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GLASS SUBSTRATE FOR INFORMATION RECORDING MEDIUM,

METHOD -OF MANUFACTURING THE SUBSTRATE, MAGNETIC e
RECORDING MEDIUM USING THE GLASS SURSTRATE, AND
METHOD OF MANUFACTURTNG THE MEDIUM - \/

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

nedium for recording and repxoducing at. a high denaity,
. glass substrate for the mnggmtic 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 °
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the magnetic head for the magnetic disk is redauced 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 Rmase. . ;

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. Im the above~mentioned dynamic head
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 is reduced to realize the high recording density.

Further, addi@ional digclosure 1s made about 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.
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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
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 ﬁagnetic characteristic
-and the recoi&/raproduce characterigtic. That is, the
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
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thin £ilm formed thereon to obtain the magnetic recording
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 hag not been considered at 'a-11 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 .
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).
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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
dans.i.tir.

' According to this invention, the surface 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 (Rwax/Ra) between Rmax 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 grains of t.he unde:lying layer and the mﬁgnetic
layer formed t.he:r;-eon are equalized; Consequently, the
magnet{c recording medium having an excellent magnetic

characteristic and a8 high record/repraduce characteristic

‘ean be obtained. Specifically, the surface roughness 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 Desgcription of the Drawings:

Fig. 1 is a partlal cross sectional view showing

a magnetlc zucording medium according to an example 1 of
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thig invention:

Flg. 2 1s a graph showing a 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
;aomparau.ve 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 mgéiuh 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 magnetié layer 6, a
protection layer 7 and a lubricant layer_s are
successively-formedlon a glasg substrate 1. Thﬁs, a
magnetic diak 13 obtained. .

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

ahout a method of manufacturing the above-mentioned
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magnetlec disk with each manufacturing etep ané structure. X

(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 glass formed 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 apove from the gheet glass
formed by the float method :1nt.ead 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 dram justead 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 bhoth principal surfaces of the
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glass substrate were 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’
mirron :E.i.nish:[pg atep 1s 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 trahsferréd 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.
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. {(3) Lapping step -

The lapping step was performed foar the glass
substrate to improve dimension and shape aceuracy. The
lapping ste;: wag 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 "
Fmaz 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 ée:fo:ﬁed 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 SPelegm) was used ag polisher (polishing ]
powder). In this case, the first poiishiﬂg was performed )
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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 uashed_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 similar to the first polishing
step except for thé load of 25-=150 g/cmz. 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
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detergent, the pure water, the pure water, the IPA
(isopropy) alcohol), the IPA (vapor drying) to be washed ',
therein after the sevond polishing step. In this case, a
supersonic wave was applied to each the washing units.

(6) Third polishing step

Next, a third polishing was conducted by changing
into a super soft polisher (polishing powder: 0.5 4 m or
less) by using the poltan:n& appaxatﬁa uged in the secoand
polishing step. The polishing condition is similar to
the second polishing step except for the polighing liguid
of colloidal silica {(grain size; 0.2 gz m or less) +
vater, the load of 25—;00 glsm ¢ the polishing time of
5-2b minutes and the ;Temoving amount. of 1'-5 £ m. The
glags subatiate wéa succesgively immersed in washing
units of the natural date: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 pieoise.poliahing 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 ﬁbliéhlng step ig sméll in
graln size. The grain size is preferably equallto 0.15
Kk m or less. and more preferably 0.1 £ 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
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.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 polidhﬁng step. Further, the graln size is |
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 fnughnesa.

