suhstrate) may be usea.
mo:aower, the proteetion layer 7 15 formed by a
single layer of the carbon proteption layex in the above-
mentioned examples. However, the protection layer 7 is
not restricted this case. For example, the non-magnetic
material such as Cr, Mo, fi, Tiw..CrMo, Ta, W, Si, and Ge
or alloy of them, oxide, nitride and carbide may be
1ntgrposéd-between the carbon protection layer and the
magnetic layer. A s:lo2 f£ilm may be formed instead of the
carbon protection layer by dispersing colloidal silica
fine grains in tetraalkoxysilane diluted with an alechol-~
based solvent and thereafter by coating and baking the
dispersed grains. 1In this event, the 810, film functions -
both the protection layer and the irregularity forming
layex.
In addition, fluorocarbon based liquid lubricant

material ox a lubricant material comnsisting of alkali



record/ reproduce characteristic of 0, 90[err] , 180, 270[err] (a center
of a sputtering mark fornmed by the attachnent of the pallet was specified
as Of[err] ) were neasured at a portion of radius 22 mm of the obtained

magneti c recording medium As a result, the coercive
17 force of each magnetic recording nmediumat each-point fell wthin the
range between 1900 and 2000 Ce while the S/Nratio fell within the range
between 24.2 and 25.8 dB. The process capability index Cp which indicates
the stability of the manufacturing pro@gss was evaluated. In
metal salt of sulfonic acid may be used as t.he.ma.f.erial
of the lubricant layer 8 other than perfluoxopolyether.
It 13 Qeslrable that the film thickness of Lthe lubricanil
layer 8 falls within the range between 0.5 and 2 nm.

- When the €ilm thickness is lese than 0.5 nm, the
resistance ib abraslon 1is -reduced. When the f£ilm
t'h:l.elg‘.ness exceeds 2 nm, the adsorption -occurs w:l.t-hoﬁt

) improvement of the reslstance to abrasion. In this

event, when the protection layer itself has a lubrieant '
effect, the lubricant layer may be omitted. .

[

it



this event, the Cp is represented by the followi ng fornmula:

(upper -standard) - (| ower standard) Cp = [err]

6 x (standard devi ati.on) for both sides standard

(average val ue) - (tower—standard) and Cp= [err] 3

X (standard for lower limt standard As a
result of t WM”&U’H”E coercive force (Hc) becones 2.4 for the both
si des standard o 100 Ce while the SINratio (dB) becones 5.3
for the lower limt standard of 19 dB 3§ nore. Further, inplane
di stribution of each magnetic recording mediumand the variation of the
magneti c characteristic of the nmagnetic
WHAT IS CLAIMED IS:
1. A glaas nubstxa’t.-e which is for usge 1n. an R
information recording medium and which hae surface
roughfesges Ra, Rmax and Rg, where Ra 1s reprasentative
of a center-line mean roughness, Rmax is defined as a
maximum height representative of a difference between é
highaest point anf a lowest point and Rg is representative
of a root mean square roughness wherein:
the surface ronghness is specified by Rmax £ 15:
nm, Ra £ 1 nm and R & 1.5 nm. '
2. M 9lags substrate as claimed in claim 1,
vherein: - ' ' _— o
the aurface roughness 1s specified Sy Rmax & 10
nn, Ra £ 0. 5 nm and Rg = 0.7 an.
3. & glass substrate as claimed in claim 1,
wherein:
the surface roughness is specified by Rmax % 5
nm, Ra £ 0.3 nm and Rg < 0.4 nn. '
4. B glagss substrate as claimed in eclaim' 1},
wherein: ‘
the- ratio between the surface roughness Rmax and
the surface roughness Ra is specified by Rmax/Ra $ 30.
5. A magnetic recording medium having a glass
substrate as claimed in any one of claims 1 to 4,
wherein: .
a thin £ilm including at least a magnetic layer 18"

formed on sald glass substrate. I
This Sheet Has B
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recording nmediumin the pallet could be suppressed. Consequently, the
magneti c recordi ng nedi um having an excellent magnetic characteristic

coul d be obta%ﬁedr~and_jigjl%§: the stability of the manufacturing process
could be inp n.addition, the CSS durability test was
carried out mwmqm,mls d tinmes by usi.ng a head slider, of 70 %
havi ng the | oa J "ﬂsult, no adsorption phenonenon occurred

bet ween the magnetic ré'cofdi_hg medi um
and the magnetic head, and no head cras¥ i s brought

18

6. B magnetic recording medium as claimed in
clalm 5, whereln:

sald thin film is compoged of substantially
‘uniform crystal graing by controlling the surface
roughness of sald glass substrate, and

an ;verage crystal gxain aizé of the crystal
grains falls within the range bef.wa_en 5 and 30 nm.

7. A magnetic recording medium which has a thin
£11m :l.néluding at. least la mégn;atic layexr on a glass
subgtrate having surface roughnesses Ra and Emax, whers
Ra is representative of a center-line mean roughness and
Rmax ia defined as a maxin;nm height reprasentative of a
difference between a highest pp:l.nt. and a lowest pt;int
vherein:
| the surface roughness is specified by Rmax = 15
nm, Ra S 1 nm and Rmax/Ra < 30; '

said Fhin £film 1a composed of substﬁnt.ially

_ uniform crys;tal grains by controlling the surface
roughness; and . '

an average cryst.ai. grain size of the orystal
grains falls within the range hetﬁean B and 30 nom.

8. A magnetie yecording medium as- claimed in
claim 7, wherein: _

the surface roughness is specified by Rmax £ 10
nm and Ra & 0.5 nm, and a

‘the ratio between the su:.:fnce roughness Rmax and
the surface roughness Ra is specified by Rmax/Ra < 30.

_—
This Sheet Has

. T




about. Thus, the magnetic recordi ng nediumhaving the high CSS durability
was obtained. In this case, the <coercive force (Hc) was neasured by the
use of the _vibration sanple type nmagnetoneter at a maxi num exter nal _
appl yi ng magnetic field of 10 KCe by cutting a sanple of 8mmjerr] fromthe

magnetic reco Mapplyl ng the magnetic field in the film
surface di rec[lmm"mﬁ“lﬂmrm reover, the record/reproduce characteristic
(SINratio) wad nkasurdd &s follows. Naggly, the obtained magnetic disk
and the MR (magneto-resistive type) head having the flying height of 0.055
g mwere wused. In this event, the record/reproduce characteristic in a

| i ne recordi ng densityaof maﬁghi-clc(*emdu.aqoﬁeﬂim adeﬂ:&:tmea)fxnlzo 000 b| ts

per 1 inch) was_neasured in the
claim 7, wherein:

the purface roughness is specified by Rmax S5 nm
and Ra = 0.'3“nm. and E

the ratio between the surface roughness Rmax and
the surface roughness Ra is Ispeciﬂea by Rmax/Ra = 30.

10. A magnetic racording meaium ag ¢laimed in
any one of claims S to .9 ¢ wherein:

where the crystal graing of gald thin £1lm are

measured with respect to distribution of crystal graia
slzes in a sguare of 1 ¢ m, a half band width of a point
in which the crystal grain sizes are ﬁoat.ly distributed
is 20 mm orx J.efss. ' l

Jil. A magnetic recording medium as claimed in
any one of c].;tims 5 to 10, wherein: -

an- dnderly:l.ng layer is formed bhetween said glass A
substrate and said magnetic layer. .

12. A magnhetic recording medium as claimed im
any one of claims 5 to 11, wherein:

an lrregularity forming layer consisting of a low
melting point metal is formed between said glass
_substrate and said magnetic layer.

. 13. 2 magnetic recording ,inedium ag claimed in

claim 12, wherein:

Rqg/Ra of said irregularity forming layer is 1.5
or less.

14. B magnetic recording medium as claimed in

elaim 12 or 13, wherein:

This Sheet Has Been RT
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condition that a relative rate between the. MR head and the magnetic disk
was set to 9.6 nis. Further, nmedium noise during recording/reproducing

signal s W use of the known spectrum anal yzer to

cal cul at ratio in the condition that a carrier frequency was set
to 23 Mz M\“\andwi dth was set to 26 M. The MR head which
was used i @‘ﬁlm E“ oned nmeasurenment has a track wdth of 3.1/2.4
[err] man gnetic® héad'.gap | ength of 0.35/0.28 [err] mat wite/read

sides. In this case, the surface roughn@ss the crystal grain size, the
coercive force and the S/INratio of, exanples and conparative exanpl es

whi ch V“J' be descrit“%ke-aurface roughness Rmax of said irregularity
Forming layer falls within the range between 10 and 15 K
.

15. A method of manufacturing a glass substrate
having a principle suxface for an information recording
nedium, comprising the steps of:

| lapping said glaao substrate; and

polishing the principle surface by using a
polishing ligquid including & polishing grain, the
polishing grain having a predetermined grain size;

the grain size being selected so that said glass
substrate has surface roughness which is specified by
Rmax £ 15 nm, Ra & 1 nm and Rqg = 1.5 nm, where Ra is
represontative of a center-line mean roughness, Rmax is
dafined as a maximum height representative of a
difference between a highest point and a lowest point and -
Rg is reprecentative of a root mean square roughness.

16. A method of manufacturing a glass substrate
for an information recording medium, comprising the steps
of:

lapping said glass subsf:rat;a:

polishing, as a first polishing step, said glass
substrate by -ueing a first polishing liquid including a
fits'_t. polishing grain, 1..he first polishing grain having a
first grain size between 1 and 3 £ m; )
pollshing, as a second bolishing step, said glass'

subgtrate by using a second polishing liquid including a

\\Il\l\\ \lII\\ I
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19 | ater were neasured in the same manner as the above- nentioned

nmet hod. Exanples 2 to 4, Conparative exanples 1 to 4 ) The
magneti c recoLd#ﬂg—ﬁﬁdfﬂﬂrmﬁ§’ﬁﬁ'ufactured in the sanme nmanner as the
above- nenti oned that the polishing condition and the
surface roughne Eﬂﬂ substrate wer e changed. Thus, exanples 2 to
4 and conparatl ©s sl o 4 were made. The surface roughness Ra

(nm), Rmax (nm) of the principal surface of the glass substrate, Rmax/Ra,
the coercive force Hc (CGe), the S/N r at4®o (dB), Cp and the result of the
CSS durability test are represented for the exanples 2 to 4

second polishing grain, t.t_xe second polishing grain having
a second grain size between 0.5 an€ 2 2 m;

poliahinqk as a third polishtng ntep, said
substrate by using a third polishing liquid including a
third polishing gwain, the taiza poliahtng grain having.a
third grain size of 0.5 gz m or leas.

17. A method asm claimed in claim 16, wherein:

the thi:a polishing g:ain camp:ises a colloidal
gilica grain havi.ng a grain size of 0.2 zm oxr les.

18. A methad as claimed in any one of claims 15
to 17, further compriiing the step of-

forming a thin £11m 1nc1uding at least a magnetic
layer on sald glaes subatrate; v

said thin £ilm baing composed of substantially
unifoxrm erystal grains, an a?erage qrystal,gxain size of
the cxystal grains falling within the range between 5 and -
30 nm.

19. A methqg of manu!acturing a magnetic
recoxding medium having a glass substrate, eo.xnp_rising the
steps ofs

pzodesging a principle suéféqe of saild glaés
gubgtrate so that surface roughness is specifteh iy nﬁax
=15 nm, Ra £1 nm and Rq $ 1.5 nm, where Ra is
representative of a center-line mean roughness, Rmax iso
defined as a maximum height representative of a v
difference between a htghast point and a lowest point and

Rqg is representative of a root mean square roughnese; and

Sheet Has Been Re laced
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and conparative exanples 1 to 4 in Table 1. _ Tabl e
1 Rmax Ra [err] Hc Cp S/'N Cp CSS
(both — (tower—DBura——- (nm (nm (Ce) sides) (dB)

linit) bilit 23 11.3 1900-2000 2.4 24.2-25.8 53 O
Exam 2 15. E!]m Iiw,ﬂ Qj 050 1.6 21.5-24.1 3.7 Ople . 3 10.0
0.8 10.51 2246 4.5 O 4 50005 11.0
1875-2025 2.2 22.9-25.1 5.1 O 1185 1.2 15.4 1810-2090 1.2
20.4-23.6 3.0 O Com para- 2 14.3 143 10.2 1830-2070 1.3 21.3-23.9
35 Otive EBxam 3 9.0 1.0 9.01840-2060 1.5 21.9-24.5 4.0 X

pl e 4 18.4 1.7 02100 1.1 19.5-23.5 2.9 [Jerr]
From t he above- nenti on %""r g 3t hRIR A Yaclyddnge ataleastiahin the range

bet ween 1850 ajigden@Pfe Fayer on the principle surface of said glass
substrate ao‘that sald thin £ilm is composed of
substantially uniform crystal grains and an average
crystal graim size of the cxystal graing falls within the
range between 5 and 30 nm.

