DESCRIPTION METHOD FOR PRODUCTION HARD DISK SUBSTRATE AND HARD DISK
SUBSTRATE TECHNICAL HELD the present invention relates to a method for production of a
hard disk substrate as well as a hard disk substrate. BACKGROUND ART Hard disk substrates
are manufactured by a method including electroless NiP plating applied to a machined aluminum or
aluminum alloy substrate to form a plating film as a base of a magnetic film (see Patent Document I).
Herein, for higher-density recording by hard disk devices, it is required to minimize the floating height
of a recording/reproducing head from the supaee BIRAIHAY disk substrate. To this end, following the
formation of a plating him by electroless NiP plating, polishing is performed to smooth the surface of
the plating film using free abrasive grains Patent Document 1: JP Patent Publication (Kokai) No.
03-236476 A (1991) DISCLAOSURE OECIHEINNVENDIONBROBLEMSIGBERSOEVED BY THE
INVENTION Since the surface of the plating film by electroless NiP plating is very rough, heave
burden is imposed on the polishingfb?gééééwgﬂ&ﬁsfﬁié%&ﬂ@%val thickness with polishing is
large, the plating film also has to be made thick. Therefore, productivity deteriorates and environmental
burden increases. Front such a viewpoint, it has been desired to smooth the surface of a plating
film formedy@Elecolcss NP plating as flat as possible to reduce the burden on the polishing
process. For instance, when a plating film is formed on a printed board or the like, a brighter such as
an organic sulfur cotipdisecit dadedt torelstitotets platiigishiier thuedertiingea plagng fliskhaving a
smooth sun;%%%r e aSIQvg(lj?neraﬁ,i h Weﬁ(er, a Ia%ing film containing sulfur has poor corrosion
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BACKGROUND ART

Hard disk substrates are manufactured by a method including electroless
NiP plating applied to a machined aluminum or aluminum alloy substrate to form a
plating film as a base of a magnetic film (see Patent Document 1).

Herein, for higher-density recording by hard disk devices, it is required to
minimize the floating height of a recording/reproducing head from the surface of a
hard disk substrate. To this end, following the formation of a plating film by
electroless NiP plating, polishing is performed to smooth the surface of the plating
film using free abrasive grains.

Patent Document 1: JP Patent Publication (Kokai) No. 03-236476 A (1991)
DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

Since the surface of the plating film by electroless NiP plating is very
rough, heave burden is imposed on the polishing process. Further, since the
removal thickness with polishing is large, the plating film also has to be made
thick. Therefore, productivity deteriorates and environmental burden increases.

From such a viewpoint, it has been desired to smooth the surface of a
plating film formed by electroless NiP plating as flat as possible to reduce the
burden on the polishing process. For instance, when a plating film is formed on a
printed board or the like, a brighter such as an organic sulfur compound is added

to electroless plating bath, thus forming a plating film having a smooth surface.



using strong-a step, defects such as corrosion pits tiay occur on the surface of the plating film, and
therefore techniques of printed hoards cannot be applied directly. Further, such poor corrosion
resistance against the acid solution of the plating film may cause excessive elution of Ni preferentially
from the plating film during washing with Tong acid, which may lead to problems in the subsequent
steps for the hard disk substrates. In view of the above issues, it is an object of the invention to

provide a method for production of a hard disk substrate capable of obtaining a smo . th surface of a
plating film by clectrBISSBNGD Ay that Rl dddradeR it BotroSHATeRIAING SgRiRstRe acid

soluton and, et & harc sk SHDSHAIE MEANS EQR.SQLYING THE. PROBHEN n prdc o cope
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strong acid, which may lead to problems in the subsequent steps for the hard disk

substrates.

In view of the above issues, it is an object of the invention to provide a

method for production of a hard disk substrate capable of obtaining a smooth

surface of a plating film by electroless NiP plating that is not degraded in

corrosion resistance against the acid solution and such a hard disk substrate.

MEANS FOR SOLVING THE PROBLEM

In order to cope with the aforementioned problems, a method for

production of a hard disk substrate of the present invention is to produce a hard
disk substrate including an electroless NiP plating film, and the method for
production includes the steps of: a first plating step of immersing a substrate in
first electroless NiP plating bath containing an additive having a smoothing effect
to form a lower layer of the electroless NiP plating film on a surface of the
substrate, the lower layer having average surface roughness smaller than an
average surface roughness of the surface; and a second plating step of immersing
the substrate on which the lower layer of the electroless NiP plating film is formed
in the first plating step in second electroless NiP plating bath to form an upper
layer of the electroless NiP plating film, the upper layer having corrosion
resistance against the acid solution.

Preferably, the additive includes an organic sulfur compound. Then, the
second electroless NiP plating bath dees not include an organic sulfur compound

added thereto. Preferably, the organic sulfur compound includes at least one of



Preferably, the additive includes an organic sulfur compound. Then, the second electroless NiP plating
bath does not include an organic sulfur compound added thereto. Preferably, the organic sulfur
compound includes at least one of thiourea, sodium thiosulfate, sulfortate, an isothiazolone
compound, sodium laurvi sulfate, 2,2'-d ipyridyl disulfide, 2.2 -dithiodibenzoic acid and bisdisul fide.
Preferably he organ includes nitrogen. Preferably, a contained amount of the organic sulfur compound
is 0.01 ppm_or more and ZOtEpm or less, and particularly preferably a contained amount of the organic

sulfur compBHEE 6oL PP BB RGNS YT of leSS B REE P S ORPPIE IR UM AREBYHing to the
method forpreduction of @ harg disk;sylgirate,of the RIgsantinyention, a plating Jilm having a smooth

surface can be obtained, and corrosion resistance against the acid solution thereof is not degraded.
Therefore, burterbon thiecpalighing stepfcandoenteduced,nahdithe prodyctivity Bfdfarabdisk substrates
can be improved. Further, waste fluid dischar?ed from the polishing step can be reduced, die removal
thickness With pBIRhHBCAN Be! Atacfe EHialBHEhAtHE fitdhidkAdserat tHeptating ditrfl 8RS can be

made Cr, sg that inignia Qw;@sraﬁ@%@ef@gy%ﬁ% as el GRIBTLQN PR THE DRAWINGS  Fig. 1

shows measurement results of Exa 1 and Comparative Examples 1 and 2. Fig. 2 shows a
measuremeniigsultiat Bxapiple &. ihigeistiowspammeasyrement result of surface roughness of
Example 3. Fig. 4 shows a measurement result of the diameter of nodule and the of nodule of

