METHOD OF PRETREATI NG A NONMAGNETI C SUBSTRATE AND A MAGNETI C RECORDI NG

MEDI UM CROSS- REFERENCE TO RELATED APPLI CATION 5 This application is based
on, and clains priority to, Japanese Application No. 2003-421604, filed on
Decenber 18, 2003. BACKGROUND OF THE I NVENTI ON 10 Technical Field of the

I nvention The present invention relates to a nmethod of pretreating for a
nonnmagneti c substrate, for exanple, to a nethod to forma N -P |ayer by

el ectroless plating on a glass substrate that is a nonmagnetic substrate
used in manufacturing a nmagnetic disk, in particular, to a nethod of
pretreatnment for the plating. 15 The invention also relates to a magnetic
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conputer, in [ { jce. 20 Description of the Rel ated
MAERHERECIRTING Mprel

Art Al um num al e or a material of conventional
nonmagneti ¢ substrate. Recently, hard di sk devices are proceeding directing
to large capacity, small size, and |ight weight. Accordingly, a nagnetic

disk is requREISHBFERENCBTOREA ATHD APpditaperieyN and thinner than
conventional ones. 25 Since a conventional substrate of an al um num all oy

is difficglt to Thigappliciion Relsed dMRAASG cRimk beiofy lﬂc?,tlaﬁﬁlﬂl@‘é%f)plication
increasingly used for a substrate material. 171t is technologically

difficult toNw2G03-4316D4] fileedroroDeaembas$8 2093t rate by an el ectrol ess
pl ati ng nmet hod enough adhesi vel y, honobgeneously, and snoothly. To forma
Ni - P | ayer having good adhesivity, sufficient honbgeneity, and

BACKGROUND OF THE INVENTION

10 Technical Field of the Invention
The present invention relates to a method of pretreating for a nonmagnetic
substrate, for example, to @ method to form a Ni-P layer by electroless plating on |
a glass substrate that is a nonmagnetic substrate used in manufacturing a
magnetic disk, in particular, to a method of pretreatment for the plating.
15 The invention also relates to a magnetic recording medium manufactured
by employing such a method and mounted on magnetic recording apparatuses

including external storage devices for a computer, in particular a hard disk

device.

20 Description of the Related Art
Aluminum alloys have been used for a material of conventional
nonmagnetic substrate. Recently, hard disk devices are proceeding directing to
large capacity, small size, and light weight. Accordingly, a magnetic disk is
required flatter, having a smaller diameter, and thinner than conventional ones.
25 Since a conventional substrate of an aluminum alloy is difficult to cope with

these demands of the market, glass is increasingly used for a substrate material.
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snoot hness to obtain a well perforned nmagnetic disk, various nethods of pre
5 and post- treatnents have been proposed for the electroless plating
process. The treatnment methods include a nethod (disclosed in Japanese
Unexam ned Patent Application Publication No. H1-176079, for exanple) in
whi ch el ectroless plating is conducted after a treatnent in an aqueous
solution containing palladiumchloride and stannous chloride, followed by
atreatment in 10 a solution of alkali carbonate, a solution of alkal

hydr ogencar bonate, or a solution of a mxture of the two conpounds. In
anot her nethod (disclosed in Japanese Unexam ned Patent Application
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whi ch el ectroless plating is conducted after pretreatnents inclu

cl eani ng #i t Andgost-ltidatndn@ihavebedh ipfopeded fon thensleasslesplatiap pRo®iss.
sensitization with stannous chloridé made acidic by hydrochloric acid, and

activation wth Pattedimentahtihiodsd éndale timethod(dnclosed as Eapangse et hod in
which electroless plating is conducted after pretreatnments of al kaline
degreasi ng, UatexaimgedWPatenbgrpdichtion Pabhication Benkllt-1726079, fot éxanplehous
chloride solution, and 25 activation with palladiumchloride solution.
Further, a nethhich elestrgiessipdating isicondap r ariecaimientih Maaguroudsplutiont i on 2
Publ i cati on No. H7-334841, for exanple) in which electroless plating is
conduct ed af centanipgaatladiign chloride andeStarpousaahilode ffollawed bysa treatipaant & e
etchin . . . .
g 10  asolution of alkali carbonate, a solution of alkali hydrogencarbonate, or a
solution of a mixture of the two compounds. In another method (disclosed in
Japanese Unexamined Patent Application Publication No. S53-19932, for
example), electroless plating is conducted after a series of pretreatments
including two-stage etching with a chromic acid - sulfuric acid mixed solution
15  and with a nitric acid solution, etching with a strong alkaline solution,
sensitizing treatment with dilute stannous chloride, and activation treatment with
silver salt solution and palladium salt solution. Still another method is proposed
(in Japanese Unexamined Patent Application Publication No. S48-85614, for
example) in which electroless plating is conducted after pretreatments including
20  cleaning with warm liquid of sulfuric acid and potassium bichromate,
sensitization with stannous chloride made acidic by hydrochloric acid, and
activation with palladium chloride solution. Also proposed is a method in which
electroless plating is conducted after pretreatments of alkaline degreasing,
etching with hydrofluoric acid, sensitizing with stannous chloride solution, and
25 activation with palladium chloride solution,

Further, a method is disclosed (in Japanese Unexamined Patent Application



to enhance anchoring effect, renoving contam nants adhered on the substrate
surface during the etching process, chem cally honbgeni zing the substrate 5
surface by surface nodul ati on process, sensitizing treatnent, and
activation treatnment. Preferable materials disclosed in the reference are
an aqueous solution containing hydrofluoric acid and potassium
hydr of | uori de for etching, hydrochloric acid for renoving surface

contam nants, and an aqueous solution containing sodi um et hoxi de for
surface nodul ation. 10 A nethod (disclosed in Japanese Unexan ned Patent
Application Publication No. 2000-163743, for exanple) conducts
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agent for the silane coup g agent, aqueous utron o m

chloride for saghtydhfing théetch eSO CHEIMhIBS hSiRSEsHT Ny ARG BEBAAité e  for
accelerator. A N -P layer formed on a glass substraie according to any one

of the 205abgusfadebyrsubfade kitdimatitei prdsss, Rengitiging thaneciandeelvaissi bl e to
achieve satisfactory thickness (of one to several mcrons) and

adhesi veness treatraontg eheiférngbleandtesiatsodibelessed af tHeheferthdechkmpemsaquebusch are
required to obtain a magnetic disk having a well-perfornmed magnetic

recor di ng | apelutiddbcEtaning R rofludHE achd/sEM patdsTinar bydnodluoside dby etchingf, t he
present invention is to provide a nmethod of pretreatnment for a nonmagnetic
substrat e al Ihydreghlone actdgfon rémgeing svafacercontaisinants, and an aqueous solution

containing sodium methoxide for surface modulation,

10 A method (disclosed in Japanese Unexamined Patent Application
Publication No. 2000-163743, for example) conducts pretreatments on the
surface of a glass substrate including sequentially degreasing, etching, warm
pure water treatment, silane coupling agent treatment, activation treatment, and
acceleration treatment, and then carry out electroless plating, and a heating

15 treatment follows. Preferable materials disclosed in the reference are amino
silane coupling agent for the silane coupling agent, aqueous solution of
palladium chloride for activator, and aqueous solution of sodium hypophosphite
for accelerator.

A Ni-P layer formed on a glass substrate according to any one of the

20  above-described known methods, however, have not been possible to achieve
satisfactory thickness (of one to several microns) and adhesiveness,
homogeneity, and smoothness at that thickness, which are required to obtain a

magnetic disk having a well-performed magnetic recording layer.

