2 5 APR 2DO06 Substrate for a perpendicular magnetic recording medium, a perpendicular magnetic
recording medium, and manufacturing methods therefor 5 Technical field of the invention The present
invention relates to a perpendicular magnetic recording medium mounted on varlgé i magnetic
recording apparatuses including an external storage device of a computer, partic 0069
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 forSnenstaeteifgisacherndsdate] Bacapgmetod trecowdntignm® dipemendicular magnetic
recording system is drawing attention as a technology for achieving high density in magnetic

recording tpesyimtiditeudan noagmmiticat tmayitliciga nednetic, recstding sydizeturidguble layer

perpendicular magnetic recording medium, in particular, is known as a perpendicular magnetic
recording meditmo@ds thieawforproviding 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 1
5 Technical field of the invention
The present invention relates to a perpendicular magnetic

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



2 5 APR 2DD6 magnetic flux generated by a magnetic head and has high saturation magnetic flux
density Bs. The double layer perpendicular magnetic recording medium enhances magnetic field
intensity and magnetic field gradient generated by a magnetic head, improves resolution of 5 records,
and increases leakage flux from the recording medium. The soft magnetic backingzlgyéPﬁs Yherally
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 relamagyniatek filmbgansatethdinathovdgnetavdiand fuord thasibigbisedfipratiotion cost
and mass productivity. To solve this problem, a soft magnetic backing layer is proposed 15 that is
formed of asngmeddn liaxilceysatyeBstrolehe platirylmétyei Peagieititg iwfid sofimegnetitcbacking
layer is suggested with the proposed materials of Co-B film (See Japanese Unexamined Patent
Applicatiorr@cdiidatignino digrm38n hanicks Aadgilet (8 dielabanten sikye vamd nexhRaretitApplication
Publication No. H7-66034). 20 In a magnetic recording medium in a longitudinal magnetic recording
system forfacichgicatyarst g baerdibediibie aa magmegne iesubsinp re pesvicesblithiamafmagnetic
Ni-P plating film that contains phosphorus in a concentration around 11 wt%, that 2

5 records, and increases leakage flux from the recording medium.

The soft magnetic backing 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 Viewboint 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



2 5 APR 2D06 has a thickness of 8 pm to 15 pm, and that is formed on an aluminum alloy base by an
electroless plating method. The nonmagnetic Ni-P plating film mainly serves to fill in the defects like
depressions on the aluminum alloy base as well as to obtain a smooth surface by 5 polishing the
surface of the plating film. Further, the nonmagnetic Ni-P plating film is used to sedureARRr@ibss of the
surface required for a substrate of a hard disk. A certain degree of surface hardness is required to
prevent the substrate from damage in an event of collision of the magnetic recording medium with the

magnetic Heas durhirkheperafidh pha tartidigriaadstietiis fornmaghetic i R bimirgtim can
be made ferromagnetic by heating at a temperature higher than or equal to about 300C, a proposal
has been mHdatbase e NinFepattmg ftmsap b8 mgp invabhoetic Tuking tagea ghe perpéndicular
magnetic recording medium. It has been proposed (see Japanese Unexamined Patent Application
Publicatiorphatidg-faznom aoribyns arsedsntaghdticmtRe fitafeg te dike depre ssronagontithé-P
plating film at a temperature higher than or equal to 300C for use as a soft magnetic 20 backing layer.
It has beem hinmpnopused sz d dgmmassw BHexartmeb thareat snmicthiosdhieatign No.
H10-228620) that by laminating a soft magnetic Ni-P film that is obtained by heat-treating a
nonmagnetio iR pigtttuefibm ef secte b € hedupd doitage €l 450 Grand )G hedro Sendgsiditic that is
formed by sputtering, the Ni-P film

Ni-P plating film is used to secure hardness of the surface required

for a substrate of a hard disk. A certain degree of surface hardness is

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 25 APR 2006 helps the Sendust film exhibit its own function, to attain an effective soft magnetic
backing layer. The nonmagnetic Ni-P plating film has already been practically 5 applied to a
nonmagnetic substrate of a hard disk as described above, thus, mass production methods and the
surface smoothing technique by polishing are well known. Accordingly, the Ni-P plgtfﬁ(ﬁﬁﬁn@ﬁvery
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 rhedpinghe soeumsl usbdidm texthibalétshywhe fueetionT s st tihd praviceligatéveribed
Co-B plating film or Ni-Fe-P 15 plating film for a soft magnetic backing layer, the surface needs to be
smoothed $9fpaiishgige Bechaskimghkasiness 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 contrdlHer reampéeg tretico¥ipddipda aitge Hiaidwpisas e ad ¥ Ibetealeps piating ldhyethod,
e 45 applied to a nonmagnetic substrate of a hard disk as described above,
thus, mass production methods and the surface smoothing technique
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



2 5 APR 2006 thus the quality of such a material is hardly controlled and maintained in mass
production. The inventors of the present invention made extensive studies on 5 the transformation of
the nonmagnetic Ni-P plating film to a soft magnetic state by heat-treatment and f 9\{5, a%{]&e Ni-P
plating film cannot be sufficiently transformed to soft magnetic state by heat- treatment at
temperature below or equal to 300C, and heat- treatment at a temperature higher than 300C, which is
necessary to 10 attain soft magnetic state, causes increase in surface roughness of the surface of the

plating filmt hwsishecaumbityy eEsnabnnagaterial ps hrandlieontsalbethagedeous amorphous

structure, the heat- treatment for transformation to a soft magnetic state causes to form both types of
crystals of m@tmt@maddlmm@%‘eamm@umdgm of 15 Ni3P. 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 fae d13BR RtEYSDE BacknrergBt dny getpendivaderesfeanrive sidich eseaum.
While studies to reduce the surface roughness were made by polishing a Ni-P plating film after
heat-tleatribet tramstanmatiea ©f the nonmagnetic i'% plating film to a soft

magnetic state by heat-treatment and found that the Ni-P plating
film cannot be sufficiently transformed to soft 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



