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Art: Recent greateignéeientdeebrathgiédhinigrnd Meghotietor Falgeidatimyy for a
magneti c recordi ng nmedi um such as a hard di sk has been increasingly nade.
magnet i ¢ r ecdrediSagnenedi um such as a hard disk refers generally to such a
medi um as to be made up of a non- magnetic substrate having an underlying
| ayer, a magnetic |ayer aREFBRENGR && REGATEDeAPRERATHINAl |y forned thereon
and to functi.on to performits recordi ng_and nep[oducjnq:operation,mhen a
head slider havi f§i® ﬁ&@ﬁé?ﬁ&lﬂ%aﬁﬂﬁhﬁﬁékgﬁ priority right under Paris

tonvention, of Japanese Patent Application No. Hei 07-14443

A

filed on January 31, and No. Hei 07-105088 filed on Abril
28, 1995, the entire disclosure of which is incorporated
herein by reference.

" BACKGROUND OF THE INVENTION

Field of the Invention:

Thé present invention relates to a magnetic recording
medium which c¢an be applied to a magnetic disk device and
also to a device ﬁsing the recording medium,

Description of the Related Art:

Recent greater-demand of establishing a high recording
density for a magnetic¢ recording medium such és a2 hard disk
has been increasingly made.

A magnetic recor&ing medium such as a hard disk refers
generally to such'a medium as to be made up of a non-
magnetic substrate having an underlying layer, a magnetic
layer and a protective layer sequentially formed thereon
and to function to ﬁefform its recording and reproducing
operation when a head élider having a magnetic head mounted
thereon runs over the medium as flown therefrom.
Accordingly., for the purpose of realizing such a magnetic

recording medium having a high recording density, it is



t hereon runs over the nediumas flown therefrom Accordingly, for the

pur pose of realizing such a nmagnetic recordi ng nmedi um havi ng a hi gh
recording density, it is 2 inportant to establish the | owflown running
of the head slider and inprove the durabilgty of the nediumw th respect to
contact start and stop operation (CSS) in addition to increase t he
coercive force of -the magnetic Iag I n ot her words, cessary to
nmake snal | dreREtantc &Dheskabiiehe %MT@%H“&HH“&B@%&#% e(ﬁfér to

t her eby enab] e hlgh density recor nd re UCIn |n a, r.ecord or

r epr oduci ngS hERr BRG mrﬁéet Fr@eh Jt)':e"F %%?‘ WEH t her, when the

opet ti SZ%W%”%%@@%&%E‘%&%% Aol e ?ﬁ%ﬁaﬂﬁlﬁm unni ngs
at the tinme,gh; ef ehdﬂgn%%aﬁaoeﬂén Godttid %Bﬁaené'xgygerx guses the

abrupt incréasSe of physical and nec burden 1 npose e magneti c
head and magagést rﬁp%@ie&gwaeawnit@é ridtieis 5229588, makeaérﬁannb%porres

necessary to enhance the durabilities of the magnetic head
distance between the magnetic head and magnetic layex to
thereby enable high-density recording and reproducing in a
record or reproducing mode by running the head slider aé
low-flown. Further, when the head slider is run as low-
flown from the magnetic recording medium, the repetitive
switching operation (CSS) between the sliding and flown
runnings at the time of starting and stopping running the
head slider causes the abrupt increase éf physical and
mechanical burden imposed on the magnetic head and magnetic
recording medium. For this reason, it also becomes
necessary to enhance the durabilities of the magnetic head
and magnetic.recording medium in the €SS (or to attain a
high €SS durability). 1In addition, as a higher recording
density is requested, a demand of reducing noise in the’
reproducing mode becomes correspondingly severer.
Meanwhile;-most existing hard disks employ an aluminum
alloy substrate as the.non-magnetic substrate, as disclosed
in, e.g., Japanese Patent Laid-open Publication No. Hed
04-268213 or No. Hel 4-47527. 1In this case, a substrate is
gubjected on its surface to Ni-P plating and polishing
6perations to obtain an aluminum alloy substrate, the

resultant aluminum alloy substrate is subjected to a



and smgnetic recording nediumin the CSS (or to attain a high CSS
durability). In addition, as a higher recording density is requested, a
demand of reducing noise in the reproduci ng node becones correspondi ngly
severer, Meanwhile, npbst existing hard di sks enploy an al um num al | oy
substrate as the non-magnetic substrateg as disclosed in, e.g., Japanese
Pat ent Lai d-open Publication No. Hei 04-268213 or No. Hei 4-47527. In this

case, a subsiexatgei Sreatnat ab erovidesar bacpet asud fadeplratighgeamdtgol i shing
operations to obtain an alum num all oy substrate, the resultant al um num

al | oy subst rthee substudfectsal tthea subjectbadute a rspubtemtingoppeoessie a
proper surface roughness to the substrate, and then subjected to a
sputtering pwoedsinbinerenuiitiere ogpthectibe tpcfork £hegepsr At her eon an
underlying | ayer fnetic | ayer, a protective | sequential ly.

That is, wi mdeﬁégingi &Y9Thg M FegTEELRs 1aVRE. %%f&’e}aﬁt iéwace_ of the

o urt o a1 9% SUBLEALEL S S 02 BERAULROA QIR Rtk S 11
digks, the unevenlrough surface of the aluminum alloy
substrate caused by the texture treatment results in
appearance on the surface of the protective layer via the
underlying and magnetic layers, whereby it c¢an be prevented
that the head slider is sticked to the magnetic recording
medium or a frictional force between the both exceeds a
predetermined value at the time of the CsS.

waever, it has been found that this system has a

limit in realizing the aforementioned.high coercivity, low-
flown running and high €88 durability. This is considered
to be because the underlying and magnetic layers are
sequentially formed on the uneven surface ¢f the alloy
substrate caused by the texture treatment, and thus
correspondingly have uneven surfaces, so that sputtering
particles have different incident angles for different
positions on the surface of the layers, thus resulting in
that crystals to be grown in the film formation process of
the underlying and magnetic layers cannot be always formed
favorably. further, the mechanical properties of the
aluminum alloy substrate including hardness are not always
sufficient to satisfy the mechanical durability regquired to

attain the low-flown running and high €8S durability.



underlying and nmagnetic | ayers, whereby it can be prevented that the head
slider is sticked to the nagnetic recording nediumor a frictional force
bet ween the both exceeds a predeterm ned value at the tine of the CSS.
However, it has been found that this systemhas a limt in realizing the
aforenenti oned high coercivity, low flgown running and high CSS durability.
This is considered to be because the underlying and magnetic |ayers are
sequent i al | Futthexmora tite hasebeansturned® @it tihatal £6y ShePYERES aused by
the texture treatnment, and thus correspondi ngl ﬁ.Elave neyen surfaces, so

t hat sputtepﬁngtbé}ming(ﬁ?qﬁa@§36F9F§¥%£$i?%dﬁﬂ% ehHBH@E YUr9different

positions on the surface of the |ayers, trgs.re ulting . kn_ that ef . tals to
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“ingufficient in its physical and chemical durability or

resistance (such as heat and corrosion resimtances) to the
above ﬁreatmenés.

As a magnetic recording medium with a high feasibllity
of easily implementing its high recording density, much
atténtion been recently directed to such a magnetic
recording medium as to use a glass substrate as a non-
magnetic substrate. Such a magnetic recording ﬁedium is
disclosed in, for example, U.S.P. 5,087,482, Japanese
Patent lLaid-open Publication Nos. 62-256215, Hei 02-29923,
Hei 03-183015, Hel 04-328317 and Hei 06-29121., The reason
why glass is used is as follows. That is, it has been
found that glass, which has high mechanical, physical and
chemical durabilities and can be_flattened in its surface
relatively easily with a high plané accuracy, is suitable
for realization of a high recording density. With such a
magnetic recording medium using the glass substrate, more
in detail, an underlying layer, a magnetic layer, a
protective layer, etc. are sequentially formed directly on
the glass substrate having a precision-polished surface.
Unlike the use of the aluminum substrate, no texture

treatment is applied to the surface of the substrate and



Furt.hernore, it has been turned out that, for the purpose of attaining good
characteristics for the underlying, magnetic and protective |ayers, this
-al so requires physical and chem cal treatnments including high tenperature
heati'ng, for which purpose the alum numalloy substrate is insufficient in
its physical and chem cal durability orgresistance (such as heat and
corrosion resistances) to the above treatnents. As a magnetic recording.
gediun1mﬁththehpght¢Q£ﬁﬂeﬂﬂdm§¢ é& puovigednwlnelhis eyni BBEY®Rh recording
ensity, nuch attention been recently directed to, sych a netic,recordin
medi um as t ug§ace. gl B %Fﬁ&ﬁ@nassgnﬁﬁnth?m{ﬂw&ri igﬁbg%?%’f Ard ch a ’
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surface rel at y easily wth a high plane accuracy, is suitable for
real i zati on fekmat Dbl hedre G Falkd 1deaskly . this rseitlitingmgneha€ tloseay di ng

medi um usi ng ‘'t he gl ass substrate, nore in detail, an underlying | ayer, a

magnetic | ayan, be relatively easily obtained layers which have good
characteristics. With respect ta the surface roughness of
the protective lafer, further, although the roughness of
the aluminum substrate cannot be easily controlled because
the rough surface of the aluminum substrate is exhibited
indirectly.on the protective layer through the underlying
and magnetic layvers. Compared'ﬁith the use of the aluminum
substrate, the use of the glass éubstrate relatively
facilitates the control of the surface roughness since the
pro;ective layer per se can determine its roughness
directly.

The inventors of the present application have
conducted various sorts of experiments and considerations
for attaining a magnetic recording medium having a high
recording density with use of the aforementioned glass
substrate and, as a result, have found the following fact..

That is, for the purpcse of réalizing high'coercivity,
low-flown running and high CSS durability, it is necessary
to improve the materials themselves of the magnetic,
protective and/or lubricant which directly determine their

functions, as a matter of course. It has been found that.



protective layer, etc. are sequentially fornmed directly on the gl ass
substrate having a precision-polished surface. Unlike the use of the-

al um num substrate, no texture treatnent is applied to the surface of the
substrate and 5 the protective layer is provided with its own uneven
surface. For this reason, since the urglerlying |ayer and magnetic |ayer
can be fornmed on the highly-snooth surface of the substrate, the control of
crystal growhPREtifelies whar ve gdader Pybabratrl FngrplovefayBh8 during

their f ti be facilitated, th | ti I n_that .t . b
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protective layer through the underlying and magnetic |ayers. Conpared with

t he use of tduefakentondiisidistofatbe yhessssubdtrdtee doxgedsubshr cliase

relatively facilitates the control of the surface roughness since the
layers, the combination of these layers or the processing
conditions at the time of forming the layers.

This fact has become clear from the atrict experiments.
and consideration conducted especially under strict
conditions required for realizing a remarkably high
recording density which has been impossible to realize with
use of the glass substrate. For example, the use of the
glass substrate enables heating treatment at a very high
temperature, which has not be expected in the case of using
the aluminum alloy substrate (refer to Japanese Patent
Laid-open Publicaﬁion Nos. Heil 04-47527 and 04-268213, for
example). When the heating temperature of a film is
increased based on the above fact to improve the
characteristics of the f£ilm itself, the heating treatment
at such a high temperature become reversely severe to the
otﬁer films, which may remarkably deteriorate the.
characteristicé of the other filmsg. When the feasibility
of enhancing the £ilm characteristics based on such high-
temperature heating treatment is not utilized for.example,
however, the feasibility of enhancing the_overall

characteristics will also be reduced. Accordingly, for the

purpose of making the most of the advantage of the glass



protective | ayer per se can determne its roughness directly. The inventors
of* the present application have conducted various sorts of experinents and
considerations for attaining a magnetic recordi ng medi um having a high _
recerding density with use of the aforenentioned glass substrate and, as a
reSult, have found the followi ng fact. Jghat is, for the purpose of :
realizing high coercivity, lowflown running and high CSS durability, it is
necessary tgubspratve tdhelmmtowe ahe themsitl velsandctelrd strdgaet £€, protective
and/ or lubricant which directly determne their functions, as a matter of
course. |t hesopesnneergrREINAL, takegspahpreaswrghthakhbReaCtiess substrate
I s enpl oyed, ,the performances of these |ayers, are not necessari

%%%bnd our

determi ned By lPfieWtay dAQE gatt lnengrgnsy Bﬁ%sé?%ﬁh?ﬁﬁ“ﬂﬁéﬁ&%ﬁef%ﬁa d «
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layers or the BROGESSL % WddeBS aBhb1 1 B8 14 it ,F $0 Batpfe) AVETS:
when the underlying layer is.formed to have a unigue multi-
fiim structure and the respective films of the underlying
layer are applied with specific heating treatments in a
specific order during the formation of the films or when
another layer is disposed between the magnetic and
protective layers, the overall characteristics can be
eventually improved even when the high-temperature héating
treatment or other severe treatment is applied during the
formation of the other layer, e.g.. the magnetic or
protective layer, while taking the advantage of the high-
temperature treatment and not causing any deterioration of
the other films.

Importantly, the realization of a high recording
density requires the realization of.high coercive force,
low~-flown running and high ¢SS durability, but this is not
sufficient, That is, it has been turned out that with a
high recording density, the level of noise in the
reproducing mode and the level of an envelope modulation in
one turn of a disk, which were insignificant, become
serious and thus these noise and modulation characteristics
must also be improved. The noise in the reproducing mode

as used herein means such noise as to result from a



Thi s fact has becone clear fromthe strict experinments and consi deration

conducted especially under strict conditions required for

r

ealizing a

remar kably high recording density which has been inpossible to realize with
use.of the glass substrate. For exanple, the use of the glass substrate
enabl es heating treatnent at a very high tenperature, which has not be
expected in the case of using the alum numalloy substrate (refer to
Japanese PammetécdrmriHmm@atumduﬁogo refn-gai torgp Bized 0f- 268213, for
exanmpl e). Wien the heating tenperature of a filmis |ncrea$ed based on the
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According to the studies of the inventors of the

present application, it has also been observed that these

characteristics are somewhat affected even by the

combination of the films of the underlying or magnetic

layer, the processing conditions of these films during

their formation or-the combination of each of the layers

with the protective layver formed on the magnetic layer and,

among these, by the combination of the films of the

underlying layer, which is one of essential factors.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to

provide a magnetic recording medium which easily allows its

high ¢oercivity, low-flown running and high €SS durability

and also to provide a method for fabricating the recording

medium.

Another object of the present invention is to provide

a magnetic recording medium which has a high coercivity and

is low and small in noise in a reproducing mode and in

envelope modulation within one turn of a disk.

In accordance with an aspect of the present invention,

the above object is attained by providing a method for



7 sybstrate to inprove the overall characteristics, it becomes necessary to
t ake such neasures that the other filns wll not influenced by this
hi gh-tenperature heating treatnment, It has been turned out fr.om studies of
the:inventors of the present application that, for exanple, when the
underlying layer is fornmed to have a ungque nmulti- filmstructure and the
respective fjlns of the under|ying |ayer are applied wth specific heating
treat ments iéFQ¥%ﬁ&&5P9i@a%F%ﬁﬁc(ﬁﬂQQlepﬁemﬁé%H%IWQ#FQﬁCQNmfLFPFnﬁhBr when
anot her | ayer_is dissposed between the magnetic, and profective |ayers, the
& i°§ts i \«,f i

overal | charth® EENLUS, & ThAin (RGFE YT RB, LR en t he o
hi gh-t , t t t t i '
dur'ing the PSR L RebeFRTEN oaabiChuBEYRGe | BRI o™ B8 cctive

| ayer, whil epshald Dghabbe qﬂﬁﬁgp Ofs kBB a1 88 rq#gg agpgent and
not causing af'ny det e%i o:’r(g??,'o_n of t es_eot ﬁer g??rl"ég Ii‘plo téﬁﬂ%a:é %’g‘; _
realizati on qnmaghiedhcr R8OEFH 10 RN A k¥ eb-BALT FAST LéMRe rE@@lgkzat i on of high
coercive force, lowflown running and high css durability, but this is not
suf ficient. uirlying lapes, badidoringdtoud hésiing tdreathiept theor di ng

density, the level of noise in the
glass substrate having the second underlying laver already

formed thereon, forming a third underlying layer made of
nonmagrietic material on the second underlying layer after
subjected to the heating treatment, forming a magnetic
layer on the third underlying layer, forming a.protective
layer on the magnetic layer through another laver or
directly not therethrough, and forming a lubricant layer on
the protective layer.

