Speci fcation 1. Title of the Invention: Suspensi on assenbly

2.: Detailed Description of the Invention: [ 0001] [Field of the

i nventi on] The present invention relates to a disk storage device, and,
nore particularly, to a structure of a suspension assenbly on one end of
whi ch a magnetic head i s nounted. [ 0002] [ Background art] Recent
magnetic disk drives are being reduced in size, nore particularly, in

t hi ckness, so that various neasures are being taken to accommpdate such

ci rcunst ances. They include, for,_.e l%? he structure of a | oad beam
which is a support structure for tﬁ?eﬁégggFié ead, for mounting it on an
actuator, and the nounting structure for the magnetic head. A typi cal
structure for supporting the magnetic head conprises, as shown in Figure 1,
a nount plate 10 connected to an actuator arm a

1. Title of the Invention:

Suspension assembly

2. Detailed Description of the Invention:

[0001]
[Field of the invention]

The present invention relates to a disk storage device, and, more
particularly, to a structure of a suspension assembly on one end

of which a magnetic head is mounted.
.[0002]
[Background art]

Recent magnetic disk drives are being reduced in size, more
particularly, in thickness, so that various measures are being
taken to accommodate such circumstances. They include, for
example, thé structure of a load beam, which is a support
structure for the magnetic head, for mounting it on an actuator,
and the mounting structure for the magnetic head. A typical
structure for supporting the magnetic head comprises, as shown

in Figure 1, a mount plate 10 connected to an actuator arm, a



I-oad béam 12 coupled to the nount plate 10, and a flexure 14 coupled to the
| oad beam 12, wherein the magnetic head is supported on the flexure 14
with a dginbal structure. A signal line 17 fromthe head is fixed on the
side of the | oad beam 12. [ 0003] Figure 2 shows an expl oded vi ew of
the mount plate 10, the load beam 12, and the flexure 14. Each conponent
Is worked into the predeterm ned shape, and then coupled and fixed to each
ot her. The | oad beam 12 or the flexure 14 is manufactured under precise

control on it terjal an i ¢kn t vide nr e
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plate 10 is coupled to the | oad beam 12 with welding at a pluralit
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[ Probl ens to be so by the 1 nvention the disk drive i s made
smal | er an@.snaller, the clearance between disks is narrowed down.
Accordingly, the possibility is increased wherein a head assenbly di sposed
between the disks collides with the surface of a disk due to sonme externa
i mpact or pgigzgtion. If the Ioad beamor the flexure on the head nount
contacts a disk surface, the disk surface may be damaged, | eadi ng

- 2 -

Figure 2 shows an exploded view of the mount plate 10, the load
beam 12, and the flexure 14. Each component is worked into the
predetermined shape, and then coupled and fixed to each other.
The load beam 12 or the flexure 14 is manufactured under precise
control on its material and thickness so as to provide
predetermined mechanical characteristics such as natural
frequency and stiffness. The load beam and the flexure are
typically made of stainless steel. The mount plate 10 is coupled
to the load beam 12 with welding at a plurality of welding points
18 shown in Figure 1. The load beam 12 and the flexure 14 are

also coupled by welding at a plurality of welding points 19.
[0004]
[Problems to be solved by the invention]

As the disk drive is made smaller and smaller, the clearance
between disks is narrowed down. Accordingly, the possibility is
increased wherein a head assembly disposed between the disks
collides with the surface of a disk due to some external impact
or vibration. If the load beam or the flexure on the head mount

contacts a disk surface, the disk surface may be damaged, leading
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ta damige or loss of data. It is believed that, since the |oad beam or
fl.exure is generally made of stainless steel as described above, and a
sharp edge is formed on such stainless steel nenber, when the edge hits the
di sk surface, it tends to be easily scratched. [ 0005] Figures 3 and 4
schematically show a variation of the | oad beam The |oad beamis in the
formof athin plate, and is defornmed as shown in Figure 3 or 4 under an
external inpact. Consequently, the edge of the |oad beam (31 in Figure 3,

and 41 in&F Iea%g%) %ohllge%ftGSt%!sk %y&%g?gilggfgogbfkhe?ghgg sHEf 3geqmBY

be damage amage or 10ss of resent
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[0005]

