
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 surface of a hard 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) 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.        Front such a viewpoint, it has been desired to smooth the surface of a plating
film formed by electrolcss 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.          In general, however, a plating film containing sulfur has poor corrosion
resistance against the acid solution, and espe) during the manuf 



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 clectroless NiP plating that is not degraded in corrosion resistance against the acid
solution and such a hard disk substrate. MLA.NS FOR SOLVING THE PROBLEM In order to cope
with the aforementioned problems, a method for  productsubstrate of the present inv disk substrate
includman electroless NiP plating film, production includes the steps of: a first plating step of  produce
a hard d the method for lersing a substrate in  first eleetroless Nil' plating bath containing an additive
haying a smoothing effect to form a lower layer of the eleetroless 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 platint, 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 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 20 ppm or less, and particularly preferably a contained amount of the organic
sulfur compound is 0.1 ppm or more and 5 ppm or less. EFFECTS OF THE IN         According to the
method for production of a hard disk substrate of the present invention, a plating film having a smooth
surface can be obtained, and corrosion 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, die removal
thickness with polishing can be made smaller and the film thickness of the plating film also can be
made Cr, so that iniental burden can be reduced as well. 'CRIPT1ON 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 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 bard disk substrate in the present embodinicnt 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 or 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 (I) 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 with two stages of a first plating step and a second plating step.          In the first plating
step, the substrate is immersed 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 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, an organic sulfur compound may be used.         Presumably this additive having a
smoothing effect is deposited at protrusion parts of the aluminum alloy blank having irregularities, so
that the growth of electroless NiP plating is delayed at these parts than at other parts so as to reduce
an influence of the irregularities of the alumina alloy blank, and thereby a smooth plating film can be
obtained.          Chen, the process shifts to the second plating; step, where the substrate on which the
lower layer of the electroiess NiP plating film is formed by the first plating step is immersed in second
etectroless NIP plating bath having concision resistance against the acid solution so as to fortn an
upper layer of the electrolcss NW plating film. In order to form the ehectroless NiP plating film having
corrosion resistance against the acid solution plating bath to which an organic sulfur compound is not
added can be used.          Corrosion resistance against the acid solution referred to herein may be in a
degree of corrosion resistance against the acid solution of a conventionally available electroless NiP
-dating film, lo this end, it is preferable not to add an organic sulfur compound to plating bath positively,
but the mixture thereof is permitted in the degree of contamination ion not affecting the corrosion
resistance against the acid solution         For the first and the second electroless NiP plating bath,
water-soluble nickelsalt is used as a supply source of nickel ions. Exemplary water-soluble nickel salt
includes nickel sulfate, nickel chloride, nickel carbonate, nickel acetate or nickel sulfamate. Preferably,
the density in the plating bath is I g/L or more and 30 g/F., or less as metallic nickel.        As a
comptexing agent. among dicarboxylic acid and alkali salt thereof such as tartaric acid. malic acid,
citric acid, succmic acid, malonic acid, glycolic acid, gluconic acid, oxalic cid, phthalic acid, fumarie
acid, maleic acid, lactic acid and sodium salt, potassic salt and ammonium salt thereof, two types or
more may he used, at least one of which is preferably oxy-dicarboxylic acid. Preferably, the density of
the complexmg 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 density of the reducing agent is 5 git, or more and 80211., or less.
In the first plating step, in order to smooth the surface of an electroless NiP plating 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 electrolcss NiP plating. The organic
sulfur compound may contain a sulfur atom ina formula, and for example, thiourea, sodium thiosul late,
sulfonate, an isothiazolone 



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 I 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 amount, more effect cannot be expected.         Such a brighter as the organic sulfur
compound has toxicity lower than that of a brighter contai finn Cd"As, TI or the like, and so is suitable
for c usage in many cases.        The first electrr less NiP plating bath preferably contain a pH adjuster
Shun dS acid, alkali o a preservative agent to prevent generation in the plating bath during st age a
buffer to suppress a variation of pH, a surface activating agent to suppress pinholes, and a stabilizer to
suppress degradation of the plating bath. In the second plating step, electroles., NIP plating iseferably
)erforn CI using second electroiess 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 alter 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 film
is formed is immersed in the second electroless NiP plating bath having  corrosion resistance against
the acid solution so as to form an upper layer of the electroless MP plating Film on the surface of the
smoothed lower layer, whereby the surface roughness of the upper layer can be decreased and the
surface of the upper layer can be smoothed. Then, since the upper layer having corrosion resistance
against the acid solution covers the surface of the lower layer, corrosion resistance against the acid
solution is not degraded in the polishing step and the washing step         Accordingly, burden on the
polishing step can be reduced, and the produetiity 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 Olin thickness of the plating film also can be made thinner, so that
environmental burden can he reduced as well. Examples 