In accordance with another aspect of the present
invention, there is provided a magnetic recording medium
which compriges an underlying layer formed on a glass
substrate having a2 precision-polished surface, a magnetic
layer formed on the underlying layer, a protective layer
formed on the magnetic layer through another layer or
directly not therethrough, and a lubricant layer forﬁed on
the protective layer, and wherein the'underlying layerx
includes a first underlying layer of a non-texture layer

- provided on a side contacted with the glass substrate and
made of, as major component or components, one or more of
al, si, Pb, Cu, In, Ga, Ge, Zr or Ti to provide noise

reducing effect and a second underlying layer formed on the
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reproduci ng node and the | evel of an envel ope nodul ation in one turn of a
di sk, which were insignificant, becone serious and thus these noise and
nodul at'i on characteristics nmust al so be inproved. The noise in the

reproduci ng node as used herein nmeans such noise as to result froma 8
magneti ¢ recordi ng medi um due to non- unkforn1sizes of nagnetic particles or
a magneti zation .inversion MAﬂth defl en rego ng bits; whereas,

t he envelopefikﬁﬁJQﬁaéﬁhyFﬁgo %y?{w§F aﬁ¥aﬂg é éﬁ“ﬁt?ﬁhs

repr oduci ng Qut put ri hi rn of the disk at a certalh

radi us p05|t|AcJ) L cﬁ.p gﬁ R?b\,\%‘% P e'tssuof the inventors of the present

application, it has al som%g. ggﬁgﬁyggléﬁa@ tﬁ%s%g{gﬂgﬁégt eristics are -
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somewhat affected even by the conbination of ns of the underlying or

magnetic | ayer, tgigy.prnogashEng 006k tdaitsonialt ReeR, fid B wbddINGolhei
formation or the conbination of each of the layers with the protective

layer fornedobra tdteucngeet of 4 ayaynetrich ravorgihbeanediy ranafeetbiraat i on of
the films of the

by a method for fabricating a magnetic recording medium in

a first embodiment;

Fig. 2 is a table showing measured results of magnetic
characteristics in the embodiment 1 and comparative
exampleé 1l to ¢4;

Fig. 3 is a table showing measured results of magnetic
characteristic¢s in embodiments 2 to 6 and comparative
examples 5 to §;

Fig. 4 is a table showing measured results of magnetic
characteristics in embodiments 7 to 11 and comparative
éxamples 7 and 8; |

Fig, 5 is a graph showing a magnetization curve of a
magnetic recording medium in the conparative example 4;

Fig. 6 shows a cross-sectional view, in a model form,
of a magnetic reddrding medium in an embodiment 12;

Fig, 7 is a table showing measured results of magnetic
characteristics in embodiments 12 to 14 and comparative
examples 9 to 12;

Fig. 8 shows a c¢cross-sectional view, in a model form,
of a magnetic recording medium in an embodiment 15;

Fig. 9 shows a cross-sectional view, in a model form,

of a magnetic recording medium in a comparative example 13;
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underlying |ayer, which is one of essential factors. SUMVARY OF THE

I NVENTION It is therefore an object of the present invention to provide a

magneti ¢ recordi ng medi um which easily allows its high coercivity,

| owsfl own running and high CSS durability and also to provide a nethod for
fabricating the recordi ng nmedium Anothar object of the present invention

is to provide a magnetic recording nmedi um which has a high coercivity and

is |ow and smal | F¥¥-ndids 8hpws a2 r e¥pnaadid ofgde Vaay. | it ehveadsde f98@ul at i on

within one turn of a di,sk. In accordance with an aspect .of the present
Cnvention. (% BEREbHFeEeCPEIIRY e, L EBE| GPRRRLAL I SFARBLE o

fabricating netic recordi ng nmedi um whi ch conprises the steps of form ng
a first underlying | ayer made of nonmagnetic material on a glass substrate,

orraterT b LS 410681, 8t e i st et (e e o
subj ecting taghdtdat cherhé€sd I@itcd & embodiments 15 to 18 and
comparative examples 13 and 14;
* Fig. 12 shows a cross-sectional view, in a model form,

of a magnetic recording medium in an embodiment 19; and

Fig. 13 is a table showing measured results of
magnetic characteristics of the magnetic recording medium
in the embodiﬁent 19, |

DESCI{.IP&‘ION OF THE PREFERRED EMBODIMENTS

(Embodiment 1}

Fig. 1 shows a cross-sectional view, in a model form,
of a structuré of a magneti¢ recording medium made by a
method for fabricéting a magnetic recordihg medium in a
first embodiment of the present invention. =Explanation
will be briefly made as to the structure of the magnetic
recording medium made by the method for fabricating a
magnetie recording medium in the embodiment 1, with
reference to Fig. 1 and then as to the method for
fabriéating the magnetic recording medium in the embodiment
1.

As shown in Fig. 1, the magnetic¢ recording medium of
the present embodiment is made up of,.as major constituent
members, a glass substrate 1, a firgt underlying layer 2, a

second underlying layer 3, a third underlying layer 4, a



gl ags substrate having the second underlying'layer al ready fornmed thereon,
formng .a third underlying |layer made of nonmagnetic material on the second

underlying |l ayer after subjected to the heating treatnent,

form ng a netal

thin filmmgnetic layer on-the third underlying |layer, formng a
protective |ayer on the magnetic Iayerlzhrough anot her |ayer or directly

not therethrough

: f ] | t t
ccor dance AREHSEHO! ReYSEooch R5OYERETBR oLERRE (6 @RE] BnLup

tective layer. In

R&FRA s provi ded

i ch conpr Ree8¥on Aadifat At (0RpaR bDERY AP sk BaBR 1100 000 07 °

mrror surfaege gg%al th|n f|In1nagnet|c | ayer fornmed on the underlying

| ayer, a protectlve

ayer fornmed on the magnetic layer through anot her

| ayer or di rectlmhaoglasgrmﬁy&%@ 1aag BripdFés Ay n{a&m bounBMioMm the

protective | ayer

wherein the underlying layer includes a first

under | yi ng kajefoptedihglsiddplafte R dAdefbymh ek lsnyddieki hatvofgaghed with the
gl ass substrate, said first underlying |ayer being nade of materials having
a IOM/neltingtpuidiamﬁwbrmaﬁa&ﬂ=mmaandaﬁothinknmmmemﬁ 6Or. Scompanénby, one or
“nmore of A, Si, Cu, Ge, Zr or Ti to provide noise reducing
effect and makdsgnan ppening of 28yom for@bamefen Ha the center of the

disk and then by subjecting the digk on its both principal

sides to a precision polishing opgration to provide a

surface roughness Rmax of 30-60 angstroms.

More in detail, the chemical reinforced ¢glass forming

the glass substrate 1 contains, as major components..62-75%

of 8i02 and 5-15% of Al203, 4-10% of Liz0, 4-12% of Na20

and 5.5-15% of 2rOz all in weight %, with a weight ratio

Na20/2r02 of 0.5-2.0 and a weight ratio Al203/2rx02 of

0.4-2.5, The chemical reinforced glass is subjected to an

ion exchange p&ocess in a processing bath containing Na

ions and/or K ions to provide chemical reinforcement to

thereby obtain the glass substrate 1 (for details, refer to

Japanese Patent Application No. Hei 05-32431),

The first underlying layer 2 is an Al thin film of

Rmax of 30-75 angstroms thick which reveals non-magnetic

and low melﬁing point,

- The second underlying layer 3 ig a Cr film of about

400 angstroms thick and has a surface roughness that is

within 1-2 times, preferably 1-1.5 times that of the glass

substrate,



10 first underlying | ayer and made of any of C, TiW M, Ti, Ta, W Zr,
Cu, A, Zn, In and Sn. In accordance with yet another aspect of the present
i nventi on, a magneti ¢ recordi ng nmedi um having an inproved signal to
noi se- (S/N) ratio conprising: (i) an underlying |ayer forned on a polished
glass substrate; (ii) a magnetic |ayer formed on said underlying | ayer;

(ii1) a protecti | ayer .forged on said magnetic Laygr, through another

| ayer or directl ?ﬁ&ﬁfi ?ﬂ‘g%élf%lr%éﬁye(ri \gr) 8 ?‘u%?i%a]ﬁ? qufgr"“gorned on
sai d protect, I X efein said underlying layer further conprises; (a)
a first undéﬁﬁ& ﬁg&gg§8ﬁgf%$%§a'in contact with said polished glass and

substrate COWOS%@MSHSFQ%EI@%% tg_?_;'a_‘;_n'5 %n@ogggpgaeﬂﬁn B APROEggoMPonent

sel ected fromthe group o _ ; I and Cu; (b) a second
under|yi ng |ayptrbRsnedier, satdl dhid Stlivadent¥d nexdrpier, ahd cofneses of O

‘as a maj or conponent; and (c) a third underlying |layer fornmed on said
second underflitimds| epapoaed edHMHSsed ,oCraandnTaghetpropmitdonsl of
66:25:8:1 (atomic %).

The protective layer 6 is made up of two films, that
ig, a Cr film 61 of about 50 angstroms thick formed on the
magnetic layer 5 and a carbon (C) film 62 of about 300
angstroms thick formed on the Cr film 61,

The lubricant layer 7 is made of perfluoropoclyether of
about 20 angstroms tﬁick. |

If a texture is provided to the structure shown in
Fig. 1, a head employing a CSS type can be applied'thereto.

Explanation will next be made as t¢ a method for
fabricating a magnetic¢ recording medium in the embodiment
1.

Firsc, a chemicallreinforced glasé plate is cut into a
disk which has an outer diameter of 65 mm and a thickness
of 0.9 mm and which is provided in its center with an
opening of 20 mm in diameter, and then the disk is
subjected on its both principal sides to a precision
polishing operation to provide a surface roughness Rpasx of
30-100 angstroms, preferably 30-60 angstroms, to thereby
form a glass substrate 1,

Then the glass substrate 1 is continuously subjected

to a heating process and film forming processes to form a



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a cross-sectional view, in a
model form of a structure of a nagnetic recordi ng nedi um manufactured by a
nmet hod for fabricating a magnetic recording nediumin a first enbodi nent;
Figs 2 is a table showing neasured results of nagnetic characteristics in
the enmbodi nent 1 and conparative exanpligs 1 to 4; 10a Fig. 3is a table
showi ng neasured results of magnetic characteristics in _enbodinents 2 to 6
and conpar-atfii&Steuanerdyingt baver B qavingsassunbiee rughnesfe Reaxctfresul ts
of magnetic characteristics in epbodiments 7 to 11 and conparative exanpl es
7 and 8; Fi #0550 anographs s RAR IRy LvadAefP  aRe B @i v ISt g SREERAL i C

Cr 05s. Sect | OTSARRS TAVEE nodl 5 L26P SUHAGFRES cl rGPAR ng medi um in an
enbodi ment g iFlaGes’ wit1%d WhieANRY 34:0EASY" 68 €M Se2oniRINeLi C '
upderlying—layer_substrate), and then subjégted to a
heating process and film forming processes to form a third
underlying layer 4, a magnetic layer 5 aﬁd a protective
layer 6 thereon, with use of an inline éputter. The
thermal treatment applied to the glass subgtrate 1 should
be made with a temperature aslhigh as possible in a range
“where the glass substrate cannot be deformed. Under the
above treatment, there may arise a case in which impurities
contained in the glass substrate 1 are emitted as a gas
which is & secondary effect and may caﬁse a damage to the
underlying layer or the magnetic layer. The thermal
treatment applied to the substrate to which the second
underlying layer is attached restricts a thermal discharge
from the glass substrate 1 due td the existence of the
firgt and second underlyihg layers on the main surface of
the glaés substrate 1 g0 that heat is efficiently stored in
the substrate 1. A temperature for the second thermal
treatment can be set lower than that employed for the
thermal treatment applied to the glass substrate 1. Two
thermal treatments respectively applied to the glass |
substrate 1 and the substrate with the second underlyiné
layer are performed on the following grounds. fThat is, a

thermal treatment applied to a magnetic layer is one of the



characteristics in enbodinents 12 to 14 and conparative exanples 9 to 12;
Fig. 8 shows a cross-sectional view, in a nodel form of a magnetic
recordi ng mediumin an enbodi nent 15; Fig. 9 shows a cross-sectional view,
in_a nodel form of a magnetic recording mediumin a conparative exanple
13; Fig. 10 - shows a cross-sectional 1¢iew, in a nodel form of a magnetic

recordi ng medium.in the conparative exanple 14; F%gé 11 is a table show ng
neasured reRAtARGRLEGRELELOBAFACRITOVE asmpgnekby thryRcterdstdc18 and

conparative(g?anples 13 a 4 Fig. 12 shows a fross-sectionaL view, in a

d 1
nodel form %1Wﬁﬂﬁ%§PFCEP¥EBrdW?&anﬁﬁSUPPPﬁ walbhend f1&heand Fig. 13
[ t abl ] tig, I Sti ,of th
mgnet | o rechilnIEASY EFehinthe bkl T Shuli SRAATOR cometife |
PREFERRED EMBUJIIMal¥Ear( ERROG: FBO arld Jdcdnal tADANS1 A& AL ASRnteCklgnal view,

in a nodel form
forth in the.present embodiment were completed, coercivity

and resoiution ¢can be réspeqtively improved with
approximately 10% in comparison that the magnetic layei is
not thermally treated. Noises are also decreased with 30~
50%. As described above, improvement of the §/N ratio can
be expected by employing the two step thermal treatment
shown in the present embodiment.

Used as the inline sputter was a known inline DC
magnetron sputter. Though not shown, this inline sputter
comprises 5 chambers, that is, a first chamber extended in
a feed or transfer direction and provided therein with a
substrate heater, a second chamber having Al and Cr targets
sequentially installed therein, a third chamber having a
heater installed therein, a fourth chamber having Cr and
CONiCrTa targets sequentially installed therein, and a
fifth chamber having Cr and C (carbon) targets sequentially
installed therein. More specifically, when introduced into
the first chamber through a load lock chamber, the glass
substrate 1 is transferred at a predetermined constant
speed sequentially through the above respéctive-chambers by
means of a predetermined transfer device, during which the
following film formation and processing are carried out.

That is, a thermal processing process is given to the



of a structure of a magnetic recordi ng nmedium made by a nethod for
fabricating a magnetic recording nmediumin a first enbodi nent of the
present invention. Explanation will be briefly made as to the structure of
the-magnetic recordi ng nmedi um nade by the nethod for fabricating a nmagnetic
recording nmediumin the enbodinent 1, wig h reference to Fig. 1 and then as

to the nethod for fabnicating t he nagnetlc recording nediumin the
enbodi nent ARREFRES; FrnFFBe irst, Ehemhest f“’&tPeﬁﬁ%ﬁlqgﬁ] %&%%Ptflﬁé pr esent

nmbodi t t mer bstrat
IR T BT S SO b o %&% R B R 0
derl I t 6, d
or cant 1 G oytesuns s FBORCT HE O ERE s PR SRS, | BHCRL, R0 2
order. The gags a%!abat eat Elﬂmléraors%%re%@laxwaféﬂse@ &hwahbmgéef Ced

glass plate in the formof a disk having an outer dianmeter of 65 nmand a
- thickness ofad . fiwedndnlyr Ipleid d.aeroReBIENG0 Chn@derong thdicRMTBhEr ai N the

center of the
' second underlying layer 3 of 400 angstroms resgpectively to
obtain a secondQﬁﬁderlyingvlayer substrate. Within the
third chamber, the second-underlying-layer substrate is
heated at a temperature of 350°C for one minute. wWithin
the fourth chamber,.a Cr f£ilm and a CoNicrTa film are
sequentially formed on the gecond-underlying-layer
substrate as a third underlying layer 4 of 1,200 angstroms
thick and a magnetic layer 5 of 600 angstroms thick
respectively. Within the fifth chamber, a Cr film 61 of &0
angstroms thic¢k and a carbon film 62 of 300 angstroms thick .
are sequentially formed on the resultant substrate to
collectively form a protective layer 6. Within the
respective chambers, a vacuum level is kept at a pressure
of 1 x 103 Torr or less and an argon gas is used as a
sputtering gas. The gputtering gas pressures are set to be
5 mTorr, 3 mTorr and 5 m Torr within the second, fourth and
fifth chamberS'respecﬁively.

Subsequently, the resultant substrate subjected to the
film formation as far as the protective layer 6 is removed
from the above inline sputter, perfluoropolyether is coated
on the surface of the protective layer 6 by an imaging

process to form a lubricant layer 7 of 20 angstroms thick



di sk and then by subjecting the disk on its both principal sides to a
preci sion polishing operation to provide a surface roughness Rmax of 30-60
angstronms. More in detail, the chem cal reinforced glass form ng the glass
substrate 1 contains, as major conponents, 62-75%of Si(Jerr] and 5-15% of
Allerr]err], 4-10%of Li[err]Q 4-12%of Wa[erer] O and 5. 5-15% of

Zrgerr] all_y i ght. . % %¥gi¥; r.atj,o.. ' r 0f.0.5-2.0
‘and a meighttdé%ﬁgg'APPgé} %$%$#fb r e%Ff@%F:t%géégééé)ﬁ%§ghghgkrcg ¢
reinforced gl,assd i to an ion exchange process in a processing
bat h contai%fﬁg Naﬁpggghgﬁgfg% K ions to provide chem cal reinforcenent to

t her eby obt aﬁ'\lc{)bn{ﬂ&a@i@éssﬁ 1date th @hor details, refer to Japanese Patent
Application . Hei 05-32431). The first underlying layer 2 is an Al thin

filmof Rmax of 3br/zoapgeisonswith chavpreseneyiavennion nagmagnetdad | ow
nmel ting point. The second underlying layer 3 is a O filmof about 400
angstrons tHAick aad bxeparedrimcuhedaghtiedsyt hae $amenimapner]iag innes,

preferably 1-1.5 tinmes that of the %!ass substrate. .
the embodiment 1, except that the first underlying laver 2

was made of Cr in place of Al-(Comparative Example 1).

Further, a magnetic disk was prepared in substantially
the same manner as in the embodiment 1, except that the
first underlying layer 2 and second underlying layer 3 were
not provided (Comparative Example 2).

A magnetic disk was prepared in substantially the same
manﬁer as in the embodiment 1, except that the substrate
aftér sﬁbjected to the formation bf the second underlying
layer 3 was not.heated {(Comparative Example 3) .

Similarly, a_magnetic disk was prepared in
substantially the same manner és in the embodiment 1,
except that the glass substrate was replaced with an Al
alloy substrate plated with Ni-P (Comparative Example 4).

The magnetic recording media thus fabricated were
subjected to measurements with respect to coercivity (He),
remanence magnetization f£film thickness product (Mr-¢) and
record/reproducing characteristics (reproducing output,

- medium noise and §/N ratio), which measurement results were
given in Fig. 2 in the form of a table.

The measurement of the coercivity (Hc) and remanence

magnetization film thickness product (Mr-¢) were conducted



13 The third underlying layer 4 is a C filmof about 1200 angstrons thick.
The magnetic layer 5 is a CoNiCrTa fil mof about 600 angstrons thick. In
the illustrated exanple, the CoNNCrTa filmis conposed of Co, Ni, C and Ta
in proportlons of 66:25:8:1 (atomic % . The protective layer 6 is nmade up
of two filns, that is, a C filme6l of Hbout 50 angstrons thick formed on

the magneti cbg,aa/ﬁ;tlﬁﬂa%%ta?%ﬁbpg%“ E)Sfriu{m 6% haeggu%r&gqlg@gst roms thick

formed on the Cr cant | ayer 'S ma

per f | uor opol gghhedatid Hagwer2e easéi-am@ r&éaiCak abb1 u&fxat Liﬁaf‘griétbll%r ovi ded to

the structure shown in Fig. 1, a head enploying a ype can be applied

thereto. Expfhendiim amd;lreaeztbnbcaam@ e tf1; gebbace faa dsugdhiyng a
magneti c recording mediumin the enbodinment 1. First, a chem cal réinforced

gl ass pl at e therguindert a aactimkmwakitdr iels &ppldnaeiodimmiﬁla)ffl@dmahd a
t hi ckness of 0.9 nm and which is frOVIded inits center with an opening of
20 mmin di ak@tkde witd wsenofha vibkating swismedeetivpe magndismeteri.nci pal

sides to a preCISlhe measurement of the record/reproducing
characteristics was conducted as follows. That is, the
measurement was done under conditions that a thin film head
wag used together with the obtained magnetic disk with a
flying height between the magnetic head and disk (head-disk
gap) of 0.055 um and with a relative speed of é6m/s between
the thin £ilm head and magnetic disk, and the reproducing
outputs at a linear recording density of 70 kfei (70,000
bits per inch) were measured. Further, noise spectrum was
measured in signal record/reproducing modes with use of a
gpectrum analyzer at a carrier frequency of 8.5 MHz with a
measurement band of 15 MHz. The thin film head used in the
measurementa has a coil turn number of 56, a track width of
Ggm and a magnetic head gap length of 0.25 pm.