20. A method of manufacturing a magnetic .
recording medium having a glass substrate, comprising the
steps of:

procdessing a principle surface of said glass v
gsubstrate so that suzface :oughnesn is spacified hy Rmazx
=15 mm, Ra =1 muandnman/na 530. vwhere Ra is
represent.a.t;l.ve of a cent.er—line mean roughness and Rmax
is defined as a maximum height representative of a
difference between a highest point and a lowest point;
and

depositing a thin £ilnm :l.nl.zluding at least a
magnetic layer on the priaciple surface of said glass
suba:t.rat.e 80 that said thin film is éoznpased of
substantially uniform crystal grains and an average
crystal grain size of the crystal grains falls within the
range between 5 and 30 mm. ' E

21. A glass substrate which 1s for use in an
information recording medium and which has surface
roughnesses Ra and Rmax where Ra is representative of a
center-line mean roughness, Rmax is defined as a maximum
height representative of a difference between a highest

p_éint and a lowest point, wherein:

Sheet Has Been RTlaced

\lll\l\\ MR



while the SINratiois 19 dB or nore in the exanples.

20 Further, both Cp (both sides) and Cp (lower limt) exceed 1.3 so that
the variation of the netic characteristic is suppressed. Thus, the
magnet i c recﬂlmmllmmmmﬂ be stably manufactured in the exanpl es.

On the ot her | ess than 10 in the conparative exanpl es.
Consequent |y, *the adsor pt I on between the magnetic head and the nagnetic
recordi ng - nedium occurs to deteri oratgdt he CSS durability.

the aurface roughnese is speclfied by Rmax = 15
nm, Ra £ 1.3‘nm and Rmax /Ra £ 10.

22.‘ A glags substrate a.s c¢laimed in claim 21,
wherein;

the surface roughness is specified by Rmax £ 10
nm, Ra X 0,9 nm and Rmax /Ra £ 10.5.

23. A magnetic recording medium having a glage
substrate as claimed in claim 21 or 22, wherein: |

a thin film including at leagt a magnetie layer
is formed on said glaas gubstrate.

_ | 24, A method of manufacturing a qagnatie
recoxding medium having a glass ‘substrate as claimed in
c_:laa.m 21 or 22, comprising the steps of: .

preparing said glass suba;ti-ate‘; and »

forming a thin film including at least a mpegnetic
layer on sald glass subastrate. . '

25. A method as claimed 1a claim 24, wherein:

sald thin £ilm is formed by the use of the in—

line type successive sputtering method.

en Replaced
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Further, Rmax and/or Ra are large in the conparative exanples.
Consequently, the variation of the magnetic characteristic such as the

coercive force (Ce) and the S/ Nratio (dB) becones |arge.

stable magnetic recording can not be manufact ured.

As a result, the
Exanples 5 to

11, Conparative exanples 5 to 9 The magnetic recordi ng nmedi um was
manufactured in the same manner as the gbove-nentioned exanple 1 except

that the polishing condition and the surface roughness of

t he gl ass

Tayer 2 vas set LA ABIRRALE FER NFORY HONIBECORPIVE grrpe, 1 Y 9
irregularity forMETHORQEF MANUEACTURIDG THE SIBSIRAREMAGNETIO 11 and
conparative exanpl espBCORIANGMEDRM USING PUEGICEss SOBITRASE, Ra (nm), Rmax

(nm, Rq (nm of the PRHIRHOD OF MANUFACTURING THE MEDIUM

ABSTRACT

In a magnetic recording medium, surface roughness of a glass substrate (1) and
the variation of the surface roughness are suppressed to the predetermined range.
Namely, the surface roughness (Rmax, Ra, Rq) and the relation (Rmax/Ra) berween
Rmax and Ra are restricted to the predetermined range. In this event, Ra is
representative of a center-line mean roughness, Rmax is defined as a-maximum height
representative of a difference between a highest point and a lowest point and Rq is
representative of a root mean squate roughness. Thereby, crystal grains of an
uiderlying layer (2,3) and a magnetic layer (6) formed thercon are equalized.
Specifically, the surface roughness is specified by Rmax = 15 nm, Ra = Inm and Rq
= 1.5 nm. Further, the ratio between the surface roughness Rmax and the surface

roughness Ra is specified by Rmax/Ra = 30.

Fig. 1

' 1aced



surface of the glass substrate, Rrax/Ra, the average crystal grain size
(nm of the ‘magnetic layer, the S/N ratio (dB) and the presence or absence

of the head crash are represented for the exanples 5 to 11 and conparative
exanples 5 to 9 in Table 2. Table 2

Sur face Roughness Crystal Gain SSN Head of Substrate
- Si ze of Crash Magneti c Layer
Ra Rmax Rg - Rmax/ Ra
1/5
.|
8
7
-+-5b
5
.
i 1~84
la— ™3
\ '\2
) | L)
FIG. |
This Sheet Has Been Replaced




(nm) (nm) (nm) (nm) (dB) - 50.25 2.550.31 10.2

0.33 7.77 0.39 23.5 13 24. 4
O 7 0. 42 9. 80 O. 50 23. 3 15 24.0. O Exanple 8
0.46 12.0 0.58 26.1 18 22.8 O 9 0.68 3.54
0.79 5.2 21 22.4 O 10 0.84 7.84 1.05 9.3
25 22.1 O 11 0.93 9.86 1.12 10.6 30 22. 0
o] 51.15 10.3 1.60 8.96 40 20.3 O 6 0.84
15.1 1.21 18.0 25 20.@9/8 X Conpara- tive 7 0.79 3.55
1.52 4.50 34 20.5 O Exanple 8 0.52 16.7 0.63 32.1
20 20.8 X 9 1.50 14.9 3.50 9.93 45 19.5 X
In this event, the root nean square roughness y
35
- 30 ' . - e
E' 25
®
g 15 ,/
€ 10 '
5
o .
Q 2 4q 6 8
AVERAGE FILM THICKNESS ( nm)
. F l G 2 ' This Sheet Has Been Re
| SRR TN
-'
. 1
J0 /
E 25 f
< 20 —
i .
) _
2 15 f
[ 3 10 -
5
0
0 2 4 6 e

AVERAGE FILM THICKNESS ( nm)
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(Rg) is defined as follows. Nanely, an evaluaiion length (Lm is sanpled

. in a cenhter-line directicon-froma roughness curve'll illustrated in FH g.
6. The root mean square roughness (Rq) is represented by the foll ow ng
equati on: Ra=[err] _ 22 where the

roughness curve is represented by f(x). In

3/5

FIG. 4

—_— [
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this case, the center-line of the sanpled portionis defined as the X axis
while the direction of vertical magnification is defined as the Z axis.
That is, the root nean square roughness (Rq) is defined as the root of the
val ue which is obtained by integrating the square of the deviation between
the center-line and the roughness curve by the section of the evaluation
| ength and averaging with the section. The average crystal grain
size of the magnetic |ayer of the magnetic recordi ng nedium of the exanple
5 was neasured by the surface observa#ison by the use of the known

transm ssion electron mcroscope (TEM. As a result, the grain size of the
magnetic |ayer was 11 nmby reflecting the crystal grain size of %he *
underlying |layer. Further, the distribution of the crystal grain -

FIG. 5

This Sheet Has Been Reﬂlaced
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si ze. of the magnetic crystal grains was investigated. As a result, the
hal f bandwi dth fromthe grain size point which is nostly distributed was
20 nmor less. Thus, the nmagnetic |ayer having uniformcrystal grain size
was obtained. In this case, the distribution of the crystal grain size of
the magnetic crystal grains was neasured by the same neasuring nmethod as
the magnetic crystal grain size distribution due to the TEMwhich is
disclosed in a paper (IEEE Transaction on Magnetics. VOL. 32, NO 5

[ M crostructure/ Magnetic Property Rel aé/sonships in CoCrPt Magnetic Th|n
Films/ Mary Doerner]. In this event, Number

Z.
fix)
A AL P x
. Y 1
EVALUATION LENGTH Lﬁ'l o

FIG. 6
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This Sheet Has Been

Hllllﬂ Illlﬂ i



t eEbQBmmny@

using the

ack Orﬁk'rErDF m@mm T

?23 }'of Grains are. plotted. The distribution of the cryst 7769 i% %%i:
. _ sPa th fromthe maxi num val ue a

magneti c characteristic and t

'c of the obtained magnetic recordlng medi um
excel I ent magnetic recordi ng nedi um havi ng

and the SN ratio of 24.7 dB was obt ai ned.

1 EP\etistract he: @Q&ig %ﬂﬂqﬁq Dst was carried out a hundred thousand tines

head slldchg % having the load of 3g. As a result, no
bet ween the magnetic recordi ng nmedi um

GLASS SUBSTRATE FOR INFORMATION RECORDING MEDIUM,
METHOD OF MANUFACTURING THE SUBSTRATE, MAGNETIC

RECORDING MEDIUM USING THE GLASS SUBSTRATE, AND

METHOD OF MANUFACTURING THE MEDIUM - |REPLACEMENT SH_EET
0 2FEB 1998

Background of the Invention:

This invention relates to a magneiic recording
medium for recording and reproducing at a high density, a
glass substrate for the magnetic recording medium and a
method of manufacturing the same. ; |

Recently, a magnetic disk having a high recording
density has been demanded. To achieve the high recording
density, it is important to reduce a flying height of a
magnetic head for a surface of a magnetic recording
medium. In recent years, it has been requifed that the
flying height falls within the range between 0.1 and 0.2

¢ m. To satisfy such a requirement, the magnetic disk

having the high recording density has been developed as

‘disclosed in Japanese Unexamined Patent Publications Nos.

-

H5-303735 and H8-293177.

In the magnetic disk disclosed in the above-
mentioned Japanese Unexaminéd Patént Puﬁlication No.
H5-303735, an annular-shape sﬁbstrate (glass substrate)
has a surface roughness Ra of 1 £ m or less and a

flatness of 1 £ m or less. Thereby, the flying height of



-

énd the magnetic head, and further, no head crash is brought| RRPpU
t he magnetic recordlng medi um haV|ng the high CSS durability

In this case, the coercive force (Hc) was neasured by the uge fof
vi bration sanple type magnetoneter at a nmaxi mum external apgl A&Z 298
field of 10 KOCe by cutting a sanple of gmmferr] fromthe nmagn

recordi ng medium and applying the magnetic field in the fiIrnsurface

direction. Mor eover, the record/reproduce charact er ist+6——SLN
rati o) was rreeﬁerﬁg?aétielﬁm fapna{am 1WA SR Yosk and the
MR head having the Tlying height of g mwere used. In this event,

the record/ rﬁ@&Dﬂﬂéetﬁéaﬁf@ﬁefééét&imj\ délfhitﬁe M€ AHE Rbove-
mentioned conventional technique, additional disclosure
is made about a polishing method for smoothing the
surface roughness of the annular-shaped substrate (glass
substrate), and the glass substrate with its surface
finished in a super-smoothing manner so that the surface
ioughness is set to 0.3 nm or less by Ra and 5 nm or less
by Rmax.

Further, disclosure is made about a magnetic disk
which is equipped in a dynamic head loading type magnetic
disk drive in the Japaneée Unexamined Patent Publication
No. H8-293177. 1In the above-mentioned dynamic-head
loading type magnetic disk drive, the head is separated
from the disk during a stop operation instead of the CCS
drive in which the head halts on the medium during
start/stop operations of the magnetic aisk. Tﬁis
magnetic disk is structured by forming a magnetic layer
having a super smooth finished magnetic surface and a
protection layer having a super smooth finished
protection surface on a super smooth finished substrate.
Thereby, a magnetic distance between the head and the
medium is reduced to realize the high recording density.
Further, additional disclosure is madé about a method for
reducing a distance (effective flying height) between the
surface of the magnetic 1ayer-and the magnetic head by

reducing the £ilm thickness of the protection layer.
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during

Y

?

density of 120 kfcl (I|ne recordi ng density of 120, OOORE?LKQQQf it
I nch) was neasured in the condition that a relative rate Qetyw e
head and the nagnetic disk was set to 9.6 m's. Further, tHe
recordi ng/ reproduci ng signals was neasured by the (
spectrum anal yzer to calculate the S/N gatio in the condit

"ﬁ’bﬁ%ﬁ;\.

n.ihat the

carrier frequency was set to 23 MHz and the neasuring bangwi dth was set to
26 MHz. The MR head which was used in the above-nenti oned “reastefrertm—ias
the track width of 3.IN Zhe [adyavie-memtidoned eegrentioh@addmagnetic

recording medium, the magnetic distance between the head
and the medium can be sufficiently reduced by setting
Rmax and Ra to predetermined values or less. However,
according to inventor's research, it has been found out
that the mégnetic_characteristic, such as the coercive
force and the S/Nlratio, and the record/reproduce
bharacteristic do not sufficiently satisfy the recent
strict demand in the conventional magnetic recording
medium. Namely; even when the magnetic recording media
are manufactured in the condition that ihe surface
roughness of the glass substrate and the manufacturing
condition of the magnetic layer formed thereén are made
uniform, the magnetic disk having an excellent magnetic
characteristic can not be'always obtained. The inventors
have enthusiastically researched about this cause. As a
result, it has been concluded that the cause results in
the variation of the surface roughness of the glass
substrate, and the crystal gfowth'of a thin film formed
thereon, such as the magnetic layer, is disturbed due to
the variation to deteriordte the magnetic characteristic
‘and the record/reproduce characteristic. That is, the
surface state (the surface roughness and the variation of
the surface roughness) of the glass substrate relates to
the crystallgrain of the underlying layer and the
magnetic layer which are forméd thereon. Therefore, it
is hecessary to suppress the surface roughness of the

glass substrate and equalize the crystal grains of the



t

dap length of 0.35/0.28 [err] mat wite/read sides. In this REBE&QEH&@ﬁTSHEET
surface roughness, the crystal grain size, the coercive forc¢ and the S'N
ratio in exanples and conparative exanples which will be des¢ribed? FERe1998
were neasured in the sane manner as the above-nentioned nethodl. Further,
the coercive forces of the magnetic regording nedia of the exatptes—6—te
11 and the <conparative exanples 5 to 9 were neasured. As a ré¢sult, the

magnetic recording medium had a high coercive force of 2000 (Ce) or nore.
In the conparaiiin & 1Al Afed tHitebn 1L obUaAACEhe! AHGHBEEE PbcbPE1ALASS

substrate becanme larger than 1.0 nm and/or Rgq becanme |arger than 1.5 nm
Consequent | y mediten a/hidhalha@y aim ediced 1eht! haguedsel vhagatoyel st 06NBda

which is capable of recording and reproducing at the high
density.

