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‘e of the Invention: Di sk drive device with shock resistance

In a hard disk drive device, at |east one magnetic recording disk is
and a head suspension assenbly is provided for
each of data recording surfaces of t heg magnetic recordi ng di sk. The head
suspensi on assenbly contains an arm

1. Title of the Invention:

Disk drive device with shock resistance flexure and ramp
limited system

[0001].

[Field of the Invention]

The invention relates to a disk drive device containing a

rotatlng data recording disk and a head suspension assembly.

[0002]
[Background artj

In a hard disk drive device, at least one magnetic recording disk
is mounted on a spindle motor, and a head suspension assembly is
provided for each of data recording surfaces of the magnetic
recording disk. The head suspension assembly contains an arm
member a rear end of which is mounted on a shaft mounted on a
frame of the hard disk drive device, a load beam a rear end of
which is fixed on a front end of the arm member, a flexure a rear
end of which is fixed on a front portion of the load beam, and
a head/slider assembly fixed on the flexure. The magnetic
recording disk is rotated by the spindle motor, and the head
suspension assemblies are moved in a radial direction of the
magnetic recording disk by a voice.coil motor (VCM) .

[0003]

The Fig.l shows a portion of the magnetic recording disk 1 and
the head suspension assembly 2. The radial direction of the head
suspension assembly 2 is shown by arrows 32 and 3B. The disk 1
rotates in a direction shown by an arrow R. A ramp element 4 is
mounted outside the magnetic recording disk 1. The ramp element
4 contains a ramped surface 5 and a rest position 6 for each of
the head suspension assembly 2. For the ramp element 4-shown in

-

”Iekure and ranp limted system [0001]. [Field of the Invention] The
invention relates to a disk drive device containing a rotating data
recordi ng di sk and a head suspension assenbly. [0002] [Background art]



mehber a rear end of which is nmounted on a shaft nmounted on a frame of the
hard di sk drive device, a | oad beama rear end of which is fixed on a front
end of the armnmenber, a flexure a rear end of which is fixed on a front
portion of the | oad beam and a head/slider assenbly fixed on the flexure.
The magnetic recording disk is rotated by the spindle notor, and the head
suspensi on assenblies are noved in.a radial direction of the magnetic

recording disk by a voice coil notor-@QUCM . [ 0003] The Fig.1l shows a

portion of the magnetic recording disk 1 and the head suspension assenbly
2. The radial direction of the head suspension assenbly 2 is shown by

arrows 3A and 3B. The disk 1 rotates ip, a g%r ct%gg shown bé.an arrow R A
ranp el eneﬁPe4F+%°]rmlﬁﬂ°eﬂ‘agﬁF§Fﬂer?‘F%r%d’§n Bgs ATy hapdksuspeniom mp
el ement 4 ssatmblies arepeskdurHawesrdr amnly oast mpgeeticonrécdxdimpacdisi t he

the Fi o1 pviaoSay Hnd, Hla, UGeRRRE S ER ey L u s ot o
simplifying the drawing. When the head suspension assembly 2 is
moved in the direction of the arrow 3B by the VCM after the
completion of a read/write operation, a load/unload tab 8a
providéd on the front end of the head suspension assembly 2 rides
on the ramped surface 5 and is stopped at the rest position 6.
This scheme for accessing the head/slider assembly 10 shown in
the Fig.2 to and from a data track of the surface of the disk 1,
and for holding the head suspension assembly 2 at the rest
position 6 of the ramp element 4 is called Load/Unload. The
ramp element 4 may be provided with a plate 7 extended therefrom
and that plate resides beyond the outside perimeter of the disk
1. The Fig.2 shows a detail of the front portion of the load beam
8 of the head suspension assembly 2 and the ramp element 4. 1In
the Fig.2, two head suspension assemblies 2 are shown. One end
of a flexure 9 is fixed to the load beam 8, and a head/slider
assembly 10 is fixed on the free end of the flexure 9. A MR
(magnetoresistive) head 51 is mounted within a front portion of
a slider, and these are called as the head/slider assembly. When
the head suspension assemblies are positioned at the load/unload
rest position 6, the head/slider assemblies 10 are beyond the
outside perimeter of the disl 1.

[0004]

An bent portion 9A is provided on the flexure 9, and the bent
pbrtion 9A extending through an aperture 11 of the load beam 8
is positioned to face a surface 8B of the load beam 8. When a
shock is applied to the hard disk drive device during the state
when the load/unload tab 8A is positioned on the rest position
6 of the ramp element 4, head/slider assembly 10 tends to move
in a direction of an arrow 12. In this motion process, the bent



