Substrate for a perpendi cul ar magnetic recording nedium a perpendicul ar
magneti c recordi ng nmedium and manufacturing nethods therefor 5 Technical
field of the invention The present invention relates to a perpendicul ar
magnetic recordi ng nedi um nounted on various magnetic recording
apparatuses including an external storage device of a conputer,
particularly, a fixed magnetic di sk device (hard disk drive), and to a 10
net hod f oP vate faorianpespendacutait magmebid reeonding medium| ates to a
substrate for the perpendicular magnetic recording nedium and to a nethod
for manuf perpenddcalihneagnbsio séeorBagkgiedittnofaridenanvdattwrinkd A

per pendi cul ar magnetic recording systemis drawing attention as a
t echnol ogydiHods Bheyifig: hi gh density in magnetic recording to substitute
for a conventional |ongitudinal nmagnetic recording system A double |ayer
per pendi cul ar magnetic recording medium in particular, is known as a
per pendi cul ar magnetic recording medi um 20 suited for providing high
density rgcordi.ng, .(See panese Patent Publication No. S58-91) The doubl e
| ayer Ser %ﬁiﬁf’éﬁg]ﬂiﬁ €li1% INVeEMng nediumis provided with a soft
magnetic filmcalled a soft magnetic backing |ayer under a nagnetic
recordi ng | ay®he phesent seveasion redatesito af penpeindaculthenvaghetic | ayer
facilitates to pass the 1

recording medium mounted on various magnetic recording

apparatuses including an external storage device of a computer,

particularly, a fixed magnetic disk device (hard disk drive), and to a

10 method for manufacturing such a medium. The invention also relates
to a substrate for the perpendicular magnetic recording medium, and

to a method for manufacturing such a substrate.

Background of the invention

15 A perpendicular magnetic recording system is drawing attention
as a technology for achieving high density in magnetic recording to
substitute for a conventional longitudinal magnetic recording system.
A double layer perpendicular magnetic recording medium, in
particular, is known as a perpendicular magnetic recording medium

20 suited for providing high density recording. (See Japanese Patent
Publication No. S58-91) The double layer perpendicular magnetic
recording medium is provided with a soft magnetic film called a soft
magnetic backing layer under a magnetic recording layer, which

serves to record information. The backing layer facilitates to pass the



magnetic flux generated by a magnetic head and has high saturation
magnetic flux density Bs. The doubl e | ayer perpendi cul ar nagnetic
recordi ng medi um enhances nmagnetic field intensity and nagnetic field
gradi ent generated by a magnetic head, inproves resolution of 5 records,
and increases | eakage flux fromthe recording nmedium The soft magnetic
backi ng |l ayer is. ggnerally co sed of an aglloy _filmof N -Fe, or |

Fo-Si - Al mgaﬁt&ﬁ%ggaeaatgg = pngrgnetile headmnd has bighsapyiration
sputtering nmethod and having a thickness in a range of 10 200 nmto 500 nm
However, wagheaticsflux deneitgt Beel Thehdoubie llayey perpaudicrlangnmemetdci s
unfavorable fromthe vi ewpoint of production cost and nmass productivity.

To sol ve ibeordimdhesdiwns ehhareaehi sohesici fisld @M@énéﬁ;%rpaﬁ&%@%neﬁct hat
is formed of a soft magnetic filmby an el ectrol ess plating nethod.
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recording nmediumin a |longitudinal nmagnetic recording systemfor a
practically used hard disk drive, a nonnmagnetic substrate is provided with
a nonnmagnetic Ni-P plating filmthat contains phosphorus in a

concent r at i onTheosott magmeticthatkihg layer is generally composed of an alloy

film of Ni-Fe, or Fe-Si-Al, or an amorphous alloy film of mainly cobalt,

formed by a sputtering method and having a thickness in a range of
10 200 nm to 500 nm. However, forming such a relatively thick film by a

sputtering method is unfavorable from the viewpoint of production

cost and mass productivity.

To solve this problem, a soft magnetic backing layer is proposed
15 that is formed of a soft magnetic film by an electroless plating method.
Feasibility of a soft magnetic backing layer is suggested with the
proposed materials of Co-B film (See Japanese Unexamined Patent
Application Publication No. H5-1384) and Ni-Fe-P film (See Japanese
Unexamined Patent Application Publication No. H7-66034).
20
In a magnetic recording medium in a longitudinal magnetic
recording system for a practically used hard disk drive, a
nonmagnetic substrate is provided with a nonmagnetic Ni-P plating

film that contains phosphorus in a concentration around 11 wt%, that



has a thickness of 8 pmto 15 pm and that is fornmed on an alum num all oy
base by an el ectroless plating nethod. The nonmagnetic Ni-P plating film
mainly serves to fill in the defects |ike depressions on the al um num
all oy base as well as to obtain a snooth surface by 5 polishing the surface
of the plating film Further, the nonmagnetlc N|-P platlng fllmis used to

secure ha dnes of,the s ace required r trat rd disk. A
certain d é‘flckgﬁf"’%ég‘r é}&lﬁrf& |Em’r%ﬁa (H”rIE@ar@nt VB e

from darragf |n an event of collision of the_ m netl c recording mediumwth
t he magne@illoynbage iy amgelextspless platisg m .dil%e manmagsietie NhP

nonnmagnetic Ni-P plating filmcan be made ferronmagnetic by heating at a

t enper at upéatinghfilnt haaiwly serwes to fidbeuthddetects hikepdsprebsivriieen tirde

to use the NN-P plating filmas 15 a soft magnetic backing | ayer of a

per pendi cylamirRaRehiloy 5596 @snezellra@' ﬁ%bt%ni‘ﬁssﬁ%ﬂhpélggfh}%dl&gs ee

Japanese Unexam ned Pat ent l'ication Publication 2) to form

a soft t c N -P Iat film
2t a n%er Ftind e ﬁ&fx%%%)f rf?laeealéﬁ?}%ﬁ%ﬁc@ﬁ@éﬁ% o the ook éw&. c
20 backin s been Iso ed (see J nese Unexam ne
Pat ent Apﬁll ?yaﬁ%ngtfgfmcﬁ Pﬁﬁ Sgﬁﬁ%i@#ﬁ%}‘*%ﬁﬁf%@ SurasstTasgreds of t
magnetic Ni-P filmthat is obtai ned heat-treating a ngonmagnetic N -P
plating ffmmubsitmtpe@féadmmbehake aandle saeCofisurface ndsd 18
that is fornmed by sputtering, the N-P film

required to prevent the substrate from damage in an event of collision

of the magnetic recording medium with the magnetic head during

10 operation of a hard disk drive.

Since the nonmagnetic Ni-P plating film can be made
ferromagnetic by heating at a temperature higher than or equal to
about 300°C, a proposal has been made to use the Ni-P plating film as

15 a soft magnetic backing layer of a perpendicular magnetic recording
medium. It has been proposed (see Japanese Unexamined Patent
Application Publication No. H1-285022) to form a soft magnetic Ni-P
film by heat-treating a nonmagnetic Ni-P plating film at a
temperature higher than or equal to 300°C for use as a soft magnetic

20 backing layer. It has been also proposed (see Japanese Unexamined
Patent Application Publication No. H10-228620) that by laminating a
soft magnetic Ni-P film that is obtained by heat-treating a
nonmagnetic Ni-P plating film at a temperature between 250°C and

500°C and a Sendust film that is formed by sputtering, the Ni-P film



3 helps the Sendust filmexhibit its own function, to attain an effective
soft magnetic backing |ayer. The nonmagnetic N -P plating film has al ready
been practically 5 applied to a nonnagnetic substrate of a hard disk as
descri bed above, thus, mass production nethods and the surface snoot hing
techni que by polishing are well known. Accordingly, the Ni-P plating film

is very prom singsfromthg.vie i nt. of manyfacturing cost if t pl ati ng
film coul 319383?‘:}%&&‘{%% flémaeggﬁ’l RVIaekPRy tpe@féﬁl’aﬁfl@?fecme
heat -treatment and coul d be served for a substrate of a perpendicul ar
magneti c sgét)mﬁiggemmaklmgdayem to be solved by the invention To use the
previously described Co-B plating filmor N -Fe-P 15 plating filmfor a
soft magnetic backing |layer, the surface needs to be snoothed by

pol i shing. Because the hardness and workability of these materials are
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by polishing are well known. Accordingly, the Ni-P plating film is

very promising from the viewpoint of manufacturing cost if the

plating film could be transformed to a soft magnetic backing layer by

10 heat-treatment and could be served for a substrate of a perpendicular

magnetic recording medium.

Problem to be solved by the invention
To use the previously described Co-B plating film or Ni-Fe-P
15 plating film for a soft magnetic backing layer, the surface needs to be
smoothed by polishing. Because the hardness and workability of
these materials are foreseen to be substantially different from those
of the nonmagnetic Ni-P plating film, the conventional processing
technique for the nonmagnetic Ni-P plating film cannot be applied to

20 processing of those materials.

For the materials, such as Ni-Fe, Co-Fe, or other alloys of two or
more component metals, it is very difficult to control, for example, the

composition of the plating bath in an electroless plating method, and



thus the quality of such a material is hardly controlled and naintained in
mass production. The inventors of the present invention nmade extensive
studies on 5 the transformation of the nonnmagnetic Ni-P plating filmto a
soft magnetic state by heat-treatnent and found that the Ni-P plating film
cannot be suffi ci ently transforned to soft magnetic state by heat -

treat nent at aturge bel ow or equ to 300C, and reatnent at a
t enper at uFﬁuﬁ u{aaletﬁ( aec Lv@almﬁtﬁlél dsdaa 1}’?‘6“&]0) ‘?&eﬂ‘h‘isoft magneti c
state, causes |ncrease in surface roughness of the surface of the plating
film Wi neamteansdniry mass prodvadheni c Ni-P plating filmhas a
honogeneous anor phous structure, the heat- treatnent for transformation to
a soft magnetic state causes to form both types of crystals of nmetallic Ni
and i nternet al I i c corrpound of 15 Ni3P. This structural change can be the

reason for the x'bs”of F'H efifteni B?Pg%a&-@%)dtgflrs?f? Sthfidd

surface roughness dlstur rlng of e nagn hea yi ng elg
conseduiont i trnsTO AR difiiH ?ﬁfﬁ%ﬁ%ﬁiﬁﬁiﬁe%&%ﬁ% Haghedtts by
of & per pREREticHt %1@339@31%'1% bEeR PR °{iﬁaum&t hatgihiNisPrBlatagace t he
surface roughness were nade by poI ishing a Ni - lating filmafter
heat - t r eafilancanmatrbe sufficiéntly transformed to so t magnetic state by heat-
treatment at a temperature below or equal to 300°C, and heat-
treatment at a temperature higher than 300°C, which is necessary to
10 attain soft magnetic state, causes increase in surface roughness of the
surface of the plating film. While a commonly used nonmagnetic Ni-P
plating film has a homogeneous amorphous structure, the heat-
treatment for transformation to a soft magnetic state causes to form
both types of crystals of metallic Ni and intermetallic compound of
15 NisP. This structural change can be the reason for the increase in the
surface roughness. The increase in the surface roughness disturbs
lowering of the magnetic head’s flying height; the lowering is
essential to high density recording of a hard disk. Consequently, the
plating film that is transformed to soft magnetic by such a method

20 can be hardly utilized for a soft magnetic backing layer of a

perpendicular magnetic recording medium.

While studies to reduce the surface roughness were made by

polishing a Ni-P plating film after heat-treatment, a smooth surface



was hardly obtained by polishing the filmthat was crystallized by the
heat-treatnment. This is because the crystal of netallic nickel and the
crystal of internetallic conpound Ni 3P have different hardness and exhibit
very different workability. 5 As described above, conventional technol ogies
have been difficult to provide a backing |ayer of a perpendicul ar nmagnetic
recording |layer that allows high. density recording with a | ow production
cost andWasaanddyuehtaineg bI(I)thSbmﬂtt%@rfllm that wag eeystaldized by the m
of a substrate for a perpendicular nmagnetic recording nmediumhas to be
desi gned heatatreatihentalDhis 8 becaustade coygtalest meetchlbicsnidkadeahd idreess
that are appropriate to use for a substrate. 15 Means to solve the problem

The i nvengpystalf of hetdaseallié ByaidoandNISP Raee ifRIentcha fdHE S Rl d

found that a substrate for a perpendi cul ar magnetic recording nediumwth
mass prod BV [Wolall w0ft 20 magnetic backing |layer of a
per pendi cﬁﬁ‘yﬁt‘#agﬁ%"%@Tﬁé&%%g?’r?gkaqn’é@?&m and ensuring surface hardness,
can be. obtai ned when a soft magnetic underl ayer having a thickness of nore
t han equal to 3 pmconposed of a Ni-P alloy containing phosphorus in
t he range of . . . L
As described above, conventional technologies have been difficult
g

to provide a backing layer of a perpendicular magnetic recording
layer that allows high density recording with a low production cost

and mass productivity.