On the other hand, the relation betweeh Rmax.and
Ra has not been considered at all in the above-mentioned
conventioﬁal magnetic recording medium. Therefore, even
if the substrate is excessively smoothed, the magnetic
characteristic of each magneﬁic recording medium is
fluctuated ﬁhen a plurality of magnetic recording media
are manufactured. Namely, even when the magnetic media
are manufactured in the condition that the surface
roughness of the glas§ substrate and the magnetic layer
formed thereon are kept in the same manufacturing
condition, the magnetic disk having stable and excellent
magnetic characteristic can not be always obtained. 1In
particular, the variation of the magnetic'charaqteristic
remarkably occurs when the magnetic disk is manufactured
by the use of the known in-line type sputtering method.

Therefore, inventors has enthusiastically
researched the causes. As a result, it has been found
out that the relation (Rmax)Ra) between the surface
roughness Rmax and Ra is no£ spécifiéd in the conven-
tional techniques. Consequently, it has been concluded
that the fluctuation of the magnetic characteristic of

each magnetic disk may occur with the variation of the

above-mentioned relation (Rmax/Ra).




t'hereon becanme large by irregular and abnormal growth. There oY
that the grain size of the magnetic |ayer becane |arge, the Y HP SQ £$§‘SHEET
brought about and the S/INratio was | owered.

25

gl ass substrate becane larger than 15.0 gnm This affected th

In the conparative exanple 6, the surface roughpe$s 002 FEBe1998
sur f ace of

U

the magnetic di sk. Consequently, the nagnetic head could not|rUomatr—atow
flying height and the record/ reproduce characteristic was defjeriorated.

Further, the S/'N rati gupagrgeber tAbatAfeRVion:

This invention is performed basedfupon the above-
mentioned analyzed resﬁlt. It is an object of this
invention to provide a magnetic recording medium which
has a stable and excellent magnetic characteristic and

which is capable of recording and reproducing at a high

density.

According to this invention, the surface rough-
ness of the glass substrate and the variation of the
surface roughness are suppressed to the predetermined
range. Namely, the surface roughness (Rmax, Ra, Rq) and
the relation (Rmax/Ra) between Rmax and Ra are restricted
to the predetermined range. In this event, Ra is
representative of a center-line mean roughness, Rmax is
defined as a maximum height representative of a differ-
ence between a highest point and a lowest point and Rg is
representative of a root mean square roughness. Thereby,
crystal grains of the underlying layer and the magnetic
layer formed thereon are equalized. Consequently, the
magnetic recording medium having an excellent magnetic

characteristic and a high record/reproduce characteristic

‘can be obtained. Specifically, the surface roughness is

specified by Rmax <15 nm, Ra <1 nm and Rq < 1.5 nm.
Further, the ratio between the surface roughness Rmax and
the surface roughness Ra is specified by Rmax/Ra =< 30.

Brief Description of the Drawings:

Fig. 1 is a partial cross sectional view showing

a magnetic recording medium according to an example 1 of
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the abnormal crystal grain growh and the head crash opetH+ed- In
the conparative exanple 8, the magnetic head could not RERLkﬁEhﬁﬁﬂHSHEET
flying height because the surface roughness Rmax of thg ' e
was |large. Further, the difference between Ra and Rmax SOE?FEEW
Consequently, the crystal grain of the réagnetic |ayer | gg%
| ocally and abnormally grew. As a result, the S/INratip eg
and the head crash due to abnornmal projection was brought about. '

In the conparthigeinyanplend the crystal grain size oE‘TTmrTnmnnﬁﬁﬂ:—kayer
becane |arge and the variation of the crystal grain size occurred |ike the

above- nentioned conBéFat ?vis ek FFARE shqwing acgiedaddomn bgtwega an

average film thickness of an irregularity forming layer

and Rmax according to examples 12 to 15;

Fig. 3 is a graph showing a relation between an
average film thickness of an irregularity forming layer
and Rmax according to comparative examples 9 to 13;_

Fig. 4 shows a film structure of a magnetic
recording medium according to an example 21 and a
comparative example 17; |

Fig. 5 shows a film structure of a magnetic
recording medium according to a modification example;

Fig. 6 shows a roughness curve which is used t.oi

define the root mean square roughness (Rq);

Description of the Preferred Embodiments

Referring to Fig. 1, description will be made
about a magnetic recording medium of this invention and a
method of manufacturing the sahe.

In a magnetic recording medium.illustrated in
Fig. 1, a first underlying layer 2, a second underlying
layer 3, an irregularity forming layer 4 (a texture |
layer), a third underlying layer 5 consisting of acCr
layer 5a and a CrMo layer Sb; a’maénetié layer 6, a
protection layer 7 and a lubricant layer 8 are
successively formed on a glass substrate 1. Thﬁs, a
magnetic disk is obtained.

Hereinafter, detalled description will be made

about a method of manufacturing the above-mentioned



1 .
S/Nratio was deteriorated, the magnetic head coul d not
flying height and the head crash was brought about. Mor eover
distribution of the crystal grain size of the crystal gfa n8 SFEBHD98
magnetic | ayer was neasured for the exanples 6 to 10 |ikejthe exanple
Consequently, the sanme result as the exanple 5 was
obt ai ned. Nanely, the magnetic |ayer having unifor crystal _grain
sizes was formed. On the other hand, the distribution of the grain sizes
of the cryst alagyetiies difsk with each manufacturing step and structure.

| RERLACEMENT, SHER

T

T

(1) Roughing step

First, a glass substrate of an aluminosilicate
glass was cut into a disc-shape having a diameter of 96
mm and a thickness of 3 mm by a grinding stone from a
sheet glass formed by the down draw method. The glass
substrate was ground by a relatively rough diamond '
Qrindstone to obtain the glass substrate having the
diameter of 96 mm and the thickness of 1.5 mm. In this
event, the glass substrate may be cut into the disc-shape
in the same manner as the above from.the_sheet glass
formed by the float method instead of thefahove-méntioned
down draw method. Alternatively, the disg—shﬁped glass
substrate may be formed by directly pressing a melting
glass with a cope, a dragland a drum instead of thé down
draw method. |

A chemical reinforced glass.waslused as the above-
nmentioned aluminosilicate glass. The chemical reinforcgd
glass contains 57-74 % of S10,, 0-2.8 % of Zn0,, 3-15 %
of A1203, 7-16 % of Lio2 and 4-14 % of Nazo as a main
component. For example, the chemical feinforced glass
27 2? 9.0 % of A1203,
12.0 % of LiO, and 10.0 % of Naéb as a main component.

contains 67.0 % of SiO 1.0 $ of Zn0
Subsequently, the both principal surfaces of the
glass substrate were ground by a diamond grindstone
having grains smaller than those of the above-mentioned
grindstone. 1In this case, a load was set to the extent

of 100 Kg. Thereby, the both principal surfaces of the



e

. 1
the magnetic | ayer was neasured for the conparative exangpyiAgEM&mH‘SHﬁﬂr

result, the crystal grain sizes were varied. Frio 17
;

above-nmentioned result, it is necessary that the surfacqg ouéﬁ%@ga'ﬂ?stre
gl ass substrate is specified by Rmax [err] 15 nm Ra [er|r][L1 nm Rq [ern
1.5 nm preferably, Rrax [err] 10 nm BRa [err] 0.5 nm Rq [err] 0.7 nm
nore preferably, Rmax [err] 5 nm Ra [err] 0.3 nm Rqg [é+* nnwto
obtain the magnetic recordi ng nmedi um whi ch has excel |l ent nagnetlc

char act eri st glassd substratecpeeeugeothdr aater a shefaceandughnests NRwaw hi gh
reliability without the head crash. Simlarly, the surface
roughness of ofhebguisd 0 gubstrate nust be specified by Rmax [err] 15 nm Ra
[err] 1 nm

e

Next, an opening was formed at a center portion
of the glass substrate by using a cylindrical grindstone.
Further, the outer side end surface was ground to a
diameter of 95 mm. Thereafter, the outer and the inner
end surfaces were chamfered. In this case, the end
éurface (the side surface and the chamfered portion) of
the glass substrate had a surface roughness Rmax of about
4 um.

(2) Mirror finishing step of the end surface

Subsequently, the glass substrate was polished by
the use of a brush polishing by rotating the glass
substrate so that the surface roughness of_the.end
surface portion (the angular portion, the side surface
and the chamfered portion) of the.glass substrate 1s set
to about 1 £ m by Rmax and to about 0.3 £ m by Ra. The:
mirror finishing step is effective for preventing a film
defect which is caused by dusts which are attached to the
principal surface of the glass substrate. 1In this event,
the dusts are generated from the end surface of the glass
substrate when the glass substrate is trahsferréd or when
the glass substrate is cleaned. ~

“ The glass substrate was washed with water after
the above-mentioned mirror finishing step. In this case,
the mirror finishing step may.be carried out before each
of first, second and third polishing steps which will be

described later, and may not be carried out.



{
Rmax/Ra [err] 30 to obtain magnetic recording mediumh Q@QEﬁXC
high reliability. In this event, the average crystal ' f
magnetic |ayer nust fall within the range between 5 ahd|f 30 nm Furthgr,
the surface roughness of the glass substrate is prefefapl §2EpBc998ed h
Rmax [err] 10 nm Ra [err] 0.5 nm and gore preferabl X [err] 5 fm
[err] 0.3 nm Exanpl es 12 to 15 and Conparatijve exanpl €5

9 to 13 The magnetic recording nmedia were manwfactured by

changi ng the fil mthi(@naapping lBtep regul arity formng

) The lapping step was performed for the glass
substrate to improve dimension and shape accuracy. The
lapping step was carried out by using a lapping
apparatus. In this éase, the lapping step was conducted
two times by changing grain degree from #400 to #1000.
Specifically, the lapping was performed for the both
érincipal surfaces of the glaés substrates which were
contained in a carrier so thﬁt_ihe piincipal surfaces had
a surface accuracy of 0-1 #'m and the surface roughnéss
Rmax of about 6 £z m. In this event, the lapping was
carried out by rotating an inner gear and an outer gear
by the use of alumina grains having a grain degree of
#400 in the condition that the load L was kept at about
100 Kg. Next, the lapping was performed by changing the
grain degree of the alumina grain 1nt6 #1000. In this
case, the surface roughness Rmax w&s set to about 2 ﬁ,m.
Subsequently, the glass substrate was sﬁccessiveiy
immersed in washing units of natural aetefgent and water
to be washed after the lapping step was completed.

(4) First polishing step

Next, a firgt polishing s£ep was perforﬁed by the
use of a polishing apparatus to remove a defect and a
distortion remaining in the above-mentioned lapping
process. Specifically, a hafd polisher (which may be a
cerium impregnated foamed urethane pad, such as MHC15
made by Speedfam) was used as polisher (polishing

powder). 1In . this case, the first polishing was performed
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27 | ayer to investigate effects of the surface roughness
substrate for the irregularity formng |layer 4. Thus, the
15 and the conparative exanples 9 to 13 were nade. Nanely
recording nedia were manufactured by using the above-nen%

substrate of the exanple 5 in a simlarggranner as the ex
changi ng the average filmthickness of the irregularity f
5 nm(exanmple 5), 6.5 nm (exanple 12), 6 nm (exanple 13),} 4.5 nm (exanpl e
14) and 4 nmumeaniihe ¥ollowing poliBhdngl esadiulbenhrat e of The comparatt+ve
exanple 5 was used as an exanpl e which departs fromthe range of this

i nvention. Further, tBodisgdme ildguddor dixide cerium (grain size of

1l 2z m) + water

2 (L, = 238 kg)

Load: 150-300 g/cm

‘Polishing time: 15-30 minutes

Removing.amountz 25-45 gm

Revolution of lower surface plate: 40 rém

ReVolution of upper surface plate: 35 rpm

Revolution of inner gear: 14 rpm

Revolution of outer geér: 29 rpm

The glass substrate was washed by being
successively dipped in washing units of natural
detergent, pure water, pure water, IPA (isoéropyl
alcohol), IPA (vapof drying)-afpei the first po;ishing
step. In this event, the washing step may be omitted 1if
a polishing liquid in the subsequent second polishing
step is the same as the aboie;_ |

(5) Second polishing.step_

Next, a second polishihé was conducted by
changing the above-mentioned hard polisher into a soft
polisher (which may be a polishihg péd of a suede.type,
such as Polylax made by Speedfam) by using the éolishing
apparatus used in the first polishing stép. The
polishing condition is similar to the first polishing
step except for the load of 25-150 g/cmz, the polishing
time of 5-20 minutes and the femoving amount of 2.5-10
2 m. The glass substrate was successively immersed in

washing units of the natural detergent, the natural



medi a were manufactured in a sinilar manner as the above/ REBLA@EE@%@XQHEEP
1 except for changing the average filmthickness of the irfegutartty
formng layer 4 into 5 nm (conparative exanple 9), 6.5 nﬁ1 Qﬁg gg
exanple 10), 6 nm (conparative exanple 11), 4.5 nm (conpgrfti aﬁ% e
12) and 4 nm (conparative exanple 13).11 The aver fage—filmthi ckness
(nm, the surface roughness (Rmax) and (Rg/Ra) of the ir egularlty formn
| ayer 4 of the obtained nagnetic recording mediumare represented—+

Tabl es 3 and detduydnts’ ,tHdpursd aldt@r, Rbkewpatet kataver age fePAm t hi ckness
(nm) of the irregularity formng Iayer 4 and the surface roughness (Rmax)
i s indicated (isdpmppyl2 alwblidlds, dhaplIPA (vapor drying) to be washed

therein after the second polishing step. In this case, a
supersonic wave was applied to each the washing units.