Example 3FElE 6 5hds BRdaburemeitesult of waviness of Example 3. BEST MODE FOR

CARRYING OUT THEINVENTION Thefollowing descries b resentembadimentpetail. A
method for production of a bard disk substrate i the present embodinicnt includes: a substrate
formation stepefigrindingoalumisiuemalloyrblaakiie-farmma subsiiateeaphating step eferfarming
electroless NiP plating to the substrate to form an electroless NiP plating film on a surface or the
substrate; gorrosion resistance against the acid solution thereof is not degraded.  Therefore,
burden on the polishing step can be reduced, and the productivity of hard disk
substrates can be improved. Further, waste fluid discharged from the polishing
step can be reduced, the removal thickness with polishing can be made smaller and
the film thickness of the plating film also can be made thinner, so that
environmental burden can be reduced as well.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows measurement results of Example 1 and Comparative
Examples 1 and 2.
Fig. 2 shows a measurement result of Example 2.
Fig. 3 shows a measurement result of surface roughness of Example 3.
Fig. 4 shows a measurement result of the diameter of nodule and the
height of nodule of Example 3.
Fig. 5 shows a measurement result of waviness of Example 3.
BEST MODE FOR CARRYING OUT THE INVENTION
The following describes the present embodiment in detail.
A method for production of a hard disk substrate in the present
embodiment includes: a substrate formation step of grinding aluminum alloy blank
to form a substrate; a plating step of performing electroless NiP plating to the

substrate to form an electroless NiP plating film on a surface of the substrate; a



polishing step of polishing the surface of the substrate on which the eleetroless NiP plating is formed,
and a washing step of washing the polished plating film. Among these steps, the plating step can be
per funned with (1) treatment, (2) water-washing, (3) etching treatment, (4) water-washing., (5)

la treatment, (6) water-washing, (7) first zincate treatment, (8) water-washing, (9) de-zmcate treatment,
(10) water-washing. (11) second Linear treatment, (12) water-washing, 1 [3) electroless NIP plating,
(14) water-washing, (15) drying and (16) baking, where the (13) electroless NIP plating can be
performed Wit WoSsthgRe< b Hir8i Batiify REASna e Se cond pliting stépch the siefiEPtist plating
step, the subiraiaia miierseddn st afsetioleas: NP dlaling hathepntaioingianadifive,having a
smoothing effect to form a lower layer of the electroléss NiP plating film on the surface of the
substrate. THrough this treatment, the electroless NiP plating film formed will have average surface
roughness smaller than the average surface. roughness of the aluminum alloy blank. As the additive
having thing effect,Aa’ﬁ"Eﬁéatﬁfbg%&mﬁseé}fﬁp%‘&%%%ﬁ}po%aﬂéé%Perf‘)r‘pi’gs‘ﬂiﬂégw {Hig"sakliive having a
smoothing gffect is, deposited at protiysion parts of.the aluminum allay bliank haylng,irregylarities, so
that the growth of electroless NIP platingis delayed at these parts than at other parts'so as to reduce
an influencesshtheiifregarities: of the) alwainavedidyiilanky and therehy atsmoedimplating 8lm can be
obtained. Chen, the process shifts to the second plating; step, where the substrate on which the
lower layer'6HiHe ElebtRsie 63 NIP HRMING HIFA T8 $8EN{dd by the et platngldteprrofimEIsEd in second

etectroless NI in t ing isign yesistance ipst.the aci lution. s9.as.to fortn an
upper |ayer%{%ﬁ%%?é?ﬁjg%ﬁ%é&%ﬁ%ﬁ i rr?)rlrgﬁérc e%r?%(%%gfﬁrr? t @éﬁ%’c@oﬁs‘gggﬁgﬁﬁﬁﬁgﬁlm having
corrosion resistangeragainst the)acigksotutianplating bhath) te whiehas otganitasifurcaampound is not

added can be used. Corrosion resistance against the acid solution referred to herein may be in a
degree of GTEEIRFe¥iskante BReinstitAd Atid SO0 otF B¢ Snrshtio Ry B aikible electroless NiP
-dating film, lo this gne I j5 preferable ngt (. addan rapnic,suliuc. sampoynd fo, Paina\baih positvely.
but the mixture thereof is per itted I t gdegree of contamination ion not affecting the corrosion
resistance pgaingtihe acitt seluiom addifrof the firstantbihe isecamet etectseless NiR plating bath,
water-soluble nickelsalt is used as a supplﬁ/@source of nickel ions. Exemplary water-soluble nickel salt

includes _ni@_lfélh;éilfﬁﬁféf?ﬁé%ei\&ﬁléﬂiﬁéf}%]iﬁ | earbnatelasieikd] ‘é‘@e%&f@‘é?ﬁckéﬁ@@#&hgﬁé‘% Preferably,
the denSItyt@z}prge%létlﬁgcb%@c'[?g'l@&' %1@3{%@(?9 %QIQ/FF rt%{clgséffﬁ? Wae\;g”g:vgll”gggl's%rfaés a