assenbl i es are used. However, only one magnetic recording disk 1 and only

. one head suspension assenbly 2 are shown for sinplifying the drawi ng. \Wen
t he head suspension assenbly 2 is noved in the di-rection of the arrow 3B by
the VCM after the conpletion of a read/wite operation, a |oad/unload tab
8A provided on the front end of the head suspension assenbly 2 rides on the
ranped surface 5 and is stopped at the rest position 6. This schene for
accessing the head/slider assenbly 10-shown in the Fig.2 to and froma data
track of the surface of the disk 1, and for holding the head suspension
assenbly 2 at the rest position 6 of the ranp elenent 4 is called
Load/ Unl oad. The ranp elenent 4 may be provided with a plate 7 extended
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t he head suspensi on assenblies are positioned at the | oad/ unl oad rest
position 6[pod®) head/ sl i der assenblies 10 are beyond the outside perineter
of the disl 1. . [0004] An bent portion 9A is provided on the flexure 9,
and the bent portion 9A extending through an aperture 11 of the | oad beam 8
i s positioh@dthe Figecof thefbhardgh sk drive| davitedm@®meshemadlshacspace
applied togt nS ' [ ' he | pad/ unl oad
tab BA i og?i%?n“% DF it 1AL SErAkEd B8 LHB HAD IR biBenb Ry 1)
‘head/ sl i de??As5BRbPY2EE tlerftfs B2 nB3EPi RLameRt eft A8n redugadatoow 1smally
this noti ovelwecd®s, ekhmpbend.2 mm. The inventors of the present invention

have found that, in spite of the provision of the bent portion
924, a front edge 10A or a rear edge 10B of the head/slider
assembly 10 collides against the surface of the plate 7 of the

ramp element 4 across the reduced distance D, when an unexpexted
excess shock is applied to the hard disk drive device. The
collision is caused by a movement of the head/slider assembly 10
in a pitching direction shown by an arrow 13 around the bent
portion 9A and the reduced space D,. The collision causes the
following two problems. The first problem is that the ramp
element 4 is made of an electrically nonconductive material, such
as a plastic, and electrical charges accumulated on the ramp
element 4 are transferred to the MR head 51 in the head/slider
assembly 10 when it collides against the ramp element 4, so that
the MR head 51 is damaged by the electrical charges. The second
problem is that small pieces of plastic which are separated from
the ramp element 4 due to the collision deposit on the surface
of the head/slider assembly 10, and when the head/slider assembly
10 flies on the surface of the magnetic recording disk 1, the
small pieces deposited on the head/slider éssembly 10 contaminate
or scratch portions of the surface of the disk 1, and the damaged
surface prevents the formation of an air bearing between the
head/slider assembly 10 and the disk 1, so that the hea&/slider



- 3: portion 9A engages with the | oad beam 8, to prevent the head/slider

~assenbly 10 from having excess notion in the direction of the arrow 12

t hat woul d cause the head/slider assenbly 10 to collide against the plate
7, or the opposing head/slider assenbly 10 if the plate 7 is not present.
[ 0005] As the size of the hard disk drive device becones snmall, a space
or distance Derr] between the surface of the head/slider assenbly 10 and
the plate 7 of the ranp elenent 4 is retiuced to a small value, for exanple
0.2 mm The inventors of the present invention have found that, in spite of

the provision of the bent portion 9A, a fr e 1QA or re edge 10B
of the he®3serb4g,1 %s%‘é‘?ﬁﬂ‘gtsl(ﬁ”’c&hﬁ fama ‘g‘;‘g"’r@d&%ﬁe guﬂ’% ng Pte 7
of the ranrtheckreadftwritacopesatin s mm&eddmgeegﬂ@al}lmmeaﬂmpﬂ'npext ed
excess shqgg hﬁ:@&@é'&fi én%. a8k hay d.hMisydala&ﬂ@w £8ad ki € opleta®i ohs

caused by caan”%\é%n%rg poerformedeaoq{ SIhle ¢ asésé m%u&fage If the extended

plate 7 is removed from the ramp element 4, the slider to slider

separation distance D, in the Fig.2 for a small hard disk drive
device can be small, 0.65 mm for example, that when a shock is
applied to the hard disk drive device, the slider motions
including the pitching in the direction 13 will cause the slider
to slider contact thereby damaging the air bearing surface of the
slider or the head.

[0006]
[Sumﬁary 6f the Invention]

The object of the present invention is to provide a disk drive
device which solves the problems described above.

[0007]

A Disk drive device according to the present invention comprises:
a datélrecording disk, a head suspension assembly containing a
front portion and a rear portion, with the front portion being
provided with a tab, means coupled to the rear portion of the
head suspension assembly to move the front portion between an
inner most position and an outer most position along a radial
direction of the rotating data recorxding disk, a ramp element
containing a support surface for engaging with the tab of the
front portion of the head suspension assembly when the front
portion is moved to the outer most position, and a flexure
mounted on the front.portion of the head suspension assembly, and
having a front portion disposed towards the tab of the head
suspension assembly and a rear portion disposed towards the rear



in a pitching direction shown by an arrow 13 around the bent portion 9A and
the reduced space Dierr]. The collision causes the follow ng two probl ens.
The first problemis that the ranp elenent 4 is nmade of an electrically
~nonconductive material, such as a plastic, and electrical charges

accunul ated on the ranp elenent 4 are transferred to the MR head 51 in the
head/ sl i der assenbly 10 when it collides against the ranp elenent 4, so
that the MR head 51 is damaged by the efectrical charges. The second
problemis that small pieces of plastic which are separated fromthe ranp
el ement 4 due to the collision deposit on the surface of the head/slider
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slider to slider separation distance D2 in the Fig.2 for a small hard di sk
drive [0008]