10
In addition, a soft magnetic plating film of a substrate for a
perpendicular magnetic recording medium has to be designed to have
the values of a surface roughness and a surface hardness that are
appropriate to use for a substrate.
15

Means to solve the problem

The inventors of the present invention have made extensive
studies and found that a substrate for a perpendicular magnetic
recording medium with mass productivity, functioning as a soft

20 magnetic backing layer of a perpendicular magnetic recording

medium, and ensuring surface hardness, can be obtained when a soft
magnetic underlayer having a thickness of more than or equal to 3
pm composed of a Ni-P alloy containing phosphorus in the range of

0.5 wt% to 6 wt% is formed on a nonmagnetic base of an aluminum



0.5 M%to 6 M%is forned on a nonmagneti c base of an alum num 6 all oy by
means of an el ectroless plating nmethod. The inventors al so have found that
the sane effects as described above can also be obtained, after formng a
nonmagneti c underlayer 5 of a Ni-P alloy on a nonmagneti c base of an

al um num all oy by electroless plating, by further formng a soft magnetic
under |l ayer of a N -P alloy containing phosphorus in a range of 0.5 wt%to
6 w % on alley hynmegms of amekadtapbess pbating methddkness of the
nonmagneti c underlayer is in the range of 0.5 pmto 7 pm the thickness of
the soft 10 magnetic underlayer is thicker than or equal to 0.3 pm and the
sum of the thicknesses of the nonmagnetic underl ayer and the soft

magneti c undem}@/ﬁﬁvélgtélfﬁéﬁfﬁ g%f&ﬁnﬁ%%ﬂg? 3ok é‘f?é%ﬁa% M@f’ﬁ%&% ﬁg

of the nonmagnetic underlayer between t um num a ase a

soft magnegi ¢ U r hesi gn tween the nonmagneti ¢.basey ofy _an

2 un mam B G 21 Ye pBRRRRL A aPEe Y RRIpE o BORH AN SRRl es
made fJrnmer,. r tr]is pur pose, the thiﬁkness of the nonma%g ti ¢ underl ayer
is nectss i ﬁﬂm OY [p4h achopmagnesiobgseal o atmmkraess adloy RY sof t

magneti c underl ayer is necessari Iﬁ more than or equal to 0.3 pmto
function efectrodéss platiag, by fukther fayrring a sofpenpegndticuadedgyeriof a
recordi ng nmedi um al | owi ng hi gh density
Ni-P alloy containing phosphorus in a range of 0.5 wt% to 6 wt% on
the nonmagnetic underlayer. Here, the thickness of the nonmagnetic
underlayer is in the range of 0.5 pm to 7 pm, the thickness of the soft
10 magnetic underlayer is thicker than or equal to 0.3 uym, and the sum
of the thicknesses of the nonmagnetic underlayer and the soft

magnetic underlayer is thicker than or equal to 3 pm.

By the intervention of the nonmagnetic underlayer between the
15 aluminum alloy base and the soft magnetic underlayer, adhesion
between the nonmagnetic base of an aluminum alloy and the soft
magnetic underlayer of a Ni-P alloy can be made firmer. For this
purpose, the thickness of the nonmagnetic underlayer is necessarily
more than or equal to 0.5 pm.
20
Thickness of the soft magnetic underlayer is necessarily more
than or equal to 0.3 pm to function as a soft magnetic backing layer of
a perpendicular magnetic recording medium allowing high density

recording.



recording. 7 Each thickness of the soft nagnetic underlayer and the
nonnmagneti ¢ underl ayer is preferably less than or equal to 7 umfrom the
vi ewpoi nt of manufacturing cost. To guarantee hardness of the substrate
surface, sum of the thicknesses of the nonmagnetic 5 underlayer and the
soft magnetic underlayer is necessarily nore than or equal to 3 pm
Concerning a conposjtion of the soft nagnetic under]ayer, a _stable

el ectrol ess p%@tq leqkm%ﬁfﬁhﬁcﬁqﬁﬂélafgﬂﬂféd underlayer pndsgieor us
concentration |less than 0.5 wt% a phosphorus concentration nore than 6
wt % cannonommuaigte it eiriderdayer isspeeferhbly fegsahian bacdqual t@fepnd deoto

i nadequately | ow val ue of saturation magnetic flux density. 15 Thus

const r uct ¢He SRS pEire bpmﬁnﬁfé@ﬁm&%b@ét.”Wghh%aﬂtﬁé%ﬁ@ﬂe%%‘tﬁé s

required that the surface roughness of the “soft magnetic underlayer is

smal l er t 0) 1 CI i -he surface
of the so? ?Bﬁg{é%g%g?rgé\(g%r?g%&?gg tfﬁelg%{ %&ﬁgo&ﬁe{lﬁ]ﬁ&%ﬁ}%@@q&tﬁlb These
ditd to 20 achieve a lqw flying hei ght af about 10 nm
o e o Rl SR AREF R ke s Sl e SindCHaTe s BRatriatiyghore than
information. To achi eve these surface conditions, the surface of the soft

magneti c Qh‘(%llll%l/b@ dBMo be snoothed by polishing with free abrasive
grai ns.

Concerning a composition of the soft magnetic underlayer, a
stable electroless plating film can hardly be formed with a
10 phosphorus concentration less than 0.5 wt%; a phosphorus
concentration more than 6 wt% cannot provide the function as a soft
magnetic backing layer due to inadequately low value of saturation

magnetic flux density.

15 Thus constructed substrate for a perpendicular magnetic
recording medium is required that the surface roughness Ra of the
soft magnetic underlayer is smaller than or equal to 0.5 nm and the
micro waviness Wa of the surface of the soft magnetic underlayer is
less than or equal to 0.5 nm. These conditions are necessary to

20 achieve a low flying height of about 10 nm or less of a magnetic head,
which performs writing and reading of information. To achieve these
surface conditions, the surface of the soft magnetic underlayer is to be

smoothed by polishing with free abrasive grains.



8 A soft magnetic N -P underl ayer according to the present invention
consists of fine crystalline grains even in an as-plated condition. Each
crystalline grain has honogeneous conposition, which is a solid solution
of phosphorus in nickel. This conposition of 5 the soft nmagnetic N -P
underl ayer of the invention is substantially different fromthe
conposition of a soft magnetic Ni-P layer that is transforned froma .
nonnmagnet i ¢ NA poftaysrgngticei-R naed endayert aecondiagstmthedrdsemtl ayer bei ng
conposed of two types of crystals: nickel and Ni 3P. Therefore,

sati sf act enyentimi koesssteeof Bimetipstidlinkd gbying avlen it agepdedshi ng
process as for a conventional nonnmagnetic Ni-P layer. Thus, the polishing

D Dore s, cepntiation 2R B80T ARUEH HAO HorhBEOREONE cdllddBBR

substrate for a perpendi cul ar magn€tic recordi nmedi um?
the invent] as_ desgthbe bovecsqrves the f.unctio a soft nmagneti
backi ng | wg&}‘bfﬁ %O%Qﬁlﬂéigﬂﬁ}%pﬁgﬁwsxihomgentwkeﬂeﬁhgf Com I ?‘%Hlf e
| ower 1 han, or ual to 30QC for onger than or equal to 30 mnutes_after
form n’%; t hBesyx Iﬁa@‘ﬁmle?\?ui?d@ﬂdl&}iay% 025319( HpYention: s sHbshantialleat ment
increases the 20 saturation magnetic flux density of the soft magnetic
under | ayediffeBentfrernn theatompesitiom ofiat sofit mizeredtio Ni-Rtilapeethasrge of
tenperature and tinme does not cause generation of N 3P crystals, snoothing
of the sotransftighed fiodard aaimeghdiec R¢-PolaRpsk bgsheatthatment, the

transformed Ni-P layer being composed of two types of crystals:

nickel and NisP. Therefore, satisfactory smoothness can be attained

10 by nearly the same polishing process as for a conventional
nonmagnetic Ni-P layer. Thus, the polishing process can take

advantage of a conventional technique.

Although a substrate for a perpendicular magnetic recording

15 medium according to the invention as described above serves the
function of a soft magnetic backing layer without heat-treatment, a
heat-treatment at a temperature lower than or equal to 300°C for
longer than or equal to 30 minutes after forming the soft magnetic
underlayer is favorable since the heat-treatment increases the

20 saturation magnetic flux density of the soft magnetic underlayer.
Because a heat-treatment within the above-indicated range of
temperature and time does not cause generation of NisP crystals,
smoothing of the soft magnetic underlayer can be performed, as in the

case without heat-treatment, by a polishing process similar to the

9



case without heat-treatnent, by a polishing process simlar to the 9
conventional process for a nonmagnetic Ni-P |layer. On the other hand, if a
heat-treatment is conducted at a tenperature higher than 300C, a nechani sm
works that is simlar to 5 the process in the heat-treatnment of a
nonmagnetic Ni-P layer for transformation to a soft magnetic state, and
such high tenperature heat treatnent is unfavorable because the surface

r oughnesscohvandisnal pagoess folNia- Rohayagnietio BisBslaged. smoot hi ng by a

pol i shing process becones difficult due to generation of N 3P crystals. 10
A perpendi cul ar magnetic recordi ng nmedi um conprising a nonmagnetic seed

| ayer, a nmagnetic recording |layer, and a protective |ayer sequentially

formed on an ghpYReASHEE REEUTS h%ta‘i'ﬁfeatt?lg%rr}hriﬁ?%%%ﬂraﬁa

per pendi cul ar magneti c recordi’ng nediumis i nventors to
magnet i ¢ ERU R oG iR S0 Lne @ B Gra RIS IBoPOTREGHUAS 1S BHANHCo
tho sdit BROHENIGesSLskERg NegERrerbmesmehanyoAM aEBeticoNaz IpVaLifey
met hod, which is suited to mass 20 production, the production cost is nuch
| oner t hatransfdramasiom tbea sbftckiagneticestdtes amd seichohigh teynpéoateranpl e,
a sputtering nmethod. A soft magnetic suppl enent |ayer can be added between
the soft heat treatment is unfavorable because the surface roughness of a soft
magnetic Ni-P layer increases and smoothing by a polishing process
becomes difficult due to generation of NisP crystals.
10
A perpendicular magnetic recording medium comprising a
nonmagnetic seed layer, a magnetic recording layer, and a protective
layer sequentially formed on an above-described substrate of the
invention for a perpendicular magnetic recording medium is found by
15 the inventors to exhibit excellent recording performance as a double
layer perpendicular magnetic recording medium since a function of a
soft magnetic backing layer is provided by the nonmagnetic
underlayer on the substrate. Because the soft magnetic backing layer
1s formed by an electroless plating method, which is suited to mass

20 production, the production cost is much lower than in the case the

backing layer has to be formed by, for example, a sputtering method.

A soft magnetic supplement layer can be added between the soft

magnetic underlayer and the nonmagnetic seed layer, the supplement

10



magneti c underl ayer and the nonmagnetic seed | ayer, the supplenent 10 | ayer
having a filmthickness of thinner than or equal to 50 nmand a product of
the thickness and the saturation magnetic flux density of |arger than or
equal to 150 G um Since both the soft magnetic suppl enent |ayer and the
soft magnetic underlayer work as a soft 5 nmagnetic backing |ayer, the
performance as a double | ayer perpendicular magnetic recordi ng nedi um

enhances daylebdrivderg adilmethiekndss of thireer tharedueeudlets 50dem agidsas
generated in the soft magnetic underlayer. The soft magnetic suppl enment

l'ayer has frbﬂ‘%fdtr@fbﬁh{e shieleAuss aa{d the Jdtupdtibaks %Ui%'ﬂxh‘f deatditRiofd

magnetic 10 flux density of larger than or equal to ™15 min ordEr to
enhance e ef | ' r. fil l-ckness

thi oker t PareehPRATFoP Scbittq IBRCFLYT, SHCCHal e st ABICHET |
magneti c supplienent, Layer and is unfavorable because of generation .0

spi ke noi §H§jpp<1ﬁgl%F i#%mmgﬁh&ﬁ@td&@&n%wm@%r €Ts Wgc%séfsqfﬁe. sof t
magnetic underlayer of .the substrate can be processed by texturing with
free abradnegngtiq {agp g layer, the pexformanse asadlouble bayer sequential ly

formed by sputtering. This procedure is favorable because mnute defects
li ke randperpematichésr 20agnetierecording ededhamn enbagriesy ahddbégidele an

pol i shing process and unavoi dably remaining on the surface of the soft
magneti ¢ gfifiRst!i8Y¥Foduced to reduce the random noises generated in the soft
magnetic underlayer. The soft magnetic supplement layer has
preferably a product of the film thickness and the saturated magnetic
10 flux density of larger than or equal to 150 G pm in order to enhance
performance as a soft magnetic backing layer. A film thickness
thicker than 50 nm is apt to form a magnetic domain wall in the soft
magnetic supplement layer and is unfavorable because of generation
of spike noises and deterioration of productivity.
15
The surface of the soft magnetic underlayer of the substrate can
be processed by texturing with free abrasive grains, and then the
above-described layers are sequentially formed by sputtering. This
procedure is favorable because minute defects like random scratches

20 can be eliminated that are generated in the polishing process and

unavoidably remaining on the surface of the soft magnetic underlayer.