(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 nitrate {40 tf- 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
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at the end suxrface in a holder. Under the cixcumstances,

13

lithium ions and godium ions on a surface layer of the
glass substrate were replacad by sodium ions and
potassium 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 substrate 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 step was
_selected to a size smaller than the normal cnse.
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
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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 taxgat; acCr
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
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CoCrPtTa target (Co: 78 ats, Cr: 13 atd, Pt: 6 aths, Ta: 3
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 folliowing 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 .
successlive 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 -
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.
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In thic case, Lh; gputtaring 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 chumber.: Moreover, aﬁ inactive gas of
argon was uséd asg the .sputtgrix;g atmm.aphere in the second
and forth .chumbers. -The.in?ctive gas .0£ argon, @& mixing
gas comprising & mixture of'hyd:ég'm and/or nitrogen of 1
to 25 % with the arxgon, o'zl.a mixing gas comprising a
mixture of hydrcoarbon gas §£ 1to 25 % and the a'rgqn wag
used as the' sputtering atmé&phere in the £ifth chember.
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 dippinq pgoéess.
Thereafter, the lubricant. layer having the average film
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° , 18b‘ ’
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
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. 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)

Cp -’ . ’
6 x (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 thousand times bf using a head slide¥ of
70 % having the load of 3g. As ; result, no adéo:ption

phenomenon odcurred between the magnetic recording medium
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about. 'J.'hn‘s.. the magnetic recording medium having the
high CSS durabllity was obtained. In thisg case, the
cdercive force (Hc) was measured by the use of the
vibration sample type magnetometer At a makimum eXternal
applying magnetic flela of 10 koe by cutting a sample of
8mm¢ f£rom tLhe maghetic :ecording 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 follans Ramely, the
_obtained magnetic disk and the MR (magneto—:esistivc

' type) head having the Flying height of 0.055 4 m were

rused. In this evant, tﬁe tecord/:@::oduce qhardcf.eriat.ie
in a line recording density of 126 kfel (line rscording
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 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 fznéuency
was set to 23 MHz and a measuring bandwidth was set to 26
MHz. The MR head which was used in the abuve-meﬁtioned
measurement. has a track wid_f.h of 3.1/2.4 g m and a
magnéu.c head gap length of 0.35/0.28 g 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



is Sheet Has Been Replaced

|||I|Il M

later were measured ih the same manner as the above- '

19

mentioned mathod. |

Examples 2 to 4, Comparative egamples 1 to 4

‘The magnetic recording medium was manufactured in
the same manner as the abov'e-ment.ioned 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 weze. made. '!_he suxface
roughness Ra (nm), Rmasx (nm) of the principal sur.facé of
the glags substrate, Rmax/Ra, the cogzc'ive force Hc (Oe),
the S/N ratio (dB), Cp and the result of the €S8
durability t.egt. are reproesented for t.'he examples 2 to 4
and comparat.‘:l.ve examples 1 to 4 in Table 1.