As will be obvious from a table of Fig. 2, the
coercivity and reproducing output of the disk in the
comparative example 1 are equal to somewhat less than those
in the embodiment 1 while the medium noise of the
comparative example 1 is much larger than that in the
embodiment 1 and the S/N ratio is smaller than that in the
embddiment 1. Further, it will be observed that, since the

coercivity and reproducing output of the comparative



pol ishing operation to provide a surface roughness Rrax of 30-100
angstrons, preferably 30-60 angstronms, to thereby forma glass substrate 1.
Then the gl ass substrate 1 is continuously subjected to a heating process
and-filmform ng processes to forma 14 first underlying layer 2 having
a surface roughness Rmax of 30-150 angsfgrons, preferably 30-90 angstrons,

) *or S 4 RS SRR BES Bnd) ar
and hen SUELGELALS § UGR'LAG RLOGARS,AE Ui ESEP 0 iasgsRge L0 Lo

thereon, wt @miﬁaﬁgnhl@ép@ i efmiyﬁ%st RShEPhetd0R} ﬁhcaapl ied to

the gl ass substrate 1 should be nm a tenperaturea | gh as possible

in arange Ve Wifth ¢b3aEASEOSERA AR vRCeaMPI e, JddiéRr chae above
treatnment, there nmay arise a case in which inpurities contained in the
gl ass subst redexclivdrty anmit teproSud madudputh iessmasbao il thef ediu@nd may
cause a dammge to the . .
noise is larger, the S/N ratio is reduced. With regard to
the comparative example 4, the Ni-P plated laver is
magnetized and has such a 2-step magnetization curve as
éhown in Fig. 5. Thus, &s the reproduéing output is
decreased, the medium noise becomes very high and the S/N
ratio becomes drops remarkably.
Tt will be seen that the embodiment 1, in which the Al
first underlying layer 2 and Cr second underlying 1ayer_3
are provided onto-the glass substrate, heated and then the
third underlying layer 4 and magnetic layer 5 are formed
thereon to thereby prepare a magnetic recording medium, has
good characteristics and thus the.magnetic recording médium
of the pregent embodiment having a high recording density
can be effectively used. |
(Embodiments 2 to 6; Comparative Examples 5 and 6)
' In these embodiments and comparative examples, the
CoNiCrTa film of the embodiment 1 as the magnetic layer 5
was replaced by a CoNiCr film and the temperature of the
- aforementioned second-underlying-layer substrate was set at
200°C (embodiment 2}, 250;C (embodiment 3), 300'¢ -
(embodiment 4), 350°C (embodiment 5), 400°C {embodiment &),

150°C (comparative example 5), and 450°C (comparative



underlying | ayer or the magnetic layer. The thermal treatnment applied to
the substrate to which the second underlying layer is attached restricts a
thermal discharge fromthe gl ass substrate 1 due to-'the existence of the
first and second underlying |ayers on the main surface of the gl ass
substrate 1 so that heat is efficientlyostored in the substrate 1. A

tenperature for the_ second t | treatnent, can be sgg éhat
enpl oyed fonPﬁEl?h@¥d%?SR§%§ﬂV te aﬁﬁF?EE ?Q?t‘ VG a Two
thermal treatnents res tivel r nd t he
substrat e WPFHEFHEP§5% lﬁﬁﬁﬁﬁ%f%pb E fﬁ%ﬁgiﬂ%ﬁ%né% %Ilomnng
grounds. ¢ty eat nent applled to a magnetic Iayer I s one of
t he 15 eggehﬁlagm%éﬁg |ons ‘to inprove a magnetic characteristic of a

magnetic |ayer, nﬂbﬁécb@Sr@é'&fhﬂﬂ Imden@WEabt{cited Witahet Babbbatieat ment
woul d be applied to the nagnetic |ayer after the first and second thernal

treat ments gRthbarthdér the guvrecriondibbdhevmirevaubjectptieted, coercivity
and resol ution can be respectlvely |nproved W th
measurements of their coercivity, remanence magnetization
film thickness product (Mx-6) and record/reproducing
characteristics (reproducing output, medium noise and S/N
ratio).as in the embodiment 1, which measurement results
were given in Fig. 3 as a table.

As will be obvious from the table.of'Fig. 3, the
coercivity increases as the substrate temperature is
raigsed. It will be observed that the reproducing output is
continuously increased up to a temperature of 400°C, but at
temperatures of above this temperature, is decreased to the.
contrary. The medium noise gradually 1ncreases with the
increased substrate temperature, which results in that the
S/N ratio abruptly drops at temperatures of 400°C or more.
It Qill also be seen that the S/N ratio decreases even at
temperatures of 250°C or less and thus a temperature range
of 250°C-400°C is prefereble in the materials.

(Enbodiments 7 to 11, Comparative Examples 7 and 8)

In these embodiments and comparative examples, the
third underlying laver 4 had a double-film structure of a
Cr film of 600 angstroms thick and a CrMo film (95 atomic %
of Cr and 5 atomic % of Mo) of 60 angstroms thick, the

magnetic layer 5 was made of a CoCrPt f£ilm (78 atomic % of



approximately 10%in conparison that the magnetic layer is not thermally
treated. Noises are also decreased with 30- 50% As described above, .

i mprovenent of the S/N ratio can be expected by enploying the two step
therrmal treatnment shown in the present enbodi ment. Used as the inline
sputter was a known inline DC magnetroreisputter. Though not shown, this
inline sputter conprises 5 chanbers, that is, a fjrst chagge extended in a
feed or traf$hedldptenicoh ahLHrand dddatrris % #t%’a Fg‘ﬁte heater, a

d chanber having Al _and ‘O target tjally installed therein,
hi 1d chambGETREFRRIES AEATEr SeRt Voo N are] QUEBEERANIRF having G

and CoN CrTa tara ggggiﬁgvgﬂéﬂéé%de%t a|3!°%dF;?%ﬁ§éd;irT%§dtsﬁéf hgbhcchanber

having Cr arfftC _ ar get ént!al ) réin. More
speci Tical ! Yent80mEAL’ §1111CESh {0 Rurbdiiikieht! 1602y o NieglisAehead | ock

chanber, the glrass substrate 1 Is transterred at a predetermned constant
speed sequentyijal byt Br QeGhpd ML RO \ekampiReT) | ¥R CREITRENZ chpatBENGeOf a

predeterm ned transfer device, during which the following filmformation

and processigxgmple 8irtréespectivelihat dtherathaert ghovegsshegeprocess is

grven to thZmbodiments and comparative examples had the same
arrangement as that of the embodiment 1,

Magnetic recording media fabricated by the fabrication
methdd under the above coriditions were subjected to
measurements of their coercivity, remanence magnetigzation
film thickness product {(Mr-¢) and record/reproducing
characteristics (réproducing output, medium noise and S/N
ratio) as in the embodiment 1, which measurement results
were given in Fig. 4 as a table. |

As will be obvious from the table of Fig. 4, the
coercivity increases with the increased substrate
temperature, while the medium noise abruptly increases at

'temperatu:es of 450°C or more. As the reproducing output
and noise vary, the 8/N ratio abruptly drops at
temperatures of 450°C or more. It has been.found from the
observation results of the disgk ghape that such abrupt
variations in the S/N ratio at temperatures of 450°'C or
more result not from.the magnetic change of the disk but
from the deformation of the substrate. That is, it has

been turned out that the head is not flown or spaced by a

predetermined height from the disk due to the disk



16 substrate in the first chanber with a range of tenperature of
300-450[err] C, preferably at 375[err]C, which does not deformthe gl ass
substrate 1. Wthin the second chanber, an Al filmand a C filmare
sequentially formed on the substrate as a first underlying |layer 2 of 60
angstronms thick and a second underlyi ng2l ayer 3 of 400 angstrons
respectively tg obt gi n a,second-underlying-1layer substrate. Wthin the
third chanbefefQimetdon,wathnbae | 3AFAY {H@% é'ﬁﬁs??%F VLIt QUdPukt o

t t f..350 Cf L hyt e. ALt hi h rth chanber, Cr

ermer i e losiELetd LeckobeCE MM o MUPRIRLER [Jatal charer
d-und | G- t_hi | | 4 of 1,200

seoond uncer ALY SHRHLALS B¢ & S SgUBdsEa e 4 of 1200

Wthin the fididiiaEhsr, 8cChadidBdbddn b‘aﬁff}efsﬁen@hé@ie}{? @y a carbon

film62 of 300 angstronms thick are sequentially formed on the resultant

substrate torgid eiopechy tempeiafidLdf BO0layer DessVdrdd i the respective
chanbers, a vacuumlevel is kept at a pressure of 1 x 10[err] Torr or |ess

and an ar gontegygeraturecdange acf P3N ‘@-d4id ‘gasds Phefembilerfiony thasepr essur es
are set to be 5 nmlorr, 3 niforr and 5 m Torr within the second, fourth and
materials. . '
The present invention has been explained in the
connection with the above embodiments,.but the invention
may include various modifications and applications.
Although the gubstrate has been made of chemically
reinforced aluminogilicate glass in the foregoing
embodiments, borosilicate, almino borosilicate, silica
glaés. soda-lime glass, crystallized glass or other glass
may be employed for the substrate, These materials may be
easily polished and finished to have their surface
roughhesses Rmax of 100 angstroms or less, and even when
these materials are polished by a polishing technigue to
such surface roughnesses Rmax of about 200 angstroms, no
broken chips nor cracks will take place. Further,the outer
- diameter of the substrate may be made smalier and the
thickness thereof may be made thinner as necessary. Though
the gurface roughness Rpax pf the substrate has been set to
be 30 angstroms in the foregoing embodiments, it may be set
to be as large as about 300 angstroms, achieving the
affects of the present invention.

In these embodiments, the first underlying layer has



fifth chanbers respectively. Subsequently, the resultant substrate
subjected to the filmformation as far as the protective layer 6 is renoved
fromthe above inline sputter, perfluoropolyether is coated on the surface
of the protective layer 6 by an imaging process to forma lubricant |ayer 7
of 20 angstromns thick 17 thereon, tmsgs obtaining a magnetic recording
medi um for use in the enbodi nent 1. (Conparative Exanples 1 to 4) For
conpari son Ween madeppfskhi HAWAVSronthg REGFRRE CICRELIRAsLiBrBPRred in
substantial Iy the _same manner as in the, enpodiment.1l, except tgﬁt the first
under | yi ng Hajpéred R&stﬂ%dﬁP?ﬁegaciQ¥aBP%€e RF e(ﬁiﬁﬁﬁapﬁggyéy Snple 1).
Further, a etic djsk S Rr.en regP'n's ﬁ ti,all er as
in the _enbog’laa%gﬁt may f@?c‘&%\l@e‘t it _Jt%ﬁe ﬁrogtH ﬁ%ofei‘{r%r%ﬁaﬁgylcé §Pﬁgggﬁg‘3€€cond
underl yi ng 'a?%%gé. &@ré‘%&%f REPVieded ,(Compar gl | vigy, Exaplhg %)1-. A magnetic
di sk was prepared i n substantial I'y 'thé saime manner as 1n the enbodi ment 1
except that the g4Babighethe second and third underlying layers have
ben made of Cr in the foregoing embodiments, the layers may
be made of non-magnetic material Such as Tiw, Mo, Ti, Ta,
W, 2r, Cu, Al, Zn, In or Sn. In addition, these underlying
layers may have a structure of 2 or more films.
The magnetic layer may be made of, in addition to the
examples listed in these embodiments, such Co alloy as
CoCrTa, CoPt(CrSi, CoPtCrTa, CoNiPt, CoNiZr, CoPt, CoNiP,
CoCrPtB or CoP, or such magnetic material as Fez03.
It goes without saying that the underlying, magnetic,
protective and other layers may be formed with use of not
the inline sputter but an ordinary sputter.
The protective layer has had a two-film structure of
the Cr and C films in these embodiments, the Cr film of phe
protective layer may be replaced by a film made of other
material, for example, such non-magnetic material as Mo,
Ti, Tiw, CrMo, Ta, W, Si of Ge, alloy, oxide, nitride,
carbide thereof. Further, the protective layer may have a
multi-film structure of 2 or more films. Furthermore, the
c film of the protective layer may be replaced by a film of
carbon hydride containing hydrogen and/or nitrogen, 2r02,

g8ic, SiN, $i02, or such material as organic or inorganic

silicon compound dispersed with hard fine particles such as



after subjected to the formation of the second underlying |ayer 3 was not
heat ed (Conparative Exanple 3). Simlarly, a nagnetic disk was prepared in
substantially the sane manner as in the enbodi nent ‘1, except that the gl ass
substrate was replaced with an Al alloy substrate plated with N -P
(Conpar ative Exanple 4). The magnetic ratording nedia thus fabricated were
subj ected tq ,Aqgasur nts with respect to coercivity (Hc), remanence
nagnétizati@ﬁ FFnPgﬁFtﬁ s product (M.o0) and record/ reproducing
characteristics ' e 4 l-u l.S LQ) , which
~ measur enment resufﬁ?gle&g?ig&é?ge%gl F\ilﬁlgrg#%%lti Bﬁ?ﬁﬁ ?rcl)?ér}n%o? dg!efgggpg_ The

measur ement exfoddifef0S! KA Y iBebr HakieA B¢ pEFRICHFSHIMAtMerathan film
t hi ckness product (M.o0) were conducted 18 by cutting out sanples of 8
mm i n di anetlebrieantt heyd:nhmdyc diec chad@OBE ELusLscirborg 19edia, appl ying a
magnetic field in a direction facing the filmsurface and neasuring them
under a maxilmprdeantroml lutpplcacdt icompoagdeai salt edfl adkald ké&eaWiéh use of a

vi-brating sanpl e_type nmagnetoneter. _
an sulfacid, The thickness of the lubricant layer is set

to be pteferably between 6-30 angstroms. This is because,
when the thickness of the lubricant layer is less than 6
angstroms, sufficient improvement cannot be attained on the
anti-friction property; whereas, when the layer thickness
exceeds 30 angstroms, the anti-friction property cannot be
improved and this also involves a stiction problem,

As explained in detail in the foregoing, a method for
fabricating magnetic recording media in the embodiménts 1
to 11 comprises the'steps of forming a first underlying
layer made of nonmagnetic material on a glass substrate,
forming on the first underlying layer a second underlying
layer made of nonmagnetic maﬁerial and different from the
first underlying laver, subjectihg to a heating treatment
the glass substrate having the secohd underlying layer
already formed thereon, forming a third underlying layer
made of nonmagnetic material on the second underlying layer
after subjected to the heaﬁing treatment, forming a |
magnetic layer on the third underlying layer, forming a
protective layer on the magnetic layer through another
layer or directly not therethrough, and forming a lubricant

layer on the protective layer (arrangement 1).



The.neasurenent of the record/reproduci ng characteristics was conducted as
follows. That is, the neasurenent was done under conditions that a thin
filmhead was used together with the obtained magnetic disk with a flying
hei ght between the magnetic head and di sk (head-disk gap) of 0.055 [err]m
and with a relative speed of 6m's betwesn the thin filmhead and 'magnetic
di sk, and the reproducing outputs at a linear recording density of 70 kfci
(70,000 bits per Ionshe arrangsrenty dd. argpbpbratedpeatingestepmifas measur ed
in signal record/reproduci ng nodes with use of a spectrum anal yzer at a

carrier fredraroPTaVEIRALIas N1PasiRga i cFtRfs FRLEsPRART &%e thin

film head din,th t .Ccoll_tur b f 5 t k
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in the embogiitent  layhise, the WRdigyMAOLECa Hafdle SAPRALAL! ¥FgexagPl e 1 is

much larger than that’'in the enbodiment 1 and the S/Nratio Is snaller than

that in the sEdad RAbrlyidg iRl ikt cbinbbsd® PR \We&dat hajorsi nce the
coercivity and reproduci ng out put of the conparative
component (arrangement 3) -

Furthermore, ih'any of the afrangements 1 to 3, the
magnetic layer is made essentially of Co, Ni or Cr material
and a heating temperature in the second-underlying-layer
substrate heating step is between 200‘'C and 400°C
(arrangement 4). Or the magnetic layer is made essentially
of Co,~Ni or Cr material and a heating temperature in the
second-underlying-iayer substrate heating step is between
250°C and 450°C (arrangement S).

The arrangement 5 is constituted of Cr, Pt and Co,
each having 5-20, 4-15 and 65-91 in atomic %, respectively.