25



5 a N-P plating and exhibits a plating |ayer thickness, adhesiveness,
honogeneity, and snoothness so that a well-perfornmed nagnetic recording

| ayer is provided on a nonmagnetic substrate of glass. Another object of
the invention is to provide a magnetic recordi ng nedi um produced enpl oyi ng
such a nmethod. The present invention provides a nethod of pretreatnent
prior to formng a 10 magnetic recording |ayer on a nonmagneti c substrate.
The net hod conprises steps of cleaning a surface of the substrate, formng
Ni |layer on the surface of the nonnagnetic substrate after cleaning,
formng a palladiumlayer that is a catalyst layer on the N layer, and

formng a N Im], R. ﬁ@‘ ’???T@Il adium |ayer. 15 Advantageously,

t he substrat §IE|H£1 a g%ggsPazuEs rate and the step of cleaning the substrate

surface includes a step of degreasing the substrate surface and a step of

activating the substrate surface; the step of formng the Ni |ayer includes

a step of appl yi THeidfeckibbiaehRlR ASA: iRvertidt B8lpr50Re Asieiod ot Step of

nmetal |i zi ng baki ng the nicke hel at'e agent or e nickel soap agent, and a

step 20 of agtdtyaitinest fdie ﬁ@hﬁégﬂ&%dﬂstrb@%ﬁwwihg%ﬁhﬁ% Pfayep tHHt Mo Ihdes
pal | adium |l ayer includes a step of converting the pallfadiumlayer to a

catal yst bayarNi-Bpatidpeandtpibéts aplating thyeh ehibkndds padidsh@nksy domopeheites a
step of electroless plating the Ni- P plating layer and a followi ng step of
heati ng tr eatan@diinootitvanisaghatusve]l-perforatetimagndtoy mecogling éashdr i$ pyoxrided

I ncludes a step of baking 25 a nickel chelate agent or a nickel soap agent
to form a ni okel nomhagndtic fubstratet dfeglass. efinothef objechgf tHeanpehfiaulisto | ayer
includes a step of bonding palladiumw th a 4 surface of the nickel

metal lic fil prowdd atrhagrstsprecording medjumhzronizced gnplayieg seshea mathodar ri ed
out by electroless plating after the step of bonding, and includes a
subsequent step &hepefenhipventanpsavides a method of pretreatment prior to forming a

10 magnetic recording layer on a nonmagnetic substrate. The method comprises
steps of cleaning a surface of the substrate, forming Ni layer on the surface of
the nonmagnetic substrate after cleaning, forming a palladium layer that is a
catalyst layer on the Ni layer, and forming a Ni-P plating layer on the palladium
layer.

15 Advantageously, the substrate is a glass substrate and the step of cleaning
the substrate surface includes a step of degreasing the substrate surface and a
step of activating the substrate surface; the step of forming the Ni layer includes
a step of applying a nickel chelate agent or a nickel soap agent, a step of
metallizing baking the nickel chelate agent or the nickel soap agent, and a step

20  of activating the metallized Ni layer; the step of forming the palladium layer
includes a step of converting the palladium layer to a catalyst layer; and  the
step of plating the Ni-P plating layer includes a step of electroless plating the Ni-
P plating layer and a following step of heating treatment.

Advantageously, the step of forming the Ni layer includes a step of baking

25 anickel chelate agent or a nickel soap agent to form a nickel metallic film; the

step of forming the palladium layer includes a step of bonding palladium with a

4



Preferably, surface roughness of the substrate surface after the
pretreatnment 5 is at nost 0.5 nmand mcro surface waviness is at nost 0.5
rim Preferably, the nickel chelate agent that is a material for the N

| ayer has a structure represented by formula (1): N (C H2i 1COJ H2;
O00kH2k+l) --- (1), whereini, j, and k are positive integers. 10
Preferably, the nickel soap agent that is another material for the N |ayer
has a structure represented by forrmula (2): N (-0O0C(CH) m( CnH2n) CpH2p+1) 2
--- (2) whereininis Oor 1, nis O or a positive integer, and pis a
positive integer. Preferably, the step of netallizing baking is carried
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and has a thig ﬁémagtﬁlé gﬁﬁ%?%‘?é)“@ﬁm‘%ﬂ- Preferably, the heating treatnent

after the electral ess ng Is carried out at a tenperature in a

range of 250C tOPP@ra%_sﬁHal:@?@ﬁ%}ﬁwgé of #REUPsRIRNurfao¥ aReh B AedRatiyi des

a magnetic recording ium conptising a nonnagnetic substrate, a nagnetic

recor di ngsl ayesat host B9 R aMe michs seacd wvalResfiztht dnd¥i @19 gat ment | ayer
formed between the substrate and the 25 magnetic recording | ayer by the

net hod of pr et r eRtdfegbly)ehé nivkel shélattestont Bed is abiterial o thy Wi 188 et
| ayer conprises a nickel adhesion |layer formed on the 5 substrate, a

pal I adi um catthysire kepresentad bpdownulai(@).adhesi on | ayer, and a Ni-P plating
| ayer forned on the catal yst |ayer.
Ni (CiHai+1COCHpCOC Hypsy) —- (1),
wherein 1, j, and k are positive integers.
10 Preferably, the nickel soap agent that is another material for the Ni layer
has a structure represented by formula (2):
Ni (-OOC(CH)u(CoHar)CoHzpn): — @)
wherein m is 0 or 1, n is O or a positive integer, and p is a positive integer.
Preferably, the step of metallizing baking is carried out in an inert gas
15 atmosphere and at a temperature in the range of 250°C to 400°C.
Advantageously, the step of converting the palladium layer to a catalyst
layer is a treatment of palladium chloride.
Preferably, the Ni-P plating layer contains phosphorus in a range of 1.0
wt% to 13.0 wt% and has a thickness at least 1.0 pm.,
20 Preferably, the heating treatment after the electroless Ni-P plating is carried
out at a temperature in a range of 250°C to 300°C for at least 1 hr.
The present invention also provides a magnetic recording medium
comprising a nonmagnetic substrate, a magnetic recording layer formed above
the substrate, and a pretreatment layer formed between the substrate and the

25 magnetic recording layer by the method of pretreating the substrate described

above. The pretreatment layer comprises a nickel adhesion layer formed on the



BRI EF DESCRI PTION OF DRAWNGS 5 Fig. | is a flow chart illustrating a first
aspect of the invention that is an outline of a nmethod of pretreating a

gl ass substrate as a nonmagnetic substrate, Fig. 2 is a schematic sectional
view of a magnetic recordi ng medi um manufactured enpl oying the
pretreatnent method of Fig. 1, and 10 Fig. 3 is a flow chart illustrating
the pretreatnment nethod of Fig. 1 in detail. DETAILED DESCRI PTI ON OF THE

| NVENTI ON Sone preferred enbodi ments of the invention will be described in
detail in 15 the followng with reference to acconpanyi ng draw ngs. [First
aspect of embodinent] A first aspect of enbodiment of the invention is

Steps 91 tneBogtied Palfadm st @Y otme b s B Sp b ERLARYR 2

nonmagneti c through S23 in Fig. 3
illustrate t%‘ﬁﬂﬁi{%@#@r fgrf&l rega?ﬁﬁéa#eljﬂ g. 1 nore in detail. Step S |

is a step of cleaning a surface of the glass substrate 1. In the step S1,
the surface of the glass substrate | is degreased (steps S1 1 25 and S 12)

and activat eGRHEPESARIPTICNS OISDESWANE P of forming a nickel adhesion

| ayer 2 on the surface of the 6 glass substrate 1 after cleaning. In the
step S2, § nickel chelate agent or a nickel soap agent is applied on the
gl ass substrate 1 (step S 14 or step S 15); netallization baking is carried

out to the &igll fk flookelarcOhistrating g fageaspetPoPtlicahfemicrethat is #h sudike!
film(step S 16 or
of a method of pretreating a glass substrate as a nonmagnetic substrate,
Fig. 2 is a schematic sectional view of a magnetic recording medium
manufactured employing the pretreatment method of Fig. 1, and

10 Fig. 3 is a flow chart illustrating the pretreatment method of Fig. 1 in detail.
DETAILED DESCRIPTION OF THE INVENTION

Some preferred embodiments of the invention will be described in detail in

15 the following with reference to accompanying drawings.

[First aspect of embodiment]

A first aspect of embodiment of the invention is described referring to Figs.
1 through 3.
(A method of pretreatment)

20 Steps S1 through S4 in Fig. 1 illustrate a method of pretreatment of a
nonmagnetic substrate of glass. Steps S11 through S23 in Fig. 3 illustrate the
method of pretreatment of Fig. 1 more in detail.

Step S1 is a step of cleaning a surface of the glass substrate 1.
In the step S1, the surface of the glass substrate 1 is degreased (steps S11

25 and S12) and activated (step S13).