Table 1

Ruax | Ba {po. B | Cp S/K Cp |Css

|| B | o0 |k | @ |imio |biy
1| 2.6 |0.23|11.3 | 19002000 2.4 |24.2-25.8] 5.3 | O
ggm— 2115.0}1.3 |11.5]1850-2050] 1.6 21.5-24.1; 3.7
3/10.0{0.8 |10.511865-2035]| 1.8 22.2-2¢.6| 4.5 O
4] 5.,0(0.5 J11.0]1875-2025| 2.2 22.9-25.1| 5.1 O
Con- 1118.5{1.2 |15.4}1810~2090] 1.2 20.4-23.6 | 3.0 O
gg::" 2114.3]1.4 ]10.211830-2070¢( 1.3 21.3-23.91 3.5 O
g!fgm— 3] 9.0]1.0 9.0 1840~2060 | 1.5 21.9-24.5| 4.0 x
4118.4 1.7 |10.8]1800-2100] 1.1 19.5-23.5| 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.
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_Furthe;, both Cp (both sides) and Cp (lower limit) exceed
1.3 so that the variation of the magnetic characteristic
is éuppressad. 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. bénnequem.ly. the variation bE.the magnetic ~'.
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. Thé 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.
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. 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 90 |2afo
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 %his event.,, the root mean squaze.roughness _
(Rg) 1s defined'ap follows._ Namely, an evaluation length'
(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
—f f£(x)%ax ,
Im 0
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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 maénet.i.c
layer aof the magnetic recording medium of the axgmple 5
was measurad by the surface obgervation Ly 'the use of the’
known transmission electron microgscope (TEM). As a ' '
zaeoult, t.hé grain gize of the ma_gx'aet:lc layer was 11 nm by
reflecting the cxystal grain size of the underlying
layer. PFurther, the diatribution of the crystal grain
e.lze. 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. I'n. t.his.case, the distribution of the crystai y
grain size of the magnetic crystal grains was mc:nasuxed by
the same measuring method as the magnetic crystal grain
gize distribution due to the TEM which is d.tsclosed. in a
paper (IEEE Transaction on Magnetics. VOL. 32, NO. S
[Mlcrogstructure/Magnetic Propérty Relationships in CoCxPt
Magnetic Thin Films/Mary Doexnex]. In this event, Number
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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 ﬁagnetic recording medium having thelcoe:eive "
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 thouéand times by usiang the héud glidexr of 70
haiing the load of 3g. As a result, no adéo:ption
phenomenon occurrxed between the magnetic racording medium
and the magnetic head, and.furtner, 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 aamplg type magnetometer at a maximuﬁ
eiternal apéiying magnetic field of 10 KOe b} cutting a .
gample of 8mm¢ £rom the magnetic :eco:d1n§ 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
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" densgity of 120 kfcl (line recording demsity of 120,000
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 t.hé use of
the spectrum analyzer to calculate the S/N ratio in the
condition that the carrier frequency was get to 23 .nnz
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 2 m and the magnetic head
gap length of 0.35/0.28 & n-at write/read sides. In this
case, the surface roughness, the e:.yst.'al gra.tn 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 btod ;ere measured. As a result,
the magnetic recording medium had a high coercive force
of 2000 (Oe) or more.

In the compai.-ative examples 5 and 7, the gurface
roughness of the glass subgtrate became largexr than 1.0
nm and/or Rq became larger than 1.5 nm. cOnsequentlr;
the crysta} 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
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In the comparative example 6, the surface -
roughness qf the glass substrate became larger than 15.0:
nm. This affected the eurface of the magnetic disk,
Consequently; the magnetic haad cou;d not run at a low
£1lying height and the record/reproduce characteristic was
deteriorated. ruztheg.-the:s/n_rntio was deteriorated by
the abnormal crystal grain growth and Lhe,héaﬂ'béash'
occurred. . |

In the cumpazazive éxnmple-ﬂ. the magnetic head
could not ruan at the low flying haigﬁt becauase the
surface roughness Bmax of the glass substrate was large.
Purther, the difference betﬁeei Ra and nma; was large.
Consequently, ihe 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 piojection was hrought about,

In the comparative example's. 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 crasﬁ 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 io like the example 5. "

Consequently, the same result as the.exampla 5 was
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obtained. Nameiy, 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
vare wvaried.

From the ahuve—hent%onea result, it iz necemsary
that the ‘surface rﬁughneas_éf the glass substrate.is
specified hy Rmax £ 15 mm, Ra &1 pm, Rq & 1.5 m,
preferably, Rmax & 10 nm, Rd £ 0.5 am, Rg & 0.7 nm, more
preferably, Rmax =5 mm, Ra ‘0.3 m, Rg 0.4 om to

" obtain the magnétic recordiéé medium which has éxnellent

+ magnetic characteristic and record/reproduce charﬁcter—
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 preférahly
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
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layer to investigate effects of the surface roughness of
the glass substrate for the iéreqularity fofming 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. 12), 6 nu (example 13), 4.5 nm (example
14) and 4 nm (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
(conpa¥at1ve example 12) and 4 nm (écmparative example
13).