Figures 3 and 4 schematically show a variation of the load beam.
The load beam is in the form of a thin plate, and is deformed as
shown in Figure 3 or 4 under an external impact. Conseguently,
the edge of the load beam (31 in Figure 3, and 41 in Figure 4)
collides the disk surface, so that the disk surface may be

damaged, leading to damage or loss of data.
[0006]

The present invention is intended to provide a head support
structure which can prevent damage on the disk surface which may
be caused by contact between the disk surface and the head

assembly.

[0007]

Furthermore, the present invention is intended to provide a disk
drive with excellent impact resistance without impairing its low

profile.

[0008]



[ Summaly of the invention] To attain the above objects, a head support
assenbly for a disk drive according to the present invention is a head
suspensi‘on assenbly connected to an actuator arm at one end and supporting
a head at the other end, wherein a projection is forned on a flexure
closely fixed on a thin-plate | oad beam said projection projecting toward

a disk surface and having a snooth surface. [ 0009] According to one
aspect of the present i nvention, the projection is formed at the vicinity
of a hing n _gf e but at a position offset therefrom

[ 0010] 8% ﬁ%QdHEEnng%%qhe suspensi on assenbly according to the

pr esent |nvent|on is usually used for a storage disk drive known as a hard
di sk drive. The storage disk drive conprjises a storage dis not or fok

rotating Fﬁea%#%§h6| gpovengbiertsa &t HERIaSURRBIY Bf’sﬁﬁ’gaé{t &Prsgrd
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assenbly conprlses a suspen3|on assenbly, and a carriage f
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conprises _a_he hav] ransducer,. a suspen3|on havi ng .a t at e Ioad
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-4- flexure EQQ&éhy fixed on a thin-plate load beam, said projection

projecting toward a disk surface and having a smooth surface.
[0009]

According to one aspect of the present invention, the projection
is formed at the vicinity of a hinge portion of the load beam,

but at a position offset therefrom.
[0010]
[Preferred embodiment]

The suspension assembly according to the present invention is
usually used for a storage disk drive known as a hard disk drive.
The storage disk drive comprises a storage disk, a motor for
rotating the storage disk, and a head stack assembly or actuator
for reading or writing information from or to the storage disk.
The head stack assembly comprises a head suspension assembly, and
a carriage for supporting the head suspension assembly. The head
- suspension assembly comprises a head having a transducer, a
suspension having a thin-plate load beam, and a flexure fixed on

the load beam.



Fi,gures 5 and 7 show an enbodlnent of the present invention. Referring to
Fi.gure 5, there is shown a plan view of the head suspension assenbly :
according to the present invention. It consists of a nount plate 10 to be
coupled to the actuator arm a | oad beam 12 coupled to the nmount plate 10,
and a flexure 14 coupled to the | oad beam 12. The magnetic head is
supported on the flexure 14 with a gi nbal support structure. A signal |ine
17 fromthe head is fixed on the side of the |oad beam 12. The nount plate
10 is couq0$ﬂ 50 the | oad beam 12 with welding at a plurality of welding
points 18 &)1 oad beam 12 and the flexure 14 are al so coupl ed by wel di ng
at a plurality of welding points 19. [ 0012] The following is materials

and thickness of respective conponents of the head suspension, assenbéé
accor di ngFigures @%ﬁ%¢t7|ﬁ@@Mn%ﬂ1emb%@hﬁ?nﬁl&ﬁéth§e§¥ﬁ%%%tsﬁﬁgﬁnPS
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sectional svispenisdlean #4oagoly nackosfidng] te Ehgurprdsent isventéohargedt