2 5 APR 2006 was hardly obtained by polishing the film that was crystallized by the heat-treatment.
This is because the crystal of metallic nickel and the crystal of intermetallic compound Ni3P have
different hardness and exhibit very different workability. 5 As described above, copyentional
technologies have been difficult to provide a backing layer of a perpendicular madg tiépr%c@mmg
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 desigreand lyaobthineduby qiclsifate theyinesstirat ycagayshadhizzadtay dhe
appropriate to use for a substrate. 15 Means to solve the problem The inventors of the present
invention Haeatntikadxreive Ehidids hettouad the axybtahelfonatpdipemiickial asadnthie
recording medium with mass productivity, functioning as a soft 20 magnetic backing layer of a
perpendicuay stadneficnéerniata tievizom podied iNidPs hidaree dififtresst daardnestainstivhen a
soft magnetic underlayer having a thickness of more than or equal to 3 pm composed of a Ni-P alloy
containing ebspib sy thffengabfivorkability.
5
As described above, conventional technologies have been difficult
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 :';1 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 wt% to 6 wt% is formed on a nonmagnetic base of an aluminum 6 2 5 APR 2006 alloy by means of
an electroless plating method. The inventors also have found that the same effects as described
above can also be obtained, after forming a nonmagnetic underlayer 5 of a Ni-P alloy on a
nonmagnetic base of an aluminum alloy by electroless plating, by further forming a s"gﬁ rABE st
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 @flliosy dojt Doeazgneficumedelateele shigharting methadio 0.3 pm, 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 uhdeerapsresttaRs-Blamheare fo madetiratet heos s epeffects the désonbedf the
nonmagnetic underlayer is necessarily more than or equal to 0.5 pm. 20 Thickness of the soft
magnetic whleviayeais atsedsarnih tadre thaafte e dozinn 08 pmonimagoe tic asudenkbayetic
backing layer of a perpendicular magnetic recording medium allowing high density
5 of a Ni-P alloy on a nonmagnetic base of an aluminum alloy by
electroless plating, by 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 pym, the thickness of the soft
10 magnetic underlayer is thicker than or equal to 0.3 ym, 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 um to function as a soft magnetic backing layer of
a perpendicular magnetic recording medium allowing high density

recording.



recording. 7 2 5 APR 2006 Each thickness of the soft magnetic underlayer and the nonmagnetic
underlayer is preferably less than or equal to 7 gm from the viewpoint 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 more than or equal to 3 pm. CondeifkRa2006
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 tElaﬂ}deMkQa%ﬂfmbgrmﬁbmmm afpeiequatkithiew value of

saturation magnetic flux density. 15 Thus constructed substrate for a perpendicular magnetic
recording medimmaignedidr arlﬁefsmﬁ@cpref@mb&s teseftharsefr gyvadtitaddgnayinom
smaller than or equal to 0.5 nm and the micro waviness Wa of the surface of the soft magnetic
underlayertihdesetvapoon bgfana 015 act uthaxe costlitids grarentsahardaessiofehéow flying
height of about 10 nm or less of a magnetic head, which performs writing and reading of information.
To achievesthbsér atiefserfandisisventaf éuhfathhfkmmssesrm“ghhacmmumaweim be smoothed
by polishing with free abrasive grains.

5 underlayer and the soft magnetic 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
10 phosphorus concentration less than 0.5 wt%; a phosphorus
concentration more than 6 wt% cannot provide fhe 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 2 5 APR 2006 A soft magnetic Ni-P underlayer according to the present invention consists of fine
crystalline grains even in an as-plated condition. Each crystalline grain has homogeneous
composition, which is a solid solution of phosphorus in nickel. This composition o %the soft magnetic
Ni-P underlayer of the invention is substantially different from the composition of oft rﬁa Rtic Ni-P
layer that is transformed from a nonmagnetic Ni-P layer by heat-treatment, the transformed Ni-P layer
being composed of two types of crystals: nickel and Ni3P. Therefore, satisfactory smoothness can be
attained 10 by ndasiyfthmsegmepitisNing’ provdeslaytor acoowdntigntod thanpawsetictNi-P layer. Thus,
the polishing process can take advantage of a conventional technique. Although a substrate for a
perpendicufaverdioaticoemistinpfl fi medinys tatonkingtathe evemtion andescpbateabove serves
the function of a soft magnetic backing layer without heat-treatment, a heat-treatment at a
temperatuso vt than Hreejuaitpsdadtiher gragar izes bhopgogenaimsminompaietiorming the soft
magnetic underlayer is favorable since the heat-treatment increases the 20 saturation magnetic flux
density of ttarelit i8agrsetledisddidyen d@ephosphbeatstiaamekteditiithibe ebmpdstivatedfange of
temperature and time does not cause generation of Ni3P crystals, smoothing of the soft magnetic
undefayert bansufperfagmetiedNitReunderlayer of the invention is substantially

different from the composition of a soft magnetic Ni-P layer that is

transformed from a nonmagnetic Ni-P layer by heat-treatment, 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



case without heat-treatment, by a polishing process similar to the 9 2 5 APR 2006 conventional
process for a nonmagnetic Ni-P layer. On the other hand, if a heat-treatment is conducted at a
temperature higher than 300C, a mechanism works that is similar to 5 the process ig t
heat-treatment of a nonmagnetic Ni-P layer for transformation to a soft magnetic State, anaﬂ%ch high
temperature 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 Ni3P
crystals. 100npemptiniala roaegsetifore conimmeagieticoNprBidge 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 sofd matpeetit hharkiraydydfia fevitidteg theanhasagonibuoteidrizyer on the substrate.
Because the soft magnetic backing layer is formed by an electroless plating method, which is suited to
mass 20 ptedapiears tihergonghtomtdrmsniSOONE |awen dedamnikm casmrie thedkig sager] hasto be
formed by, for example, a sputtering method. A soft magnetic supplement layer can be added between
the s@t the process in the heat-treatment of a nonmagnetic Ni-P layer for