(6) Third polishing step

Next,la third'peliehing was conducted by changing
into a super soft polisher (polishing powder: 0.5 £ m or
iess) by using the polishing apparatﬁs used in the second
polishing step. The polishing coﬁdition is similar to
the second polishing step except for the polishing ligquid
of colloidal silica (grain size: 0.2 g m or less) +
water, the load of 25-100 g/cmz, the'polishing time of
5-20 minutes and the removing amount of 1;5 £ m. The
glass substrate wes successively immersed in washing
units of the natural detergent, the natural @etergent,
the pure water, the pure water, the IPA (isopropyl
alcohol), the IPA (vapor drying) £§ be washed therein
after the above-mentioned'super precise polishing step.
In this case, a supersonic wave was applied to each of
the washing units. In this event, it is desirable that
an.abrasive used in the third poliehing step is small in
grain size. The grain size is preferably equal'to 0.15
£ m or less, and more preferably 0.1 £ m or less.

Further, the above-mentioned hard polisher and
the soft polisher are not restricted to the above-
mentioned materials. Hard veiour, foemed urethane, pitch
impregnated suede, or the like are exemplified as the

hard polisher while a suede, a velour or the like are
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28 Table 3 Irregularity P&éﬁé&%%ﬂhgﬁFbT
Sur f ace Rg/ Ra Head Form ng Layer Thickness Rough eﬁf
(nm ( Rrax) 12 6.5 35. 0 2 REB 1998:)
13 6 32.0 1.4 O Exanple 5 ) 2
1.3 O 14 4.5 125.0 1.2 O
4 22.0 1.2 (@] (Substraﬂe+—£La<< Subst r at
i n Exanpl e 5)
exemplified as the soft polisher. Further, cerium oxide,

alumina, red oxide,‘chromium oxide, zirconium oxide,
titanium oxide and colloidal silica or the like are
exemplified as the abrasive.

In this event, the grain size of the abrasive of
the polishing liquid used in the first to third polishing
steps is not restricted to the above-mentioned gpain
size. The grain size falls within the range between 1
and 3 £ m in the first polishing steé_wﬁile the'gféin
size falls within the range between 0.5 and 2 gz m in the
second polishing step. Further, the grain size is
adjusted within the range bf-o.s £ m or less in the third
polishing step. In tﬁis event, a flattening procéss 1§
efficiently performed by using the ébrasive having the
above-mentioned range to obtain £he smooth substrate
having no variation in the roughness. |

(7) Chemical reinforcing step

Next, a chemical reinforcing step was pérformed
for the glass substrate after the grinding and polishing
step was completed. First, a chemical reinforcing
solution was prepared by mixing potassium nitrate (60 %)
with sodium nitrate (40 %j. The chemical reinfdrcing
solution was heated up to 400 °C. The glass substrate
which was washed and preheated to 300 C was dipped in
the chemical reinforcing solution for 3 hours. The
chemical reinforcing step was carried out so that the
entire surface of the glass substrate was chemically

reinforced with a plurality of glass substrates retained

.0
15
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Table 4 Irregularity Average Film Surface Rqg/ Ra f&ﬁﬁﬁﬁﬁﬁiﬁﬁﬁ”ﬁﬁgﬁT
Layer Thi ckness Roughness Crash WL

( Rmax) 9 6.5 35.0 2.1 KX

6 31.0 1.6 X Conpara- tive 11 5 OZFEBWB
1.8 X Exanpl e 12 4.5;3 32.5. Lot X _
13 4 18.0 1.6 X (Substrate: dlass Substrate in
Conpar ati ve Exanple 9) Seen from these resul t5,thefr+n

t hi ckness of atl hghd réS@Us@Ffade O N MbIRKE! VHAdD L IFiFetnsanldeass

in alinear

i

relation in the glass substrate of the
lithium ions and sodium ions on a surface layer of the

glass substrate were replaced by sodium.ions and -
potassium ions in the chemical reinforcing solution by
dipping each glass substrate in the chemical reinforcing
solution. Thus, the glass substrate is chemically
reinforced. A compressive stress layer formed in the
éurface layer of the glass substrate had a thickness of
about 100 to 200 £ m. Next, the chemicélly reinforced
glass substrate was dipped in.a water tank of- 20 C.,
quickly cooled and retained for lo'minutes. .Subsequent-
ly, the cooled gléss substrate was dippea in a sulfuric
acid heated up to 40 °C, and was washed in the condition
that the supersonic wave is applied. Thus, the glass
substrate in which the principal surface was super
precisely polished was obtained..

Under the above-mentioned condition, the
polishing process wés carried out with several steps, and
the grain size of the abrasivé used in each step wvas
selected to a size smaller than the normal case.
Théreby, the glass substrate having'the super smooth
‘'surface can bé obtained and further, a manufactﬁring
efficiency can be excessively improved.

In this event, the surface roughness of the
principal surface of the glass substrate was measured.
As a result, Rmax was 2.6 nm,-Ra was 0.23 nm and the
ratio (Rmax/Ra) of the surface roughness was 11.3.'-In

this case, Ra is representative of the center-line mean

are



above- nenti oned exanpl es. Consequently, the surface roug
easily controlled to obtain the high CSS durability so t
recordi ng medi um having

reliability is obtained. On the ot her hand, the relation
thi ckness of the irregularity |ayer arid the surface rough

"in the glass substrate (the conparative exanple) having

LACEEN], SHEET
at t hewgé:{net I C

brtmeen the fil
ness is variable

roughness. Consequently, it is excessively difficult to control the
surface rougmesghness Helefiimeguliar ifapahesei Agdustrial Standard JIS

B0601) while Rmax is defined as a maximum height

representative of a difference between a highest point

and a lowest point (defined in Japanese Industrial

Standard JIS B0601). The surface roughness was measured

by the use of the interatomic force microscope (AFM).

In the above~mentioned embodiment, the third

polishing step was performed befofé the chemical

reinforcing step. waever, the third pblishing'step may

be carried out after the chemical reinforcing step to

prevent the film defect. 1In this eveht, the film defect

is caused by the genération of deposited salt of the

glass substrate due to the chemical reinforcemeht.

{(8) Magnetic disk manufacturing step:

Subsequently, a heat treatment, deposition of the

first underlying layer, deposition of the second

underlying layer, deposition of the irregularity layer,

deposition of the third underlying layer, deposition of

the magnetic layer and deposition of the protection layer

were successively carried out for the above-mentioned

glass substrate by the use of the in-line sputtering

apparatus.

The in-line type sputtering apparatus

(not shown)

has a first chamber in which a substrate heater 1is

arranged, a second chamber in which an Al target, a Cr

target and an Al target are arfanged, a third chamber in

which a heater is arranged, a fourth chamber in which a

Cr target, CrMo target (Cr: 94 at %, Mo: 6 at %) and




layer. As a result, the reliability becones |ow VOCERY
exanpl e and each conparative exanple were exam ned mAREPLAG&@%Q tSHﬁgt
ration (Rg/Ra) of the surface roughness of the irregyl grity formng
| ayer. The abnormal projection of the irregularity ot m(h@ FESy 998du
the variation of the surface roughnessgpf the substrate and the variptjon
of the surface roughness occur in the conparative ex
exanples, the irregularity formng |layer satisfies R@§/ Ra [err] 1.5, any no
head crash oo thec auseydthe{cuair fracate,0eghnassaeh,t be.sgbat&at 0akS3
excellent. On the other hand, the nmagnetic recordlng medi um sati sfies
Rg/Ra > 1.5 aded tare tm:cmfssalwemy @frrahgeduahaca fefghnesambértba gl ass
substrate and the abnornmal projection. In this case, it is confirmed that
t he head cr asihigdc@r csarbon target is arranged, along the moving

oo
o

direction.

Fifty sheets of the glass substrates were
attached on a pallet consisting of titanium and the like
to be introduced into the first chamber via a load lock
chamber. These glass substrates wefe successively
transferred into the respective chambers by a carrier
apparatus at a constant rate to deposit and process in
the following conditions.

Namely, the substrate was heated to 350 C for 2
minutes in the first chamber. An Al film (the first
underlying 1ager 2) having an average film thickness of 5
nm, a Cr film (the second underlying léyer 3) having the
film thickness of 20-nm, the irregularity forming layer 4
having the average film thickness of 5.nm and the
successive texture film of Al having the surface
roughness (Rmax) of 24 nm were deposited in the second
chamber. The substrate was heated to 350 C for 1 minute
in the third chamber. The Cr film 5a (the third
‘underlying layer 5) having the average film thickness of
50 nm, the CxMo film 5b having ihe average film thickness
of 30 nm, the CoCrPtTa f£ilm (the magnetic layer 6) heving
the average film thickness of 24 nm were successively
deposited in the fourth chamber. The carbon film (the
protection layer 7) having the average film thickness 15

nm was deposited in the fifth chamber.



TAI;hough not indicated in the figure, the relation betweer
thi ckness of the irregularity forming |ayer and the surf ag

the relation between the variation and the head crash wer¢

for the glass substrates of the above- nentioned exanples

conpar ati ve exanpl es 6 16 30

simlar manner as the above. The exanples 6 to 11 had thelsane trend as

REPLACEMENT SHEET
e{roughness and
i §4&EBy#98d
6]l]to 11 and the
to 8 1na

Table 3 and the graph of Fig. 2 while the conparative exanpl es had the
same trend as In this case, the sputtering conditions in the

second, fourth and fifth chambers were as follows.
Namely, the sputtering pressure was 5 mTorr in the second
chamber while the sputtering pressure was 3 mTorr in the
fourth chamber. Further, the sputtering pressure was 5
mTorr in the fifth chamber. Moreover, an inactive gas of
argon was used as the spuptering atmosphere in the second
'and forth chambers. The inactive gas of argon, a-mixing
gag comprising,a.mixture of hydrogen and/or nitrogen of 1
to 25 % with the argon, or a mixing gas comprising a
mixture of hydrocarbon gas of 1 to 25 % and the argon was
used as the sputtering atmospheie in the fifth chamber.
In additioy, the sputtering power was 200 W in the third
and fifth chambers while the sppttering power was 100 W
in the sixth chamber. - '

Subsequently, the substrate having the protection
layer was taken out from the in-line sputtering
apparétus. Perfluoropolyether 1s'applied to the surface
of the protection layer by the dipping p:oéess.
Thereafter, the lubricant layer having the average film
thickness of 1 nm was formed to obtain the magnetic
- recording medium of an'example 1.

Further, the magnetic chafaeteristic and the
record/reproduce characteristic of 0° , 90° , 180° ,
270° (a center ;f alsputtering mark formed by the
attachment of the pallet was specified as 0° ) were

measured at a portion of radius 22 mm of the obtained

magnetic recording medium. As a result, the coercive



Table 4 and the graph of Fig. 3. Therefore, the surface r&ﬂﬂﬁﬁé&ﬁﬁﬁﬁ?§m§ET
irregularity formng | ayer can be precisely controlled and [{he vartat+on

of the surface roughness can be suppressed by using the glequQqq§§ﬁ%%ﬁ
according to this invention. Consequently, the magnetic rleqordi ng nedium

having the high reliability can be obt&i ned. _ Exanpltes—+6—t0-20
Conparative exanples 14 to 16 The magnetic recording nedla'merg
manuf actured by adjusting the filmthickness of the irregularity formng

| ayer and t h€oxpet 0€r eaghcmadiietbe recoheingedBinelt afacH [piaanpl e 5
except that the surface roughness of the irregularity_formng |ayer was
changed i nt of@lhnvitbinpthet range xbetveend 4900 Garin 00008 avhliQ)e tH@ NM
(exanmple 17), 30 nnr(exanyle 18;, 40 nm (exanple 19), 50

8/N ratio fell within

the range between 24.2 and 25.8 dB.
The process capability index Cp which indicates the
stability of the manufacturing process was evaluated. In

this event, the Cp 1is represented by the following

formula:
(upper standard) - (lower standard)
P = 6 x (standard deviapion) ’
for both sides standard
. (average value) - (lower standard)
and Cp = .

3 x (standard deviation)
fbr lower 1limit standard
As a result of the evalu#tion, the coercive force

(Hc) becomes 2.4 for the both sides standard of 1900 =+
100 Oe while the S/N ratio (dB) becomes 5.3 for the lower
limit standard of 19 dB or more. ?urther, inplane
distribution of each magnetic fecordihg medium and the
variation of the magnetic characteristic of the magnetic
recording medium in the pallet could be suppressed.
Consequently, the magnetic recording medium having an
eéxcellent magnetic characteristic could be obtained, and
further, the stability of the manufacturing process could
be improved.