sectional view of the projection forned op the '233 beank Ref rrin
Figure 5, cPHélﬁﬁéd°§eénFQEnFsP&BG6Ié& to be coup the uato

to the munty Bl@tRai0 3 RH IR +tANhS URPYEE Spidee Ne@d &hdtBeflexure 14
coupled to the load beam 12. The magnetic head is supported on
the flexure 14 with a gimbal support structure. A signal line
17 from the head is fixed on the side of the load beam 12. The
mount plate 10 is coupled to the load beam 12 with welding at a
plurality of welding points 18. The load beam 12 and the flexure
14 are also coupled by welding at a plurality of welding points
19.

[0012]

The following is materials and thickness of respective components
of the head suspension assembly according to the present

invention.

Mount plate: Stainless steel (SUS 304), 0.25 mm thick
Load beam: Stainless steel (SUS 304), 0.062 mm thick
Flexure: Stainless steel (SUS 304), 0.030 mm thick

[0013]
Figure 6 is a sectional view taken along line A-A' in Figure 5.

It is an enlarged sectional view of the projection formed on the

load beam. Referring to Figure 5, the load beam 12 is coupled



ot.her énd. The hinge portlon 45 is located substantially at the center of
t hese ends. Wien shock is exerted on the disk drive, bending as described
with reference to Figure 3 or 4 occurs at the hinge portion 45 as the
bendi ng poi nt. [ 0014] The flexure of the present invention is forned
with two projections 47 at regions sonmewhat close to the head supporting
end fromthe hinge portion 45. It is Figure 6 that shows section A-Alerr]
where the projections are forned. As shomm in Figure 6, the projection 47

has a snogt h_round suyrfac W k|n rt I
cont act t%@ gkmgl},ﬁ{: gaﬁ% ﬁq ife- 1D d a;m%lg&de‘?%?&;ﬁ Eﬁg ?er na sﬁggk
the regi optheer entili STRE Oh 6§ QGPotGidwraeds ecardge sobstuaaﬂmadybamnan
be prevented fromcolliding with the disk surface. tLﬁ re 6

i
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fronlthe ape an e projection Is determ ned by
t aki ng i nttheahdmget plore iomadisn @ sbathwee dendiisks paintf.f ness of the | oad beam
and the | ocation where the projection is formned. [ 0016]

- 6- The projections 47 forned on the flexure 14 is arranged to

becone t hggpgaijon contacting the disk due to deformation of the |oad

The flexure of the present invention is formed with two
projections 47 at regions somewhat close to the head supporting
end from the hinge portion 45. It is Figure 6 that shows section
A-A' where the projections are formed. As shown in Figure 6, the
projection 47 has a smooth round surface. By making a portion
of the load beam to contact the disk surface when the load beam
is deformed by external shock the region where this projection
is formed, the edge of the load beam can be prevented from

colliding with the disk surface.
[0015]

Figure 6 shows an enlarged sectional view of the projection 47.
In this embodiment, the projection 47 is formed to have a radius
1.35 mm, and a height 0.06 mm from the load beam. Such shape and
size of the projection is determined by taking into account the
spacing between disks, stiffness of the load beam, and the

location where the projection is formed.

[0016]



bgam when the di sk drlve i's subjected to external shock or the Iike. Since
the projection 47 has a gradual round surface, it does not scratch the disk
surface even if it contacts the disk surface. In addition, contacting of

t he- proj ection can prevent the edge of the | oad beam from contacting the

di sk surface. [0017] Whi | e danmage on the di sk surface can be avoi ded
because the projection has a round surface, it may be possible to forma
coating consisting of elastic naterial such as resin or plastics on the

surface of_.the pr.ojection o redu ck n_the |sk 018
addi tion, B¢ E’Eﬁ 618%58 BR #/o f’ﬂ% E‘r gcolr?xl?gt wa&nt agru]'%ae %e sk?c?wb%g‘fofnﬁ
enbodi Mmentenef Ads i eseRtatbYRGL itna ariekFlcgw ecal @émumfmprbﬂrtnét lokd

