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TI TLE OF THE | NVENTI ON METHOD OF MANUFACTURI NG A DI SK
SUBSTRATE FOR A MAGNETI C RECORDI NG MEDI UM 5

CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
application is based on, and clains priority to,
Japanese Application No. 2004-219195, filed on July
27, 2004, and No. 2005- 10 038617, filed on February
TITLECOF THE ENVENTFION Wi ch are incor por at ed
herein by reference. BACKGROUND OF THE | NVENTI ON 15
1. Field of the Invention The present invention
relates to a nethod of plating on a base plate

MOPHSD OF MANBFAGFURING ADIBK SUBSTRATE FOR A

manuf act ur i ng a disk substrate for a magnetic

‘(EI\?’T‘? rmnu @RBINGINPEB g method, 20 and a

acturing a perpendicul ar nmagnetic
recordi ng nediumusing the nmethod of manufacturing a
di sk substrate. In particular, the nethods are

CROMSR B ERIRCECTPRTAINED SEPIIATIO R o

the Related Art In recent years hard di sk drives are
often used for a nmenory device in conputers or

ai SEys ARREAN B PasBRGRR A RETIR Brituits 1o, ibdhese
A eAln N o HRI68! e IR} %2004, B §95.°2005-
038617, filed on February 16, 2005, the contents of which are

incorporated herein by reference.
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a method of plating on a base

plate composed of a glass material, a method of manufacturing a disk

substrate for a magnetic recording medium using the plating method,

and a method of manufacturing a perpendicular magnetic recording
medium using the method of manufacturing a disk substrate. In
particular, the methods are beneficially applied to a magnetic

recording medium mounted on a hard disk drive.



10

15

20

25

magneti c recordi ng system by the foll ow ng procedure.
A N-P layer 1is forned on the surface of a
nonmagneti c substrate with a di sk shape by an

el ectrol ess plating nethod. The surface of the Ni-P

| ayer is 10 subjected to necessary snoothing treatnent
and texturing treatnent. Then, an underl ayer of a
2n0nD'é§B?ipt(ioﬁ%fathe Rdege ﬁtAiBt | ayer of a

ferromagnetic alloy thin fil a protective |ayer, and
ot her |ayers are sequentlally formed on this surface
by a sputtering nethod or other techniques. 15

T" ) bopaa eard IRLMTHRIN ALY d}%soﬁgﬁnugég%&oa remory

materia nonnmagneti c substrate. Recent

i h
dgifﬁﬁ i cl‘Sfﬁ’%ﬁfan dBI’E‘ (ﬁﬁ?tal Béﬁhggpm& %gfrplciﬁﬁ% t y% magnetic disk

er sl z res pon
AT 0, TR b SRR AR e e

IEYRES %Eiﬁoﬁrﬁ‘fﬁﬂlﬁﬁflb\@@é‘*ufée‘%ﬁ Ehé nq%g P arigtietdinal
m%%?‘%is|r£@§§diﬁé%‘§{§%b‘°§repb§?&i}egfqﬂfoéﬁ’ég%é@qb%i«a% SANiP layer
SHfibLY suiface ohar acggfr;(g@ﬁ%ngﬁ@s'@@%gph@% Ndisk shape
bif%\%%!r 130Teas pltiie olo Ly e Pritfads B SHD layer is
s%‘@c lcptoo;lggé%é?gg S at| n gbgﬁl " on aéet@%g%tmeng treatment.
TReogahaidergxa e mﬁ@%& adhf@LV' Hagnesis layer of a

vari ous rreth s have en
ferromagnetic aﬂoy thin Bfm, a protective layer, and other layers are

sequentially formed on this surface by a sputtering method or other

techniques.

Traditionally, an aluminum alloy has been used for a material of
a nonmagnetic substrate. Recently, hard disk drives are rapidly
having higher capacity, smaller size, and lighter weight.
Corresponding to this trend, a magnetic disk is required higher
flatness, smaller diameter, and less thickness than previous ones.
Conventional substrates of an aluminum alloy can hardly meet those
requirements of the market. Thus, glass is being used for a substrate

material.

A glass substrate is also desired to exhibit surface characteristics

similar to those in an aluminum substrate by forming a Ni-P layer on

2
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proposed as pre- and post-treatnents for the

el ectroless plating. In an exanple of such nethods,

el ectroless plating is conducted after a treatnent
usi ng an aqueous sol ution containing palladium 10
chloride and tin (1l1) chloride, and a treatnent using
an aqueous sol ution of alkali carbonate, an aqueous

t15€Isuirfase @b btedhi a deeetic digk RANRLRLIHY fRAvatable e

of these aqueous solutions. (See Japanese Unexam ned

pERfthafies! | HaweeFublisGelc | cb'ﬂygﬂ?&gﬂcm@%%)foh“ﬁl a P(learlting

anot her nethod, el ectroless plati conduct ed af

fi?m; -2 ?){%\%%a%%ﬁt PO R BESTadiShitedi &b RS éﬂﬁéi:ﬂ"oless

m xed solution® and a nitric”aci

pg@ﬁgg ethdd Wiﬁﬁ@%&iéfa%%??rﬁdﬂééﬁﬂtﬁ ﬁBh?(?@en?iri]:g, and

ne solution, a sensi zat'ion tr€atnent®us

sx‘gfgo%ﬁetés[‘ Tb'gos}g?w}ﬁ%iﬂdfqbl@?ﬂ %r?&ﬁ%: @%ﬁﬁ&dé flﬁé\ﬁé‘rﬁ%n

a silver t sol on ahd a pa I'um sa

DR R PRORE B A BN Mo qfgag platine:

exanple, electroless plating is conducted after
cl eaning using warmliquid of sulfuric acid and

oo LR BB e A LB PRSPt 8 conducted
T e e
. . 548- 85614 ill t t hod l.ectrol
clifoyidhgrd tha ke Rlpride SRR RerPasBI s URHGE 4 e tepus
sl ot AT R BRGE Bk BRSOt el Tdrogen
pal | adi um chl ori de sol.uti on. Japanese Unexam ngd
carhanfteasy 2 dRiXUaregbIt 56 aAuRgUSenlUgIGIm s haee Japanese

Ui maped Patent Application Publiéation No. H1°76879) In
another method, electroless plating is conducted after a two-stage
etching treatment using a chromic acid - sulfuric acid mixed solution
and a nitric acid solution, an etching treatment using a strong
alkaline solution, a sensitization treatment using dilute tin (II)
chloride, and an activation treatment using a silver salt solution and
a palladium salt solution. (See Japanese Unexamined Patent
Application Publication No. S53-19932) In another example,
electroless plating is conducted after cleaning using warm liquid of
sulfuric acid and potassium dichromate, sensitization using tin (II)
chloride acidified with hydrochloric acid, and activation using a
palladium chloride solution. (See Japanese Unexamined Patent
Application Publication No. S48-85614) In still another method,

electroless plating is conducted after alkali degreasing, etching using
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exhi biting sufficient adhesivity and snoot hness on a
gl ass substrate to obtain a favorable magnetic di sk.
In this nmethod, electroless Ni-P plating is conducted
after the 10 pre-treatnents of. degreasing the gl ass
substrate enough, etching to enhance anchoring
effect, renoving contam nation that is produced in

hsﬂa%ﬂmlegmaaogeﬁ%lﬁ@ﬁtﬂﬁwﬁﬁgog tiMIIS)UéﬁId@aé solution, and

Surface, surface nmodulation pr ss to chemcally

aBﬂ%@h%fslg{% Z%’ét’ﬂhﬂi‘ﬁﬁl eH1bAER soRARSHL | 21 ng

treat nment, vation treatnment. The nethod 15
preferably uses an aqueous sol ution containing
hydrof [ uoric acid and potassi um hydrofluoride for the

et C{I @%n%@e”t]r%kaﬁﬁ% dPh?éh‘t’ ﬁc&?{or% W[?HEQBiotrI‘No. H7-

sur e cont am nant aqu S SO

3398 B00o3ad M ABIAOEE %qeéﬁrolégge@gfﬂfgg% form a Ni-P layer

Ja anese unexam ne

?Hﬂ%ﬂﬁ%' %spﬁ%oeséﬁ%ﬁaf’%%mégﬁ@sﬁ%gas%ﬁgsssubstrate
téﬁg’i% g%&hwﬂgféﬂéq@ Cﬂt%%:jﬂc: gljsa??é?ogequent i al

treat rrents on a glass substrate surface including:
al kal i degreasing treatnent usi ng a 25 pot assi um

Ei;iﬁ?%ﬂ%ﬁé"cﬂé@f’%lefﬁréi RN b Rthe R dhdvgted after the
4
pﬁéﬁéeaﬁ?@;@m@%&ﬁﬁ%ﬁé bR @arsis S S Eﬁﬂchmg to

cel erat OBBt r eat nt usi n(();Yan a ous. sal utj.on

en NER APEBPRHIBIRLIGLT, MERROYING C am@%ﬁau@%fdls produced in

after. .the electroless N -P._plat]
the etching process an adhered on tfle substrate surface, surface

modulation process to chemically homogenize the substrate surface,
sensitizing treatment, and activation treatment. The method
preferably uses an aqueous solution containing hydrofluoric acid and
potassium hydrofluoride for the etching solution, hydrochloric acid for
removing the surface contaminant, and an aqueous solution

containing sodium methoxide for the surface modulation.

Japanese Unexamined Patent Application Publication No. 2000-
163743 proposes a method of forming an electroless Ni-P plating
layer on a glass substrate for a magnetic disk. In this method,
electroless Ni-P plating is conducted after sequential treatments on a
glass substrate surface including: alkali degreasing treatment using a
potassium hydroxide solution, etching treatment using hydrofluoric

acid, treatment with warm pure water, silane coupling agent
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Meanwhi | e, a perpendi cul ar magnetic recordi ng system
is drawing attention in place of a conventiona

| ongi tudi nal nmagnetic recording systemfor a
technology to attain high density of magnetic
recording. 10 In particular, a double |ayer

per pendi cul ar magnetic recording nedium as discl osed

tr&a thaRdts sRtRA O tR3dtmM 6At dInko anﬁu@éubssolﬁﬁﬂﬂ‘ ofls

a perpendi cul ar magnetic recording um f or

padlH EMiMSchib8fe 80 h¥célRyatdt %Qeam%rﬁougiﬁg I3y ﬁ(lueous

per pendi cul ar magnetic 15 recording mediumis provided

szﬁ oﬁ Ebdi@ﬂf‘g&@;ﬂid@ﬁﬂb' eHe%ltsﬁfe n[rl@lgf‘?é 'cBnducted after

Ing | ayer un etic recor er

th@(élpgﬁrolbggqqﬁi {p%gtm%e soft magnetic backing I ayer

easl |y perneates gnetic flux generated fromthe
magneti ¢ head and exhibits high saturation nagnetic
fI ux den5| ty Bs. The double layer perpendicular 20

or SHRA v RIe] SRR SRS AB PR et i
d?ﬁ%%%aﬁ&ﬁﬂg@aﬁﬁ bR A ERER TR RO TRIRR magnetic
r“@%&ﬁ%{iﬁf,g Ki n ryw&hqueraw?ﬁﬁes ﬁ?%}blr@&zoﬁ)ﬁ OrPllnagnetm

sed of a N|-Fe all oy, an Fe-Si-Al alloy, or an
‘ﬁﬁ’&s all oy of mainly cobalt. 5 However, form ng
such a relatively thick filmby a sputtering nethod

is inappropriate fromthe vi evvp0| nts of rranufacturlng

Cozflgfpaagr({é%ﬁfamag h@% teicl\élyt fB‘?W fpll\g;l%rtrrrlllasgﬁ) tic recordlng
medium as disclosed in Japanese Patent Publication No. S58-91 is
known as a perpendicular magnetic recording medium for achieving
high density recording. 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 that records
information. The soft magnetic backing layer easily permeates the
magnetic flux generated from the magnetic head and exhibits high
saturation magnetic flux density Bs. The double layer perpendicular
magnetic recording medium increases the intensity and gradient of
the magnetic field generated by the magnetic head, improving

recording resolution and increasing leakage flux from the medium.

A soft magnetic backing layer generally uses a film 200 nm to
500 nm thick formed by a sputtering method and composed of a Ni-Fe

alloy, an Fe-Si-Al alloy, or an amorphous alloy of mainly cobalt.
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el ectrol ess plating nethod has been proposed for a
soft magnetic backing | ayer. Japanese Unexam ned

Pat ent Application Publication No. H7-66034, for
exanpl e, proposes to produce a NiFeP filmby a

pl ati ng method on a di sk substrate of an al um num

all oy provided 10 with a nonnagnetic NiP plating film

I—I’@ﬁe&z@r}lf@rﬁﬁfméﬂﬁta FRLReVEE tRRIK M ’bgy§ rspHite@fhe method
of 9th Joint / Intermag Conference, EP-12, p. 259

is 2ﬁ§§br6899£€eeﬁmqnm TeEWR dhit8 Off il iflctRg 98 cdsts and
gl ass " substrate. 15 Digest of 9th Joint MW /

Iﬁﬁ%@'}:ﬁ%ﬂt@{\ﬁ% ence, GD-13, p. 368 (2004) proposes a
soft “magnetic NIP plating filmformed on an al umi num

al l oy disk substrate provided with a nonmagnetic N -P
plating film |If a soft nmagnetic backing | ayer forns

" THSEINE, AR ROl Rl el of B9 HERSERI A1, formed by an
Yol 3P S EFRR e B TR RGF  b neti
BE Bk TRSER, FnArSt Ol SheORRLAE A\5ERFAbR Puyplication
NELITEOHE (RS, WioPoBil e B AGRRIE APy
PSR P L B Ao BBE e B By g provided

bf o{{m n
BGEENEdaYEEri ng net hod. Formation of a magnetic
domain wall in the CoN FeP plating filmnmentioned

Digest of 9th Joint MMM / Intermag Conference, EP-12, p. 259
(2004) proposes a CoNiFeP plating film formed on a glass substrate.
Digest of 9th Joint MMM / Intermag Conference, GD-13, p. 368 (2004)
proposes a soft magnetic NiP plating film formed on an aluminum

alloy disk substrate provided with a nonmagnetic Ni-P plating film.

If a soft magnetic backing layer forms a magnetic domain
structure and generates a magnetic transition region called a
magnetic domain wall, the noises called spike noises generated from
this magnetic domain wall are known to degrade the performance as
a perpendicular magnetic recording medium. Consequently,
formation of the magnetic domain wall must be suppressed in a soft

magnetic backing layer.
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previously is disclosed to be suppressed by conducting
plating in a magnetic field. A soft magnetic N P
plating filmis said not to generate spike noises. 10
Japanese Unexam ned Patent Application Publication No.
H2- 18710 proposes that the generation of spike noises
is suppressed by formng a backing | ayer conposed of

cobglHe NiFeR ‘iﬂﬁ'tin@ﬂlﬁy Manitithe § iesiivukly e 12{b12%o form a

to 300 Ce so as to exhibit magneti ¢ ani sotropy 15

%ﬁ@tichéoﬁiéﬁﬂ WL erThak gb'iﬁ‘ﬁdl%f Ma%ﬁ@tl@ SBClety of Japan

strate. While the backing l'ayer in this nethod
(MU@%MS@ Grol. PP AGeS 3SYLD 469@04?61§@1dg%s%t the
an e oration netfod, of ‘the [i Japanese

dHE‘ﬁéW&H ﬁ&ﬁﬁfl&f%?ﬁ?ﬂ%tﬂ&ﬁe%%@%@ ?‘Of orbdgd 38¥InTr

pr oposes a orm ng

p. Dhis? £ 1 Phe 1k AR RIRR 1P 2SnAKLGAY SURGER SFormation
gﬁ%ﬁ&aﬁq&%ﬁ%ﬁsﬁaﬂ %nuc %Sp%gﬁﬁ?%l%tﬁg ghcrnentioned
Rl Smréaﬁ%e@f)%h%ﬁaéuﬁ%gﬁf%ﬁﬁg ina
“i*ﬂ%B?t?ﬁsB@ A DoP( B8 hAR %ﬁ%lﬁ?@ﬁ@gﬁg&‘t %ﬂfﬁ not to

neans of a 7 sputtering nethod for

gg%ﬁ?t@?ﬂ%gefﬂﬁfﬁetl c domain wall detracts fromthe

merit of the plating nethod in production costs and
mass productivity. 5 In the CoNi FeP plating film

raghRbRgeRe et beRl Pk Bt i4palisrifomd WanRaTion No. H:
18710 proposes that the generation of spike noises is suppressed by
forming a backing layer composed of cobalt or a cobalt alloy having
coercivity He of 30 to 300 Oe so as to exhibit magnetic anisotropy
along the circumferential direction of the disk substrate. While the
backing layer in this method is formed by a dry process such as a
sputtering method, an evaporation method, or the like, Japanese
Unexamined Patent Application Publication No. H5-1384 proposes a
method of forming a Co-B film that exhibits an He of at least 30 Oe
and can suppress spike noises, by a plating method. The film is

suggested to be possibly used for a soft magnetic backing layer.

The NiFeP plating film mentioned previously needs to suppress
formation of a magnetic domain wall by forming a Mnlr alloy thin
film on the plating film employing a sputtering method to suppress

spike noises. The requirement for adding a new film by means of a
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difficult in a practical manufacturing process. The
mass productivity is also |iable to be inpaired. An
iron-containing plating film exhibiting high Bs
value, is favorable for a soft magnetic backing 10

| ayer. However, since iron fornms an ion of ionic

val ence of two and an ion of ionic valence of three,

spﬁ@wmﬁg feg holdekdy shﬁﬁ%sm@ 3t hiwghatie d@maﬁﬁowall detracts

gener al difficult the iron-containing plating

frfddirﬁhesméﬂlﬁ %ﬂﬁH@Pl@ﬁlﬂQn@ﬁﬁo@ﬁﬁ%Mdd&%n dosts and mass

Concerning a correlation between coercivity and
pi&dneti IV(i‘: domain wall formation of the soft magnetic
back| ng l‘ayer forned by a plating nethod, it has been
clarified that a coercivity value of the plating film
of not smaller than 30 Ce cannot conpletely prevent

:gn&@grtg@gg@@ Gk EIEOL BRI oAb application of
%ren%loq:[é {IL%éjn tf}lé 'fgﬁﬁgffafg i %ep%ﬁh%i BhiM is

orat es ormance

ditty g‘% T gt ﬁ%ﬂ%ﬁﬁb@%ﬁ@ﬁ%ﬁ@&%gf JFhE38RR Broductivity
iSS%@% PR i, ﬁﬁ&ﬂ?@ﬂf&?&ﬁ?ﬁ chbEfidute ifting filp,
QMBI koYt s e E ol 4 Soft BRAFRARR, pagking
1oty e BE B Hronti B hos o 0000 AEREE e, gwo and an
io%hg L}(qél%ﬁ%ﬁ%gc ﬂﬂgﬁ%b%égg?@fézihﬁa%@iﬂf@yﬁa@ ,}ﬂgting bath is

filmas a b kln ay ffective to. i.nproye the
knoway gengr i 1%1 @L thesironsgpat aiiag Blating film is

erpfndl cul ar magnet IdC recordl ng nmedi um
also inferior 1n mass productivity.

Concerning a correlation between coercivity and magnetic
domain wall formation of the soft magnetic backing layer formed by a
plating method, it has been clarified that a coercivity value of the
plating film of not smaller than 30 Oe cannot completely prevent the
magnetic domain wall formation although some tendency of
suppression was observed. It has been further clarified that the

increase of the coercivity deteriorates the read / write performance.

As described above, for a disk substrate of a magnetic recording
medium mounted on a hard disk drive, a glass disk substrate using
crystallized glass or chemically strengthened glass is used as well as

an aluminum alloy substrate provided with a nonmagnetic NiP

8
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The el ectroless plating filnms conposed of a
nonmagnetic Ni-P alloy have been practically used in
an alum num all oy substrate for 10 hard discs, and

t he manufacturing nmethod for mass production and the
surface snoot hi ng techni que by polishing are well
known. Consequently, in a glass substrate, too, if a

phatifeofibhl, cCThe shids subgtRAtes, ﬂiﬁiirf?hﬁgheétr@ﬁrgtm are mainly
p

fornmed by neans of an el ectroless ating nethod with

useéd Lihfécrhﬁghett'ik:: eKBEEGIH@imbERsin &f BMndifle Hard disk drive,

obtaining a well-perforned magnetic disk and with good

wiBRShde Ay high FRo bk GRSl et cd 2 TTHW abdiiesflasédbed electroless

snoot hness, The gl ass substrate wth an el ectroless

PHTHER A 0y SHALREOTSDIOR g By T ada backing

AL Rk 06 YOSty 9o
Al Ot R WA gL Rl e 1ORE!

and a nonmagnetic plating filmof N-P with a
sufficient thickness (in the range of 1 pmto 3 pn

sar TERREHPen aBASES TaiRagthbbefa s A hbhaidic NiP
aRbrdife piedih PR CEically Dt P Eluighnc by ifpstrate for
hiPldists Sndahif Maenalehiiing mduaSd RhEdnireusilfisian and
N TNER T I
CHISa AR LB S B Al o
mséugk}lsétrig tp‘iétf‘r;]g(j 139&%%% lbgyt%rrmed by means of an electroless
plating method with a sufficient thickness (at least 1 pm) for
obtaining a well-performed magnetic disk and with good adhesivity
as an underlayer having satisfactory smoothness, the glass substrate

with an electroless plating film is very promising for a substrate of a

magnetic recording medium from the view point of production costs.