A Disk drive device in accordance with the present invention
comprises: a rotating data recording disk a head suspension
assembly containing a front portion and a rear portion, with the
front portion being provided with a tab, means coupled to the
rear portion of the head suspension assembly to move the Ffront
portion between the an inner most position and an outer most
position along a radial direction of the rotating data recording
disk, a ramp element containing a support surface for engaging
with the tab of the front portion of the head suspension assembly
when the front portion is moved to the outer most position, and
a flexure mounted on the front portion of the head suspension
assembly, and having a front portion disposed towards the tab of
the head suspension assembly and a rear portion disposed towards
the zrear portion of the head suspension - assembly, and
characterized in that the ramp element is provided with an
extended member which faces a surface of the rear portion of the
flexure with a predetermined space when the tab of the head
suspension assembly engages with the support surface of the ramp
element. The surface of the rear portion of the flexure can be
covered with the protection layer, such as the polyimide.

[0009]

The flexure is mounted on one surface of the head suspension



device can be small, 0.65 mmfor exanple, that when a shock is applied to
the hard disk drive device, the slider notions including the pitching in
the direction 13 will cause the slider to slider contact thereby damagi ng
the air bearing surface of the slider or the head. [ 0006] [ Sunmary of

t he I nvention] The object of the present invention is to provide a disk
drive device which solves the problens descri bed above. [ 0007] A Di sk
drive device according to the present-éaventi on conprises: a data recording
di sk, a head suspensi on assenbly containing a front portion and a rear
portion, with the front portion being provided with a tab, means coupled to
the rear p@SSPREBRLYF amd dpndaingspcbenrtPartiorppytended ko Facef thatothoest i on
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suspensi onbgtwern| thefronthportinn pbrthe flexyrapsnd the riearcpertiomsif
position, and &#léEkexele nounted on the front-portion of the head suspension

assenbly, and having a front portion disposed towards the tab of the head

suspension[%%ig?bly and a rear portion disposed towards the rear

A Disk drive device in accordance with the present invention
comprises: a rotating data recording disk a head suspension
assembly containing a front portion and a rear portion, with the
front portion being provided with a tab, means coupled to the
rear portion of the head suspension assembly to move the front
portion between an inner most position and an outer most position
along a radial direction of the rotating data recording disk, a
ramp element containing a support surface for engaging with the
tab of the front portion of the head suspension assembly when the
front portion is moved to the cuter most position, and a flexure
mounted on the front portion of the head suspension assembly, and
having a front portion disposed towards the tab of the head
suspension assembly and a rear portion disposed towards the rear
portion of the head suspension assembly, and characterized in
that the ramp element is provided with a first extended member
which faces a surface of the front porﬁion of the flexure with
a predetermined space and a second extended member which faces
a surface of the rear portion of the flexure with a predetermined
space when the tab of the head suspension assembly engages with
the support surface of the ramp element. The surface of the
front portion and the rear portion of the flexure can be covered
with the protection layer, such as the polyimide.

[0011]

[Description of Embodiment]



portion of the head suspension assenbly, and characterized in that the ranp
el'ement is provided with an extended nenber which faces a surface of the
front portion of the flexure with a predeterm ned space when the tab of the
head suspension assenbly engages with the support surface of the ranp

el ement. The surface of the front portion of the flexure can be covered
with a protection layer, such as an polyim de. [ 0008] A Disk drive
device in accordance with the present_#nvention conprises: a rotating data
recordi ng di sk a head suspension assenbly containing a front portion and a
rear portion, with the front portion being provided wwth a tab, neans
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P magnetic recording disk 21. As shown in the Fig.4, the head
suspension assembly 22 contains an arm member 34, a load beam 28
fixed to the arm member 34 through a mount block 35. A rear
portion of the head suspension assembly 22 is pivotally mounted
on a shaft 36 mounted on a frame of the hard disk drive device.
A voice coil motor (VCM) 47 is coupled to a rear portion of the
head suspension assembly 22 to move a front portion of the head
suspension assembly 22 between an inner most position and an
outer most position along a radial direction 23A or 23B of the
magnetic recording disk 21. A load/unload tab 28A is provided on
the front portion of the head suspension assembly 22. A flexure
29 has a rear portion fixed on the front portion of the head
suspension assembly 22, and a front portion disposed towards the
load/unload tab 28A of the head suspension assembly 22. The rear
portion of the flexure 29 is disposed towards the rear portion
of the head suspension assembly 22. A head/slider assembly 30 is
fixed on a free portion of the flexure 29. The load beam 28 is
provided with a bent area 46 to increase a flexibility of the
load beam 28, and to provide a spring force means to load the
head/slider assembly 30 against the disk 21. In a read/write
operation, the magnetic recording disks 21 are rotated by the
spindle motor, and the head suspension assemblies 22 are rotated
around the shaft 36 by the VCM 47 to move the head/slider
assembly 30 between an inner most data recording track and an
outer most data recording track of the magnetic recording disk
21 to position the head/slider assembly on a desired data
recording track for reading data from the data recording track
or writing the data in the data recording track.