comptexing agent. among dicarboxylic acid and alkali sal('g ereof such as tartaric acid. malic acid,
citric acid, sueghniesacichamalohie atida glyeglic acid.cglucomie acid, toxaliaaichuphthilic daiek fumarie
acid, maleic acid, lactic acid and sodium salt, potassic salt and ammonium salt thereof, two types or
more may Ke t8ed &t I84stGHE8F WAL preferEisly SRy dicarisoAEasRIPrERetdBRY, the density of
the compleﬁggg_agent is 0.01 or more and 2.0 moUT, or less. As a reducing agent,
hypophosphoric acid or hypophosphite such as sodium hypophosphite or potassium hypophosphite is
preferably used. Preferably, the densitydofithe hadiging ageabikibgit fdeanare aneb802d 1ator less.

In the first plating step, in order to smooth the surface of an electroless NiP plating as a lower layer,
the first eleREPSIESLNiPIBIatNG Batri e WARR & bagHErnsudr 48 asrgakit detur Cohdolisd is added

S e e e s ST e e g e e
sulfonate, an isathiazelonuence of the irregularities of the alumina alloy blank, and thereby
a smooth plating film can be obtained.
Then, the process shifts to the second plating step, where the substrate on
which the lower layer of the electroless NiP plating film is formed by the first
plating step is immersed in second electroless NiP plating bath having corrosion
resistance against the acid solution so as to form an upper layer of the electroless
NiP plating film. In order to form the electroless NiP plating film having
corrosion resistance against the acid solution, plating bath to which an organic

sulfur compound is not added can be used.



compound, sodium !'amyl sulfate, 2,2'-dipyridyl disulfide, 2.2'-dithiodibenzom acid and bisdisulfide may
be used. One of them may be used alone or two types or more may he used together. More
preferably, the organic sulfur compound contains nitrogen, including thiourea, isothiazolone
compounds, 2,2'-dipyridyl disulfide and bisd sulfide. The amount of the organic sulfur compound added
may be 0.0 | ppm or more arid 20 ppin or less, and especially preferably U. ppm or more and 5 ppm or
less. From a too small amount or it, the smoothing effect ol the plating film cannot be obtained, and
from a too large anfoliit MdreceRfEtt Cangifpetbxpsider ] ution s¢ier adhiightes AR Bfganic sulfur
compound has toxicitylower than that of a brighter. caontai finn Cd"As, Tl er the like, and so is suitable
for ¢ ueage iy e e S o e e OB Seter
Shun dS acidaalkali elacpreiservative rgent taprevestigenesation:ingheplating bath dadng st age a
buffer to suppress a variation of pH, a surface activating agent to suppress pinholes, and a stabilizer to
suppress degfadiation! ofitie platitebthp it the Sabbritd platiply-step, é@dﬁ%ﬂé@f? NiPIgRting iseferably
yerforn Cl using second electroiess NiP plating bath that does not cgntain an organic sulfur compound.
The second 1801648 Kb Diting Bath Rey A0S GBically LA FoF ARUTACT g o & hard disk
substrate, anpdiRasteerieriaR Kasistance against the acid solution in the polishing step alter the plating
step and in the subsequent washing step on the electroless NiP plating film. According to the
aforementioned manufdbturiiigt naethdacfor echdre ldigkdatsttite phasgstrate. isvirrmendellin the first
electroless g\IiPGQIatiqg.bath ontaining an additive Igavirlgfﬁ.smoot 'n%é? ect such as qnb%ganic sulfur

compound toform'a oIvSveurSf%lyérirS of Antlectrotess |proﬁ mboﬂlsm o't GHace or'the Substrate,

whereby thg;sufacerolghnessiet thedower lavee cambedeciersed.anshine, sHtiaaeset the lower layer
can be smoothed. Then, the substrate on which the lower layer of the electroless NiP plating film

is formed i inmsédett ifathetsecdhdietebtsoldss dils platindghisaptehagingticosrdsidh resistance against
the acid so[ytian 0,as to éggrqsanel%gﬁe\rrll?gglof the electroless MP plating Film on the surface of the
smoothed IoWer la ef,o\fvherebyrfhe Surface roughness of the upper layer can be decreased and the

surface of the uppex layergapiba smeathed: 1HeR, Singe theiupperdayer havingsear@sion resistance
against the acid solution covers the surface of the lower layer, corrosion resistance against the acid

solution is Abtdegradeadiin ahel poligking stepibng thelwsishingestepd. malpesorginglg! Yeden on the
polishing step can be reduced, and the Q{gdug&i%of ha{id gisk substr%te%gc:?n be ierrI%\C/, d.Further,

waste fluid ‘H‘llsc’héy]rléce%f}frcorancf ’eOpX&}ls%i%g s’tepp canIBea(r:éducueIB?fhce Feimoval thickness Wit ICpolishing

can be madeigmalleramaiihe: @lipothickness ehtheplatingfiln-asaavbesagdedhipnaroso that
environmental burden can he reduced as well. Examples
may be used, at least one of which is preferably oxy-dicarboxylic acid.
Preferably, the density of the complexing agent is 0.01 mol/LL or more and 2.0
mol/L or less.

As a reducing agent, hypophosphoric acid or hypophosphite such as
sodium hypophosphite or potassium hypophosphite is preferably used.
Preferably, the density of the reducing agent is 5 g/L. or more and 80g/L or less.

In the first plating step, in order to smooth the surface of an electroless
NiP plating film as a lower layer, the first electroless NiP plating bath to which a
brighter such as an organic sulfur compound is added is preferably used as an
additive having a smoothing effect for electroless NiP plating.