Unfortunately, the known methods of electroless plating as
described above, have failed to form, on a glass substrate, a soft
magnetic plating film of Co-Ni-P, Ni-P, Ni-Fe-P, or Co-Ni-Fe-P, and a
nonmagnetic plating film of Ni-P with a sufficient thickness (in the
range of 1 pm to 3 pm) for obtaining a favorable magnetic disk and
with satisfactory adhesivity, homogeneity, and smoothness at that

thickness.
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is formed on the adhesion [ ayer of titanium or
chromum The titaniumor chrom um of the adhesion

| ayer in this nethod does not exhibit enough
adhesivity. So, when the underlayer or adhesion |ayer
10 is thick, the adhesivity deteriorates due to the
stress caused by the difference of expansion

coefl Gkl ayBerdfeNe R elrathdhideid kndWﬁ%db@g‘oﬁﬁfbcﬁby a

whi ch are belng actively devel oped recently, need

spatedHng mdtHak dov/elt &, H@Wev@%&l e &utegd fovm! @M%nderlayer

In the range of ~ 0.2 pmt03 pm The soft nmagnetic

P@dﬂ @1l 8y, assVﬁ\ﬂ?s @sd{ ééh@%l\ﬁ@ztﬂéﬂfw&@n lass and metal

i nvol ves a problem of degradation of adhesivity and in
7RO B SRR REG 21 e M tgiom o
CH%‘ {Iﬁ%lﬁrmé hmﬁgtﬂﬁﬁt eﬁg é’?(ﬁde 12115?%\{1@% %asts among

ng on a Fas2 base t

ng?creﬂ% E%)ée(ggs 'tHQf 6,4%188 ?ﬂ%&fé vvg %sas: ?fftt aﬁ(T an underlayer
iR, o i @%ﬁ@ﬁﬁé&@?ﬁe@%@ﬁhg? Eﬁ&lﬁie e
tli f}i&lﬁﬂ"&’ﬁﬁ%ﬁ%ﬂﬁi o g ahegioR 18k s et 88es not
FRANE diat ERGH LRSS ﬁ%&@}%??b “Ehifdtiler or adhesion layer
d
A oS By Al o
flf| mon a assff sub e Wltg a di sk sha(g)t
SIS ﬁ%@%ﬁlﬁ ERtriignTRg P Srpendiculis: magnatic
qof%r b S i Er&f@@e ﬁfgiag i A ey 'eéﬁr%emﬂa need a
rerigtlveciy thick layer of soft magnetic backing layer in the range of
0.2 pm to 3.0 pm. The soft magnetic backing layer, when deposited
by sputtering, involves a problem of degradation of adhesivity and in

addition, a problem of high costs.
SUMMARY OF THE INVENTION

In view of the above problems, an object of the present invention
is to provide a method of plating on a glass base plate, the method
allowing to form a plating film on a glass base plate by an electroless
plating method with satisfactory adhesivity and homogeneity even on
a base plate of glass material with a film thickness not smaller than 1
pm. Another object of the invention is to provide a method of

manufacturing a disk substrate for a magnetic recording medium

10



10

15

20

25

manuf acturing a di sk substrate. To acconplish the
above objects, a nethod of plating on a glass 10 base
pl ate according to the invention conprises a process
of treatnments on a surface of a base plate conposed
of a glass material, the process of treatnents
including at |least a step of glass activation

thae%tart@gﬁeé thé‘l@ﬁ@%eaﬁh@%iﬂty Qforﬁbgéﬁ@htﬂré}ﬁ%tﬁﬁess and

the surface of base platé at |east by a factor of
nbise %Ha'i‘éc@é‘n%ﬁte@f’ﬁ Pdt‘ih hﬁf Heldub9th z1# di’sk as a
step of silane coupl | g ag reatnent, a step of

ng%%la@gicufﬁ&ﬁ‘(ﬁhgslglédﬁﬁh g’or?ﬁﬁ 5}51%@11? fﬂ@h'(ﬁ’ij fauglass

I ng step, aproc mnga l'at1 ng

s{sipggia%;bs“%haa{‘ d%ﬁcstﬁé’%@%%n (%frleﬂr%‘ ?%Er@l;igpi&' pliting. Still

of glass activation tr .
2GR eps 1§ LR e N QTR At Aty
o FHERRIL LA CHRAL R Bl Sochatif Rt Sriofine s, {nethod of
ot g G BN R bR Pt P cant Iy i nor easing
the quantity of silanol groups and enhancing

adheS|V|ty that the step of glass activation treatnent
nitric

t t | furi d
L BB bR ST § i
S PR MO o SRS bt
Bl S TR SFLL e B,

h fl f W % 1 %
%@gg,gggg ot treokmAn rHRAIUE ablpast arStep of glass activation

treatment to increase quantity of silanol groups on the surface of the
base plate at least by a factor of two using an aqueous solution of
diluted acid, a step of silane coupling agent treatment, a step of
palladium catalyst treatment, and a step of palladium bonding step,
and a process of forming a plating film by means of an electroless

plating method.

The step of glass activation treatment preferably comprises a
treatment using hydrochloric acid of 0.001 wt% to 1 wt% and sulfuric
acid, nitric acid, or hydrochloric acid of 0.1 wt% to 10 wt%, or a
treatment using the hydrochloric acid of 0.001 wt% to 1 wt% and
ammonium fluoride of 0.0005 wt% to 0.5 wt%. It is more favorable
for significantly increasing the quantity of silanol groups and

enhancing adhesivity that the step of glass activation treatment

11
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0.0005 wt%to 0.5 wt % Advant ageously, the step of
silane coupling agent treatnent 10 consists of a
treatment using a silane coupling agent having a
structure represented by a general formula (I):
(CH2mt+i O) aSi (CH2) UNHR (1) where R is selected fromH,
CPH2pNH2, CONH2, andC6H5, and each of 15 m n, and p

cOBMIREVT £ t?e ROty ﬁsirﬁlg QYR FuritoN G, %ﬁ%ﬂésbé’ld tdiea
step of palladiumcatalyst treatment consists of a

ga%tcﬁwm%ag?ﬁom %A% 1901 twe’% agdpélfbﬂ%wirﬁxg treatment

hl oride and diluted sodi um ydrOX| or a

uﬁﬁ{ﬁ' reﬂlﬁgﬁé gl daoand P'\’J/‘w pgﬁ[’fg a5l Ble as well

ant ageously, the step o adi um

tl'i’é’f‘@h@%tb eé‘f ?Bﬁﬁpopﬁn%“r APnfeht %BQQY‘&E 615%1 t2edtment

agueous s | ut osp orous acl

fda" &'i:h?‘g cﬁ ghiﬁ%ﬁé‘gﬁé s%tlﬁ%oq{ ogvﬁﬁgggﬂkﬁ)&m a01d of 0.001

iuma rding to

“@/ﬁ?i@%@ Rk g 07 H%ngé%ﬁgﬁs@%@bw&@ﬂmmds of
0 U85 SRR MR i o The met hod of manuf act uri ng

a disk 12 substrate conprises a process of treatnents
including at least a step of glass activation

ATt Ao P RO Bl S BTl BER R Rement
f act sn ssoltonofdl

coitigts st bt RemtAeing doringe g liBg feankiving a
ste of pal | adi tal yst treatnent, d a step of
Sﬁé"éﬂcl Hye rﬁm&wﬁsdt Rera g@r%l ss of form ng
the plating film

(CH2m+10)3Si(CH2),NHR (D
where R is selected from H, Co;Ho,NH2, CONHe, and CsHs, and each of
m, n, and p represents a positive integer. Advantageously, the step of
palladium catalyst treatment consists of a treatment using a mixed
solution of palladium chloride and diluted sodium hydroxide or a
mixed solution of palladium chloride and diluted potassium hydroxide.
Advantageously, the step of palladium bonding treatment consists of

a treatment using an aqueous solution of hypophosphorous acid.

A method of manufacturing a disk substrate for a magnetic
recording medium according to the invention forms a nonmagnetic or
soft magnetic plating film on a surface of a base plate of a glass
substrate with a disk shape employing the method of plating as

described above, in which the method of manufacturing a disk
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The surface roughness Ra of the glass substrate is
preferably at 10 nost 0.5 nm for inproving snoot hness
of the surface of the disk substrate after the

pl ati ng process and enhanci ng recordi ng density.
Advant ageously, a plating film conposed of a N -P
alloy is fornmed by neans of an electroless plating

sibkbrgtcapenipeBes & b@é&eéé @@ttif@atme%ltscﬁft%@lﬁﬁg at least a step

controlling a rate of tenperature rise. This process

oﬁ?lﬁ@@ beyRmtighaTevthye 8t thiacPbake leiht fo é\i'laﬁol groups on

alll oy. The heat treatnent preferably consists of

8f ' |
tR TR0 D TR BRI RApAtHARALEIBhst WITRIDE %f%értg%"é‘gsmg an

aﬁfue'?ﬁl%t S8t ion ‘iﬂﬂh?%&éi Yeid, REStd N of ‘éﬁ’léﬂé@oﬁ@%ﬁ% agent

oom tenperature t he treat nent terrp

Al b 3 Bl SPEA 9 L 0e T o L of
T A A T 1 T

fi esivity can be fornmed of a N -P alloy containing
osphorus in a range of 1.0 wt%to 13.0 25 wt% and to

a thickness at least 1.0 pmthat is sufficient for a

substrate of a hard disk, by neans of an el ectroless

i ?Ehs@li‘efa%‘égoggﬁpkgﬁ?a 1% Bl St Bt is Breferably at

oA oA 01 L 0 G i
s@%@qa‘j@f I % Couﬁa{:]é}ggjpggg%s%a ﬁ'ﬁé\?é{] el@%&"éﬁ%d ,qgng density.

V@w@é&%ﬁ%ﬁf@%&ﬁ@@l Sl BNy B Blmed by

means of an electroless plating method and then, a heat treatment is
conducted controlling a rate of temperature rise. This process
improves adhesivity of the plating film of Ni-P alloy. The heat
treatment preferably consists of a process of maintaining a treatment
temperature in a range of 250°C to 300°C for at least 1 hr and a
process of heating-up controlling a heating-up time from a room

temperature (25°C) to the treatment temperature being at least 2 hr.

According to a manufacturing method of the invention, a plating
film with soft magnetic or nonmagnetic property that is free from a
defect such as blister and exhibits excellent adhesivity can be formed
of a Ni-P alloy containing phosphorus in a range of 1.0 wt% to 13.0
wt% and to a thickness at least 1.0 pm that is sufficient for a

substrate of a hard disk, by means of an electroless plating method.
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per pendi cul ar magnetic recording nediumis

manuf actured. As for the soft nmagnetic plating |ayer,
a soft magnetic plating 10 filmcan be forned by an

el ectroless plating nethod, the soft magnetic plating
filmbeing free froma defect such as a blister,
exhibiting excellent adhesivity and noise

charagher hidtod aPenAavifaet@ridl akaris subBtateanP8ilahe
0.2 pmto 3 pm which is necessary for a soft nagnetic

c@ég_ﬁi a?@h%rla‘iferaispﬁfrﬁ%ﬂidﬂ“a] 15@@5%&5{&099% 8flane

medi u he 157soft mgnet|cht|ng Hmis =
OB AR TR, £ oI P Byt 28RS Brmed on the
siing 30 lingoRRbhy 1yeylPPRELAMA B RESAIAL Bilnont, and
2 PP Shb e B R i AR Bl PR iRy st
RS U D I A RIRIEK Sggee for
pEbISp ARt SRS e i haeiiaTbured.

formng at | east a nonmagnetic seed | ayer, a nmagnetic

recording layer, and a protective |layer on the disk

U84 SSESh A et TRORE B  Gvine
SRR I IR UATRITN T p—
oo BRGSO £ S B ABAEES G B ST e
TR S SRS oo TR i
inagdrahr?gng %(%rbebtfl/m to 3 um, which is necessary for a soft magnetic
backing layer of a perpendicular magnetic recording medium. The
soft magnetic plating film is preferably composed of a Co-Ni-P alloy
containing phosphorus in a range of 3 at% to 20 at% and at least 45
at% of cobalt in a proportion of number of atoms of cobalt and nickel

(Co/(Co+Ni)).

A perpendicular magnetic recording medium exhibiting excellent
noise characteristic and productivity can be manufactured by
manufacturing a disk substrate for a magnetic recording medium by
the method of manufacturing a disk substrate for a magnetic
recording medium according to the invention, and sequentially
forming at least a nonmagnetic seed layer, a magnetic recording layer,

and a protective layer on the disk substrate, wherein the soft
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A nmet hod of manufacturing a disk substrate for a
magneti c 10 recordi ng nedi um according to the

i nvention allows a nonnagnetic or soft magnetic
plating filmthat is free froma defect such as
blister and exhibits excellent adhesivity to be
formed on a glass substrate wth a necessary

xﬁng'gﬁbﬁﬁsplaﬁiﬁgom hry thendiskeabBeeste isThtHizdd s at least a

od provides a disk substrate for obtaining a

PEY A GofteAPA Shefic BRcRRsE: U8y ¥ fBr dPRINRESHOFIeRREDrding layer.
nmet hod of manufacturing a perpendi cul ar nmagnetic
recording nediumaccording to the invention forns a

soft magnetic plating film on a glass substrate to

provt SR SEBLALTRSEL D ERAR AR SR acdihdLER e
b A RSPR DR SN B S1 2L oqs PIIRHEGo be
AELBELEOh By SR BRI 8L AERSEYFRgHAMin oneral by an
e bR BT PR G 308 eSO Semeity
exanple. 15 The follow ng descri bes sone preferred

enbodi nents to nmanufacture a disk substrate for a

o1 o PP HPE 8] BB ELY Find @A fuBsEFe§ e magnetic
re e e Red B fo fhedhithdo dTTfwd i Bifemetic or
oo R T B PRSP et it
aBHlaSEh g el o, BARGSIF TN Relormen B Glass substrate
Wlite Sa{ n%ec%rsnsg?)g t\ﬁii(t:f{]nggg,d homogeneity, and smoothness. Thus, the
method provides a disk substrate for obtaining a magnetic recording

medium with good performance.

A method of manufacturing a perpendicular magnetic recording
medium according to the invention forms a soft magnetic plating film
on a glass substrate to utilize as a soft magnetic backing layer,
thereby providing a perpendicular magnetic recording medium
exhibiting a favorable noise characteristic. Because the soft magnetic
backing layer is formed by an electroless plating method that
achieves high productivity, even such a thick film can be
manufactured in a remarkably lower cost as compared with

manufacture by a sputtering method, for example.
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adhesivity and honogeneity. 10 The base plates of a

gl ass material in general include for exanple, glass
for flat panel displays such as liquid crystal, PDP
FED, EL, and the like, glass for information devices
such as copiers, and further, glass for optica
comruni cati on devices, cars, nedical 15 equi pnent, and

bui Tﬁleﬂﬂ)llt?&ﬁﬁg Qiéscrﬂ%@%oﬁ?@%?‘eﬁ’&ﬁﬂ em b6 RNk NGS

Fig. 1 shows a procedure in a nethod of manufacturing

nf’aﬁuﬁ!fct&% §Wisk §4BstilteX g Ak ghlert% %@bf‘&lg %é‘ﬂium

an enbodi ment according to th nventi on;

gﬁgfg% fot$RAE bPRRAHEIOR agbsd‘as?‘gﬁf@h@céfﬂn?g o the

act ure

0 T o TP Bt DaFih O A, BESEDMIS ording to
(RS Ay BRERRRGE Y Chbey0 ﬂﬁmft@ﬂofcgkﬁ% B1i#%tion. The same

acture a manu turin

PR SRR 118 AOSATIRRN R0 R, i i
ORI ?24449824%59’??%@?’18@&‘5'33@34 80 & Jite BEfeCht @ elass
Rl Reseials BithEERMIRheRF of i RO RRFRRAA With good

hod. of f di sk
2GBTS BEHTet 1 ecor i n et um

The base plates of a glass material in general include for example,
glass for flat panel displays such as liquid crystal, PDP, FED, EL,
and the like, glass for information devices such as copiers, and
further, glass for optical communication devices, cars, medical

equipment, and building materials.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a procedure in a method of manufacturing a disk
substrate for a magnetic recording medium of an embodiment
according to the invention;

Fig.2 is a schematic sectional view of a disk substrate for a
magnetic recording medium manufactured by a manufacturing
method of an embodiment according to the invention;

Fig. 3 is a schematic sectional view of a perpendicular magnetic

recording medium manufactured by a manufacturing method of an
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Fig. 1 shows processes in an enbodi nent of a nethod of
manuf acturing a di sk substrate for a nagnetic
recordi ng medium according to an aspect of the

i nvention, the manufacturing nethod 15 enploying a

met hod of plating on a glass base plate according to
an aspect of the invention. Fig. 2 is a schematic

eafsédianaht\A&Wrding 4 the 1ﬁk&|@§it'i@ﬁﬁah@lf a magnetic
recordi ng nmedi um manuf acture by a manufacturing

et fosl @flstah?‘rﬁ?t?f)for i 39 D aFpaerdsultich tﬁe generated

di sk 3ubstra gnetl C recor ding nmedi um

qUBiaEbE "sﬂ%r?ﬂt d@ﬂé‘f(s(ii@ﬂ)n@n@bﬁ?f’a&f ofasglass substrate

enbodlnent vention conprlses ag

aft‘é*i'sééf{‘o%slagtﬁzﬁtf’o tpEaf s fhesd AP ?2& Q'Heg‘ilnal desorption

agent ayer formed on the glass substra

ﬁémgéghﬁly?/%égrh?é?ﬁﬁs formed on the silane

cou 5 and a plating |layer 4
forned on the palladiumcatal yst |layer 3. 17 Though
not shown in the figure, a silane coupling agent | ayer

D RAYLED, PES TS OP RUPN R THE TRVEREION R 5 se

substrate 1. 5 A glass substrate 1 used can be a
substrate havi ng a surface roughness Ra (defined by

ERn o RTre e tPad §f miA BRREE M 8 A QbR tpr

surface wavi aess WA (. defined by JI' S B0601) of at nost
RENEHE TEEOFHINE JRPYLEM o ughness Ra of a gl ass

substrate 1 has a physically anchoring effect of the
pI ating layer 4. Certain degree of inprovenment in
Iaer4c%|r11 be ex ecte by ¢

us| SI V §i’6’é’£$ Qlca/%’lﬁagllg iarabg
m%fnﬁf‘ Y tlurp{ggtalt Tsk substrate for a magnetic recordlng medium
according to an aspect of the invention, the manufacturing method
employing a method of plating on a glass base plate according to an
aspect of the invention. Fig. 2 is a schematic sectional view of a disk
substrate for a magnetic recording medium manufactured by a

manufacturing method of the embodiment.

As shown in Fig. 2, a disk substrate 10 for a magnetic recording
medium manufactured by a manufacturing method of an embodiment
of the invention comprises a glass substrate 1 with a disk shape, a
silane coupling agent layer 2 formed on the glass substrate 1, a
palladium catalyst layer 3 formed on the silane coupling agent layer 2,

and a plating layer 4 formed on the palladium catalyst layer 3.
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can mai ntain satisfactory adhesivity of a plating
layer 4 in an ultra 15 snpboth gl ass substrate having a
surface roughness Ra < 0.5 nm in which physically
anchoring effect is hardly expected, as well as in a
gl ass substrate having a surface roughness Ra > 0.5
nm This is an effect caused by a strong chem cal bond

at Theuth hotyHAS ﬁ?th@eﬂighi‘@, Q'zs"l]?a?né Wﬁl@?geélgéﬁ‘ﬂlayer 2, a

the silane coupling agent ayer ormed by

pARRA LR ic?[tai_gé‘g ?fﬁfe BORE %Cﬁl%lﬂ%l%glﬁaéﬁggél thay £ldPe IProvided

groups (S surface o S substrate

o?rt‘ﬂle.t Bﬁleﬁbid’é‘%‘f tgfeogga:ﬁsoéubggrﬂé gne coupling agent

orm ng the silane ¢ Ing agent layer 2 that will
be described later. 25 The plating layer 4 is used, by
formng a nonmagnetic Ni-P 18 plating filmof high

ORI, ORI 120 0y LS SIS L6 PEprtaco
v Bh¥se P4 RERARIE DY I15 ethpdf bl Prandards
BERM) BT PSR Sl B PG M has o
ol SR BB T el RSP ot 0.5 .

sputtering process of the magnetic film By formng a
soft magnetic Ni-P plating filmof |ow phosphorus

CoPERRL el WS AL ssbl s 008 Mhysically
oA 5 AR OD EBRTL i LS LKA R ur
irflgg(i)\lfgnaéxiltngn ah.}?gsi%?{]}? io % }r:) gtcirn% Pagyer 4 can be expected by
using a substrate with relatively large Ra. A method of the invention
can maintain satisfactory adhesivity of a plating layer 4 in an ultra
smooth glass substrate having a surface roughness Ra < 0.5 nm, in

which physically anchoring effect is hardly expected, as well as in a

glass substrate having a surface roughness Ra > 0.5 nm.