The average £ilm thickness {(nm), 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:aphs.__;_,_,__,/
Has Been Re‘Iaced '

"
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. 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 . 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)

L

Table 4
Irregularity | Average Film | Surface Rq/Ra | Head
Forming Layez | Thickness Roughness ' Crash
.- (nm) (Rmax) _
| J
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 irregularity forming layer and the surface roughness
aze in a linear relation in the glass substrate of the
above-mentioned examples. Conséquently. the surface
roughnegs c&ﬁ be easily controlled to obtain the high CSS,

durability wo that the magnetic recording medium having
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the high ruliability is obtained. On the other hand, the
relation between 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 substrate 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 other
hand, the magnetic recording medium satisfies nqiéa >1.5
due £o the varliation vf the aurface 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 bétween the £ilm thickness of the irregularity
forming layer and the surface roughness'and the relation .
between the variation and the héad crash wvere '

investigated for the glass substrates of the above-

mentioned examples 6 to 11 and the comparative examples 6
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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 comparaf.ive 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 'suppteesed by using the glass substrate
according to thig 1nvent.:|.on. COn-equent.ly; the indgneuc
recording medium having the h!.gh :eliab:l.lity can be
cbtained. ’

“ i . . -‘
Examples 16 to 20, Comparative exzmples 14 to 16

The magnetiec 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 ::ough.ness of the
irregularity forming layer was changed into 9 mm
(comparative ex-ample 14), 10 nm (example 16), 20 am
{example 17), 30 nm (example 18), 40 .om .(exmnpls 19), 50
mm {example 20) and 55 nm (example 15). Furt.he:,' the
magnetic recording medium was manufactured in the same
manner 3§ the examplae 5 except that the .Lzr.-egularit.y
forming layer having the surfacé rough.nes ('Rm_ax.) of 10
nm was formed on thé 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.
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Rmax | CS§ Duzability [ Head
(nm) (100,000 timens) Crash
Compara-
tive 14 9 y o
Example
il M 0 0.
17| 20 o 5
Exnmi: ia 18| 30 o = '
19 40 o o
20| 50 Fo) o
Compara- | 15 5 5 ' o 5
tive
Ezample |16} 210 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. further.
the magnetic head could not run at the low flying haight

in the cowparative example 15 because the gurface
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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
:Eoming layer 48 exampliﬂ.ed in the above-mentioned
examples. Alternatively, the magnetic disk may he usable
as a contact type magnetic disk drive by reflecting
exegseively. l;igh smoothnesg gnd £latneas 9’! the glass "0
subgtrate nced in the abéve—inmﬁoned'exmples into the
surface of the x;zngnetic 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‘ss substyate in the comparative ea;ample i7.

In the magi_letie 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 nin), 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
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subgtrate 1.

The vegults similar to the above-mentioned
examples ;nd comparative examples were obtained in these
example and comparative example. HNamely, the crystal
gra;ns of the underlying layey and the magnetic layeg
formed on the glags substrate bhecame expallen£ in-the
case of the magnetic disk of the example 2{'1n which the '
glags subgtrate of the example 5 was used, chsequent;y.
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 other hand, the grain‘sigés uhieh
eonstitute the underlying layer and the magnetic layexr
formed on the glass substrate were yaried in the case of
the.magnatiu disk of the comparative example 16 in which
the glagsyg euhstrate of the comparative example $ hawing a
bad surface condition was used. Consequently, the S/N
ratio was'hétexioznted into 21.0 d4s. mhu;. the
reco:d/reproduce characteristic became bad.

' Although the magnetic digk was manufactured by
' using the in-line type successive sputtering aéparatus in
the abhove-mentioned examples, the same result could be
obtained even when the known still standing opposed type
sput.tering apparatus was used. Although the iitegularity
forming layer was formed on the underlying layet of Al/?r
in the above-mentioned examples, the irregularity forming

layer might be directly formed on the surface of the
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magnetic reco;ding medium illustrated in Fig. S5, the
.1rregularity forming layer 4, the undexlaying layer 51
consisting of the Cr layer 51a and the CrMo layer 51b,
the magnet.'l;: .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 1rxegu1ar1i§ forming layer are
preferably saelacted from metals such aa Al, Ti, C», Ag,
Nb, Wa, az §1, zZr, Cu, Ce, Au, &n, Pd. 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.#l 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 omly on a landing zone. Alternatively, tye
frregularity forming layer may be a zone texture which is
formed by smoothing a read/write zome and roughening the
surface roughness of the landing 2zone. Further, the
irregularity forming layer may be omittednin accordance
with the kind of the used drive. |

A surface reinforced glass substrate and a

crystallized glass substrate are exemplified ag the glass'
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 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 use¢ful as the substrate for am 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. ’

Further, th; third underlying layer 5 may be
formed by one layer or more conta;ning at least one
element 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. Consequently, 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, thg
low flying height can be realized by the synergistic )

effact. with the characteristic of the glass'aubstrate.to
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. improve reproducing ocutput.