Brief description of drawings

Fig. 1 is a schematic cross sectional view of a substrate according

11



Brief description of drawings Fig. 1 is a schematic cross sectional view of
a substrate according 11 to the present invention for a perpendicul ar
magneti c recording nedium in which a soft nagnetic underlayer is forned
on a nonmagnetic base of an alumnumalloy. Fig. 2 is a schematic cross
sectional view of a substrate according 5 to the present invention for a
per pendi cul ar magnetic recording nedium in which a nonmagnetic underl ayer

and a sof torthgnprésentiideehajen for @ perpeddicukamamagnetic redoagkingf an
al um num alloy. Fig. 3 shows a schematic cross sectional view of a

per pendi cyhadiummdmewfiches @oft M aBRdititnuaeled 8489 it Forhfe Plo?s Nt

invention. 10 Fig. 4 is a schemati C cross sectional view show ng a

struct uren(bfmﬁﬁgqng;c?@%(gs%ug)PﬁnnggPﬁlghﬁéﬁ?@g&gi ng medi um havi ng a soft

magnetic supp I"ayer “accor resent invention. Fig. 5 shows
si gnal out put At recordin ensity of 100 kFCl of . perpenpdicul ar netic
r egor di ng ﬁed éghgv‘isn% S\‘;gwﬁaglq W%%@%@Qnaié’ 16 phé §BB§ ?ﬁé’n@?‘?@rgﬁ%g
under| ayer as functions of wite current of a _nagnetic head. Fig. 6 shows
si gnal® outwileaprgselé&m&ren@mﬁ@r typerpendicwlar siagpeticeretardiag magnetic
recordi ng nedi a having vari ous average phosphorus concentration in the
sof t magnenediwmgdn wechaa BSnmagnetiosunfentdyter andr @oft mhbaetignet i c

nead underlayer are formed on a nonmagnetic base of an aluminum alloy.

Fig. 3 shows a schematic cross sectional view of a perpendicular
magnetic recording medium according to the present invention.

10 Fig. 4 is a schematic cross sectional view showing a structure of a
perpendicular magnetic recording medium having a soft magnetic
supplement layer according to the present invention.

Fig. 5 shows signal output at a recording density of 100 kFCI of
perpendicular magnetic recording media having various thicknesses

15  of the soft magnetic underlayer as functions of write current of a
magnetic head.

Fig. 6 shows signal output at a recording density of 100 kFCI of
perpendicular magnetic recording media having various average
phosphorus concentration in the soft magnetic underlayer as

20 functions of write current in the magnetic head.

Fig. 7 shows the magnetic flux density Bs of the peaces of the
substrate for a perpendicular magnetic recording medium produced
with various time interval of heat treatment, as functions of the heat

treatment temperature.

12



Fig. 7 shows the magnetic flux density Bs of the peaces of the

substrate

for a perpendicul ar nagnetic recordi ng medi um produced wth various tine

interval of heat treatnent, as functions of the heat treatnent

tenperature. 12 Fig. 8 shows the mcro waviness Wa of the surface of a

per pendi cul ar magnetic recordi ng nmedium and the m ni mum flyi ng

hei ght of

the magneti c head over the nediumas functions of the tenperature of the

heat treat mentigs8rilows tHmwsidroewsivgnaisstWanof sherarifaceNt at

a recording

density of 370 kFCl (flux change per inch) in relation with the thickness
of the sepktrpenglietisr suaghetknret@dtting thadi® ahdvehd heirirfituen yimess Va

of the surface of a perpendicular nmagnetic recordi ng nmedi um produced on a
10 nonmagmet 1 t R AV j f
magnet i o REARTh ot G HRAERBLR: O Ot TPt M AERIbrY of B e

t r eat ment ect, of epbpdinent . of the invention 15 Sone aspects of
pr ef erredtgﬁfﬁ)}%ﬁ%eso ?ﬁée FEE%#ml ntion wll be described in the
followng. Fig, 1.is.a sckt}ﬁmat,i c ¢ross sectional_ view of a supstrate .

accor i ng totlgegpﬁbé’é?Yﬁ

gvagnalita-golge patpe SdNBuaba reeprsting devsityi ng

20 medium in which a soft nagnetic underlayer 3 is formed on an

of 370 kFCI (flux change per inch) in relation with the thickness of

the soft magnetic supplement layer.

Fig. 10 shows the micro waviness Wa of the surface of a

perpendicular magnetic recording medium produced on a

10 nonmagnetic Ni-P substrate and the minimum flying height of the

magnetic head over the medium as functions of the temperature of

the heat treatment.

Aspect of embodiment of the invention

15 Some aspects of preferred embodiments of the present invention

will be described in the following.

Fig. 1 is a schematic cross sectional view of a substrate according

to the present invention for a perpendicular magnetic recording

20 medium, in which a soft magnetic underlayer 3 is formed on an

aluminum alloy base 1. Fig. 2 is a schematic cross sectional view of a

substrate according to the present invention for a perpendicular

magnetic recording medium, in which a nonmagnetic underlayer 2

and a soft magnetic underlayer 3 are formed on an aluminum alloy

13



alum numal l oy base 1. Fig. 2 is a schematic cross sectional view of a
substrate according to the present invention for a perpendicular nmagnetic
recordi ng medium in which a nonmagnetic underlayer 2 and a soft nagnetic
under| ayer 3 are fornmed on an alumnumalloy 13 base 1. First, the
substrate shown in Fig. 1 wll be described. The nonmagnetic base 1 can be
made of Al-Mj alloy or the like material 5 that is used in a substrate of a
conventi obalsehbrd disk. In a nonmagnetic base of aluminumalloy that is
commonly used at present, high tenperature heating causes deformation of
the base; heating at a tenperature higher than 300C, in particular, causes
the deformation significant. Consequently, the present invention is 10

favorably applg; t ROne i f -y minu al | oy
since the errb?é?%érﬁl eg?'ﬂpﬁe [ nv%}r}t8 W‘%ﬁqﬁo@%f‘ﬁ ﬂ%%& &gsﬁéelggdhg%gr t he
enbodi ment_ of _the inventi on can,be dope at e ratur ower than or
equal to Wagl’s%%@aéﬁ fﬁ@rhbﬁr%’{gef p?%ﬁgigngquy off e matedidbnl y
used dj sk shape, though not limted to special 15 forns. The soft magnetic
under Iyethatdamssd 1ararsybstratevol m eonggnsionahbardndisdnedna base 1 by an
el ectroless plating nethod. 20 The soft nagnetic underlayer 3 is
necessar i npromagusdic base of aFunanuy aHoyailmtngs pbosplvatlysused tdte range of
0.5 %to 6 % If the

present, high temperature heating causes deformation of the base;

heating at a temperature higher than 300°C, in particular, causes the

deformation significant. Consequently, the present invention is

10 favorably applied to a nonmagnetic base composed of an aluminum

alloy since the embodiment of the invention does not require heating

or the embodiment of the invention can be done at a temperature

lower than or equal to 300°C. A shape of the nonmagnetic base 1 is

favorably a commonly used disk shape, though not limited to special

15 forms.

The soft magnetic underlayer 3 can be formed of a Ni-P alloy on

the nonmagnetic base 1 by an electroless plating method.

20 The soft magnetic underlayer 3 is necessarily composed of a Ni-P
alloy containing phosphorus in the range of 0.5 wt% to 6 wt%. If the
content of phosphorus is less than 0.5 wt%, a stable electroless
plating film is hardly formed; if the phosphorus content is larger than

6 wt%, the soft magnetic underlayer 3 does not work a function of a

14



content of phosphorus is less than 0.5 wt% a stable electroless plating
filmis hardly forned; if the phosphorus content is larger than 6 w% the
soft magnetic underl ayer 3 does not work a function of a 14 double |ayer
soft magnetic underl ayer of a perpendicular magnetic recordi ng nmedi um due
to inadequately | ow value of the saturation magnetic flux density. 5 The

t hi ckness of the soft magnetic underlayer 3 is necessarily nore than or

equal to Soprhledayesusafthaagmetic aindéelagwehrsof atperpendind arAnagneiic t her e

is no special upper limt, the filmthickness thinner than or equal to 7

pmis faveeebrdidg enedivedn@ £ inhderiitede oW 48160 T thHdshedtatibhe

substrate for a perpendi cul ar magneti ¢ recording nediumas shown in Fig. 2

will be d i jc underlayer 2 and soft magnetic underlayer 3
%ﬁagplggﬁ fNaneBaRsty.

are sequenti am nated“on a nonmagnetic base 1. The materials and the
15 conpositions for the nonmagnetic substrate 1 and the soft magnetic
underl ayer 3 are the sane as in the substrate of Fig. 1. The nonnagnetic

mat or i)t hat LhmtBiEkseEs pL thesoltonegqiie undarlayen § o negesaamiivy about
11 wt % of phosphorus, which is used in a substrate of a conventional hard
di sk. more than or equal to 3 pm to ensure hardness of the substrate

surface. Although there is no special upper limit, the film thickness

thinner than or equal to 7 pm is favorable from a viewpoint of

manufacturing cost.

10
Next, the substrate for a perpendicular magnetic recording

medium as shown in Fig. 2 will be described. Nonmagnetic

underlayer 2 and soft magnetic underlayer 3 are sequentially

laminated on a nonmagnetic base 1. The materials and the

15 compositions for the nonmagnetic substrate 1 and the soft magnetic

underlayer 3 are the same as in the substrate of Fig. 1.

The nonmagnetic underlayer 2 is formed of mainly Ni-P by an
electroless plating method. A material that can be used is, for
20 example, a Ni-P alloy containing about 11 wt% of phosphorus, which

1s used in a substrate of a conventional hard disk.

A thickness of each underlayer can be as follows. A thickness of

the nonmagnetic underlayer 2 is preferably thicker or equal to 0.5 pm

15



A thickness of each underlayer can be as follows. A thickness of the
nonmagneti ¢ underlayer 2 is preferably thicker or equal to 0.5 um15 to
ensure adhesi on between the nonmagnetic base 1 and the soft magnetic
under| ayer 3. A thickness of the soft magnetic underlayer 3 thicker than
or equal to 0.3 umis necessary to function as a soft nagnetic backing

| ayer of a perpendicular magnetic recording 5 nedium Though the upper
linmits of tolmswiechdéesesndietivheendfte nomgneginetin baskal emnd thedsdfbe
nonmagneti ¢ underlayer 2 are not regulated to the special values, the both

thi cknessegaghetiyy @hdeabhyer B Mehicknesiial the soffhhieBtid de@ﬂl@?b@ti% of

manuf acturing cost. In addition, the sumof the thicknesses of the
nonmagnet I t r ARG ecessary
to be at %Plég%ﬂgﬂﬁh (?yo%gnuszfj‘t}?ﬂg)dﬂa??ness W&E&?ﬂ g@s&gr aaceS% he upper

I f Kk f bl f t
of manuf aRSEPRECBRERERG IgHCR & medtidielar shagndtic soCokiitE 15 The |

above-descri hed no gnetl ¢ or soft_.m netl ¢ pl atl ng film nainly conposed
of Ni-P cape Blmor ugh dhecupper kam%gegf thethiegknesseeef theisaftsodi um
hypophosphite for a redu0| ng agent as is known in the art, while

control | i maghetmoupderiaper 3 amdethe llrcmlrwgheﬂilcamdeﬂayelf 2t pbét i ng

path regulated to the special values, the both thicknesses are preferably
thinner or equal to 7 pm from the viewpoint of manufacturing cost.
In addition, the sum of the thicknesses of the nonmagnetic
10 underlayer 2 and the soft magnetic underlayer 3 is necessary to be at
least 3 pm to ensure hardness of the substrate surface. The upper
limit of the sum of the thicknesses is preferably 10 pm from the
viewpoint of manufacturing cost though not strictly limited to this
value.
15
The above-described nonmagnetic or soft magnetic plating film
mainly composed of Ni-P can be formed by so-called Kanigen plating
process using sodium hypophosphite for a reducing agent as is known

in the art, while controlling the composition, temperature, and pH

20 value of the plating bath.