The organic sulfur compound may contain a sulfur atom in the structural
formula, and for example, thiourea, sodium thiosulfate, sulfonate, an isothiazolone
compound, sodium lauryl sulfate, 2,2°-dipyridyl disulfide, 2.2°-dithiodibenzoic

acid and bisdisulfide may be used. One of them may be used alone or two types



The following describes Examples and Comparative Examples for detailed descript s of the present
invention, but the present invention is not limited to the f011owin <Pr fteaunent step> A
commercially-available 3.5-inch aluminum substrate of average surface roughness Ra=15 nm as a
substrate was degrease-treated using well-known degreasing liquid including sodium phosphate and a
surface activating agent at 50C. for 2 minutes, followed by etching using well-known etchant including

sulfuric acid and phosphoric acid at 70C for 2 minutes. Then, the substrate was

desmintingl<BRSE WG HMitieALlO4ED0E fol B0 EERNERAN S 1E3HC AN te el B YIE for 30
d | imen liguid. t t formed
ey e L B B g

conditions>{{&xamplend) bisdisinftle. flrstmiaztmglstep)fmf@rmﬂr@akewmayermlmsurfmaf the
above-mentioned substrate, well-known malic acid - succinic acid electroless NiP plating bath to which
| ppm of yl @isulfield \%eeedewag%ﬁW&&m@m%&n@ﬁémﬁa%@wﬁafw% td frestent at 85C

for 90 minutes, thu§ btalnlng eglathq film thlcknes of 10 e surfage rou ness .of the
O CSS a too ‘an dmO If [ 1€ SImoo Aﬁvl
electroless TI]\ﬂf:’c pala ng%ﬁm was measure using an atomlc orce microscope manu actured by

Veeco corph{thgdiengmesscismiepresested asiaverageoraughpessifia ablipm sguare)iads a result,
the value of the surface roughness was .3 nm. in the second plating step to form an upper
layer after giaseirfe sipretedver layer of the electroless NiP plating film was washed, well-known malic
acid - succinic aC|dS 1 troI% P plat % bath to Wh h no or anlaﬁylgug cornFDo und s d de as used

for plating treatment aPS% b Minute rllfsco am |g A platinthickness o Zigﬁeso that the plating

film thicknegstin the sutiRce @f)me§uigstt@§emas 12 pme(Gompamtve Example ¥hr actihe
aforementioned well-known malic acid - sueeinic acid ctectroless N iP plating bath to which no organic

sulfur compeurliwazaddedavas used for plating treatment at 85C. for 120 minutes, thus obtaining a
plating film thlckneﬁx of 12 pgl%tr( Eg% I\p ?t n tre mentté/vrgg 9erfor ed u3| ng € Ceetroless NiP

plating bath not inc nfér%tn organic Sulfur cB mpo nc? having cocr?gsml)%sres stance agalnst the acid

solutiom (Gapwasative, Exemple 2alt, Jhe@ff%ewageﬁted wed-known naligracidonsueginie acid
electroless NiP plating bath to which 1 ppm of organic sulfur compound was added was used for

plating treatiheng dp@BCHoi 12 imingtes: thuS Formirgrpplating fimahiokridseBf 12 suthcThat is, the

plating realmentes, RETOMSShHsIng sisryRIesHE ARG fath nghelno a0, mans sy

the plating bath.

In the second plating step, electroless NiP plating is preferably performed
using second electroless NiP plating bath that does not contain an organic sulfur
compound. The second electroless NiP plating bath may be one typically used
for manufacturing of a hard disk substrate, and has corrosion resistance against the
acid solution in the polishing step after the plating step and in the subsequent
washing step on the electroless NiP plating film.

According to the aforementioned manufacturing method for a hard disk
substrate, a substrate is immersed in the first electroless NiP plating bath
containing an additive having a smoothing effect such as an organic sulfur
compound to form a lower layer of an electroless NiP plating film on the surface
of the substrate, whereby the surface roughness of the lower layer can be
decreased and the surface of the lower layer can be smoothed.

Then, the substrate on which the lower layer of the electroless NiP plating

p
film is formed is immersed in the second electroless NiP plating bath having



(Measurement results) "[he surface roughness of the eteclroless NIP plating films of Example |
and Comparative Examples 1 and 2 was measured using an atomic force microscope (i p. (the
roughness is represented as average roughness Ra of 10 gin square). Further for visual check,
the surface of the plating films was photographed by an optical microscope. As for corrosion
resistance against the acid solution, after the electroless NIP plating films of Example 1 and
Comparative Examples 1 and 2 were immersed in nitric acid (density 30%, temperature 40C) for $
minutes, theSiRfaced BT e fitnieNere BoteltaphedrnysarroscHIHicibsewse gt Mifinber of
corrosion pits, in the fi f view was counted f a Fig. | s ment
results of E%(%%rp(fggigﬁggo Cpc\)/ér%\é{ ra%%le%%(égngp‘ ggfng%n(? f;’%ﬁ@?ﬁﬁ@no%;)%gr%p ebi,h&g%lrﬁ%gfg{{gughness
Ra after plating:wasc2.6onghand trednumbern abcorrosionepitscnascl, 2bQ (piecesiavn)f the
Comparative Example 1, the surface roughness Ra after plating was 14.8 mu, and the number of
corrosion pitBRFaS 4y 105 {Pidte R e CompaiativenExapl& D ahd Sisiale I8 gFMEes R after
plating was, 2.4, pn and. e nymber gl eprrosion IS Was (2875 (PIECeSI0MML . ., Ip 15 case of
Comparative f ) IP plati h having corrosion resistance against the

P

£ sutx)‘
xample, since the electroless NiP plating ba

acid solutiop yiasiésedotan platieth dhie soumer of corasienipits was|essi thamthatohkxample |.
However, since no organic sulfur compound was contained, the surface roughness Ra became larger
(rougher) theaskiag ofeBxample |, and a plurality of minute irregularities were observed on the surface

of the plating film in,Fig. I. Therefore, in the case of Comparative Example 1, heavy b rqhn will he
expected in the p0|{gﬁ(%édé{1§§/ ’ Qunfﬂﬁgn,o in the ¢ %gs%f‘@orﬁﬁgra%?\?eEg(a%%ﬁ‘ecig,’sﬁ\%ge t?lg electroless

NW platingath inslugingranea0anik sulisicapperndovasysed dar platingethesafacg dpughness Ra
was smaller than that of Example 1, and no irregularities were observed on the surface in Fig. I.