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
desminting-treated using nitric act( at 20C for 30 seconds,and was I"-zincate treated at 20C for 30
seconds using well-known zincate treatment liquid. Subsequently, de-zincate treatment was performed
using nitric acid at 20C for 30 seconds, followed by 2 zincate treatment at 20C for 30 seconds <Plating
conditions> (Example 1)          in the first plating step to form a lower layer on the surface of the
above-mentioned substrate, well-known malic acid - succinic acid electroless NiP plating bath to which
I ppm of yl disulfide was added as an organic sulfur compound was used for pla ng treatment at 85C
for 90 minutes, thus obtaining a plating film thickness of 10 .1.111. The surface roughness of the
electroless NIP plating film was measured using an atomic force microscope (AEM) 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 .3 nm.              in the second plating step to form an upper
layer after the surfa of the lower layer of the electroless NiP plating film was washed, well-known malic
acid - succinic acid -1 'troless NiP plating bath to which no organic sulfur cornpo und s ad de as used
for plating treatment at 85C. for 20 minutes, thus obtain ig a platinthickness of 2 pm, so that the plating
film thickness in the surface of the substrate was 12 pm. (Comparative Example 1)        The
aforementioned well-known malic acid - sueeinic acid ctectroless N iP plating bath to which no organic
sulfur compound was added was used for plating treatment at 85C. for 120 minutes, thus obtaining a
plating film thickness of 12 pm, That is, the plating treatment was performed using efeetroless NiP
plating bath not including an organic sulfur compound and having corrosion resistance against the acid
solutiom (Comparative Example 2        The aforementioned well-known malic-acid - suecinie acid
electroless NiP plating bath to which 1 ppm of organic sulfur compound was added was used for
plating treatment at 85C for 120 minutes, thus forming a plating film thickness of 12 1,tm. That is, the
plating treatment was performed using electroless NiP plating bath including an organic sulfur
compound. 



(Measurement results)          "[he surface roughness of the eteclroless NIP plating films of Example I
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, 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. I shows measurement
results of Example 1 and Comparative Examples l and 2.         In Example 1, the surface roughness
Ra after plating was 2.6 nm, and the number of corrosion pits was 1,250 (piecesimm2). In
Comparative Example 1, the surface roughness Ra after plating was 14.8 mu, and the number of
corrosion pits was 1,125 (pieces/mm In Comparative Example 2, the surface roughness Ra after
plating was 2.1 nn and the number of corrosion pits was 72,875 (pieces/01m').         In the case of
Comparative Example I, 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 I.
However, since no organic sulfur compound was contained, the surface roughness Ra became larger
(rougher) than that of Example I, 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 burden will he
expected in the polishing step.        Then, in the case of Comparative Example 2, since the electroless
NW 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. I.
However, the number of corrosion pits  emely larger than that of Example 1, and it was found that the
filin had poor corrosion re corrosion pits wit ['ruin the N11-1 plat ist e against the acid solution.
"therefore, defects such as pected in the polishing step, and excessive elution of Ni. be expected
duringwashing step, which may  adversely affect the subsequent steps for the hard disk substrate. 



Compared with these Comparative Examples 1 and 2, Example I 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 I to 6.
The following Table I shows the names of organic sulfur compounds added, the structural formulas
thereof and the amounts of addition. rfable I I r 1 Sample No. Additive Name Structural formula
Additive amount (ppm) I Sodium thiosulfatc 



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



2,2'-dipyridyl disulfide C10H15N2S2 I 6 Naphthalenesulfonate condensate (Ct0R4S03Na)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 surface roughness (Ra) thereof was large 0 4.8 nmj, and it can be found that the surface
thereof was rougher than the samples with sample numbers I 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 ample 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 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 0 ppm to
1.5 ppm. Then, similarly to Embodiment l, surface roughness of the electroless NiP plating films of
these samples was measured using an atomic force microscope (ATM) manufactured by Vecco corp.
(the roughness is represented as average roughness Ra of 1(1 u 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 Table 2.  hi- 21 Additive ainount PP1111 0.00 Dipyridyl 14.9 Thiourea (um) 



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 



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 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        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 pie, the height of nodule and the
diameter of nodule of the above mentioned Comparative Example I 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 4 shows a relationship among the measurement results.
;Table 



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. Waviness (Wa) were obtained by calculation of an average absolute value of the height (Z)
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  additive amounts Table 4. Liable 41 Additive amount (pp in) 0.00 0.25 0.50 0.75 1.00 1.25
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 ppm) had reduced d ic sulfur
compounds added thereto (0.2,) ppm to 1.50 ss 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 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 to the configuration of another embodiment. In the configuration of each embodiment in part,
other conitguraPons may he added, deleted or replaced.  CLAIMS A method tin production of a hard
disk substrate including an eleeLrole NiP piati na film, comprising,steps of: a first plating step of inane
bath containing an ag a smootl first electroless NiP plating . lower layer 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. The method for production of a hard disk substrate
according to claim 2,  kvherein a contained amen in of the organic SULFUR compound is and 20 ppm
or less. method f                    for production of a hard disk substrate according to claim wherein a
contained amount of the organic sulfur compound is 0 ppm or more and 5 ppm or less. 8.A hard disk
substrate produced by the method for production according to me of claims I to 7. 