assenbly, "and having a front portion di sposed towards the tab of the head
suspensi on assenbly and a rear portion disposed towards the rear portion
of the head  suspension assenbly, and characterized in that the ranp
el ement is provided with an extended nmenber which faces a surface of the
rear portion of the flexure with a predeterm ned space when the tab of the
head suspensi on assenbly engages with the support surface of the ranmp

el enent. The surface of the rear portion of the flexure can be covered with
the protection |ayer, such as the por§rnide. [ 0009] The flexure is
nmount ed on one surface of the head suspension assenbly, and
contai ns a fpou2jporti on extended to face the other surface of the head
suspensi on assenbly through an aperture of the head suspensi on assenbly.
The bent portion is provided between the front portion of the flexure and
t he rear pg} ihage” eleppnti24,4f sounted on the frame of the hard disk drive

device, and the ramp element 24 is positioned outside of the

magnetic recording disk 21. The ramp element 24 contains a ramped
surface 25 and a rest position or a support surface 26 for each
of the head suspension assembly 22. For the ramp element 24 shown
in the Fig.3, two magnetic recording disks 21 and four head
suspension assembly 22 are used. However, only one magnetic
recoxrding disk 21 and only one head suspension assembly 22 are
shown for simplifying the Fig.3. When the head suspension
assembly 22 is moved across the outer most data recording track
of the magnetic recording disk 21 in the radial direction of the
arrow 23B by the VCM 47 after the completion of the read/write
operation, the load/unload tab 28A provided on the front portion
of the head suspension assembly 22 is moved to engage with or
ride on the ramped surface 25 to unload and lift the head/slider
éssembly 30 from the disk 21 and is stopped at the rest position
26 of the ramp element 24. This scheme for accessing the
head/slider assembly 22 to and from a data recording track of the
surface of the disk 21, and for holding the head suspension
assembly 22 on the ramp element 24 is called Load/Unload. In
this manner, the load/unload tab 28A of the front portion of the
head suspension assembly 22 is moved between the inner most
position above the inner most data recording track 'of the
magnetic recording disk 21 and an outer most position defined by
the rest position 26 of the ramp element 24 along the radial
direction 23A/23B of the magnetic recording disk 21.

[0013]

The ramp element 24 is provided with an extended member or a
block member 27 extended from the ramp element 24. The Figs.s and
6 show a detail structure of the front portion of the load beam



[0010] -A Disk drive device in accordance with the present invention
conprises: a rotating data recording di sk a head suspensi on assenbly
containing a front portion and a rear portion, with the front portion being
provided with a tab, neans coupled to the rear portion of the head
suspensi on assenbly to nove the front portion between an inner nost
position and an outer nost position along a radial direction of the
rotating data recording disk, a ranp eMenent containing a support surface
for engaging with the tab of the front portion of the head suspension
assenbly when the front_ portion is noved to the outer nost position, and a

flexure nofftel Bhe 11RAd (HIRPIAGICNASEFTPHE £ AP fe kB edement| 24. and
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the polyi mfg. neddhllder [ RESERLE)' O3b OF Fol2CdLiBAL ically conductive
connecting wires 43 of the MR head can pass through apertures 44

and 45 of the flexure 29 and apertures 48 and 49 of the load

beam 28, and can be fixed on the surface (lower surface in the

"Fig.6) of the load beam 28 or the connecting conductors 43 to the

MR head can be integral to the flexure 29 as is the case for the
integrated lead suspension (ILS) configuration. A dimple 38 is

provided on the load beam 28 to contact with a surface of the

free portion 29B to provide a gimbal movement of the head/slider

assembly 30.

[0014]

Two bent portions 29A are pfovided between the front portion of
the flexure and the rear portion of the flexure 29. The flexure
29 is mounted on one surface (an upper surface in the Fig.6) of
the load beam 28. Each of the bent portions 29A extending through
apertures 31 of the load beam 28 is positioned to face the other
surface {lower surface in the Fig.6) of the load beam 28. When
a shock is applied to the hard disk drive device during the state
when the load/unload tab 28a is positioned on the rest position
26 of the ramp element 24, head/slider assembly 30 tends to move
in a direction of an arrow 32A or 32B as shown in the Fig.5, and
the bent portions 29A engage with the surface of the load beam
28, so that an excess movement of the head/slider assembly 30 in
the direction of the arrow 32A or 32B due to the shock is