This is an effect caused by a strong chemical bond at the
interface between the glass substrate 1 and the silane coupling agent
layer 2 formed by the dehydration condensation reaction between the
silanol groups (Si-OH) on the surface of fhe glass substrate 1 and the
silanol groups of the silane coupling agent forming the silane coupling

agent layer 2 that will be described later.

The plating layer 4 is used, by forming a nonmagnetic Ni-P
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By form ng a nonmagnetic or soft magnetic N -P plating
filmof 15 nedi um phosphorus concentration, the N -P
plating filmis used for an underlayer plating film
(strike plating) as an adhesion layer for formng a
N -P plating filmof |ow phosphorus concentration on
the wunderlayer plating film in addition to the

| t Il l
pmgggﬂgtrggghglgh %‘b??gu?%ﬂgﬁgﬁ}g%ﬁ‘h Abis8substrate,

f({aiogfééh‘“sbaém%tﬂh '\g ka"ﬂ d%ﬁs@tﬂ%é@?t%@%*ﬁ?ﬁx id Rardly

ition to the magnet c pl a

S e T LA LA oy yrin o
Z,g“ sAbSREA teTRERRY dfoﬁé‘%%ﬂﬁrh?%g'iﬁb%ftr @e f'iﬁh‘hgﬁgoﬂlrmg an

magneti c recordi ng me

Hﬁ%‘e@h@?%@ LAIEQPE%@ i 438 AL Pgroasing
oS3t i52ahh fuikafe it %@%W%@ﬁlyw"%b&%ef@f’%@% B the

4ff °fttf§?%2°§ﬁﬂ$§rw€§ el %ﬁéﬂhﬁ&% I, By forming
a%%gg ggge?%:e%rﬁé)nﬁ&hOdﬂgn% AEHe ;ﬂg@i‘%cpncpnltgatlon on
2 558 sufig PRt e i U PRatide ey tlé%é&gl falia soff gragnetic
ba¢Egiavessvih ﬁiéﬁ s%?tu%élt?&ﬁ.rﬁ%%%?%ﬁﬁ& ﬁppéamﬂtform a
dGahiR TRy Sr P TReRiBhLar ShABke i e didions Meflisda facilitating

Lﬁ) ratelas .base plate of a glass rraterial, and
hig Sé?}’é'%@? Hl&ss plating S6 foll oned

By forming a nonmagnetic or soft magnetic Ni-P plating film of
medium phosphorus concentration, the Ni-P plating film is used for
an underlayer plating film (strike plating) as an adhesion layer for
forming a Ni-P plating film of low phosphorus concentration on the
underlayer plating film, in addition to the applications of the high
phosphorus concentration Ni-P plating film and the low phosphorus

concentration Ni-P plating film described above.

In addition to the Ni-P soft magnetic plating film described above,
soft magnetic plating films of Co-Ni-P, Ni-Fe-P, and Co-Ni-Fe-P can
also be employed for a soft magnetic backing layer of a perpendicular

magnetic recording medium.
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15 by a step of heat treatment S7. The step of gl ass

activation treatnent S2 preferably conprises a

treatment using hydrofluoric acid of 0.001 wt%to 1

Wt % and sulfuric acid, nitric acid, or hydrochloric

acid of 0.1 wt%to 10 % or a 20 treatnment using the

hydrofluoric acid of 0.001 wt%to 1 wt% and anmoni um

f | um ipdertoduldr)@0sofit Hagnétib plating dilimaofeaso-MNeP alloy

silanol groups on the glass substrate 1 at |east by a
cdredieningf phusphotusemhaneenge o3 withy to 20 at¥d hnd esbalt at

conbi ned treatnents of a treatnent using sulfuric
leagsitdd 5 mitd4 in @prdpoetidiy of anbididrcofateme oPcdbakt whh nickel

to 10 wt % and a subsequent treatnent using

(CoMOFHNDiie fagiotably Bil0edEde 4 &oft W gn@@fcebaeklﬁgqayer

guantity of sil anol groups on the 20 surface of gl ass
aveREn@Eendrivioh bAshke HoisBEFRoh? thelsofd fmﬁ!gfrfbtlé\b acking
treatment using a mXxture of an aqueous sol ution
rofluoric acid of 0.001 wt%to 1 wt% and an
gueous sol ution of ammonium fluoride of 0.0005 w %
to 0.5 W% increases the quantity of silanol groups at
5 least by a factor of three. Therefore, these

”e&tﬁ%‘ﬂh%ds(gl" ﬁh%&@dﬁ?ﬁg a‘?ﬁ%%céuﬁ SR8 For pa[ ntlagnetic

adhesivity I'ng on a ass ase

reQ:forﬂlfﬁgt | \gﬁfsihéﬁrin 0 %%é’é@gg h 811?{1%rﬂt°3ﬁ03mf)518es a step of

appli escribé nglng t

AP AP 910 T B B g 52, o
st%%vaﬁg%ﬁq AN S il

ca&%iaﬁ men nggn NP a’% %%Sb la(ﬁ?m':l' LShadsBTitathent S5

sequentially conducted on the surface of a glass substrate 1 as a base

1o

plate of a glass material, and a step of electroless plating S6 followed

by a step of heat treatment S7.

The step of glass activation treatment S2 preferably comprises a
treatment using hydrofluoric acid of 0.001 wt% to 1 wt% and sulfuric
acid, nitric acid, or hydrochloric acid of 0.1 wt% to 10 wt%, or a
treatment using the hydrofluoric acid of 0.001 wt% to 1 wt% and
ammonium fluoride of 0.0005 wt% to 0.5 wt%, to increase the silanol
groups on the glass substrate 1 at least by a factor of two and
enhance adhesivity. In particular, combined treatments of a
treatment using sulfuric acid, nitric acid, or hydrochloric acid of 0.1
wt% to 10 wt% and a subsequent treatment using hydrofluoric acid of

0.001 wt% to 1 wt% increases the quantity of silanol groups on the
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The follow ng describes a first aspect of enbodi nent

of a nethod of manufacturing a disk substrate for a
magneti c recording medium in which a plating |ayer 4
is formed of one of nonmagnetic or soft magnetic N-P
alloy plating filnms by a step of electroless plating
S6. 20 Step of degreasing treatnent Si The first step

stirfhbé dfadpsstsulisteabedi Bwl ﬂa@t@r of ¢hreé tdeftnpast More. A

treatment S 1 on a surface of a glass substrate 1. The

teéebment dsHeashisthiré M ®Ala Rle6as LEuERIBE BYdrofluoric acid

one stage using an 25 aqueous solution of a basit

of TROOINWELE HPOWRY, dipdeMe hﬁ;déaﬁléésmmn & shemdHivim fluoride

carried out in tw stages iIncluding a treatnment using

of0.08b5434 tHD. Qerﬁ ﬁ@ére’%%ég t}gg Scﬁfﬁin?it rdil&Abl groups at

usi Nng an aqueous Utl on I norgani c

SRS PG, QR e o
sf%e Sél}ﬁ bRRiES ’eﬁﬂﬂn%ﬁeéaﬁﬁ ]Wal includes an anion

ace act’i ve agent i ne detergent
solution preferably contains from1 to 10 wt % of
al kal i ne detergent. The treatnment using an al kaline

t ne i EfptuigPing %Sgﬁﬁﬁgﬁ%ﬁ BIGEE LF G0 irBtiBh can be
u§§% Bhe s Aésﬂ?)e v rﬁﬁcgﬁ tat gﬁ{ﬁé @%\gg\?;éﬁ}lrgg%grégmg the

‘?Iilahmﬁﬂ‘%gﬁfaﬁtsbéﬁmf afab%?l@o Gotoh Rl irhless plating
E;t O non Qiq@?ﬁ G aeeh canogg%%gﬁeﬁsfrg slo?né W Sterial or

apphcatlon of the plating fllm. Nevertheless, a plating film is

effective for enhancing adhesivity.

First aspect of embodiment

The following describes a first aspect of embodiment of a method
of manufacturing a disk substrate for a magnetic recording medium
in which a plating layer 4 is formed of one of nonmagnetic or soft

magnetic Ni-P alloy plating films by a step of electroless plating S6.

Step of degreasing treatment S1

The first step of this aspect of embodiment is a step of degreasing
treatment S1 on a surface of a glass substrate 1. The step of
degreasing treatment S1 can be conducted in one stage using an
aqueous solution of a basic inorganic compound. However, the step is

preferably carried out in two stages including a treatment using an
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Li OH, and Ba(OH)2. An aqueous solution of the basic

i norgani ¢ conpound contai ns a basic inorganic
conmpound preferably in the range of 1 to 15 w% nore
preferably in the range of 5 to 10 w% and a pH
value is preferably in the range of 13.0 to 14.0. A
treatnment 20 using an aqueous solution of a basic

allaﬂlgl@ndétésxcggaﬁumuﬁoﬁr@ﬁar@l@i«é{atﬁ@@ﬁuaéﬁiﬂg B digRRloRE

the glass substrate 1 in an aqueous sol ution of a

sOR#i6n! BI04 BHNiE 191‘6?'%9%@ co?ﬁ beai].red. agitation of

the aqueous solution or irr d| ati1on of ul trasonic
wave to the aqueous solution may be used
simul taneously. This treatnment is generally carried

?nUtAfH ag(%ﬁn%e&‘@ﬁé ér%te}l Ed2191 £H1§7 Q%e%‘%ﬁof\@é alptPvifue in a

conduct e step o reasi ng

rafagétdfﬁ@to t% 119998 S0l %ﬂ% pgirgofa raﬁﬂrs% L@%a}lg includes an

eri'ng on thé glass Su drere

afiGi e %@f;ﬁ%ﬁ%ﬁ&& A Bt STRE IS dbtepeghEBottion
' 2, ] ;

pﬁ%%egé%l&?%%ﬁﬁ@%’ﬁ?@i@@(%%%éq‘f‘éad%#*ﬁ% FirBhethy dLhe
tegatifent UsibL Ine i alEnd YidiRede sqliufbmas udinpranly
iRl d . dfbiits TR Slass Sulififies ! iR gihiife dEtrgent
sQiBEeRar A oAB e e ARALAPB Lo detereant Sutian Ay
b Eab ot S P SRy, T
S50 s o SR Sl et e O T8 o ana

p{)l ication Publication No. 2000-
for 1 to 10 man.

Basic inorganic compounds used in this step include NaOH, KOH,
LiOH, and Ba(OH)s. An aqueous solution of the basic inorganic
compound contains a basic inorganic compound preferably in the
range of 1 to 15 wt%, more preferably in the range of 5 to 10 wt%, and
a pH value is preferably in the range of 13.0 to 14.0. A treatment
using an aqueous solution of a basic inorganic compound is preferably
conducted by dipping the glass substrate 1 in an aqueous solution of a
basic inorganic compound. As required, agitation of the aqueous
solution or irradiation of ultrasonic wave to the aqueous solution may
be used simultaneously. This treatment is generally carried out at a

temperature of 20 to 70°C and for 1 to 10 min.
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163743. But, the increase of generated silanol groups
isinalimted anpunt only by the action of water
(H20O) nol ecul es that essentially dissociates scarcely
to H+H + OH. On the contrary, a dipping 20 treatnent
of the glass substrate in a specified diluted acid
solution containing plenty of H+ ions can generate

f OUBy%oﬁ@ﬁ@ti&i%TEﬁe @ftepsof dégkeﬁéﬁ@@ré:&m@ﬂt 8%, organic thin

conpared with the effect of the warmwater treatnent.

il s o prirtidle S| AblRe Fitlg YALIIRD ol4 SR kWDt r Se 1Saf@ b hesved, to

out by dipping a glass substrate 1 in an aqueous

cle@litthesiifagt lofltdeh 8thsk sOPisEPatd1al 23 can be used in

t he aqueous solution~of diluted acid include
substances that contain a fluorine atomand can
renove an oxide filmon the glass surface, such as

SR ARk tiod Plequigse] G 2c @ (FEF0).
NeREHOLRASAIGIAS: 6L AYIER Peghufe it SLELABRARGEED. The

anmong th rof1 uoric ac ani'c
St BF Bl ag Pt A0 eptm e 3% BELTS BOF Hho By g films
e¥RiBE ol B Sufitbk R ARk gl SRR T AT BT Phe Fagpe time,
eSS HIrLERb AR B BSLELG o gubsteate 1
e LT S5 ST o LSS bR, 3o activae
B ISR AR bty o
e AR TR eI F B0 1171008

aqueous solution of diluted acid that contains

Silanol groups (Si-OH) on the glass substrate surface can be

generated in a little amount by a warm water treatment as disclosed
in Japanese Unexamined Patent Application Publication No. 2000-
163743. But, the increase of generated silanol groups is in a limited
amount only by the action of water (H20) molecules that essentially
dissociates scarcely to H* + OH-. On the contrary, a dipping
treatment of the glass substrate in a specified diluted acid solution
containing plenty of H+ ions can generate four or more times of

silanol groups (Si-OH) as compared with the effect of the warm water

treatment.

A step of glass activation treatment S2 is carried out by dipping a

glass substrate 1 in an aqueous solution of diluted acid. Acids that
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a fluorine atomis preferably preceded or followed by
an additional treatnent using an aqueous sol ution of
diluted inorganic acid that does not contain a
fluorine atom including a treatnment with diluted 20
sul furic acid (H2SO4), a treatnment with diluted
hydrochloric acid (HCl), a treatnent with a diluted

czﬁlhtBé tsed th fh%@que@ﬁgls@lueloﬁ e IERd Weld 1ﬂcﬁhdiéts€tﬂ>stances
hydr ogen peroxide (H202) of 0.1 wt%to 10 w% These

tlﬁéﬁ-‘@bﬂ%&iﬁ SflR0IEHE feﬁﬂdrﬁ £3d rdaﬁfi retﬂo@é a@l 6§f&@fﬂhi‘b?1 the

O to 50C and for 1 to 10 mn. Step of

gPAS{saé‘ﬁrPa‘Bé"'éd& gggﬁdféﬂﬁbﬁ@hc@ (I‘FE‘)t ﬂlgtactﬁgrl%famd (HBF),

ane coupling t reat ment I's éo

héfiﬁfﬂl(ﬁ%%lﬁeﬁﬁééf& PHLSE 1 aﬁ@h@%ﬁﬂm;ﬂ?&eﬂléﬁct 464 (HPFe).

ass activation treatne orm-a

e&'ﬁ%l@%ﬁﬂ& Aﬁﬁb‘?{ @h?ﬁé ELQ glg%i]g);ﬁldéle‘%uc‘fl)(;lt({ ﬁ?@l i‘ril(éxbgamc salt

ane cou
C@h?’gn@%?aé F*ﬁ}*%%éﬁfib B RS ORFPH AR AN d acid. An

I%Oﬁ%%silgﬂﬁe%ﬁ bRl BiDs céﬂé%ﬁqﬁibﬁéfﬁ%qﬁ’ afhyridee
RS osd A ipRio i IRAIROF ot BB Midridisr 1

CpH2PNH2 CONH2, and C6H5, and each of m n, and p
represents a p05|t|ve i nt eger. Preferably m|s 1 or

£+ odnAqeRus fglath b?@liuﬁ%we@ %éﬁaaa lg steBUipreferably
h}ff(rl? “%1{1%‘%15 ack u? tche g'laln)g of 66%1 wt% to 1 wt%, or a mixed

solution of the hydrofluoric acid of 0.001 wt% to 1 wt% and sulfuric

acid, hydrochloric acid, or nitric acid of 0.001 wt% to 1 wt%. A mixed
solution of the hydrofluoric acid of 0.001 wt% to 1 wt% and
ammonium fluoride of 0.0005 wt% to 0.5 wt% 1s likewise preferable.
The treatment using an aqueous solution of diluted acid that contains
a fluorine atom is preferably preceded or followed by an additional
treatment using an aqueous solution of diluted inorganic acid that
does not contain a fluorine atom, including a treatment with diluted
sulfuric acid (H2SO4), a treatment with diluted hydrochloric acid
(HCD, a treatment with a diluted nitric acid (HNO3), and/or a
treatment with a diluted hydrogen peroxide (H202) of 0.1 wt% to 10
wt%. These treatments are generally carried out at a temperature of

20 to 50°C and for 1 to 10 min.
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a mxture of those conpounds is used. (CH30 3Si C3H8NH2
(1) [3-am nopropyl trimethoxysilanel 20

(C2H50) 3Si C3HGNH2 (111) [ 3-am nopr opyl

triethoxysilane] (CH30 3Si C3HGNHC2ZHANH2 (1V)

[[N-(2-am noet hyl ) -3-am nopropyl trinmethoxysil anel
(C2H50) 3Si C3HBNHC2HANH2 (V) 25

S L A e e S8 o Sopropyl

E r3'_Iﬁ?gﬂlﬂggﬁﬁggﬁftkﬂhgﬁg%gﬂr%g@@gﬁ%t?ﬂéhl S3 lls conducted to
t%@; %ﬁ%g?fngﬁ%( gﬁ%&g %%Ré?hlép%%%%t% ﬁ].rﬂr(])‘éﬁllﬂé’ BIaké Yetivation
tiegtBR AL S b St eobiting agen laxsr, 2, theglass
sdfisfisle' ToRIRHR (b BAR S gt 8 EARS Yelnt b §ed dptfis step are
o B SRR SRR, SR KRB ggen
ti3s BB5E @ nithEgn s ihtifuh RNTIHE eB0LED o3 AR pREEL kfoup,
o AT IR P RS B Mosont
by thd following general formula (I).

(C,Ha,,10)sSi(CH2).NHR (D
where R is selected from H, C,H2,NH2, CONH>, and C¢Hs, and each of
m, n, and p represents a positive integer. Preferably, mis 1or 2, nis
an integer from 2 to 4, and p is an integer from 2 to 4. More
preferably, a compound selected from the compounds of (IT) to (IX) or

a mixture of those compounds is used.

(CH30)3SiCsHsNH: (I1)
[3-aminopropyl trimethoxysilane]
(C2H50)3SiCsHeNH> (I
[3-aminopropyl triethoxysilane]
(CH30)5SiCsHeNHC2HsNH: Iv)
[N-(2-aminoethyl)-3-aminopropyl trimethoxysilane]
(C2H50)3SiCsHeNHC.H4NH; V)
[N-(2-aminoethyl)-3-aminopropyl triethoxysilane]
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The step of silane coupling agent treatnent S3 is
preferably carried out by dipping the glass substrate
1 in a silane coupling agent 20 solution. As
required, agitation of the solution or irradiation of
ul trasonic wave to the solution may be used

simul taneously. This treatnent is generally conducted

at (CHIERACIEENHCOHL0 30 C and( Vf[?:r 1to 10 mn. A

formed silane coupling agent layer 2 has a thickness

el ow IR RT bk 2eraR Ry pifeforpsliingd 0T
age(it H%@)ES?@?IEIENH@@NH&' anol gr(WE)s t hr ough

hy dr of ySI'$ wat er conponent of the aqueous

sol ut| o ﬁﬁ“eﬁ@gpi‘%ﬂ tr1%?ﬂb§ %;}??,lol ution, and then,

QAN T, O
LP%?QL@O‘”@#@&B})&S’%M FeaBRRHSI yPRLLRES ol tiglpmine]
@?%E’M@Ha%%%ﬁ%ﬁeﬁé@. HEET 1 R o

(}I CH [N-(2-aminoethyl)-3-aminopropylmethyl dimethoxysilane]

A silane coupling agent is generally used in an aqueous solution
of 0.1 to 4.0 wt%. In the case of a silane coupling agent exhibiting low
solubility in water (for example, the compound of formula (VII)) may
be used by dissolving in an aqueous solution of acetic acid of 0.1 to 2.0
wt% or in a mixed solvent of water - alcohol (for example, methanol,
ethanol, or the like). (The mixed solvent can further contain acetic

acid.)

The step of silane coupling agent treatment S3 is preferably
carried out by dipping the glass substrate 1 in a silane coupling agent
solution. As required, agitation of the solution or irradiation of
ultrasonic wave to the solution may be used simultaneously. This
treatment is generally conducted at a temperature of 20 to 30 °C and
for 1 to 10 min. A formed silane coupling agent layer 2 has a

thickness in the range of 10 to 50 nm.