'In the arrangements 1 to 5, the third underlving layer
has a multi-£film structure of 2 or more films, first one of
the films of the third underlying laver disposed on Ehe
side of the second underlying layer is made of Cr, second
or more one of the films thereof formed on the first £ilm
is composed of at least one or more selected from the group
of Cxr, Mo, Zr, B, 8i, 2Zn, Ti, W, ?, Ta and Al as major
component or components (arrangement 6).,

In the arrangement &6, the first, second and third

underlying layers have thicknesses of between 10 and 100



19 exanple 2 are both remarkably snmaller than those of the enbodi nent 1 and
thte mediumnoise is larger than that of the enbodinent 1, the S/Nratio is

considerably reduced. Even with regard to the conparative exanple 3, since

the.coercivity and reproducing output is smaller and the nediumnoise is

| afger, the S/Nratio is reduced. Wth pggard to the conparative exanple 4,
the NN -P plated | ayer is magneti zed and has such a 2-step magneti zati on

curve as shoaystroisg. betwdénsl0 asnd MO0k pnhogdueomg and (hetweendaor eaded, the
medi um noi se becones very high and the S/Nratio becones drops renmarkably.
It will be sz tamgstrhascréspeaeinelly (arrabogementel)M first underlying

| ayer 2 and Cr second underlying |ayer 3 are provided onto the gl ass
substrate, heatedrtde BEAVELBXFRRIRRH | FilRGS! B)8Fe AxhPLeYGRed c | ayer

oI h TSN Lot LY BLERRS R TRIE! eppSepriig et um has

Cood o DR BT L00 ABt Bg PS4 VBlbaseo
underlying layer formation step, magnetic layer formation
step, protective layer formation step and lubricant layer
formation step, there can be obtained a magnetic recording
medium which has a high coercive force for a high recording
density and a high resolution and 8/N ratio resulting from
low medium noise, which runs as low-flowﬁ-to produce a high
reproducing 6utput. and also which has a high ¢ss
durability in the low-flown running. This results from the
fact that'the glass substrate is uged as the subgtrate, the
steps of forming the first, second and third £ilms to
collectively form the underlying layer are provided, and
the second-underlying-layer substrate heating step of
heating the substrate having the second underlying layer
already formed thereon is provided. That is, the 3{fiim
underlying layer and the magnetic layer are provided on the
glass substrate capable of keeping a high flatness and
simultaneously heating of the substrate aftér the formation
of the second underlying layer causes suppression of
reduction in the substrate temperature, whereby the crystal
growth_of_these layers can be easily controlled at the time
of forming the underlying and magnetic¢ layers, which

results in that the magnetic layer having a good



In $ hese enbodi nents and conparati ve exanples, the CoNiCrTa filmof the
erfbodi nent 1 as the magnetic |layer 5 was replaced by a CoNC filmand the
tenperature of the aforenentioned second-underlying-layer substrate was set
at_200[err] C (enbodi nent 2), 250[err]C (enbodi nent 3), 300[err]C

(ehbodi ment 4), 350[err]C (enbodi mnent 5%7 400[err]C (enbodi nent 6),

6) I ospect | FENP EABkiap SURACITR Eo HE SABDER i SRR AeSBLPR: R amp| oo
nag, e STl LAROSHSRl o0 A LoflealhS SHDORLIRN sckcgBanELc recOrding
hi ckness proTBeEtEiF DIverty Pl e AREEOKER Yo 4 IR Ra BRI
- T Ll i el o i W
obvi ous fromft heat@hyetioé disks Iubsheaceeisi gatyiedhanmapedonstsd chsubstrate
tenperature is _

formation of the first underlying layer, reduction in the

substrate temperature can be suppressed to faci;itate the

formation of a good quality of underlying layer, thus

remarkably enhancing the effects of the arrangement 1.

In this case, it is preferable as in the arrangement 3

that the first underlying layer be made of Al and the

second underlying layer be made of Cr for the control of

crystal growth of the respective layers. In addition, Al

promotes the crystal growth of the Cr of the second

underlying layer and at the same time, plays a role, when

the substrate is heated, in shutting out the gas issued

from the gléSS-substrate during the heating of the

substrate. Under the synergistic effect, the entire

thickness of the underlying lavers can be made thin and

also the surface roughness thereof can be made small. As a

result, in combination with the effect of use of the glass

substrate; a low head-disk.gap can be realized and a

reproducing output can be made high. That'is, when the use

‘of the glags substrate as the substrate, the employment of

Al and Cr as the materials of the first and second

underlying layers and the provision of the second-

underlying-layer substrate heating step are effectively



raised. It will be observed that the reproducing output is continuously
ifcreased up to a tenperature of 400[err]C, but at tenperatures of above
this tenperature, is decreased to the contrary. The nedium noise gradually
i ncréases with the increased. substrate tenperature, which results in that
the SINratio abruptly drops at tenperapgires of 400[err]C or nore. It wll

or l'ess and JOWBETALIE RN HHRE ORNoBE HAOBEE A BPUSkit crable in
or less an 2 erable in

th terials. mbhodi t to 11, alid In th
engog?ng:lltgr%ﬁﬁggbﬁ%a'hg&ﬂﬁ wé?ﬁpllés?l%ﬁgf’{‘ﬁﬁ%%un erl ?iegaz?%;%%‘?ﬁ hgd aese
doubl e-fi | d ' 1N CrMo fil
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magneti c | aygf;nBnwag, made of a CoCGrPt film (78 atom c % of 21 Co, 11
atomc %of G "and 11 atomic %of Pt), and the tenperature of the

- second- under | yi ngur-gier, Skihsr reties aamettt day@bemade oEntodiient 7),
~300[err] C (enbodi ment 8), 350[err]C (enbodi nent 9), 400[err]C (enbodi nent
- 10), 450][ er mp€etdaboals nbmtthe arrangement 4, it is necessary to set
the heating temperature in the second-underlying-layer
substrate heating step at a temperatﬁre falling within a.
range of 200-400°C. When the heating temperature is lower
than 200°C, the effect of the substrate heating cannot
appear and thus improvement on the coercivity cannot be
attained with the result that the reproducing output cannot
be improved with the high recording density. Further, wheﬁ
the heating temperature is higher than 400°C, reduction in
the remanence magnetization £ilm thickness product (Mr t)
is observed and thus reduction in the reproducing output
takes place.

When the magnetic layer ig made of Co-Pt-Cr material
as in the arrangement 5, it is necessary to set the heating
temperature in the second-underlying-layer substrate
heating step at a temperature falling in a range of 250°C-
450"C, desirably in a range of 300°C-450°C. When the
heating temperature is lower than 250°C, improvement in the
coercive force cannot be seen as in the case of Co-Pt-Cr
material, thus resulting in no.improvement in the
reproducing output., In the case of thé Co-Pt-Cr material,

it is desirable to set the substrate heating temperature at



11), 200[err]C.(conparative exanple 7) and 500[err] C (conparative exanple
8) respectively. OQther than the above, these enbodi nents and conparative
-exanpl es had the sanme arrangehent as that of the enbodi ment 1. Magnetic
recordi ng nedia fabricated by the fabrication nmethod under the above
conditions were subjected to neasurenengg of their coercivity, remanence
magneti zation filmthickness product (M.0) and record/reproduci ng

char act er i s&i bighier frepeziatyrout pihen ntlr mﬁmngetanaemwrf%t%) as in the
enbodi nent 1, which neasurenent results mezﬁé iven in 4 as a table. As

will be obvhbehe¥ rghan Ho 0 Lol EOUFV?FQ tﬁlst c GBREPT| §,§’¥ ncreases with the
d trate t whi |

Lt temper at HRECTRRCIAD T P Biashr kbbatid reeté%ﬁﬁ%?ﬁlgg‘gﬁ o e alngCF]gfizgs

vary, the SeiLjakl . pliaialls j0raaa1at AGPAILE OEhgéog—gédeﬂ@]g mor e.

has been foun fron1 servat dIS such
abrupt vari aji I ¢hd %p%’o&ue%g%a&?&tewm&%a& ehrA5of e&ﬁd @i@k more

result not fromthe magnetic change of the disk but fromthe deformation of
the substrafeuctii@tied S(whichh&3ubeeationsesk o tiefbabdt be deathd s not flown

or spaced by a predetermnmined height fromthe disk due to the disk
modulation, hereinafter).

It is preferable as in the arrangement 6 that the
third underlying layer have a multi-£film structure of 2 or
more films, first one of the films of the third underlying
layer disposed on the side of the second underlying layer
is made of Cr and second or more one of the films thereof
formed on the first film be made of at least one or more
elements selected from the group of Cr, Mo, Zr, B, Si, zn,
Ti, W, V., Ta and Al. The combination of these elements of

~ the seacond or more film is determined by the material of
the magnetic layer to be formed on the second film and the
combined elements are selected so that the magnetic
crystals are orientated to provide suitable
record/reproducing c¢haracteristics.

As has been explained in the foregoing, in accordance
~with the method for fabricating the magnetic recording
media in the embodiments, since the method comprises the
first and second underlying 1ayér formation steps, second-
underlying-layer heating step, third underlying layer
formation step, magnetic layer formatioﬁ step, protective

layer formation step and lubricant layer formation step;



22 deformation with the result that the reproducing output within one turn
of"the disk is fluctuated (which fluctuations are referred to as the
nodul ati on, hereinafter). It.has also been turned-out that the S/Nratio
drops at tenperatures of 300[err]C or less and a tenperature range of
300[err]C—450[err]C is preferable for these materials. The present

| ai ned, i n. t he connection
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angstrons or less, and even when these materials are polishe
pol i shing t enhmiingeahd ahsﬂn I faatd ghoagbnaessisi Rex iof t@z'éO%WZQI)own
angstrons, no

running.

(Embodiment 12)

Fig. 6 shows a cross-sectional view, in a model form,
of a structure of a magnetic recording medium in the
present embodiment 12 of the present invention,

Explanation will be made as to the magnetic recording
medium and & method for fabricating the medium in the
embodimént_lz by referring to Fig. 6,

As shown in Fig. 6, the magnetic recording medium of
the présent embodiment is made in the form of a magnetic
disk.which is made up of, as major constituent members, a
glass substrate 11, a first underlying layer 12, a second
underlying layer 13, a third underlying layer 14, a
magnetic ;ayer 15, a protective layer 16, and a lubricant
layer 17 sequentially formed on the glass substrate 1 in
this order. |

The glass substrate 11 1s prepared by making a
chemically reinforced glass plate in the form of a disk
having an outer diameter of 65 mm and a thickness of 0.9 mm
and by making an 6pening of 20 mm in diameter in the center.
of the disk and then by subjecting the disk on its both |

principal sides to a precision polishing operation to
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set-to be 3
| afge as ab
i nvention.

made of Al .

exanpl e but
or conponen
Al t hough th
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_ s nor cracks will take place. Further,the outer dianmeter of the
substrate nmay be nmade-snaller and the thickness thereof nmay be nmade thinner
as necessary. Though the surface roughness Rrax of the substrate has been

0 angstronms in the foregoing enbodi nents, it may be set to b
out 300 angstrons, achieving3the effects of the present
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| ayers may have a structure of 2 or nore I ms. The nmagnetic
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enbodlnents

such Co alloy as
with a weight ratio Naz0/2r07 of 0.5-2.0 and a weight ratio

Al203/2r02 of 0.4-2.5. The chemical reinforced glass is
subjected to an ion exchange process in a processing bath
containing Na ions and/or K ions to provide chemically
reinforcement to thereby obtain the glass substrate 1 (for
details, refer to Japanese Patent Application No. Hei
05-32431),

The first underlying layer 12 is an Al thin film of
about 60 angstroms thick.

. The second underlying layer 13 is a Cr film of about
600 angstromg thick and has a surface roughness that is
within 1-1.5 that of the glass substrate. |

The third underlving layer 14 is a Cr £ilm of about
1200 angstroms thick.

The magnetic layer 15 is a CoNiCr film.of about 500
angstroms thick. 1In the illustrated example, the CoNiCr
film is composed of Co, Ni and Cr in proportions of
65:25:10 in atoﬁic %. |

The protective layer 16 is made up of two films, that
is, a Cr film 161 of about 50 angstroms thick formed on the
magnetic layer 15:and a carbon (C) film.162 of about 300

angstroms thick formed on the Cr f£ilm 161,

e as

een
I C
ent

t he
such



CoCrTa, CoPtCrSi, CoPtCrTa, CoN Pt, CoNi Zr, CoPt, CoN P, CoCrPtB or CoP, or
such magnetic material as Fe[err](err]. It goes wthout saying that the
under |l yi ng, magnetic, protective and other |layers may be forned with use of
not-the inline sputter but an ordinary sputter. The protective |ayer has
had a two-filmstructure of the & and @filnms in these enbodi nents, the Cr

filmof the protective, la be replaced b de of other
material, for exdR§ & “b§hé gﬁg net i@ P§F€?¥§$ %% Tiw O M, Ta,

e e Bt a ésfimqque?rﬁ%f CedE s o g Bhoei g
Furt her more, ﬁ{ibg)écm% ﬁeéuéélﬁbg{oo%%' oh W ShpdBY Duls as‘adtmél g film

of carbon h con alnlng en an rogen err]
Sigerr], @Jchtéa e & Qr thiekAEss Coﬁ'ahdo‘i&” agormpound
di spersed Wit argg |?\% p%?ltsﬁ egﬁé’%ch as 24 silica particles.

Furt hernore,s ropBl bgonh imdedsilonh preckakegoi ng enbodi ments has been nmade
of perfluoropol yether, the

Explanation will next be made as to a method for
fabricating a magnetic recording medium in the above
embodiment . |

First, a chemical reinforced.glass plate is cut into a
disk which has an outer diameter of 65 mm and a thickness
of 0.9 mm and which is provided in its center with an
opening of 20 mm in diameter, and.then the disk is
subjected on its both principal sides to a.precision
polishing operation tb.provide a surface roughneés Rmax of
30 angstroms to thereby form a glass substrate 11.

Then the glass substrate 11 is continuously subjected
to a heating process and film forming processes to form a
first underlying layer 12, a second underlying layer 13 on
the glass substrate 11, a first underlying layer 12, a
gsecond underlying layer 13, a third underlying layer 14, a
magnetic layer 15 and a protective layer 16 thereon, with
use of an inline sputter.

Used as the inline sputter was a known inline DC
magnetron sputter. Though not shown, this inline sputter
comprises a first chamber extended in a feed or transfer
direction and provided therein with a substrate heater, a

second chamber having Al and Cr targets sequentially



| ubri cant | ayer nmay be made of fluorocarbon liquid lubricant or |ubricant
conposed a salt of alkali netal of an sulfacid. The thickness of the

|l ubricant layer is set to be preferably between 6-30 angstrons. This is
because, when the thickness of the lubricant |ayer is |ess than 6
angstrons, sufficient inprovenent cannot3zbe attained on the anti-friction

property; wherea n the layer thickness exceeds 3Q angstrons, the
anti-fricti d’ﬁ‘%ﬁ%%&?é‘%% %é"mﬁﬁr Ggéﬂb‘éﬁd“ﬁ‘fﬁ@-él atf¥ol ves a stiction
problem As, b ned. ail dn e foreqgoi.ng., a nethod for,fabricating
magnet i ¢ reé§%§%§%g§e5¢é?é¥?1tﬂaéﬂﬂﬁgﬁiﬁéﬁ?ﬁgﬁ.Q%?¥EF g%nﬁpaséng%% st eps of
formng a figshetgd L0 5 aXern ?ﬂggpet' Lal a_ gl ass
substrat e, fgr %en_g %%&%Y%rg@:féil?.éf l&%gr&}%?ngﬂ ayer’ gns%egggﬁg%ﬁd%ﬁ}ﬁﬁ’% | ayer
made of nonkBeRayl er AEId Hcattbn]! khebBEh LéqmdiB1ll shotiafiiedVing | aver,
subjecting to a heating treatnment the gl ass substrate™ having e second
under | yi ng lkhgeeinlready fornmed thereon, formng a third underlying |ayer
made of nonmagnetic material on the second underlying |ayer after subjected
to the heating tMeuenspecifimalilyy aheagdrtiecdiaydkrinte the £hige underlying

| ayer, formng a protective |l ayer on the magnetic | ayer through another
| ayer or di FERRP§T fehrqualy & Roadghocknehamper nd-be blbsscswstrate 11

is transferred at a predetermined constant speed
sequentially through the above respective chambers by means
of a predetermined transfer device, during which the
following film formation and processing are carried out,
That ig, within the first chamber, first of all, the
substrate is heated at a temperature of 375 °C for 2
minutes. Within the second chamber, an Al film and a Cr
film are sequentially formed on the substrate ag a first
underlying layer 12 of 60 angstroms thick and a second
underlying layer 13 of 600 angstroms respectively. Within
the third chamber, a Cr film and a CoNiCr film are
sequentially formed on the resulﬁant substrate as a third
underlying layer 14 of 1,200 angstroms thick and a magnetic
layer 15 of 500 angstroms thick respectively. Within the
fifth chamber, a Cr film 161 of 50 angstroms thick and a
carbon film 162 of 300 angstroms thick are sequentially
formed on the resultant substrate to collectively form a
protective layer 16. Within the respective chambers, a
vacuum level is kept at a pressure of 1 x 10-5 Torr or less

and an argon gas is used as a sputtering gas. The



| ayer on the protective |ayer (arrangenent 1). 25 In the arrangenent 1,
a substrate heating step is further provided for heating the gl ass
substrate prior to formation of the first underlying |ayer (arrangenment 2).
Further, the first underlying |ayer is conposed of Ge, Ga, Zr, Ti, A, Si,
Pb, Cu or In as a major conponent and tBe¢ second underlying |layer is
conposed of Cr as a nmmj or conponent (arrangenent 3). Furthernore, in any of
the arrangefPHEESTIRG 92S (RRLAHFRS: Ll SPEr CP P &TOFEenf| BTPFE gindo, Ni
or Cr material wand a. heating tenperature_i.n_the.second-underlying-I|ayer
substrate h aﬁFﬁﬁng% *Q;%ﬁ%\ﬂgg%nEOOFéFF?C?%équﬂﬁﬁ%eFPngﬁﬁfrangenent 4) .
O the nagnet) S made essentially of Co, Ni or C nmaterial anhd a
heat i ng ten%%?%?h?gséﬁyihe second- under | yi ng-1 ayer substrate heating step

st o or CEobpRIE 0 omacagechpic e WaitLaROETIG ) 12
respecti vel )filhnfbhﬁataidrﬁrmrﬁ&t aslthe protéetive nayendes! vi NSethddd

from the above inline sputter, perfluoropolyether is coated

on the surface of the protective layer 16 by an imaging

process to form a lubricant layer 17 of 20 angstroms thick

theféon, thus obtaining & magnetic recording medium for use

in the embodiment 12. |

(Embodiment 13 and 14)