Step S2 is a step of forming a nickel adhesion layer 2 on the surface of the



5 step S 17); and the netallic nickel filmis activated (step S 18)

obtai ning a nickel adhesion |layer 2. Step S3 is a step of formng a

pal | adi um catal yst |layer 3 on the nickel adhesion |ayer 2. In the step S3,
a palladiumcatalyst layer 3 is fornmed by converting 10 palladiumto a
catalyst (step S 19) on the nickel adhesion layer 2. Step S4 is a step of
formng a N-P plating |ayer 4 on the palladiumcatalyst layer 3. In the
step S4, a N-P plating layer 4 is forned by conducting electroless N -P
plating (steps S20 through S22) and foll owed by heating treatnment (step 15
S23). (Magnetic recording medium Fig. 2 illustrates a sectional structure

of a magneti | gl manuf act ured by enpl oying the
pr et r eat ment %%Ssﬁgg&gﬁgv}m |nrl@f%gl§l?g'l and 3. The nmagnetic recordi ng nmedi um

100 comprises a pgmtéyéétaﬁi&ehf;a?ge - dgenf of @ ARTRORPLLGuILBSIRAT Gu V1 LD 2

di sk shape, and yers ‘sequenti a ated on the substra I ncluding a

ni ckel adhesitl@é‘gla@&’ﬁﬁbs?ra‘ﬂ@‘li(%g%l%ﬁéf@ﬁsggﬂméﬁllmﬁ‘tﬁ)ﬁ bagﬁlag‘f@caﬁ‘ié@lﬁﬁ%i um

catal yst | ayer havi ng a thickness of 1 o 10 nm an Ni -P plating

llayer 4 havi fige appliéChiRRESc@itaitling 88&it td dbtdth A Retaliec RIcRET BBH THBH S1l6axer
including the layers 2 through 4, a desired nmagnetic recording layer 5 is

25 fornmed5 Thepn®pfeund theaetdllioaidlay eilmdisiastil aedwstep [918Y abtdifgfohickyl ng
procedure. 7 After a Ni-P plating layer is formed on the surface of the
gl ass subst r atlhedign layeré.ect r ol ess plating nethod, the surface of the Ni-P
plating 4 is subjected to a necessary snoothing treatnent and a texturing
treatment. A magRtap 83 ieastegiofdorming a palladium catalyst layer 3 on the nickel
adhesion layer 2.
In the step S3, a palladium catalyst layer 3 is formed by converting
10 palladium to a catalyst (step S19) on the nickel adhesion layer 2.
Step S4 is a step of forming a Ni-P plating layer 4 on the palladium catalyst
layer 3.
In the step S4, a Ni-P plating layer 4 is formed by conducting electroless
Ni-P plating (steps S20 through $22) and followed by heating treatment (step
15 S23).
(Magnetic recording medium)
Fig. 2 illustrates a sectional structure of a magnetic recording medium 100
manufactured by employing the pretreatment method shown in Figs. 1 and 3.
The magnetic recording medium 100 comprises a glass substrate 1 that is a
20  nonmagnetic substrate with a disk shape, and layers sequentially laminated on
the substrate including a nickel adhesion layer 2 having a thickness of 10 nm to
50 nm, a palladium catalyst layer 3 having a thickness of 1 nm to 10 nm, and a
Ni-P plating layer 4 having a thickness of at least 1 um. On the pretreatment
layer including the layers 2 through 4, a desired magnetic recording layer 5 is

25 formed.

The magnetic recording layer 5 is formed through the following procedure.



| ayer 5 is produced by sequentially formng a nomnagnetic netallic

underl ayer, 5 a magnetic layer of a thin filmof a ferromagnetic alloy, a
protective layer, and a liquid lubricant |ayer on the pretreated surface.
A magnetic recordi ng nedium 100 nanufactured by such a nethod is comonly
used as a magnetic di sk mounted on a hard disk drive, which is an externa
storage device of an information processing apparatus, e.g., a conputer. 10
According to the invention, a well-perform ng magnetic disk can be

manuf actured conprising a Ni-P plating | ayer exhibiting enough thickness of
one to several mcrons, and satisfactory adhesiveness, honpbgeneity, and
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degreasing the s ace ‘an enovi g organic coatin a nd~par
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surface of the glass substrate | ppi ng | ution to” peel
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and to nodify the functional groups on the surface of the glass substrate

| into reéct aygagisiticiapér &f this I ofliferrdibheRgicalley, aiprotgtive 1), &k1 4n

the surface of the glass substrate | covered with reactive silanol groups
(Si-OH), an &gpidhbraaat lyerioh thd pretréacddeshiréirel at e agent (represented by 8
formula 1) or a nickel soap agent (represented by formula 2) is applied
(steps S 14 or & msjnetikhecartng nhatiomedGmaadfeesired bysspeh ametiddak bet ween
the glass commonly used as a magnetic disk mounted on a hard disk drive, which is an
external storage device of an information processing apparatus, e.g., a computer.
10 According to the invention, a well-performing magnetic disk can be
manufactured comprising a Ni-P plating layer exhibiting enough thickness of
one to several microns, and satisfactory adhesiveness, homogeneity, and
smoothness at that thickness.
The following describes in detail each step in the pretreatment method
15 shownin Fig. 3.
(Steps S11 through S13)
The surface of the glass substrate 1 is cleaned (steps S11 and S12) by
degreasing the surface and removing organic coating layers and particles.
After cleaning, an activation treatment {step S13) is conducted on the
20  surface of the glass substrate 1 by dipping in dilute acid solution to peel off
inactive oxide films existing on the surface of the glass substrate 1 and to
modify the functional groups on the surface of the glass substrate 1 into reactive
silanol groups (Si-OH).
(Steps S14 through S18)

25 On the surface of the glass substrate 1 covered with reactive silanol groups

(Si-OH), an appropriate amount of a nicked chelate agent (represented by



substrate | and the N -P plating |ayer 4. The nickel chelate agent for the
adhesion |layer material is represented by 5 general formula (1), N

(G H2i,, COCG H2j COCkH2k+ 1) --- (1), wherein i, j, and k are positive

i ntegers. The nickel chelate agent is preferably, ibr exanple, nickel
acetyl acetonate represented by fornmula (3), nickel propioneacetonate
represented by fornula (4), 10 nickel propioneethylate represented by
formula (5), or a mxture of the substances of fon-nulas (3), (4), and (5).
Ni (CH3COCH2COCH3) --- (3) Ni (C2HS5COCH2COCH3)--- (4) N
(C2H5COCH2COC2H5) - -- (5) 15 The nickel soap agent, which is another

ial f ' | [ d | 4 - nul 2
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tenperature under an 1 nert gas atnosphere, the 'nickel chelate agent“or the
ni ckel sogp 2@86ral ﬁ;hﬁﬂhl@p)’,n’al |y nodified. Organic conpounds are deconposed

and volatilized; and a
Ni (CiHyi COCH,COCHoyt1) - (1),
wherein i, j, and k are positive integers.
The nickel chelate agent is preferably, for example, nickel acetylacetonate
represented by formula (3), nickel propioneacetonate represented by formula (4),

10 nickel propioneethylate represented by formula (5), or a mixture of the

substances of formulas (3), (4), and (5).

Ni (CH;COCH,COCH3;) --(3)
Ni (C;HsCOCH,COCHj;) -- {(4)
Ni (C,HsCOCH,COC,H5s) ---(5)
15 The nickel soap agent, which is another material for the adhesion layer, is

represented by a general formula (2) and (2"),
Ni (-OOCCH(C,Hzn+1)CoHzpn): )
wherein n and p are a positive integer of one or larger.
Ni(-OOCCHam1)2 - (2)
20  wherein m is a positive integer of one or larger.
The nickel soap agent is preferably nickel 2-ethylhexanoate represented by

formula (6) or nickel stearate represented by formula (7), for example.