-7 The Figs.3, 4, 5 and 6 shows a first enbodi nent of the present
~invention. The hard disk drive device contains a plurality of rotating data
recordi ng di sk or magnetic recordi ng disks 21 nounted on a spindl e notor,
not shown. A head suspension assenbly 22 is provided for each of .data
recordi ng surfaces of the magnetic recording disk 21. As shown in the
Fig.4, the head suspension assenbly 22 contains an arm nenber 34, a | oad
beam 28 fixed to the arm nenber 34 throutfh-a nount bl ock 35. A rear portion
of the head suspension assenbly 22 is pivotally nounted on a shaft 36
nounted on_a fra hard di sk r| evice. A voice coil nmptor (VCM
47 is coupPé"&"Fﬁggd tSARISH™ ea‘g’estg‘if%s?%t’:fé’sm yoeh  §hfove
a front poﬁ@lrﬁﬂcefthbhheth@m:ﬁ&)n assenbly 22 between an-tnner nost
position and an outer nost position along a radial direction 23A or 23B of
t he nagnetkﬁ &giording disk 21. A load/unload tab 28A is provided on the
front porti H t he head suspension assenbly 22. A flexure 29 has a rear
portion fixed on the front portion of the head suspension assenbly 22, and
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agai nst thg | 1P eﬁ%ed‘d"/ W"F’Pg nce w:.t he present invention. The

engaglng surface 37 of the flexure 29 is arranged or positioned
at a position between the head/slider assembly 30 and the
load/unload tab 28A of the load beam 28. The engaging surface 37
is a portion extended from the flexure 29. The engaging surface
37 and the extended member 27 are so positioned that the engaging
‘surface 37 faces to the surface of the extended member 27 with
a predetermined space when the load/unload tab 28A engages with
‘the rest position 26 of the ramp element 24. When the head/slider
assembly 30 is moved in the pitching direction 13 shown in the
Fig.2, due to the shock applied to the hard disk drive device,
the movement of the engaging surface 37 is stopped by the
extended member 27. Also, the bent portions 29A engage with the
load beam 28 when the shock is applied. The separation distance
D, between the flexure's engaging surface 37 and the extended
member 27 is chosen based on the space D, between the bent
portion 29A and the load beam 28 in order to minimize the
amplitude of pitching motion of the head/slider assembly 30
during the shock event. Typically, the system is designed to
permit the bent portion 29A to engage the load beam 28 before the
engaging surface 37 contacts the extended member 27. For example
for the first embodiment, if the space D, between the bent
portion 29A and the load beam 28 is 0.075 mm, then a typical
separation or space D, between the engaging surface 37 and the
extended member 27 will be on the order of 0.50 mm. The optimized



., operation, the magnetic recording disks 21 are rotated by the spindle
~motor, and the head suspension assenblies 22 are rotated around the shaft
36 by the VCM 47 to nove the head/slider assenbly 30 between an i nner nost
data recording track and an outer nost data recording track of the nagnetic
recording disk 21 to position the head/slider assenbly on a desired data
recording track for reading data fromthe data recording track or witing
the data in the data recording track. -11- [ 0012] A ranp el enent
24 is nmounted on the frame of the hard disk drive device, and the ranp
element 24 is positioned outside of the magnetic recording disk 21. The
ranp el eneflves dsravd By Eo¥ AR AYSHERaRES 75 fARGtAoPE Wy PRsAMGtexs,
support sushcitecastaf Werrbitly oftiffndwacdoSusipenioad beaspblay fike Fof the
ramp el erepis 4. SNVs b bRCLhL913ad" BRaAPARE! hCsEE00F! BleTieikiugl 234
four head suspension assenbly 22 are used. However, only one magnetic
recordi ng Eersk Dannew, oHrg o i3dn 2885 &S| YPeps peEtiRB&n 208
si npl i fyi ngridegdd GalondVieedntrrhdddes89pefisthe lassknigpehdiion MRsetbag 0SS
the outer f?sxrru.gﬁ]hfzé %X drhg'\gexﬁérﬁ?kof the head/slider assembly 30 in the
pitching dir_ection 13 shown in the Fig.2. Further, the two bént
portions 29A arranged on the both sides of the center line 39 of
the head supporting arm 22 prevent the movement of the
head/slider assembly 30 in a rolling direction. The movement in
the rolling direction means a movement of the head/slider

assembly 30 around the center line 39.

[0016]

The Figs. 7 and 8 show a second embodiment of the present
invention. The same reference numbers as that in the £irst
embodiment are assigned to the same elements as that of the first
embodiment. The structure of the second embodimeni: is
substantially the same as the structure of the first embodiment
except that the ramp element 24 is provided with a connecting
portion 42 and an extended member 41, and the extended member 41
faces a surface 40 of the rear portion of the flexure 29 with a
predetermined space when the load/unload tab 28A engages with the
rast position 26 of the ramp element 24. The engaging surface 40
is arranged on the flexure 29 at a position between the
head/slider assembly 30 and the xrear portion of the head
suspension assembly 22. The connecting portion 42 extends between
the two head/slider assemblies 30 facing each other.

