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Suspensi on Menber O Hard-Disc Drive Technical Field 5 The present
invention relates to a copperf-alloy foil having high strength and high
conductivity, nore particularly tooﬂ copper-al l oy foil ibcMAYCHE be used
for the conductors on the suspensi menber of a hard disc drive and can
transmt signals at high speed there through. 10 Prior Art A hard-disc
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magnetic disc, and an arm nenb O F&Upgdt i ng the magnetic head on the
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susp g altF lds rear end rotatably around 15 a shaft, and is hereinafter
r ef er IS0 ¥8 589 he suspensi on nenber. The suspension nember is rotat ed
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readl e j i mation with
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trans%ﬁs%ggatﬁ%qgroqghm gnals, to 20 mniaturize and to increase
reliability. Consequently, the systemincluding the suspension menber and
the magnetic head is required to increase the arrangenent density of
cnduptier &xt posi tional accuracy, el ectri c conducti vi ty) and the like. The
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used than the conventional wires are the 18 u m thlck copper -alloy foils 1, bonded on

the suspension member 2 via resin 3 such as.polyimide.
The suspension member is produced by the following process. First, a copper foil
and a substrate such as an approximately 0.020 mm thick stainless-steel sheet (SUS
35 304 and the like) are thermally bonded via polyimide to form a thren-layer laminate

structure. The laminate structure is then subjected to etching so as to remove specific
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magnet irc head. The copper-alloy: foil thermally expands and shrinks during
the thernmal bonding and | am nating of the sheets in the production process
of the lamnate. |If such thermal egfpansion and shrinkage do not match with
t he di nensi onal change of the 15 polyim de and the stai nlgeﬁfs \smyl sheet
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tracki ng performance because hi gh di mensi onal accuracy is required for the

recent magnetic 30 head. Therefore, in order to attain high dinensional

accuracy, the thermal expansion and shrinkage of the copper-alloy foil nust

be strictly controlled to match those of the stainless steel and pol yi m de.



In nost cases, the |ongitudinal "direction of the suspension menber s is set
perpendicular to the r oiling direction in the light of productivity. It
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5 balanced under this state, when the three-layer iaminate is etched, the strains become
unbalanced so that a longitudinal deflection occurs. In the case of a recent suspension
member of the hard disc drive, even a small deflection results in failure of the tracking
performance because high dimensional accuracy is required for the recent magnetic
30  head. Therefore, in order to attain high dimensional accuracy, the thermal expansion
and shrinkage of the copper-alloy foil must be strictly controlled to match those of the
stainless steel and polyimide.
In most cases, the longitudinal direction of the suspension members is set
perpendicular to the rolling direction in the light of productivity. It is, therefore,
35  occasionally unsatisfactory to control the dimensional change only in the direction

parallel to the rolling direction. The suspension member may occasionally deflect,



06 MAY 2003 direction and occurring prior and subsequent to heating at
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35  parallel to the rolling direction, and exhibiting from — 0.1 to + 0.1% of the following ratio

thermal expansion and shrinkage measured in the direction parallel to the rolling



(Al'l oy "Conposition- Ni and Si) 20 Ni and Si are both solute elenents in the
alloy and are effective for strengthening the alloy. Noticeable effects of
Ni and Si reside in the point that5they nmutual Iy form precipitates conposed
of Ni 2Si, and hence greatly strengthen the alloy and gr e?imﬁzﬂ?nce t he

el ectric conductivity. However, when the Ni content is |€s 1% (t he
percentage indicating conposition is mass % unless otherw se specified),
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35 may further result in rupturing in the rolling process and generation of
pi nhol es, thereby seriously inpairing the productivity. In order not to