However, tHis el ofccnrtbsion pilsingnsély |argebeheat weat of Rxapnpieal, Bnekingsasvfoilind that the

filin had poor corrosion re corrosion pi WitFir in N11-1 platist e against the acid solution.
“orefore, BRHSH GUEH 45 BECBTN HHEARG L. Sl excbgie Db Gr it e Shbecred

duringwashipg:stepwiich, mayh advarsehhaliest Hekubsanpent steps fanihe hard disk substrate.
Examples

The following describes Examples and Comparative Examples for detailed
descriptions of the present invention, but the present invention is not limited to the
following examples.

<Pretreatment step>

A commercially-available 3.5-inch aluminum substrate of average surface
roughness Ra=15 nm as a substrate was degrease-treated using well-known
degreasing liquid including sodium phosphate and a surface activating agent at
50°C for 2 minutes, followed by etching using well-known etchant including
sulfuric acid and phosphoric acid at 70°C for 2 minutes.

Then, the substrate was desmutting-treated using nitric acid at 20°C for 30
seconds, and was 1°'-zincate treated at 20°C for 30 seconds using well-known
zincate treatment liquid. Subsequently, de-zincate treatment was performed
using nitric acid at 20°C for 30 seconds, followed by 2™ zincate treatment at 20°C
for 30 seconds.

<Plating conditions>

(Example 1)

-1



Compared with these Comparative Examples 1 and 2, Example | had small and smooth surface
roughness Ka after plating, and had a small number of corrosion pits, and therefore it can be found
that the film has excellent corrosion resistance anainst the acid solution. (Example 2) A plurality
of types of organic sulfur compounds were prepared and plating treatment was performed under the
same plating conditions as those of Example I. to manufacture samples with sample numbers | to 6.
The following Table | shows the names of organic sulfur compounds added, the structural formulas

thereof and the amiouits o@éﬁdﬂ‘%ﬁ?%faﬁfé’l & {osBnihIdNE AdfiveNHifesstfacturll idinula
Additive a@BWé—gBBm}oln%gdslhlm&g{g,s%@pknown malic acid - succinic acid electroless NiP

plating bath to which I ppm of 2,2°-dipyridyl disulfide was added as an organic
sulfur compound was used for plating treatment at 85°C for 90 minutes, thus
obtaining a plating film thickness of 10 um. The surface roughness of the
electroless NiP plating film was measured using an atomic force microscope
(AFM) manufactured by Veeco corp. (the roughness is represented as average
roughness Ra of 10 pm square). As a result, the value of the surface roughness
was 2.3 nm.

Then, in the second plating step to form an upper layer after the surface of
the lower layer of the electroless NiP plating film was washed, well-known malic
acid - succinic acid eclectroless NiP plating bath to which no organic sulfur
compound was added was used for plating treatment at 85°C for 20 minutes, thus
obtaining a plating film thickness of 2 um, so that the plating film thickness in
total on the surface of the substrate was 12 pum.

(Comparative Example 1)

The aforementioned well-known malic acid - succinic acid electroless NiP
plating bath to which no organic sulfur compound was added was used for plating
treatment at 85°C for 120 minutes, thus obtaining a plating film thickness of 12
um. That is, the plating treatment was performed using electroless NiP plating
bath not including an organic sulfur compound and having corrosion resistance
against the acid solution.

(Comparative Example 2)

The aforementioned well-known malic-acid - succinic acid electroless NiP
plating bath to which 1 ppm of organic sulfur compound was added was used for
plating treatment at 85°C for 120 minutes, thus forming a plating film thickness of
12 pm. That is, the plating treatment was performed using electroless NiP
plating bath including an organic sulfur compound.

(Measurement results)



Na95702 0.75 Thiourea CS(NII2)2 I r 4 Sodium lauryl sulfate Ci >1-125S03Na C4ILINSCIO 7
Isothiazolone compound 0,75

The surface roughness of the electroless NiP plating films of Example 1
and Comparative Examples | and 2 was measured using an atomic force
microscope (AFM) manufactured by Veeco corp. (the roughness is represented as
average roughness Ra of 10 um square).

Further for visual check, the surface of the plating films was photographed
by an optical microscope. As for corrosion resistance against the acid solution,
after the electroless NiP plating films of Example 1 and Comparative Examples 1
and 2 were immersed in nitric acid (density 30%, temperature 40°C) for 5 minutes,
the surfaces of the films were photographed by an optical microscope and the
number of corrosion pits in the field of view was counted for measurement.

Fig. 1 shows measurement results of Example 1 and Comparative

In Example 1, the surface roughness Ra after plating was 2.6 nm, and the
number of corrosion pits was 1,250 (pieces/mmz)‘ In Comparative Example 1,
the surface roughness Ra after plating was 14.8 nm, and the number of corrosion
pits was 1,125 (pieces/mm?). In Comparative Example 2, the surface roughness
Ra after plating was 2.1 nm, and the number of corrosion pits was 72,875
(pieces/mm?).