In order to employ the substrate having the structure described
above for a nonmagnetic substrate, a surface roughness Ra of the soft

magnetic underlayer 3 is necessarily less than or equal to 0.5 nm and
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In order to enploy the substrate having the structure described above for
a nonmagnetic substrate, a surface roughness Ra of the soft nagnetic
underl ayer 3 is necessarily less than or equal to 0.5 nmand 16 a mcro
wavi ness WA of the surface of the soft magnetic underlayer is necessarily
| ess than or equal to 0.5 nmto attain flying height of the nagnetic head,
whi ch reads and wites information, to be around 10 nmor |ower. Here, the

surface raughoes waainess ¥ardfstlvestefate of the softf aeenetighnederlefyea ishr ee

di nrensi onal inmage obtai ned by neasuring the surface configuration in an

area of S5pPesgnaily lesbithardrod@UhT thW.6enf §6 2EaPE ﬂlgﬁi‘g hel8Bt r&g(tth%r ough

wavi ness WA repreSents waviness in an area of 1 mm square€ measure
a band p i i ts . 0 m 10
dsing an SaepueticReRd, Which reas i Giy ﬁ%%ﬂ%&lﬁ&éﬁtwﬁgﬁﬁﬁg red_
by Zygo Corporation. obtain su a surf.ace copfiguration, t syrface o
Che Yort THBGHRIqTetn daers, Ehe i Tacyousaenedin yoparienta gonter lnee. 15
abrasi ve grains. The_polishjng _can he performed by applying alnost the
same techflglecezonghness ebavidmeedamensiongddmageiottaingdrby as
described earlier. The polishing can be conducted, for exanple, wusing a
doubl e si dedagulirdithg swdbicecconfiguratichingamadeacdf Supai Bguartoasing
f eedi ng abrasive of suspension of alumna or colloidal 20 silica.

an atomic force microscope (AFM). The micro waviness Wa

represents waviness in an area of 1 mm square measured through a

band path band path filter for a wavelength range of 50 pm to 500 pm

10 using an optical surface configuration measuring instrument

manufactured by Zygo Corporation.

To obtain such a surface configuration, the surface of the soft
magnetic underlayer has to be smoothed by polishing with free
15 abrasive grains. The polishing can be performed by applying almost
the same technique as for the conventional nonmagnetic Ni-P layers,
as described earlier. The polishing can be conducted, for example,
using a double sided polishing machine with polishing pads of
urethane foam feeding abrasive of suspension of alumina or colloidal

20 silica.

A substrate for a perpendicular magnetic recording medium thus
formed according to the present invention exhibits a function of a soft

magnetic backing layer even in a state not subjected to heat-
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A substrate for a perpendi cul ar magnetic recordi ng nediumthus forned
according to the present invention exhibits a function of a soft nmagnetic
backi ng |l ayer even in a state not subjected to heat 17 treatnent. However,
heat-treatnment, after formation of the soft nmagnetic underlayer, at a
tenperature | ower than or equal to 300C for |onger than or equal to 30
mnutes is effective to increase the saturation magnetic flux density of

the soft tngatmentunHwayer, haas-treatmertt after fatrneatiempef sharsvfover 300C
i s inadequate since it causes increase of surface roughness of the soft

magnet i c mdghb@i@nnd&@a%@f,oaera tosiRast Ul Iovpe® 8haidbl @trqqdmgﬁ%be"@' ux

density, the preferable heat-treatnent tenperature is in e range of 200C

t 300C. ' [ j - Seft i ' of

pgr pendi cgﬁ}grlgirlrggﬁgtth %‘Q{jpgco %?%Egﬁﬁd@%rfﬁh%@?gl@@ gﬁ??ée%%/é %ﬁ%venti on.
Th endi cul ar magneti ¢. rgcordi ng. medi S in Fi as a structure
T whi b BatGRa b pracuetis fitgedeBditor it tnatnatid andiniayer. 3. and
a protect ihve | ayer 40 are sequentially formed on a substrate 10 of the

i nvent? on heptetraaianent @t ademperatare overc00He isvnadespsats skessitr at es

according to the invention illustrated in Fig. 1 and Fig. 2. 20 For the
nonmagnet causesdrcrgase 2f, surfmsecroaghhessfafihiabbit magnetic underlayer.

For proper increase of the saturation magnetic flux density, the
preferable heat-treatment temperature is in the range of 200°C to
300°C.

10

Fig. 3 and Fig. 4 show schematic cross sectional views of

perpendicular magnetic recording media according to the present
invention. The perpendicular magnetic recording medium shown in
Fig 3 has a structure in which a nonmagnetic seed layer 20, a

15 magnetic recording layer 30, and a protective layer 40 are
sequentially formed on a substrate 10 of the invention. The substrate
10 1s either one of the two types of substrates according to the

invention illustrated in Fig. 1 and Fig. 2.

20 For the nonmagnetic seed layer 20, a material for favorably
controlling crystal alignment and grain size of the magnetic recording
layer 30 can be used without special limitation. In the case the
magnetic recording layer 30 is a perpendicular magnetic film

composed of a CoCr alloy, the materials that can be used for the

18



controlling crystal alignnent and grain size of the magnetic recording

| ayer 30 can be used without special limtation. In the case the nagnetic
recording layer 30 is a perpendicular magnetic film conposed of a CoCr
alloy, the materials that can be used for the 18 nonmagnetic seed | ayer 20
include a CoCr alloy, titanium a titanium alloy, and ruthenium In the
case the magnetic recording layer 30 is a so-called nultilayered

per pendi cucarmaggredic sebd kayier 80iiatcladechdloCaldldyy atidapliai hamitiniim
cobalt alloy and palladiumare 5 | am nated, platinumor palladiumcan be

used for eiomananaticnivanedh a4 cale theninsantit 3¢ebraindlayroTRd ot e

| ayer optionally provided on or bel ow the gnetic seed r 20 does
not interfse ' . ffeo '- -jjon. 10 For
t he magnetal éc():!-r(3gl\c?£{!)érd]d Pt}l{giﬁllg%&%g ,&)%é@f Iﬁfaﬁbgggglﬁgg&%%iéﬁq%ﬁwﬁ B&éﬁ%\’ ecordi ng
and reprodugtihpn.in a perpendi cul ar magneti c.recordin di um may be used.
The usabl Soﬁaﬁﬁﬁﬂﬂy f Hg%tsmélw aﬁ(&ba?ltaﬁiléoyw Qaﬂéﬂ‘qﬁ&m Aréyer ed

per pendi le| ar. mgnetic filmthat js a |amnation of cobalt alloy and

pl ati mum lamipgded; platbyummermpalladium carsbe aisesk fonithe monmagnetici ve

| ayer 40 can be a thin filmconposed mainly of carbon. A liquid |ubricant
: ayer of peefll layreapPOy A hmreseedt leyrerpirean imbyrive dppeilageeoptionadlt ecti ve
ayer 40. 20
provided on or below the nonmagnetic seed layer 20 does not interfere

with the favorable effects of the present invention.

10 For the magnetic recording layer 30, any material that can carry
out recording and reproduction in a perpendicular magnetic recording
medium may be used. The usable material includes a CoCr alloy and
so-called multilayered perpendicular magnetic film that is a

lamination of cobalt alloy and platinum, or cobalt alloy and palladium,

15 for example.

The protective layer 40 can be a thin film composed mainly of
carbon. A liquid lubricant layer of perfluoropolyether, for example,
may be applied on the protective layer 40.
20
The nonmagnetic seed layer 20, a magnetic recording layer 30,
and a protective layer 40 can be formed by any thin film forming

method including sputtering, CVD, vacuum deposition, and plating.
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The nonmagnetic seed | ayer 20, a magnetic recording layer 30, and a
protective |layer 40 can be formed by any thin filmformng nethod

i ncludi ng sputtering, CVD, vacuum deposition, and plating. 19 The o
per pendi cul ar magnetic recording nediumformed as described above exhibits
favorabl e recordi ng performance as a double [|ayer perpendicul ar nagnetic
recordi ng nedi um because the soft magnetic underlayer 3 on the substrate
10 functions dtheperpenslicatmenaghatic ngcordierg medaddi formedtde sof t
magneti c underlayer is formed by an electroless plating nmethod suited for

mass proddelsceibed Erive éﬁhf&t@q@@dﬁlﬂméﬁbralﬁg;ﬁéﬁbkﬁ%ﬁ@é '&%da ddiible

exanple, to form the soft magnetic underlayer nsequently, the

6" broduced 5t TR BCiaP HaBheidh P@?@%@%ﬁl@éﬂbﬁﬁ??ﬁé% g A

conprises _a st r at 0 _accprdi i nvention,

| ayers séﬁﬁgHF (ﬁ}‘iﬂgargﬁ @9% §H§)[Srt§?ge ﬁ)cﬂuaﬁ?ﬁg% A% S gne'sj | c 15
suppl errent | ayer .5 no nagnetlc seed | ayer 20, a nmagnetic recording

| ayer 30, naagngtb} gﬁéﬁlﬂg aygyerlmaddifion, ithe safemagneticsinderlayer is
substrate shown in Fig. 1 or Fig. 2 according to the present invention. 20

The nonmadoemer byeanledgetralesstplatimgmaethodenwitddnfpr apess Boduatior, he
protective Iayer 40 can be appropriately formed of the simlar

there is no need to employ a sputtering method, for example, to form

the soft magnetic underlayer. Consequently, the perpendicular
magnetic recording medium according to the invention can be

10 produced at a low cost.

The magnetic recording medium shown in Fig. 4 comprises a
substrate 10 according to the present invention, and the layers
sequentially formed on the substrate including a soft magnetic

15 supplement layer 50, a nonmagnetic seed layer 20, a magnetic
recording layer 30, and a protective layer 40. The substrate 10 is
either one substrate shown in Fig. 1 or Fig. 2 according to the present

invention.

20 The nonmagnetic seed layer 20, the magnetic recording layer 30,
and the protective layer 40 can be appropriately formed of the similar
materials to those in the perpendicular magnetic recording medium
shown in Fig. 3. The soft magnetic supplement layer 50 has

preferably a film thickness of thinner than or equal to 50 nm and a

20



materials to those in the perpendicul ar magnetic recordi ng nedium shown in
Fig. 3. The soft magnetic supplenent |ayer 50 has preferably a film

t hi ckness of thinner than or equal to 50 nmand a 20 product of the film

t hi ckness and the saturation magnetic flux density of larger than or equal
to 150 G pm For exanple, the supplenent |ayer 50 can be conposed of a
CoZr Nb anor phous soft nagnetic layer from15 to 50 nmthick exhibiting a

sat ur at i oprodurgrudt tlee filux théclsheys eind ¢hR0Saturatioamgtestis dltix magnet i ¢
layer from 10 to 50 nmthick with a saturation nmagnetic flux density of

15,000 G d@'ﬁ!@itﬁo&‘%ﬁrg@?%ﬁﬂ 6r%gtﬁﬁ’é?ﬂ8'lt50ﬁ’ m>O0FbP eRlaitipdedehe ot h the

suppl enent | ayer and the soft magneti c unde yer work as “a soft nmgnetic

backi ng | i i t 0 S ubl e

ayer per SARRIERTEt a0 A0 ERANS SBHboRkdidlh CAAMbCh AR Al Aol
oduced to reduce,the rando oi eperagted,in. the soft magnetic

5:1delrjl ayemagﬁg%ngY%g‘%mi ﬂgq%%gl%'%’egﬁlﬁﬁ?ghl tang 3 SRFUKASION pr oduct of

the filmthickness and_ the saturation magnetic flux density of |arger than

or equal magpets flsxpdensity aérl G,000nbarcandfeTathaoft rxagnetictlayegnet i c

backing layer. A filmthickness thicker than 50 nmis apt to forma

magnet i ¢ ficom DO t8850 nm thicks ofithrageduratiowphapeetic et demdity of
unfavorabl e because of generation of spike noises and deterioration of

EL@SF?; 't v H?é%OQQ}ThWﬁé'ﬁf@%ﬂOhléQﬁe%Rf SuppYesidrtt LR 5oV pPovidi,

both the supplement layer and the soft magnetic underlayer work as
a soft magnetic backing layer, resulting in enhancement of the

10 performance as a double layer perpendicular magnetic recording
medium. Besides, an effect is produced to reduce the random noise
generated in the soft magnetic underlayer. The soft magnetic
supplement layer preferably has a product of the film thickness and
the saturation magnetic flux density of larger than or equal to 150 G

15 pm in order to enhance performance as a soft magnetic backing layer.
A film thickness thicker than 50 nm is apt to form a magnetic domain

wall in the soft magnetic supplement layer and is unfavorable

because of generation of spike noises and deterioration of productivity.