t he enbodi nent of the present i1nvention provided with the Er ection 47, a
wel di ng pHlesm pden Hhe chhalive kmosehtesredube 33teEnAst ShEFkeQTothehe

regi on Whggd e PP L AT du] 9 TBF nabog o5 by, rblifgl LEXURRSLA i

in a free state fromth beam 1 e reglon ere the projection 47
i S provi dehes néft hscatecticH ridee alisinganefisce éhen pfoptcbonna425|$héedugked

to be nore sily close tq t.he dISk surface t t he e f t he | oad beam
when t he |s&£fa5=@am. aedieion. i gD DEG SHe1eE PRoRE Ve

col I'i si on.g EQ@%Qbf the load beam from contactlng'fhe disk surface.
[Advantages of t'he invention] In the head suspension assenbly accordi ng

to the present invention, even if the | oad beam collides the disk surface
when it i g%gﬁrned by external shock, the projection with snooth round
surface for on the flexure contacts the di sk surface,

While damage on the disk surface can be avoided because the
projection has a round surface, it may be possible to form a
coating consisting of elastic material such as resin or plastics

on the surface of the projection to reduce shock on the disk.
[0018]

In addition, as can be seen from the comparison between Figure
5 showing the embodiment of the present invention and Figure 1
showing a prior art, in the embodiment of the present invention
provided with the projection 47, a welding point for the load
beam 12 and the flexure 14 is not formed on the region where the
projection 47 is formed. Accordingly, the flexure 14 is in a
free state from the load beam 12 to the region where the
projection 47 is provided. With such free arrangement, the
projection 47 is designed to be more easily close to the disk
surface than the edge of the load beam when the load beam is

deformed, whereby the edge is prevented from collision.

[0019]



whereby ‘it can prevent the edge of the | oad beamfromcolliding the disk,
and effectively prevent data recorded on the disk surface from bei ng Iost

4. Brief Description of the Draw ngs: Figure 1 is a schematic view

showi ng the arrangenent of a typical head suspension assenbly; Figure 2
I's an expl oded view of the typical head suspension assenbly; Figure 3 is
a view show ng deformation of the typical |oad beam Figure 4 is a view
showi ng deformation of the typical head suspension assenbly; Figure 5is

a schemati g vi show e.arr enment of a head suspension assenbly
accor di ng ﬁ%?tﬁﬁg éﬂ?lﬁqﬁ/ ?ﬁ¥i rr%Flgure 6 is a sectional view of the
| oad beam of the present I nvention at a region where projections are

formed; and 8- Figure 7 is
an enIargéﬂlsébﬁloh&BdV|éuﬁﬁﬁnﬁhénloﬁGS%@thaIa%P¢¥§ﬂ%m \ifer &hehepresent

pr 'OJ Eg;hog. v%ntq even[ IR%SCtrh'ep tl'o%'& % any @&qllﬁ.]des :‘:Qxe dlsl}ébléﬂtrfg gt %h%%

it is deformed by external shock, the projection with smooth
round surface formed on the flexure contacts the disk surface,
whereby it can prevent the edge of the load beam from colliding
the disk, and effectively prevent data recorded on the disk

surface from being lost.

4, Brief Description of the Drawings:

Figure 1 is a schematic view showing the arrangement of a typical

head suspension assembly;

Figure 2 is an exploded view of the typical head suspension

assembly;

Figure 3 is a view showing deformation of the typical load

beam;

Figure 4 is a view showing deformation of the typical head

suspension assembly;

Figure 5 is a schematic view showing the arrangement of a head

suspension assembly according to the present invention;

Figure 6 is a sectional view of the load beam of the present

invention at a region where projections are formed; and



14 ...*Flexure 16 ... Sighal line 45 ... Hinge portion 47 ... Projection
9-. * JA9- 96- 069
2. Cains: (1) (Anended) A suspension assenbly conpri sing:

Figure 7 is an enlarged sectional view of the load beam at a

region where the projection is formed.