- In addition, the CSS durability test was carried
out a hundred thousand times b& using a head slider of
70 % having the load of 3g. As s result, no adsorption

Phenomenon occurred between the magnetic recording medium



hh](exanple 20) and 55 nm (exanple 15). Further, the nagnefj

medi um was manufactured in the sane manner as the exanple
the irregularity formng layer having the surface roughne
nm was formed on the gl ass substrate of the above- nentio
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exanple. In this event, the surface rowaghness of the irregulfprity formng
| ayer, the CCS durability and the characteristic of the hepd crash are
3

represented in Table 5.

and the magnetic head, and no head crash is brought
about. Thus, the magnetic recording medium having the
high CSS durability was obtained. In this case, the
coercive force (Hc) was measured by the use of the
vibration sample type magnetometer at a maximum external
applying maghetic field of 10 KOe by cutting a sample of
8mm¢ from the magnetic recording medium and applying the
magnetic field in the film surface direction.

Moreover, the record/reproduce chafacteristic
(S/N ratio) was measured as follows. Namely, the
obtained magnetic disk and the MR (magneto—resisiive
type) head having the flying height of 0.055 ¢ m were
used. In this event, tﬁe record/reproduce charécteristici
in a line recording density of 120 kfcl (Line recording
density of 120,000 bits per 1 inch) was measured in the
condition that a relative rate between the MR head and
the magnetic disk was set to 9.6 m/é. Further, medium
noise during recording/reproducing signals was measured
by the use of the known spectrum analyzei to calculate
the S/N ratio in the condition that a carrier frequency
was set to 23 MHz and a measuring bandwidth was sei to 26
MHz. The MR head which was used in the above-méntioned
measurement has a track width of 3.1/2.4 g m and a
magnetic head gap length of 0.35/0.28 ¢ m at write/read
sides. 1In this case, the surface roughness, the crystal
grain size, the coercive forcé and the S/N ratio of

examples and comparative examples which will be described
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Table 5 Rrmax CSS Durability iég‘“LACEMENT_ SHEET
(nm (100,000 tinmes) Crash Conpar a- tiye

X o) Exanpl e 16 10 02 th 1998

O 17 20 O O ampl e 18 BO
O O 19 4019 O O

20 50 O O Cowpara~ 15 55 Q

O tive

seen fronlthéa&86v¥eﬁ€nPP6

irregularity fo

men%qbn%d m%%hod.

Examples 2 to 4, Comparative examples 1 to 4

The magnetic recording medium was manufactured in
the same manner as the above-mentioned example 1 except
that the polishing'condition_and the surface roughness of
the glass substrate were changed. Thus, examples 2 to 4
and comparative examples 1 to 4 were.made. The surface
roughness Ra (nm), Rmax (nm) of the principal surface of
the glass substrate, Rmax/Ra, the coercive force Hc (Oe),
the S/N ratio (dB), Cp and the result of the CSS
durability test are represented for the examples 2 to 4

and comparative examples 1 to 4 in Table 1.

npl e As
ﬁ@&eﬂeéﬂlﬁhewﬁéﬂe Pﬁ@n§ErP§th?oﬁﬁﬂH€ss of the

Table 1
Rmax | Ra |p o He Cp S/N Cp CSS
| (both (Lower: | Dura-
(om) | (nm) (Oe) sides) (dB) limit) | bility
1{ 2.610.23 |11.3| 1900-2000 | 2.4 24.2-25.8{ 5.3 @)
Exam- |2 15.01.3 }11.5| 1850-2050 | 1.6 21.5-24.1] 3.7 O
ple 3/10.0(0.8 |10.5|1865-2035| 1.8 22.2-24.6 | 4.5 O
41 5.0(0.5 {11.01875-2025| 2.2 22.9-25.1] 5.1 O
1118.5|1.2 |15.4|1810-2090| 1.2 20.4-23.6 | 3.0 O
g;?;— 2114.311.4 |10.2|1830-2070| 1.3 21.3-23.9| 3.5 O
Eizzr 3] 9.0}1.0 9.0 | 1840-2060 r41.5 21.9-24.5] 4.0 X
ple 4)118.4 1.7 {10.8|1800-2100} 1.1 19.5-23.5 | 2.9 A
From the above-mentioned result, the coercive
force falls within the range between 1850 and 2050 Oe
while the S/N ratio is 19 dB or more in the examples.
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4 A TAF iT
i's less than 10 nm the magneti ¢ head adsorbed with the RE vﬁgﬁﬁéNgé%Qgﬁi
medi um Consequently, the high CSS durability could nof pe obtained. Theg
gl ass substrate having the high surface roughness was puskd0i2 kEBt 1998
conparative exanple 16. As a result, the projection off fhe surface
roughness of the irregularity formng | &per was incregsed Wih THe
projection on the surface of the glass substrlate. Consequently,

abnor nal

ng

as shown in Table 5, the head crash due to the abnormal projection
occurred. TheFBb}hernebahhn€pi ébdtbBksidesk| an@sCp helowegriknict henctcemt e

subjected to a fatal danma

Further, the magnetic head could not run at

e.
the | ow flyi né'ﬁe?ﬁhf—haanPﬁeVEBﬁﬁh#%‘i of thenprgnatiecharacteristid ace

is suppressed. Thus, the magnetic recording medium can
be stably manufactured in the examples.

On the other hand, Rmax/Ra is less than 10 in the
comparative examples. Consequently, the adsorptibh
between the magnetic head and the magnetic recording
medium occurs to deteriorate the CSS durability.
Further, Rmax and/or Ra are large in the comparative
examples. Consequently, the variation of the magnetic
characteristic such as the coercive force (Oe) and the
S/N ratio (dB) becomes large. As a result, the stable
magnetic recording can not be manufactured.

Examples 5 to 11, Comparative examples 5 to 9

The magnetic recofding medium was manufactured in
the same manner as the above-mentioned example 1 except
that the polishing condition and the surface roughness of
the glass substrate were chanéed, the average film
thickness of the first underlying layer 2 was set to 1 nm
and the surface roughness (Rmax) of the irregularityl
forming layer was set to 24 nm. Thus, examples 5 to 11

and comparative examples 5 to 9 were made. The surface

. roughness Ra (nm), Rmax (nm), R4 (nm) of the principal

éurface of the glass substrate, Rmax/Ra, the average
crystal grain size (nm) of the magﬁetic layer, the S/N
ratio (dB) and the presence or absence of the head crash
are represented for the examples 5 to 11 and comparative

examples 5 to 9 in Table 2.



T

32 roughness Rmax was | arge.
undesirable for recording and reproduci ng
Exanpl e 21, Conparative exanple 17

irregularities were fornmed on the surface by form ng the
formng layer is exenplified in the abo¢d-nentioned exanplles.
Al ternatively, the magnetic di sk may be usabl e
di sk drive by reflecting
glass substrate used in the above- menf#

excessively hi

Consequent |y,

h snoot hness an
Hed2 exanpl es into the

t he conpar at

at the high de
The magnetic Hisgk in which t

r r 6QFEBi 1998
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as a contlact Type magmet
flatness of the

c

{Rq) is defined
(Lm) is sampled

-roughness curve

as follows.

in a center-line direction from a

11 illustrated in Fig. 6.

Surface Roughness Crystal Grain |S/N | Head
of Substrate Size of Crash
Magnetic Layer
Ra | Rmax Rq | Rmax/Ra
(mm) | (om) | (om) (nm) (dB)
5(0.25| 2.55]0.31| 10.2 11 24.71 O
6{0.33| 7.77)|0.39]| 23.5 13 2¢.4]1 O
710.42| 9.80|0.50} 23.3 15 24.0] O
Example | 8]0.46|12.0 |0.58| 26.1 18 22.8| O
910.68| 3.5410.79 5.2 21 22.4| O
10 0.84 7.84 1.05 9.3 25 22.11 O
11 /0.93| 9.86|1.12| 10.6 30 22.0f O
511.15110.3 |[1.60 8.96 40 20.3| O
6/1]0.84)15.1 [1.21]| 18.0 25 20.9| X
Compara-
tive 710.79] 3.55]1.52 4.50 34 20.5| O
Example
810.52]16.7 |0.63| 32.1 20 20.8§ X
911.50]14.9 | 3.50 9.93 45 19.5| X
In this event, the root mean square roughness

Namely, an evaluation length

The root mean

square roughness (Rq) is represented by the following

equation:

1 Ln
—7
Lm 0

f(x)zdx ,




Her ei nafter,
gl ass
mediumillustrated in Fig. 4, a first underlying |ayer 2 (A Theaverage

t hickness 5 nm, a second underlying layer 3 (C: the average film
t hi ckness 50 whgreathai rdughuess ycwgve alerrepiegadtst byr £ (%) .at Tn Mb: 6

film

- T SRR a—m———

: : REPLACEMENT
surface of the magnetic disk without the irregularity fornihg |aye|.1£[\i SHEET
the gl ass substrate of the exanple 5 was used Bs me% gtgs%%
substrate of the contact type magnetic disk in the exanple H iTe Th
substrate of the conparative exanple 5 was used as the
substrate in the conparative exanple 1722

—glass— |

In the magnetic recording

at% the average film thickness 30 nm, a magnetic |ayer 6 (CoCrPrTa: Co:
78 at% OCr: ibigtogse;:thegeepten-lineiof the sampled ponyhon Hisckness 24

nm,

| ubri cant |ayg$fgned as the X axis while the direction of vertical

magnification is defined as the Z axis.

That is, the root mean square roughness (Rq) is
defined as the root of the value which is obtained by
integrating the square of the deviation between the
6enter-1ine and the_roughness curve by the section of the
evaluation length and averaging with the section.

The average crystal Qrain size of the magnetic
layer of the magnetic recording medium of thé example 5
was measured by the surface observatién by.the use of the
known trqnsmission electron microsqope (TﬁM). As a
result, the grain size of the mégnetic layer was 11 nm by
reflecting the crystal grain size of the ﬁnderlying
layer. Further, the distribution of the crystal grain
size of the magnetic crystal grains ﬁas investigated. As
a ;esult, the half bandwid;h frdm the grain size point
which is nostly distributed was 20 nm or less. Thus, the
magnetic layer having uniform crystal grain size was

obtained. 1In this case, the distribution of the crystal

‘grain size of the magnetic crystal grains was measured by

the same measuring method as thé magnetic crystal grain
size distribution due to the TEM which is disclosed in a
paper (IEEE Transaction on Magnetics. VOL. 32, NO. 5
[Microstructﬁre/Magnetic Propérty Relationships in CoCrPt

Magnetic Thin Films/Mary Doerner]. In this event, Number

a protection layer 7 (carbon: the average filmthickness 15 nnm and a



(perfluoropolyether liquid lubricant |ayer: the average REPLACBNK%HTSHEET
33 filmthickness 1 nnm) were successively forned on a gljags substrate 1.
The results sinilar to the above-mentioned exanples and donpa® &FER 1998
exanpl es were obtained in these exanple and conparative gxgnple. Nanely,
the crystal grains of the underlying Igyer and the nmagnetfic Tayer 1ormed
on the gl ass substrate becane excellent in the casé of the_magnetic disk
of the exanple 21 in which the

of Grains are plotted. The distribution of the crystal

grain size was evaluated by the half band width from the
maximum value of the Number of Grains.

" Further, the magnetic'characteristic and the
record/reproduce characteristic of the obtained magnetic
recording medium were measured. As a résult, an
excellent magnetic recording medium having the coercive
force of 2300 Oe and.thé S/N ratio of 24.7 dB was |
obtaihed. o

Moreover, the CSS durability test”wﬁs carried out
a hundred thousand times by using the head slider of 70 %
having the load of 3g. As a result, no adsorption
phenomenon occurred between the magnetic recording medium
and the magnetic head, and further, no héad crash 1is
brought about. Thus, the magnetic recording medium
having the high CSS durability was obtained. 1In this
case, the coercive force (Hc)'was measured by the use of
the vibration sample type magnetométer at a maximum
external applying magnetic field of 10 KOe by cuiting a
sample of 8mm¢ from the magnetic recording medium and
.applying the magnetic field in the film surface
direction. |

Moreover, the record/reproduce characteristic
(S/N ratio) was measured as follows. Namely, the
obtained magnetic disk and the MR head having the flying
height of 0.055 g m were used; In this event, the

record/reproduce characteristic in the line recording




gl ass substrate of the exanple 5 was used, Consequently, tREPLAGEHﬁ%“{ﬁﬂﬁET
magneti ¢ di sk having excell ent magnetic characteristic ang .
record/ reproduce characteristic (coercive force: 2400 Ce, {SINQ 2FEB 1948. 5
dB) could be obtained. On the other hand, the grain size$ fhich
constitute the underlying |ayer and thepgragnetic |ayer fofned omthe—gtass
substrate were varied in the case of the magnetic di sk of (the conparative
exanple 16 in which the glass substrate of the conparative exanple 9
having a badiengftgo£orzh tkH5 WIS nés @écoranngqdenkiyy bbei1ZoNooati o was
deteriorated into 21.0 dB. Thus, the record/reproduce characteristic
becane bad. bits per Al tirmhh wde mesguwiedc idi thewasndbntibacthatdaby using
the in-l1ine type successive sputtering apparatus in the above-nentioned
exanpl es, t hereskatel vesratte dmtiwedne the MR head and the magnetic disk

was set to 9.6 m/s. Further, the medium noise during
recording/reproducing signals was measured by the use of
the spectrum analyzer to calculate the §/N ratio in the
condition that the carrier frequency was set to 23 MHz
'and the measuring bandwidth was set to 26 MHz. The MR
head which was used in the above-mentioned measurement
has thé track width of 3.1/2.4 g m and the magnetic head
. gap length of 0.35/0.28 £z m at wri;e/read sides. In this
case, the surface roughness, the crystal grain size,ithe
coercive force and the S/N'ratio in examples and ;
comparative examples which will be described later were
measured in the same manner as the above-mentioned
method. Further, the coercive forces.of the magnetic
recording media of the examples 6 to 11 and the
comparative examples 5 to 9 were measured. As a result,
the magnetic recording medium had a high coercive force
of 2000l(0e) or more.