20 The surface of the soft magnetic underlayer of the substrate can
be processed by texturing with free abrasive grains, and then the
above-described layers are sequentially formed by sputtering. This
procedure is favorable because minute defects like random scratches

can be eliminated that are generated in the polishing process and
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be processed by texturing with free abrasive grains, and then the
above-described | ayers are sequentially fornmed by sputtering. This
procedure is favorabl e because m nute defects |ike random scratches can be
elimnated that are generated in the polishing process and 21 unavoi dably
remai ning on the surface of the soft magnetic underl ayer. Exanples Sone
speci fic exanpl es of enbodinents according to the present 5 invention wll
be descri bataveldablymrempiningTe thensagfeate of bhe ssofbsnagmediednelerdayét - My
alloy having a dianeter of 3.5 inches. After washing the surface by alkal
cleaning 10 and acid etching, zincate (substituted zinc plating) was
executed as an initial reaction layer for electroless N -P plating. Then,
soft magngiy& derl ayers of a Ni-P alloy having various thicknesses from
0.5 pmto 10 pmwere fornmed using the plating bath shown below. The

aver age phosphkorus congentration in the thus fornmed sofit 1 netic
under I ayer wa® 4R lﬁt?’ﬁ%ﬂlﬁl@ﬁ?lﬁfn&m@%ﬁe%ﬁf%ﬁgrﬁngfﬁq ¢ Presantm
hypophosphi te 15 gllji r .20 S%di um acetate 10 g/liter Sodiumcitrate 15
g/ lit invention will be described below.

Example 1

The nonmagnetic base was composed of an Al-Mg alloy having a
diameter of 3.5 inches. After washing the surface by alkali cleaning

10 and acid etching, zincate (substituted zinc plating) was executed as

an initial reaction layer for electroless Ni-P plating. Then, soft
magnetic underlayers of a Ni-P alloy having various thicknesses from
0.5 pm to 10 pm were formed using the plating bath shown below.
The average phosphorus concentration in the thus formed soft

15 magnetic underlayer was 4 wt%.

Plating bath (1)
Nickel sulfate 25 glliter
Sodium hypophosphite 15 g/liter
20 Sodium acetate 10 g/liter
Sodium citrate 15 g/liter
pH 6 + 0.1 (adjusted by NaOH and H2S04)
Bath temperature 90+ 1°C

The surface of the soft magnetic underlayer was polished using

22



pH 6 0.1 (adjusted by NaOH and H2SO4) Bath tenperature 90 1C The surface
of the soft magnetic underl ayer was polished using 22 colloidal silica with
average particle diameter of 30 nmand polishing pads of urethane foamto
obtain a surface roughness Ra of 0.3 nmand a mcro waviness Wa of 0.2 nm
Thus, a substrate for a perpendicular nagnetic recording nmedi umshown in
Fig. 1 was ﬁ)r Qduced. Abrasion 5 quantity renoved by the polishing was about
0.2 um i ncellpadalselicacnitdr areraget particlendiaimddessael 3@fmer anidepolishinghe
substrate was introduced into a sputtering apparatus, and heated to a

subst r at e padd of eirethpercafoia td obsath WshefaddreaghmdssiRadof @ nheaied - A

titanium seed |layer 10 nmthick was deposited using a titaniumtarget.

Subsequenty y,jdrfBeASIhESs W?%éfgg%nggﬁte]ﬁ}ﬁfs 3 SQbifatd! foPa %@gﬁ@gﬁh@gf

deposited using a target o Then, a carbon p

8 nmthic ' | hg: a_ C on target,,and the . ampated .
subst r at eliﬂég%f%ﬂfgg‘z#‘m}gﬁ%%@%gbgm r]rpcﬁ%gm]elw AT PLY L ' Iﬁ)@;on
rocesses were all conducted, by a, .DC.nmagnetron sputtering nethod under an
o gon %as %%%%@&Yéfednogea%w gheFPﬁHsDﬁ}nngﬁm gt 0. duran Ty gy MeaRUre ayer
of perfluoropolyether 2 nmthick by dip-coating, a perpendicular nagnetic
recor di ng conyertedsostheviilion thigkngseas produced. 20

After cleaning, the substrate was introduced into a sputtering
apparatus, and heated to a substrate surface temperature of 250°C
10 for 10 seconds by a lamp heater. A titanium seed layer 10 nm thick
was deposited using a titanium target. Subsequently a magnetic
recording layer of a CoCrPt alloy 30 nm thick was deposited using a
target of Co70Cr20Pt10. Then, a carbon protective layer 8 nm thick was
deposited using a carbon target, and the laminated substrate was
15 taken out from the vacuum chamber. These sputtering processes
were all conducted by a DC magnetron sputtering method under an
argon gas pressure of 5 mTorr. Finally, forming a liquid lubricant
layer of perfluoropolyether 2 nm thick by dip-coating, a perpendicular
magnetic recording medium as shown in Fig. 3 was produced.
20
After polishing and cleaning of the substrate in this Example,
heating of the substrate was carried out in the sputtering apparatus
for controlling properties of the magnetic recording layer. This heat-

treatment, however, being executed in a short time and at a relatively
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After polishing and cleaning of the substrate in this Exanple, heating of
the substrate was carried out in the sputtering apparatus for controlling
properties of the nmagnetic recording layer. This heat- treatnent, however,
bei ng executed in a short tinme and at a relatively 23 | ow tenperature of
250C, scarcely caused structural change of the soft magnetic underl| ayer.
Thus, surface roughness and wavi ness of the produced perpendi cul ar

magnet i ¢ levoteinpe naduirerof856°Cappaveclyatatiyed gtiruataenal thangesef thet he
substrate. 5 The thus produced perpendi cul ar nagnetic recordi ng nmedi um was
i ncor por akeft niagakbiry undcllaysr n@leusobarfayneragheldss Aeddwavinkss afhard

di sk drive. After giving nechanical shock of 50 for 1 nms to the hard disk

drive, th%h%%f»@&ﬁc@a lﬁéﬁ)eqf‘di%flﬂmbg]néﬁ&g%{)ggﬁgu Eﬁé?a{&h{‘% di um nas

observed by optical® mrcroscope to iPnspec FeCurrence | aws
Tabl e 1 shows qccuryance of fJlaws on, the diumin relation with the

t hi cknessa&pli%%%ﬁqqyn%%ﬂb‘ﬁl@n\ﬁ%ghpﬁﬁéﬁfrﬁﬁS%ﬁ?@tﬁs hows, the flaws

wer e tected on the surface of a nediumhaving a soft magnetic underl ayer
t hi nn than 3 um 15 while no flaw was detected on the surface of a nedium

having a soft nmagnetic underlayer thicker than or equal to 3 m 20 24
he thus produced perpendicular magnetic recording medium

was incorporated, together with a single pole type magnetic head,
into a hard disk drive. After giving mechanical shock of 50 G for 1 ms
to the hard disk drive, the surface of the perpendicular magnetic

10 recording medium was observed by an optical microscope to inspect
for occurrence of flaws. Table 1 shows occurrence of flaws on the
medium in relation with the thickness of the soft magnetic
underlayer. As Table 1 shows, the flaws were detected on the surface
of a medium having a soft magnetic underlayer thinner than 3 pm,

15 while no flaw was detected on the surface of a medium having a soft

magnetic underlayer thicker than or equal to 3 pm.

20
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Table 1 thickness of soft magnetic flaws underlayer (um 0.5X 1.5X 2.7A
3.10 4.00 7.00 10.00 X : flaws detected A : mcroscopic flaws detected 5 O
no flaw detected Exanple 2 A nonmagnetic base was conposed of an Al - My
alloy having a dianeter of 3.5 inches. After washing the surface by alkal

cleaning 10 and acid etching, zincate (substituted zinc plating) was
execut ed %§lﬂén1initial reaction layer for electroless Ni-P plating. Then,
able

thickness of flaws
soft magnetic
underlayer
(um)
0.5

1.5

2.7
3.1
4.0
7.0
10.0

O|O|O|O|B| x| X

X : flaws detected
A\ microscopic flaws detected

5 O :no flaw detected

Example 2
A nonmagnetic base was composed of an Al-Mg alloy having a

diameter of 3.5 inches. After washing the surface by alkali cleaning
10 and acid etching, zincate (substituted zinc plating) was executed as

an initial reaction layer for electroless Ni-P plating. Then,

nonmagnetic underlayers of a Ni-P alloy having various thicknesses

from 0.5 pm to 10 pm were formed using a plating bath including

commercially available electroless Ni-P plating liquid for a hard disk
15 substrate NIMUDEN HDX manufactured by C.Uyemura & Co., Ltd.),

the bath being regulated at a nickel concentration of 6.0 £ 0.1 g/L, a
25



nonmagneti c underlayers of a N -P alloy having various thicknesses from
0.5 umto 10 pmwere fornmed using a plating bath including commercially
avai lable electroless N-P plating liquid for a hard disk 15 substrate

(NI MUDEN HDX manufactured by C Uyemura & Co., Ltd.), the bath being

regul ated at a nickel concentration of 6.0 f 0.1 g/L, a 25 pH value of 4.5
0.1, and a bath tenperature of 92 1C. The average phosphorus

concent r aplrvalue b€ 405nanfgheand aibaRptetiperatiivrenot@g £1°¢t X he
Subsequently, soft magnetic underlayers having various thicknesses fromO

to 10 pm weierafogd phdsphotiusFeahéyt M tibnIrRYBE 4d5h E‘Niﬁgmﬁﬁ tion

of 4 w% in the sane manner as in Exanple 1. Substrates as s InFig. 2

Exarml Eeimﬂi}?gﬂz e c%%?éﬂnﬁgﬁsﬁ?ﬁtfﬁéﬁﬁéﬁ%ﬂhﬁéﬁ%ﬁ%@ E\%athfﬂaf I‘
Fig. 3 [ 1. .10 T :

on’i he medAIPRA FArkARSHeRE AN Prio 1A Bkhavees formedcop Shabgrdoyavith -
underl ayer and the soft magnetic underlayer evaluated by the sanme manner
as in Exa@yerage phesphansiseoncertraiion ofnd wit%sin theesaneamanhemaisnin

whi ch the sumof 15 the thicknesses of the nonmagnetic underlayer and the
sof t magndixampledr |Sybstrstest 4$ shewhhanF3gpih fortu perpeaditater on t he

medi um surface was not detected when the sum of the thicknesses was
thicker magnetic recording medium were produced like in Example 1.
Further, perpendicular magnetic recording media as shown in Fig. 3
were produced as in Example 1.
10
Table 2 shows occurrence of flaws on the medium in relation with
the thicknesses of the nonmagnetic underlayer and the soft magnetic
underlayer evaluated by the same manner as in Example 1. The
flaws were detected on the surface of a medium in which the sum of
15 the thicknesses of the nonmagnetic underlayer and the soft magnetic
underlayer was thinner than 3 pm, while the flaws on the medium

surface was not detected when the sum of the thicknesses was thicker

than or equal to 3 pm.