As shown in scheme 1 below, the alkoxyl groups in the silane
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OH CH L glass surface Y Y heating / Y Y dehydration
condensation HO S -OS -OHHO S -GSi-OHO ~~ 1 |
chemical H1 HJ H hydrogen bond 0 0 bond F 5i Si Si
Sk gl ass surface glass surface 27 Step of pall adi um
catal yst treatnent S4 Next, a step of palladium

catal yst treatnent S4 is conducted on the glass

c?&?ﬁ&fghgﬁﬁt@é f‘%ﬁ‘sﬁiﬂrﬂ@& t%og&,a]@{;ggg g6 a*}%ﬁgﬁ hydrolysis

ereon e step of pa di Ul yst
wHE B8 ¢ én&ﬁ% rdf%é’ﬁ?u?o% SORRIGE dheh@hiser-
strate an ‘agqueous sol ution containing

e 54 e e BB g it
c&?&@{lbgg t‘ég{%géelﬂé t%g ecﬂ%(#l?i%ggm TRBSiPAne tcﬁlé.ﬁﬁ?ﬁgzagérﬁ@ in this

<GB AERke 4B DB ANy
g%@fs{%%h%@"%ﬁ%ﬁ%(@%' WA suftH oDRIES %Eﬁgsiaﬁg%ﬁ in the
@ PF eet Pty o e Bt 871 on cont aining 001
to 1.0 wt % of pall adl um ions in a PdCl2-converted
proportion and 0.01 to 1.0 w % of

Chemical Formula 1

Scheme 1
Y Y Y Y
L HoQO
RU—?J:l—OR—"' HO—8I—OH —— = HO—SI—-0—Si—OH
OR CH ('}H éH
CH OB
T L]
Si Si

glass surface

Y Y heating / h Y
dehydration
condensation
HO—.?I'—(‘—?]—OH —_— e HO—S5i—0—5—0H

\‘O\H H\\O\H chemical
\o\\\ \o\\‘ hydrogen bond % O bond

-

Si Si Si =
glass surface glass surface
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15 al kal i ne conpound in a KOH converted proportion.
This treatnent is generally carried out at a
tenperature in the range of 20 to 30 Cand for 1 to
10 min. This step bonds the palladiumions to the
N-functional groups of 20 the silane coupling agent
t hrough a coordinate bond or the like, formng a

Sgg?'di%é’[[h@%&ﬁi yataly@tetreatiiahti3uctions as a

alyst for the el'ectroless plating. The forned

pal Negitug Wgﬁbf gfallag’d/ﬁimi”cé‘%ﬂxét trBLEXNEHESA islcd®dtiBted on
nm 25 Step of pall'adi umbon I Ng treatnent S5
RO raf 3 B OhgR LAY IO AN G ARt 2 Bormed
eS0T S FR3Sa R R LB e D14 B out

oS e RSO RORAROLS, 85 R BN coptaining
pBRainmlSRs T TAl TRR ThafadiREh RALTR LR, fB) Brample,
P AR oSO P RSEcR ARG R g o
vEafe, 20Tt de S Hwer tharpy iR diiRe 155 abddhe N-
D e DR S B Bt B gnd e
58378 e e A ey BEE AL S

Bl 0 ARl B NROY: N K0T S0 Phe Sk
containing aqueous solution used in this step. This step is preferably
carried out using an aqueous solution containing 0.01 to 1.0 wt% of
palladium ions in a PdCls-converted proportion and 0.01 to 1.0 wt% of
alkaline compound in a KOH-converted proportion. This treatment is

generally carried out at a temperature in the range of 20 to 30 °C and

for 1 to 10 min.

This step bonds the palladium ions to the N-functional groups of
the silane coupling agent through a coordinate bond or the like,
forming a palladium catalyst layer 3 that functions as a catalyst for
the electroless plating. The formed palladium catalyst layer 3 has a
thickness of 1 to 10 nm.

Step of palladium bonding treatment S5
Subsequently, a step of palladium bonding treatment S5 is
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gl ass substrate 1 on which the pall adi um bondi ng
treatnent S6 has been conducted, formng a plating

| ayer 4 of a NN-P alloy plating film This step is
preferably carried out by di pping the glass substrate
1in an electroless plating solution. The obtai ned
Ni -P plating |layer 4 20 exhi bits vari ous nmagnetic

cMABEEEd STHERPSRY 1Y é)%gtﬂ%xgéa?%(?%ﬁﬁgﬁuéut %&”ﬁg@fﬁé kRB glass

ranging fromsoft ma e case 0
SEPSRRIR Y HEMREDhE YAl ot PARRAYTN A § Tobfe ¢ EREreon into
alf e gt SRIGEREbEH IR LA At RUROR)., By the
tibeRenify 6 YRR AP Bi14i6h O REPPRASHHftf acid, chlorine
RN Hdvtea A fBal fat bl Cilnififh ot with the
IERTBRRR Por it BRARH ot TR ied hetween the
SR ERA Y et A R A i s

concentration of to.6 wt% MELPLATE NI -802 . .
AP hCPBBANERL. RUFEREI e Progess, INPECanzive: free Balladium
PR FRoE ko it ot Phonhss bR e preforably
copteanen. 1 Irt et hYpOmpasier csropeid ThASEPiiss
cchorn e pnosbaapeoshbra IS h A8 TR 05

el ectrol ess plating solution with a phosphorus

mMdBncentration of nore than 14 wt% which facilitates
the precipitation

Step of electroless plating S6

Next, a step of Ni-P electroless plating S6 is conducted on the
glass substrate 1 on which the palladium bonding treatment S6 has
been conducted, forming a plating layer 4 of a Ni-P alloy plating film.
This step is preferably carried out by dipping the glass substrate 1 in
an electroless plating solution. The obtained Ni-P plating layer 4
exhibits various magnetic properties depending on the phosphorus
concentration, ranging from soft magnetic (in the case of low
phosphorus concentfation) to nonmagnetic (in the case of high

phosphorus concentration).

This step can use electroless plating solutions with various

phosphorus concentrations. Examples of the electroless plating
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15 reaction of plating. This step can be conducted in
an appropriate tine and at a proper tenperature
corresponding to a desired thickness of the Ni-P
plating layer 4. AN -P plating |layer 4 having a

t hi ckness of at least 20 1.0 pm preferably in the
range of 1 pmto 5 pm can be forned by conducting

s¢mt§oﬁtﬁﬁlaa@ehahbﬁgﬁégﬁegﬁﬁgggﬁtpms orfls tc%g%@n@réﬂﬂ)n Ni-P

to 45 mn treatnment S7

pﬁ]@ﬁg é’ohﬁ;ﬁhe( tﬂgﬁ%‘ ESﬁE@EE{'aﬁIB_npﬁf Fg%ufge\ﬁt

ass sub tra havi ng t ating |ayer

NIMIDER SO X Rl ifac ﬁ&?ﬁﬂﬁwgfﬁﬁéﬁ (b Fitd), from
ngRfhBHRLELS %ﬁﬁgm%fl?%@’fen@ﬁﬂqm'ﬂ‘f’@ﬁﬁp@ Hntration Ni-P
plitipgfolfef 3@%31%?’%033% 8&5%@@%3@&30 BASeE Tt
Nﬁ@@%@ﬁ"%&ﬂi‘%ﬁ ArilafPirea iy Aantet fﬁ%wgtr}hdaﬁéwsphorus
RS o(ﬁfﬁ tﬁ@o&%“@@ﬁ%ﬁE ﬁﬁ&a@ Hiifactured by
1\@‘33 %1556, "ain i V'&%e O% PhpSpndr i e Ation Ni-p
platide i r%ﬁﬁeﬁ%@& us 1§9$ﬁér4§5@$ 31 903 v NMUDEN
LEE amiomtacevs 'i{}ﬁﬁﬁﬁ}?ar%'eséracg Cadetd 25 BOP NICORON

LEH than pref af%zgfyredﬁm@?éﬁ@géch reqaglrfm@{fé‘&%sdﬁosﬁp@%é This

bet ween_t h | ass substrate 1 and t
step can furtie% use a commercially ava1tl1ab{g high phosphorus

concentration Ni-P electroless plating solution with a phosphorus
concentration of more than 14 wt%, which facilitates the precipitation

reaction of plating.

This step can be conducted in an appropriate time and at a
proper temperature corresponding to a desired thickness of the Ni-P
plating layer 4. A Ni-P plating layer 4 having a thickness of at least
1.0 pm, preferably in the range of 1 pm to 5 pm, can be formed by
conducting this step generally at a temperature of 70 to 90 °C and for
10 to 45 min.

Step of heat treatment S7
Finally, a step of heat treatment S7 is conducted to the glass
substrate 1 having the Ni-P plating layer 4. This step improves
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plating |layer 4 due to the difference between a |inear
expansi on coefficient of the glass substrate 1 and a
| i near expansi on coefficient of the N -P plating

| ayer 4, generating the defects in the N -P plating

| ayer 4 such as blisters or cracks. To mtigate the
generation of this 20 stress, the tenperature rise

adHBiVhS 6PERL INIMIE AR (#Pefd tOthESlaksnibEHate J while

tenperature in this step 1s carried out” 1n at | east
. r i . r
n:Pélntaﬁh%grl?@fﬁ\%%rlléslj%?ﬁ]fe&é‘ Tﬂmﬁ%%%gé? g?m gn?(it)%tehrln%ss of the

east 12 rate o

SWRITOT e DR P aERT: LEySP ., T8 fip AUARRTthe

IS S e B AT s swtce o
thEBlpS WPyl B ARiaglPh Sl AFdrggen bond
A 51 P 5 e HERRUIALERE. patb ity strone
im0 Dt Y B AERSHELD St FURR, frment i
S NGEAATH % Rl Al R e Ryt and e
S8 A el 1B S5Gy3Rh i GuPheT adhosiviy
PR 5 s R B BN A
corresponding to 15 the phosphorus concentration.

The step of heat treatment is preferably carried out at a
treatment temperature of 250 °C to 300 °C for at least 1 hr, preferably
2 to 12 hr, more preferably, 3 to 6 hr. Here, fast temperature rise
may develop stress between the glass substrate 1 and the Ni-P
plating layer 4 due to the difference between a linear expansion
coefficient of the glass substrate 1 and a linear expansion coefficient
of the Ni-P plating layer 4, generating the defects in the Ni-P plating
layer 4 such as blisters or cracks. To mitigate the generation of this
stress, the temperature rise from the room temperature (25 °C) to the
treatment temperature in this step is carried out in at least 2 hr,
preferably at least 6 hr, more preferably at least 12 hr. That is, the
rate of temperature rise in the heating-up process in this step is

confined within 135 °C/hr, preferably within 40 °C/hr, more preferably
within 20 °C/hr.
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By form ng a nonmagnetic hi gh phosphorus concentration
Ni -P plating ayer on a nonmagnetic gl ass substrate,
the applications are possible including: (a) precise
snoot hing for high density recording, 20 which is
difficult in a highrigidity glass substrate, (b)
manuf acturing a LZT substrate and an ani sotropic

al i ghie rstte?q i pirefesh blly tcareied eitUin Ao aﬁ@ﬁ)s@ere of inert gas
he

enhanci ng coercivity of a magnetic fil y

(fePRdxdmpla, pitroget tReEueA, 8r stdo)aor e Phepose of

sputtering process. 25 By formng a soft rmgnetl c |low

P@@éﬁﬁﬁi%‘%b@%‘f@ﬂé’én{g‘l&ﬂreﬂl floahi therirhhToXid 8tion due to the

nonmagneti ¢ gl ass substrate, the plating filmcan be

hégtlﬁ.@% #.soft magnetic backing layer for a
per pen cu ar magnetic recording medium A

per pendi cul ar magnetic recordi ng nmedium having a soft
magneti ¢ backing | ayer, called a double |ayer

per emlpgpagn;g%g{;#ggoggg% ayerhge;q;}db@mg&;#g%nuon is
?R éé nahﬁl%g ??&%?ﬁb% }?]?{Br%ﬁh% excellent
C‘hﬁéﬁé@ﬁéﬁ?? 3&3@%@%@%«%@&«3@2@@@%&% §ﬁ5%gﬂawlg layer
43@%%35%%% ARG oF g JRBRE 1B aﬁ?%ﬁ%%éaq{é“q}g@ tRickness,
? glt&{(g)tﬂf mﬁ}lgfl #q ﬁ?lfl lfg]eﬁgé" %{Hfaﬁ ﬁ@%&gi? crack,

ti film(strike platlng) as an adhesion | ayer
O}Egﬁﬁelgﬁea | ow phosphorus concentration Ni-P 15 plating

filmand the glass substrate, as well as in the
above- descri bed

More specifically, a Ni-P plating layer 4 according to the
invention can be used in the following applications corresponding to

the phosphorus concentration.

By forming a nonmagnetic high phosphorus concentration Ni-P
plating layer on a nonmagnetic glass substrate, the applications are
possible including: (a) precise smoothing for high density recording,
which is difficult in a high rigidity glass substrate, (b) manufacturing
a LZT substrate and an anisotropic alignment medium using tape
texturing, and (c) enhancing the coercivity of a magnetic film by

applying a bias voltage on a substrate in the sputtering process.

By forming a soft magnetic low phosphorus concentration Ni-P

plating film on a nonmagnetic glass substrate, the plating film can be
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application fields of the high phosphorus
concentration Ni-P plating filmand the |ow
phosphorus concentration Ni-P plating film Second
aspect of enbodi nent 20 The foll ow ng describes a
second aspect of enbodi nent of a nethod of

manuf acturing a di sk substrate for a perpendicul ar

u@@&@é hCsdTe GARSHRE] EBAickThic aWehCfbrea Fiieft&iefiﬁiﬂc@ﬂ&{« flagnetic

Is formed of a~ soft magne ic”Co-N -P al Foy plating
rosa P B AREROR .g%ﬁgﬁléésgé?dﬁkﬁ‘*@edmm
DR D SOr Al %esc?‘?%aaﬁ%%éf DUER% ol aRRE.
pELSCh AR Fh etifh e F‘E@%‘;@?ﬁ%ﬂ“ﬁ? PESHEIF! wih a soft
nﬁﬁ%ﬁ%@@%ﬁaﬁ?@m@%ﬁ%ﬁn&%@ ﬁ@%ﬁf&%@fﬁgh
s%fﬁﬁa@@ﬁtm%%gﬁbﬁ? ﬁ%&a@ﬂs&“ﬁ@@@e%&%’é@%ﬁ% E#o'g'giﬁg layer
RS Pt B B S AL BE e

i e MBS et
at o of cobalt and nickel (Co/(Co+Ni)) and has a
TQqArER8ss in a range of 0.2 umto 3 pm The soft

magnetic 15 plating filmof Co-N-P alloy preferably

further contains at nost 2 at% of tungsten or

marigar}ese Since the addi %J on i roves carr05|8
y forming a nonmagnetic or soit magnetic, medium phosphorus

concentration Ni-P plating film on a nonmagnetic glass substrate, the
plating film is used for an underlayer plating film (strike plating) as
an adhesion layer between a low phosphorus concentration Ni-P
plating film and the glass substrate, as well as in the above-described
application fields of the high phosphorus concentration Ni-P plating

film and the low phosphorus concentration Ni-P plating film.

Second aspect of embodiment

The following describes a second aspect of embodiment of a
method of manufacturing a disk substrate for a perpendicular
magnetic recording medium in which a plating layer 4 is formed of a
soft magnetic Co-Ni-P alloy plating film by a step of electroless
plating S6.

Since the steps S1 through S5 in this second aspect of
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resi stance without inpairing the function as a soft
magneti ¢ backing layer of the plating film4. At nost
several percent of germaniumor |ead conpound can
al so be added to stabilize the plating bath w thout
20 detracting fromthe effects of the invention. A
soft magnetic plating |ayer 4 needs a thickness of at

eh?@é‘dnﬁe%t é&‘@ tRe %}ﬁb'é’é‘tﬁ%é ipoflhe TRSREId ck%%}kéﬂﬂ)odlment

l'ayer for a perpendicular nagnetic record| ng medi um

d@ el bobedl bf )élé&‘i‘ﬁl%éé‘ﬁ]l \g S6 gﬁdtab%tep of heat

|ckness I's desi at nost ew o

%h‘t‘S’?%re eé&%@ﬁ%é‘ﬂ)v@he CO"F’OS'“ on of the

nmagneti C ati'ng layer 4, a phosphorus
concentratl on beI ow 3 at% hardly forns a stable
el ectroless plating film while a phosphorus

§§?‘§f§¥4@{%§§§ﬁ§f 18 2Pl 6 St drldBctleke Hiftfile
tlpe?@éﬁéﬁk N6 hgRs S abelh %ilgw&ﬁ&ﬂa% %08 Ao%? {laghum
bRt R TER et BB AL 15007 ot T (P ont rat i on

magnetl c flux density Bs 10 cannot be nmi ntai ned
sufficiently high and the saturation rmgnet ostriction

COL 304 RSROTB AeRR Yert k. absol e val e,
pESheRitHamagastiSrezoniing The RIGsing JAver %M@P%erably a
SElh MaRataG ?}n&iﬁ 8@ cgbﬁggl%éﬁfpa el ek lﬁxﬁcﬁgtdaining
phasBBeessiaeagiangs of 5 atds t6 30 atds Rhd cobalt of 15tYs in a
proportion of number of atoms of cobalt and nickel (Co/(Co+Ni)) and
has a thickness in a range of 0.2 pm to 3 pm. The soft magnetic
plating film of Co-Ni-P alloy preferably further contains at most 2
at% of tungsten or manganese since the addition improves corrosion
resistance without impairing the function as a soft magnetic backing
layer of the plating film 4. At most several percent of germanium or

lead compound can also be added to stabilize the plating bath without

detracting from the effects of the invention.

A soft magnetic plating layer 4 needs a thickness of at least 0.2
um to function as a soft magnetic backing layer for a perpendicular
magnetic recording medium capable of high density recording, while

the thickness is desired at most 3 pm in view of productivity.
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t hus unfavorable. The conposition preferably contains
at least 10 20 at% of nickel in a proportion of nunber
of atoms of cobalt and nickel (N / (Co + Ni)) to
stably forman fcc structure. A step of heat treatnent
S7 may be carried out after formation of the soft
magnetic plating | ayer 4, aIthough t he desired

perC%H@@ﬁ?nﬁ%ecg?nﬁ?oéi@ff(ﬁh ‘@4 ém%agifei,?@ HlhBhg layer 4,

process 1 nt IS aspe
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eteriorates t e magnetic p or mances
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| ayer 4, and the saturation magnetostriction constant
of the soft magnetic pI ating layer 4 are naintained
nt do ume The effec

o ArptaEhetehiSactih HluerdeRals atfnin phpOFtpE of
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abaBeBRte S e @%ﬁdﬁéﬂe&(’&%ﬁe@s?ii\w%iéiensny Bs
canagt b pgant %ﬁéﬁﬁﬁﬁlﬁ& high adihe fakuration

treat rrent escri bed a poI i shi ng trea nment %H

MALHYRREIGHOR sonshasttheipmes Begative and 4 fargsmbsolute

gnetic plating |layer 4. The surface of the soft
v etic plating layer 4 is effectively polished and
snoot hed using free

Although an upper limit of the cobalt concentration is not strictly
limited to a special value, a cobalt concentration over 90 at% in a
proportion of number of atoms of cobalt and nickel (Co / (Co + Ni))
tends to make the CoNi alloy take an hcp structure having a large
crystalline magnetic anisotropy constant and to increase coercivity,
thus unfavorable. The composition preferably contains at least 10
at% of nickel in a proportion of number of atoms of cobalt and nickel

(Ni/ (Co + Ni)) to stably form an fcc structure.

A step of heat treatment S7 may be carried out after formation of
the soft magnetic plating layer 4, although the desired performance
can be obtained without the heating process in the plating film of this

aspect of embodiment of the invention. The heating process scarcely
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20 abrasive. The polishing can be conducted for
exanpl e, using a double head type buffing nmachine

wi th polishing pads of urethane foamand feeding the
abrasi ve of suspended al um num oxi de or coll oi da
silica. After the polishing treatnent, a heat
treatnment may be conducted. 25 It shoul d be enphasi zed

dbb@ho&*ﬁ@eé th%d@iéﬁ@ giéﬂf@f‘ﬁla?ﬁ@es hFRPhbsd chﬁ‘fracterlstlcs of

formng a soft magnetic¢ plating layer 4 wth excell ent

tRE sofh %&agh@ﬁld Qléﬂlﬁgsfdy&t Aﬂrdzhé b TR gﬁet‘i@ AiBbERShPinduced

the i nvention Shownin conpr | I"ass
W RS A et
ai\}ﬂf‘fl?}é‘?ﬁgﬂ %?(&gpéglcfglg%}ﬁ‘ Paly 2‘8% gH? qghgj é(;étthleaﬁ’éﬁﬁtﬁqﬁ Between

£ Qg]e‘}?ﬂ‘&l E*H@Q 158%0%3?&0?&%’568{3 ?@g % ea%;éa%%byﬁ‘ascb' P3nd the

cou ng age ayer Spose

oBRRER P AR gt o
s@lt BEndlif tAsha 16 P8P8 shiaifla BiRy Abladitilpklabove

a% ? substra&e 1. 15 Therefore, it is essential to
ﬂ- ﬁheS|V|ty of the plating film= high
denS|ty of the pal |l adium catal yst |ayer = high density

sil ane coupling agent |ayer = high den5|ty

ation of ano rLoups on the su e of th .
o abbeaffeet of bh ihvertign Rie bye Sgriad \BhEncan atfhesion
le{}rreex‘a(t:onr%ri)tos%%i 0 %t nbﬂ%aeé‘ﬁgﬂct N?Pn 1Tber ogfexte{]r(relp%l ?sn?)lrowded
between the palladium catalyst layer 3 and the soft magnetic plating

layer 4 on the glass substrate 1 for improving the adhesivity.