transformation to a soft magnetic state, and such high temperature

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

is 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



magnetic underlayer and the nonmagnetic seed layer, the supplement 10 2 5 APR 2DD6 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 larger than or equal to 150 G pm. Since both the soft magnesicysiigpigment
layer and the soft magnetic underlayer work as a soft 5 magnetic backing layer, the performance as a
double layer perpendicular magnetic recording medium enhances and besides, an effect is produced
to reduce the random noises generated in the soft magnetic underlayer. The soft magnetic
supplemerlaygay havipgferfidmatiiskieesstof tilmnmentha nnortiesstalitocdtnagastiod @flux
density of larger than or equal to 150 G pm in order to enhance performance as a soft magnetic
backing laysroduih afithre $hithaesshandothe gadpmatiom naggediic fbhmxatbensity W€ soft
magnetic supplement layer and is unfavorable because of generation of spike noises and
deterioratidaxgerodhatvioy eg Tad tortddd of thasobimambiit hrdee seftonthgbetseate can be
processed by texturing with free abrasive grains, and then the above - described layers are
sequentialistfpppdeaisrdplaeein g mdis he geiiun agizetrahindesd ase mimaekiafe ctsdid random
scratches 20 can be eliminated that are generated in the polishing process and unavoidably
remaibing omagaetitaba ckimeshiyengbhtécpekariayemce as a double layer
perpendicular magnetic recording medium enhances and besides, an
effect is produced 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 2 5
APR 2006 to the present invention for a perpendicular magnetic recording medium, in which a soft
magnetic underlayer is formed on a nonmagnetic base of an aluminum alloy. Fig. 2 is a schematic
cross sectional view of a substrate according 5 to the present invention for a perpe% ickftr wpggnetic
recording medium, in which a nonmagnetic underlayer and a soft magnetic underlayer are formed on
a nonmagnetic base of an aluminum alloy. Fig. 3 shows a schematic cross sectional view of a
perpendictiart hengrestkenet dnmentiediufaecpeime odbe s ensigvattioncadridings a schematic
cross sectional view showing a structure of a perpendicular magnetic recording medium having a soft
magnetic sopdianmntilayatackoiagtonha gretantinvdetdayrigis fhomedignaldutput at a
recording density of 100 kFCI of perpendicular magnetic recording media having various thicknesses
15 of the soformaxaetie ticde Aggeofia fuedioms otumita doent of a magnetic head. Fig. 6 shows
signal output at a recording density of 100 KFCI of perpendicular magnetic recording media having

various averageFpgoshhomscheomatadarriveth s sctionahwiie Wnob dagebad pote mtiomedangrite
current in the magnetic head.

5 to the present invention for a perpendicular magnetic recording
medium, in which a nonmagnetic underlayer and a soft magnetic
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 havihg 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 perpendicular magnetic
recording medium produced with various time interval of heat treatment, as functions of the heat
treatment temperature. 12 2 5 APR 2006 Fig. 8 shows the micro waviness Wa of the surface of a
perpendicular magnetic recording medium and the minimum flying height of the m g"héﬁ?&?@% over
the medium as functions of the temperature of the heat treatment. 5 Fig. 9 shows the signal-to-noise
ratio SNR at a recording density of 370 kFCI (flux change per inch) in relation with the thickness of
the soft magnetit'igpBlehentsatbe miycro svewithesmiia nbtinessuntacetiod surface of a
perpendicular magnetic recording medium produced on a 10 nonmagnetic Ni-P substrate and the
minimum fly@xpesighcof eie magneticcheadardimgemedinmas futh ¢l ambmemp8iptog of the
heat treatment. Aspect of embodiment of the invention 15 Some aspects of preferred embodiments of
the presenhienghtiof thieba desveitiedhe ad dotienvirhe Fine dikm seadvant iwossafthienal view of a
substrate according to the present invention for a perpendicular magnetic recording 20 medium, in
which a sotemgerdtureefatbe hieddrtmehiomamt.
5 Fig. 9 shows the signal-to-noise ratio SNR at a recording density
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



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 2 5 APR 2006 base 1. First,
the substrate shown in Fig. 1 will be described. The nonmagnetic base 1 can be @geﬁw alloy
or the like material 5 that is used in a substrate of a conventional hard disk. In a nonmagnetic base of
aluminum alloy that is commonly used at present, high temperature heating causes deformation of the
base; heahageth temperature higher than 300C, 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 300C. A shape of the nonmagnetic

base 1is favordbiystctimensnlbstawmt disheivape] nhbugh hoviibhiteel desgethe dis 1hes. The soft
magnetic underlayer 3 can be formed of a Ni-P alloy on the nonmagnetic base 1 by an electroless
plating methonraa gheticibmagnktzumberlayade isthAdeMgria lmmpoddieolikalirRaséavadontaining
phosphorus in the range of 0.5 wt% to 6 wt%. If the
5 that is used in a substrate of a conventional hard disk. In a
nonmagnetic base of aluminum alloy that is commonly used at
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%. Ifthe
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 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 2 5 APR 2005 double layer soft magnetic underlayer of a perpendicular magnetic recording
medium due to inadequately low value of the saturation magnetic flux density. 5 Th& thidiie28bf the
soft magnetic underlayer 3 is necessarily more than or equal to 3 um 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 favboathéarbmy avgafipoinaghetioutedeilarest of aNest pha dobsiar foa gpetpendicular
magnetic recording medium as shown in Fig. 2 will be described. Nonmagnetic underlayer 2 and soft
magnetic medertalion S are dbgneiadytdainiadieqwate hotewigneliudadet herha tuamtialn and the 15
compositions for the nonmagnetic substrate 1 and the soft magnetic underlayer 3 are the same as in
the substrateagiedid fie demsatyetic 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 is used in a substrate of a conventional hard disk.
5 The thickness of the soft magnetic underlayer 3 is necessarily