Co based alloys, such as CoPt, CoCr, Coni,
CoPtCr, CoCrTa, CoMiCx, CoNiPt, CoNiCzrTa, CoNiCrPt,
CoCxPtTaNb, CoCrPtTaZr, CoCrPtTaSiO other than CoCrPtTa,
& ferrite-baged material or an iron-rare earth-based
material may be used as the magnetic layer 6. Aiter-
nativeiy, a multi-layer £ilm which is formed by dAividing
the magnetic layer with a non-magmetic £ilm (for example,
Cx, CrMo, CxV) to reduce a noise may be used as tha
magnetic layer 6.  For exampla, CoCrPtTa/CrMo/CoCrPtTa,
CoPtCr/CrMo/CoPtCxr (the left side of '/' is closer to the
substrate) may be used. ‘

mo:aower, the proteetion layer 7 in 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 ﬁe
1ntgrpoaéd ‘between the carbon protection layer and the
magnetic layer. A s:lo2 f£ilm may be formed instead of the
carxbon protection layar 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, fluorocgrbon based liquid lubricant

material ox a lubricant material comnsisting of alkali



37

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 leas than 0.5 nm, the
reslistance i.d abrasion is reduced. When the £1im
t'h:l.ely.ness exceeds 2 nm, the adsorption -occurs w:l.t.hoﬁt

) inpravement. of .t.hn reslstance to ah'ras!.on. In this
event, when the protection layer itself has a lubrieant '

effect, the lubricant layer may be omitted.

/

i
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WHAT IS CLAIMED IS:

1. ) A glaas nubstxa’t.-e which is for uge 1n. an
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 differemce between a
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. A 9lass substrate aa claimed in claim 1,
wherein: - ' ' _ o

the surface roughness is specified Sy Rmax & 10
nn, Ra £ D.E‘; nm apd Rg £ 0.7 anm.

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 glags substrate as claimed in elaim ]},
whexein: ' ‘

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 is '

formed on said glass substrate. I
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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.

_—
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9. A magnetic recording mediom as cla:l.me-.él in
claim 7; wherein: _

the purface roughness is specified by Rmax S5 nm
and Ra < 0.3 nm, and s

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 gqlass
_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:
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the-aurface roughnese Rmax of sa{d irregqularity
Forming layer falls within the range between 10 and 15
.

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 suhsirat;:

polishing, as a first polishing step, said glass
supstrate by-ueing a first polishing liquid including a
fitst polishing grain, ihe 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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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 polish;ng ntep, said
substrate by using a third polishing liquid including a
third polishing gwain, the taiza poliah;ng 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 compr.i.i:l.ng 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 av'erage c_:ryst.al, grain size of
the cxystal grains falling within the range between 5 and -
30 nm.

13. A method of manufacturing 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 specifzeh 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 highest point and a lowest point and

Rqg is representative of a root mean square roughnese; and
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depositing a thin £ilm including at least a
magnetic layer on the principle surface of said glass
substrate ao‘that sald thin £41m 1is 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
gubgtrate so thit surface :oughnesn is spacified by Rmaz
15 mm, Ra &1 mandmnanlna £ 30, where Ra is
repzesentative of a center—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 principle'snrface 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. '

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

pdint and a lowest point, wherein:
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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 £ 0,8 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 om said glass substrate. '

| 24. A method of manufacturing a magnetic

recorﬂing medium having a glass substrate as claimed in
gla&m 21 or 22, comprising the steps of:

preparing said glass substiate} 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 f£ilm ia formed by'tﬁe'use of the in-

line type successive sputtering method.
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