[0017]

When the head/slider assembly 30 is moved in the pitéhing
direction 13 shown in the Fig.2, due to the shock applied to the

F—



of” the magnetic recording disk 21 in the radial direction of the arrow 23B

" by the VCM 47 after the conpletion of the read/wite operation, the

| oad/ unl oad tab 28A provided on the front portion of the head suspension
assenbly 22 is noved to engage with or ride on the ranped surface 25 to
unload and Iift the head/slider assenbly 30 fromthe disk 21 and is stopped
at the rest position 26 of the ranp elenent 24. This schene for accessing
t he head/slider assenbly 22 to and frenRa data recording track of the
surface of the disk 21, and for holding the head suspension assenbly 22 on

the ranp elgi@Edidizk idricel 18ditQANRL RAGmen? bR ndBdiiflging S ukeadbughoad
tab 28A of fhe front, portion of thg head sHipggflont sseﬁ% y Z%a:s npved
bet ween t he'$ MIEPPRISPY Jhe £x5Rnd8 \f%e"g??é: hn et $fys FRaPent ReFtdong 2PAck
of the magrengage etdhdithg dosd BdararRB aheguttbe abeck piosiappddedef Inedhhy the
rest positigihmde Of thBe drydyifhe "Biteadd aboNGddeth@dinahtdi g&kti L 2364238
of the magnetic Qgiordln di'sk 21. .. Lg% 3]f he ragp elenegt 24 1 s
provi ded wi ¥H3f tab]r?d’@g At o A 389 133 1P ms%ﬁethef EYPRAGEYRY r BFPt AR
ranp el enermimifniZEhete guogementt 60fhdbea hradiislideruaissenbdy t30e fn othe
portion of g$ie-HiRfl 418@Ption 13 shown in the Fig.2. Further, the two bent
portions 29A arranged on the both sides of the center line 39 of
the head supporting arm 22 prevent the movement of the
head/slider assembly 30 in the rolling direction.

[0018]

The Figs. 9 shows a third embodiment of the present invention.
The same reference numbers as that in the first embodiment are
assigned to the same elements as that of the first embodiment.
The structure of the third embodiment is substantially the same
as the structures of the first and second embodiments expect that
the ramp element 24 is provided with the extended member 27 of
the first embodiment and the extended member 41 of the second
embodiment and the bent portion 29A is not necessarily required.
The extended member 27 is called as a first extended member and
the extended member 41 is called as a second extended member in
the third embodiment. The first extended member 27 faces the
surface 37 of the front portion of the flexure 29 and the second
extended member 41 faces the surface 40 of the rear portion of
the flexure 29 with the predetermined space, respectively when
the load/unload tab 28A engages with the rest position 26 of the
ramp element 24.

[0019]

It is noted that the bent poitions 29A and the apertures 31 are
not necessarily required in the third embodiment. When the



28 of the head suspension assenbly 22 and the ranp elenent 24. In the

- Fi'g.5, two head suspension assenblies 22 arranged on the both data

recordi ng surfaces of the nagnetic recording disk 21 are shown. As shown in
the Figs. 5 and 6, one end of a flexure 29 is fixed to the | oad beam 28,
and a head/slider -assenbly 30 is fixed on a surface of the free portion 29B
of the flexure 29 by an adhesive materjial. A MR (nagnetoresistive) head 51
is resident within a front end of a s'I1i3der, and these are called.-as the
head/ sl i der assenbly 30. Four electrically conductive connecting wires 43
of the MR head can_ pass through apertures 44 and 45 of the flexure 29 and
apertures Beadfiglidenfassemblnd3fedmh POVednincihenpitrhing odiveetion fide

(I O\C/iver surgggﬁni ﬂn'ﬁl hgﬁ/gt-gg,g), duet o Ithad sheam aﬁpDiedheOCﬂlﬂé;eEii:dlgdisk
conductors to,the ead can t -1 phe [ as, s the
case for tﬁ’élv?lt%%vr’a‘feéd gamgégﬁgﬁs{’gn&% %éfggéégi%éjirg#o?? isdfﬁ%‘i’%eQB S
provi ded ohyttke |fxsthextenrdedomenherc?’ andh thesypyementyioft khef ergagimngi on

29B t 0 progiaffade Gi0ThEY JEOLPEN byoftlichechond/ sktdtpieamabbley480. [ 0014]
Two bent portions 29A are provided between the front portion of the flexure

and the rear portion of the flexure 29. The flexure 29 is nounted on one
surfdce (aho br surface in the Fig.6) of the |oad beam 28. Each of the
bent portions 29A extending through apertures 31 of the |oad beam 28 is

"oad boam B, SORER ARcRBEL e d0sl b cAUPRLI PRt T oF (BRA EFoRf | ng
t he state ppehiomef the/ fhesndet2d agizths engAgingnsurface A0 ofstheosdax on
26 of the parpi®h et tBd, Pragyséi & assatHd Y £30stpndfeddndO¥e ithfrd
direction g;nbggi:gér{é)sw é)’aznA l:(n)é g’ngezagd vaﬁ:%a' %r%QScEEQéSIafgg 50, such as
a polyimide material to prevent the extended members 27 and 41
made of a plastic material from being damaged by the engaging
surfaces 37 and 40 made of a stainless steel, respectively, when
the engaging surface 37 and 40 are stopped by the extended
members 27 and 41. In the Fig.10, the protective layer 50 is
shown as being on both sides of the flexure surfaces 37 and 40,
but it may be more readily implemented in the case of the
integrated lead suspension technology for example, on only the
flexure surface 37 or 40 that is disposed towards either the ramp
surface 27 or 41.