In the compafative examples 5 and 7, the surface
‘'roughness of the glass substrate became larger ihan 1.0
nm and/or Rq became larger than 1.5 nm. Consequently,
the crystal grain size of the undérlying layer formed
thereon became large by irregular and abnormal growth.
Thereby, it séems that the gréin size of the magnetic
layer became large, the variation is brought about and

the S/N ratio was lowered.




obt ai ned even when the known stil
‘appar atus was used. Although the irregularity

st andi ng opposed type

sHREPEACBMENT SHERT

form ng Iayer

t he underlying | ayer of AI/Cr
irregularity formng |ayer
34 gl ass substrate w thout the underlygng | ayer.
recording nmediumillustrated in Fig. 5, the
t he underl aying |layer 51 consisting of the C
51b, In the comparative example 6,

in the above-nenti oned exanplieg,
m ght be directly forned on thejs rface

irregularity f

In the

d 2%

B8 9%,

rning Iayer 4,

the surface

| ayer 5la and theCrivb—t+ayer

‘roughness of the glass substrate became larger than 15.0
nm. This affected the surface of the magnetic disk.
Consequently, the magnetic head could not run at a low
flying height and the record/reproduce characteristic was
deteriorated. Further, the S/N ratio was deteriorated by
the abnormal crystal grain growth and the head cfash'
occurred. |

In the comparative example 8, the magnetic head
could not run at the low flying height because the
surface rodghness Rmax of the glass substrate was large.
Further, the difference between Ra and Rmax was large.
Consequently, the crystal grain of the magnetic layer
formed thereon locally and abnormally grew. As a result,
the S/N ratio was deteriorated and the head crash due to
abnormal projection was brought about.

In the comparative example.9, the crystal grain
size of the magnetic layer became large and-the variation
of the crystal grain size occurred l;ke the above-
mentioned comparative examples 5 to 8. Consequently, the
S/N ratio was deteriorated, the magnetic head could not
‘run at the low flying height and the head crash.was
brought about. -

Moreover, the distribution of the drystal grain
size of the crystal grains of the magnetic layer was

measured for the examples 6 to 10 like the example 5.

Consequently, the same result as the example 5 was
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the magnetic layer 6, the protection |layer 7 and the L (& KENIJ&ﬂHQ‘are

successively fornmed on the glass substrate 1. b naterla
having a low nelting point constituting the irregularft 2%

preferably selected fromnetals such as A, Ti, C, Ag
Zr, Cu, Ce, Au, Sn, Pd, Sb, Ge, My, In,26 W Pb and alljoys thereof or

nitride and carbide of these netals and alloys. A nmatlerial—cantajpjng
as a main conponent, such as a single substance of Al, Al alloy, oxi
and ni trogen oltaimednar tNamelyr, ythepmefgmediilce 1atenn avingr ypiforand nitrogen
preferable. The configuration of the irregularity formng

| ayer may be crystadegaiain tadbaes avdd |fammed.di Sor dhel ptherghand, kshe

Al are nost

proj ections.

r ar e

. LNb, Ta BI, bi

xijde,

distribution of the grain sizes of the crystal grains of
the magnetic layer was measured for the comparative
examples 5 to 9. As a result, the crystal grain sizes
were varied.

From the above-mentioned result; it is necessary
£hat the surface roughness of the glass substrate is
specified by Rmax =15 nm, Ra =1 nm, Ré =1.5 nm;
preferably, Rmax < 10 nm, Ra = 0.5 nm, Rq =< 0.7 nm, more
preferably, Rmax <5 nm, Ra = 0.3 nm, Rg = 0.4 nm to
obtain the magnetic recording medium which has excellent
magnetic characteristic and record/reproduce chafécter—
istic and which has a high reliability without the head
crash. |

Similarly, the surface rothness of tﬁe glass
substrate must be speéified by Rmax < 15 nm, Ra ; 1 nm,
Rmax/Ra = 30 to obtain magnetic recording medium having
an excessively high :eliability. In this evént; the
average crystal grain size of the maghetic layer must
fall within the range between 5 and 30 nm. Further, the
surface roughness of the glass substrate is preferably
specified by Rmax < 10 nm, Ra < 0.5 nm, and more
preferably Rmax <5 nm, Ra = 0.3 nm.

Examples 12 to 15 and Comparative examples
\mp p np

9 to 13
The magnetic recording media were manufactured by

changing the film thickness of the irregularity forming

de Al
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Further, the irregularity formng |layer may be forned o RﬁPLACENﬂQ%%PﬁEET
zone. Alternatively, the irregularity formng |ayer may Qe a zone textdr¢
formed by snmoothing a read/wite zone and rougHeri ng 2B 1898 f ac4
roughness of the | anding zone. Further, the irregularity
be omtted in accordance wth the kin®7f the used drive}
surface reinforced glass substrate and a crystallized gllass substrate ar

which is

4

—h

orm ng | ayer \
A

exenplified as the gl ass 35

layer to investigate effects of the surface roughness of
the glass substrate for the irregularity forming layer 4.
Thus, the examples 12 to 15 and the comparative examples
9 to 13 were made. Namely, the magnetic fecofding media
were manufactured by using the above-mentioned glass
substrate of the example 5 in a similar manner as the
example 5 except for changing the average film thickness
of the irregularity forming layer into 5 nm (example 5),
6.5 nm (example 12), 6 nm (example 13), 4.5 nm (example
14) and 4 nm (example 15).

The glass substrﬁtg of the comparative example
5 was used as an exampie which départs froﬁ the range

of this invention. Further, the magnetic recording

‘media were manufactured in a simiiar manner as the

above-mentioned example 1 except for changing the average
film thickness of the irregularity forming layer 4

into 5 nm (comparative examplé 9), 6.5 nm (comparative
example 10), 6 nm (comparative example 11), 4.5 nm
(comparative exampie 12) and 4 nm (comparative example
13).

The average film thickness (nm), the surface
roughness (Rmax) and (Rq/Ra) of the irregﬁlarity forming
layer 4 of the obtained magnetic recording medium are
represented in Tables 3 and 4. Furthgr, the relation
between the average film thickness (nm) of the
irregularity forming layer 4 and the surface roughness

(Rmax) is indicated in Figs. 2 and 3 as graphs.
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Substrate used in this invention.
al um noborosilicate glass,
gl ass and
substrat e,
silicon substrate and a carbon substratyg is
havi ng the sane characteristic

of this

t han the magnetic di sk.

Specifically, alumn
borosilicate glass, silicat
oxyniteride glass are exenplified. Further,

such as a cerami c substrate, a glass ceramc
exenplifie

t he

Lcal
—G-a

as the gl ass. Moreover,
as the substrate for an op

i nvention is useful

gl ass substr3g

te

disk. _other

A mafrabiél 3containing Ge, Ga, Zr and Ti

as

a main conponent other than Al may be used as the first ‘underlying |ayer
2. An al | oy gontarrng—C—as—atart—conporent—other—than strgte
substrate of| Trregplbeityed| Axerage FétmndSunfiacéyi nNogRylBar Bead
Forming Layer | Thickness Roughness Crash
(nm) (Rmax)
12 6.5 35.0 1.5 O
13 6 32.0 1.4 O
Example 5 5 28.0 1.3 O
14 4.5 25.0 1.2 O
15 4 22.0 1.2 O

(Substrate: Glass Substrate in Example 5)

:Table 4
Irreqgularity | Average Film | Surface Rg/Ra | Head
Forming Layer | Thickness Roughness Crash
(nm) (Rmax)
9 6.5 35.0 2.1 X

10 6 ' 31.0 1.6 X
Compara- :
tive 11 5 34.0 1.8 X
Example

12 4.5 32.5. 1.7 X

.13 4 18.0 1.6 X

(Substrate: Glass Substrate in Cbmparative Ekample 9)

Seen from these results, the f£ilm thickness of

the irregularity forming layer and the surface roughness
are in a linear relation in the glaés substrate of the
above-mentioned examples. Coﬁsequently, the surface
roughness can be easlly controlled to obtain the high CSS

durability so that the magnetic recording medium having



Further, the third underlying layer 5 nay be fornmed by o éﬁﬂiéiﬂﬂéﬁNThﬁﬂﬁﬁT

containing at | east one elenent or nore selected froma grqup consisting
of &, M, Zr, B, Si, zZn, Ti, W V, Ta and Al. lin jt 02 BB 8998 t
is preferable that Al is used as the first underlying layjer] 2 and C is
used as the second wunderlying |ayer 329 control the crystal growh of
each layer. Consequently, the irregularities of the irregularity form ng

| ayer 4 of the netal thin film having the low nelting point forned thereon
can be precithel highntredlilakd 1dityhdst obkeinedi at Donth&uother hand, they
flying height can be realized by the synergistic effect with the '

char act eri st irelatiohe bgitweens tbet £4dlm tbickness of the irregularity

layer and the surface roughness is variable in the glass
substrate (the comparative example) having large surface
roughness. Consequently, it is excessively difficult to
control the surface roughnesé of the irregularity forming
layer. As a result, the reliability becomes low.
| Moreover, each example and each comparative
example were examined with respect to the-ration (Rg/Ra)
of the surface roughness of the_irfegulaiity forming
layer. The abnormal projection of the irregulérity
forming layer due to the variation of.the surface
roughness of the substrate and the variation of the
surface roughness occur in the comparative examples. 1In
the examples, the irregularity_forming_layer satisfies
Rq/Ra = 1.5, and no head crash occurs becauSe.thé surface
roughness of the substrate is excellent. On the.other
hand, the magnetic recording medium satisfies Rqgq/Ra > 1.5
due to the variation of the surface rouéhnesé of the
glass substrate and the abnormal projéction. ‘In this
case, it is confirmed that_the head crash occﬁrs.
Although not indicated in the figure, tﬁe
relation bétween the film thickﬁess of the irregularity 
forming layer and the surface roughness-and the relation
between the variation and the héad crash were
investigated for the glass suBstrates of the above-

mentioned examples 6 to 11 and the comparative examples 6
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36 | nprove reproduci ng out put . Co based allo

B
CoCr, CoNi, CoPtCr, CoCrTa, CoNi Cr, CoN Pt, CoN CrTa :OB':?FEBW%
CoCr Pt TaNb, CoCr Pt TaZr, CoCrPtTaSi O other than CoCrPtTa ferrite-bjasied
material or an iron-rare earth-based material my bejus neft i c

layer 6. Alter- natively, a multi-layep filmwhich ip formed by dividing
the magnetic layer wwth a non-magnetic film (for exanpte, —C, CN,”TV)
to reduce a noise may be used as the nmagnetic |ayer 6. For exanple,
CoCrEtTa/CrthCBCﬂBtEasim@QB&thﬁhNb/EBPtﬁé édbbeel ef Theieeamfléd '6 it0 cl oser
to the

11 had the same trend as Table 3 and the graph of Fig. 2
while the comparative examples had the same trend as
Table 4 and the graph of Fig. 3. Therefofe, the surface
rbughness of the irregularity form;ng layer can be
precisely controlled and the variation of the surface
roughness can be suppressed by using the glass substrate
éccording to this 1nvent16n. Consequently; the mégnetic
recording medium having the high reliability can be
obtained. |

Examples 16 to 20, Comparative examples 14 to 16

The magnetic recording media were manﬁfactured by
adjusting the film thickness of £he irregularity forming
layer and the sputtering condition in the séme manner as
the example 5 except that the surface roughness of the
irregularity forming layer was changed int@ 9 nm
(comparative example 14), 10 nm (exampie 16), 20 mm |
(example 17), 30'nm {example 18), 40-nm.(example 19), 50
nm (example 20) and 55 nm (example 15). Further, the
magnetic reéording medium was manufactured in the same
manner as the example 5 except that the irregularity
forming layer having £he surfaée roughness (Rma#) of 10
nm was formed on the glass substrate of the above-
mentioned comparative example. In this event, the
surface roughness of the irregulafity forming layer, the
CCS durability and the characteristic of the head crash

are represented in Table 5.
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substrate) may be used. Moreover, the protection layer 7 is forned
by a single layer of the carbon protectlon | ayer in the a
exanpl es. However, the protection layer 7 is not restrict
For exanple, the non-nagnetic material such as.Cr, M, Ti,|
W Si, and Ge or alloy of them oxide,3pitride and carbid X]E?EB‘QQB
I nt erposed between the carbon protection |ayer and the mnmadgngtic | ayer.
SS2 filmmy be forned i nstead of the carbon protection ljagyer-by

di spersing colloidal silica fine graimablie st etraal koxysil @&ane dlluted with

Combara— 15 -55
tive
Example | 16 10

an al cohol - based sol vent and thereafter by coating and bakrmg—tte
di spersed grains. mthrs—eventy—the—proSerri—ft+mfunretions— both the
protection |ayer a+d the irregul arBmax { 6158 dyrability | Head
: {nm) | (100,000 times) | Crash
Compara- -
tive 14 9 X O
Example
16 | 10 (O O
17 | 20 O O
Example |18 | 30 O O
19| 40 O O
20| s0 o O
O O
O X

As seen from the above—mentioned resuli, when
the surface roughness of the irfegularity forming layer
is less than 10 nm, the magnetic head adsorbed with the
magnetic recording medium. ‘Consequently,rthe high CSS
durability could not be obtained. The glass substrete
having the high surface roughness was used like the
comparative example 16. As a result, the projection'of
the surface roughness of the irregularity forming layer
was increased with the abnormal projection on the surface
-of the glass substrate. Consquently, as shown in Table
5, the head crash due to the abnormal projection
occurred. Thereby, the magnetic disk as well as the
magnetic head were subjected to a fatal damage. Further,
the magnetic head could not run at the low flying height

in the comparative example 15 because the surface



N hY
I"ayer . In addition, fluorocarbon based Iiquid |ubri
or a lubricant material consisting of alkal
37 netal salt of sulfonic acid nmay be used as the nateri al
| ubricant |ayer 8 other than perfluoropolyether. It is desi
filmthickness of the lubricant layer ®falls within the ra

REPLACEMENT SHEET

of Or&FEB 1998
rapl e that the
ngeé bet ween U. 5

and 2 nm Wen the filmthickness is less than 0.5 nm the

[esjistance to

abrasion is reduced. Wen the film thickness exceeds 2 nm the adsorption

occurs w t homoughness Rmax was large. Consequently, the comparative

example 15 is undesirable for recording and reproducing
at the high density.