Ni (-OOCCH(C,H;5)C4Hs), --- (6)
Ni (-OOCC7Hss), — {7
25 In the subsequent process of baking at an appropriate temperature under an

inert gas atmosphere, the nickel chelate agent or the nickel soap agent 1s



metal | i c conponent nickel makes substitution reaction wth the silanol
group previously nodul ated and generated on the surface of the gl ass
substrate 1, obtaining a nickel nmetallic filmconposed of dehydrogenated
ni ckel silanoxide 5 (Si-ONi) (steps S16 or S17). The nickel netallization
baking treatnent is preferably conducted at a tenperature in the range of
250C to 350C for the nickel chelate agent, while at a tenperature in the
range of 300C to 400C for the nickel soap agent, for at least 30 mn. 10
Subsequent activation treatnment for the nickel nmetallic filmpeels off a
ni ckel oxide filmthat forns outernost several nanoneter |ayer of the

STl A s A B 5 ol 2
Phrougn S2% Mt qoPfinen? higkeP kit 8tibdftufibn RachioR valh B slaof B
condi ti ons. R}ﬁaﬂbﬁél&;@ﬂo(ﬁﬂbf&li 4 r%éi’lsegﬁémoh"tﬁe Qﬁﬁfg?dtjé)iaﬂfe[%aés@ﬁ%trﬁteclan be

selected fro every N -P plati ution ex I ng nmagneti ¢ dr soft

magnetic propeididingy MickBl ReRiRe ﬁmréﬁnﬁ&%a%ﬁdeﬁyafagehatlemﬁcﬁa@aﬁn@ﬁdé to

13 wt % Specific exanples of the plating solutidons™ nclude: so-calle

nonmagnet 5¢ Ii§DONIDQsEHOS U6 or SATFentrati on type N -P plating solution
(phosphorus concentration from1ll to 13 wt% for exanple NI MUDEN HDX, a

S0t o Gy el by et el matabit e
concent r at i oteriiperahetin tide vange, off AH0°ExtaFH0EC fdEthielmdkel NheBAF agentpwhilaat of
Meltex Inc., and phosphorus concentration 10
a temperature in the range of 300°C to 400°C for the nickel soap agent, for at
least 30 min.
10 Subsequent activation treatment for the nickel metallic film peels off a
nickel oxide film that forms outermost several nanometer layer of the nickel
metallic film by means of an acid treatment (step S18).
(Step S19)
A palladium catalyst generating treatment is appropriately conducted to
15  provide a catalyst layer for precipitation of Ni-P plating.
(Steps S20 through S23)
Electroless Ni-P plating is conducted under predetermined conditions.
A plating solution to form the Ni-P plating layer 4 can be selected from
every Ni-P plating solution exhibiting nonmagnetic or soft magnetic property
20 with a phosphorus concentration in the range of 1 to 13 wt%. Specific examples
of the plating solutions include: so-called nonmagnetic high phosphorus
concentration type Ni-P plating solution (phosphorus concentration from 11 to
13 wt%, for example NIMUDEN HDX, a product of C.Uyemura & Co., Ltd.),
nonmagnetic or soft magnetic, medium phosphorus concentration type Ni-P

25 plating solution (phosphorus concentration from 6 to 8 wt%, for example

MELPLATE NI-867, a product of Meltex Inc., and phosphorus concentration

10



from3 to 6 W% for exanple MELPLATE N -802, a product of Meltex Inc.),
and soft magnetic | ow phosphorus concentration type Ni-P plating solution
(phosphorus concentration froml1l to 2 w% for exanple N MJDEN LPY, a
product of C Uyenura & Co., Ltd., and TOP NI CORON LPH, a product of 5 Okuno
Chem cal Industries Co., Ltd.). The Ni-P plating | ayer can al so be forned
usi ng a hi gher phosphorus concentration type Ni-P plating solution with
phosphorus concentration higher than 14 wft%that is conmercially avail abl e
and facilitates precipitation of the plating. 10 Various types of N -P
plating is enpl oyed, depending on each purpose, including the nonmagnetic

%8&??23523?@1 SRR Bl Mhﬁmﬁfﬂﬁlﬁmwgﬂwm‘é@eiiﬁ-}

. . Ty . ! . 15
?ﬁ%”ﬁé'n?mg2;“@.9@%ﬁﬁgﬁﬁ%ﬁ%%&E%f@@s@%h@%ﬂngsp@%% B%egﬁ%%’ﬂﬂ%t‘hﬁ%g@ﬂ@@?ngé“ on
S tamrane) ! SpROBROnN e Airgic HME I 2 wifh, Ritlafhifte MIMOTRATIARES, | of

gl ass SUbStf?&@dudt%kd.ﬂg@ﬁﬂ&'é@g%f,%ﬁﬂ A BOP MORIORUN 1 PH, ang[{?g%fjro

enpl oying LZT (laser 20 zone texturing) or tape texturing;

enhance cger QMidoyCRémtalheifkiics @b_l,rntg))_ applying a bias voltage on the
substrate in the sputtering process. The soft magnetic | ow phosphorus

concentration N TReMNiaR plginki laved G@Edo befommednsBg HEhiphepRssphdtizst r at e
can be used for a soft nmagnetic backing layer 25 of a perpendicul ar

magneti ¢ recaodcergration type Ni-B plgtimpdicdution withgpisisphorgaandemngaticohigher
exhi biting high recording density can be obtai ned by a double
than 14 wt% that is commercially available and facilitates precipitation of the
plating.

10 Various types of Ni-P plating is employed, depending on each purpose,
including the nonmagnetic high phosphorus concentration Ni-P plating, the
nonmagnetic or soft magnetic medium phosphorus concentration Ni-P plating,
and the soft magnetic low phosphorus concentration Ni-P plating, as described
below.

15 The nonmagnetic high phosphorus concentration Ni-P plating layer formed
on a nonmagnetic glass substrate allows:

(1) to obtain exact smoothness for attaining high density recording that is
difficult with high rigidity glass substrate;
(2) to manufacture an anisotropically aligned medium employing LZT (laser

20  zone texturing) or tape texturing; and
(3) to enhance coercivity of a magnetic film by applying a bias voltage on the
substrate in the sputtering process.

The soft magnetic low phosphorus concentration Ni-P plating film formed
on a nonmagnetic glass substrate can be used for a soft magnetic backing layer

25  of a perpendicular magnetic recording medium. A perpendicular magnetic

recording medium exhibiting high recording density can be obtained by a double

11



11 | ayer perpendi cul ar magnetic recordi ng nediumin which soft magnetic
film called a soft nagnetic backing |ayer is provided under a nmagnetic
recording |ayer that carries information recording function. The backing
| ayer has high saturation nmagnetic flux density and facilitates flow of
magnetic flux generated 5 by the magnetic head. The nonmagnetic or soft
magneti c, medi um phosphorus concentration Ni-P plating |ayer fornmed on a
nonmagneti c gl ass substrate can be used for an wunderlayer plating film
(striking plating) that is an adhesion | ayer between a | ow phosphorus
concentration Ni-P plating filmand the nonmagnetic substrate, as 10 well

i i and ih2‘53%636@%1?2@&%%?Q%%@%ﬁ%?’i@?g RIS BRI 5o s i iR en:
N P prati ng s asghdathdic Slodhd fabef RROSIGER, hfefhiiadbicTeCRUEM 2o
| 40 2 : ! Lh :
roat mont af T VRAlEric IIRGRARY docofiig HIRAIGH "Phe bicdig Iy Ss bilh, 4
tenperature ispkiiford ARGRcRE 4R Ucksit) aREaFlifREs AdW cﬁe}ﬁé%ﬂetf&r i g@ferateqer t

gas at nosphere. Degree of surface roughness Ra of the giass subStrate |
af fects pBysibgahe napaleit hegdef f ect on adhesi veness of the N -P plating
| ayer 4. For surface 20 roughness Ra larger than 0.5 rim there is certain

expectation of eThemeamagheé or soif esagremiesmedfurh phobphdrup CohédigrativneVi-B.
For surface roughness Ra smaller than 0.5 rim physical anchoring effect

i s hardly expéatirgdlager formeidtorea sonotagnetiaghkss sulsttatatan be ubkd ésrtdrel ess, the
nmet hod of the invention allows such an ultra snooth glass substrate 1 with

t he surface uodghapsplatimg figm (striung platmy) thatds aradhesion dayer detwweanr y low
adnesi veness p?lgsgl?o?'uls\l Légce%tgs:iiog%\lil—%¥?gti§g' film and the nonmagnetic substrate, as

10  well as applications that use the high phosphorus concentration Ni-P plating film
and the low phosphorus concentration Ni-P plating film.

Subsequent heating treatment (at 250°C for 4 hr) completes forming an
electroless Ni-P plating layer 4 having a thickness at least 1.0 pm that exhibits
excellent adhesiveness, homogeneity, and smoothness.

15 This heating treatment after the electroless Ni-P plating is preferably
conducted at a temperature in the range of 250°C to 300°C for at least 1 hr in an
inert gas atmosphere.

Degree of surface roughness Ra of the glass substrate 1 affects physical
anchoring effect on adhesiveness of the Ni-P plating layer 4. For surface

20  roughness Ra larger than 0.5 nm, there is certain expectation of enhancement of
adhesiveness of the Ni-P plating layer 4. For surface roughness Ra smaller than
0.5 nm, physical anchoring effect is hardly expected on an ultra smooth glass
substrate 1. Nevertheless, the method of the invention allows such an ultra
smooth glass substrate 1 with the surface roughness smaller than 0.5 nm to

25  exhibit satisfactory adhesiveness of the Ni-P plating layer 4.