20
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than or equal to 3 pm 20 26 Table 2 thickness of thickness of soft
magneti ¢ nonnagneti c sum of the flaws underl ayer underl ayer thicknesses
(um (Pm 0.05.05.00 0.51.01.5X 0.53.03.50 1.50.52.0X 1.51.22.7A 1.51.83.30
2.71.03.70 3.10.53.60

Table 2
thickness of | thickness of | sum of the flaws
soft magnetic | nonmagnetic | thicknesses
underlayer underlayer
(um) (um)
0.0 5.0 5.0 O
0.5 1.0 1.5 X
0.5 3.0 3.5 O
1.5 0.5 2.0 X
1.5 1.2 2.7 A
1.5 1.8 3.3 O
2.7 1.0 3.7 O
3.1 0.5 3.6 O

X : flaws detected
A\ : microscopic flaws detected

5 O : no flaw detected

Recording performance was measured on these perpendicular

magnetic recording media using a single pole type magnetic head for
a perpendicular magnetic recording medium employing spinning

10 stand tester. Fig. 5 shows signal output at a recording density of 100
kFCI (flux change per inch) as functions of write current of a
magnetic head. When the thickness of the soft magnetic underlayer
was zero, that is, without a soft magnetic underlayer, practically no
signal output was obtained. When the thickness of the soft magnetic

15 wunderlayer was thinner than 0.3 pm, signal output was relatively low

and the signal output did not saturate with increase of the write
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X : flaws detected A : mcroscopic flaws detected 5 0 = no flaw detected
Recor di ng performance was neasured on these perpendicul ar nmagnetic
recording media using a single pole type magnetic head for a perpendicul ar
nmagnetic recordi ng medi um enpl oyi ng spinning 10 stand tester. Fig. 5 shows
signal output at a recording density of 100 KFC (flux change per inch) as
functions of wite current of a magnetic head. Wen the thickness of the

sof t magneuirtentdeWlayethenestugitiont bfthée sigwal it KOSTowBeTee i C
under| ayer, practically no signal output was obtained. Wen the thickness

of the Soﬁhcf‘@@@@tihctﬂéw:&ﬂ?%rchﬁﬁptv@éiﬁ J r%%%?sgal%ée%ﬁr@ ngl output

was relatively low and e signal output di ate W th 1 ncrease of

i i f &h i gnal t put i I ith
| ncr ease. HeceRERgFTor %%ﬁ&g%ﬁ%éféﬁﬁe?hbiﬁuiﬁs@?tﬁéﬁ3& t&fé‘réégra of” 7
f i I tput. .F n the region o .
Unsat ur at SNSAIRAed 1AL PHEDSEhae SERBlO R Eyeatly sanges with

variation of the wite current, which is unfavorable for practical _
appl i cat i yarighiomef dheewritencurremrt, wikdchhiscunésvordblenforspractivagnet i c
under | ayer was thicker than or equal to 0.3 um sufficient signal output

was gai necdpplicativer. , Orh¢hei aiiddr huinRltwhett/thé athiekneks\wfaMe 86ft val ue.
Thus, such nedia are practically useful. Wen
magnetic underlayer was thicker than or equal to 0.3 pm, sufficient
signal output was gained. Moreover, the signal output saturated at
low current value. Thus, such media are practically useful. When
10 the media having the same thickness of the soft magnetic underlayer

exhibited the equivalent dependence of the signal output on the write

current, despite different thickness of the nonmagnetic underlayers.

Example 3

15 Substrates as shown in Fig. 2 for a perpendicular magnetic
recording medium were produced in the same manner as in Example
2 except that the nonmagnetic underlayer was 1.0 pm thick, the soft
magnetic underlayer was 2.7 pm thick, and the average phosphorus
concentration in the soft magnetic underlayer was varied in a range

20 of 0.3 wt% to 9 wt% by varying the conditions of the plating bath in
such a range as shown below. Perpendicular magnetic recording

media were also produced in the same manner as in Example 1.
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10 the nedia having the sane thickness of the soft magnetic underl ayer
exhi bited the equi val ent dependence of the signal output on the wite
current, despite different thickness of the nonnagnetic underl ayers.
Exanpl e 3 15 Substrates as shown in Fig. 2 for a perpendicul ar magnetic
recordi ng nmedi um were produced in the sane manner as in Exanple 2 except
that the nonmagnetic underlayer was 1.0 pmthick, the soft nagnetic
underlayeEﬂm@ﬁngbﬁﬂﬁﬂg}nck, and the average phosphorus concentration in
the soft magnetic underlayer was varied in a range 20 of 0.3 wt%to 9 wt%

by varying thay; ik q of eqpl gty bath in such a range as shown
NiekadIslfie of 10°38! ahites

bel ow. Perpendic r magnetic recording nedia were al so produced in the
sanme manner ag. i e . 28.Plating _hath,(2) N ckel sulfate 10 -35
g/liter Sodi u%@ﬂ%ﬂ&éﬂ?%sﬁgmf‘so gﬁ?i gﬁrg/h(st& i um acetate 10 g/liter 5
Sodi um citrats ﬁs g/liter pH5.0 - 6.5 (adjusted by NaOH and H2SO4) Bath
tenper at ure 750d190¢ agedatene phosphot@g/béekentration was 0.3 w % the

plating bath 10 was found very unstable and unsuited for mass production.
Measurfenent s Sodihen rateatdi ng perf or néhgélibere made on the

pH 5.0 - 6.5 (adjusted by NaOH and H2SO.,)
Bath temperature 75 - 95°C

When the phosphorus concentration was 0.3 wt%, the plating bath

10 was found very unstable and unsuited for mass production.

Measurements of the recording performance were made on the
produced media in the same manner as in Example 2. Fig. 6 shows
signal output at a recording density of 100 kF'CI as functions of write

15 current in the magnetic head. When the average phosphorus
concentration in the soft magnetic underlayer is less than or equal to
6 wt%, sufficient signal output was obtained. At 7 wt%, the signal
output decreased and saturation of the output became slow, thus, the
function is inadequate for a soft magnetic backing layer.

20
Example 4

Substrates as shown in Fig. 2 for a perpendicular magnetic
recording medium were produced in the same manner as in Example

2 except that the average phosphorus concentration in the soft
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produced nedia in the same manner as in Exanple 2. Fig. 6 shows signal
output at a recording density of 100 kFCl as functions of wite 15 current
in the nmagnetic head. Wen the average phosphorus concentration in the
soft magnetic underlayer is less than or equal to 6 w% sufficient signal
out put was obtained. At 7 wt% the signal output decreased and saturation
of the output becane slow, thus, the function is inadequate for a soft

nmagneti ¢ baakinegid ayeterlaPeivanplLwtoGubhe e emBenstiewinderkybr wdL1.®
per pendi cul ar magnetic recording nediumwere produced in the same nanner

as i n_ExafithethieketERPLoftla diller @RI AGA RAASRALY 47 ERHIEK bR het! e

soft 29 nagnetic underl ayer S 4 mt% onmagnetic erl ayer was 1.
pm t hi ck, j r s 2.7 thicg and heat

Freat mont Chagt it WREECORAuRPE AREF St Brating MO sl ofFenSERber 1 ayer at
a tenperature i.n_a range of 100C to .350C and far ti ionferval in a
range of Wi@ﬂ@ﬁ’@%’% 36@19113’:%' yre Anna J@ngg 0?4@%9?%%& §@&ﬁ£@ @as cut
fromeach of the thus A produced substrates at the radial position of about
30 mmb Théimeattesviadnimagrange of 120« mienstas/ te60ertimt@spl e was neasur ed

using 10 a vibrating sanple magnetoneter VSM w th the maxi num appl yi ng
field of 10 kCe. Fig. 7 shows the saturation magnetic flux density Bs

A peace of sample of 8 mm square was cut from each of the thus
produced substrates at the radial position of about 30 mm. The
saturation magnetic flux density of each sample was measured using

10 avibrating sample magnetometer VSM with the maximum applying
field of 10 kOe. Fig. 7 shows the saturation magnetic flux density Bs
of the peaces of samples of the substrate for a perpendicular magnetic
recording medium produced with various time interval of heat
treatment, as functions of the heat treatment temperature. As is

15 apparent from the figure, the heat treatment increases the saturation
magnetic flux density of the soft magnetic underlayer from the
saturation magnetic flux density of about 0.15 T of the unheated
samples. The saturation magnetic flux density was increased to
about 0.3 T by heat treatment at a temperature from 200°C to 300°C

20 for 30 minutes or longer. It has been also shown that heating for
more than 30 minutes does not further increase the saturation
magnetic flux density in this temperature range, and the heating
time of 30 minutes has been found sufficient for the Bs enhancement.

In the case of the heat treatment of 350°C, the nonmagnetic
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of the peaces of sanples of the substrate for a perpendi cul ar magnetic
recordi ng nedi um produced with various tinme interval of heat treatnent, as
functions of the heat treatnment tenperature. As is 15 apparent fromthe
figure, the heat treatment increases the saturation magnetic flux density
of the soft magnetic underlayer fromthe saturation magnetic flux density
of about 0.15 T of the unheated sanples. The saturation magnetic fl ux

densi ty wasndexcl alsom Boetizeds cﬂin@éqhﬁﬁitlyr ﬁﬁér&fﬁu@teaBéenper ature

from 200C to 300C 20 for 30 m nutes or |onger. has been al so shown t hat

near Lr 9. Hheatheniéan o tHa Sufto: ﬁ%&&ﬂé&ﬁéf [ fApDskiifleral urat! on

magnetic flux denS|ty|n at ure rtange, atirng” tinme of
30 mi nutes has been found suffl CI ent for the Bs enhancenent. In the case
of the heat treatnment of 350C, the nonmagnetic 30 underl ayer was _
magnetlze consequently, the accurate Bs neasurenent of the soft magnetic
under | ayer %@Pﬁlﬁpgssi ble. Exanple 5 5 Substrates as shown in Fig. 2 for a
per pendi cul ar magnetic recording medi um were produced in the sane manner
as i n Exanpl eSubshradps ashahowvhe invEigig2 fohes pbopendicntantaghetic n t he
soft magnetic underlayer was 4 wt% the nonmagnetic underlayer was 1.0 pm

thick, theesofdin@anetiamiieerd produted h thensdmiectharAdr teain Bxd ifakment
was conducted after formation of the soft magnet i c
2 except that the average phosphorus concentration in the soft
magnetic underlayer was 4 wt%, the nonmagnetic underlayer was 1.0
nm thick, the soft magnetic underlayer was 2.7 yum thick, and heat
10 treatment was conducted after formation of the soft magnetic
underlayer at a temperature in a range of 100°C and 350°C for 60

minutes. Perpendicular magnetic recording media as shown in Fig 3

were further produced in the same manner as in Example 1.

15 The micro waviness Wa of the surface of each medium was
measured in an area of 1 mm square through a band path filter for a
wavelength range of 50 pm to 500 pm using an optical surface
configuration measuring instrument manufactured by Zygo
Corporation. In addition, the minimum flying height of the magnetic

20 head over the medium was measured in the following way. A
medium is rotated in a spinning stand, and a magnetic head carrying
a piezoelectric element flies over the medium. A relationship between
the rotating speed of the medium and the head flying height has been

obtained previously. The rotating speed is gradually decreased until
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under| ayer at a tenperature in a range of 100C and 350C for 60 m nutes.
Per pendi cul ar magnetic recording nedia as shown in Fig 3 were further
produced in the sane manner as in Exanple 1. 15 The mcro wavi ness Wa of
the surface of each nediumwas neasured in an area of 1 nm square through
a band path filter for a wavelength range of 50 pmto 500 pm using an
optical surface configuration neasuring instrunment nmanufactured by Zygo

Cor por at i 6he vVoltagdiof the pibeoslevtrieldmiend iﬂbfﬂbtlxoinéﬂ@mmhi ¢ 20 head
over the nmedium was neasured in the follow ng way. mediumis rotated in

a spi nni ngestAitrofd¥ing @t I'Thile a6t £@NoY sPle d AsRicirRaH el {d Ehe! t

flies over the nmedium "A Trelationshi p betwee the rotating speed of the
medi um angh_t: [ [ o) ' revi push.y. qof.
otating Chang RERERE i dHtaTE G oh BN neifd Hle(s RERINE i, 8 ows

i ezoel ectyic el enent abru i ncreases, at a rtaip raotating speed. This
ot at i ng ib@e@l{:&o mvmﬁw’% and t BT RY éin&ﬁe%g%gf iR8 tho

m ni mum head flying height. Fig. 8 shows the micro waviness Wa and the

i ni min f Npagyekt gﬁadoas fhacsiongeéthe tempemtioect bagtiofg the soft

tenperature of heating the soft magnetic underlayer. The mcro wavi ness W
i s nearlyntagaesid indexdayer 0. Phomigrd o aboidss?WiEis tfeaflgadonigtalit1300C a

little increased the Wa value to about 0.4 nm the heating at 350C sharply
| ncreases ghiptit 0 F Andayh 16Sshdét 2OPCE tHe hdhtingad 300°0% feteht is
increased the Wa value to about 0.4 nm; the heating at 350°C sharply
increases the micro waviness Wa to 0.8 nm. The head flying height is
10 kept at a low value of about 10 nm at a heating temperature up to
300°C. At 350°C, the flying height suddenly deteriorates. Thus, the
heat treatment temperature has been found necessarily lower than or
equal to 300°C in order to retain the low flying height of the head
without increase of the micro waviness Wa.
15
Example 6
A substrate for a perpendicular magnetic recording medium as
shown in Fig. 2 was produced in the same manner as in Example 2
except that the nonmagnetic underlayer was 1.0 pm thick, the soft
20 magnetic underlayer was 2.7 pym thick, and a heat treatment at 250°C
for 60 minutes was conducted after formation of the soft magnetic
underlayer. After cleaning, the substrate was introduced into a

sputtering apparatus, in which a soft magnetic supplement layer of a

NiFe alloy having a film thickness in a range of 0 to 100 nm was
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10 kept at a | ow value of about 10 nmat a heating tenperature up to 300C
At 350C, the flying height suddenly deteriorates. Thus, the heat treatnent
tenperature has been found necessarily |ower than or equal to 300C in
order to retain the low flying height of the head wthout increase of the
m cro wavi ness Wa. 15 Exanple 6 A substrate for a perpendicul ar nagnetic
recording nediumas shown in Fig. 2 was produced in the sanme manner as in

Exanpl e 2 foexaabusiata thegeparadigFos, USIgsdygentls suttkipits Medvinkhe

soft 20 magnetic underlayer was 2.7 pmthick, fnd a“heat treatnent a

f 60 m f ' . s .

nder | ayer I FPETRIFAIENTH etk bt I ed anﬁ ?@sﬁ%@q”ﬁ%&iﬁéf &iering
T i ft ti I t . i Fe all o

havi ng & FFAHeckn g2 STOHUER At R Gle AT JDasHGids 8eor e an adivg a

target of Ni 80Fe20, bsequent | substrate heating and the foll owed

pr ogessesa\ﬁe‘ﬁ wietatg. 4 trﬂhaeﬁhhlé fornned softimagpeispsupplement bayer a
per pendi cul ar _magnetic recording nedium as shown in Fig. 4. The thus

f or medd soktchrhitest satavapioamenagheyir flux dehisbiyt efl 19900026 on magnetic 1 ux
density of 10,000 G Recording performance was neasured on these

per pendi cul ar magnetic recordi ng nedia enploying a single pole type
magneti c

Recording performance was measured on these perpendicular
magnetic recording media employing a single pole type magnetic
head for a perpendicular magnetic recording medium using a

10 spinning stand tester. Fig. 9 shows signal-to-noise ratio SNR at a
recording density of 370 kFCI (flux change per inch) as functions of

thickness of the soft magnetic supplement layer.