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

is 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 nonmagnetic underlayer 2 is
preferably thicker or equal to 0.5 pm 15 2 5 APR 2008 to ensure adhesion between the nonmagnetic
base 1 and the soft magnetic underlayer 3. A thickness of the soft magnetic underlayer 3 thicker than
or equal to 0.3 pm is necessary to function as a soft magnetic backing layer of a pdrp&PRIiibRr
magnetic recording 5 medium. Though the upper limits of the thicknesses of the soft magnetic
underlayer 3 and the nonmagnetic underlayer 2 are not regulated to the special values, the both
thicknessetaeapreferaisih asione betsgeentd Reomdrom agnebiedoraeinandfabiarseftost. In
addition, the sum of the thicknesses of the nonmagnetic 10 underlayer 2 and the soft magnetic
underlayem3 agnedassarnydolayetedst A phickerasseofidiaessftfnha gnbsiarendegatayEnaupper
limit of the sum of the thicknesses is preferably 10 pm from the viewpoint of manufacturing cost
though nothtridigtitlitatorthis) walibo 1% 3 henbiovaeessdary tonfnaptetnasaeitsofinetic plating
film mainly composed of Ni-P can be formed by so-called Kanigen plating process using sodium
hypophosphitezine ticeblackirsg dayas isfkaoperpethdian lahilm agmetiogdeordmpgsition,
temperature, and pH 20 value of the plating bath.
5 medium. Though the upper limits of the thicknesses of the soft
magnetic underlayer 3 and the nonmagnetic underlayer 2 are not
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 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 16 2 5 APR 2006 a micro waviness Wa of the surface of the soft magnetic underlayer is
necessarily less than or equal to 0.5 nm to attain flying height of the magnetic héal, APRicileads and
writes information, to be around 10 nm or lower. Here, the surface roughness Ra represents center
line 5 surface roughness of a three dimensional image obtained by measuring the surface
configuratiantimiencaréa viess Waed thieswrfaneid ttheesoftravageatiemndes ajes iaviness
Wa represents waviness in an area of 1 mm square measured through a band path band path filter
for a wavelragesearidyol&gspihanson paukl dsird. araptitel atittsice Hynfirgiletghtefsthing
instrument manufactured by Zygo Corporation. To obtain such a surface configuration, the surface of
the soft magagietincidriad; Mehiclbeentmthnd byndtishimforth b5 tbrheiargaind. The
polishing can be performed by applying almost the same technique as for the conventional
nonmagnetiaNoP leyees.. aH dessrithe) sartfarca o pglshiesscRabecporesieonds, temdbeandptee using a
double sided polishing machine with polishing pads of urethane foam feeding abrasive of suspension
of alulinasuridiodab2glsitieas of a three dimensional image obtained by

measuring the surface configuration in an area of 5 pm square using

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-

17



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 17
2 5 APR 2DD6 treatment. However, heat-treatment, after formation of the soft magnetic underlayer, at
a temperature lower than or equal to 300C for longer than or equal to 30 minues idRifadive to
increase the saturation magnetic flux density of the soft magnetic underlayer. A 5 heat-treatment at a
temperature over 300C is inadequate since it causes increase of surface roughness of the soft

magnetic ungsrtapentrotboopereirdieatot rea tmentioa ey fotiatakicensifyt heespfeferable
heat-treatment temperature is in the range of 200C to 300C. 10 Fig. 3 and Fig. 4 show schematic
cross sectinnagviews of nderdagien)aa tradeanpricating hedir ddeaniioy extha lptes8MOitvention.
The perpendicular magnetic recording medium shown in Fig 3 has a structure in which a nonmagnetic
seed layerfo, loreaghetic cacegiml&9e3Bonamiites o effedtyee 40 arcregserttlady formed on
a substrate 10 of the invention. The substrate 10 is either one of the two types of substrates according
to the invesaitnlitdsoated aghigtic dhdxridensioyrof tleensaftamagnetad uayde ey pematéyial for
favorably
5 heat-treatment at a temperature over 300°C is inadequate since it

causes increase of surface roughness of the soft 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 is 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
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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 2 5 APR 2006 nonmagnetic seed
layer 20 include a CoCr alloy, titanium, a titanium alloy, and ruthenium. In the caseBhaRRazB0gtic
recording layer 30 is a so-called multilayered perpendicular magnetic film in which a cobalt alloy and
platinum or a cobalt alloy and palladium are 5 laminated, platinum or palladium can be used for the
nonmagnenorawigapdiccer driapet R0emrladearhednaliop: spwniynpavitkarimon below
the nonmagnetic seed layer 20 does not interfere with the favorable effects of the present invention.
10 For the algeancasttirenayen 3ol artheadel the tangaelioveenoling kayerpiOdsction in
a perpendicular magnetic recording medium may be used. The usable material includes a CoCr alloy
and so-caflesarealkedeudtiryeredaperpesst tihanans gnetiadibmofrtavhichiey and
platinum, or cobalt alloy and palladium, 15 for example. The protective layer 40 can be a thin film
composedenbialy ofllesrondAladicnubhcentd el at hadloyragud eatiatbivaxaante, may be
applied on the protective layer 40. 20
5 laminated, platinum or palladium can be used for the nonmagnetic
seed layer 20. A preseed layer or an intermediate layer optionally
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 perpendicul‘ar 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 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. 19
2 5 APR 2006 The perpendicular magnetic recording medium formed as described above exhibits
favorable recording performance as a double layer perpendicular magnetic recordifighftfe &ifn
because the soft magnetic underlayer 3 on the substrate 10 functions as a soft 5 magnetic backing
layer. In addition, the soft magnetic underlayer is formed by an electroless plating method suited for
mass productior], heepe rpendeet laremagne surecordreg vae thwxaianeresliasn the soft
magnetic underlaiig. Consequently, the perpendicular magnetic recording medium accordin% to the

invention cdessytegraheed exhidvitcobaviorabletetordinging rfevirasrevasia rlguble

comprises a substrate 10 according to the present invention, and the layers sequentially formed on
the substraayiet!msingersdicmkajhaia gpetispranendiayerbe dinonrhagaatisestbe 1896k 20, a
magnetic recording layer 30, and a protective layer 40. The substrate 10 is either one substrate
shown in Rigagnekig. endeslaiygtokimnptbse subsiaraitn 12D firctvonmgsetcseddd layer 20, the
magnetic recording layer 30, and the protective layer 40 can be appropriately formed of the similar
5 magnetic backing layer. In addition, the soft magnetic underlayer is
formed by an electroless plating method suited for mass production,
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
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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 nmand a 2025
APR 2006 product of the film thickness and the saturation magnetic flux density of lar erbaﬂﬁ] or
equal to 150 G pm. For example, the supplement layer 50 can be composed of azé-’of‘%ﬁ orphous
soft magnetic layer from 15 to 50 nm thick exhibiting a saturation 5 magnetic flux density of 10,000 G,
or an FeTaC soft magnetic layer from 10 to 50 nm thick with a saturation magnetic flux density of