As described previously, a strong chemical bond is developed between the

12



As described previously, a strong chem cal bond is devel oped between the 12
gl ass substrate | and the nickel adhesion layer 2 at the interface on the
gl ass substrate | by generation of the dehydrogeni zed ni ckel silanoxide
(Si-ONi) from the silanol group (Si-OH) on the glass substrate | and the
ni ckel chel ate agent or the nickel soap agent that is a material of the

ni ckel adhesion |layer 2. The 5 chem cal bond assures sufficient

adhesi veness of the N -P plating layer 4 even on an ultra snooth gl ass
substrate 1. A N-P plating layer 4 formed on a glass substrate | obtained
according to the nethod of the invention has an enough thickness (in the

Liﬂ%ge‘n’fei ty, i B Ml the Rigkeladhe SRR A s ROk BR S ot cessary
USi ng every NEEROSF Et@’n%&é%?%@?%’%ﬁ{é&ﬁf.&@?ﬁﬁé%@?ﬁﬁlﬁ&%&%ﬁ@%ﬂ?@%@“%ﬁ& E

ery _ | i
Phe i nvant | ony TR RRGup 51 O BEWiles SBSRREL AN ERIALG cr BB
part's as i n dhenickePlodsRRR 1ok iCHRRULARIGS BeRick] 8RB |HRFD. Spol . and

description is omtted. i s second enbodi nent cribes anpl es and

Conpar ati e Ekamtat bondhaturds SuffRasnt ddheSveARdsT the NILE hIRRETRRr 4BV d1Pds
for the glass substrate 1. Table | shows treatnent conditions for each

treat nent st ¢p.anhile@atsimenithadstsabstrate [Tabl e | are treatment steps,
treatnment liquid, concentration, tenperature, treatnent tine, and the

other. The tr eat AeNi-Psplefing (dyerdhformgt of9) glags selsgieatel 1 tobtaihbd asdariingSol |
through S2 3 in Fig. 3. 13 Table 1
the method of the invention has an enough thickness (in the range of 1 um to 5
um) and exhibits satisfactory adhesiveness, homogeneity, and smoothness at
10 that thickness range, which are necessary to obtain a magnetic disk having an
excellent magnetic recording layer 5, using every Ni-P plating solution
exhibiting nonmagnetic or soft magnetic property.
[Second aspect of embodiment]
The second aspect of embodiment of the invention is described referring to
15 Table 1 and Table 2. The same parts as in the first aspect of embodiment are
given the same symbol, and description is omitted.
This second embodiment describes Examples and Comparative Examples
that are specific examples of pretreatment methods for the glass substrate 1.
Table 1 shows treatment conditions for each treatment step. Treatment
20 items in Table 1 are treatment steps, treatment liquid, concentration, temperature,

treatment time, and the other. The treatment steps (1) through (9) correspond to
the steps S11 through S23 in Fig. 3.

13



treat ment steptreatnent
C (1) detergent degreasingal kali

degr easi ngKOH7. 5503 min (3) glass activationHF + NH3F1. 0203 nmin (4)

application of N
soap agent Ni
acetyl acetonate-3001 hrin N2 baking N
activation of HNO3 sol ution30202 nmin Ni
PdC12 + NaOH3.0203m n Pd catal yst
m n MELPLATE NI -867-7035 mnin

10

2- et hyl

Table 1

acetyl acetonate 0.320- Ni
hexanat e 0.320- /cycl ohexane (5) N
hexanat e- 3801 hrin N2 (6)
metallic film(7) formation of

| ayer (8) Ni-P platingN MJUDENN HDX- 8020

2- et hyl

| i qui dconcentra- tenpera- timeother tion (w%ture
detergent1.5503 mn (2) alKkali

chel ate agent or/toluene N

metal lizing N

treatment step treatment liquid concentra- | tempera- | time | other
tion (wt%) | ture (°C)
(1) detergent degreasing alkali detergent 1.5 50 3 min
(2) alkali degreasing KOH 7.5 50 3 min
(3) glass activation HF + NH3F 1.0 20 3 min
(4) application of Ni acetylacetonate 0.3 20 -
Ni chelate agent or /toluene
Ni soap agent Ni 2-ethyl hexanate 0.3 20 -
/cyclohexane
(5) Ni metallizing Ni acetylacetonate - 300 lhr | inN;
baking
Ni 2-ethyl hexanate - 380 1hr | inN;
(6) activation of HNOj3 solution 30 20 2 min
Ni metallic film
(7) formation of PdCl; + NaOH 3.0 20 3min
Pd catalyst layer
(8) Ni-P plating NIMUDENN HDX - 80 20 min
MELPLATE NI-867 - 70 35 min
NIMUDEN LPY - 80 25 min
(9) heating - 250 4hr | mN;

The following describes specific examples conducted under various

treatment conditions.

(Example 1)

Description 1s made on Example 1.

A chemically reinforced glass substrate was used for a glass substrate 1. A

Ni-P plating layer 4 indicated in Fig. 2 was formed by means of an electroless

plating method through the treatment steps (1) through (9) on the substrate

surface under the conditions given below.

(1) Detergent degreasing: detergent concentration 1.5 wt%, a treatment at 50°C

for 3 min

(2) Alkali degreasing: KOH concentration 7.5 wt%, a treatment at 50°C for 3

min

14




NI MUDEN LPY-8025 mn (9) heating-2504 hrin N2 The follow ng descri bes
speci fi c exanpl es conducted under various treatnent conditions. 5 (Exanple
1) Description is made on Exanple 1. A chem cally reinforced gl ass
substrate was used for a glass substrate 1. A N -P plating | ayer 4
indicated in Fig. 2 was fornmed by neans of an electroless plating nethod

t hrough the treatnent steps (1) through (9) on the substrate 10 surface
under the conditions given below (1) Detergent degreasing: detergent
concentration 1.5 w% a treatnment at 50C for 3 mn (2) Al kali degreasing:
KCOH concentration 7.5 ww% a treatnent at 50C for 3 mn 14 (3) G ass

f ' ' : £ con, ' oC
purtace, act (9, e i IS RANEAPLE L 2t ln . 60 REBhl: £

adhesi on | ayeppc prPInil@at ion by dipping in nickel acetylacetonate / toluene
solution with nicke acetyl acetonate concentration 0.3 wt% (5) Baking

for nickel ”%ﬂﬁ'AﬁﬂR‘itiBh!dPniékél%%ﬁ@e hEah! ;H'Eilatt?ﬂiél fok hiCAGP RN RyERS phere

at 300C for r ((6) Activation of nic metallized

oo Lot SAFLCHRI b ARSI oA s AR S TPY g
treat ment 5at agé@gldcetormhtétoncentration 0.3 wi%

(5) Baking for nickel metallized film: a baking treatment in nitrogen gas
atmosphere at 300°C for 1 hr
(6) Activation of nickel metallized film: HNO; concentration 30 wt%, a
treatment at 20°C for 2 min

10 (7) Formation of palladium catalyst layer: concentration of PACl, + NaOH 3.0
wt%, a treatment at 20°C for 3 min
(8) Formation of Ni-P plating layer: plating solution NIMUDEN HDX
(phosphorus concentration 15 - 20 wt% produced by C.Uyemura & Co., Ltd., a
treatment at 80°C for 20 min (Ni-P plating layer thickness 3.0 um)

15 (9) Heating of Ni-P plating layer: a heating treatment in nitrogen gas
atmosphere at 250°C for 4 hr
(Example 2)

Description is made on Example 2.
A Ni-P plating layer 4 was formed by means of an electroless plating

20  method through the same treatment steps and under the same conditions as in
Example 1 except the following step and condition.
(8) Formation of Ni-P plating layer 4: plating solution MELPLATE NI-867
(phosphorus concentration 6 - 8§ wi% produced by Meltex Inc., a treatment at
70°C for 35 min (Ni-P plating layer thickness 3.0 pum)

25 (Example 3)

Description is made on Example 3.