In the case of Comparative Example 1, since the electroless NiP plating
bath having corrosion resistance against the acid solution was used for plating, the
number of corrosion pits was less than that of Example 1. However, since no
organic sulfur compound was contained, the surface roughness Ra became larger
(rougher) than that of Example 1, and a plurality of minute irregularities were
observed on the surface of the plating film in Fig. 1. Therefore, in the case of
Comparative Example 1, heavy burden will be expected in the polishing step.

Then, in the case of Comparative Example 2, since the electroless NiP
plating bath including an organic sulfur compound was used for plating, the
surface roughness Ra was smaller than that of Example 1, and no irregularities

were observed on the surface in Fig. 1. However, the number of corrosion pits



2,2'-dipyridy! disulfide C10H15N2S2 | 6 Naphthalenesulfonate condensate (CtOR4S03Na)n 200 -hen,
similarly to Embodimentac roughness of the electroless NiP plating films was measured using an
atomic force microscope (AFM manufactured by *coo corp. (the roughness is represented as average
roughness I2a of 10 um square). Fig. 2 shows measurement results of surface roughness of
csamples and Comparative Example. The Comparative Example in Figaforementioned Comparative

Example I. Since this Comparative Example does not include an organic sulfur compound added
thereto, the %HfAEE ¢BLGHNBSS (RMHEAR sHWasaRrje O-4#BhHjYand duesntbe fdiint iatdde surface

thereof was,roaher than,e.samiples Wil saPle. NTRGIR Lt )01 fe.oisc hand Jhe, present

examples, i. e the samples WI sample numbers 1 to 6 including organic sulfur compoun s added

thereto hadcﬁmaklecsrswfacezrbt;gmt(ﬂa)qatmﬁ ibcarhbe:fotmnd that thessuifaces thereof miere
smoother than Comparative Exaré?lg?a Among them, the samples with ample numbers 2, 4 and 5 had

small surfaderBugiiness (&) Ehé $Rovied e pr‘&?ﬁﬁﬁ@%tdékﬁﬁétﬁh?g"é%%éﬂ&tﬁ?éxbﬁﬂféd A nitrogen
contained | In ggr(s)ggﬁn%?ecylfgc su s&%@‘z 3 {QE&J?Q{C&S %%}Q%]%E Substrate.

Compared with these Comparative Examples 1 and 2, Example 1 had
small and smooth surface roughness Ra after plating, and had a small number of
corrosion pits, and therefore it can be found that the film has excellent corrosion
resistance against the acid solution.

(Example 2)

A plurality of types of organic sulfur compounds were prepared and
plating treatment was performed under the same plating conditions as those of
Example 1 to manufacture samples with sample numbers 1 to 6. The following
Table 1 shows the names of organic sulfur compounds added, the structural

formulas thereof and the amounts of addition.

[Table 1]

Sample Structural Additive
Additive Name
No. formula amount (ppm)
1 Sodium thiosulfate NazS;0, 0.75
2 Thiourea CS(NH3), 1
3 Sodium lauryl sulfate Ci2H358035Na 2
4 Isothiazolone compound C4H4NSCIO 0.75
5 2,27 -dipyridyl disulfide CioHisN2S» 1
6 Naphthalenesulfonate condensate | (CoH4SO3Na)n 200

Then, similarly to Embodiment 1, surface roughness of the electroless NiP
plating films was measured using an atomic force microscope (AFM)
manufactured by Veeco corp. (the roughness is represented as average roughness

Ra of 10 pm square).
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(Example 3) Using the organic sulfur compounds having particularly smoothingthe above
Examplesulfide, thiourca and isothiazolone as additives, samples were manufactured. Then, (1)
surface roughness, (2) the height of nodule and (3) waviness as indices ofsmoothness were measured
to check the effects therefrom. Measurement of surface roughness Samples were manufactured,
including these additives whose additive amounts were changed by 0.25 ppm in the range of O ppm to
1.5 ppm. Then, similarly to Embodiment I, surface roughness of the electroless NiP plating films of
these samples was! ifeasSPON B SH ARSI FORES MicTBEespe ATV HhaHufRttrEd R Yecco corp.

(the roughrb%%s(i%ﬁgdpg%ggg%q?gﬁgi\éerage roughness Ra of 1(1 u square). The following Table 2
shows measuremerit results of the surface roughness of these samples, and Fig. 3 is a graph

representing the resukt ofchaplea?ivhie2Anfdditiveraimnount P11 00 Ripydidybdd S ditvgurea (um)
Example 1. Since this Comparative Example does not include an organic sulfur
compound added thereto, the surface roughness (Ra) thereof was large (14.8 nm),
and it can be found that the surface thereof was rougher than the samples with
sample numbers [ to 6. On the other hand, the present examples, i.e., the
samples with sample numbers 1 to 6 including organic sulfur compounds added
thereto had smaller surface roughness (Ra) and it can be found that the surfaces
thereof were smoother than Comparative Example. Among them, the samples
with sample numbers 2, 4 and 5 had small surface roughness (Ra) and showed a
prominent smoothing effect. It is expected that nitrogen contained in the organic
sulfur compounds influences on the effect.

(Example 3)

Using the organic sulfur compounds having particularly excellent
smoothing effect in the above Example 2, 1.e., 2,27-dipyridy! disulfide, thiourea
and isothiazolone as additives, samples were manufactured. Then, (1) surface
roughness, (2) the height of nodule and (3) waviness as indices of the smoothness
were measured to check the effects therefrom.