Example 21, Comparative example 17

The magnetic disk in which the irregularities
were formed on the surface by forming the irregularity
forming layer is exemplified in the abdve—méntioned
éxamples; Altefnatively, the magnetic disk may be usable
as a contact type magnetic disk drive by reflecting
excessively high smoothness and flatness of the glass
substrate used in the abbve-mentioned examples into the
surface of the magnetic disk ﬁithout the irregularity
forming layer. Hereinafter, the élass substrate of the
example 5 was used as the glass substrate of the contact
type magnetic disk in the example 21 while the glass
substrate of the comparative example 5 was used as the '
glass substrate in the compérative example 17.

In the magnetic recording medium 11Lustréted in
Fig. 4, a first underlying layer 2 (Al: the average fillm
thickness 5 nm), a second underlying layer 3 (Cr: the
average film thickness 50 nm), a third underlying layer
50 (CrMo: Cr: 94 at%, Mo: 6 at%, the average fiim .'
thickness 30 nm), a magnetic laer 6 (CoCrPrTa: Co: 78

. at%, Cr: 13 at%, Pt: 6 at%, Ta: 3 at%, the average film
thickness 24 nm), a protection layer 7 (carbon: the -
average film thickness 15 nm)'and a lubricapt layer 8

(perfluoropolyether liquid lubricant layer: thé average
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i'mprovenent of the resistance to abrasion. In this event, Lﬁggﬁﬂﬁh-SHEET
protection layer itself has a lubricant effect, the |ubricant |ayer W%ésbe

omi tted. 38 WHAT 1S ¢LAI NERFRES 1
1. A glass substrate which is for use in an information regondi ng nmedi um
and which has surface roughnesses Ra, Bgax and Rg, where I'S

representative of a center-line nean roughness, Rrax is defiined as a

film thickness 1 nm) were successively formed on a glass
substrate 1.

The results similar to the above-mentioned
examples and comparative examplés were obtained in these
example and comparative example. Namely, the crystal
grains of the underlying layer and.the magnetic layer
formed on the glass substrate became excellent in the
case of the magﬁetic disk of the example 21 in which the
glass substrate of the example 5-wés used, Consequently,
the contact type magnetic disk having excellent magnetic
characteristic and record/reproduce characteristic
(coercive force:_2400 Oe, S/N ratio: 24.5 dB)_coﬁld be
obtained. oh the other hand, the graip.sizeé which
constitute the underlying layer and thé magnetic iayer
formed on the glass substrate were varied in the case of
the magnetic disk of the comparativé example 16 in which
the glass substrate of the compérqtive_exémple 9 having a
bad surface condition was used. cOnséquently, the S/N
ratio was deteriorated into 21.0 dﬂ. Thué, the
record/reproduce characteristic became bad.

Although the magnetic disk was manufactured by
-usihg the in-line type successi#e sputtering apéaratus in
the above-mentioned examples, the éame result could be
obtained even when the known still standing opposed type
sputtering apparatus was used. Although the irregularity
forming layer was formed on the underlying layer of Al/Cr
in the above-mentioned examples, the irregularity forming

layer might be directly formed on the surface of the
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maxi mum hei ght representative of a difference between a hilg
' ' of a root nean sqyafe
t he surface roughness is specified by Rmx [é$2¥@¥£%ﬁﬁm

a lowest point and Rq is representative
wher ei n:
Ra [err] 1 nmand Rq [err] 1.5 nm
in claiml1, wherein:
[err] 10
substrate as clainmed in claim1,

nm Ra [err] 0.5 nmand Rq [err] 0.7 nm
wher ei n:

REPLACEMENT SHEET

2. A glass subqtiate as |

the surfage roughness is sp C|f|ed by Rnax

/\ al.acc

T ot

t he surface roughness

i s specified Plasdesubstrats wt#hOﬁtiqharqndhﬁiyﬂngmmiyax [ etn] thed nm

4. A glass substrate as clained in claiml,

wher ei n:
magnetic recording medium illustrated in Pig. 5, the

irregularity forming layer 4, the underlaying layer 51
consisting of the Cr layer 51la and the CrMo layer 51b,
the magnetic layer 6, the protsction layer 7 and the
lubricant layer 8 are successively formed on the glass
substrate 1.

Metal materials having a low melting point
constituting the 1rregular1t} formihg7layer'are
preferably selected from metals such as Al, Ti, . Cr, Adg,
Nb, Ta, Bi, Si, Zr, Cu, Ce, Au, Sn, Pd Sbh, Ge, Mg, In,
W, Pb and alloys thereof: or oxide, nitride and carbide of
these metals and alloys.i A material containing Al as a
main component, such as a singlehsubstahce of Al, Al
alloy, oxide Al and nitrogeﬁ Al, 1s'particﬁlarly
preferable. Among others, Al and nitrogen Al are most
preferable. The configuration of the irregularity
forming layer.may be a successive texture film or
discretely island-like projections.

Further, the irregularity forming layer may be
formed only on a landing zone. Alternatively, the
irregulariiy forming layer may be a zone texturs which is
formed by smoothing a read/writé zone and roughening the
surface roughness of the landing zone. Further, the .
irregularity forming layer may be omitted in accordance
with the kind of the used drivé.

A surface reinforced glass substrate and a

crystallized glass substrate are exemplified as the glass



fhé‘rétio bet ween the surface roughness Rmax and the surface RﬁRﬁmﬁi_#'PSHEET

Is specified by Rmax/Ra [err] 30. 5. A magnetic record

i Yy~ Tretr—e+
having a glass substrate as clained in any one of clains 1 tq 4, gﬂﬁégin:
athin filmincluding at | east a magnetic layer is formed on seid0 1998

35 39 6. gnetic

substrate.

recording nmediumas clained in claim5, wherein

substrate used in this invention. Specifically,
aluminosilicate glass, aluminoborosilicate glass,
borosilicate glass, silicate glass, soda-lime gléss and
oxyniteride glass are exemplified. Further, a non-metal
subétrate, such as a ceramic substrate, a glass ceramic
substrate, a silicon substrate and a carbon substrate is
exemplified as a substrate having the same characteristic
as the glass; Moreo#er, the glass substrate of this
invention is useful as the substrate fo; an optical disk
other than the magnetic disk. H

A material containing Ge, Ga, Zr and Ti as a main
component other thah Al may be used as the first
underlying layer 2. An alloy containing Cr as a main
component other than a single substrate of Cr'may'be used
as the second underlying layer 3.

Further, the third underlying layer 5 may be
formed by one layer or more conta;ning at least one
element or more selecied from a group consisting of Cr,
Mo, Zxr, B, Si, Zn, Ti, W, V, Ta and Al. |

In this case, it is preferable that Al is used as
the first underlying layer 2 and Cr 1is used as'thé second
underlying layer 3 to control the crystal growtﬁ of each
layer. Consequently, the irregularities of the
irregularity forming layer 4 of the metal thin film
having the low melting point formed thereon can be
precisely controlled without ﬁhe variation. PFurther, the
low flying height can be realized by the synergistic

effect with the characteristic of the glass substrate to



said thin filmis conposed of substantially uniform cryst@=grarms
controlling the surface roughness of said gl ass substrateﬁ%ﬁ@iﬂi’%ﬁﬁ SHEET
average crystal grain size of the crystal grains falls wiithin the range
between 5 and 30 nm 7. A magnetic recordi ng nmedijum vQi2FEB 4898
thin filmincluding at |east a nagnetigesl ayer on a glass | qubstrate havi g
surface roughnesses Ra and Rrax, where Ra is representatijveof—=
center-line nean roughness and Rmax is defined as a maxi qum hei ght

repr esent at i vienpofovee wbprfedwniosy eitmetn a hi ghest point and a | owest polnt
wher ei n: the surface roughness is specified by Rmax [err] 15 nm
Ra [err] 1 nm and Rré€3¢ Feaged r§13ys, such as €oPd,t KoGxrhi CONis conposed of

substantial ly
CoPtCr, CoCrTa, CoONiCr, CoNiPt, CoNiCrTa, CoONiCrPt,

CoCrPtTaNb, CoCrPtTaZr, CoCrPtTaSiO other than CoCrPtTa,
a ferrite-based material or an iron-rare earth-based
material may be used as the magnetic layer 6. Alter-
natively, a multi-layer f£ilm which 1s.formed by dividing
the magnetic layer with a non-magnetic film (for example,
Cr, CrMo, CrV) to reduce a noise may be used as the
magnetic layer 6.  For example, COCrPtTa/CrMo/CoCrPtTa,
CoPtCr/CrMo/CoPtCr (the left side of '/’ is,closer to the
substrate) may be used. | ' o |

Moreo&er, the proteétion 1ayef-7 is formed bf a
single layer of the carbon pro£e¢tion layer in the above-
mentioned examples. However, the protéction layer 7 is
not restricted this casé. For exampie, the non-magnetic
material such as Cr, Mo, Ti, TiW,.CrMo, Ta, W, Si, and Ge
or alloy of them, oxide, nitride and carbide may be
interposed between the carbon protection layer and the
magnetic layer. A Sio2 film may be formed instead of the
carbon protection la&er by dispersing colloidal silica
fine grains in tetraalkoxysilane diluted with aﬁ alcohol-
based solvent and thereafter by coating and baking the
dispersed grains. In this event, the S:I.O2 film functions
both the protection layer and the irregularity forming
layer. -

In addition, fluorocarboﬁ based liquid lubricant

material or a lubricant material consisting of alkali




AN D[ ACTAFTATT
uniformecrystal grains by controlling the surface roughnegggiéthéENT SHEET
an average crystal grain size of the crystal grains fallg wthin the range
between 5 and 30 nm 8. A magnetic recording nedi ym@ RERI9ey ifn
claim?7, wherein: t he surface roughness is specifligd by Rmax [er(]
10 nmand Ra [err] 0.5 nm and 37the ratio betweer tte—surface
roughness Rmax and the surface roughness Ra is specifiedjby Rrax/Ra [err]
30. 40

metal salt of sulfonic acid may be used as the‘material
of the lubricant layer 8 other than perfihoropoljether.,
It is desirable that the film thickness of the lubricant
layer 8 falls within the range between 0.5 and 2 nm.
When the film thickness is less than 0.5 nm, the
resistance to abrasion is reduced. Wheh the film
phickness exceeds 2 nm, the adsorption occu;s.without'
improvement of the resistance to abrasion. In this |
event, when the protection layer itself has a lubricant -

effect, the lubricant layer may be omitted.
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9. A magnetic recording mediumas clainmed in claim7, wherein

the surface roughness is specified by Rmax [err]. 5 nm and E

and the rati o between the surface roughness Rrax a
roughness Ra is specified by Rrax/Ra [err] 30. 10. nmagneti c
recording nediumas claimed in any onezgf claims 5 to 9, erlei®2 FEB 1998

where the crystal grains of said thin filmare neasured w tfh respepE Eo
distribution of crystal grain sizes in a square of 1 [err] ma fratf—beas
width of a point in which the crystal grain sizes are nost di stributed

d

Is 20 nmor less. 11. A magnetic recording nediumas clalinmed in
WHAT IS CLAIMED IS:

1. A glass substrate which is for use in an
information recording medium and which has surface
roughnesses Ra, Rmax and Rq, where Ra is representative
of a center-line mean roughness, Rmax is defined as a
maximum height representati&e of a difference between a
highest point and a lowest point and Rgq is représentative
of a root mean square roughnéss wherein:

the surface roughness is specified by Rmax < 15°
nm, Ra =1 nm and Rq < 1.5 nm. .

2. A glass substrate as claimed in claim 1,
wherein: |

the surface roughness ié specified by Rmax =10
nm, Ra £ 0.5 nm and Rq < 0.7 nm.