[0021]

The present invention solves the first problem and the second
problem described hereinbefore due to the collision which is
caused by the movement of the head/slider assembly in the
pitching direction. :

4. Brief Description of the Drawings:

Figure 1 is a perspective view of a magnetic recording disk, a
head suspension assembly, and a ramp element of a prior hard disk



the bent -portions 29A engage with the surface of the | oad beam 28, so that

- an excess novenent of the head/slider assenbly 30 in the direction of the
arrow 32A or 32B due to the shock is

-10 - - prevented by the engagenent of the bent portion 29A with the
surface of the | oad beam 28. [ 0015] To minimze the novenent of the
head/ sl i der assenbly 30 in the pitching direction 13 shown in the Fig. 2
whi ch occurred in the prior hard di sk .df4 ve device, the flexure 29 is
provi ded with an engagi ng surface 37, and the ranp elenent 24 is provided
wi th the extended nenber 27 in accordance with the present invention. The
engagi ng sdrliesedavied. the flexure 29 is arranged or positioned at a
position between the head/slider assenbly 30 and the | oad/ unl oad tab 28A of
the | oad beam 28. The engaging surface 37 is a portion extended fromthe
fl exure 29FigHEechgdd My q¥Rsaceeshiepril ( wkewxpEndbe magpetig7 recording
posi tioneddibR] tNe& RNERGURPeRLEbACEs SEMBRE Gnd @hkhgampdBGmn¥ shd@n in

ext ended ngﬁgegiggkgwfh

Figure 3 is a perspective view of a magnetic recording disk, a
head suspension assembly, and a ramp element of a first
embodiment of a hard disk drive device in accordance with the
present invention.

Figure 4 shows a structure of the head suspension assembly.

Figure 5 is a cross sectional view of the magnetic recording
disk, the head suspension assembly and the ramp element shown in
the Figure 3.

Figure 6 is an exploded view of the head suspension assembly in
accordance with the present invention.

Figure 7 is a perspective view of a magnetic recording disk, a
head suspension assembly, and a ramp element of a second
embodiment of a hard disk drive device in accordance with the
present invention. )

Figure 8 is a cross sectional view of the magnetic recording
disk, the head suspension assembly and the ramp element shown in
the Figure 7.

Figure 9 is a perspective view of a magnetic recording disk, a
head suspension assembly, and a ramp element of a third
embodiment of a hard disk drive device in accordance with the
present invention. '



a’predeterm ned space when the | oad/unload tab 28A engages with the rest
position 26 of the ranp el enent 24. When the head/slider assenbly 30 is
noved.in the pitching direction 13 shown in the Fig.2, due to the shock
applied to the hard di sk drive device, the novenent of the engagi ng surface
37 is stopped by the extended nmenber 27. Also, the bent portions 29A engage
with the | oad beam 28 when the shock is applied. The separation distance D4
bet ween the fl exure's engagi ng surfat§537 and the extended nenber 27 is
chosen based on the space D3 between the bent portion 29A and the | oad beam
28 in order to mnimze the anplitude of pitching notion of the head/slider
assenbly 3Q. duri t he shock_event. Typicall t he, systemis designed to
pormt el BERFE b (ARon e S p Bt RRE I TAYEY BEAVEASH oK BUPaTRS A RRRRRY | ng
surface 370fobhecflexure du @ardoddanpbevibll theypressmt dnfentidmw. fir st

enbodi ment, if the space D3 between the bent portion 29A and the | oad beam
28 is 0.07 then a typical .separation or space D4 between the engagi ng
surface 37?%%%Ef?ﬁf¥3&ea §§mﬁ§ﬁﬁ§r 27 will be on the order of 0.50 nm The
optim zed - val ues D3 and D4 for any systemare a function of