In the embodiment 13, a magnetic recording medium was
prepared by the same fabrication method as in the above
embodiment 12 to have the same structure thereas, except
that the first underlying layer 12 in the embodiment 12 was
changed to have a thickness of 100 angstroms and the second
underlying layer 13 wés ¢hanged to have a thickness of 1000
angstroms (ratio of the first underlying layer to the
second underlying laver being 10). 'Similarly, in the
embodiment 14, a magnetic recording medium was prepared by
the same fabrication method as in the above embodiment 12
to have the same structure thereas, except that the first
underlying layer 12 in the embodiment 12 was changed to
have a thickness of 80 angstroms and the second underlying
layer 13 was changed to have a thickness of 400 angstroms
(ratio of the first underlying layer ﬁo the second |

underlying layer being 5).



has-a multi-filmstructure of 2 or nore filnms, first one of the filns of
the third underlying | ayer disposed on the side of the second underlying

| ayer is made of Cr, second or nore one of the filnms thereof forned on the
first filmis conposed of at |east one gilnnre sel ected fromthe group of
C, M, Zr, B, Si, Zn, Ti, W V, Ta and as maj or conmponent or conponents

(arrangenent %r[ﬁ emgnt. 6 he first, second and third
under | yi ng ﬁggéPékﬁg%ggt I'C E%?% s%8f162tmeen 10 and 100 26 angstronmns,

between 10 and 1Q90tﬁ89§6:ﬁ157’§?a@i% %‘m@@e 30 m&%g%&f&qca%%bkaﬁfﬁg

respectively (arrangenent . Tn the above”arrangenent since’there are
provi ded t henelii 1t w8 doSASEE WIdehley sasle | pMeF 1 da¥ibRt MBRLSECRS  in

second- under | yi ng-l ayer substrate heating step, third underlying | ayer
formati on st@p, absgeesmisodiaeit flor KBt hate StieP saneolseelibtere ayRérdLH mat i on
step and lubricant |ayer formation step, there can be obtained a magnetic
recordi ng mesceptwbhat thes fidsitghndeeiping Iayere 12odnathegémbedimetitng
density and a high resolution and SINratio resulting from
2 was changed to have a thickness of 50 angstroms and the
second underlying layer 13 was changed to have a thickness
of 1000 angstroms (ratio of the first underlying layer to
the second underlying layer beiﬁg 20). Similarly, in the
comparative example 10, a magnetic recording medium was
prepared by the same fabrication method as in the above
embodiment 12 to have the same structure thereas, except
that the first undeflying layer 12 in the embodiment 12 was
changed to have a thickness of 80 angstroms and the second
underlying layer 13 was changed to.have a thickness of 2000
angstrome (ratio of the first underlying layer to the
second underlying layer being 25). S8imilarly, in the
conparative example 11, = magnetic recording medium was
brepared by the same fabrication method as in the above
embodiment 12 to have the same structure thereas, except
that the first underlying layer 12 in the embodiment 12 was
changed to have a thickness of 150 angstroms and the second
underlying layer 13 was changed to have a thickness of 1500
angstroms (ratio of the first underlying layer to the
second underlying layer being 10). Also, in the

comparative example 12, a magnetic recording medium was

prepared by the same fabrication method as in the above



| ow- medi um noi se, which runs as |lowflown to produce a high reproducing

out put, and al so which has a high CSS durability in the | owflown running.
This results fromthe fact that the glass substrate is used as the
substrate, the steps of formng the first, second and third filns to.
collectively formthe underlying | ayer &6 provided, and the

second- under | yi ng- 1 ayer .substrate heating step of heating the substrate
havi ng t he MSRaer Ry ER RS hhen | Sa81e) FEEBF aEe (IR RERA® | 8X6eB%i ded. That
is, the 3-fiJymunderl.ying |ayer. and the magpetic, | ayer, are proyided on the
gl ass subst r&i% 5§Sa5¥§sgfu %%ﬁ&¥i?%i%ﬁ%ﬁ? g?a%ﬂeggeeﬁﬁ?éﬁ%%ﬁ%Faﬁ@dﬂ%?y
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form ng the underlying and magnetic layers, which re
magneti c | ays khungedacgdgeire a Thiwkrieikal bENLOSS raiddtronganraeidoseed on

t he underlying | ayer and the physical and chemi cal characteristics of the
the first underlying layer to the second underlying layer
being 0). _ | '

Shown in Fig.7 is a table of measurement results of
characteristics of the magnetic recording media in the
above embodiments 12 to 14 and compgrative examples 9 to
12.

The coercive force (Hc) was measured by cutting out
samples of 8 mm in diameter from the fabricated magnetic
recording media, applying a magnetic field ﬁo the sample in
a direction facing its film surface and then measuring the
gsamples with use of a vibrating sample type magnetometer
under a maximum external application magnetic field of 10
koCe. |

The measurement of the record/reproducing
characterigtics (envelope modulation and medium noise) was

| conducted as follows. That is, the measurement was done
under conditions that a thin film head was used together
with the obtained magnetic disk with a flying height
between the;magnetié head and disk (head-disk gap) of 0.055
Mm and with & relative speed of 6m/s between the thin film
head and magnetic disk, and the record/reproducing outputs

at a linear recording'density of 70 kfei (70,000 bits per



respective layers can be inproved to a |large extent. In the arrangenent 2,
since the substrate heating step of heating the glass substrate is carried
out prior to the formation of the first underlying l.ayer, reduction in the
substrate tenperature can-be suppressed to facilitate the formation of a
good quality of underlying |ayer, thus rmgmarkably enhancing the effects of
the arrangenent 1. In this case, it is preferable as in the arrangenent 3
t hat the fiAschinWereyheagunedsr Furhes. ohoi¥e areatranswasnueaseed vi ng

| ayer be made of Cr_for the control ,of crystal, growth of the respective -
layers. In addiEteBal chtﬁﬂdrﬁﬁ?é@dﬁ’ﬁén@r?@éa? WridWueeo Lt fReSPRCB¥UN he second

underlying layer _and at_ the sanme tine, pla , _When the substrate is
heated, in §ﬁér??ﬁ§ %EtatQﬁfﬁﬁi?ig§§338n$¥o¥$t§€g8&§%§u§§b§trate during the
heat i ng of t <t syn I St 4 ffect, the enfir

t hi ckness o}'ggﬁéggﬁ%é%}%ﬂ%r&z)}ér gﬁéén gfégnégaaé&tﬁ'llﬁ“ §ﬁ&da}1§8§t+fé tg’tﬁ’face
roughness t 18! 5n NgC ' | 14 h the
ef fect of .uzt%rag?}te gﬂélpg:éi?gbst ra{tg?ézn%gilega%-s(ﬂ'sl? Sg%bggar’licg%h \r@egal i zed
and a reprogua BHdOoatMEner R anaagaphlgﬁ?th1aguojz$,umhen-the use of the

gl ass substrate as the substrate, the enploynent of Al and C as the

material s of theabi will cvel cledin@ from a table of Fig. 7, in the
embodiments 12 to 14 wherein the thicknesses of the first
underlying layer 12 (Al) were set to be within a range of
10-100 angstroms and the thicknesses of the gecond
underlying layer 13 (Cr) were get to be 2-~10 timesg the
thickness of the first underlying layer 12; the coercive
force was equal to or more than 1600 Oe, the envelope
modulation was equal to or less than 4.0%, the medium noise
was equal to or legs than 2.7 Uvrmg, Thus in the
embodiments 12 to 14, the sufficient coercivity was secured
and the envelope modulation and ﬁedium noise were
suppressed to sufficiently low levels. 1In tﬁe comparative
examples 9 to 12 wherein the first underlying layer 12 (al)
had suitable thicknesses but the second underlying layer 13
(Cr) was thick and thus the film thickness ratio between
the both exceeds 10, oﬁ the other hand, the eﬁvelope
modulation was considerably large when compared with that
of the embodiments, In parﬁicular, in the comparative
eXampleS'll-énd 12 wherein the thickness of the first
underlyving layer 12 (Al) was set to be greater than 100

angstroms (at 150 angstroms) (ratic being 100) and wherein



underlying layers and the provision of the second- underlying-|ayer

substrate heating step are effectively 28 integrally conbined; there can
be attained a magnetic recordi ng nmediumwhich is high in the coercive force
and-resol ution, low in nediumnoise and small in surface roughness.

Further, when the magnetic layer is madespf Co-Ni-Cr material as in the
arrangenent 4, it s necessarg to set the heating tenperature in the
fa

second- underifg fgickpesssabsthat Blrtatunsderdveps ataver dipdPdt umast 8eti ng
within a ranqg?g%f]égg- ggg%lc%ov%ﬁ%l%égﬁe@hﬁgg Bg t enper ar;‘['u.r,e is | vvgr t han
200[err]C, t Fhe’s nGReAMTIRS agpfar 2RGSPRAS
TP OUCIENt g o eSSRLCLGLY, AN LRGN, LS KGR fat (e
TP omhASUGA R REAVGE AR Vg BOES LB Shner gLt o
and thus reqisd legibodimbhes £Rd Ohie | AR VRUEL 8K BFa P! AGRi ficantly '

' smaller than those of the embodiments.

Although the present~inveﬁtién hag been explained in
connection with the embodiments, the invention is not
limited to the specific examples but may cover various
modifications and applications including the following
modificationg.

That is, although the substrate hasg been made of
aluminosilicate chemical reinforced glass in the foregoing
embodiments, borosilicate, almino borosilicate, gilica
glass, soda-lime glass or other glass may be employed for
the substrate. These materials may be easily polished and
finished to have their surface roughnesses Rmax of 100
angstroms or less. Further,the outer diameter of the
‘substrate may be made smaller and the thickness thereof may
be made thinner ag necessary.

In these embodiments, ﬁhe first underlying layer has
been made of Al. However, the present invention is not
limited to the gpecific example but the first underlying
layéf nay be made, as its.major ¢omponent or components, of
any one or two of 8i, Pb, Cu, In, Ga, Ge, 2r or Ti.

Although the second and third underlying layers have

been made of Cr in the foregoing embodiments, the layers



Wien the magnetic layer is nmade of Co-Pt-Cr material as in the arrangenent

5,*it is necessary to set the heating tenperature in the

second- under | yi ng-l ayer substrate heating step at a tenperature falling in

a range of 250[err]C 450[err]C, desirably in a range of

'300[err] C-450[err]C. Wen the heating tesgerature is |ower than 250[err]C,

| mprovenent _in }ye cgerc%ve force cannot be,seen

material, tAGY PEsTF ?nﬁ

in the case of Co-Pt-Cr

TN PAGRR Ao MATETAAL, AUSH AF duidei O

rolitput. In

t he case of e 5Pt - erjal,_jt is.desirable, to set.the substrate
heati ng terrplltearr]'aﬁg?[ét 8{" r%' airﬁ’l g%derort ?ﬁ‘per ;f‘ugéglw& {HESReat | ng

t ture e gh 4 h i 1401 '
Cf or mat | on SR AP LoV Sr] M Eteve, TRNTEE. £ L SAKIETRED, 8L

deformation of the g

ness and

i rregul ar hemd=difskmgap, thus resulting in that the reproduci ng out put

Wi thin one turn of the disk fluctuates (which fluctuations are referred to

as the.nodul ati orthehmaghatit eldved tmdys ber elkdeabfe b5 dddifdionakbapgenent 6

that the third under|ying layer have a multi-filmstructure of 2 or
examples listed in these embodiments, such Co alloy as

CoNiCrTa, CONiPt, CoNiZz, CoCrPt, CoPt, COPtCrTa, CoCrPtB

or CoP, or such magnetic material as Fez03.

It goes without saying that the underlying, magnetic,

protective and other layers may be formed with use of not

. the inline gputter but an ordinary sputter such as, e.g., a

stationary opposed target type sputter,

The protective layer has had a two-film structure of

the Cr and C films in these embodiments, the Cr film of the

protective layer may be replaced by a £film made of other

material, for example, such non-magnetic material as Mo,

Ti, TiW, CxMo, Ta, W, Si or Ge, or oxide, nitride, carbide

thereof., Further, the protective layer may have a multi-

film structure of 2 or more filmg. Furthermore, the ¢ film

of the protective layer may be replaced by a film of Si03,

Zr02, SiN, $iC, or such material containing hydrogen and/or

nitrogen as organic or inorganic silicon compound dispersed

with hard fine particles such ag silica particles.

Furthermore, the lubricant layer in the foregoing

embodiments has been made of perfluoropolyether, the

lubricant -layer may be made of fluorocarbon liquid

lubricant or lubricant composed a salt of alkali metal of



nmore films, first one of the filns of the third underlying |ayer disposed
on" the side of the second underlying |ayer is nade of Cr and second or nore
one of the filns thereof formed on the first filmbe nmade of at |east one
or wore elements selected fromthe group of O, M, Zr, B, Si, zn, Ti, W
V, Ta and Al. The conbi nation of these altenents of the second or nore film

1s determ ned by.the,paterjal of the magnetic,layer to _be forned on the
second fil m3&h&uthacs nbiﬂ%ﬁ Ehighnass & etgﬁlﬁ%?%&FQRFtﬁﬁﬁgrtﬁé R&Gnetic

char act or | sticobe ReBhEEabey Bhadh Bat RRERERORH odiy Son eRLRBPBance wi th

the method fyord 2Rel ERHERAeLH ML LD EEAL UL Ao 3 deR LignegbOdi ment s,

since the nethod conprises secon ying lrayér formation

steps, secongs¢rdfE! YEREl ydie NerRNemehePeakibd he MR KeRIhAYRE
formati on step, magnetic layer formation step, protective layer formation

step and | ulmntdafiricayen pespertywn wileepas, wRén tdles Q007 RaicRabiged a

magneti ¢ recordi ng medi um whi ch has. _
exceeds 30 angstroms, the stiction property cannot be
improved and this also involves an adsorption problem.

As explained in detail in the foregoing, each of
magnetic recording media in the embodiments 11 to 14
comprises an underlying layer formed on a glass substrate
having a precision-polished surface, a magneti¢ layer
formed on the underlying layer, a protective layer formed
on the magnetic layer through anothér layer or difectly not
therethrough, and a lubricant layer formed oh the
protective layer, and'wherein the underlying layer is made
up of a first ﬁnderlying layer made of Al and formed on a
side contacted with the glass substrate and a éecond
underlying layer made of Cr and formed on the first
underlying layer, the first underlying layer is set to have
a thickness of 10-100 angstroms and the second underlying
layer is set to have a thickness corresponding to 2-10
times the thickness of the first underlying layer
(arrangement 1).

In the arrangement 1, the underlying layer has at
least one third underlying layer which is formed on the
second'underlying layer and made of material selected from

the group of elements Cr, Mo, zr, B, §i, Zn, Ti, W, V, Ta



a high coercivity for a high recording density as well as a high resolution
and S/Nratio resulting froma | ow nedi um noi se, produces a high
reproduci ng output in lowflown running and al so has a high CSS durability
in the lowflown running. (Enbodiment 12) Fig. 6 shows a cross-sectional
view, in a nodel form of a structure ofgi1a nmagnetic recording nediumin the
present enbodi t 12 of the present invention. Explanation wll be made as
to the magnéi eéﬁfﬁ?ﬂ%mW¥3$JHVand a method for fabricating the mediumin

th nbodi t 12.b ' Fg...6. In.Fig... 6. th ti

regoredi (rjlgl Prggl um%(S’f xprﬁg;%{?éégﬁé%‘mddgitrpgnttﬁ;gax‘gﬁ;ﬂ}l}lﬂl?g R far 6% gagne ©
ang o ! . , I

Substrate 11T ALHOF20BCEMP dHae R ol ok A et I ayer 13, a

third underlyi ngyighesudt an. SPeRfdriertdy 88ndd. tie RiriAliivg hayer 16, and
a lubricant |ayer 17 sequentially fornmed on the glass substrate 1l in this

order. The glsamadeubiptofite flilrdts yndedytdgbyayekimgiea ofhali gadl y rei nforced
glass plate in the formof a disk having an outer dianmeter of 65 nmand a
t hi ckness offc@m@dnen a side contacted with the glass substrate and a

seéond underlyingllayei made of Cr and formed on the first.

underlying layer, the first underlying layer is set to have

& thickness of 10-100 angstroms and the second underlying

layer is set to have a thickness corresponding to 2-10

times the thickness of the first underlying layer; there

can be obtained a magnetic recording medium which is high

in coercivity and small in the noise and envelope

modulation within one tuxn in a reproducing mode.

In this case, the thickness of the first underlying
layer is set to be between 10 and 100 angstroms. This is
because, when the thickness of the first underlying layer
is set to be less thaﬁ 10 angstroms, the coercivity becomes
small, whereas, when the thickness thereof is set to exceed
100 angstroms, the medium noise is increased.

Further, the second underlying layer is set to have a
thickness corresponding to 2-10 timés the thickness of the
first underlying layer. This is because, when the
thickness of the second underlying laver is set to be less
than a value correspoﬁding to 2 times the thickness of thé
first underlying layer, the coercivity becomes insufficient

and the noise becomes high, whereas, when the second layer



and by maeking an opening of 20 mmin dianmeter in the center of the disk and
tRen by subjecting the disk on its both principal sides to a precision
pol i shing operation to 31 provide a surface roughness Rmax of 30
angstrons. More in detail, the chemcally reinforced glass formng the
gl'ass substrate 11 contains, as major caiponents, 62-75%of SiJerr] and

5-15% of A1203, 4-10%.0f Li[err]O 4-12% qQf Nalerr apd 5.5-15% of '

Zrq e(;r] al | H%F’W&S&h({lswew 137 %?‘9%‘?%@{ Vgra(ﬁa-ﬂlreo h’é %P?@ Oh&r 31% of 0.5-2.0

and a wei ght ratl er.r El / cal

rej nforceg g LB elt':% Jf% é %‘g lé‘ﬁaga%e%r QT‘F&‘% 5t ocessi ng

bat h contalr’&g‘?ﬂ1 cﬁpﬁ gggégr%#%égns to provide chenlcally r ei nf or cenent
obtain

to t hereby Fass su ate 1 (for details, refer to Japanese
Patent Appl i Cat'%%isHethS §84§é)% rdfurdlestndRdenb yimged ayer 12 is an

Al thin filmof about 60 angstrons t The second underlying layer 13 is
aC film ofuzmnyzaaonygstb@r@rdwddd arsd:.hashe arréngenerighness that is
because this improves the noise and modulation
characteristics. Further, as in the arrangement 3, it is
preferable to set the Cr third underlying layer to be 200-
1600 angstroms thick. Such setting has also been confirmed
to be advantagéous.