3. A glass substrate as claimed in claim 1,
wherein: |

the surface roughness is specified by Rmax s_s
nm, Ra £ 0.3 nm and Rq < 0.4 nm.

4. A glass substrate as claimed in claim 1,

 wherein:

the ratio between the surface roughness.Rmax and
the surface roughness Ra is spedified by Rmax/Ra = 30.

5. A magnetic recording medium having a glass
substrate as claimed in any one of claims 1 to 4,
wherein:

a thin film including at least a.magnetic layer is

formed on said glass substrate.

* € L M § *




any one of clains 5 to 10, wherein: _ an underlying{f&ﬁéﬁ{qﬂff@f
between said glass substrate and said magnetic |ayer.
magneti c recording nmediumas clained in any one of clains

wher ei n: an irregularity formng |ayer consistingfo

nmelting point metal is fornmed between sagd glass substratp

magnetic | ayer. 13. A negnetic recording nmediumfas claimed in
claim 12, wherein: Rg/Ra of said irregularity formn

or |ess. 14.6 A ragmranet e crrebrding diedhuns as ailedthedn incl ai m 12

1 wher ei n;
or 13, claim 5, wherein:

said thin film is composed 6f shbstantially
uniform crystal grains by controlling the surface
roughness of saild glass substrate, and

an average cryétal grain'sizé of the crystal
grains falls within the range betweenhs and 30 nm;

7. A magnetic recording medium which has a thin
film including at least a magnetic layer on a glass |
substrate having surface roughnesses Ra and Rmax, where
Ra is representative of a Center-line'meén-roughness and
Rmax is defined as a maximﬁm height representative of a
difference between a highest point anq a lowest paint
wherein: -

the surface roughness is.specified by Rma#'é 15
nm, Ra =1 nm and Rmax/Ra = 30; | -

said thin filﬁ is composed of substantially
uniform crystal grains by controlling the sufface
roughness; and | |

an average crystai grain size of the crystal
grains falls within the range between 5 and 30 nm.

8. A magnetic recording medium as claiﬁed in
claim 7, wherein: - ‘

the surface roughness is specified by Rmax = 10
nm and Ra £ 0.5 nm, and

the ratio between the surface rouéhness Rmax and

the surface roughness Ra is specified by Rmax/Ra =< 30.
;_;__‘__—_______————.

i
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t he surface roughness Rmax of said irregular Lﬁﬁk zﬁ& SHEET

falls within the range between 10 and 15 nm 15} net nod of
manuf acturing a gl ass substrate having a principle surfa*e fQI2¢EB‘W98

i nformati on recording nedium conprising the steps of: apprng
sai d gl ass substrate; and ' pol i 4Bi ng the principlg surace-—bBy—ust
a polishing liquid including a polishing grain, the polijshing grain

having a predeterm ned grain size;

9. A magnetic recording medium as claimed in
claim 7, wherein:

the surface roughness is specified by Rmax < 5 nm
and Ra = 0.3 nm, and

the ratio between the surface roughness Rmax and
the surface roughness Ra is specified by Rmax/Rﬁ = 30.

10. A magnetic recorxding meaium as claimed in
any one of claims 5 to 9, wherein;_ '

where the crystalugrains of said £hin'£11m are

measured with respect t0'distf1bution of crystal grain
sizes in a square of 1. £ m, a half band width of a point
in which the crystal grain sizes are ﬁostly distributed
is 20 nm or less. ; |

11. A magnetic recording medium as dlaimed in
any one of claims 5 to 10, wherein: '

an- underlying layer is formed between said glass
substrate and éaid magnetic layer.

12. A magnetic recording medium as claimed in

. any one of claims 5 to 11, wherein:

an irregularity forming layer consisting of a low
melting point metal is formed between séid glass
substrate and said magnetic layer. .

13. A magnetic recording medium as claimed in
claim 12, wherein: | '

Rq/Ra of said irregularity forming layer is 1.5
or less.

14. A magnetic recording medium as ciaimed in

claim 12 or 13, wherein: g
_

) O D
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the grain size being selected so that said glass substrate h E~Eﬁm&%MEﬁ£T£§ﬂHﬂ
roughness which is specified by Rmax [err] 15 nm Ra [err] 1 hm and Rqg
[err] 1.5 nm where Ra is representative of a center-line nme roggppggswgs

ence

Rmax is defined as a nmaxi num hei ght representative of a diffler
bet ween a hi ghest.point and a | owest podnt and Rq is represert at+ve—of—a

root mean square roughness. . 16. A nethod of manufactdring a gl ass
substrate for an information recordi ng nmedium conprising the steps —of —
| appi ng said gl ass subber aurface roughnessiRmaxRf asatd fimsgylaridiy ng

step, said glass substrate by using a first polishing liquid including a

first polishi fgrgtagnlayas fﬁi%ﬁ wothini tae grange eetwrem 10 and 15

nm.

15. A method of manufacturing a glass substrate
having a principle surface for an information recording
medium, comprising the steps of:

lapping said glass substrgte: and

polishing the principle surface by using a
polishing ligquid including a polishiﬁg grain, the
polishing grain having a predetermined grain size;

the grain size being selected so that said glass
subsirate has surface roughnesé which is specified by
Rmax < 15 nm, Ra S 1 nm and Rg = 1.5 nm, where ka is
iepresentative of a center-line mean roughness, Rmax is
defined as a maximum height representative of a
difference between a highest point and a lowest point and
Rq is representative of a root mean square foughness.

16. A ﬁethod of manufacturing a glass substrate
for an information recording mediuh,_cbmprising-the steps
of:

lapping said glass substrate;

polishing, as a first polishing step, séid glass
substrate bj using a first polishing liquid inclﬁding a
first polishing grain, the first polishing grain having a
first grain size between 1 and 3 4 m;

polishing, as a second-polishing step, said glass
substrate by using a second polishing liquid 1nc1udingla

_—
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| REPLACTH 0L SHEET

first grain size between 1 and 3 [err] m pol i sh

polishing step, said glass substrate by using a second p‘Ilshlng"lqu|d
i ncluding a 42 second jpofizPEBAII8
grain, the second. polishing grain having a second grain sjze between 0.5
and 2 [err] m polishing, as a2hird polishing sfep—sait—
substrate by using a third polishing liquid including a third polishing

grain, the third polishing grain having a third grain size of 0.5 [err] m
or |ess. second] polighimch giada ,c lthiemsecondc bail ishGngWgeathnhaving

a second grain size hetweenlo.s and 2 ¢ m;

polishing, as a third polishing step, said
substrate by using a third polishing liquid including a
third polishing grain, the third polishing grain having a
third grain size of 0.5 £ m or less.

17. A method as claimed in claim 16, whereino

the third polishing grain comprises a colloidal
silica grain having a grain slze of 0.2 um or 1ess.

18. A method as claimed in any one of claims 15
to 17, further comprising the step of-

forming a thin film including at least a magnetic
layer on said glass substrate;

said thin film being composed of'substantially
uniform crystal grains, an average crystal grain size of
the crystal grains falling within the range between 5 and
30 nm.

19. A method of manufacturing a magnetic
recording medium having a glass substrate, comprising the
steps of: '

processing a principle surface of said glass
-substrate so that surface roughness is specified hy'Rmax
=15 nm, Ra =1 nm and Rq < 1.5 nm, where Ra is
representative of a center-line mean roughness, Rmax is
defined as a maximum height representative of a |
difference between a highest éoint and a lowest point and

Rqg is representative of a root mean square roughness; and

T




tHe third polishing grain conprises a colloidal silica gragu-h@QEWEVg’SHEET
grain size of 0.2 [err] mor |ess. 18. A method hsfcl ai ned
one of clains 15 to 17, further conprising the step of: (JZFEBwa@g a
thin filmincluding at |east a magnetic layer on said glass| substrate;
said thin filmbeing conposed of substaggially uniformcrlys
average crystal grain size of the crystal grains fallingbathin the range
between 5 and 30 nm 19. A nmethod of manufacturing a magnettc—
recording medi um havidepobili365 WS #iem ¢aBRGEShBTathecagtens of:
processing a principle surface of said gl ass

magnetic layer on the principle surface of said glass

substrate so that said thin film is composed of
substantially uniform crystal grains and an average
crystal grain size of the crystal grains falls within the
range between 5 and 30 nm.

20. A method of manufacturing a magnetic
fecording medium having a glass substrate, comprising.the
steps of:

processing a principle surface of said glqss
substrate so that surface roughness is specifiedlby Rmax
£15 nm, Ra =1 nm and Rmaxr/Ra = 30, where Ra is
representative of a cénter—line meén'roughness and Rmax
is defined as a maximum height_represéntative of a
difference between a highest point and a lowest point;
and

depositing a thin film inéluding at least a
magnetic layer on the princible surface of said giass
substrate so that said thin film is composed of
substantially uniform crystal grains and an average
crystal grain size of the crystal grains falls within the
range between 5 and 30 nm. |

21. A glass_substrate which is for use in an
information recording medium and wh;ch has surface
roughnesses Ra and Rmax where Ra is representative of a
center-line mean roughness, Rﬁax i1s defined as a maximum
height representative of a difference between a highest

point and a lowest point, wherein: e

R R O



substrate so that surface roughness is specified by Rmax [err] 15 nm Ra
[err] 1 nmand Rqg [err] 1.5 nm where Rais representative of a
center-line nean roughness, Rrax is defined as a maxi num hei ght
representative of a difference between a highest point and a | owest point
and Rq is representative of a root neéh square roughness; and

43 depositing a thin filmincluding at least a magnetic |ayer on
the principle surface of said glass substrate so that said thin filmis
conposed of subst artthiealgurfiadd cranghmesisali sgepend fand by BRmaxagelS

nm, Ra = 1.3 nm and Rmax /Ra < 10.

22. A glass substrate as claimed in claim 21,
wherein: '

the surface roughness is specified by Rmax.é 10
nm, Ra = 0.8 nm and Rmax /Ra =< 10.5.

23. A magnetic recording medium having a glasé
éubstrate as claimed in claim 21 or 22, wherein:

a thin £ilm including at least a magnetic layer
is formed on said glass substrate.

24. A method of manufaéturing a magnetic
recording medium ha#ing a glass substrate as claimed in
claim 21 or 22, comprising the steps ofz.

preparing said glass substfate} and

forming a thin film including at least a magnetic
layer on said glass substrate.

25. A method as claimed in claim 24, wherein:

said thin film is formed by-the'use of the in-

line type successive sputtering-method.
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Crystal grain size of the crystal grains falls within the range between 5
and 30 nm 20. A nethod of manufacturing a magnetic recording
medi um having a gl ass substrate, conprising the steps of:

processing a principle surface of said gl ass substrate so that surface
roughness is specified by Rmax [err]15 ﬁm Ra [err] 1 nmand Rrax /Ra
[err] 30, where Ra is representative of a center-line nean roughness and

Rrax is defi GdeASS SUBRERATE FOR)INFORMAJEONRECORPING MEDM My ce
bet ween a hi ghgHTHRODDFENA RUFMEPURINGWHE SOBSTRATE, MA(GREIIC ng a thin

{11 minel uding” al ¢Sk ing RS LAYSE D' OFABS S BHEATHE ace of said
AND METHOD OF MANUFACTURING THE MEDIUM

ABSTRACT

In a magnetic recording medium, surface roughness of a glass substrate (1) and
the variation of the surface roughness are suppressed to the predetermined range.
Namely, the surface roughness (Rmax, Ra, Rq) and the relation (Rmax/Ra) between
Rmax and Ra are restricted to the predetermined range. In this event, Ra is
representative of a center-line mean roughness, Rmax is defined as a-maximum height
representative of a difference between a highest point and a lowest point and Rq is
representative of a root mean square roughness.- Thereby, crystal grains of an
underlying layer (2,3) and a magnetic layer (6) formed thereon are equalized.
Specifically, the surface roughness is specified by Rmax = 15 nm, Ra = 1nm and Rq
= 1.5 nm. Further, the ratio between the surface roughness Rmax and the surface
roughness Ra is specified by Rmax/Ra = 30.
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substrate so that said thin filmis conposed of substantially uniform
crystal grains and an average crystal -grain size of the crystal ‘grains
falls within the range between 5 and 30 nm 21. A glass
substrate which is for use in an information recordi ng medi um and whi ch
has surface roughnesses Ra and Rmax where Ra is representative of a
center-line nean roughness, Rmax is defined as a nmaxi mum hei ght
representative of a difference between a highest point and a | owest point,
wher ei n: ' 1/5 44

FIG. |
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the surface roughness is specified by Rrax [err] 15 nm Ra [err] 1.3 nm

and Rmax /Ra [err] 10.
21, wherein

nm Ra [err] 0.8 nmand Rmax /Ra [err] 10.5.

recordi ng nmedi um havi ng a gl ass

22. A glass substrate as clained in claim
t he surface roughness is specified by Rmax [err] 10

23. A magnetic

substrate as clained in claim?21 or 22,

wher ei n: athinfilmincluding at |east a nagnetic layer is
formed on said glass substrate. 2 A et hod of manufacturing a
magneti c recording nedium having a glass substrate as clainmed in claim?21
or 22, conprising the steps of: preparing said glass substrate;

and
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formng athin filmincluding at |east a nagnetic |ayer on said gl ass
substrate. 25. A nethod as clainmed in claim 24, wherein:
said thin filmis forned by the use of the in- line type successive
sputtering nethod.
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