After forming the soft magnetic plating layer 4 by an electroless
plating method or after the heat treatment described above, a
polishing treatment may be conducted for smoothing the surface of
the soft magnetic plating layer 4. The surface of the soft magnetic
plating layer 4 is effectively polished and smoothed using free
abrasive. The polishing can be conducted for example, using a double
head type buffing machine with polishing pads of urethane foam and
feeding the abrasive of suspended aluminum oxide or colloidal silica.

After the polishing treatment, a heat treatment may be conducted.

It should be emphasized that the following conditions are

important for forming a soft magnetic plating léyer 4 with excellent
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groups on the surface of the glass substrate. Fig. 4
is a graph showi ng an analysis result on the generated
quantity of silanol groups (Si-OH) on a surface of a
gl ass substrate 25 after various activation treatnents
nmeasured by a thermal desorption mass spectroscopy
apparatus. Table 4 shows the determ ned nunber 37 of

aHh@sf&i‘tﬁtﬁﬁgﬂ% %Hﬁetuf@?&ﬂn%&b??ﬁlgﬁiéﬁ}%d ®f the invention

treat ne etermned quantity © - OH groups

Slﬁ%ﬁﬁm@ . 9 8RS Yis 158§ %*Lfbsttﬁ"ﬁg% '15"/2' %ﬂ%-ﬁcm(?(:uﬁﬁﬁ% agent

wat er ‘treat t 1.16 x10

It TR bty st et 5 PO N e e AP plating

1 efore treatnment surface of the glass substrate,
he effect of a glass activation treatnent of the
warm water treatment is slight. On the contrary, the
treatnment using m xed solution of HF + NHAF gener at ed

1E§Zﬁé§éﬁgh% ?c%g?liféﬁf @’e@?&@%%h?éﬂ &E%%%@?gé@%%ig

abpiRiebflds forlBieadhicth 28 SARE, (o rprove
adhesivity of a plating filmby the treatnments of the
i nvention. 15 Aspect of enbodi nent of a nethod of

2)@?)[1]}‘5%% abovd coddition ql')?%l Hlane coupling agent layer 2 disposed

beneath the palladium catalyst layer 3 is formed with high density.

3) For the above condition 2), plenty of silanol groups (Si-OH) capable
of bonding with the silane coupling agent exist on the surface of the

glass substrate 1.

Therefore, it is essential to attain: good adhesivity of the plating
film = high density of the palladium catalyst layer = high density of
silane coupling agent layer = high density generation of silanol
groups on the surface of the glass substrate. It is the step of glass
activation treatment S2 that increases the number of the silanol

groups on the surface of the glass substrate.

Fig. 4 is a graph showing an analysis result on the generated
quantity of silanol groups (Si-OH) on a surface of a glass substrate
after various activation treatments measured by a thermal desorption

mass spectroscopy apparatus. Table 4 shows the determined number
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magneti c recordi ng nmedi um The foll ow ng descri bes an
aspect of enbodi nent according to the invention of a
nmet hod of manufacturing a perpendicul ar magnetic 20
recordi ng medi um using a disk substrate for a
per pendi cul ar magnetic recordi ng nmedi um manuf act ur ed
in the second aspect of enbodi nent descri bed above.
oP@héhﬁhﬂangfﬁﬁps3 a perpendi cul ar 38 nmagnetic
recordi ng nmedi um manuf actured by a manufacturing
met hod of this aspect of invention has a structure
conprising at |east a nonmagnetic seed |ayer 20, a
Tamgagti c recording layer 30, and a protective |ayer
40 sequentially fornmed on a disk substrate 10 of Fig.
5 2 for a perpendicul ar magnetic recording medi um
Though not shown in Fig 3 the nonmagnetic seed | aye

20glat§$6actIHngﬁm treetoveditng | ayedeaérnﬂmxéd heantity
protective |ayer 40 can al so|be f$) IQ)F{{ her
side of the disk substrate 10. né{) %ﬁ netic se d
Layer 20 can be conposed of ; ITQHPS(/rﬁ

t he Crbef@e thdgiment and the grain s)B2 gf1Q¥e

nel W el dredffilent 10 oo L Tk oY e
30 |HFa+pNﬁdﬂareatmemt5 magnet i zati ch 88 Krfi(&]érmosed

of H,S¢9) Bt HIF featibngxample, the AH@yRonEsi ¢ seed

IdyET 20-—Tcam pe (..U”pUSEU of —a CoCr—at oy, tTtanTumnr—or

a titaniumalloy, or rutheniumor a ruthenium alloy.

When the magnetic recording |layer 30 is a so-called

| anCoriparpes phodjuahtity ofbgilahot groaps ohnleobpbsedtreatment

of lam nated cobalt alloy |layers and
surface of the glass substrate, the effect of a glass activation
treatment of the warm water treatment is slight. On the contrary,
the treatment using mixed solution of HF + NH4F generated about
three times of silanol groups, and the sequential treatments of H2SO4
— HF generated more than four times of silanol groups. Thus, a
significant effect can be expected to improve adhesivity of a plating

film by the treatments of the invention.

Aspect of embodiment of a method of manufacturing a perpendicular

magnetic recording medium

The following describes an aspect of embodiment according to the
invention of a method of manufacturing a perpendicular magnetic
recording medium using a disk substrate for a perpendicular
magnetic recording medium manufactured in the second aspect of

embodiment described above. As shown in Fig. 3, a perpendicular
38
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20 platinumor palladiumlayers, the nonmagnetic seed
| ayer 20 can be conposed of platinumor palladium A
pre-seed |ayer or an internediate |ayer can be

provi ded on or under the nonmagnetic seed |ayer 20

wi t hout obstructing the effects of the invention. 25
The magnetic recording | ayer 30 can be conposed of any

ni®d8étidl recobdin 'ﬁl‘é‘ﬁﬁu&ﬁ%b‘ﬁdﬁcﬁﬁgeﬂw ﬁdh'féﬂ@fhdt'ﬂuﬁ‘ng

per pendi cul ar gnetic 39 recording di um

mEtHId af %hﬁﬁs?gcﬁ %ﬁﬁ%tﬁé?"l?é@% SRt u E%Hrh%ﬁ‘?ﬁng at least

per pendi cul ar gnetization s corrpose of t

AR BRI 2 AR 2,
PR afe b2 togbigals Bl P %%%pﬁﬁiﬁﬂrg of Fig
gﬁso @29@%%2‘2‘21 omgg%%rlﬁeﬁrﬂlﬁgoﬁénﬁl N ;rcar bgﬁn

and a liquid lubricant [ayer forned by applying 10 a
I|qU|d | ubricant such as perfluoropolyether on the

BB D I ST AR o iad 20,

m f or .Oon, tec

m@&%@ﬁsﬁ%&gﬂ}%&ﬁ&sr.%@ Redue nEblHTE JavEr i Hfsalso be

GRS R R R E A Bate%&@?ﬁ@SGLLSW nas

the favorable read / wite performance as a double
| ayer perpendi cul ar magnetic recordi ng nedi um si nce

e A TBIRE ) B PR i sl B omateria
Wil dcotl)lnttlrgfs tflgecrirostcgll ggnltlartnlecntbgﬁﬁl e Igfil'am size of the
magnetic recording layer 30 favorably, without any special limitation.
When the rhagnetic recording layer 30 is a perpendicular
magnetization film composed of a CoCrPt alloy, for example, the
nonmagnetic seed layer 20 can be composed of a CoCr alloy, titanium
or a titanium alloy, or ruthenium or a ruthenium alloy. When the
magnetic recording layer 30 is a so-called laminated perpendicular
magnetization film composed of laminated cobalt alloy layers and
platinum or palladium layers, the nonmagnetic seed layer 20 can be
composed of platinum or palladium. A pre-seed layer or an
intermediate layer can be provided on or under the nonmagnetic seed

layer 20 without obstructing the effects of the invention.

The magnetic recording layer 30 can be composed of any material

that allows recording and reproduction in a perpendicular magnetic
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is formed by an el ectrol ess plating nethod that

exhi bits high productivity. Therefore, the nedium can
be manufactured at a very |ow cost because the
backi ng | ayer need not be formed by an 25 expensive
nmet hod of sputtering, for exanple. 40 Exanples Sone
speci fic exanpl es of the above-described first and

ré&HAAgeARaF A0 ThEbeR el 1 e£A Bglé&eﬂrﬁor% the above-

invention wll be described in the tollow ng

nferiBhed ér}')\lknalcﬁhﬁxeﬂlas%?éﬁl‘zﬁttf‘oﬁ #hés €o d #¥she

the steps” of” the process Ni -P plating an mai n

CoRAPE pI0R. L S, Aoy, PO Bl pR oKl (A ¥ cARed
pRigehl: Jé@iﬁ@a“%@@%@ls&‘s (i BHEDHMREARIGRY 2ocbaftc alloy
a{l[rig%]tcy §ﬁ Jlgf)?rea %atl ng and main conditions

ste NeNt concent- tenperature
treatrrent liquid ration (C time (W% (mn) (1)
detergent degreasing alkaline 1.5 50 3 detergent (2)

i TR EtP BN St 40 1,3 Wi SRR LIS bt caxbon,
ol or}?é"mplg 'Phe? f)r(}te%tlz&e %ayeta{“% FER Yo be composed of the thin

film of mainly carbon and a liquid lubricant layer formed by applying

a liquid lubricant such as perfluoropolyether on the carbon thin film.

The nonmagnetic seed layer 20, the magnetic recording layer 30,
and the protective layer 40 can be formed by a thin film formation
technique selected from sputtering, CVD, vacuum evaporation,

plating, and the like.

A perpendicular magnetic recording medium manufactured as
described above has the favorable read / write performance as a
double layer perpendicular magnetic recording medium since the soft
magnetic plating layer 4 in the disk substrate 10 acts as a soft
magnetic backing layer. In addition, the soft magnetic backing layer
is formed by an electroless plating method that exhibits high
productivity. Therefore, the medium can be manufactured at a very
low cost because the backing layer need not be formed by an

expensive method of sputtering, for example.
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(5) palladiumcatalyst PdCz + NaOH 1.0+0.2 20 3
treatnment (6) palladi um bonding H3P02 1.0 20 3
treatment NI MUDEN HDX 80 20 (7) N -P electrol ess

Mel plate NI-867 70 35 plating NI MUDEN LPY 80 25 (8)
heat treatment 30C --> (12 hr or 2 hr) -> 250C (4 hr)
(12 hr or 2 hr) - 30Cin N2 gas 15 41 Exanple 1 A

Ex;‘laq{n{qbq@ély st rengt hened anor phous gl ass pl ate of boron
aluninosilicate (Ra = 0.25 nm was used for a gl ass

subShhid 8péciffe ega PPé@bf ‘ﬁﬁg' ?%ﬁ‘f'eﬂé’é%%ﬁ@& 'f?fétbeYnd second

sequentially conducttng the oW ng steps (

aé OIS éﬁib%éﬁgeﬁ%.tﬁémin EHé'lﬁ%r{%}éﬁ%ﬂmt d¥&éribed in

rr|e out I'pping In n aqueous Sol ution
t}%tf etergent with a concentration of 1.5 w % at
enperature of 50C for 3 min. 10 (2) Al kali
degreasing: A treatnent was carried out by dipping in
an aqueous solution of KOH with a concentration of

% r 50C for 3 mn. 15 (3)
Eéagrsl@eag 6?\17\21[ Foﬁfﬁ)%f‘%ﬁkﬁﬁﬁ%ﬁ was carried out by
di PRLBS Ys@mmarizes the steps of the process for Ni-P plating and
main conditions in Examples 1 through 8 that correspond to the
above-described first aspect of embodiment. The plating layer 4 and

other layers were formed on the both sides of the glass substrate 1.

Table 2  Steps of the process for Ni-P plating and main conditions

treatment step treatment concent- | temperature | treatment
liquid ration (°C) time
(wt%) (min)
(1) detergent degreasing | alkaline 1.5 50 3
detergent
(2) alkali degreasing KOH 7.5 50 3
(3) glass activation HF + NH,F 1.0+ 0.5 20 3
(4) silane coupling agent | formula (III) or 1.0 20 3
treatment (V)
(5) palladium catalyst PdCl; + NaOH 1.0+ 0.2 20 3
treatment
(6) palladium bonding | HsPO2 1.0 20 3
treatment
NIMUDEN HDX 80 20
(7) Ni-P electroless Melplate NI-867 70 35
plating
NIMUDEN LPY 80 25
(8) heat treatment 30°C - (12hror 2hr) — 250°C (4 hr)
— (12hror2hr) — 30°C  in Ny gas
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m xed aqueous solution of HF (wth a concentration of
1.0 % and NH4F (with a concentration of 0.5 w%
at a tenperature of 20C for 3 mn. 20 (4) Silane
coupling agent treatnment: A treatnment was carried out
by dipping in an aqueous sol ution of 3-am nopropyl
triethoxysilane (a conmpound of Formula (Il11)) with a
Fxenaphériation of 1.0 wt%at a tenperature of 20C for
3 mn. 25 (5) Palladiumcatal yst treatnent:

U1 eAtstesiin ivaHyCatveird Hedle P m 6F PRODS glasR azt@dof boron

aqueous solution of PdC 2 (wth a concentration of

aluhino¥liektb BR%(OVQBhnﬁl)CWﬁséatfo% ads §uws%a9é 1. A

a tenperature of 20C for 3 mn. (6) Pall"adi um bondi ng
3
NP3 iaEhe Loyerer v o'ﬁofg?%*%&éeﬁqlﬁ%gaé?%vnséal??%ﬁﬂ% the
fO(HO‘élH? Iﬁosa(t )acH ngre of 20C for 3 mn. (7)
N - ect

| ess at ng:" A N -P plating | ayer having
a thickness of 3. O | xm was fornmed by a treatnent of
dipping in a plating solution 10 "N MJDEN HDX (wth a

(PR RBBEE S ERRSTILSR BediESyh8 cnfbdlus by dippin in
h3TRISahH 5 6Lio P AE G515 PitenkBhe PR A BT Rbygion of 1.5
R T i A O A

were 18.3C/ hr.) Exanple 2 A Ni-P plating | ayer was
formed in the sane procedure as in

(2) Alkali degreasing: A treatment was carried out by dipping in an
aqueous solution of KOH with a concentration of 7.5 wt% at a

temperature of 50°C for 3 min.

(8) Glass activation: A treatment was carried out by dipping in a
mixed aqueous solution of HF (with a concentration of 1.0 wt%) and
NH4F (with a concentration of 0.5 wt%) at a temperature of 20°C for

3 min.

(4) Silane coupling agent treatment: A treatment was carried out by
dipping in an aqueous solution of 3-aminopropyl triethoxysilane (a
compound of Formula (ITI)) with a concentration of 1.0 wt% at a

temperature of 20°C for 3 min.

(5) Palladium catalyst treatment: A treatment was carried out by

dipping in a mixed aqueous solution of PdCls (with a concentration of

42



10

15

20

25

20 Exanple 1 except that the step (7) in Exanple 1 was
replaced by the step (7B) below. (7B) A N -P plating
| ayer having a thickness of 3.0 umwas fornmed by a
treatment of dipping in a plating solution "Ml plate
NI - 25 867 (with a phosphorus concentration of from®6
to 8 w% " (manufactured by Meltex Inc.) at a

11CewrSs PandeNHO D Grfith Btoficantrdfiob el 2 wit%) Nit B

plating |layer was forned in the sanme procedure as in

tdmpErheute OfCBPC £HA3 hiigyr.step (7) in Exanple 1 was
replaced by the step (70 below. 5 (7C) A N-P

plating |layer having a thickness of 3.0 umwas forned
by a treatnment of dipping in a plating solution

(62'\" Mﬁﬁ%u \Bo(ﬂk‘.‘h @ré’@ﬂ%%'iﬁ“ e tfé’ﬁﬁﬁ’étrftas‘v'a%”cﬁiméﬂ%ﬁt by

acture emura & Co

d%fpfﬁg‘p o ng e%tfg S§H%10r o dPllsrﬁ?%%lrﬂh LCMRkS &f‘aﬁon of 1.0

ayer € Sane procedure as

TR AR, " e

treat ment was carrl ed out by dipping in an aqueous
solution of N-(2-am noethyl)-3-am nopropyl

ri 0
(RorSLR Gl BlabRIBANLT pORHEH, Bt ha¥ibh A chickness
of 80 ﬁn‘inv()as formed by a treatment of dipping in a plating solution
“NIMUDEN HDX (with a phosphorus concentration of from10 to 13
wt%)” (manufactured by C.Uyemura & Co. Ltd.) at a temperature of

80°C for 20 min.

(8) Heat treatment: Temperature was increased from 30°C to 250°C
in 12 hr, held at 250°C for 4 hr, and decreased to 30°C in 12 hr. (Both

rising and falling rates of the temperature were 18.3°C/hr.)

Example 2

A Ni-P plating layer was formed in the same procedure as in
Example 1 except that the step (7) in Example 1 was replaced by the
step (7B) below.

(7B) A Ni-P plating layer having a thickness of 3.0 pm was
formed by a treatment of dipping in a plating solution “Melplate NI-
867 (with a phosphorus concentration of from 6 to 8 wt%)”

(manufactured by Meltex Inc.) at a temperature of 70°C for 35 min.
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Exanple 5 A Ni-P plating |layer was fornmed in the sane
procedure as in Exanple 2 except that the step (4) in
Exanple 2 was replaced by the 25 step (4B) described
in Exanple 4. 44 Exanple 6 A Ni-P plating | ayer was
formed in the same procedure as in Exanple 3 except
that the step (4) in Exanple 3 was replaced by the
EsteappldB®) described in Exanple 4. 5 Exanple 7 A N-P
plating |layer was fornmed in the sanme procedure as in

ExafApNg-B 8¢ b lh at whs forared 8h the Biai@peodeddze as in
repl aced by the ep (8B) below 10 (8B) Tenperature

erie ﬁ £ 3 KX el 8&d by th
for Eﬂ ¢ @ dggrﬁgaglgdé%oﬂgg)énﬂn Zaﬁ?pld‘gotﬁsﬁfeﬁng&i y the

ﬁgﬂéxcalgél@gvrat es of the tenperature were 110C/ hr.)
1 anple 8 A Ni-P plating layer was formed in the

same procedure as in Exanple 6 except that the step
(8) in Exanple 6 was repl aced by the step (8B)

cr
’Rﬁ)e;m Ica I y st ?él%gmé e?@l%%qlggg'éé arHtaE{egecg)f1 or“(])%S
xiggprlgf ﬁf@éﬁnéﬁ@ of (ﬁp%ﬁn@qn “é{aﬁléﬂﬁﬁ% é&ht?oﬁ"‘NFMUDEN
LPY (with a phosphorus concentration of from 1 to 2 wt%)”
(manufactured by C.Uyemura & Co. Ltd.) at a temperature of 80°C

for 25 min.

Example 4

A Ni-P plating layer was formed in the same procedure as in
Example 1 except that the step (4) in Example 1 was replaced by the
step (4B) below.

(4B) A treatment was carried out by dipping in an aqueous
solution of N-(2-aminoethyl)-3-aminopropyl triethoxysilane (a
compound of Formula (V)) with a concentration of 1.0 wt% at a

temperature of 20°C for 3 min.

Example 5

A Ni-P plating layer was formed in the same procedure as in
Example 2 except that the step (4) in Example 2 was replaced by the
step (4B) described in Example 4.
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Ni -P plating | ayer was forned by sequentially
conducting the followng steps (9) through (15). 25
(9) Detergent degreasing: A treatnent was carried out
by 45 di pping in an aqueous sol ution of al kaline
detergent with a concentration of 1.5 wt% at a
tenperature of 50C for 3 mn. (10) Al kali degreasing:
Exdamedérent was carried out by dipping in 5 an
aqueous solution of KOH with a concentration of 7.5

w %A\aNieP glewhes dhyee whsToeniad i8 thasamld pridcadsire as in

surface coarsening: A treatnent was carried out by

Eﬂdmph@ 3 axeept xhdtatiesssp £2) ihiloRafiplh8aghs @ildced by the

(wth a 10 concentration of 40 wt% and sulfuric acid
sﬁé&b(@Béd‘éﬁ&fBé&%‘ E&aQﬁgi@Al.vvt% at a tenperature of
60C for 10 mn. (12) Catalyst treatnent providing with
a catalyst: Atreatnment was carried out by dipping in
a m xed aqueous solution of PdC2 (wth 15 a

FShh ration of 0.3 g/L), SnCl2-2H20 (with a
concg’%rétion of 15 g/L), and 36 % HC (with a

P AT IRRRE JA08r Hab kot ibRES S ByBtedife oo in
BReifpf Hbsetbchpit ?c%#‘*&é%@ﬁ ﬁaﬁfﬁ@%ﬁ%e@éﬁi@??gﬁd by the
50C 5 mn. 14
S%lfp- @g? g{cetlin%'egst Slng?ir ﬁtgyri Kli -P pl a?ir ng Ima;er gavi) ng

a thickness of 0.4 umwas forned by a treatnent of
dipping in a plating 25 solution "Nl MJDEN HDX (with a

(éﬁ'f Sphof‘gﬁlﬁgpe{:t(ﬂ}ter A LM edd A rom 30°C to 250°C in 2 hr, held

at 250°C for 4 hr, and decreased to 30°C in 2 hr. (Both rising and

falling rates of the temperature were 110°C/hr.)