15



(8) Formation of Ni-P plating layer: plating solution N MJUDEN HDX
(phosphorus concentration 15 - 20 wt % produced by C Uyenura & Co., Ltd., a
treatment at 80C for 20 mn (N -P plating |layer thickness 3.0 m 15 (9)
Heating of Ni-P plating |ayer: a heating treatnent in nitrogen gas

at nosphere at 250C for 4 hr (Exanple 2) Description is nmade on Exanple 2. A
Ni -P plating |layer 4 was fornmed by neans of an el ectrol ess plating 20

met hod through the sanme treatnent steps and under the sanme conditions as in
Exanple 1 except the followng step and condition. (8) Formation of Ni-P
plating |layer 4: plating solution MELPLATE NI -867 (phosphorus

mn (N - I?f oi at 1 N erlahg BEE W es By fepins B bh SEcRBHss Blatings < “rme
EX 3 j - ' f. .

cloct 0l ess ﬁ%@?@&%ﬁ%ﬁ%@&?ﬁ?5%3@%%2“%@5%{({’@@%&@%ﬁ@?@%&fﬁ%ﬁﬁg i che

(8) For mat | ofapip 1 pxopHPaR BlbWINE Sieb dnifedndiads 00 S VPRV BYE | O

(phosphorus ggnqaiiadbh o Ni-p @t&ﬁgﬁa@%ﬁﬂi&%?&u&%@@%@Y Ltd.), a

treatment at Ctor 25 mn ( ( er thickness 3.0 pm). (Exanple
4) Descri pti ¢phdsphopeiecaitebaiohe 4 W/J\{broau@é@bx@Uy@mﬁa& @S, fdnmed by

means of an el ectrol ess plating 10 nethod through thé same treatnment steps
and under t hercagfentcar89°Cifong5afin (Ni-P plating layer thickness 3.0 pum).
(Example 4)
Description is made on Example 4.
A Ni-P plating layer 4 was formed by means of an electroless plating
10  method through the same treatment steps and under the same conditions as in
Example 1 except the following steps and conditions.
(4) Application of nickel soap agent, a material for nickel adhesion layer:
application by dipping in nickel 2-ethyl hexanate / cyclohexane solution with
nickel 2-ethyl hexanate concentration 0.3 wt%,
15 (5) Baking for nickel metallized film: a baking treatment in nitrogen gas
atmosphere at 380 °C for 1 hr,
(8) Formation of Ni-P plating layer: plating solution MINUDENN HDX
(phosphorus concentration 11 - 13 wt%, produced by C.Uyemura & Co., Ltd.), a
treatment at 80 °C for 20 min (Ni-P plating layer thickness 3.0 um).
20 (Example 5)

Description is made on Example 5.

A Ni-P plating layer 4 was formed by means of an electroless plating
method through the same treatment steps and under the same conditions as in
Example 1 except the following steps and conditions.

25 (4) Application of nickel soap agent, a material for nickel adhesion layer:

application by dipping in nickel 2-ethyl hexanate / cyclohexane solution with

16



Exanpl e 1 except the follow ng steps and conditions. (4) Application of

ni ckel soap agent, a material for nickel adhesion |ayer: application by

di pping in nickel 2-ethyl hexanate / cycl ohexane solution with nickel

2- et hyl hexanate concentration 0.3 W% 15 (5) Baking for nickel netallized
film a baking treatnment in nitrogen gas atnosphere at 380 C for 1 hr, (8)
Formation of Ni-P plating layer: plating solution M NUDENN HDX (phosphorus
concentration 11 - 13 wm % produced by C UWenura & Co., Ltd.), a treatnent
at 80 Cfor 20 min (N -P plating | ayer thickness 3.0 m). 20 (Exanple 5)
Description is made on Exanple 5. A N -P plating |layer 4 was forned by

Zﬁg”ﬁnﬁgr T dige® %@ﬁ%@%ﬂiﬁkﬁ”g@qeﬁﬂ%@&‘ . cxcept the To | Sﬁmnhgsisf cps
i ckel - athesioh Fakef For Rl RLP A iing BRRuARRni ol 80 Fecanat e /

cycl ohexane % ) 2-et hyl hexanate concentration 0.3 W%
(5) Baking f%r F]llgc %n%tggl ?I zeghﬁi | m baking treatnment in nitrogen gas

at nosphere a pl ati ng
sol ution NELEE%?%&IEIIIE@%%?&SN {gt%%%%ég%ygpc%nc %tg?lytnlo grll\H gﬁ'ﬂggr E%/Ig?%zjuced by

Mel tex | ng.) (pRodpheahid®driceatratiéh'6C & %%’)ﬁrd@u@e& Hy hﬁeﬁéz@lﬁ I\P al tFos@mehhatCkness
3.0 jim (Exanplé 6) Description is nade on P plating |ayer

4 was formed 709CrfeaBS min @Ni- Eblmhfgolla?élsth@élﬁieb@g 0 p.m)
(Example 6)

Description is made on Example 6.
A Ni-P plating layer 4 was formed by means of an electroless plating
10 method through the same treatment steps and under the same conditions as in
Example 1 except the following steps and conditions.
(4) Application of nickel soap agent, a material for nickel adhesion layer:
application by dipping in nickel 2-ethyl hexanate / cyclohexane solution with
nickel 2-ethyl hexanate concentration 0.3 wt%,
15 (5) Baking for nickel metallized film: baking treatment in nitrogen gas
atmosphere at 380 °C for 1 hr,
(8) Formation of Ni-P plating layer: plating solution NIMUDEN LPY
(phosphorus concentration 1 - 2 wt% produced by C.Uyemura & Co., Ltd.), a
treatment at 80°C for 25 min (Ni-P plating layer thickness 3.0 um).
20 Comparative examples to Examples 1 through 6 shown above are described
below.
(Comparative Example 1)
Description is made on Comparative Example 1.
A chemically reinforced glass substrate was used for a glass substrate 1.
25 A Ni-P plating layer was formed by means of an electroless plating method

through the treatment steps (1) through (7) on the substrate surface under the
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10 nethod through the sane treatnent steps and under the same conditions as
in Exanple | except the follow ng steps and conditions. (4) Application of
ni ckel soap agent, a material for nickel adhesion layer: application by

di pping in nickel 2-ethyl hexanate / cycl ohexane solution with nickel
2-ethyl hexanate concentration 0.3 w% 15 (5) Baking for nickel netallized
film baking treatnment in nitrogen gas atnosphere at 380 T for | hr, (8)
Formation of Ni-P plating layer: plating solution NI N\DEN LPY (phosphorus
concentration I - 2 wt % produced by C Uyemura & Co., Ltd.), a treatnent at
80'C for 25 min (N -P plating layer thickness 3.0 Pn. 20 Conparative

exanples to r 6 shown above are described bel ow.
( Conpar ative%éggﬁn%ﬂ%é Sg}?wéelgég%ption is made on Conparative Exanple 1. A

AN - P pl a1 ) e e Rl el S 3 AR BRE  S o

t hrough the tfpeatpmnt steps (1) through (7) on the substrate surface under
the 17 conditions shown below. (1) Detergent degreasing: detergent

concentratio &Q}{-ﬂkﬂi%eg?edsﬁ@mﬂt coticeRRation 79 w4 'ireaﬁﬁénﬁict: lS]@"’GrI fgr 3 :

degr easi ng: concentration 7.5 w.1/6, a treatnent at 50 o] m n,
(3) Roughéni mginpf gl ass surface: chromc acid plus sulfuric acid
concentrations 40 wt% plus 40 wQ' o, a treatnent at 60'C for 10 mn, (4)
Cat al yst tredByroughenimpobglinss syrfave: shamicacid phisnrifuriatacZdcéhdentraliGngi n
in

40 wt% plus 40 wt%, a treatment at 60°C for 10 min,
(4) Catalyst treatment for catalyst provision: a treatment at 20°C for 30 min in
an aqueous solution of a mixture of 0.3 g/L of PACl, plus 15 g/L of SnCl, 2H,0O
10 plus 200 mL/L of 36 % HCJ,
(5) Acceleration treatment for catalyst provision: a treatment at 50°C for 5 min
in an aqueous solution of 100 g/L of H,SO,,
(6) Formation of Ni-P plating layer 4: plating solution NIMUDEN HDX
(phosphorus concentration 15 - 20 wt%, produced by C.Uyemura & Co., Ltd.), a
15  treatment at 80°C for 3.0 min (Ni-P plating layer thickness 0.4 pm; film
deposition thicker than 0.4 pm was impossible due to peeling occurred during
the plating process.),
(7) Heating of Ni-P plating layer: a treatment in nitrogen atmosphere at 250°C
for 4hr.
20 (Comparative Example 2)

Description is made on Comparative Example 2.