(1) Measurement of surface roughness

Samples were manufactured, including these additives whose additive
amounts were changed by 0.25 ppm in the range of 0 ppm to 1.5 ppm. Then,
similarly to Embodiment 1, surface roughness of the electroless NiP plating films
of these samples was measured using an atomic force microscope (AFM)
manufactured by Veeco corp. (the roughness is represented as average roughness
Ra of 10 wm square). The following Table 2 shows measurement results of the

surface roughness of these samples, and Fig. 3 is a graph representing the result of

it L.
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13.80 Isothiazolone 0.25 9.10 7.22 6.58 0.50 6.506.77 3,44 0.75 3.02 3.943.38 1.00 2.56 3.723.41

[Table 2]
Additive amount Dipyridyl Thiourea (nm) [sothiazolone
(ppm) disulfide (nm) (nm)
0.00 14.9 13.80 14.11
0.25 9.10 7.22 6.58
0.50 6.50 6.77 3.44
0.75 3.02 3.94 3.38
1.00 2.56 3.72 3.41
1.25 2.55 3.90 -
1.50 2.87 - 3.26

As shown in Table 2 and Fig. 3, it is found that compared with the sample
not including an organic sulfur compound (additive amount =0.00 ppm), the
samples including organic sulfur compounds added thereto (0.25 ppm to 1.50
ppm), e.g., in the case of thiourea, the surface roughness was decreased up to
about 1/3.

(2) The height of nodule

As Examples, a sample including 1.0 ppm of dipyridyl disulfide added
thereto, a sample including 0.75 ppm of thiourea added thereto and a sample
including 0.5 ppm of isothiazolone added thereto were manufactured. Then, the
height of nodule and the diameter of nodule thereof were measured using an
ultra-depth shape measurement microscope (produced by Keyence Corp., VK-851).
As Comparative Example, the height of nodule and the diameter of nodule of the
above-mentioned Comparative Example 1 were measured.

The following Table 3 shows measurement results of the height of nodule
and the diameter of nodule of these Examples and Comparative Example, and Fig.

4 shows a relationship among the measurement results.

12



1.252.55 3.90 1.50 2.87 3.26

As shown in Table 2 and Fig. 3, it is found that compared with the

sample not including an organic sulfur compound (additive amount -0.00 ppm), the samples including
organic sulfur compounds added thereto (0.25 ppm to 1.50 ppm), e.g., in the case of thiourea, the

surface roughness was decreased up to about 1/3 of nodule

As Examples, a sample including 1.0

ppm of dipyridyl disulfide added thereto, a sample including 0.75 ppm of thiourea added thereto and a

sample inc

luding 0.5 ppm of isothiazolone added thereto were manufactured. Then, the

of nodule

and the diahh8&F of nodule thereof were measured using an ultra-depth shape measurement

microscope (predyged by Keyense R d46t898)| As Cpmparative pie, thehaighfief,aodule and the
diameter of nodule of the above mentg%lﬁganmparativeOEmme I were me@%ggr The following
Table 3 shows meagsurement resutts ofithe height of nodulerand the diameter of nodule of these
Examples ah§'@bmparativé Exatipielan® #dkows d ieritfonShipnationd e thed3iresient results.
Table | ) ) | em) | ) | ) | ) | (um)
3.46 0.53 7.81 0.33 9.83 0.98 6.01 0.52
11.05 1.73 7.28 0.4 10.55 0.99 7.87 0.58
5.86 0.75 7.09 0.26 8.76 0.69 7.11 0.46
5.74 0.58 8.03 0.37 8.34 0.72 9.34 0.62
10.42 1.7 4.3 0.16 6.22 0.41 9.17 0.59
9.84 1.88 6.31 0.32 7.48 0.61 5.33 0.37
7.82 0.84 | 12.44 0.41 8.06 0.69 4.36 0.32
9.16 .12 10.26 0.41 6.54 0.47 10.18 0.81
9 1.33 3.9 0.12 3.22 0.33 4.98 0.34
4.83 0.5 6.77 0.55
4.16 0.48

As shown in Fig. 4, it can be found that compared with Comparative

‘

Example not including an organic sulfur compound added thereto, Examples
including organic sulfur compounds added thereto had reduced the height of
nodule with reference to the diameter of nodule.

(3) Measurement of waviness

Samples were manufactured, including the additives whose additive
amounts were changed by 0.25 ppm in the range of 0 ppm to 1.5 ppm. Then,
using a flatness measurement device (produced by KLA-Tencor Corp., Opti flat),
waviness (Wa) at the wavelength 5 mm were measured on the surfaces of the
samples. Waviness (Wa) were obtained by calculation of an average absolute
value of the height (7) at the wavelength of 5 mm or more, which was calculated
based on arithmetic average waviness (Wa) specified in JISB0601. The

following Table 4 shows a measurement result of the surface waviness versus the
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As shown in Fig. 4, it can be found that compared with Comparative Example not including an organic
sulfur compound added thereto, Examples including organic sulfur compounds added thereto had
reduced the height of nodule with reference to the diameter of nodule. (3) Measurement of waviness
Samples were manufactured, including the additives whose additive amounts changed by 0.25 pprn in
the range of 0 ppm to 1.5 ppm. -Mem using a flatness measurement device (produced by KLA-Tencor
Corp., Opti Hat), waviness (WO at the wavelength 5 ram were measured on the surfaces of the
samples. WAGRESs (W Wetd Hitaind Iy cHifuldtion of anZaiita@ sosbitite Viue Bt thel height (2)
at the wavejgpgth of 5 mm or more, which was calculated based on arithmetic average waviness (Wa)
specified in JISBO601. The following Table 4 shows a measurement result of the surface waviness
versus the [additivg amounts Table 4. Liable 41 Additive amount (pp in) 0.00 0.25 0.50 0.75 1.00 1.25

-

As shown inTabte 4-and Fig. 5.1t is found that con%pared with the sampte not inctuding anprganic

sulfur compodd i&dRive Erhount -0B0YsphHi), the samplegipEItbNg ppm) Hd FedlRed d ic sulfur
compounds addeithenrjato (0.2) pgﬂju&%%é (%r% and smoother surfaces could be obtained. As
stated above, it w §50und that the samples including organic sulfur compounds containing; nitrogen
had better smoothing effegtgghan the sampleg gt including an orgasgg sulfur compound added
thereto for all-of-the-indices-including(1)-surfaceroughness;(2)-the-height-ef-nedule-and-(3) waviness.
Thereby, it/can be considéréd that burden on théplishing step cdrdtde reduced and thetproductivity of
hard disk substrates can t:be §81proved.