15,000 G. Washigke thedthn diiaknens apd 3br padudedi abimnmgrepidhsat layer and the

soft magnetic un_der(lgiytjr work as a soft magnetic backir;&layer, resulting in enhancement of the 10
performandensyaiblarger pbaramicenv tahditOdaciang Fruiena B@laeshe effect is
produced to reduce the random noise generated in the soft magnetic underlayer. The soft magnetic
supplemertupriameatidayes 2 eandhoaonmoesetiofcaCGodrNbd sunetphorvsyaett flux
density of larger than or equal to 150 G 15 pm in order to enhance performance as a soft magnetic
backing layeagmelicthaxasdreanekkd tharPSomm khigkee idmbitimng sesa tianalitomall in the soft
magnetic supplement layer and is unfavorable because of generation of spike noises and
deteridration ag petdediuy. dermit ofake, 0 son magnted afdstifems gresio dayercan
from 10 to 50 nm thick with a saturation magnetic flux density of
15,000 G. When a soft magnetic supplement layer 50 is provided,
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 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 21 2 5 APR 2006
unavoidably remaining on the surface of the soft magnetic underlayer. Example% SoRfe g@@cific
examples of embodiments according to the present 5 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 thersavatrd dylyikedimlaaning bhatlieasidrdimbingf Ziheaso S utmstigned idnepderig)yweas
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
wit%. Platidgxzathlgedickel sulfate 25 g/liter Sodium hypophosphite 15 g/liter 20 Sodium acetate 10
g/liter Sodium citrate 15 g/liter

Some specific examples of embodiments according to the present

5 1invention 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 plat‘ing. 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 g/liter
Sodium hypophosphite 15 g/liter
20 Sodium acetate 10 g/liter
Sodium citrate 15 gfliter
pH 6 + 0.1 (adjusted by NaOH and H2SO4)
Bath temperature 90 + 1°C

The surface of the soft magnetic underlayer was polished using
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pH 6 0.1 (adjusted by NaOH and H2SO4) Bath temperature 90 1C The surface of the soft magnetic
underlayer was polished using 22 2 5 APR 2006 colloidal silica with average particle diameter of 30
nm and polishing pads of urethane foam to obtain a surface roughness Ra of 0.3 nm and a micro
waviness Wa of 0.2 nm. Thus, a substrate for a perpendicular magnetic recordin? ,gnigﬂj%nﬁﬁown in
Fig. 1 was produced. Abrasion 5 quantity removed by the polishing was about 0.2 pm In a measure
converted to the film thickness. After cleaning, the substrate was introduced into a sputtering
apparatus, caltiidatbaii caswiéhaty endge prrrbitlewd pnusee of £0 Tomeanctpolishang
heater. A titanium seed layer 10 nm thick was deposited using a titanium target. Subsequently a

magnetic pedsiinf) lethvincimm dtoplBim apkfaselzpogbnesmdia effebonm and

Co70Cr20Ptio. Then, a carbon protective layer 8 nm thick was deposited using a carbon target, and
the laminatedsigrarie wiaess thkarnd i Zomthe Ydruamachubstratedor somearpendocataes
were all conducted by a DC magnetron sputtering method under an argon gas pressure of 5 mTorr.

Finally, formiagaditidorktniodhngayee dfpefisboopalyiethBi. nihwiaskisodpeodtind b psivendicular
magnetic recording medium as shown in Fig. 3 was produced. 20
5 quantity removed by the polishing was about 0.2 pm in a measure

converted to the film thickness.

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. Subseqﬁently a magnetic
recording layer of a CoCrPt alloy 30 nm thick was deposited using a
target of Co70Cr20Pti0. 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 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 23 2 5 APR 2006 low
temperature of 250C, scarcely caused structural change of the soft magnetic un@éﬁa&%@. s,
surface roughness and waviness of the produced perpendicular magnetic recording medium were
approximately equivalent to those of the substrate. 5 The thus produced perpendicular magnetic
recording heditrenneeriatonoefddb stsaarite ly stagieepdistypetuagletb dege, afithe hard disk
drive. After giving mechanical shock of 50 G for 1 ms to the hard disk drive, the surface of the
perpendicutef tnenmgtie it resmeinpyediufhinas, chsefaeed rp agbhpicss miccscapene ssspéct for
occurrence of flaws. Table 1 shows occurrence of flaws on the medium in relation with the thickness of
the soft madretiproddedal pre WscTadie ul aroms gine tivsacensdng aeddinutme werface of a medium
having a soft magnetic underlayer thinner than 3 um, 15 while no flaw was detected on the surface of
a medium hapyng=isnt tebgeefit wadendyto tices tbibhe emlztostam. 20 24
5
The 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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2 5 APR 2006 Table 1 thickness of soft magnetic flaws underlayer (m) 0.5X 1.5X 2.7A 3.10 4.00
7.00 10.00 X : flaws detected ,L : 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'g waPBx&Bbited as
an initial reaction layer for electroless Ni-P plating. Then,

Table 1

thickness of flaws
soft magnetic
underlayer
(pm)
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 um 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



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 f 0.1 g/L, a 25 2 5 APR 2006 pH value of 4.5 f 0.2 GnAPR (266
temperature of 92 f 1C. The average phosphorus concentration in the nonmagnetic Ni-P plating film
was 12 wt%. Subsequently, soft magnetic underlayers having various thicknesses from 0 to 10 pm

were formeaifbfwailmelnty4vinis Qulsragedprobplibr e nopesatumenadt A2ueslifihe Ehme manner as in