i ncur such drawbacks, the 8 0 6 MAY 2003 coarse inclusions nust be 10 a m
in size at the Iargest, and the nunber of inclusions frgm5 to 10 u min
size must be fifty/m®2 or less. The present invention i4h¥Aelllhfter
described in detail. [Exanples] 5 Copper alloys having various conpositions
as shown in Table 1 e nelted.in a gquency nel.ting. furnace and
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which do not contribute to the strengthening, are formed in the material, resulting in
30 rupturing of the material after rolling, generation of pinholes and the like. As a result,
the productivity is lowered. Therefore, the Ni content is set from 1 to 4.8%, and the Si
content is set from 0.2 to 1.4%. In addition, in order to furthermore enhance the electric
conductivity after the aging treatment, the ratio of the Ni and Si atomic contents in the
material should be close to that of the stoichiometric composition of Ni,Si. The ratio of
35  Ni content relative to the Si content (Ni content /Si content) is preferably from 2 to 8,

most preferably 4, so as to furthermore enhance the electric conductivity.



Mg Zn"Sn Fe Ti Zr & Al Mh Ag Be Ratioof Final Rolling (% Tenperature (G
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~- - - - thé .s2HéBdMt4a 198k 18 8ffective to refifhe DR 0B Rred0adldtidh, Rg; T, Z4 Al 380400Convent i
O%al nt St ie e&?v% r<]) ierriptrg\% %%?Eélgg%%%ﬁ bRt ,3b Nalge%hggeo lem;—.l-l?t? ! vg Rysl usti en
REsul 1§ Of TRvent ive ran m/arati ve A1 oyy “FansiTe ot rengt helectric Ratio
of Therorelaffixigatesiutfnr amdiform a sulfur compound, thereby mitigating the segregation
of sulfur in the ingot’s grain boundaries and hence preventing cracks from occurring
during the hot rolling. When the total content of Mg, Zn, Sn, Fe, Ti, Zr, Cr, Al, Mn, Ag
and Be is less than 0.005%, the above-mentioned effects are not obtained. On the other
10  hand, when the total content is more than 2%, the electric conductivity is seriously
lowered. These contents are, therefore, set in a range of from 0.005 to 2%.
(Tensile Strength)
The tensile strength must be 650 MPa or more so as not to generate deflection
or deformation of a foil. The tensile strength has almost no directional property and
15  should satisfy the above-mentioned value in any direction parallel and perpendicular to
the rolling direction of a specimen.
(Inclusions)
The term “inclusions” herein collectively indicates any particles observed by
an SEM observation of the matrix. These particles may be the precipitates, which are
20  fomed due to the precipitation reaction in the solid-phase matrix subsequent to the
solidification process. When a Cu-Ni-Si alloy is cast, it is cooled after solidification, and
the precipitation reaction may occur. During the cooling process after the hot-rolling
and during the aging the precipitation may occur. The particles may also be generally
coarse crystals, which are formed due to segregation in the solidification process at the
25  casting. The particles may further be such impurities as oxide and sulfide, which are
formed due to the reaction in the melt at the melting. The “size of inclusions” herein is
determined by the SEM observation of the inclusions and indicates the diameter of the
minimum circle, in which each inclusion is included. The “number of inclusions”
herein is determined by an SEM observation of the material at its cross-section parallel
30  to the rolling direction and an actual count of the number of inclusions. Such number is
expressed per mm?Z,
The inclusions must be small in order to provide the necessary strength.
Coarse inclusions more than 10 u m in size not only do not contribute to strengthening,
but also particularly large inclusions impair the etching property. The coarse inclusions
35 may further result in rupturing in the rolling process and generation of pinholes,

thereby seriously impairing the productivity. In order not to incur such drawbacks, the
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Conpawas ithen wme%/ov@ to gbtnmeo @kﬁemmdhickrfg Sd’élgEr @és mn etsitpees$- rai:af arrrwlaledng i s
great gf 156‘6&%064‘@?0&%&1?9 i nventive val ue, the dinmensional change in the
direction perpendl cular to rolling direcfign is increased. In Conparative
Al? oy 7, si b gegsrdito earht iy feilkcestiengthe - aﬁlﬁﬁeﬁrqoa@@twaﬁg@erwhe el ectric
COﬂdUCtdlﬂieﬁMomaﬂ ch&We” andl “inclusions” were evaluated. The “strength” was evaluated