[Description of symbols]

10 ... Mount plate
12 ... Load beam

14 ... Flexure

16 ... Signal line
45 ... Hinge portion
47 ... Projection



a ,suspénsion having a thin-plate | oad beam and a flexure fixed on
sai d | bad beam wherein said flexure contains a plurality of

proj ectirons each having a round surface and projecting toward a di sk
surface. (2) A suspension assenbly as set forthin Caim1, wherein
said projection is formed at the vicinity of a hinge portion of said

| oad beam (3) A suspension assenbly as set forth in daim1l or 2,
wherein said projection is formed by plasticly deformng the fl exure.

(4) A suspensi ssenbly as set forth in any one of Cains 1 t hr ough
3, wherei ?p’a ?&%‘rlrl-"%g with elasticity is fornmed -on the surface of said—

projection facing to a disk surface.- (5) (Arended) A he [ &
assenbly conpri sing: ) a head having a transducer; ﬂ""ﬂﬂummmm”“m |
havi ng a tHiin- §t &USPeIsd Peafsedy comPLisingiyre fixed of shid | dad sbeam
wherein said flexure contains a plurality of projections each

having a round surface and projecting toward a disk surface.

JA9- 96- 069 a suBpensAmended)ing leedth ist-gdla tas deyddl oezmnprarsi ng:
a flexure fixed on said load beam; wherein

said flexure contains a projection having a round surface

and projecting toward a disk surface.

{(2) A suspension assembly as set forth in Claim 1, wherein said
projection is formed at the vicinity of a hinge portion of

said load beam.

(3) A suspension assembly as set forth in Claim 1 or 2, wherein
said projection is formed by plasticly deforming the

flexure.

(4) A suspension assembly as set forth in any one of Claims 1
through 3, wherein a coating with elasticity is formed on
the surface of said projection facing to a disk surface.

(5) A head suspension assembly comprising:

a head having a transducer;
a suspension having a thin-plate load beam; and
a flexure fixed on said load beam; wherein
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a head suspensi on assenbly conpr|5|ng a head having a transducer; a

suspensi on having a thin-plate | oad beam and a flexure fixed on said

| oad beam wherein said fl exure contains a plurality of projections
each having a round surface and projecting toward a di sk surface; and
a carriage for supporting said head suspensi on assenbly. (7) (Arended) A
storage di sk drive conprising; a head suspensi on assenbly conpri sing
a head having a transducer; a suspension having a thin-plate |oad beam

and a flexurg Hy C%:Rﬂrroj o ai Pl ﬁfﬂéc%@ﬂeﬁ&lﬁg g roun lgﬁ'ﬂfgge

contains a pIurﬁ 1 ONS ea nd-surface an
proj ecting towandi prdijsicting acsiard a diskaudfage for supperting.said head

suspensi on assenbly; a storage disk fromor on Mhiiﬂ iﬂﬂﬂ is-_read
or witten by said transducer; and a notor for *I, t F; Hﬁ"'i””!l’

storage diﬁﬁ- A head stack assembly comprising:

a head suspension assembly comprising a head having a
transducer; a suspension having a thin-plate load beam; and
a flexure fixed on said load beam; wherein said flexure
contains a projection having a round surface and projecting

toward a disk surface; and
a carriage for supporting said head suspension assembly.
(7) A storage disk drive comprising;

8@ head suspension assembly comprising a head having a
transducer; a suspension having a thin-plate load beam; and
a flexure fixed on said load beam; wherein said flexure
contains a projection having a round surface and projecting

toward a disk surface;
a carriage for supporting said head suspension assembly;

‘a storage disk from or on which data is read or written by

said transducer; and

a motor for rotating said storage disk.
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