Example 1. Substrates as shown in Fig. 2 for a perpendicular magnetic recording medium were
produced likeerEzerphlosp e cpresaridiadiammiay hdc neoorang meddcaa-sholatimgg. 3 were
produced as in Example 1. 10 Table 2 shows occurrence of flaws on the medium in relation with. the
thicknessefi bithe asriiRagridoc ubddibgevemtle softnmggsietionuardselasiensateavinge same
manner as in Example 1. The flaws were detected on the surface of a medium in which the sum of 15
the thicknesaesatiishtinokmegsetciunderyter 0ditne sottnefomrene dunfidNayBratdsythiviidr than 3
pm, while the flaws on the medium surface was not detected when the sum of the thicknesses was
thickeb  average phosphorus concentration of 4 wt% in the same manner as in
Example 1. Substrates as shown in Fig. 2 for a perpendicular
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 pym, 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 2 5 APR 2096 Table 2 thickness of thickness of soft magnetic
nonmagnetic sum of the flaws underlayer underlayer thicknesses (um)(um) 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

23 APR 2006
Table 2
thickness of | thickness of | sum of the flaws
soft magnetic | nonmagnetic | thicknesses
underlayer underlayer
(pm) (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 AN
1.5 1.8 3.3 O
2.7 1.0 3.7 O
3.1 0.5 3.6 O

X : flaws detected
/\ : 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 underlayer 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 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 function€2di Whie APrent of
a magnetic head. When the thickness of the soft magnetic underlayer was zero, that is, without a soft
magnetic underlayer, racticalli/mgo signal output was obtained. When the thickness of the soft
magnetic I8lundataydV han thinesratanat Bophnidrelgpat wad pitivelylow writthhe signal
output did not saturate with increase of the write 27 2 5 APR 2006 current. When the saturation of the
signal outpindseshse with hecwasteictherarite asnpntheds trsessdsuegtamerreméntss necessary
for generating large output. Further in the region of unsaturated signal output, the signal output greatly
changes with@&ssaayviost genertattngdiatr ghion purttavbratbcar imathearegiplicanbn. On the
other hand, when the thickness of the soft magnetic underlayer was thicker than or equal to 0.3 pm,
sufficient sigrsa taurpdedasi gaiadd Wipretysh ehsiginadl eutpu sgoeattly athamgesanitlalue. Thus,
such media are practically useful. When
5 variation of the write current, which is unfavorable for practical

application. On the other hand, when the thickness of the soft

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 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 no%ﬁa@g&i@@ﬁwderlayer
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 condititfﬁﬁbim@bﬁt}né th in such a range as shown below. Perpendicular magnetic recording
media were also produced in the same manner as in Example 1. 28 2 5 APR 2006 Plating bath (2)
Nickel sulfate 10N 8skglitsnHadiem hylddpB&sghlideio -30 g/liter Sodium acetate 10 g/liter 5 Sodium
citrate 15 g/liter pH 5.0 - 6.5 (adjusted by NaOH and H2SO4) Bath temperature 75 - 95C When the
phosphorus contentiationhygophesphibe platiig bathgihiteas found very unstable and unsuited for
mass production. Measurements of the recording performance were made on the

Sodium acetate 10 g/liter

5 Sodium citrate 15 g/liter
pH 5.0 - 6.5 (adjusted by NaOH and H2SO4)
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 kKFCI 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 media in the same manner as in Example 2. Fig. 6 shows signal output at a recording
density of 100 kFCI 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 vﬁ?/vaR%ﬁgcient
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 manhed gset Exungler bagesepr asattivetdoetdye posspragnetonsendetidayemwasitl20 2 5
APR 2006 magnetic underlayer was 4 wt%, the nonmagnetic underlayer was 1.0 pm thick, the soft
magnetic undetdhiekyibe 3ofh agretdhvadeshayent was chbrduned hick famdtbeat the soft
magnetic underlayer at a temperature in a range of 100C to 350C and for a 5 time interval in a range
of 20 minutee &t Bleminwves sqrduetdalpie dbematsonoé e softranagiutyt the thus
produced substrates at the radial position of about 30 mm. The saturation magnetic flux density of
each samplemlestayasusddausiem pe sativreging savdiege afhé Qb &icto/8MWiEhahel farimum
applying field of 10 kOe. Fig. 7 shows the saturation magnetic flux density Bs

5 time interval in a range of 20 minutes to 60 minutes.

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 a vibrating 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. Asis

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 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;#uligensit of the soft
magnetic underlayer from the saturation magnetic flux density of about 0.15 T ah ed
samples. The saturation magnetic flux density was increased to about 0.3 T by heat treatment at a
temperature from 200C to 300C 20 for 30 minutes or longer. It has been also shown that heating for
more than B0 danlasetovaaorfagneatinedaseonseguently, e msriatdesity in this
temperature range, and the heating time of 30 minutes has been found sufficient for the Bs
enhancemanea furemasy aifitd sz ftcarmgnesi e 500 erdayemeagreiogmesineR 21306
underlayer was magnetized; consequently, the accurate Bs measurement of the soft magnetic
underlayer was impossible. Example 5 5 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
phosphoruExamgreaiion in the soft magnetic underlayer was 4 wt%, the nonmagnetic underlayer
was 1.0 gm thick, the soft magnetic underlayer was 2.7 pm thick, and heat 10 treatment was
conduEted after fanbstiatostias sltonagnetid'ig. 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