1.36 1.46 1.46
0.75 1.38 1.5 1.39
1.00 1.37 1.42 1.38
1.25 1.35 1.47 -
1.50 1.38 - 1.41

As shown in Table 4 and Fig. 5, it is found that compared with the sample
not including an organic sulfur compound (additive amount =0.00 ppm), the
samples including organic sulfur compounds added thereto (0.25 ppm to 1.50
ppm) had reduced degree of waviness and smoother surfaces could be obtained.

As stated above, it was found that the samples including organic sulfur
compounds containing nitrogen had better smoothing effects than the samples not
including an organic sulfur compound added thereto for all of the indices
including (1) surface roughness, (2) the height of nodule and (3) waviness.
Thereby, it can be considered that burden on the polishing step can be reduced and
the productivity of hard disk substrates can be improved.

That is the detailed description of embodiments of the present invention.
Note here that the present invention is not limited to the above-described
embodiments, and may include various modification examples without departing
from the spirit of the present invention recited in claims. For instance, the
embodiments are described above in detail for explanatory convenience and the
present invention is not always limited to the entire configuration described above.

A part of one embodiment may be replaced with the configuration of another
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That is the detailed description of embodiments of the present invention. Note here that the present
invention is not limited to the above-described embodiments, and may include various modification
examples without departing front the spirit of the present invention recited in claims. For instance, the
embodiments are described above in detail for explanatory convenience and the present invention is
not always limited to the entire configuration described above. A part of one embodiment may be
replaced with the configuration of another embodiment, or the conhgura.tion of one embodiment may

be added t6THERfGLrationsf SABEHEF_HBoAIMAERE 1ANe EdMurafivn bt 8désErithoditnent in part,
other conitqurafions mav e, added deleted,of repracad: Gl A metnod in Riodiglion of a hard
disk substrate inclu Ing an eleeLrole NiP piati na film, comprisihg,steps of: a first plating step of inane
bath containing:an @g«a spaothfustelestrglessailiRplating:dlowespayed of the electrolcss NiP plating
film on a surface of the substrate, the lower layer having average surface roughness smaller than an
average surface roughness of the surface; and a second plating step of immersing the substrate
on which the lower layer of the elect less NiP plating film is formed in the first plating step in second
electroless NiP plating bath to form an upper layer of the electroless NiP plating film, the upper layer
having corrosion resistance against the acid solution. 2. The method for production of a hard disk

substrate according to claim I, wherein the additive includes an organic sulfur compound.



3. The method for production of a hard disk substrate accordingclaim wherein the oigrtnic sulfur
compound includes nitrogen. 4. The method for production of a hard disk substrate according to any
one of claims 1 to 3, wherein the second electroless NiP plating bath does not include an organic
sulfur compound added thereto. 5. The method for production of a hard disk substrate according to
claim 2, wherein the organic sulfur compound includes at least one )f.. thiourea, sodium thiostd fate,
sul foliate, an isothiazolone compound, sodium lauryl sulfate, 2,2'-dipyridyl disulfide,
2,2'-dithiodibenzoic acid and bisdisulfide. 6. Thé-MEYhdd for production of a hard disk substrate

according tp claim 2, kyhereip,  soniained apenineite ajaanie.SHLEYR.compaunds.and 20 ppm

or less. method f ction o ubstrate according to claim wherein a
contained ampunitof ¢hel erganigsitiivy campeundris O ppm or more and 5 ppm or less. 8.A hard disk

substrate produced bP/ the method for production according to me of claims [ to 7. ,

a first plating step of immersing a substrate in first electroless NiP plating
bath containing an additive having a smoothing effect to form a lower layer of the
electroless NiP plating film on a surface of the substrate, the lower layer having
average surface roughness smaller than an average surface roughness of the
surface; and

a second plating step of immersing the substrate on which the lower layer
of the electroless NiP plating film is formed in the first plating step in second

electroless NiP plating bath to form an upper layer of the electroless NiP plating

film, the upper layer having corrosion resistance against the acid solution.

2. The method for production of a hard disk substrate according to claim 1,

wherein the additive includes an organic sulfur compound.

3. The method for production of a hard disk substrate according to claim 2,

wherein the organic sulfur compound includes nitrogen.

4. The method for production of a hard disk substrate according to any one
of claims 1 to 3, wherein the second electroless NiP plating bath does not include

an organic sulfur compound added thereto.

5. The method for production of a hard disk substrate according to claim 2,
wherein the organic sulfur compound includes at least one of thiourea, sodium
thiosulfate, sulfonate, an isothiazolone compound, sodium lauryl sulfate,

2,27 -dipyridyl disulfide, 2.2’-dithiodibenzoic acid and bisdisulfide.

6. The method for production of a hard disk substrate according to claim 2,
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wherein a contained amount of the organic sulfur compound is 0.01 ppm or more

and 20 ppm or less.

7. The method for production of a hard disk substrate according to claim 2,
wherein a contained amount of the organic sulfur compound is 0.1 ppm or more

and 5 ppm or less.

8. A hard disk substrate produced by the method for production according to

any one of claims 1 to 7.