As has been explained above in detail, in accordance
with the present embodiment, there is provided a magnetic
recording medium which comprises an underlying layer formed
on a glass substrate, a magnetic layver formed on the
underlying layer, a protective 1ayer formed on the magnetic
1aygr through another layer or directly not therethrough,
and a lubricant layer formed on the protective layer, and
wherein the underlyihg layer is made up of a first
underlying layer made of Al and formed on a side contacted
with the glass substrate and a second underlying layer made
of Cr and formed on the first underlying layer, the first
underlying layer is set to have a thickness of 10-100
angstroms and the second underlying layver is set to have a
thickness corfesponding to 2-10 times the thickness of the
first underlying layer, whereby the coercivity can be made

" high and the noise and envelope modulation within one turn

of the disk in a reproducing mode can be supprassed down to



wWithin 1-1.5 that of the glass substrate. The third underlying layer 14 is
a‘C filmof about 1200 angstrons thick. The magnetic layer 15 ts a CoN O
filmof about 500 angstrons thick. In the illustrated exanple, the CoN Cr -
filmis conposed of Co, Ni and C in proportions of 65:25:10 in atomc %
The protective layer 16 is made up of twpfilms, that is, a C film 161 of
about 50 angstrons thick formed on the nagnetic |ayer 15 and a carbon (O
film 162 of #eve3d0 angstroms thick formed on the O film 161. 32 The
| ubricant layer 17 is prepared by coating |ubricant of perfluoropol yether
(for exanpleﬁmgqpﬂﬁﬁﬁtnﬁﬁg AMR001 manufactured by Mntedi son Conpany

angst ol by an [ier Bi O ProteRs SISiIeaR: ot 11 SaRcHe 1ale 25 to a
method for falyicating s "BIRNGHdt e GRediBegoalatld Nt 15e2BRUg L0 ment .

embodiment 15, which structure is different from the

structures of the aforementioned magnetic recording

mediums. Tﬁat is, The magnetic disk of the embodiment 15

is made up of a glass substrate 21, a first underlying

layer 22, a second underlying layer 23, a magnetic layer

24, a protective layer 25 and a lubricant layer 26

sequentially formed on the glass substrate 21 in thig

order, the surface of the protective layer being made

uneven or textured.

The glass substrate 21 is obtaineﬁ as in the
embodiment 1 by cutting a chemical ieinforced glass plate
into a disk which has an outer diameter of 65 mm and a
thickness of 0.9 mm and which is provided in its center
with an opening of 20 mm in diameter, and then subjecting
the disk on its both principal sides to a precision
polishing operation to provide a surface roughness Rmax of
30 angstroms.

The first underlying layer 22 is an Al thin £ilm of 48
angstroms thick. The second underlying layer 23 is a Cr
layer of 130 angstroms thick. The magnetic layer 24 is a
CoPtCr magnetic layer of 300 angstroms thick. The
protective layer 25 is a carbon (C) protedtive layer of 130

angstroms thick. The lubricant layer 26 is made of such



First, a chemcal reinforced glass plate is cut into a disk which has an
outer dianeter of 65 mmand a thickness of 0.9 nmand which is provided in
its center with an opening of 20 nmin dianeter, and then the disk is
subfected on its both principal sides to a precision polishing operation to
provi de a surface roughness Rmax of 30 apgstrons to thereby forma gl ass

heating proclEFiERet Pefef Rl 1 BrekerbpolySPikr a Hhe éro&#&iﬁ%ré?ntg"l ayer
12 :

unde?l ;?ﬁgnﬁ{y@e Ii‘g'gs{lg%gét%éa&pl ;:Psngs%]rgéresﬁgéﬁ@t%&% élrlrfl;[ ng | ayer
14, a mgnetxsfode@,séegnaérage Er P UP HeR g’ cdfigl BESRO o wotrﬁ f gse of an

inline sputtier as t ne sputter was a nomm I nl i ne DC nmagnetron
sputter. Thotgfurel csBedBn.this inline sputter conprises a first chanber

extended in a feed or transfer direction and provided therein with a
substrat e heater The fdeehdanfagbesndatiiermnadl txedtentaraeai beseppetedal |y
-33 to the glass substrate 1 of the embodiment 15 ghown in Fig.
8 as performed similarly in the embodiment 1.

A magnetic disk to which such a thermal treatment is
applied is constructed such that the underlying layer
formed on the glass substrate 1 is consﬁituted of Cr having
a double layer structure and layers constitutéd of Co and
PL are stacked consecutively on the underlying layer,

" The second thermal treatment should be applied
preferably to the first Cr underlying layer but can be
applied to the Co layer underneath the Pt layer.
(Embodiments 16 to 18) -

In the embodiments 16 to 18, first underlying layers
22 were used which each correspond to the Al thin film 22
in the.magnetic recording medium of the embodiment 15 but
have different thicknesses. That is, the aluminum thin
film 22 was set to be 50 angstroms thick in the embodiment
16, the aluminum thin film 22 was to be'GO_angstroms thick
in the embodiment 17, and the aluminum thin film 22 was to
be 70 angstroms thick in the embodiment 18.

(Comparative Examples 13 and 14)
In the compakative example 13, the aluminum thin film

22 as the first underlying layer 22 in the embodiment 15 is



installed therein, a third chanber having a heater installed therein, a
fourth chanmber having & and CoN G targets sequentially installed therein,
and a fifth chanber having C and C (carbon) targets sequentially installed
therein. More specifically, when introduced into the first chanber through
a [oad | ock chanber, the glass substratesqgl is transferred at a
predeterm ned constant speed sequentially through t he. above respective

chanbers by hriamFroyidgdppedelatl nthe EecoRts LBReriViReg, LaNAY 79 Wi ch t he
followng filmfaormation gnd processing are cartied, out hat is, within
the irot cHaliRstily ioeedronlTRe e dith, SieF VLS LSV 23 2%t HBMRa ur e
of 375 [err]L for 2.mnuyte ythin.t S h € filmand a Cr
filmare seqll'JnenF?jiga'l |9y fg%né%e\é‘vfl&@u%asta‘glgt %%?@8%1‘% gg?lt?%% aq}n & | ying | ayer

12 of 60 heky LAY - t
espectivel s TS (Re P e Shanng (E"ErepRnaKTLs 4% RegtdRef U2 L7

sequenti al | iy n@d a00miAGmI asbedte, SWaShatvR 88 Pidhizal, underlying |ayer
14 of 1,200 angstrons thick and a magnetic |ayer 15 of 500 angstrons thick

respectively. W tRefertciagf tbthighalberchexreClsf showi64 vdbTd cngst rons t hi ck
and a carbon film 162 of 300 angstrons thick are sequentially
measured results of characteristics of the magnetic
recording media as the above embodiments 15 to 18 and
comparative examples 13 and 14 under noise measurement
conditions which follow. That is, The measurement
conditions are that a magnetoresistive (MR) head having a
head-disk gap of 0.06 um is used and a relative speed
between the MR head and magnetic disk is set at ém/s.
Under such conditions, record/reproducing characteristics
in a linear recording density of 100 kfci (100,000 bits per
inch) were measured. Further, noise spectrum was measured
in signal record/reproducing modes with use of a spectrum
analyzer with a carrier frequency of 9.5 MHz and a
measurement band of 18 MHz. The MR head had a coil turn
number of 30, track widths of 4.8 pm and 8.5 um and
magnetic head gap lengths of 0.43 pm and 0.31 um on thé
write and read sides respectively.
As will be seen from Fig. 11, the noises in the
present embodiﬁents are reduced to half or less of those in
' the comparative examples 13 and 14 under the above
measurement conditions. Further, sinc¢e an uneven or rough

surface resulting from the texturing process is provided



formed on the resultant substrate to collectively forma protective |ayer
16. Wthin the respective chanbers, a vacuum |l evel is kept at a pressure of
1 x 10[err] Torr or less and an argon gas is used as a sputtering gas. The
34 sputtering gas pressures are set to be 5 mlforr, 3 mlorr and 5 mlorr
within the second, third and fourth champgrs respectively. Subsequently,
the resultant substrate sub%ected to the filmformation as far as_the

protective IOBKt ef6h FaFBABYR T $PFALNGE MGV LRI Fhe afhadiglents 15
B | magi ng. b dds B0 LRORRVANTRBRT R PRFGESdrERR: P MRS L APE .
Lhereon, NP 8o ATRSh ot 87 Ul cHaTRY R e e
above enbod et 1Y BLRREE Rl e AP AR Bl s B e ' e
first underipd RgevartedlZrém ébCeiiiafia@redélersned level during
| the Css. | |
(Embodiment 19)
Fig. 12 is a croésfsectional view, in a model form, of
a structure of a magnetic recording medium in the
embodiment 19. With the magnetic recording medium of Fig.
12, a texture is provided between the a glass substrate 31
and a magnetic layer 36, though the texture is provided to
the protective layer in the embodiments 15 to 18,
The glass substrate 31 is similar to the glass
substrate 21 of Fig, 8. Formed on the glass substrate 31
is an aluminum thin f£ilm 32 having a thickness of 50
angstroms. Formed on the aluminum thin film 32 is a Cr
underlying layer 33, on which a uneven aluminum thin £ilm
3¢ (texture@ layer) is formed in an island manner. Further
formed on the uneven aluminum thin £ilm 34 is a second Cr
underlying layer 35, on which a CoPtCr (Co:Pt:Cr = 73:11:16
in atomic %) magnetic layer 36 is formed.i Additionally
formed on the magnetic layer 36 is a C protective layer 37,
on which a lubricant layer 38 is formed.
If the thermal treatment would be applied té the
underlying layer 35 underneath the magnetic layer 36, a

crystal growth of the magnetic layer 36 is hindered to



changed to have a thickness of 100 angstrons and the second underlying

| ayer 13 was changed to have a thickness of 1000 angstrons (ratio of the
first underlying layer to the second underlying | ayer being 10). Simlarly,
i n the enbodi nent 14, a nagnetic recordi ng medi um was prepared by the sane
fabrication nmethod as in the above enbodi;rent 12 to have the sane structure
thereas, except that the first underlying layer 12 in the enbodi nent 12 was
changed to Hesterioriaitek sBesmagnabliarehaissterafiene second underlying. | ayer

e e el M0 Lol Sl b !
Fecordi ng noE i RIBSAHRRF cate, Tt it APRRARRRL o1 F SR afe Bpele SRR
First under | Eng e g B erd e L o e o
thickness of1 flangak-eOFbrAld boBve&as At Wedonlly tRuhdyelyihy Mageehanged to
have a thickness _
35 underneath the magnetic layer and the al thin film 32
formed on the glass substrate 1.
In the case of the embodiment 19 shown in Fig. 12, for
example, the second thermal treatment can be applied either
to the Cr ﬁnderlying layer 33 or to the textured Al thin
£ilm 34, |
There is shown in Fig. 13 is a table of measurement
results of characteristics-of the magnetic recbrding‘medium
in the embodiment 19 measured under the same measurement
conditions as those in Fig. 11. With the magnetic
recording medium of the embodiment 19, the noise is 6.5
pvrms that is the lowest among the noises of the
embodiments 15 to 18, as shown in Fig. 13, Further, since
theitexture is provided on the surface of the magnetic
recording mediuﬁ, subsﬁantially the same effect as in the
embodiments 15 to 18 can be attained.
Although description was made as to a glass substrate.
as for a magnetic recording medium, alcrystallized glass

substrate is also applicable.



of 1000 angstroms (ratio of the first underlying layer to the second
underlying layer being 20). Simlarly, in the anpa#a%rve‘éiéﬁﬁrg_lo a

magnetic recordi ng medi um was prepared by the same thod as in
t he- above enbodi ment 12 to have the sanme struct \‘ ‘@ \‘\m t that the
first underlying layer 12 in the enbodimﬁpt'lz td have a

t hi ckness of 80 %6?strons and t he second underl yi ng Iayer 13 was changed to
have a t hi cKifeRS It BAFYERNGSt r ons (ratlo of the first underlying |ayer to

exanple 11, o mghett SRt PRt He AR R T %&}sdrsepf%é@m?‘ uit
ther cas, oxcuRrIhal HRB=PEeCRRiRE W%ﬁ%é*ﬁ& FSMRTR 1 was

changed to haye &ddy ¢eness of 150 angstroms and the second under |l ying .
| ayer 13 was changed to have a thickness of 1500 angstrons (ratio of the

first underlying toifiing @ hessegeaé LdRy Iy g@& raMer obendtanddhet 1Al SO, N
t he conparative exanple 12, a nagnetic recordi ng medi um was prepared by the
sane fabri candriowneitiay pomthem@&xl\lé.c material on a glass

substrate; | |

forming on said first underlying laver a_second
underlying layer made of nonmagnetic material and different
from the first underlying layer:

subjecting_to a heating treatment the glass substrate
having said second underlying laver already formed thereon;

fcrmiﬁg a third underlying layer made of nonmagnetic
material on the second underlying layer after subjected to
said heating treatment;

forming a magnetic layer on said third underlying
layer;

forming a protective layer on said magnetic laver
through anothei layer or directly not the;ethrough; and

forming a lubricant laver on said protective léyer.

2. A method as set forth in claim 1, wherein said
second underlying layver has a surface roughness
corresponding to 1-2 times or less that of said glass
substrate. |

3, A method as set forth in claim 1, further
‘comprising a step of heatiﬁg said glass substrate prior to

.- formation of said first underlying layer,
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36 enbodi nent 12 to have the sanme structure thereas, except—that—the first
underlying layer 12 in the enbodi nent 12 was chang I ckness of
0 angstronms (absence of the first underlying Iayerﬂ"ﬂn gﬂma&mﬂ’
underlying | ayer 13 was changed to have a thlckness*ofc oS

(ratio of the first underlying |ayer to,hhe second under | yi ng | ayer being
0). Shown in Fig.7 is a table of neasurepnent results of Qharacterlstlcs of

the nagnetic r ecBr oS ERRA 25 Foth EOREBY RN PR nentihiereip, saddangd

t Th d b
Ut ng out ECARR BeIs e LAY Es: ARororPYFest 4o ol B ea haght | ¢
recordi ng rrs@ app,a @.llyéipg.[rfi atrgﬁgz%né Eué&hg 4 ett Q-x%dsm S%E ‘E‘édl rect I on

facing its rfmstrface and sanples w e of a
mmanet i c ot oo g A oo e PO hg
characteristics senxehégxbdngyﬂsgmlQargﬂdiﬁfauégﬂrmn:yﬁgggag gapgucted as
follows. That is, the neasurenent was done under condi tions that a thin
filmhead wasgnebte t bgyedihers made. essentially of Co, Ni and Cr
material and a heating temperature in said second-
underlying-layer substrate heating step is between 200°C
and 400°c.
6. A method as set forth in claim 1, wherein said
magnetic layer is made essentially of Co, Pt aﬁd Cr
material and a heating temperature in gaid second-
underlying-layer substrate heating sgtep is bétween 250°¢C
and 450°C.
" 7. A method as set forth in claim 1; wherein said
third underlying layer has a multi~film structure of 2 or
more films, first one of the films of the third underlying
layer disposed on the side of said second underlying layer
is made of Cr, second or more one of the films thereof
Formed on said first film is composed 6f at least one or
more selected from the group of Cr, Mo, 2z, B, 8i, 2Zn, Ti,
W, V, Ta and Al as major component or components.
8. A method as set forth in claim 6, wherein said
firgt, second and third underlying layers have thicknesses
of between 10 and 100 angstroms, between 10 and 1000
| angstroms and between 10 and 2000 angstroms respectively.

9. A method as set forth in claim 1, wherein said

Sheet Has Been Reﬂlaced
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mﬁfh t he obtained magnetic disk with a flying height between the nmagnetic

head and di sk (head-di sk gap) of 0.055 [err]m and; ' speed of
6m's between the thin filmhead and nmagnetic di sk”mm“mbmuﬁmmm

record/ reproduci ng outputs at a linear recordi ng densrety.of® 76 kfci (70,00
bits per 37 inch) were neasured. Furtlgr, noise spectrumwas neasured in
signal record/reproducing nodes with use of a spectrum anal yzer at a
carrier freqpeotecpive. Saxer 16 mnde waSur earpen guidrisle ©9 Nifge thin
filmhead used in the neasurenents has a coi| turn nunber of 50, a track

ur
width of 6] em¥O¥CEAR ANAASR A TaasRd gEP2t efifh TV .0 S492) OF PRFARLC i || be
obvious froma table of Fig,, 7, in the odi ment to 1 1erein the
thi cknesses 6F HRETPARLE ﬁﬁhﬁqwumwgyargiipfﬁﬁfﬁ?@ %@F%t %@'H@ within a
range of 10-100 3ngstrons and the thicknesses of the second underlying
layer 13 (Cr P3&-EL88t to be 2-10 times the thickness of the first

e Soe o FREREEES Fod iRl Bhasbabea g Uhar 1000 00

method as set forth in claim 1.

11. A magnetic recording medium having an improved
signal to noise (8/N) ratio comprising:

an underlying layer formed on a glass substrate having
a mirror surface; _

a magnetic'layer formed on gaid underlying layer;

a protéctive layer formed on said magnetic layer
through another layer or directly not therethrough; and

a lubricant layer formed on said protective layer,

whérein gaid underlying layer includes a first:
underlying layer of a non-texture layer provided on a side
contacted with said glass substrate and made of, as major
component or components, one or more of Al, Si, Pb, Cu,
In, Ga, Ge, Zr or Ti to provide noise reducing effect and a
second underlying layer formed on saild first underlying
layer and made of any of Cr, TiwW, Mo, Ti, Ta, W, Zr, Cu,
Al, Zn, In and Sn.

12. A magnetic recording medium as set forth in claim
11, wherein said.non-texture layer has a surface roughness
corresponding to 1-1.5 times or less that of said glass
substrate.