by the tensile test in terms of the tensile strength. The “electric conductive property”
was evaluated in terms of the electric conductivity. With regard to the “ratio of thermal
exchange and shrinkage” , specimens 150 X 12.7 mm in size were cut in the directions
20 parallel and perpendicular to the rolling direction. The longitudinal direction of the
specimens is equal to the rolling direction in the case of specimens parallel to the rolling
direction, while the longitudinal direction of the specimens is perpendicular to the
rolling direction in the case of specimens perpendicular to the rolling direction. The
distance between the marks at the predetermined positions was measured by means of
25  a three-dimensional coordinate digitizer. The distance between the marks was again
measured after heating at a temperature of 300°C at the lowest and 330°C at the
highest and for a time period of 1 hour at the shortest and 2 hours at the longest. The
dispersion of measured value in these temperature- and time- ranges fell within the
error of measurement. The measured values of the size before and after heating
30  provided the dimensional change. Regarding the “inclusions” , the surface of specimens
were mirror-polished and then measured by an SEM of 5000 magnifications. The
number of inclusions per mm?® in size of 54 m or more was counted.
Foils 0.018mm in thickness, 450 mm in width and 5000 m in length were
produced. Occurrence of rupture during the rolling process and generation of pinholes in
35 the final foils were observed to evaluate “productivity” . In the case of non-occurrence of

rupture, the evaluation is made as O, while in the case of occurrence of rupture the



15 the nunber of inclusions is increased. As a result, rupture is incurred,
and the generation of pinholes is increased. In Conparative Exanple 8,
since the Si content is low, the s@rength is lowered. Effect of Invention
20 As is described hereinabove, the copper-alloy, foil according to the
present invention has high strength and el ectric condugg Maf iiWs and a snal

di nensi onal change due to heating as conpared with prior art. In addition,

the for ility is not Jnpaired by the.inclusions. .The.coppe Il oy foi
accor 873:1‘33%06’ ’Fﬁ’éﬁdﬁla@g%n?%ﬁ%ﬂ ) A s,]mmﬁ’gersef’ 81?ee1,1“13?)e§r°8pp1%2‘f’%3 gé’ t he
conduaindbsSmofe id stadPoearatddnvandmbeted pbr 1008 haf afdl. sc drive. 25 [Brief

Expl anati on of Drawings] The figure is a plane view of the suspension
menber of a hard-disc drive. 13 0 6 MAY 2003 CLAIMS 1. Copper-alloy foi
to be used for a suspension nenber of a hard-disc drive, consisting, by
mass percentage, of from1l to 4.8%of N, fromO0.2 to 1.4%of Si, the 5
ratio of NN content relative to the Si content being adjusted to 2 to8, the
bal ance being essentially copper and unavoi dable inpurities, having 650 MPa
or nore of tensile strength, and including inclusions not exceeding 10 a m
in size and fifty or less inclusions from5 to 10 a min size per mR of a
cross section of the foil in the dir ection parallel to the rolling
direction, and exhibiting from- 0.1 to + 0.1%of the following ratio 10 of
t hermal expansi on and shrinkage neasured in the direction parallel to the
rolling direction and occurring prior and subsequent to heating at 3309C

for 2 hours, corresponding to the heating condition to which the foil is
subjected in the thermal pressure bonding with polyimde. D(%= (1-1)
/1x100 15 1 : the length of a specinen before heating | : the length of a

speci men after heating 2. Copper-alloy foil to be used for a suspension
menber of a hard-disc drive, consisting, by mass percentage, of froml to
4.8% of Ni, fromO0.2 to 1.4%of Si, from0.005 to 2% in total, of at |east
one el ement selected fromthe group consisting of 20 My, Zn, Sn, Fe, Ti,
Zr, C, A, M, Ag and Be, the ratio of NN content relative to the S
content being adjusted to 2 to 8, the bal ance being essentially copper and
unavoi dabl e inmpurities, having 650 MPa or nore of tensile strength, and