A Ni-P plating layer 4 was formed by means of an electroless plating
method through the same treatment steps and under the same conditions as in
Comparative Example 1 except the following step and condition.

25 (6) Formation of Ni-P plating layer: plating solution MELPLATE NI-867

(phosphorus concentration 6 - 8 wt%, produced by Meltex Inc.), a treatment at
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an aqueous solution of a mxture of 0.3 g/L of PdC12 Plus 15 g/L O SnCl2
2H20 10 plus 200 nL/L of 36 % HCI, (5) Acceleration treatnent for catalyst
provision: a treatnent at 500C for 5 min in an aqueous solution of 100 g/L
of H2SO4, (6) Formation of N -P plating |layer 4: plating solution N MJDEN
HDX (phosphorus concentration 15 - 20 wl/o0, produced by C Uyenura & Co.,
Ltd.), a 15 treatnent at 80T for 3.0 mn (N -P plating |ayer thickness 0.4
gm filmdeposition thicker than 0.4 gin was inpossible due to peeling
occurred during the plating process.), (7) Heating of N -P plating |ayer:
a treatnment in nitrogen atnosphere at 250'C for 4hr. 20 (Conparative

Examol e 2 o ._ . ' ~ e

ayer 4 as P by MRS A RRE PGS AL dthSiron Fidker e
treat _ > r .

el e 1 ex ot Oy e o ARG PR W ReRTEbboBR BTG RMEE PG - o

plating layegg méﬁrrétg‘% Eg%ﬁgié)gl) MELPLATE NI -867 (phosphorus concentration

6 - 8 % progu ed by Meltex I'nc.), a treatnent at 18 80'C for 9.0 mn

(Ni - P plating | aprekciiptiék Re@ade of Cdparative dBRegiEi3on thicker than 0.7 gm
was i npossible due to peeling occurred during the plating process.).

(Conpar at fve ExampNé-Pplabiasdayartwanformetitemem oM ertirsRsEshiigandthod A
Ni -P plating | ayer was fornmed by neans of an el ectrol ess plating nethod
t hrough the shwomghrthatametircit@pat stops amndlendéhbe same conddidrisasgnas in

Conparative Exanple | except the follow ng step and condition.
Comparative Example 1 except the following step and condition.
(6) Formation of Ni-P plating layer: plating solution NIMUDEN LPY
(phosphorus concentration 1 - 2 wt%, produced by C.Uyemura & Co., Ltd.), a
10 treatment at 80°C for 3.0 min (Ni-P plating layer thickness 0.5 pum; film
deposition thicker than 0.5 pm was impossible due to peeling occurred during
the plating process.).
Table 2 shows the evaluation results on Examples 1 through 6 and
Comparative Examples 1 through 3. Evaluation items in Table 2 are adhesion
15 layer, plating layer, plating film thickness, adhesive force, and surface roughness
(Ra). The marks O and X indicate sufficient adhesive force and insufficient

adhesive force, respectively.

20

25
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(6) Formation of Ni-P plating layer: plating solution N MUEN LPY
(phosphorus concentration | - 2 wt% produced by C UWenmura & Co., Ltd.), a
10 treatnment at 80'C for 3.0 mn (N -P plating layer thickness 0.5 PM film
deposition thicker than 0.5 pmwas inpossible due to peeling occurred
during the plating process.). Table 2 shows the evaluation results on
Exanples | through 6 and Conparative Exanples | through 3. Eval uation
items in Table 2 are adhesion 15 layer, plating layer, plating film

t hi ckness, adhesive force, and surface roughness (Ra). The marks 0 and X

I ndi cate sufficient adhesive force and insufficient adhesive force,
respectively13393§5 19 Tabl e 2 adhesion plating | ayer adhesive surface

| ayer pl ati ng I"ayert hi ckness forceroughness ( )(run) EX 1IN chel at eNl MUDEN
HDX3. 000. 32 Ex 2Ni chel at eMELPLATE 3. 000. 33 NI -867 Ex 3N chel at eNI MUDEN
LPY3. 000. 30

adhesion plating layer plating layer| adhesive surface
layer thickness force roughness

(pm) (nm)

Ex 1 Ni chelate NIMUDEN HDX 3.0 O 0.32

Ex 2 Ni chelate MELPLATE 3.0 O 0.33
NI-867

Ex 3 Ni chelate NIMUDEN LPY 3.0 O 0.30

Ex 4 Ni soap NIMUDEN HDX 3.0 O 0.35

Ex5 Ni soap MELPLATE 3.0 O 0.36
NI-867

Ex 6 Ni soap NIMUDEN LPY 3.0 O 0.34

CEx 1 Sn/Pd NIMUDEN HDX 0.4 X 0.56

CEx 2 Sn/Pd MELPLATE 0.7 X 0.57
NI-867

CEx 3 Sn/Pd NIMUDEN LPY 0.5 X 0.61

Actual evaluation of adhesiveness of the Ni-P plating layer 4 was carried
5 out according to the “Cross-cut Peeling Test” (Japanese Industrial Standards
(JIS) K 5400 6.15) on the glass substrates 1 on which Ni-P plating layer is plated
by an electroless plating method.

Mean surface roughness Ra was measured using an atomic force

microscope (AFM) on the glass substrate 1 before and after plating. The mean
10  surface roughness Ra before plating was 0.25 nm.

As shown in Table 2, the thickness of the Ni-P plating layer 4 formed on
the glass substrate 1 by electroless plating attained 3.0 pm on the layers that
were fabricated in Examples 1 through 6 by the treatment steps and conditions
according to the invention shown in Table 1. Table 2 also confirms that the Ni-

15 P plating layers 4 in the Examples exhibit sufficient adhesivity in the range from
low phosphorus concentration to high phosphorus concentration.

Surface roughness Ra was smaller than or equal to 0.5 nm and micro
20



Ex 4Nl soapN MUDEN HDX3. 000. 35 Ex 5Ni soapMELPLATE 3. 000.36 N -867 Ex 6N
soapNl MUDEN LPY3. 000.34 CEx 1Sn / PdN MJUDEN HDXO0. 4X0. 56 CEx 2Sn /
PAMELPLATE 0. 7X0. 57 NI -867 CEx 3Sn | PdNI MUDEN LPYO. 5X0. 61 Act ual

eval uati on of adhesiveness of the Ni-P plating |ayer 4 was carried 5 out
according to the "Cross-cut Peeling Test" (Japanese Industrial Standards
(JI'S) K 5400 6.15) on the glass substrates 1 on which N-P plating |ayer is
plated by an electroless plating nethod. Mean surface roughness Ra was
measured using an atomc force mcroscope (AFM on the gl ass substrate 1
before and after plating. The nean 10 surface roughness Ra before plating
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formed on the glass su ating attai m on
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steps and conditions accor gtot I nvention 1. Table 2
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sufficient adhesivity in the range from | ow phosphorus concenfration to
hi gh phosphoidigksconcentrati on. Surface roughness Ra was snaller than or
equal to 0.5 nmand mcro 20 surface wavi ness W was snal |l er than or equal
to 0.5 nmafter Iheomtrat, theg thickness of the Ni-P plating layer 4 formed on the glass

substrate 1 by electroless plating fell in the range of 0.4 to 0.7 um on the layers
that were fabricated in Comparative Examples 1 through 3 according to the
known technology. It has been shown that a thick film not smaller than 1.0 pm
is impossible and adhesiveness to a glass substrate 1 is significantly degraded.

10 As described so far, the method of the invention for forming a Ni-P plating
layer comprises steps of degreasing and glass activation treatments on a glass
substrate surface, application treatment of a nickel chelate agent or a nickel soap
agent on the glass substrate surface, metallizing baking treatment of the nickel-
containing agent, activation treatment of the nickel metallized film to form a

15 nickel adhesion layer 2, treatment for forming a palladium catalyst layer 3 on the
nickel adhesion layer 2, electroless Ni-P plating in the phosphorus concentration
range of 1 to 13 wt% on the palladium catalyst layer 3 to form a Ni-P plating
layer 4, and a heating treatment. Owing to these featured treatment processes
according to the invention, the Ni-P plating layer formed by electroless plating

20 has a thickness at least 1.0 pm and exhibits sufficient adhesivity, homogeneity,
and smoothness. Therefore, a magnetic disk can be manufactured that is
provided with a well-performed magnetic recording layer on a glass substrate.