13. A magnetic recording medium as set forth in claim

_—

Wit
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was; equal to or less than 2.7 [err]Vrns. Thus 12 to 14,

the sufficient coercivity was secured and the e n and
medi um noi se were suppressed to sufficiently |lo HH@* conparative
exanples 9 to 12 wherein the first underlying | sui tabl e

t hi cknesses but the second underlying |layer 13 (Cr) was thlck and t hus the
filmthickness ratio between the both exceeds 10, on the other hand, the
envel ope moddk a‘b’#’%‘?ﬁ’vﬁhss%ﬁlﬁéFaBP?e?h’{sfég vgf?éf?rcéﬁpéﬁédtw BaVe (at of the

nmbodi t t th d 12 wh
the thi cknotbiBKbere ¢F B-1GeiahaSFAGR syt sPad AP onbcvader M6 b griéf'er“
th 100
the thi ckﬁ2§§9é?”¥#?%t Rk HEgeheP, ittty 82T Le [ess than
10 angstrong; ﬁg% dHHE%s EFasalabff%Fﬁiﬁﬁéﬁﬁﬁi% g;§a£gpderly|ng | ayer)

respectively; e env ope nod tron an re both I arger
than those of thesenbatigmitic ¥adoblengOREGIME dP/se® WBSLA ORi diLant |y

smal | er than those of the enbodi nents.

11 wherein, said unde:lylng layer has at least one third .
underlyiné layer which is formed on said second ﬁnderlying
layer and made of material selected from the group of |
elements Cr, Mo, 2r, B, Si, Zn, Ti, W, V, Ta and Al,

15. A magnetic recording medium as set forth in claim
14 wherein said third uhderlying layer is a Cr film of 200~
1600 angstroms thick.

16. A magnetic recording medium ag set forth in claim
11, wherein said protective layer is made of C, 8i02, Zro3,
SiN, siC or organic or inorganic silicon compound dispersed
with hard fine particles.

i7. A magnetic recording medium as set forth in claim
11, wherein a chemical reinforced glass forming said glass
substrate containsg 62-75 weight % of Si02, 5-15 weight % of
Al203, 4-10 weight & of Li20, 4-12 weight % of Naj0 and
5.5-15 weight % of Zr0j, aﬁ Na0/ZrO3 ratio is between 0.5
and 2.0, an Al03/Zr02 is between 0.4 and 2.5.

18. A magnetic recording medium as set forth in claim
10, wherein said protective layer is made to be uneven on
its surface to prevent adsorption with a magnetic head.

19. A magnetic recording medium as set fortﬁ in claim

11, wherein said underlying layer is made .to be uneven on
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.glass may be enployed for the substrate.

Al t hough the present invention has been explained in connection with the

enbodi nents, the invention i's not limted to thgrSﬁeerfrC“éiéﬁﬁTEE"but may

cover various nodifications and applications incl ng

moddi fi cations. That is, although the substrate ha M ‘m“ M\ﬂ“\

al Uum nosilicate chenical-reinforced glass in the |mg|e odFnent s,

borosilicate, almno borosilicate, silicg%glass, .soda-linme glass or other
hese materials nay be easily

pol i shed andtgi ausfack tw Frevenitcadsgupt ber widuglane\gségtmal;eﬁﬁ 100

angstrons or |less. Further,the outer dianeter of the subshrate be made

smal | er ‘and the 2fchagRetis é”@l‘-’%nsemﬁ‘aﬁé‘“ﬁﬁ fifs £9rt ei':%s%

e e oo 1B RReT Y aheed e N ey g oS8, R f“%?"fwﬁvi{ |

one or tvo dprepa B s, Filks Arsk3atyl Ay e%%egiﬁf{?ﬁ%ﬁ%% and

R g R Ca1808i 14, Sarpodi ment s
uneven Al thin film formed in an island manner on said

first Cr film, and a second Cr film formed on said uneven

Al thin film,

eet Has Been Rep‘laced
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39 pay be nade of non-nmagnetic material such as TiwW M, Ti, Ta, W Zr, Cu,
Al>, Zn, In or Sn. In addition, these underlying |layers may have a
multi-filmstructure of 2 or nore filns. The magnetic | ayer may be made of,
in addition to the exanples listed in these enbodi nents, such Co alloy as
CoNi CrTa, CoN Pt, CoNi Zr, CoCrPt, CoPt, CoPtCrTa, CoCrPtB or CoP, or such
magnetic material as Fe[err](Jerr]. It gb2s without saying that the
underlying, magnetic, protgiNerfc FReoRie My A Myrses formed with use of
not the inline sputter but—am Qﬁﬂt@ﬂBKKEEHW3QHE%§ME as, e.g., a stationary
opposed target type sputter. The protectrve rayer nas had a two-film

structure of the O and C be Tt@p ﬁnﬁygaﬂag@hg the O filmof the
protective |ayer may be repla y a f m nade of other material, for

exanpl e, such noa- fagheti¢ reticrdiag AeaMim whicHiidfclGake, ada, W Si or GCe,

or oxide, nitride, carbide thereof. Further, the protective |ayer may have
a multi- fiumderivihgrimyer Zoemedoor &i dbhess RRubidveaner havifie £ fil m of the
protective |ayer may be replaced by a filmof Sigerr], ZrJerr], SiN, SiC
or such nut preaistontpoliishedhgdrdgen, aadhagnetic layer formed on the

underlying layer, a protective layer formed on the magmetic
layer through another layer ox directly not therethrough,
and_a lubricant layer formed on the protective laver. The
underlying layer is made up of a first underlying laver
made of Al and sécond and third underlying layvers made of
Cr and formed on the first underlying layer, the first
underlying layer is set to have a thickness of 10-100
angstroms and the second underlying layer is set to have a
thickness corresponding to 2-10 times the thickness of the

first underlying layer;

Fig.1l



nitrogen as organic or inorganic silicon conmpound di spersed with hard fine
particles such as silica particles. Furthernore, the lubricant layer in the
f oregoi ng enbodi nents has been made of perfl uoropol yether, the |ubricant

| ayer may be made of fluorocarbon Iiquid [ubricant or |ubricant conposed a
salt of alkali netal of 40 an sulfacid. The thickness of the |ubricant

| ayer is set to be preferably between /80 angstrons. This is because, when
the thickness of the lubricant layer is less than 6 angstrons, sufficient

I mprovenent cannot be attained on the anti-friction property; whereas, when
the | ayer thickness exceeds 30 angstrons, the stiction property cannot be

I nproved and this also involv dsqrption problem As explained in
detail in the foregoing, eachigniﬂggnetic recording nedia in the

enbodi ments 11 to 14 conprises an underlying |ayer forned on a gl ass
substrate having a precision-polished surface, a nagnetic Ia*g formed on
the underlying layer, a protective |ayer forngd.tB ﬁéhﬂ'agh& E£R| ayer

t hrough anot her layer or directly not

6 PROTECTIVE
LAYERS

MAGNETIC LAYER
45 (CoNiCrTa)

\\\\\\\\\\\\\\~4m¢°a e

\\\\\\\\\\\\ \\\\\\

LAYER (Cr)

2 FIRST UNDERLYING
LAYER (AL)

| GLASS SUBSTRATE

FIG. 2

COERCMITY REPRODUCING |MEDIUM NOISE

_ (OERSTED) | Mr- 8 |ouTPUT (pV) (pVrms) S/N
EMBODIMENT 1| 1800 | 245 245 3.6 36.7
COMPARATVE | 780 | 245 243 | 55 32.9
COMPARATIVE | 1550 | 248 200 5.0 32.0
ggméﬁmvg |eoo 2.44 | 205 4.1 . |34.0
COMPARATIVE 1650 | 2.20 190 - 5.3 31,1




t heret hrough, and a lubricant |ayer forned on the protective |ayer, and
wherein the underlying layer is made up of a first underlying |ayer nade of
Al and forned on a side contacted with the glass substrate and a second
underlying | ayer nade of Cr and fornmed on the first underlying | ayer, the
fifst underlying layer is set to have a thickness of 10-100 angstrons and

t he second underlying layer is set to hgy@ a thickness corresponding to
2-10 tinmes the thickness of the first:- underlying | ayer (arrangenent 1). In
the arrangenent 1, the underlying | ayer has at | east one third underlying

| ayer which is forned on the second underlying | ayer and nade of materi al
sel ected fromthe group of elenents &, M, Zr, B, Si, Zn, Ti, W V, Ta

41 and Al (arrangenment 2). In the arrangenent 2, the third underlying |ayer
is a O filmof 200-1600 angstT:nF hi ckx(arrangenent 3). Wth such an
arrangenent, since the underlyilng er s made up of a first underlying

| ayer nmade of Al . and

COERCMITY s |REPRODUCING |MEDIUM NOISE| o
(OERSTED) |MF~8 [OUTPUT (uV) | (pVrms)

EMBODIMENT 2| 1800 2.50 215 3,2 36.5
EMBODIMENT 3| 1650 | 2.47 225 3.3 36.7
EMBODIMENT 4| 1690 | 246 235 3.5 36.5
EMBODIMENT S| 1700 | 245 240 3.6 36.5
EMBODIMENT G| 1720 |242 . 240 3.7 36.2
COMPARATIVE

COMPARATIVE

EXAMPLE & 1780 2.38 185 4.2 32.9

FIG. 4

COERCIVITY REPRODUCING | MEDIUM NOISE S/N
(OERSTED) | Mr-® [OQUTPUT (uV}]| (puVrms)
EMBODIMENT 7| 1720 | 2.47 220 2.9 37.6
EMBODIMENT 8| 1830 |2.45 240 3. | 37.8
EMBODIMENT 9] 1900 | 2.45 250 3.2 |379
EMBODIMENTIO] 1930 | 244 250 3.3 37.6
EMBODIMENT || 1950 | 242 250 3.6 36.8
COMPARATIVE
COMPARATIVE | 1600 | 2.48 190 2.8 36.6
COMPARATIVE ' - |
COMPARATIVE | 1980 | 2.42 245 4.5 34.7




forped on a side contacted with the glass substrate and a second underlying
| ayer nmade of Cr and forned on the first underlying |layer, the first
underlying layer is set to have a thickness of 10-100 angstrons and the
second underlying layer is set to have a thickness corresponding to 2-10
times the thickness of the first underlying |layer; there can be obtained a
magneti c recording mediumwhich is high in coercivity and small in the

noi se and envel ope nodul ation within one turn in a reproduci ng node. In
this.case, the thickness of the first &Brlying |ayer is set to be between
10 and 100 angstrons. This is because, when the thickness of the first
underlying layer is set to be less than 10 angstrons, the coercivity
becones small, whereas, when the thickness thereof is set to exceed 100
angstronms, the nmediumnoise is increased. Further, the second underlying

| ayer is set to have a thickness corresponding to 2-10 tines the thickness
of the first underlying layer. Thigs_is becayse, when the thickness of the
second underlying layer is set to S té?n a val ue corresponding to 2
times the thickness of the first underlyi®ng |ayer, the coercivity becomes
insufficient and the noi se becones hi gh, whereas, when the second | ayer

M
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42 st hi ckness is set to exceed a value corresponding to 10 tinmes that of the

fFrst underlying |ayer,
case, it

t he envel ope nodul ati on becones | arge.
is preferable that the third underlying | ayer be provided as in

In this

the arrangement 2 because this inproves the noi se ‘and nodul ati on

characteristics. Further,
the & third underlying | ayer to be 200-

detail,

as in the arrangenent 3,

in accordance with the present 4i®odi nent,

it is preferable to set

1600 angstrons thick. Such setting
has al so been confirned to be advant ageous.

As has been expl ai ned above in
there is provided a

magneti c recordi ng nmedi um whi ch conprises an underlying |ayer fornmed on a

gl ass substrate,

directly not therethrough, and a | ubricant
| ayer, and wherein the underlying |ayer
| ayer

and a second underlying |ayer nmade

FIG. 6

a magnetic |ayer forned on the underlying |ayer,
protective layer forned on the nagnetic |ayer through anot her
I S
made of Al and forned on a side contacted with the glass substrate

a
| ayer or

| ayer forned on the protective
made up of a first underlying

|7 LUBRICANT LAYER

= 162
‘@"!({.I‘l:(«{:lﬂv 161 '€ e | 'VE
MAGNETIC LAYER
’k'f’ (CoNiCr )
14 THIRD UNDERLY!
\\\\\\\\\\\\\\ 14 T (CERLYING
LLLLLLLLLLLL |3 SECOND_ UNDERLYING
S ORI EIR LAYER (Cr)
/ /7 g 7 )
>SS s / FIRST UNDERLYING
S, // A 120AVER TaR)
S0 7 701 GLASS SUBSTRATE
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of G and fornmed on the first underlying |ayer, the first underlying | ayer
I s“set to have a thickness of 10-100 angstrons and the second underlying

| ayer .is set to have a thickness corresponding to 2-10 tinmes the thickness
of :t*he first underlying |ayer, whereby the coercivity can be made high and
t he noi se and envel ope nDduIation\Mttﬂrhf)e turn of the disk in a

r epr oduci ng node can be suppressed down 43 | ow | evel .- (Enbodi nent 15)
Fig. 8 is a cross-sectional view, in a nodel form of a structure of a
magnetic recording nediumin the present enbodi nent 15, which structure is
different fromthe structures of the aforenentioned magnetic recording

medi uns. That is, The magnetic disk of the enbodinent 15 is nade up of a

gl ass substrate 21, a first underlying |layer 22, a second underlying |ayer
23, a magnetic layer 24, a protective |ayer 25 and a |ubricant |ayer 26
sequentially fornmed on the glass substrate 21 in this order, the surface of

the protective | ayer being made
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uneyen or textured. The gl ass substrate 21 is obtained as in the enbodi nent
1 by cutting a chemcal reinforced glass plate into a disk which has an
outer dianmeter of 65 mmand a thickness of 0.9 mmand which is provided in
its:icenter with an opening of 20 nmin dianeter, and then subjecting the
disk on its both principal sides to a pregision polishing operation to
provi de a surface roughness Rmax of 30 aﬁééérons. The first underlying

| ayer 22 is an Al thin filmof 48 angstrons thick. The second underlying

| ayer 23 is a O layer of 130 angstrons thick. The nmagnetic layer 24 is a
CoPt Cr magnetic | ayer of 300 angstrons_thigk. The protective layer 25 is a
carbon (C) protective |ayer of 130 tr ‘thick. The lubricant |ayer 26
i's made of such 44 lubricant material® as perfluoropol yether. The
protective layer 25 is subjected on its surface with a sputtering process

under controll ed sputtw&%&%%%%ﬁ@%e LA¥EBoON.

-l

AN /25CARBON PROTECTIVE LAYER
_—~ 24 CoPtCr MAGNETIC LAYER

™ >3 CHROMIUM UNDERLYING
LAYER

{

1

22ALUMINUM THIN FILM
\2| GLASS SUBSTRATE

L.

FIG. 9

SN - 25 CARBON  PROTECTIVE  LAYER
T~-24CoPtCr MAGNETIC LAYER
™\-23 CHROMIUM UNDERLYING

23 LAYER .

\-2| GLASS SUBSTRATE

FIG. 10
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The sfirst and second thermal treatments can be applied to the gl ass
substrate 1 of the enbodinent 15 shown in Fig. 8 as perfornmed simlarly in
t he ‘epbodi nent 1. A magnetic disk to which such a thermal treatnent is
appléied is constructed such that the underlying layer forned on the gl ass
substrate 1 is constituted of Cr having a double |layer structure and | ayers
constituted of Co and Pt are stacked consecutively on the underlying |ayer.
The second thermal treatnment should be qggéied preferably to the first Cr
underlying | ayer but can be applied to the Co | ayer underneath the Pt

| ayer. (Enbodinments 16 to 18) In the enbodinents 16 to 18, first underlying
| ayers 22 were used which each correspond to the Al thin film22 in the
magneti ¢ recordi ng medi um of the enbodi ment 15 but have different

t hi cknesses. That is, the aIuninanrhIh N ZZYyes b e 50 angstrons
thick in the enbodi nent 16, the BRAmM pumijthir film 2p be 60
angstrons thick in the enbodi nen 7, land ¥hq el pren film22 was to
be 70 angstronms thick in the embpddnent®]s® (CBpdPal ¢ ®xqdnpl es 13 and
14) In the conparative exanple 1359}16& aljurd qum t hi.nf fillm.22 as the first
underlying layer 22 in the enbodf @bt |1® -REAR-AR- IR
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45 net provided so that the second underlying layer 23 is directly forned
on t he second underlying layer 23, as shown in Fig. 9. In the conparative
exahpl.e 14, the glass substrate 21 in the disk of the enbodinment 15 is
reptaced with an al um num substrate, as shown in Fig. 10. Referring to Fig.
11, there is shown a table of neasured results of characteristics of the
magneti c recordi ng nedia as the above enbodinents 15 to 18 and conparative
exanpl es 13 and 14 under noi se neasureneg} conditions which foll ow. That

is, The nmeasurenent conditions are that ﬁagnetore3|st|ve (MR) head havi ng
a head-di sk gap of 0.06 [err]mis used and a relative speed between the MR
head and nmagnetic disk is set at 6m's. Under such conditions,

record/ reproduci ng characteristics in Ilnear recordi ng density of 100
kfci (100,000 bits per inch) vvereF \{n her, noi se spectrum was
measured in signal record/reprodu n i use of a spectrum anal yzer

with a carrier frequency of 9.5 Mz and a rreasurerrent band of 18 MHz. The

MR head had a coil MVSSLUBWC'ANT LLAYER
/]

| _37CARBON PROTECTIVE LAYER

136 CoPtCr MAGNETIC LAYER
~_ 35 CHROMIUM UNDERLYING LAYER

A 34UNEVEN ALUMINUM THIN FILM
A 33CHROMIUM UNDERLYING LAYER
432 ALUMINUM THIN FILM

A~~~ 3| GLASS SUBSTRATE

FIG.13

| ' SQUAR
o COERCIVITY |MODULATION | NOISE R%TIO,ENESS
EMBODIMENT 19! 1950 10.2 - 16.56 0.80
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R i REFLACEMENT SHEETS  SG
nurmber of 30, track widths of 4.8 [err]mand 8] 5atBéstliph
“gap lengths of 0.43 [err]mand 0.31 [err]mon gbgqgﬁﬁﬁ@)an_zﬁ@gggqb
respectively. As will be seen fromFig. 11, the Rghsgsnd(® I S HTLSE aged .7

enmbodi nents are reduced to half or less of thogegi g CO %@;\r@ %dlgﬁ%e
24 &b

2

-----

exanpl es 13 and 14 under the above measurenenticonditions.’
an uneven or rough surface resulting fromthe ﬂexturin g&pcess
46 onto each magnetic recording nmed umin the e ﬁ%ﬁﬂi WEIPD .4 8.0 o peeg

ed S=2

AEB@NLlth %j%e@e.f?ﬂ

d 3

;

Al

advant ageo%ésrlﬁ.%aﬁ% ect_g%er;jgcg%ﬁlgggdﬂgqag“%%éﬁrl“;‘gq%rchcggmﬁzgjrﬂf'se\ﬁgt ed from being

sticked dft I'ng rictro orce between the

bot h can r & a-fr ' egQl r weede ! evel during the CSS.
steol 9§fg%§su.i§ PRi1%eeehda vang" et mBRed: g the

«(Embodi ment ~19) 12 s a cross-sectional view, in a nodel form of a
struct ur gophagné®igneht&r 1A @hdanglaedisubstratid)e fophdgy mentthe9. Wth the

magnetic recording nmediumof Fig. 12, a texture is provided between the a
gl ass sulitrsaten®rlying layer a second underlying layer made of

nonmagnetic material and'different from the first

underlying layer, subjecting to a heating treatment the

glass substrate having the second underlying layer alreaay

formed thereon, forming a third underlying layer made of

nonmagnetic material on the second underlying layer after

subjected to the heating treatment, forming a metal thin film magnetic

layer on the third underlying layer, forming a protective

layer on the magnetic layer through another layer or

directly not therethrough, and forming a lubricant layer on

the protective layer.