i ncl udi ng inclusions not exceeding 10 a min size and fifty or |ess
inclusions from5 to 10 ~ min size per nmm2 of a cross section of the foi
inthe direction parallel to the rolling direction, and exhibiting 25 from
- 0.1to + 0.1/ of the following ratio thernmal expansion and shri nkage
nmeasured in the direction parallel to the rolling direction and occurring
prior and subsequent to the heating at 3309C for 2 hours, corresponding to
heating condition, to which the foil is subjected in the thermal pressure
bonding with polyimde. DC%= (1-1) IIx 100 30 1 : the length of a specinen
before heating 1 : the length of a specinmen after heating 3. Copper-alloy
foil to be used for a suspension nenber of a hard-disc actor ding to claim
1 or 2, wherein the ratio of thernmal expansion and shrinkage ratio 0 35
prior and subsequent to to heating at 330C for 2 hours, corresponding to
heating condition) to which the foil is subjected to thermal pressure
bonding wth polyimde) is 14 0 6 MAY 2003



from- 0.02 to + 0.04%in the direction perpendicular to the rolling
direction, in addition to the range nti oned above. '
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As is descrlbe heremabove the copper-alloy, foi ing to the present
invention has high strength and electric conductivity and a small dimensional change
due to heating as compared with prior art. In addition, the formability is not impaired
by the inclusions. The copper alloy foil according to the present invention is, therefore,
appropriate as the conductors of a suspension member of the hard-disc drive.

25  [Brief Explanation of Drawings]

The figure is a plane view of the suspension member of a hard-disc drive.
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b=bAbDbbB?h- 10%) 7Ah- 109 7& ()-h-10% 7& ()-h-109 7& ()-h-10% 7& () - Aoi ' #1(-D
bJbPbRbTbVb_?h-10% 7Ah-10% 7& () h-10% 7& ()-h-109 7& ()-h-10% 7& ()-h-10% 7
& ()-h-109% 7& () - VoWbXb[ b_bbbbB?h- 10% 7Ah- 1099 7& ()-h-10% 7& ()-h-109% 7& ()
-h-10% 7& () - Aoi ' #1( - bbhbnbgbsbub_?h-10% 7Ah- 10% 7& () h-10% 7& () -h-10% 7&
()-h-10%7& ()-h-10%9 7& ()-h-10% 7& () - ubvbwbzb~bbbB?h- 109 7Ah- 1099 7& () - h-
109 7& ()-h-1099 7& ()-h-10% 7& () - Aoi ' #1( - bbbbbb_?h-10% 7Ah- 10% 7& () h- 10%
7& ()-h-10%9 7& ()-h-10% 7& ()-h-10% 7& ()-h-10% 7& () - bbbbbbbB?h-10% 7Ah- 10
NW7& ()-h-10%97& ()-h-10%9 7& ()-h-10% 7& () - Aoi ' #1(- bbbbbb_?h-10% 7Ah- 10% 7
& ()h-10% 7& ()-h-109 7& ()-h-10% 7& ()-h-109%9 7& ()-h-10% 7& () - bbbbbbbB?h-
10% 7Ah- 1099 7& ()-h-10% 7& ()-h-109%9 7& ()-h-10% 7& () - Aoi ' #1( - bbbbbb_?h- 10%
) 7Ah- 1099 7& () h-109 7& ()-h-10% 7& ()-h-1099 7& ()-h-10% 7& ()-h-10%9 7& ()-b
bbbbbbB?h-10% 7Ah- 10% 7& ()-h-10% 7& ()-h-10% 7& ()-h-10% 7& () - Aoi ' #1( - bbb

bbb _?h-10% 7Ah- 109 7& () h-10% 7& ()-h-10% 7& ()-h-10%9 7& ()-h-10%9 7& ()-h-1
0% 7& () -bbbbbbbB?h-10% 7Ah- 1099 7& ()-h-10% 7& ()-h-10% 7& ()-h-10% 7& ()-A
ol '#1(-bc c

ccc ’>h 10% 7Ah 10% 7& () h- 10% 7& () h 10% 7& () h 100/() 7& () h 100/() 7& () h 1

~AA =y ~NOAA ANAA = 1 ANAA =1 AN A = M1 ANAA = 1