The SNR values are inferior when the thickness of the soft

15 magnetic supplement layer is thinner than 15 nm, that is, the
product of the thickness and the saturation magnetic flux density is
less than 150 G pm. By forming a soft magnetic supplement layer
having a thickness larger than or equal to 15 nm, the SNR has
improved by 0.5 dB to 1 dB as compared with the case without a soft

20 magnetic supplement layer. The SNR is nearly constant in the region
of thickness larger than or equal to 15 nm. Media having a soft
magnetic supplement layer with a thickness larger than or equal to
50 nm, however, generated spike noises that can be assumed

originated in the soft magnetic supplement layer. Consequently, such
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head for a perpendi cul ar magnetic recording nmediumusing a 10 spinning
stand tester. Fig. 9 shows signal-to-noise ratio SNR at a recording
density of 370 kFCl (flux change per inch) as functions of thickness of
the soft magnetic supplenent |ayer. The SNR val ues are inferior when the

t hi ckness of the soft 15 nagnetic supplenent |ayer is thinner than 15 nm
that is, the product of the thickness and the saturation magnetic fl ux
density i snedss wéee infirdparnfoBpetpendigubas ohagnegiteiécorelipg erslin. | ayer
having a thickness |arger than or equal to 15 nm the SNR has inproved by
0.5 dBto 1 dB as conpared with the case without a soft 20 magnetic

suppl enent layer. The SNR is nearly constant in the region of thickness

| arger th r aq_q#ﬁ,j, t Medi a having a soft rmagnetic suppl enent

| ayer wi tmﬂ%l C ne%s]g¥ér?rlg€1r8than or equal to 50 nm however, generated
spi ke noi ses tjhat can be assu .qriginated in the soft magnetjc

suppl enent |a€§99nﬁs%wéﬁfxa}ﬁd étﬁgﬁS%sg’éag%man%g@@raqﬂ@mnum _
perpendi cul ar magnetic recordi ng nedia. Conparative Exanple A conventi onal
hard o sk adloisbesecandrmnianmagnetat INI-Rumslerlayerioas tharkhse moasageet i

Ni - P underl ayer on the base was used for a substrate for a magnetic
recor di ngfordi substrateefdGo npavgtnetic receriing ﬁﬁbdianb%tfrbhee()daﬁﬁh@étﬁtb at a

tenperature in the range of 100C and 350C for 60 m nutes and then cl eaned.
As in the Hx@mple. The substrate was heated at a temperature in the range of
100°C and 350°C for 60 minutes and then cleaned. As in the Example
1, the substrate was heated at 250°C for 10 seconds by a lamp heater
10 and then deposition processes were conducted for a titanium seed
layer 10 nm thick, a CoCrPt alloy magnetic recording layer 30 nm
thick, and a carbon protective layer 8 nm thick. The deposited
substrate was taken out from the vacuum chamber. A liquid
lubricant layer 2 nm thick was formed of perfluoropolyether by a dip-
15 coating method, to obtain a perpendicular magnetic recording
medium. Measurements of the micro waviness Wa of the medium
surface and the minimum flying height of the magnetic head were
made on the produced media in the same manner as in Example 5.
Fig. 10 shows the micro waviness Wa and the minimum flying height
20 of the magnetic head as functions of the temperature of heating the
hard disk substrate. Heating temperatures lower than or equal to
250°C resulted in the micro waviness Wa and the flying height of the

small values of about 0.2 nm and lower than or equal to 10 nm,

respectively. At the heating temperature of 300°C, the micro
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1, the substrate was heated at 250C for 10 seconds by a |anp heater 10 and
then deposition processes were conducted for a titaniumseed [|ayer 10 nm
thick, a CoCrPt alloy magnetic recording |ayer 30 nm thick, and a carbon
protective layer 8 nmthick. The deposited substrate was taken out from

t he vacuum chanber. A liquid lubricant layer 2 nmthick was forned of

per fl uoropol yether by a dip 15 coating nethod, to obtain a perpendicul ar

nmagnet i ¢ meaxvirisygW aedid lthel\)ﬂy'ﬂ!?dr[@igﬁft aicrebeed arlttleyiAess0VE, ehet he

medi um surface and the m ninmum flying hei ght of the nagnetic head were

made on t hej Ney L OREEG i lie Ho%hd O
shows the%@%ﬁgﬁﬁmhgﬁg%ﬂ%%ﬁgﬁ nmum ftlof/‘ll%l r?&% ﬁel ght 128ﬁ(1)’f aﬁﬁgthel

magneti c i 0, r e atin he _hard di sk
cubst r at e T0p0g el BEBER ToHhbUF AEMRE, ticn Shetferlit kbnditudyf
the m cro waviness and the flyi ight of the small. yes of about
0.2 nm andV3PueWer Iérore‘%ﬁl‘dﬁi 8 g&) , the guuaxagngtic M%'\P?hinh%&fﬁ met
tenperature of 300C, the micro_ 34 waviness Wa and the flying height

i ncr e ed adequatedy tmargformeadiéo arsoftomaghnaticsstateabr upt |y i ncreased to
| arger than 1 nm and the flying height rose to about 30 nm When the

heating tenperature was |ower than or equal to 300C, the nonmagnetic N -P
filmwas not 5 adequately transforned to a soft nmagnetic state. As

described abong daseAbddgbbYe! BecBE&REE to! theE Prb88ntdnvention, a
substrate for a perpendicular magnetic recording medium with mass
productivity, functioning as a soft magnetic backing layer of a

10 perpendicular magnetic recording medium, and ensuring surface
hardness, can be obtained when a soft magnetic underlayer having a
thickness of more than or equal to 3 pm composed of a Ni-P alloy
containing phosphorus in the range of 0.5 wt% to 6 wt% is formed on
a nonmagnetic base of an aluminum alloy by means of an electroless

15 plating method.

The same effects as described above can also be obtained, after
forming a nonmagnetic underlayer mainly composed of a Ni-P alloy
on a nonmagnetic base of an aluminum alloy by electroless plating, by

20 further forming a soft magnetic underlayer of a Ni-P alloy containing
phosphorus in a range of 0.5 wt% to 6 wt% on the nonmagnetic
underlayer. Here, the thickness of the nonmagnetic underlayer is in
the range of 0.5 pm to 7 pm, the thickness of the soft magnetic

underlayer is thicker than or equal to 0.3 pm, and the sum of the
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substrate for a perpendicular magnetic recording mediumw th mass
productivity, functioning as a soft magnetic backing |layer of a 10

per pendi cul ar magnetic recordi ng nmedium and ensuring surface hardness,
can be obtai ned when a soft magnetic underlayer having a thickness of nore
than or equal to 3 um conposed of a Ni-P alloy containing phosphorus in
the range of 0.5 wt%to 6 ww%is formed on a nonmagnetic base of an

al uni num ghiielynbyse® aifihef n@ﬁn@hgﬁbtm asdlerlfyerl aindghesidfednabireti@ne

effects as described above can al'so be obtained, after formng a

nonmagnet i déd Vigr }ﬁ%lkg,l yws iR alloy on a nonmagnetic
base of ar%ﬁ}al um‘a l??ﬁlglifoy fte ectro?@ggigﬁa%\l:p%g; by 20 further formng a

soft magnetic underlayer of a Ni-P alloy containing phosphorus in a range
of 0.5 wt%to 6 wt% on the nonmagnetic wunderlayer. Here, the thickness of

t he nonmagnet i derlayer is in he range of 0.5 p o7 pm the
t hi ckness of ﬁbéggéfmtﬁﬁ@ﬁ@ﬂ(bn @ﬁi&napénagge&m gmglhaXﬁrﬁxem&m the 0.3
pm and the sumof the 35 thicknesses of the nonmagnetic underlayer and the
sof t nagnardrmagnedit base of amhabieriniimnadoyeapd| theosaftpmagdyetibe
intervention of the nonmagnetic underl ayer between the 5 nonmagnetic base

of an al uninderlalyledy adlitedibe betwebnotled inodimaetiebasdbe aimoalpeiinean t he
nonmagneti ¢ base of an alum num alloy and the soft magnetic underl ayer of
a Ni-P al l0yof bl €R8 fFt magnetic underlayer of a Ni-P alloy film can be
made firmer. For this purpose, the thickness of the nonmagnetic
underlayer is necessarily more than or equal to 0.5 pm.

10  Thickness of the soft magnetic underlayer is necessarily more than or
equal to 0.3 pm to function as a soft magnetic backing layer of a
perpendicular magnetic recording medium that allows high density
recording. To guarantee hardness of the substrate surface, sum of

the thicknesses of the nonmagnetic underlayer and the soft magnetic

15 underlayer is necessarily more than or equal to 3 pm.

Concerning a composition of the soft magnetic underlayer, a
stable electroless plating film can hardly be formed with a
phosphorus concentration less than 0.5 wt%; a phosphorus
20 concentration more than 6 wt% cannot provide the function as a soft
magnetic backing layer due to too low value of saturation magnetic

flux density.

Thus-constructed substrate for a perpendicular magnetic
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made firmer. For this purpose, the thickness of the nonmagnetic wunderl ayer
is necessarily nore than or equal to 0.5 pm 10 Thickness of the soft
magneti ¢ underl ayer is necessarily nore than or equal to 0.3 pmto
function as a soft nagnetic backing |ayer of a perpendicular magnetic
recording nediumthat allows high density recording. To guarantee hardness
of the substrate surface, sumof the thicknesses of the nonmagnetic

under | ayefreanedidie el iufp i ebbtited thder i1y strfacd #6asIHdJsYRAD6L£LhEan or
equal to 3 um Concerning a conposition of the soft magnetic underlayer, a

stabl e el i i e, for i S
concent ra"tg ?gﬁﬂ#%@éeﬁhﬁﬁhg%gfl%%?g%gﬁglsl% gtr s ?% %@ﬁ%m]{):b a i%ﬁ{]forlgﬂ;%ﬁan 6
wt % cannot_provi de .t he fignct | as soft. Jqmagneti c backi ng | r due to
too | ow vanliaSowaingBs WanohiBeinuiats of e nont piaghaic dnderfaven s
substrate_for per pendi cul ar magnetic, 36 recording nmediumis required that
the surfadess &ﬁ@ﬁln@%@%ﬂlotfo Drle nmefvhialyeendationscaraynacessagydio er t han
or equal to 0.5 nmand the mcro waviness Wa of the surface of the soft

nmagnetd c actaevayelowsflyingsheight of abqual10 mfl. & bess ofiacin apmeliitilossd ar e

necessary to 5 achieve a low flying height of about 10 nmor less of a

magneti c kelibh petermperd vt ngesPinforn atiod)f ToraEheeve Thedepfackhese

surface conditions, the surface of the soft nagnetic underlayer is to be
conditions, the surface of the soft magnetic underlayer is to be

smoothed by polishing with free abrasive grains.

10 The soft magnetic Ni-P underlayer of the invention can exhibit
satisfactory smoothness by executing nearly the same polishing
process as for a conventional nonmagnetic Ni-P layer. Thus, the

polishing process can take advantage of a conventional technique.