magnetic underlayer was 4 wt%, the nonmagnetic underlayer was 1.0

um thick, the soft magnetic underlayer was 2.7 pm 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 pym 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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underlayer at a temperature in a range of 100C and 350C 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 p.m using ad ép%@l hace
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 ithesprliageshihenpieneslesiciccaleraeyit g hiplpidy doeiesanratifes over the
medium. A relationship between the rotating speed of the medium and the head flying height has
been obtafeatt atavinisiyimgespesthg ddeistrotpinglynredkisad nvided sotmelbaade voltage
of the piezoelectric element abruptly increases at a certain rotating speed. This rotating speed is
converted fhytheghded ghytnkphehfiain tbeimirimnimuheashilfiying heiggh Figl'gsshBwhamesmicro
waviness Wa and the minimum flying height of the 5 magnetic head as functions of the temperature of
heating thd heftrmermetia vhdedayd aTan thidne wavinesawaflymgrihetgbtanfitkbout 0.2 nm up to
about 200C; the heating to 300C a little increased the Wa value to about 0.4 nm; the heating at 350C
sharply incresgasthe hiard waviuasstivm o of 8 hen tehepresativiegofdiga fsng the soft
magnetic underlayer. The micro waviness Wa is nearly constantly
about 0.2 nm up to about 200°C; the heating to 300°C a little
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 pm 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 O to 100 nm was
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10 kept at a low value of about 10 nm at a heating temperature up to 300C. At 350C, the flying height
suddenly deteriorates. Thus, the heat treatment temperature has been found necessarily lower than or
equal to 300C 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 raemliBAR a8 hown 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 pm thick, and a heat treatment at 250C for
60 minuteformedndsing aftarfgerhaifbNosehe anftmabaetsientyrlayab siftertel daaintg nige
substrate was introduced into a sputtering apparatus, in which a soft magnetic supplement layer of a
NiFe alloy andnthe filol bzt gervcasangeot Dee xecube dian The 5ARR a6 fvemed using a
target of NisoFe20. Subsequently, substrate heating and the followed processes were executed in the
same manhbraasipl €€ 1arbplp 1o toes dupe rpeenpbctibalanmzgmeticcreccaidg mgedaed iasshown in
Fig. 4. The thus formed soft magnetic supplement layer 5 exhibited saturation magnetic flux density of
10,000 G. Rechiownparfdiigante e rbhassi fod oretth esef b erpegdietiars mppheticeadoldingmedia
employing a single pole type magnetic

5 exhibited saturation magnetic flux density of 10,000 G.

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 ilnch) 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 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 rim, that is, the product & fheARRcigss and
the saturation magnetic flux density is less than 150 Gum. 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 wigtdiite eewthpropesifad prerpendcpanaagnetidrecenRisgaendgdianstant 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 rim, however, generated spike noises that can be assumed
originated in the soft magnetic supplement layer. Consequently, such 33 2 5 APR 2006 media were
improper f@qerpanditive Hxgmdeecording media. Comparative Example A conventional hard disk
substrate comprising an aluminum 5 alloy base and a nonmagnetic Ni-P underlayer on the base was

used for a subsfateforentisgnelihaodrdisknsetistratthe@uppranigea BxalmieliThmsubstrate

was heated at a temperature in the range of 100C and 350C for 60 minutes and then cleaned. As in
the EXxampidloy base and a nonmagnetic Ni-P underlayer on the base was used

for a substrate for a magnetic recording medium of the Comparative
Example. 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 recdrding 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 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 su te was taken out
from the vacuum chamber. A liquid lubricant layer 2 nm thick was formed of per%til%pd%lwﬂwer 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 th@&)‘mn@de@md tleesflyitngahatghs imereaged mn Higleo hbeShd midre waviness

Wa and the minimum flying height 20 of the magnetic head as functions of the temperature of heating
the hard diskcrhwateinesstivy acalpevartysinoraased dodqueger thao rksupddmechéheicro
waviness Wa and the flying height of the small values of about 0.2 nm and lower than or equal to 10
nm, respefljuang hetghtemisg tenalesattird @frBo0CWhHeemitheshed nrRt200p eratnEss Wa and
the flying height increased a little. At 350C, the micro waviness Wa abruptly increased to larger than 1
nm, and thw dlyibgwieighaseomn egoa 3030 Whert tree hoating gnedecalNiePvfabioweashantor
equal to 300C, the nonmagnetic Ni-P film was not 5 adequately transformed to a soft magnetic state.
As debBcribad aqoatedgtbrding fortheeuteseiat sokintvagmetic state.

As described above, according to the present invention, 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 magnetié 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 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 gm composed of a Ni-P alloy containing phosphorus in the range of 0.5 widh 20AP R8s 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 contbdcknersas-pfdiby nanmagnegieticndeeloyar Amndinire sidy by atretiess plating,
by 20 further forming a soft magnetic underlayer of a Ni-P alloy containing phosphorus in a range of
0.5 wt% towndes ayer rhmadretichmaenageuabit® Haumickness 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 35 2 5 APR 2006 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 betwBantthe mtemvenhixic bddshef avaragnetatoyraherttayofthedgnedn diderlayer,
adhesion between the nonmagnetic base of an aluminum alloy and the soft magnetic underlayer of a
Ni-P diloy filomaralgmetic base of an aluminum alloy and the soft magnetic
underlayer, adhesion between the nonmagnetic base of an aluminum
alloy and the soft 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

36



made firmer. For this purpose, the thickness of the nonmagnetic underlayer is necessarily more than
or equal to 0.5 um. 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, s2rh d¢PRhEI05
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 filmrexo hdialg b éotinen witireq phove phbihas ddne srufisne lesaghm o viw of phesphorus
20 concentration more than 6 wt% cannot provide the function as a soft magnetic backing layer due to
too low valseftfsmgmdsicriagdetitafier dersiyailerstébunstareqeabdwats fonapamdridieular
magnetic 36 2 5 APR 2006 recording medium is required that the surface roughness Ra of the soft
magnetic umdenayeray sneseMrarnbtbguaimfadernd dhe theftmicagnatirevaderdayersisface of

the soft magnetic underlayer is less than or equal to 0.5 nm, which conditions are necessary to 5
achieve a lmsslyihg heighe qUedoto 1D Hmuor, levh ufla ecayhidtio heaaireviniate pegusmorecording of
information. To achieve these surface conditions, the surface of the soft magnetic underlayer is to be
5 achieve a low flying height of about 10 nm or less of a magnetic head,
which performs recording of information. To achieve these surface
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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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 advarét eofa
conventional technique. 15 Although a substrate for a perpendicular magnetic rec raa?rﬁjpwmum
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 300C for longer

than or equal to @nrilretetheredfamengftize hoa trpatinemtindertyduistiadoadbie since the

heat-treatment increases the saturation magnetic flux density of the soft magnetic underlayer.
Smoothingteitieesett egyhagherdehaye S0, casmeaghakisibe wentkenthlaty is samshlag pwcess
similar to the conventional process of a nonmagnetic Ni-P layer. 37 2 5 APR 20D6 On the other hand,
if a heat-tréhenprroisesshtindibe dheatebreartimneitigen thamstagne tre dNarkshaywerkfohat is similar
to the process in the heat-treatment of a nonmagnetic Ni-P layer for transformation to a soft magnetic
state, and tnah sfghrmeaiienmttees st eagneitidsabafteprhid Sacluba gie tentareraughmess of a
soft magnetic Ni-P layer increases and smoothing by a polishing process becomes difficult due to
generhtionhd aidreatstadnt 1s 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.