Example 8

A Ni-P plating layer was formed in the same procedure as in
Example 6 except that the step (8) in Example 6 was replaced by the
step (8B) described in Example 7.

Comparative Example 1

A chemically strengthened amorphous glass plate of boron
aluminosilicate (Ra = 0.25 nm) was used for a glass substrate 1. A
Ni-P plating layer was formed by sequentially conducting the
following steps (9) through (15).

9) Detergent degreasing: A treatment was carried out by
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10 to 13 wt% " (manufactured by C Uyenmura & Co. Ltd.)
at a 46 tenperature of 80C for 3.0 mn. (A thickness

nore than 0.4 pmwas inpossible due to occurrence of
peeling of a filmduring the plating process.) 5 (15)
Heat treatnent: Tenperature was held at 250C for 4 hr
under an atnosphere of nitrogen gas. Conparative

dipxgites ¢nam djudd s abld oy h1kak neod 8bsrdontt Wathame
procedure as 1n 10 Conparative Exanple 1 except that

céfige 5tRRIOADL 115 FAIH AL itk pEXEERFE of HIE foaPBaned.
by the step (14B) below (14 A N -P plating | ayer

having a thickness of 0.7 pmwas fornmed by a
treatment of dipping in a plating solution "Ml plate

86 O - . .
(18%)\;\( ° 7A11K‘5M(1nm@a@a%1?g£stiah:g2:§@g§éﬁ/gﬁfé;ﬁﬁ We{s‘)@af’ﬁegir@m ®y Qipping in

x Inc.) at

a%lf%}ﬁ’gééhg rs%lﬁfti(ﬁPig'glf[gOﬁ With a(c%nééﬂﬁjértg(?ﬁ i i 'F’i Whed ata

m was | mMpossS e to occurrence peeling O

A e O TR B A L T ayer s formad In the

same procedure as in Conparative Exanple 1 except
that the step (14) in Conparative Exanple 1 was

O er et ST R ERralec Bty &Yyqalbient shhs FaBitd B by
AT HiRsCinbRolt SRl pIE RdhiP Ao MR
coficdntrhtion of 40 wt%) and sulfuric acid (with a concentration of 40

wt%) at a temperature of 60°C for 10 min.

(12) Catalyst treatment providing with a catalyst: A treatment
was carried out by dipping in a mixed aqueous solution of PdCls (with
a concentration of 0.3 g/L), SnClz-2H20 (with a concentration of 15
g/L), and 36 % HCI (with a concentration of 200 mL/L) at a

temperature of 20°C for 3 min.

(13) Acceleration treatment providing with a catalyst: A
treatment was carried out by dipping in an aqueous solution of H2SO4

with a concentration of 100 g/Li at a temperature of 50°C for 5 min.

(14) Ni-P electroless plating: A Ni-P plating layer having a
thickness of 0.4 pm was formed by a treatment of dipping in a plating
solution “NIMUDEN HDX (with a phosphorus concentration of from
10 to 13 wt%)” (manufactured by C.Uyemura & Co. Ltd.) at a
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(manufactured by C Uyenura & Co. Ltd.) at a
tenperature of 80C for 3.0 mn. (A thickness nore
than 0.5 pm was i npossi ble due to occurrence of
peeling of a filmduring the plating process.) 5
Conparative Exanple 4 A N-P plating | ayer was forned
in the sane procedure as in Exanple 1 except that the

tarhpRra8hre HBEIO for B.0aninen¢hiclbiesdenosé ¢haiB0)4 pm was
below. 10 (8C) Heat treatnent: Tenperature was

impessisiedl hie 48 c&rtre nc2>8CpeBlihdbf aRls dlir&®®Eheoplatin
4phr, and decreased to 30C1n 1 rg; (B})th risi%g ag% &
ptédddsiy rates of the tenperature were 2200 hr.)
Conparative Exanple 5 15 A Ni-P plating | ayer was
formed in the sanme procedure as in Exanple 2 except
that the step (8) in Exanple 2 was replaced by the

(1@‘*’ (§F2af %E)E(g#gféglﬂé ”];%i‘f&ﬁ%ﬁyr\éew@éaqu& at-250°C for 4 hr

nparative pl ating Tayer was

[ r in Exanple 3 except
u%ﬁ%%&%@@%@ﬁi@@ﬁ%‘%g %fsms repl aced by the
step (8C) described in Conparative Exanple 4.
Eval uation 25 On each gl ass substrate having a Ni-P

CO bR Ve RI B A o 1 Througn 6 and dg T o

ol R aur TR Sl rgHASS in bR sleCBrtndupe gp in
CoRpAraisEEshimpte ] s Ehan b FRE Cak in Camppaggtive
E}ngple 1 was replaced by the step (14B) below.
(14B) A Ni-P plating layer having a thickness of 0.7 pm was
formed by a treatment of dipping in a plating solution “Melplate NI-
867 (with a phosphorus concentration of from 6 to 8 wt%)”
(manufactured by Meltex Inc.) at a temperature of 80°C for 9 min. (A

thickness more than 0.7 pm was impossible due to occurrence of

peeling of a film during the plating process.)

Comparative Example 3
A Ni-P plating layer was formed in the same procedure as in
Comparative Example 1 except that the step (14) in Comparative

Example 1 was replaced by the step (14C) below.

(14C) A Ni-P plating layer having a thickness of 0.5 pm was
formed by a treatment of dipping in a plating solution “NIMUDEN
LPY (with a phosphorus concentration of from 1 to 2 wt%)”
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the cross-cut peeling test (JI'S (Japanese | ndustri al
Standards) 5 K5600-3-4). In addition, the average
roughness Ra after plating was evaluated by surface
roughness neasurenment using an atomc force

m croscope (AFM. The results of the evaluations are
shown in Table 3. 10 Table 3 Eval uations of

(m@mkfm&reddbyﬂ Uyemare & @6 .aCedn)ahnesapesht e of 80°C
-P plating filmcoupling plating thickness heating

fdﬂ 80 enimg (Adileipkyidss moreagiean WS ind Javé@mfpd*%l%le due to

plating condition *3 roughness |ayer Ra (nm

o&@Idrfeelof pedliri of bl ﬁh*ﬂD&u%lﬁ%(&ﬁe g MEScds0) 32
Exanple 2 formula (I11) 867 (3) uno served 0

0.33 Exanmple 3 formula (I11) LPY 3.0 (8) unobserved O
0.32 Exanple 4 fornmula (V) HDX 3.0 (8) unobserved O

angﬁ%gf Egﬁaﬁngq‘?qm a (V) NI-867 3.0 (8) unobserved

ormula (V) LPY 3.0 (8) unobserved 0
0 ?ﬁé@%@hﬁ%‘é YR8 i Foleadin 3t 18y BRASEKE R in
ey 8, 5 SO Sl LT S by e
St%r%@/b?ﬁ .Y 0.5 (15) observed X 0.57 Conp Ex 4

) HDX 3.0 (8C) observed X 0.32 Conp Ex 5
formula (111) NI -867 3.0 (8C) observed X 0.34 Conmp Ex
6 formula (111) LPY 3.0 (8C) observed X 0.32

(8C) Heat treatment: Temperature was increased from 30°C to
250°C in 1 hr, held at 250°C for 4 hr, and decreased to 30°C in 1 hr.
(Both rising and falling rates of the temperature were 220°C/hr.)

Comparative Example 5

A Ni-P plating layer was formed in the same procedure as in
Example 2 except that the step (8) in Example 2 was replaced by the
step (8C) described in Comparative Example 4.

Comparative Example 6

A Ni-P plating layer was formed in the same procedure as in
Example 3 except that the step (8) in Example 3 was replaced by the
step (8C) described in Comparative Example 4.

Evaluation
On each glass substrate having a Ni-P plating film formed by an

electroless plating process obtained in the Examples 1 through 8 and
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*1 Conpound of formula (I11): 3-am nopropyl

triethoxysilane 15 Conpound of fornula (V):

N- (2- am noet hyl ) - 3-am nopropyl triethoxysilane 49 *2

HDX: NI MUDEN HDX (manufactured by C. Uyenmura & Co.,

Ltd.) NI-867: Melplate N -867 (manufactured by Meltex

Inc.) LPY: NI MJUDEN LPY (nmanufactured by C Uyenura &
(ompalrhtive Exadples peehirogghcéuevabliationoofbbstening of the Ni-

ten sanples, X peeling occurred in at |east one
Psphathiagdalyeef whencaadntted bisthe odgeaianion bynahheptical

results in Exanples 1 through 8 in Table 10 3, a
niieresewss (afadnFicuwibas X5 ad tthiead hesivithi wids evaluated by

plating filnms of fromlow phosphorus concentration to

t1hé @E‘o@@@iﬁhﬁéé’ﬁnggﬂﬁt"(‘éﬂg (PapaneBe ‘Iﬂdiﬂs_t@iﬁFS!ﬂlﬁﬁd@‘rds)

the invention. T ectroless Ni-P plating film

K@#gG0-3e4) bint 48dMEbROGhef ai’@?a@g@%ﬁg}ﬁib@ﬂsa 8fler plating was

generate a defect of blister, and éxhibits excellent

evdhgsted ngsegflﬁacéuféﬁgﬁn%%stlﬁ%a%;ﬁr%%é‘hp &5ilo £n atomic force

plating as an approxi mately equal surface

; e f S .
RIS ATND® PHE RESLP B eSSy flud QBnS ) SR%n in Table

| evel of the surface roughness that 1is required by a

substrate of a hard disk. 20 In contrast, Conparative

Exanpl es 1 through 3 according to a
using catalysts of tin (11) chloride and pall adi um

TREGF 2 T e BB IR, A28 Gy va B plh s Sghmess
offhe Mo M iR PR N9 aver having a

known net hod

coupling plating | thickness | heating blistering | adhesivity | surface
agent *1 layer ¥2| of plating | condition *3 roughness
layer Ra (nm)
(m)
Example 1| formula (Ill) | HDX 3.0 (8) unobserved @) 0.32
Example 2| formula (III) | NI-867 30 (8) unobserved @) 0.33
Example 3| formula (IIl) | LPY 3.0 (8) unobserved @) 0.32
Example 4| formula (V) | HDX 30 (8) unobserved @) 0.33
Example 5| formula (V) | NI-867 3.0 (8) unobserved O 0.33
Example 6| formula (V) | LPY 3.0 (8) unobserved @) 0.32
Example 7| formula () | LPY 3.0 (8B) unobserved @) 0.34
Example 8| formula (V) | LPY 3.0 (8B) unobserved @) 0.33
Comp Ex 1 Sn/Pd HDX 04 (15) observed X 0.52
Comp Ex 2 Sn/Pd NI-867 0.7 (15) observed X 0.68
Comp Ex 3 Sn/Pd LPY 0.5 (15) observed X 0.57
Comp Ex 4| formula (Ill) | HDX 3.0 (8C) observed X 0.32
Comp Ex 5| formula (II) | NI-867 30 (8C) observed X 0.34
Comp Ex 6| formula (Ill) | LPY 3.0 (8C) observed X 0.32

*1  Compound of formula (III): 3-aminopropyl triethoxysilane

Compound of formula (V): N-(2-aminoethyl)-3-aminopropyl

triethoxysilane
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thi ckness of not |ess than 1.0 pm can not be obtai ned.
The obtained 25 Ni-P plating |layer has a defect of
blister, exhibits significantly degraded adhesivity
with a glass substrate, and has a large surface 50
roughness. Conparative Exanples 4 through 6 with
increased rising and falling rates of tenperature

*genHXKe NEMECENH B XN m2 ph fd dtngreldelyprC. Bydpeuta & Co.,
the stress caused by the difference between the |inear
Ledpansi on coefficients of the glass substrate and the
Ni -P plating film during the heat treatnent. The

adheg+86 Ty Mélglaee WIBGT &hiagufantaire by Mdltewlass)

substrate was "al so significantly degraded. 10 Exanpl es

of ICPYN NEMUED BN IUPY! (iiath Ut eré dsy@ligemine & Co., Ltd.)

steps of the process for Co-N -P platihg and main
conditions in Exanples 9 through 18 that correspond to
the above-described second aspect of enbodi nent. The

*p| a): r r on the
Port et ngloctu®al B WO S4eIGT t SabdgliRg o0 11

Ta@@p@eﬁﬁﬁc@ﬁrf&?i rﬁcfesa:sttf Sﬁ? ﬁg‘é%lgﬂ:gr)%g RIt34f f¥n ¥39nples.

main ~conditions treatmen ep nt- concent -
tenperature treatnent liquid ration (C) tinme (mn)

As is apparent from the results in Examples 1 through 8 in Table
3, a thickness of 3.0 pm has been attained in a Ni-P plating films of
from low phosphorus concentration to high phosphorus concentration
employing a method of the invention. The electroless Ni-P plating
film obtained by the method of the invention does not generate a
defect of blister, and exhibits excellent adhesivity. The surface of the
obtained Ni-P plating layer has an approximately equal surface
roughness to the surface roughness of the substrate (Ra = 0.25 nm)
and the value is retained within a level of the surface roughness that

is required by a substrate of a hard disk.

In contrast, Comparative Examples 1 through 3 according to a
known method using catalysts of tin (II) chloride and palladium (see
Patent Document 3) provided a Ni-P plating layer having a thickness
of only in a range of 0.4 to 0.7 yum, and a Ni-P plating layer having a
thickness of not less than 1.0 pm can not be obtained. The obtained
Ni-P plating layer has a defect of blister, exhibits significantly

degraded adhesivity with a glass substrate, and has a large surface
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(1) detergent degreasing alkaline 1.5 wt% 50 3
detergent (2) alkali degreasing KOH 7.5 wt% 50 3 (3)
gl ass activation H2SO4 - HF, various 20 3 HOA -* HF,
or HF + NH4F (4) silane coupling agent formula (I11)
or 1.0 wt% 20 3 treatnent (V) (5) palladium catalyst
PdC12 + NaOH 1.0+0.2 20 3 treatnent wt% (6)
reaghadisgm bonding H3PG2 1.0 wt % 20 3 treatnent (7)
Co-N -P electroless nickel sulfate 10 g/L plating
cobalt sulfate 10 g/L sodium 20 g/L 90 75
hypophosphite sodiumcitrate 60 g/L boric acid 30 /L

(&CBﬁ@f)&i"éﬁ%”E&tarﬁ?% 46t WFough Ml@ﬁﬁrﬁr@ﬁ%ﬁﬂeﬁgmé and

Exanpl € A chemcally strengt hened anor phous gl ass

fa‘llﬁioge 1HteRY miiéi@tﬁ%' %éﬁ@f@t&ﬁ%lrst@r%? AN P’a]i§lat1ng layer

used for a g substrate 1. A Co-N-P platin ayer

i@l I g
dg?‘ggzt 1?%5%3%%%%% t B! LifFORANGS b@@wtelé% the ﬁﬁé“af’
expansion coefficients of the glass substrate and the Ni-P plating film
during the heat treatment. The adhesivity of the Ni-P plating layer

with the glass substrate was also significantly degraded.

Examples of Co-Ni-P plated substrate

Table 4 summarizes the steps of the process for Co-Ni-P plating
and main conditions in Examples 9 through 18 that correspond to the
above-described second aspect of embodiment. The plating layer 4
and other layers were formed on the both sides of the glass substrate

1.
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10 (1) Detergent degreasing: A treatnment was carried
an aqueous solution of alkaline
detergent with a concentration of 1.5 w%at a

out by dipping in

tenperature of 50C for 3 mn.

52 (2) Alkali

degreasing: A treatnment was carried out by dipping in

an aqueous solution of KOH with a concentration of
Tl P ARG Ty SRR Pl i
cShARiBAsi 1 an  aqueous sol ut| on of H2SO4 with a
concen ratlon of 1.0 wt% at a tenperature of 20C for
3 mn, and subsequently dipping in an aqueous
solution of HFE with a concentration of 1,0 w%at a
t emrentthenestfp 20C (f or teatident1l0 (4onSéhtanaecapephiurg | treatment
agent treatment: Altreat ngaidwas ¢arhtied qut byC) time
di ppi ng in an aquequs sol uti on of [3-am nopropyl _ (min)
llTU I drle [ UUIIU UI—F( I A& I lll [«
(P'%e% erngs(#e(%eaosfl i i % a terrpjeﬁa %’e ))Ey C for 3
reat nent!:
(Dradkphedegroasingar ri|d808Ut by ~ di ppih§ Witea ni xé@ 3
(Dglassisctsvdtion on of| B2 WR,h a|cemdeas rlat i o20of 3
1.0 wt% and NaOH (vmch_alqp‘n@pntrati on off 0.2 wt% at
a t“errpe!rat ure of Z%pr}EPm n. 20 (6) Pdl Iﬂji um
(3 Sitanecoupting agent |‘formuta (1) or ] TBwi% | - 207 3
treatment \%)
(5) palladium catalyst | PdClz + NaOH 1.0+ 0.2 20 3
treatment wt%
(6) palladium bonding | HsPO2 1.0 wt% 20 3
treatment
| (7) Co-Ni-P electroless | nickel sulfate 10 g/LL
plating cobalt sulfate 10 g/L
sodium 20 g/LL 90 75
hypophosphite
sodium citrate 60 g/L
boric acid 30 g/L
(8) heat treatment 100°C, 6 hr, in Nz gas
atmosphere

Example 9

A chemically strengthened amorphous glass plate of boron

aluminosilicate (Ra = 0.25 nm) was used for a glass substrate 1. A

Co-Ni-P plating layer 4 was formed by sequentially conducting the

following steps (1) through (8).

(1) Detergent degreasing: A treatment was carried out by dipping in

an aqueous solution of alkaline detergent with a concentration of 1.5

wt% at a temperature of 50°C for 3 min.
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di pping in an aqueous solution of H3P02 with a
concentration of 1.0 w%at a tenperature of 20C for

3 mn. 25 (7) Co-Ni-P electroless plating: A Co-N -P
plating |layer having a thickness of 3.0 umwas forned
by a treatnment of dipping in a plating 53 bath having
a conposition consisting of 1) nmetallic conponent:

| CAPk aBUllé 8¢ asiHy: A re alind®f W dd EaPLP@RLHEE DY B95PINg in an
(Zs?ulfate: 10%/L %{)éreduci ng agent: sodi um Y % &
afyeeREO it fon oF KOH with o€ EXtREISHGY 7.5 L% At
gitrate: 60 g/L 51)g buffér reg(giglr:].tl?i Ig'%rlléc ac’|7dlr5:S 30 grglLa
téhRrEURE'FHOT tor Phnfrpr 75 mn. () Heat .
treat nent: eat treatnent was carried out by heating
at 10 100C for 6 hr in nitrogen gas atnosphere.
Exanple 10 A Co-Ni -P plating |ayer was forned in the

PO RSEIBiG, LCepSIPIRLE 7S 8a e Y OAgf e in an

a@ﬁ'e%fﬁe%ﬁ@ﬁi@zs%ﬁ?%%v"‘éﬁf HSM%H% afot) @gh&w a

ettt of AFTEI0E 5 hiah and SSieterig; affbing ipan

adpOp§ U, of H1 B witth 7 SatlgRtafloprdl FiE WG o fas
fornmed,in t ocedure as in

temperature 0?926‘%*?019 3 min.

(4) Silane coupling agent treatment: A treatment was carried out by
dipping in an aqueous solution of 3-aminopropyl triethoxysilane (a
compound of Formula (II1)) with a concentration of 1.0 wt% at a

temperature of 20°C for 3 min.

(5) Palladium catalyst treatment: A treatment was carried out by
dipping in a mixed aqueous solution of PdCl: (with a concentration of
1.0 wt%) and NaOH (with a concentration of 0.2 wt%) at a

temperature of 20°C for 3 min.

(6) Palladium bonding treatment: A treatment was carried out by
dipping in an aqueous solution of H3PO2 with a concentration of 1.0

wt% at a temperature of 20°C for 3 min.