A magnetic recording medium according to the invention is manufactured

by the method comprising the above-described pretreatment processes on the

25 nonmagnetic substrate and comprises a pretreatment layer including a nickel

adhesion layer, a palladium catalyst layer, and a Ni-P plating layer sequentially
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has been confirmed that the increase of surface roughness is insignificant
and the surface roughness is sufficiently held within the range required
by magnetic disks. 5 In contrast, the thickness of the Ni-P plating |ayer
4 formed on the glass substrate 1 by electroless plating fell in the range
of 0.4 to 0.7 mon the layers that were fabricated in Conparative Exanples
1 through 3 according to the known technology. It has been shown that a
thick filmnot smaller than 1.0 gm is inpossible and adhesiveness to a

gl ass substrate 1 is significantly degraded. 10 As described so far, the
met hod of the invention for formng a NN-P plating |ayer conprises steps

of degreasin S t.| iLon treatnents on | ass .. substr.a

aur f ace. appriflf] B8 b Ropghtie IR tRe fld BrlgBifeus EBHfiBk Bveroas
agent on the~gl - al.l 11z i t he
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N - P plating recorlifify PR BaYmeCPREANd IR mb AR, Rlcoldih® Ldvér thitdan the
pal | adi um catal yst layer 3 to forma N -P plating ayer 47 dnd a heating
treatnment 5 Onhiné® t hese featured treatnent processes according to the
invention, the NN-P plating |layer formed by electroless plating 20 has a
thickness at least 1.0 gmand exhibits sufficient adhesivity, honopgeneity,
and snoot hness. Therefore, a magnetic di sk can be manufactured that is
provided with a well-performed nagnetic recording |ayer on a gl ass
substrate. A magnetic recordi ng nedium according to the invention is

manuf actured by the method conprising the above-descri bed pretreatnent
processes on the 25 nonmagnetic substrate and conprises a pretreatnent

| ayer including a nickel adhesion |ayer, a palladiumcatal yst |ayer, and a
Ni -P plating | ayer sequentially 21
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| am nat ed between the nonmagnetic substrate and the magnetic recording

| ayer. The pretreatnent |ayer achieves sufficient plating |ayer thickness,
satisfactory adhesiveness with the substrate, and honogeneity. Therefore,
a magnetic recording nedium having a well-perfornmed magnetic recording

| ayer can be 5 obtained. 22 What is clained is: 1. A nethod of pretreating
a nonmagnetic substrate before formng a magnetic recording |ayer thereon,
t he net hod conprising steps of 5 cleaning a surface of the substrate;
formng a N layer on the surface of the nonmagnetic substrate after
cleaning; formng a palladiumlayer that is a catalyst layer on the N

| ayer; and Egh lpgkﬁngdg plating layer on the palladiumlayer. 10 2. The
met hod accor g? 1, wherein the substrate is a glass substrate;
the step of cleaning the substrate surface includes a step of degreasing
the substrate surface and a step of activating the substrate surface; 15

the step of flor”hnxﬂe{l{b‘ﬂk o f¥iin a%ﬂ%bHﬂﬁ%n@tlé’s tPJt%BPeré"f&‘i’n o ckel

chelate agent or a nic soap ent, a-step o I Zi ng k| ng the

ni ckel chel atr&%\lni%ﬁ%%c&ﬂlﬁé:% vBE fefors 9RO nRIRA coﬁgal I ﬁﬁ%(ﬂ; activating

the netallized I ayer e step of formng the yer includes a
step of cenvertigigahit@ a RAFARMDURE sab/Fatt0 a catal yst layer; and 20 the

step of forming the Ni-P plating |ayer includes a step of electrol ess
plating the N - PfarhdhgnadNl Ryer oatke surfadd ohegosheignefic kelbdtiatg afteeat ment .
cleaning;
forming a palladium layer that is a catalyst layer on the Ni layer; and

forming a Ni-P plating layer on the palladium layer.

10

2. The method according to claim 1, wherein

the substrate is a glass substrate;

the step of cleaning the substrate surface includes a step of degreasing the
substrate surface and a step of activating the substrate surface;

15 the step of forming the Ni layer includes a step of applying a nickel chelate
agent or a nickel soap agent, a step of metallizing baking the nickel chelate
agent or the nickel soap agent, and a step of activating the metallized Ni layer;

the step of forming the palladium layer includes a step of converting the
palladium layer to a catalyst layer; and

20 the step of forming the Ni-P plating layer includes a step of electroless

plating the Ni-P plating layer and a following step of heating treatment.

3. The method according to claim 1 or 2, wherein
the step of forming the Ni layer includes a step of baking a nickel chelate
25 agent or a nickel soap agent to form a nickel metallic film;

the step of forming the palladium layer includes a step of bonding
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3. The method according to claim1 or 2, wherein the step of formng the N
| ayer includes a step of baking a nickel chelate 25 agent or a nickel soap
agent to forma nickel netallic film the step of formng the pall adi um

| ayer includes a step of bonding 23 palladiumwith a surface of the nickel
metallic film and the step of formng the N-P plating layer is carried
out by electroless plating after the step of bonding, and includes a
subsequent step of heating treatnment. 5 4. The nmethod according to claim
1, wherein surface roughness of the substrate surface after the
pretreatnent is at nost 0.5 nm and nicro surface wavi ness is at nost 0.5

nas 2 st r ucPALEIREh PR FUESBE HUIKE! ProthlTR A + OC: Ho: 00OKFDKL )
nocordlng toCer el ssep %%lﬂg?‘hf‘el‘lp B RHng Jarrr 30 Ehtiad by IR o
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net hod accordi.ng ta claim2, wherein the step of metallizing baking is
carried out In an |nert gas atnosphere and at a tenperature in a range of
250C to 400C. 8. The nethod according to claim2, wherein the step of
converting the 25 palladiumlayer to a catalyst Iayer is a treatnent of

pal I adi um chiyori gge method according to claim 1, wherein surface roughness of the
substrate surface after the pretreatment is at most 0.5 nm and micro surface

waviness 1s at most 0.5 nm.

10 5. The method according to claim 2, wherein the nickel chelate agent has a
structure represented by formula (1):
Ni (CiHais 1 COCH,COC Hyr1) - (1),

wherein 1, j, and k are positive integers.

15 6. The method according to claim 2, wherein the nickel soap agent has a
structure represented by formula (2):
Ni (-OOC(CH)m(CrH20)CoHzp1)2 --= (2),

wherein m is O or 1, n is 0 or a positive integer, and p is a positive integer.
20 7. The method according to claim 2, wherein the step of metallizing baking is
carried out in an inert gas atmosphere and at a temperature in a range of 250°C

to 400°C.

8. The method according to claim 2, wherein the step of converting the

25 palladium layer to a catalyst layer is a treatment of palladium chloride.
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24 9. The nethod according to claiml1 or 2, wherein the Ni-P plating | ayer
contai ns phosphorus in a range of 1.0 wt%to 13.0 wt % and has a thickness
at least 1.0 gm 5 10. The nethod according to claim2, wherein the
heating treatnent is carried out at a tenperature in a range of 250C to
300C for at least 1 hr. 11. A magnetic recordi ng nmedi um conprising a
nonnagneti ¢ substrate, a magnetic recording |ayer forned above the
substrate, and a pretreatnent |ayer 10 formed between the substrate and the
magnetic recording |layer by the method of pretreating the substrate
defined by any one of clainms 1 through 10, the pretreatnent |ayer

conprising a.nic ion |.ayer for the su pal | adi um
catal yst | aygr f%ﬁ tg‘ﬁ‘???@r mfiyftrr whdein tRFN:‘a]%)P]ﬂq aV‘?aryer
formed on t h%oﬁ atlﬁasI hosp &S in alrange of 1.0 wt% to 13.0 wt% and has a thickness at

least 1.0 pm.

5 10. The method according to claim 2, wherein the heating treatment is carried

out at a temperature in a range of 250°C to 300°C for at least 1 hr.

11. A magnetic recording medium comprising a nonmagnetic substrate, a
magnetic recording layer formed above the substrate, and a pretreatment layer

10  formed between the substrate and the magnetic recording layer by the method of
pretreating the substrate defined by any one of claims 1 through 10, the
pretreatment layer comprising a nickel adhesion layer formed on the substrate, a
palladium catalyst layer formed on the adhesion layer, and a Ni-P plating layer
formed on the catalyst layer.

15
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