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 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 magneti@ SadiiRg28§er 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 lowelahgaintihanase eopisdit mddrie e ymierlSisrdeabod he Herseft m fgnetample, a
sputtering method. 20 A soft magnetic supplement layer can be added between the soft magnetic
underlayersampithememhdgyetic saedthpesafte magietentagerhbayien wonk thisknesgbf thinner
than or equal to 50 nm and a product of the thickness and the saturation magnetic flux density of 38 2
5 APR 2006 laguee tthab ackingl layan, Ghenp Sifoe tmzim tee sefandagnelie lsgmatement layer and the
soft magnetic underlayer work as a soft magnetic backing layer, the performance as a double layer
perpendicyiermegoktatacordiagmeddiunre eohd mesaed] ba sives) ha Befteatris freduded tareduce
the random noises generated in the soft magnetic underlayer. The soft magnetic supplement layer
has 5 effect is produced 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

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 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 geﬁegﬁBPaﬁmﬁ 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. rmgkimrgckaives ieffa prabreputiiskammagneidcir arordingraediums aad bhe
eliminated that are generated in the polishing process and unavoidably remaining on the surface of
the soft m&@héﬂd‘@&oﬁﬂlmwbmaﬁﬁﬁgegﬁ‘g EfeniDstheliveritibatag tssribed so far, according
to the present invention, a substrate for a perpendicular magnetic recording medium can be obtained
that allowspeagepditiclian nhagneticresershng meadit 8o withrr bede tfaukyng layer of a
perpendicular magnetic recording medium, and the ensured surface hardness. By using such a
substrate, pegéqarmdmsnes rpagnbecaebaedieglmedium with satisfactory performances can be

achieved. 5
5

10

15

20
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10 15 20 40 2 5 APR 2006 1. A substrate for a perpendicular magnetic recording medium comprising:
a nonmagnetic base composed of an aluminum alloy; and 5 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%, having a thickness of thickeb th&R @iBqual to 3
pm, and being utilized as at least a portion of the soft magnetic backing layer. 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| phosphoSIRIARAR Fo 2 R b XD AsAsBEI NPBEYAANS]E HIEATAYar by an

electroless plating method, wherein the nonmagnetic underlayer has a thickness in a range of 0.5 pm
20to 7 pmb%%giwggnetic underlayer has a thickness larger than or

a nonmagnetic base composed of an aluminum alloy; and
5 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%, having
a thickness of thicker than or equal to 3 pm, and being utilized as at
least a portion of the soft magnetic backing layer.
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 pm
20 to 7 pm; the soft magnetic underlayer has a thickness larger than or
equal to 0.3 pm; a sum of the thickness of the nonmagnetic
underlayer and the thickness of the soft magnetic underlayer is
larger than or equal to 3 ym; and being utilized as at least a portion

of the soft magnetic backing layer.
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equal to 0.3 pm; 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; and being utilized as at least a portion of the soft
magnetic backing layer. 41 2 5 APR 2008 3. The substrate according to claim 1 or,claim 2, wherein a
surface of the soft magnetic underlayer has a surface roughness Ra of less than 3r’5eeﬂ?gl #8085 nm
and a micro waviness Wa of less than or equal to 0.5 nm. 5 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-treatirly the subshhe suhséngleraceohagiandasgud or 3datrol 3evheess @ longer after
a step of forming the soft 10 magnetic underlayer. 5. A method for manufacturing the substrate that is
defined by saface of dlhiensafthmagmetihamdenkhyenhiang stuehace sepghizessoliimgh
surface of the soft magnetic underlayer by polishing 15 using free abrasive grains. 6. A perpendicular
magnetic réessdifpmeniiveguahgosthe afeasnd aonmeaynsiasene say¥V a ofidgsstithacoming
layer, and a protective layer sequentially formed on the substrate that is defined 20 by any one of
claims 1 thespgal3iavBdbeimnthe perpendicular magnetic
5

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

42



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 42 2 5 APR 2006 claim 6 further
comprising a soft magnetic supplement layer between the soft magnetic underlayer and the
nonmagnetic seed layer, the soft magnetic supplement layer having a film thicknés8 diRRii#808r than or
equal to 50 nm and a product of the film thickness and a saturation 5 magnetic flux density of larger
than or equal to 150 G pm. 8. A method for manufacturing the perpendicular magnetic recording
medium thelas mhefinfdrbhelrioo i tha st ghed st prisigmet Rtepugi pdeurantal aydacb et weesoft
magnetic underlayer using 10 free abrasive grains, and steps of sequentially forming layers including
the nonmathetisodban fgue tie wvadeslayerondidgtihgen oand agnetie sbed dyardy;, 4lspsteing
method. 9. A method for manufacturing the perpendicular magnetic 15 recording medium that is
defined by miaigng tivesngthbeimemprisiye ralstap ngtaxfiting thsoknes sfafi¢ koftmeagbltn or
underlayer using free abrasive grains, and steps of sequentially forming layers including the
nonmagnetiquedd &y, nm magheatiprechudingfalee, fahm tkipkiesivea agea mad wpatiasing
method. 20 43

5 magnetic flux density of larger than or equal to 150 G pm.

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 magﬁetic 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.
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