15 Although a substrate for a perpendicular magnetic recording
medium according to the invention as described above serves the
function of a soft magnetic backing layer without heat-treatment, a
heat-treatment at a temperature of lower than or equal to 300°C for
longer than or equal to 30 minutes after forming the soft magnetic

20 underlayer is favorable since the heat-treatment increases the
saturation magnetic flux density of the soft magnetic underlayer.
Smoothing of the soft magnetic underlayer in this case can also be
performed by a polishing process similar to the conventional process

of a nonmagnetic Ni-P layer.
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snoot hed by polishing wwth free abrasive grains. 10 The soft magnetic N -P
under | ayer of the invention can exhibit satisfactory snoothness by
executing nearly the sane polishing process as for a conventi onal
nonmagnetic N -P layer. Thus, the polishing process can take advant age of
a conventional technique. 15 Although a substrate for a perpendicul ar
magneti c recording mnediumaccording to the invention as descri bed above

serves the fOwtthenotlie@hsaid, ifapheidtetiaticheatlisxonduéteduat a

heat-treatment, a heat-treatment at a tenperature of |ower than or equal

magneti c. %mﬁ%@rﬁgh@?g%%*?'éﬁé’"??ﬂ%?‘?ﬁﬁﬁlﬁﬁf ork¥ s ShndRlite

magnetic 20 rrent I ncreases

saturajtiore ée 1;t th foft manaetlc% _ Efeé' or
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conducted at a terrperature h| gher than 300C, a nechanismworks that is
sinildh theatireataoent ismnfaydrstilet becausethef sarfaomenegmghinessiof ksafer

for transformation to a soft nagnetic state, and such high tenperature 5

heat tr eatmagheltﬁc Wif Pvieryay! md&@meahaesm@bth@ﬁgr&uahpsﬁéhm Preelss

magnetic Ni-P layer increases and snoot hing by a pol’i shing procéss becones

difficul t e dRsERI @leXo BbABraEIcH BENisP crystals.

A perpendicular magnetic recording medium comprising a
10 nonmagnetic seed layer, a magnetic recording layer, and a protective
layer sequentially formed on an above-described substrate of the
invention has been found by the inventors to exhibit excellent
recording performance as a double layer perpendicular magnetic
recording medium since a function of a soft magnetic backing layer is
15 provided by the soft magnetic underlayer on the substrate. Because
the soft magnetic underlayer is formed by an electroless plating
method, which is suited to mass production, the production cost is
much lower than in the case the soft magnetic underlayer has to be
formed by, for example, a sputtering method.
20
A soft magnetic supplement layer can be added between the soft
magnetic underlayer and the nonmagnetic seed layer, the supplement
layer having a film thickness of thinner than or equal to 50 nm and a

product of the thickness and the saturation magnetic flux density of
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A perpendi cul ar magnetic recordi ng nmedi um conprising a 10 nonmagneti c seed
| ayer, a nmagnetic recording |layer, and a protective |ayer sequentially
formed on an above-descri bed substrate of the invention has been found by
the inventors to exhibit excellent recording performance as a double |ayer
per pendi cul ar magnetic recording nediumsince a function of a soft
magneti ¢ backing layer is 15 provided by the soft magnetic underl ayer on

the subst nafg?r BRAMISE eq;dlﬁ ﬁpflsme:gg%.i SiEehbEN the %%3@%&)10 an

el ectroless plating nethod, which is suited to mass pro t he
producti o i I L1.th i Eﬁg : %ﬂﬁ f1 neti.c

Cnder | ayor e rient T Gy dIE hE Rt el 18 U d g0 witheh aootto A
soft magnetic s enepnt layer n be added between,t soft magnetic
under | ayemﬁgﬁ‘egﬁg{)ﬁgﬁhﬁg ﬁé"g opq?%@é'mapﬁ% %Bﬁi‘é‘%}ﬁ i)alt’%llﬂ/er havi ng a
fil mthickness of thinner than or equal to 50 nmand a product of the

t hi ckness peFpersicydarmagnetimyeecording nxedbm enhain@s anddeesidesn aor
equal to 150 Grim Since both the soft nmagnetic supplenent |ayer and the

sof t nmgneffectusderddyesd wor ke disca theftandagneioisedaekioiatedyer the keft
performance as a double | ayer perpendicular magnetic recordi ng medi um

Genor at od T aBrRe Gandctayes; AL SoTt RAAgMER: LpieHient Iey e PIERT Crent
layer has g eferably a product of the film thickness and the saturated magnetic
flux density of larger than or equal to 150 G pm in order to enhance
performance as a soft magnetic backing layer. A film thickness
10  thicker than 50 nm is apt to form a magnetic domain wall in the soft

magnetic supplement layer and is unfavorable because of generation

of spike noises and deterioration of productivity.

The surface of the soft magnetic underlayer of the substrate can
15 be processed by texturing with free abrasive grains, and then the
above-described layers are sequentially formed by sputtering. This
procedure is favorable because minute defects like random scratches
can be eliminated that are generated in the polishing process and
unavoidably remaining on the surface of the soft magnetic underlayer.
20
Advantageous Effect of the invention
As described so far, according to the present invention, a
substrate for a perpendicular magnetic recording medium can be

obtained that allows mass production, the function as a soft magnetic
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preferably a product of the filmthickness and the saturated magnetic fl ux
density of larger than or equal to 150 Gumin order to enhance

performance as a soft magnetic backing layer. A filmthickness 10 thicker
than 50 nmis apt to forma nagnetic domain wall in the soft magnetic
suppl ement | ayer and is unfavorabl e because of generation of spike noises
and deterioration of productivity. The surface of the soft nagnetic

under | ayebaedkinhel sstdisof atpegendidulae ma%eeﬁecké@mﬂeﬂg Uheddum ! Andr see

abrasive grains, and then the above descr d | ayers are sequentlally

formed by otitred biiffac hardpiedSedBYeubi g JRHEAIRuBATAYEeaM Nut e defect s

| i ke random scratches can be e hat are generateg in the

pol i shi ng on they sur,f of the soft
regnet i o y%3§>%?§§g?ﬁ3%ﬂ%§¥%a?§8é%%&”% &é@gb B WATh RHTARORE descri bed
so far, according to the pgresent invyention, Substrate for a
perpendlc@%ﬁﬁqﬁﬁﬂﬂﬁQ%ﬁ@E- dCrdenedi um can be obt ai ned that all ows nass
production, the function as a soft magnetic 39 backing | ayer of a
perpedﬁicular magneti c recordi ng nedium and the ensured surface hardness.
By using such a substrate, a perpendicular nmagnetic recording mediumwth
sati sfactory performances can be achieved. 5
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10 15 20 40 Cainms 1. A substrate for a perpendi cul ar magnetic recordi ng
medi um conprising: 5 a nonnagnetic base conposed of an al um num al |l oy; and
a soft magnetic underlayer formed on the base by an electroless plating
nmet hod, the soft magnetic underlayer being conposed of a Ni- P alloy
cont ai ni ng phosphorus in a range of 0.5 W% to 6 wt% and having a
t hi ckness of thicker than or equal to 3 um 10 2. A substrate for a
per pendi c@lainjggneti c recordi ng nmedi um conprising: a nonmagnetic base
conposed of an alum num alloy; a nonmagnetic underlayer principally
conposed of a Ni-P alloy 15 forned on the base by an el ectrol ess plating
nmet hod; and a soft magnetic underl ayer conposed of a N -P all oy containing
hosphorug in a rgnge,of 0.5.WM%to 6 % f.ornmed on the nopmagneti.c
Cnderlayen by an B Sabbiatectol A drponaiau i madietie fecABARE fae lium
under | ayer has a_ thickness in a range of 0.5 pm 20 to 7 pm the soft
magneti ¢ GABXPTIZVAE- has a t hi ckness | arger than or

5 a nonmagnetic base composed of an aluminum alloy; and
a soft magnetic underlayer formed on the base by an electroless
plating method, the soft magnetic underlayer being composed of a Ni-
P alloy containing phosphorus in a range of 0.5 wt% to 6 wt% and
having a thickness of thicker than or equal to 3 pm.
10
2. A substrate for a perpendicular magnetic recording medium
comprising:
a nonmagnetic base composed of an aluminum alloy;
a nonmagnetic underlayer principally composed of a Ni-P alloy
15 formed on the base by an electroless plating method; and
a soft magnetic underlayer composed of a Ni-P alloy containing
phosphorus in a range of 0.5 wt% to 6 wt% formed on the
nonmagnetic underlayer by an electroless plating method, wherein
the nonmagnetic underlayer has a thickness in a range of 0.5 pym
20 to 7 pm; the soft magnetic underlayer has a thickness larger than or
equal to 0.3 pm; and a sum of the thickness of the nonmagnetic
underlayer and the thickness of the soft magnetic underlayer is

larger than or equal to 3 pm.
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equal to 0.3 pm and a sum of the thickness of the nonmagnetic wunderl ayer
and the thickness of the soft magnetic underlayer is |arger than or equal
to 3 um 41 3. The substrate according to claim1 or claim?2, wherein a
surface of the soft magnetic underlayer has a surface roughness Ra of |ess
than or equal to 0.5 nmand a mcro waviness Wa of |less than or equal to
0.5 nm 5 4. A nethod for manufacturing the substrate that is defined by
any one of}.cl ai msThe substiatd atberdizigod ctairpr1 rndadin Peasherent ap  of
heat-treating the substrate at a tenperature |lower than or equal to 300C

for 30 m BuEscO®bf 'th'@%ft%fa%nﬁlé WARd &F1ayThas 4 Barfaid rdlgFRRRIRS of

underl ayer. 5. A nethod for nufacturing“the substrate that |s defi ned by

oot i g % fh R e BRVHER. 015 W A0 L PaRARTH R REsS Wil BEo, ThEE ok ng

free abrasive.qgraj 6. A perpendi cul ar magnetic recordi ng nedi um

conpri si n&%&algqoeggn&nnonrmgnetl c seed layer, a magnetic recording |ayer,
and a protective layer sequentially formed on the substrate that is

defi ndd 20 by any one of claims 1 through 3, wherein the perpendicul ar
magnetic recording nmediumutilizes the soft magnetic underlayer as at

| east a 4. A method for manufacturing the substrate that is defined by

any one of claims 1 through 3, the method comprising at least a step
of heat-treating the substrate at a temperature lower than or equal to
300°C for 30 minutes or longer after a step of forming the soft

10 magnetic underlayer.

5. A method for manufacturing the substrate that is defined by
any one of claims 1 through 3, the method comprising at least a step
of smoothing a surface of the soft magnetic underlayer by polishing

15 using free abrasive grains.

6. A perpendicular magnetic recording medium comprising at
least a nonmagnetic seed layer, a magnetic recording layer, and a
protective layer sequentially formed on the substrate that is defined
20 by any one of claims 1 through 3, wherein the perpendicular magnetic
recording medium utilizes the soft magnetic underlayer as at least a

portion of a soft magnetic backing layer.

7. The perpendicular magnetic recording medium according to
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portion of a soft magnetic backing layer. 7. The perpendi cul ar magnetic
recordi ng nedi um according to 42 claim6 further conprising a soft nagnetic
suppl ement | ayer between the soft magnetic underlayer and the nonmagnetic
seed | ayer, the soft nmagnetic supplenent |ayer having a filmthickness of
thinner than or equal to 50 nmand a product of the filmthickness and a
saturation 5 magnetic flux density of larger than or_equal to 150 G pm 8.
A met hod t:lﬁlmffgﬁuaﬂmr camphsinerpeodit auagnehwgsiep pte meattolajiembeataeem
that is defined by claim6, the method conprising a step of texturing a
surface othersoftohhgmegieurmderldgeirayed they noniRagheticbeedluges; thesofand

steps of sequentially formng layers including the nonmagnetic seed | ayer,

the RGNS aehBER! ShPBIeANAT layé HaAND! 21T tHiCkAXSE IR LRAD G

met hod. 9. A net hod r manutacturing the perpen ar magnet|
of text ur e P03 BrER et Bt R gy ABRRAR 6T sutB8tiah o Ve
deed MhyeriagnEtiimgus: AANAEshPIAEEFEFBAN OB RN HIpLOCERY BV | ayer by a
sputtering nethod. 20 43
8. A method for manufacturing the perpendicular magnetic
recording medium that is defined by claim 6, the method comprising
a step of texturing a surface of the soft magnetic underlayer using
10 free abrasive grains, and steps of sequentially forming layers
including the nonmagnetic seed layer, the magnetic recording layer,

and the protective layer by a sputtering method.

9. A method for manufacturing the perpendicular magnetic

15 recording medium that is defined by claim 7, the method comprising
a step of texturing a surface of the soft magnetic underlayer using
free abrasive grains, and steps of sequentially forming layers
including the nonmagnetic seed layer, the magnetic recording layer,
and the protective layer by a sputtering method.

20
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