- In accordance with another aspect of the present invention, there
is provided a magnetic recording medium having an improved signal to noise (S/N)
ratio.which comprises an underlying layer formed on a glass substrate having a

mirror surface, a metal thin film magnetic

layer formed bﬁ the ﬁnderlying layer, a protective layer
formed on the magnetic layer through another layer or
directly hot therethrough, and a lubricant layer formed on
the protective layer, and wherein the underlying layer

includes a first underlying layer on the side of the underlying layer in

contacted with the glass substrate, said first underlying layerﬁ

- being made of materials having a low melting point and

made of, as major component or components, one or more of

al, si, Cu, Ge, Zr or Ti to provide noise R, &
, Ao
-reducing effect and a second underlying layer formed on the -
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and a magnetic | ayer 36, though the texture is provided to the protective

fayer in the enbodi nents 15 to 18. The gl ass substrate 31 is similar to the

gl ass substrate 21 of Fig. 8. Formed on the glass substrate 31 is an
alumnumthin film32 having a thickness of 50 angstrons. Fornmed on the
alumnumthin film32 is a C underlying |ayer 33, on which a uneven
alumnumthin film34 (textured layer) is fornmed in an island manner.
Further formed on the uneven aluminynthin film34 is a second Cr
underlying |ayer 35 on which a CoPtCr (Co:Pt:Cr = 73:11:16_in atomc %
magnetic Ifayet l&@dedyﬂugnmerAédﬁtﬁ‘mpl yanryrafe fronTie Nﬁagﬁét ic layer 36

Is a C protective | ayer on_whi c $ a lubricant layer 38 is fornmed. |If the

thermal t8atWent® +d be ZhpPe®™t 5t he under | ying | ayer 35 under neat h
the magnetic |ayer 36, a crystal growmh of the magnetic layer 36 is

hi ndered to WrAdc doTaghAeMeDth Sretl .another aspe‘btrmifhmdef presaxir i cati ng
magnetic recording nedlun1haV|nq:an | gved S|9nalh n0|se (S/IN ratio
COI’Tprl Si ng lpneng%_@[ps ofa magnetic recoraing medium havin

improved signal to noise (S/N) ratio comprising:
(i) an underlying layer formed on a polished glass substrate;
(ii) a magnetic layer formed on said underlying layer;
(iii) a protective layer formed on said magnetic layer through
another layer or difectly without therethrough;
(iv) a lubricant layer formed on said protective layer;
wherein said underlying layer further comprises;

(a) a first underlying layer formed in contact with said
polished glass and substrate composed of one or more than
one components as a major component selected from the group
of Ge, Zr, Ti, Al, S8i and Cu;

(b) a second underlying layer formed on said first

underlying layer and composed of Cr as a majbr
component; and

(c) a third underlying layer formed on said second

underlying. layer and composed of a nonmagnetic material.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross-sectional view, in a model form,
of a structure of a magnetic recording medium manufactured
by a method for fabricating a magnetic recording medium in
a first embodiment;

Fig. 2 is a table showing measured results of magnetic
characteristics -in the embodiment 1 and comparative

examples 1 to 4;
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forming a first underlying |ayer nade of nonmagnetic and |ow nelting point
‘metallic material on a glass substrate; formng on said first underlying
| ayer a second underlying | ayer nmade of nonmagnetic material and different
fromthe first underlying |ayer; subjecting to a heating treatnent the
gl ass substrate having said second undgpkyi ng | ayer already formed thereon;
formng a third underlying | ayer made of nonnagnetic nmaterial on the second
underlying layer after subjected to said heating treatnent; form ng a netal
thin filmmgnerig. |Rhyier sortaddied shbividg umeksungdhgeksulbs; of graanef i
protective layer on said magnetic |ayer through another layer or directly
not t her etdlamegt et ifcsr dnngmhotilmentsit Hompepndncempardfiect i ve | ayer.
2. A nethod as set forth in claim1, wherein said second
under | yi ngekamwkeds @ $urf ace roughness, Rmax, of 1-2 tinmes greater than
that of said glass substrate,. thod as set forth in_claimid, further

-conprising a st®h of4 Heatd rh}bg; aﬁavr}ggg meRRITeR EeFHLLF 6 Tt of
22': g i rStcl'lxja?z('ja%rl_gxl'insgti.lcasyeﬂi eﬁbcéixqg}x@g Fo Sﬁt al;lgr E:gmglaart]rgt!.f\}em 1, wherein
examples 7 and 8;
Fig. 5 is a graph showing a magnetization curve of a
magnetic recording medium in the compar_at‘ive example 4;
Fig. 6 shows a cross-sectional view, in a model form,
of a magnetic fecording medium in an embodiment 12;
Fig, 7 is a table showing measured results of magnetic
characteristics in embodiments 12 to 14 and comparative
examples 98 to 12;
Fig. 8 shows a cross-sectional view, in a model form,
of -a magnetic recording medium in an embodiment 15;

Fig. 9 shows a cross-sectional view, in a model form,

of a magnetic recording medium in a comparative example 13;
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49 first underlying |ayer is conposed of Ge, G, Zr, Ti, , Si, Pb, Cu or
‘In as a maj or conponent and said second underly|ng—#aye%—fs—eoﬁposed—of Cr

as a mgjor component. 5. A nethod as set forth in cl ald
magnetic | ayer is made essentially of Co, Ni and Cq i] j | eatlng
tenperature in said second- underlying-|layer substr

bet ween 200[err]C and 400[err]C. 6. A Tnethod as set forth I n cIa|n11

wherei n sai guRRoR8t bEatMAE1ds Made essentially of Co, Pt and C nmateri al
and a heating tenperature in said second- underlying-layer substrate

heating step is hetween 250 griid¢haDEcAdHadriikb@ting Magnebdd as set forth
in claiml, wherein said third underlying |ayer has a nulti-filmstructure

of 2 or nor getokdingl hésiupeawiing fem fimprovetl shignahi td noilsel yS/) | ayer
di sposed on the side of said second underlying |ayer is nade of Cr, second
or nore oneratibheofprisindetmofstfepared:ion said first filmis conposed of

at | east one or

forming a first underlying layer made of nonmagnetic
and low melting point metallic material on a glass
'substrate;

forming on said first underlying layer a second
underlying layer made of nonmagnetic material and different
from the first underlying layer;

subjecting to a heating treatment the glass substrate
having said second underlying layer already formed theieon;

forming a third underlying layer made of nonmagnetic
material on the second underlying layer after subjected to
said heating treatment;

forming a ﬁétal thin film magnetic layer on said third .
underlying layer;

forming a protective layer on said magnetic layer
through another layer or directly not therethrough; and

forming a lubricant layer on said protective layer.

2. A method as set forth in claim 1, wherein
said second underlying layer has a surface roughness, Rmax,
of 1-2 times greater than that of said glass substrate.

3. A method as set forth in claim 1, further
comprising a step of heating said glass substrate prior to
formation of said first underlying layer.

4. A method.as set forth in claim 1, wherein said
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npre selected fromthe group of &, M, Zr, -B—-Si,—2Zn_Ti W V, Ta and A
as mmj or conponent or conponents. 8 A nethod as set forth in claim®6,
wherein said first, second and third underl lm mmmgﬂmﬂulth' cknesses of
bet ween 10 and 100 angstrons, between 10 an and between 10
and 2000 angstrons respectively. 9. A freth as sét forth in claim
1, wherein said protective |layer is medd of C, carbon hydride 50
cont ai ni ng AdRgRhdRrdpAngNLEFegels dofdeddd .ofSide, Tal) z, Oreyrhl, an
organi c silicon conpound dispersed with hard fine partlcles and an

i norgani ¢ sigdi c@b,cowpeundndiaspar aefjoM ¢ompaiehtf iand Bpaiidi skesnd10. A
magneti c recordi ng nmedium fabricated by the nmethod as set forth in claim1.
11. untleryielg dayecoidi cgmpesednofats res an majoproeenpengnal to noi se
(S/IN) ratio conprising: an underlying |ayer forned on a glass substrate
having a mrror s fRacethodresaksethiforth| im nebaiot il Mhereihosadd on said

magnetic layer is made essentially of Co, Ni and Cr
material and a heating temperature in said second-
underlying-layer substrate heating step is between 200°C and
400C.

6. A method as set forth in claim 1, wherein said
magnetic layer is made essentially of Co, Pt and Cr
material and a heating temperature in said second-
underlying-layer substrate heating step is between 250C and
450C.

7. A method as set forth in claim 1, wherein said
third underlying layer has a multi-film structure of 2 or
more films, first one of the films of the third underlying
layer disposed on the side of said second underlying layer
is made of Cr, second or more one of the films thereof
formed on said first film is composed of at least one or
more selected from the group of-Cr, Mo, Zr, B, Si, %Zn, Ti,
W, V, Ta and Al as major component or components.

8. A method as set forth in claim 6, wherein said
first, second and third underlying layers have thicknesses
of between 10 and 100 angstroms, between 10 and 1000
angstroms and between 10 and 2000 angstroms respectively.

9. | A method as set forth in claim 1, wherein

said protective layer is made of C, carbon hydride
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underlying layer; a protective layer forned on said magnetic |ayer through
~anot her |ayer or directly not therethrough; aﬁa*a‘#ubFLcanL\Lg¥g¥ formed on
said protective |ayer, wherein said underlying j ncludes a first
underlying | ayer on the side of said underlyi nH"?%”MMW ted with
sai d glass substrate, said first ‘underlying |ayer o€l Mgy lﬂ:naterials
having a | ow nmel ting point and made of ,.5&s maj or conponent® or* conponents,

one or nDreéQ%ﬁﬁgPﬁ§'hg ro £haps 1ﬂiéfb§F§v””¥b%Eﬂﬁ?%'r%q“eiggo ffect,

and a secon ayer fornmed on sal I rst ri‘ying’l ayef’and

made of any _qf RYVAR [ VA P Sn. 12.
A magnetic F@bS%ﬁFH%Ex%b?%%?éécgeéb?%%té???é%ﬁ%ﬁﬂ%%f%? ﬁﬁ@rgﬁﬁesaiq first
Greatel thafripRas: CpRd MBS SISL LR RAOM W spteRd LTER
recordi ng medirdMedaeSghrtfEidsin claiml1l, wherein said first underlying

-l ayer has a thickness of 10-100.angstrons and said second underlying

10. A magnetic recording medium fabricated by the
method as set forth in claim 1.

11. A magnetic recording medium having an
improved signal to noise (S/N) ratio comprising:

an underlying layer formed on a glass substrate having
a mirror surface;

a metal thin film magnetic.layer formed on said
underlying layer;

a protective layer formed on said magnetic layer
through another layer or directly not therethroﬁgh; and

a lubricant layer formed on said protective layer,

wherein said underlying layer includes a first
underlying layer on the side of said underlying layer in
contacted with said glass substrate, said first underlying
layer being made of materials having a low melting point and
made of, as major component or componenté, one or more of Al,
Si, Cu, Ge, Zr or Ti to provide noise reducing effect, and a
second underlying layer formed on said first underlying
layer and made of any of Cr, TiwW, Mo, Ti, Ta, W, Zr, Cu, Al,
Zn, In and Sn. |

12, - A magnetic recording medium as set forth
in claim 11, wherein said first underlying layer has a

surface roughness corresponding to 1-1.5 times greater than

——
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layér has a thickness corresponding to 2-10 tines the thickness of said
first underlying layer. 14. A magnetic recordi ng—mediumas set forth in

claim 1l wherein, said underlying | ayer has at | eagds | erlying
| ayer which is formed on said second underlying Iﬁm&mmmmmt erial
selected fromthe group of elenents Cr, g&, Zr, B,%3Sl¢ , uf1 s WV, Ta and
Al . 15. A magnetic recording nmediumas s forth in claim14 wherein said
third under| wina@ b¥Fy/eailiSglaés Sub$tLat200- 1600 angstrons thick. 16.

A magnetic recording nediumas set forth in claim1l, wherein said
protective layer i1g.mde of € aSh&hRétic Fecdadilg rediurbids svt FodeRi C
silicon conpound dispersed with hard fine particles, and an inorganic
silicon conpdmn@laimplsewhatéin heaid ffiwsipairidetidtingl Layer has a A
magnetic recording nediumas set forth in claim1l, wherein a chem ca

rei nforced glédsickhessi of $16+H0Q| asgs st ranid swid decomi? utderdiydhy % of
Sigerr], 5-15 weight %of Al[err](err], 4-10 weight %of Li20 4-12

wei ght % of Nayerahdssasthickresstcoradspir@ing Jto &+ U [tdmejsOthe err]
ratio is between 0.5 and 2.0, and an Al[err](err]/ZrJerr] ratiois

bet ween 0.4 &hdckngssigf said firsi wedgrlying dawefi.-ng nedium as set forth

14. A magnetic recording medium as set forth in claim
11 wherein, said underlying layer has at least one third
underlying layer which is fofmed on said second underlying
layer and made of material selected from the group of
elements Cr, Mo, 2r, B, S8i, Zn, Ti, W, V, Ta and Al.

15. A magnetic regording medium as set forth in claim

14 wherein said third underlying layer is a Cr film of 200-

1600 angstroms thick.

16. A magnetic recording medium as set forth
in claim 11; wherein said protective layer is made of C,
8i02, 2r02, SiN, S8iC, an organic silicon compound dispersed
with hard fine particles, and an inorganic silicon compound
dispersed with hard fine particles.

17. A magnetic recording medium as set forth

in claim 11, wherein a chemical reinforced glass forming

'said glass substrate contains 62-75 weight % of Si0Oz, 5-15
weight % of Al203, 4-10 weight % of Liz0, 4-12 weight % of
Na20 and 5.5-15 weight % of 2r02, an Na20/2r03 ratio is
between 0.5 and 2.0, and an A1203/Zr02.ratio is between 0.4.
and 2.5.

18. A magnetic recording medium as set forth
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52 in claim 11, wherein said protective |ayer has a surface roughness to

prevent friction with a magnetic head. 19. : A magnetic recording
medi um as set forth in claim1l, wherein said underlying |ayer has a
surface roughness to prevent friction with a nagnetic head. 20. A

magnetic recording nmediumas set forth in cl&i | qd first
underlying | ayer includes an Al thin filmfor nmmnl"mmmlm;ﬁﬂuubst rate
having the mrror surface, said second underlyirg Fayer % ncél udes a first
filmfornmed on said Al thin film arL,uneven Al thin filmformed in an

i sland manner on said first & film“"fand a second C filmis forned on said
- uneven Al fhieldin rhl,2%herein said pugbtextiiove deyedi has rediwonfeae set forth in
elaim 11, wherein said first underlying | ayer has a surface roughness,

Rmax, whi cRORghnRaAs itet PReYerHafinictépheditly pmagaatiq haadd friction. 22.

Sompri o1 ng: (148" tinder | yi hgMERFHACT GFHSEESH BOBORRSHBPE 4EEtbubst rt e:
in claim 11, wherein said undérlying layer has a surface
.roughness to prevent friction with a maghetic head.

20. - A magnetic recording medium as set forth
in claim 19, whérein said first underlying layer includes
an Al thin film formed on the glass substrate having the
mirror surface, said second underlying layer includes a
first Cr film formed on said Al thin film, an uneven Al
thin film formed in an island manner on said first Cr £film,
and a second Cr film is formed on said uneveﬂ Al thin film.
21, A magnetic recording medium as set forth in
claim 11, wherein said first underlying layer has a surface
roughness, Rmax, which is not intentionally formed to
prevent a head friction. |
22, A magnetic recording medium having an
improved signal to noise (S/N) ratio comprising:
(i) an underlying layer formed on a polished glass substrate;
(ii) a magnetic layer formed on said underlying layer;
(iii) a brotective layer formed on said magnetic layer through
another layer or directly without therethrough;
(iv) a lubricant layer formed on said protective layer;
wherein said underlying layer further comprises;
(a) a first underlying layer formed in contact with said
‘polished glass and substrate composed of one or more than

one components as a major component selected from the group
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(i |) a magnetic Iayer formed on said underlying layer; (iii) a protective
| ayer formed on said magnetic |ayer through anmor“ﬁﬁect |y

wi t hout therethrough; (iv) a lubricant |ayer fo ective
| ayer; wherein said underlying |ayer further co'Hm - ,m ,Emr st
under | ying layer fornmedsin contact with said pol rshe Substrate

conposed of one or nore than oneS53onponents as a mmj or conponent sel ected

fromthe groupf Gej3zef €&, XK1, §i.ad.c§ and Cu; (b) a second underlying
| ayer fornmed on said first underlyi ng | ayer and corrposed of Cr as a mmjor

conponent ; athl) (a)sexondi ndderdgihyi hgyeayforhednes swidaf tkrssecond
underl ying layer and conposed of a nonnagnetic naterial.
. underlying 1ayer and composed of Cr as a major

component; and
~ (c) a third underlying layer formed on said second

~ underlying layer and composed of a nonmagnetic material.
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