(7) Co-Ni-P electroless plating: A Co-Ni-P plating layer having a

thickness of 3.0 pym was formed by a treatment of dipping in a plating

53



10

15

20

25

25 Exanple 9 except that the step (3) in Exanple 9 was
replaced by the step (3C) below 54 (3C) A treatnent
was carried out by dipping in an aqueous solution of
H2SO4 with a concentration of 1.0 wt% at a tenperature
of 20C for 3 mn, and subsequently dipping in an
aqueous solution of HF with a concentration of 0.05

b - in. Exanple 12 A
b%/téP{N}_@évﬁlg %”&%ﬁtlidéiﬁo?f c@ﬁ%%t@ngg%ﬁ nin anpl e

-Ni -P prating’|layer was In the sane procedure

as AN e'ﬁghgyc%tlﬁzﬁﬁ%ltt hAEkbSud é?b%.i (1?35@% Exanpl e 9

was replac step ON bel ow.

tregy @H{etﬁﬁ‘a&%\l{{lpﬁﬁe@ftﬁ cBYadt BRIfite: ][l(ii%ﬁq“eous

solution o a concentration o w % at a

ai ool ng el afCiu: ShdPufl @N*ﬁ%@ﬂﬁﬁ%%ﬁ f
[ 9 . - 20C
3" S@opifie ekt Shed GERE RO *7 o e
[ . I1.: 12 le 9 h
theSLt elﬁﬁf@f%%%%%%@a'%é- 395%&”2degy ¢ Eézpét ep |
L (3E [
b AP A G IRE T il P on of HE (wi th a

concentration of 1.0 wt% and NH4F (with a 25
concentration of 0.5 % at a tenperature of 20C for

(83 ni-Ir(]e'atst?'eatmenti A heat treatment was carried out by heating at

100°C for 6 hr in nitrogen gas atmosphere.

Example 10

A Co-Ni-P plating layer was formed in the same procedure as in
Example 9 except that the step (3) in Example 9 was replaced by the
step (3B) below.

(3B) A treatment was carried out by dipping in an aqueous
solution of HCI with a concentration of 1.0 wt% at a temperature of
20°C for 3 min, and subsequently dipping in an aqueous solution of
HF with a concentration of 1.0 wt% at a temperature of 20°C for 3

min.

Example 11

A Co-Ni-P plating layer was formed in the same procedure as in
Example 9 except that the step (3) in Example 9 was replaced by the
step (3C) below.
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Exanple 14 A Co-Ni -P plating layer was forned in the
sane procedure as in Exanple 9 except that the step
(4) in Exanple 9 was replaced by the step (4B) bel ow
5 (4B) Atreatnment was carried out by dipping in an
aqueous solution of N-(2-am noethyl)-3-am nopropyl
triethoxysilane (a conmpound of Fornmula (V)) with a

t f
(GOS8t fhable iyt pgighie ol Ui

sOIAtiEH df'HES@EVW?hFH eéﬁgé'ﬁﬁrﬁﬁohrbf P@W?H%‘ eiltoa%é?ﬁgérature of
that the step (4) Exanpl e 10 was repl aced

¢
20 @NP?%%??%@& %‘2‘8%%%&?”? Tirfing et sgﬁiﬁpor‘lﬁ%égb%%m of
W iEh LB RGIRLRE RO YER 3B gD B RO for 3
20 Exarrple 17 A Co-N -P plating |layer was forned
I'n"the sane procedure as in Exanple 12 except that

the step (4) in Exanple 12 was replaced by the step
(4B) described in Exanple 14. 25

Example 12

A Co-Ni-P plating layer was formed in the same procedure as in
Example 9 except that the step (3) in Example 9 was replaced by the
step (3D) below.

(3D) A treatment was carried out by dipping in an aqueous

solution of HC1 with a concentration of 1.0 wt% at a temperature of
20°C for 3 min, and subsequently dipping in an aqueous solution of
HF with a concentration of 0.05 wt% at a temperature of 20°C for 3

min.

Example 13

A Co-Ni-P plating layer was formed in the same procedure as in
Example 9 except that the step (3) in Example 9 was replaced by the
step (3E) below.

(3E) A treatment was carried out by dipping in a mixed aqueous

solution of HF (with a concentration of 1.0 wt%) and NH4F (with a

concentration of 0.5 wt%) at a temperature of 20°C for 3 min.
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56 Exanple 18 A Co-N -P plating |ayer was fornmed in
the sane procedure as in Exanple 13 except that the
step (4) in Exanple 13 was replaced by the step (4B)
described in Exanple 14. 5 Conparative Exanple 7 A
chem cal |y strengthened anor phous gl ass plate of boron
alumnosilicate (Ra = 0.25 nn) was used for a gl ass
Fsuhisiatier 1. A Co-Ni-P plating |layer 4 was formed by
sequentially conducting the 10 follow ng steps (9)

th rAU@B'K\ﬁ? g)&ﬁ%%l}@?%féﬁ §Phs IB9nEEE iiﬁgcheo‘séfrf%‘g)%eé d}lre asin

was carri e t pPprng In an aqueous SO Ion O

P12 FELehOrRL I fep CATERTLCTH Ol Tollicad by he

aﬁg ig; treatnment was carried out by dipping in
Sa g%ﬁé(;ﬁ%og@l ution of KOH with a concentration of 7.5

w%at a tenperature of 50C for 3 mn. 20 (11) d ass
surface coarsening: A treatnent was carried out by

NP, e PP by I 36 oo
oA By ESPEFIAS D SIS LRSS0l
RS oSSR GG Bt PO Mok e

temperature of 20°C for 3 min.

Example 15

A Co-Ni-P plating layer was formed in the same procedure as in
Example 10 except that the step (4) in Example 10 was replaced by
the step (4B) described in Example 14.

Example 16

A Co-Ni-P plating layer was formed in the same procedure as in
Example 11 except that the step (4) in Example 11 was replaced by
the step (4B) described in Example 14.

Example 17

A Co-Ni-P plating layer was formed in the same procedure as in
Example 12 except that the step (4) in Example 12 was replaced by
the step (4B) described in Example 14.
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concentration of 0.3 g/L), SnCl2-2H20O (with a
concentration of 15 g/L), and 36 %HC (with a
concentration of 200 nL/L) at a tenperature of 20C
for 3 mn. 5 (13) Acceleration treatnent providing a
catalyst: A treatnment was carried out by dipping in
an aqueous solution of H2SO4 with a concentration of

FXOh9id 13 a tenperature of 50C for 5 min. (14)
Col\l%% el ectroless plating: A Co-N -P plating |ayer

hav} : [ f f :
trenoeniar RtEEsarcl s TP (R Bentd pRocedure as in
i . . y '
EX3TRON LarExFBEERAPSHE st (F] 1 RERIFRIE, £3 Pas seplaced by
: N i f
P (1 Rk BO B Re e g ot ocese. ) 15
(15) Heat treatnment on a Co-N -P plating |layer: A heat
treatment was carried out by heating at 100C for 6 hr

CR kAR EABIREH Fer was formed o the sams. -

L 8 SRR OB BT Bl
byt Tita Ok 2w st dnt pheldss nbateate 1. A
CEUNa 35 HAbNg TAVed fan Enmedeby dpsaichialioondyeting the
fotlfc{wfngm steps (9) through (15).

9 Detergent degreasing: A treatment was carried out by
dipping in an aqueous solution of alkaline detergent with a

concentration of 1.5 wt% at a temperature of 50°C for 3 min.

(10 Alkali degreasing: A treatment was carried out by dipping in
an aqueous solution of KOH with a concentration of 7.5 wt% at a

temperature of 50°C for 3 min.

(11) Glass surface coarsening: A treatment was carried out by
dipping in a mixed aqueous solution of chromic acid (with a
concentration of 40 wt%) and sulfuric acid (with a concentration of 40

wt%) at a temperature of 60°C for 10 min.

(12 Catalyst treatment providing a catalyst: A treatment was

carried out by dipping in a mixed aqueous solution of PdCl: (with a
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Conparative Exanple 9 5 A Co-N -P plating | ayer was
formed in the sanme procedure as in Exanple 9 except
that the step (3) in Exanple 9 was replaced by the
step (3G below. (3G A treatnment was carried out by
di pping in an aqueous 10 solution of H2SO4 with a
concentration of 1.0 wt% at a tenperature of 20C for

cé%né@ﬂtﬁt%ﬁt&s@wgfm Bh@l@@ﬁ%e(%&mld&ﬂc%&h%n of 15 g/L),

concentration of 0O M%at a tenperature of

aﬁﬁc‘%}é‘% ]]:iOT GWlthCQ'HEfH t‘i%tﬁ?g'&'ﬁ)@%ﬁ%ﬁa@o& Nanf’perature of

atlng ayer was orne sane procedure as

fxcept that the step (3) in Exanple 9 was
252% ac?dg%y ‘the step (3H) below. (3H) A treatnent was

carried out by dipping in an aqueous 20 solution of
HCl vvlth a concentration of 1.0 wt% at a tenperature

(02 e A letptich FREa R ERIdine s PRI ERIR freqtment
Wéﬁ%“ﬁﬂifﬁéﬁsqeﬁl%ﬁﬁaélﬁg f Bl a0 ) %s&L@lpﬁ%ﬁ‘%sggg with a
C@%a‘r”r k‘gﬁtﬂ@@rg/ﬁ‘saaél A ro%%ﬁ} 2 @’?33 ggn,

t hrough 10, evaluation of blistering of the Co-N -P
pI ating |l ayer was conduct ed by the observation by an

(Bhesi G oPSHE RGP IR alafRaie G EpTalidiz lyer having a

f}@@% o O B Finpi BRI hd nadRgLmi g iheippiag in a plating
bath %avmg a composition described in (7) of Example 9 at a
temperature of 90°C for 12.5 min. (A thickness more than 0.5 um was

impossible due to occurrence of peeling of a film during the plating

process.)

(15) Heat treatment on a Co-Ni-P plating layer: A heat treatment
was carried out by heating at 100°C for 6 hr in nitrogen gas

atmosphere.

Comparative Example 8

A Co-Ni-P plating layer was formed in the same procedure as in
Example 9 except that the step (3) in Example 9 was replaced by the
step (3F) below.

(3F) A treatment was carried out by dipping in an aqueous

solution of HF with a concentration of 1.0 wt% at a temperature of
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pl ati ng was eval uated by surface roughness neasurenent
using an atomc force mcroscope (AFM . Further, the
generated quantity of silanol groups (Si-OH) on a
surface of a glass substrate after activation
treatnment was neasured by a thermal desorption nass
10 spectroscopy apparatus. The results of these

?Z :ﬂgi‘g’; gﬂﬁ} %gﬁ %ﬁ%‘ggq&e{i}:tgﬁqhew% éﬁg\waggr 3%5% tethperature of

ess esivity,

gpunfpee; weHghness of  the Co-Ni-P plating film
coupling gl'ass activation treatnent quantity of
t hi ckness blistering adhe- surface agent *1 Si-OH of
plating sivity rough - (groups/cnR) |layer *2 ness Ra

C&%’% aBye, B2HEbTe nLELEF'VZd%' Io) 33; “"E‘Z"a%F‘S“lé W
MSVNE ]%)p&%ygl /gm%lvgaﬁf(’) tif\ql%mle Wﬁ}cedure as in

EHZSO“%%’ 9xgépt that thi Sted &?L/&m(i@%%ﬁﬁs & S57ap Bnidcgd by the

101 nobserved 0 0.40 Exanple 13 forrmula (I11) 1
f&éﬁeﬁ O¥-wt % NHAF 2.81 x 1015 3.0 unobserved 0

O 30 Exan'ple 14 formula (V) 1 wt% H2SO4 1 wt % HF 3. 65
x 1015 3.0 unobserved 0 0.33 Exanple 15 fornula (V) 1

% HF 3.48 x 10 nobser ved 0 O.
(ﬁl)ﬁm eAlté"efigt MR G WeiA Carpien npady o 105188 1k @pmue@les
015 served 0 0.36 Exanp rmul a
cﬁ@g Wolﬂrc azcopcqniraEon @tL ian) \ﬁaefdade@rm@rature of
20°C for 3 min and subsequently in an aqueous solution of HF with a

concentration of 2.0 wt% at a temperature of 20°C for 3 min.

Comparative Example 10

A Co-Ni-P plating layer was formed in the same procedure as in
Example 9 except that the step (3) in Example 9 was replaced by the
step (3H) below.

(3H) A treatment was carried out by dipping in an aqueous
solution of HCI with a concentration of 1.0 wt% at a temperature of
20°C for 3 min and subsequently in an aqueous solution of HF with a

concentration of 2.0 wt% at a temperature of 20°C for 3 min.

Evaluation
On each glass substrate having a Co-Ni-P plating film formed by

an electroless plating process obtained in the Examples 9 through 18
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Exanple 18 formula (V) 1 wt% HF + 0.5 wt % NH4F 2. 88 x
1015 3.0 unobserved 0 0.30 Conp Ex 7 Sn/Pd - 0.91 x
1015 0.5 observed X 0.72 Conmp Ex 8 formula (111) 1

w % HF + 90C warmwater 1.16 x 1015 3.0 unobserved X
0.35 Conmp Ex 9 formula (I'1l) 1 wt%H2SOH4 -f 2 wt % HF
1.56 x 10'5 3.0 unobserved X 0.31 Conp Ex 10 fornul a

ah81Chmp WL ive E%a%gléf Tt HovtgROIG, SyAluAa6ncsBHstering of
0.30 5 *1 Conpound of fornmnula %I ['1): 3-am nopr opyl

t}t&«é L(%Wi‘?gl&’ﬁlﬁg%y%soéoﬁﬁh%é& HVthe Qtrservation:by an

2- am noet hy M nopr opy triethoxysilane *2 0

ogﬁ%blﬂ riﬁi&‘(‘)"s%i)%qﬂlﬁgﬁ%‘éa%nioi5®)e ﬁxﬁ?Pf'l% %ﬁil%é%igri]ty was

eeling occurred in~at |est one sanple out of
TRy S LR OB TS (A Tekd fpi

SPEhHATIRT P00 200 F Al i 39 TR e kB Ra after

: Con. NP i . .
e S L T S
afipit Ehe] mﬁ%ﬁ%‘e K:&@@fﬁﬁ%@%&; P %Seéﬁéﬁegﬂ Ifigatity of
o BB DR R o RUNARE 1o PIRRE M eh 6 e
ot B S P ol EheSnd T BeSHFGER mass
s ety TR ER %, 105 5855 5P oo BRI Shs 2 Shown
inal['la%\ﬁg g.o formsoft magnetic | ayers of
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15

Ni-P, Ni-Fe-P, Co-Ni -Fe-P, and the |ike that can be

fornmed on a gl ass

nmet hod with a necessary and 10 sufficient thickness
(in the range of 1 pmto 3 pm and satisfactory

adhesi vity,

a hard

Te®Né P SEvataaeRybf %ﬁlﬁ%ﬁ@@%

15 nethod using cata

di sk of

honogenei ty,

excel l ent characteri sti cs

€ad

ysts of ti

TSR

and snoot hness for obt ai ni ng

substrate by an el ectrol ess plating

i‘fé‘é@%ughness of

OI‘I e

and

ese Unexam ned Pat ent lication
ug?éwa#Poé%h%pgéggﬁgSGM) provi ded a Co- Ni '-Agppl,ati ng

| ayer having a thickness of only 0.5 um and a

Co-N -P plating |ayer having a thickness of not |ess

than 1.0 pm cannot be obtained. The obtained Co-N -P

pl at i ng doepjiexr | hgass actRgiod gkawent of adahtity blef thicknehd (bblistering | adhe- surface |

signi f| ceamt ¥y |degr aded adhesi vilty Simoth @of pipkiees|s sivity | rough-

substrate, and has a | arge surfldgarsaghnéss. As is *2 | ness Ra

apparent from{Conparative Exanples 8, 9| &amd 10, when (nm)
Exbriu@e € UEsrinulb YINOT 1 WiveH, S0 -anahy BF oupss X 8" OH) s.genenadtedd| O 035 |
Exaold Toe] igham o) | 251 bl Fat ey $iEr T1a682 Do a| 9T 86S |unobserved] O | 032
Ex@fdid Vialsbia i) ‘QW@%OJ S do'm"t l40f Nfprapnesg Vi Wob@ér&e'a o) 0.39
Exbriie 12 | foia AU P] LA R IE8s ik FF 0588 » T || 130 & lundboi®ved| O | 040
B Rl R VL O sy R i T I Pbgryeg] O | 030
Exgrprlg Yo f?"ﬂ“"l‘ill(v3 D hW%HZ%Qﬁ IA\Y‘E%’ Hr\:/\n Prﬁq ’h]:own asl HP\@FW s O 0.33
Expiieiay! Slfprmald 69| 51 e AR vt HF enio68 witdit | of 3% nendbesivedf O | 032
Exaragteuféalformule 64 | & wiipdBRendios whehF [nheietd’®c| r etdr diumgyserved| O 0.36
Exargadd 17 fddnela \0l| | Dwi%mg! desmrithes [Exasmplios| 164 hr|ongker28| O 0.37
ExbribldM3l (G ntibey) | T ayer s showe NHF Hi glss 310NET gl Nd uobserved| O 0.30 |
cHBEREL! Csi/pgonding layer SU arg ggqy 10 05 observed | X 0.72
Comp Ex 8 |formula (Ill) [ 1 wt% HF + 90°C warm water| 1.16 x 10'° 3.0 unobserved X 0.35
Comp Ex 9 |formula (ID| 1 wt% H,S0, = 2 wtb HF | 1.56 x 10" 3.0 unobserved| X 0.31
Comp Ex 10 | formula (III) 1 wt% HCI — 2 wt% HF 1.41 x 10" 3.0 unobserved X 0.30

*1 Compound of formula (ITI): 3-aminopropyl triethoxysilane

Compound of formula (V):

triethoxysilane

*2 ! peeling occurred in none out of ten samples,

N-(2-aminoethyl)-3-aminopropy]l

X: peeling occurred in at lest one sample out of ten samples.

As is apparent from the results in Examples 9 through 18 in

Table 5, a thickness of 3.0 pum has been attained in Co-Ni-P

electroless plating films on a glass substrate employing a method of

the invention. The Co-Ni-P plating layer obtained by the method of

the invention does not generate a defect of blister, and exhibits

excellent adhesivity. The surface of the obtained Co-Ni-P plating

61



10

15

20

25

10 provided on the both sides of a disk substrate 10
for a perpendi cul ar nmagnetic recordi ng nedi um obt ai ned
in the above-descri bed Exanples 9 through 18. Exanpl e
19 15 A disk substrate 10 for a perpendi cul ar nagnetic
recording nedium obtained in Exanple 9 descri bed
above was polished with an abrasive of coll oida

1;%5»(1,-1? h@su@{hg%gr&ﬁqﬁb%e@f@guwpﬁlﬁﬁgéif&g@s@é@% the surface

avi ng po ng pads ret hane toam “After cleaning

r(?ﬁg;lg%rsfs th&stibstir-Age r(Rrési__r(g.gg Agn Py el fﬁ%ﬁa‘eﬂ’;ﬁ% is retained

uced into a sputtering appar at us.

SIRIAZEICNA GRRE SEutal DR RTREE i Soqlired PR Bubstrate
Ogge%?f‘??ffgkate surface were a nonmagnetic seed | ayer

nfumwi th a thickness of 10 nmusing a
titaniumtarget, subsequently a magnetic recording
| ayer 30 of a CoCrPt alloy with a thickness of 30 25

or coutitbbd 8 2Rk 8 SR EAP e ReL blP 5 b Glo NI
ol Tl Thie sl b€ allets ' o ot $haghRtic layers of
NBNGRERSP, o N TR, Fanif thiriuhe dht o it Hiiigdsdn a glass
sRhSERts b an elctualoss pleting faetihd Miftop g satypynd
SR SRS oSSR ASH B S EAA sl E bcory
aHﬁ%Efx?iit& il%%?{)giaﬂ%it@?déﬁg' sé}xslo?)? \ﬁ%sis r%ox’fiogrita?l’ning a hard disk of

excellent characteristics.

In contrast, Comparative Example 7 according to a known
method using catalysts of tin (IT) chloride and palladium (see
Japanese Unexamined Patent Application Publication No. S48-85614)
provided a Co-Ni-P plating layer having a thickness of only 0.5 pm,
and a Co-Ni-P plating layer having a thickness of not less than 1.0
pm cannot be obtained. The obtained Co-Ni-P plating layer has a |
defect of blister, exhibits significantly degraded adhesivity with a

glass substrate, and has a large surface roughness.

As is apparent from Comparative Examples 8, 9, and 10, when
the quantity of the silanol groups (Si-OH) generated on the glass
substrate surface by a glass activation treatment is improper, the

adhesivity with the silane coupling agent degrades, even if all the
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10 was manufactured in the sane procedure as in
Exanpl e 19 except that a disk substrate 10 for a

per pendi cul ar magnetic recording medium obtained in
Exanpl e 10 descri bed above was used. Exanple 21 15 A
per pendi cul ar magnetic recordi ng nmedi um as shown in
Fig. 3 was manufactured in the sane procedure as in

stepdekeepb f6¥ ¢hRt stei8f lgl’a@'é st BHRSbhatre atfhé RE age_unaltered.

per pendi cul ar magnetic fecording medi um obtained in

A%Xé‘%bgﬂtl, %}f@ﬁ%é@%@‘i@b@f%@%ww P@Qu@gg@@r %4th the glass

per pendi cul ar magneti ¢ recordi ng nmedi um own i n

' ured in the sane procedure as in
S b%ﬁ% & %g egggg%a%%hat a di sk substrate 10 for a

per pendi cul ar magnetic recording nmedium obtained in
Exanpl e 12 described above was used. 25 Exanple 23 64
2ezYo] r [ ; in
ERARDYE L SHBRATRRI bfi ol ARt FRAbUTARaNYS, |
exc 4 hat ' ate 10 for a
pg@%@ﬁg‘f%%raﬁl%@%@Fr}%"’r‘@g@h@m i um obtained in
Exanpl e 13 descri bed above was used. 5 Exanple 24 A
per pendi cul ar magneti c recordi ng medi um as shown in

e ahbp ol Breg He3eifies Bl § 0¥ 1Br3GEE 26 iEwHich the
lapy%rI%esr}(lj(l)v%lﬂ it F;iagg %‘e}ﬁghf(ﬁ%%r g'rﬂ%gnetic recording layer 30 are

provided on the both sides of a disk substrate 10 for a perpendicular

magnetic recording medium obtained in the above-described

Examples 9 through 18.

Example 19

A disk substrate 10 for a perpendicular magnetic recording
medium obtained in Example 9 described above was polished with an
abrasive of colloidal silica using a double head type buffing machine
having polishing pads of urethane foam. After cleaning the surface
with fine rinsing, the substrate was introduced into a sputtering
apparatus. After heating the substrate by a lamp heater for 10
seconds to reach a surface temperature of 200°C, deposited on the
substrate surface were a nonmagnetic seed layer 20 of titanium with
a thickness of 10 nm using a titanium target, subsequently a
magnetic recording layer 30 of a CoCrPt alloy with a thickness of 30
nm using a target of Co70Crz0Pt10, and finally a protective layer 40 of

carbon nm thick using a carbon target. Then, the substrate with the
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10 nedi um obtai ned i n Exanpl e 14 descri bed above was
used. Exanple 25 A perpendi cul ar magnetic recording
medi um as shown in Fig. 3 was nmanufactured in the
same procedure as in Exanple 19 except 15 that a disk
substrate 10 for a perpendi cul ar nmagnetic recording
nmedi um obt ai ned i n Exanple 15 descri bed above was

lasers waseaREA Adt fraer fleadiscil o FREREHEE At ehdiseddeposition

nmedi um as shown in Fig. 3 20 was manufactured in the

p§@8@sé€s°5§’i§éﬁ?tt@§iﬁ§ ﬁéf‘@%b%d]@ct%ﬁcﬁgta DOahag1iitsbn

substrate for a perpendi cul ar nmaghetic recordi ng

. N . I :
STRELHTHE B (PR YRR SO AT RIORMUAT YD iorr. After
(o F¥alak ' [ ReK tured
thAEh d QLCREbERAAS BORITD il LG w S RO TBe 6 ha
' f [ [ :
pErfREoPLITCITCRY 5 (PpInBRREROE t e BHAE B forpendicular
. per pendi cul ar magnetic
nﬁéﬁg%%@g?ﬂ%%@%ﬁmﬁ%% 3 was manuf actured
in the sane procedure as in Exanple 19 except that a
di sk substrate 10 for a perpendi cul ar nagnetic

I ' medi um obt ai ned in Exanple 18 descri bed
E&%ﬁﬁ@%\@ used. 10 Evaluation On the perpendicul ar

magpret i ¢ regordi ng nmedi a.mapufagtured ia  Exanples 19 1

t hradsrRandiGlat amagn kg TcoRding mdiung a3¥hown In Fig. 3

was manufactured in the same procedure as in Example 19 except

that a disk substrate 10 for a perpendicular magnetic recording

medium obtained in Example 10 described above was used.

Example 21

A perpendicular magnetic recording medium as shown in Fig. 3
was manufactured in the same procedure as in Example 19 except
that a disk substrate 10 for a perpendicular magnetic recording

medium obtained in Example 11 described above was used.

Example 22

A perpendicular magnetic recording medium as shown in Fig. 3
was manufactured in the same procedure as in Example 19 except
that a disk substrate 10 for a perpendicular magnetic recording

medium obtained in Example 12 described above was used.

Example 23

64



10

15

20

25

nmeasured at a recording density of 300 kFCl (fl ux

change per inch) wusing a spinning stand tester

equi pped with a single magnetic pole 15 type nmagnetic

head for a perpendi cul ar magnetic recordi ng nmedi um

After direct current demagnetization of the nedi um at

a wite current of 50 mA, the noises generated from

t heAspér?@ndMIax nwghetie tevediap sefdivmgneshown in Fig. 3
plating layer 4 were neasured from the detected

wapheghafaetud putthelSeniepirododiire g uh Fkahiplehl § except
20 nmeasurenent is detected in the condition in which

thae andislebubrtirate 10féhe pagiaidiculaeahdigitetieyetor@ing

orients in one direction by the do denagnetizati on.

nfédifaushtdihed e Eﬁéﬂ%ﬁdlaﬂéﬁ%méﬂ_ﬁoﬁ@w used.

nostly generated fromthe soft magnetic plating |ayer
4. In the next evaluation, the spike noises were
nmeasured using a spinning stand 25 tester equi pped

F¥dhpde $if19l e magnetic pole type magnetic head for a
per pgndi cul ar magnetic recording nedium In the first

o N e TS A0l enéllcdRRRIASh LEAURN R ad Bgwnyin . 3
A Y REERE:h ARG ETERE 0 1o FEABEL O xcops
Oy A LG SL TR, ARG St A0Sk Ring
GG OR AT IR 1R R e B 085 Ko™

reproduced out put signal, noises fromsoft nagnetic
| ayer, and spi ke noises 10 reproduced noi se generation

E?c];lmple 25

A perpendicular magnetic recording medium as shown in Fig. 3
was manufactured in the same procedure as in Example 19 except
that a disk substrate 10 for a perpendicular magnetic recording

medium obtained in Example 15 described above was used.

Example 26

A perpendicular magnetic recording medium as shown in Fig. 3
was manufactured in the same procedure as in Example 19 except
that a disk substrate 10 for a perpendicular magnetic recording

medium obtained in Example 16 described above was used.

Example 27
A perpendicular magnetic recording medium as shown in Fig. 3

was manufactured in the same procedure as in Example 19 except
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output at wite neasurenent: spike noises current of
reproduced output 20 - 60 mA after do (nV)

demagneti zation (MW PP) Exanple 19 0.92-0.98 0.25 0
Exanpl e 20 0.91-0.98 0.27 0 Exanple 21 0.90-0.97 0.24
0 Exanple 22 0.89-0.95 0.25 0 Exanple 23 0.94-0.99
0.29 0 Exanple 24 0.86-0.95 0.20 0 Exanple 25

tRaB6- QisddsObatrate EQofar £ ptorgorfdictilat aghelic ksesrding
27 0.85-0.98 0.19 0 Exanple 28 0.93-0.99 0.28 0

nfdBi@irhi sttdiae dois Exda 1601 Bl dscrtbéd diipiewas used.

generation of no spi ke noise Al perpendicul ar

magneti c recordi ng nmedi a of Exanples 19 67 through 28
showed that satisfactory reproduction output was
Eg%ﬁ?g@@gmm alowwite current and the output was
saturated in the range of 20 - 60 mA, denonstrating

sat uf at _ . nstrating
nag e R R G B Ak Ao PR, HERAORn I Fig. 3
as al 50 been e medi a

Wit Rk AR ATEhRR S pFRARELLE o B BAbRRIFLIO except

t IS BICYUBELIRY D! Br a perpendicular magnetic recording

medium obtained in Example 18 described above was used.

Evaluation

On the perpendicular magnetic recording media manufactured in
Examples 19 through 28, the reproduced signal outputs were
measured at a recording density of 300 kFCI (flux change per inch)
using a spinning stand tester equipped with a single magnetic pole
type magnetic head for a perpendicular magnetic recording medium.
After direct current demagnetization of the medium at a write
current of 50 mA, the noises generated from the soft magnetic
backing layer of soft magnetic plating layer 4 were measured from
the detected reproduction output. The reproduction output in this
measurement is detected in the condition in which the magnetization
in the magnetic recording layer 30 orients in one direction by the dc
demagnetization. Consequently, the detected noises can be deemed
mostly generated from the soft magnetic plating layer 4. In the next
evaluation, the spike noises were measured using a spinning stand
tester equipped with a single magnetic pole type magnetic head for a

perpendicular magnetic recording medium. In the first of the
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10

recordi ng nedia. As described so far, a Co-N-P

pl ating | ayer has been fornmed on a 10 gl ass substrate

by an el ectrol ess plating nethod, the plating | ayer

havi ng sati sfactory thickness, adhesivity and

honogeneity and exhibiting sufficient snoothness that

are required by a soft magnetic backing |ayer to
nodkd Qe et RNde Al @he fizaniin of téeopdirpendicillan® magnetic

achi eving excellent read/wite characteristics. 15 6
réscdiing Wadium wadi ceeried ot by fupplyiers ehe BvAiting element

on a glass base plate, the nethod conprising a

oPtReanagdietit ¢RIAEMEhHhe deWdBrentodf BOPaYe. MaéSR, the current
conposed of a glass material, the process of

in thatweitifg dlehHéhbavas d&kdehsdStSPePd agi@?ﬁelsggnal

activation"treatnent to Increase quantity o
1 T f . .
BPheEAR OHEERS bAtorilicuAar Mg MRS TEEOPIIE ribdiugn was
. I . _ o i _
r%%g% mnt@gug%%%gggggﬁ'lg‘!{%ﬂ% ca gl%/fgtgs rgg‘gﬁrlrgn??b}a% )
a step of palladium bondi ng step; and 15 a process of
formng a plating filmby neans of an el ectrol ess
i hod.. 2. el |.at i n.a.:
TR 0 PRARBEiof: of GBI RO SRR SR 1701868 FFom soft

ase pl ate accor
magnetic layer, and spike noises

reproduced noise generation of
output at write | measurement: spike noises
current of reproduced output
20 - 60 mA after dc
(mV) demagnetization
(mVpp)
Example 19 0.92 - 0.98 0.25 O
Example 20 0.91 - 0.98 0.27 O
Example 21 0.90 - 0.97 0.24 O
Example 22 0.89 - 0.95 0.25 O
Example 23 0.94 - 0.99 0.29 O
Example 24 0.86 - 0.95 0.20 O
Example 25 0.86 - 0.94 0.21 O
Example 26 0.84 - 0.91 0.21 O
Example 27 0.85-0.98 0.19 O
Example 28 0.93-0.99 0.28 O
specification 0.80 - 1.00 <0.30 O

QO indicates generation of no spike noise

All perpendicular magnetic recording media of Examples 19
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15

20 the step of glass activation treatnent conprises a
treatnment using hydrofluoric acid of 0.001 wt%to 1
wt % and sulfuric acid, nitric acid, or hydrochloric
acid of 0.1 wt%to 10 wt% or a treatnment using the
hydrofluoric acid of 0.001 wt%to 1 wt% and anmmoni um
fluoride of 0.0005 wt%to 0.5 wt% 25 69 3. The nethod
tMo@%BtZED ghefved gh@%Ssé@§ﬁa&b@y@eqﬁw@tm@ntwtmh@wasl

or claim2, wherein the step of glass activation

oMﬁ@fé@Wﬂh%’%Wﬁvﬁ‘lﬁé cﬁriﬂéﬁﬁta'iﬁi”thésd@%&t’w&é bﬁturated in

acid, nitric acid, or hydrochloric
S lan Y
t}:};% Iré‘ngeaé‘ﬂzgl %@;{?@%e@éﬁ%ﬁﬂﬁ%%%e ﬁmﬁh‘& Qf Zéy%éﬁle for

gﬁbt;iﬁgi ﬁﬁ)lﬂ%@%ﬁ' "Jltt A5GASE LA ‘&erﬁbﬁbf'}alté?i tﬁh@'t‘ﬂe media

ere step o glass activation treatne
sGiPR R il BoMGARTRALIT 10R 05%4‘5@08%1%3%3 1?37%?‘*&?@(’“
e fYE P &om%éﬁ,d%?é e Q%?bgfﬁafﬁln%ﬁ gagnetic
[ 1
R SgR e dlhE i n the step of 11ane coupling agent
15 treatnment consists of a treatnent using a silane
coupl ing agent having a structure represented by a

A 15 as R Brcfira EoAPo kg SRR G it fied on

glass suobstraterby %lrllije eCtTd gssse?)iati% Sf’étth'ovcf ﬁ}{g (f) a£1ng ?ayer

having satisfactory thickness, adhesivity and homogeneity and
exhibiting sufficient smoothness that are required by a soft magnetic
backing layer to obtain a perpendicular magnetic recording medium

achieving excellent read/write characteristics.
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6. The nethod of plating on a glass base plate

according to any one of clains 1 through 5, wherein

the step of palladiumcatal yst treatnent consists of

a treatnment using a m xed solution of palladi um

chl oride and dil uted sodi um hydroxi de or a m xed

sol ution of 25 palladiumchloride and dil uted
CRABMES um hydroxide. 70 7. The nethod of plating on a

gl ass base plate according to any one of clains 1

t hrough 6, wherein the step of palladi um bondi ng

treatnment consists of a treatnent using an aqueous

Wlehtitis @bahedhigpophosphorous acid. 5 8. A nethod of
manufacturing a di sk substrate for a nagnetic

recordi ng medium the nmethod of manufacturing a disk
substrate form ng a nonmagnetic or soft nmagnetic

10! ati ngAfiethed 6f plifiagconfa %a@@%d@ glaﬁteofth@ flatod
substrate with a di sk shape effpl oyi ng the 10 nethod of

e ﬂié‘ﬂq?s defined by any one of clainms 1 through 7,
wneéreln the nethod of manufacturing a disk substrate

Co;ﬁt’?g%ggsglof%%%ﬁ?eﬂs bheR W hée Irﬁjtfc% Bg.isaggr)l%ttele&ﬂﬁ&)osed of a

a ass activation treatne O I nNCreas

SR BA, SHOBObCSUOBPEOR S AGRI Al Aot

substrate eas of "t Wo°usi ng an
caupl i iy SRl ey APt prditierd (8 Bollad¥ GfRtity of
sifgha) $TbwlChh T s R of YRR o Bla B Bt HRE ol ffctor of
o AR e B Gl BB A T 22 © T
a step of silane coupling agent treatment,
a step of palladium catalyst treatment, and
a step of palladium bonding step; and

a process of forming a plating film by means of an electroless

plating method.

2. The method of plating on a glass base plate according to
claim 1, wherein

the step of glass activation treatment comprises a treatment
using hydrofluoric acid of 0.001 wt% to 1 wt% and sulfuric acid,
nitric acid, or hydrochloric acid of 0.1 wt% to 10 wt%, or a treatment
using the hydrofluoric acid of 0.001 wt% to 1 wt% and ammonium

fluoride of 0.0005_ wt% to 0.5 wt%.
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magneti c recordi ng medi um according to claimS8,
wherein surface roughness Ra of the glass substrate
is at nost 0.5 nm 10. The nethod of manufacturing a
di sk substrate for a 25 magnetic recordi ng nmedi um
according to claim8 or claim9, wherein a plating
filmconposed of a Ni-P alloy is forned by neans of

3t he 71 'Eheanethedsoppbating ontdedasebdsehgiateaabemtding to
treatnment is conducted control l'ing a rate of

clagnpareet ulim i ewhbreintthaetd1p df @flapBridtaesationntrentment
di sk substrate for a 5 magnetic recordi ng nmedi um

catsietsofit: trefimemtl@sing sudhuyrit ribdeatitricre@d®ithydrochloric
consi sts of a process of namintaining a treat nent

adielBL0L Wingith L0avtopandh ANG dheRDefoAnnet hehsg

hr and a process of heating-up controlling a

?&%ﬂﬁ@ri@abidf%ffﬁ PUawt9P b T GpEvgrature to the
reatment tenperature being at least 2 hr. 10 12. The

met hod of manufacturing a disk substrate for a
magneti ¢ recording medium according to claim 11,

Hontai n hg BROLSHACe i on A0ETEG, Bah Qls, Seqine to
clft T i ?Q'VEF%??%%#H%’% o ol AR o

cd?ﬁ%@fﬂ‘lérf ﬁngh%lﬂ.l g{giyl?ﬁﬁtlﬂf’é %? Qi Qﬁféglrfﬁ golution of

recording um accor

hf@ﬁ&éhﬁggcaéﬁ%i??ﬁ BB eRe tége?ﬁ‘%%?%éfﬁﬁqﬁ&%ﬁﬁluﬁon of
by EBLTTA £yl FEOATAGR Phfo ¥ Fdhpal i um "

cat al yst

5. The method of plating on a glass base plate according to any

one of claims 1 through 4, wherein the step of silane coupling agent

treatment consists of a treatment using a silane coupling agent

having a structure represented by a general formula (I):
(CuH2m+10)3Si(CH2).NHR Q)

where R is selected from H, C,H2,NH2, CONHz, and CsHs, and each of

m, n, and p represents a positive integer.

6. The method of plating on a glass base plate according to any
one of claims 1 through 5, wherein the step of palladium catalyst
treatment consists of a treatment using a mixed solution of palladium
chloride and diluted sodium hydroxide or a mixed solution of

palladium chloride and diluted potassium hydroxide.
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treatnment, and a soft magnetic plating |layer is forned
on the palladiumcatalyst |ayer by the el ectroless
plating method. 25 14. The nethod of manufacturing a
di sk substrate for a magnetic recordi ng nedi um
according to claim 13, wherein the soft 72 magnetic
plating layer is formed of a soft magnetic plating

7fi 1 m hRKengh et hiod @Rp@é_ﬁﬂgloﬁ 4 3 e8s Yadd Blate hecdrdifg to any
and conposed of a Co-N -P alloy containing phosphorus

oh8 of dlanafs !Pft}?roQI%& 6 whHeab?a thedstalp b pallshahbOhding

cobalt in a proportion of nunber of atons of 5 cobalt

t1at Ak Ak o8t 6P aNveatmént "hsﬁﬁ%ﬁ?ﬂ Aussiy RAttdef

a perpendi cul ar nagnetic recordi medi um conpri si ng:

h%pobhtid Sy 3efduring a disk substrate for a
ﬂgg et isgﬂ}ecordléng 10 medi um by the nethod of

manufacturing a di sk substrate for a nmagnetic
recordi ng nmedi um according to claim13 or claim 14,

s210 2 “ASRAbRH LA AL PURY PRt e magmetic
<G R IGEAYT BB ER SR p ISR R ot
ffRANES rBThnBRetR SF sofy yhaeNeHE, PG Sp.a ggfoce of a
bA8Y Plat@of'd §1a88 0B Fat S AU MNapéLriPloying the
method of plating as defined by any one of claims 1 through 7,
wherein the method of manufacturing a disk substrate comprises a
process of treatments including at least a step of glass activation
treatment to increase quantity of silanol groups on the surface of the
glass substrate at least by a factor of two using an aqueous solution of
diluted acid, a step of silane coupling agent treatment, a step of
palladium catalyst treatment, and a step of palladium bonding

treatment; and a process of forming the plating film by means of an

electroless plating method.

9. The method of manufacturing a disk substrate for a
magnetic recording medium according to claim 8, wherein surface

roughness Ra of the glass substrate 1s at most 0.5 nm.

10. The method of manufacturing a disk substrate for a
magnetic recording medium according to claim 8 or claim 9, wherein

a plating film composed of a Ni-P alloy is formed by means of the
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electroless plating method, and then, a heat treatment is conducted

controlling a rate of temperature rise.

11. The method of manufacturing a disk substrate for a
magnetic recording medium according to claim 10, wherein the heat
treatment consists of a process of maintaining a treatment
temperature in the range of 250°C to 300°C for at least 1 hr and a
process of heating-up controlling a heating-up time from a room

temperature to the treatment temperature being at least 2 hr.

12. The method of manufacturing a disk substrate for a
magnetic recording medium according to claim 11, wherein the
plating film is formed of a Ni-P alloy containing phosphorus in a
range of 1.0 wt% to 13.0 wt% and to a thickness at least 1.0 pm by

means of the electroless plating method.

13. The method of manufacturing a disk substrate for a
magnetic recording medium according to claim 8 or claim 9, wherein
a silane coupling agent layer is formed on the glass substrate by the
silane coupling agent treatment, a palladium catalyst layer is formed
on the silane coupling agent layer by the palladium catalyst
treatment, and a soft magnetic plating layer is formed on the

palladium catalyst layer by the electroless plating method.

14. The method of manufacturing a disk substrate for a

magnetic recording medium according to claim 13, wherein the soft
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magnetic plating layer is formed of a soft magnetic plating film

having a thickness in a range of 0.2 pm to 3 pm and composed of a
Co-Ni-P alloy containing phosphorus in a range of 3 at% to 20 at%
and at least 45 at% of cobalt in a proportion of number of atoms of

cobalt and nickel (Co/(Co+Nji)).

15. A method of manufacturing a perpendicular magnetic
recording medium comprising:

a step of manufacturing a disk substrate for a magnetic recording
medium by the method of manufacturing a disk substrate for a
magnetic recording medium according to claim 13 or claim 14, and

a step of sequentially forming at least a nonmagnetic seed layer,
a magnetic recording layer, and a protective layer on the disk
substrate for a magnetic recording medium,

wherein the soft magnetic plating layer in the disk substrate is
utilized as at least a part of a soft magnetic backing layer for the

magnetic recording layer.
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