many paranpiers, Makdetic addrding aikkfness of the | oad beam a size of

t he sllderzza‘§[z§g£§ §J§%4£¥¥%nb%%g1aggya size of the flexure. In

24 ... Ramp element

25 ... Ramped surface

26 ... Rest position

27, 41 ... Extended member
28 ... Load beam

29 ... Flexure

30 . Head/slider assembly

37, 40 ... Engaging surface



this manner, the engagi ng surface 37 and the bent portions 29A arranged
.along a center line 39 of the head suspension assenbly 22 m nim ze the
novenent of the head/slider assenbly 30 in the pitching direction 13 shown
inthe Fig.2. Further, the two bent portions 29A arranged on the both sides
of the center line 39 of the head supporting arm 22 prevent the novenent of
the head/slider assenbly 30 in a rolling direction. The novenent in the
rolling direction neans a novenent of Lﬁg_head/slider assenbly 30 around
the center |ine 39. [ 0016] The Figs- 7 and 8 show a second enbodi nent
of the present invention. The sane reference nunbers as that in the first
enbodi nent are assigned to the sane elenents as that of the first
enbodi ment. The structure of the second enbodinent 1is substantially
the sane as thgStjycture of the first enbodinent except that the ranp
el ement 24 is provided with a connecting portion 42 and an extended nenber
41, and the extended nenber 41 faces a surface 40 of the rear portion of
t he fl exure(1)9 anibtilska dpiedetevitaccompaiceingien t he | oad/ unl oad tab 28A
engages with the rest position 26 of the ranp el enent 24. The engagi ng
surface 40 is arranged on the flexure 29 at a position between the
head/ sl i der® Fet&RImg dotangeeArdiard?f1i on of the head suspension
assenbly 22. The connecting portion 42 extends between the two head/slider
assenbl i es I t - id y
30 is rmvedé ?‘nef atqﬁlggg?tg g%?%{g? |£ree“§]i%%g%§h gﬁé\/\“ﬂie?_néltbﬁlg E?g{t%hdﬁdta% the
shock appHEﬁfﬁ*?Wdu?ald front portion being provided with a tab,

means coupled to said rear portion of said head suspension
assembly to move said front portion between an inner most
position and an outer most position along a radial direction of
said rotating data recording disk,

a ramp element containing a support surface for engaging with
said tab of said front portion of said head suspension assembly
when said front portion is moved to said outer most position,
and

a flexure mounted on said front portion of said head suspension
assembly, and having a front portion disposed towards said tab
of said head suspension assembly and a rear portion disposed
towards said rear portion of said head suspension assembly,

characterized in that said ramp element is provided with an
extended member which faces a surface of said front portion of

0



-12 - hard disk drive device, the novenent of the engaging surface 40 is
‘st opped by the extended nenber 41. Also, the bent portions 29A engage with
the | oad beam 28 when the shock is applied. In this manner, the engagi ng
line 39 of the
head supporting arm 22 mnim ze the novenent of the head/slider assenbly 30
in the pitching direction 13 shown in the Fig.2. Further, the two bent
portions 29A arranged on the both sidess9f the center line 39 of the head

surface 40 and the bent portions 29A arranged along a center

supporting arm 22 prevent the novenent of the head/slider assenbly 30 in
the rolling direction. [ 0018] The Figs. 9 shows a third enbodi nent of

t he present

i nvention. The sane reference nunbers as that in the first

enbodi nent @addaRliexned wdthha predetbemnenéd spaddath& $divl fdlStof said

enbodi nent

as the structuresé‘{#%h%g'gflmasfggﬁbgysecggggg%ggﬁ]tSA ds&?%‘;e ﬁqglt?laula’{ o ‘_?siarre

el ement 24 iS2ig FrRealopemtt he ext ended menber

27 of the first enbodlnent

and the extended nenber 41 of the second

(2) A disk drive device according to Claim 1, wherein said
flexure is mounted on one surface of said head suspension
assembly, and contains a bent portion extended to face the other
surface of said head suspension assembly through an aperture of
said head suspension assembly.

(3) A disk drive device according to Claim 2, wherein said bent
portion is provided between said front portion of said flexure
and said rear portion of said flexure.

(4) A disk drive device according to Claim 1. wherein said
surface of said front portion of said flexure is covered with a

protection layer.

(5) A disk drive device according to Claim 4, wherein said
protection layer is a polyimide.

(6) A Disk drive device comprising:
a rotating data recording disk,

a head suspension assembly containing a front portion and a rear
portion, said front portion being provided with a tab,

means coupled to said rear portion of said head suspension
assembly to move said front portion between an inner most
position and an outer most position along a radial direction of

said rotating data recording disk,

a ramp element containing a support surface for engaging with

l llllllllllllllllll lllll l/ lll/



enbodi nent and the bent portion 29A is not necessarily required. The
.extended nmenber 27 is called as a first extended nenber and the extended
menber 41 is called as a second extended nmenber in the third enbodi nent.
The first extended nenber 27 faces the surface 37 of the front portion of
the flexure 29 and the second extended nenber 41 faces the surface 40 of
the rear portion of the flexure 29 with the predeterm ned space,
respectively when the |oad/unload taby@8A engages with the rest position 26

of the ranmp el enment 24. [ 0019] It 1s noted that the bent portions 29A
and the apertures 31 are not necessarily required in the third
enbodi nent. When the -13-

head/ sl i desaiasSmtblof 3@iids fronedpontite of t$Hichfead: suspensiorArsembly  he

Fig.2, dugg 845 Qsht%&ééf&t@ mBeelatdl sdigkodtdy enadevp6gitide, EmEnent
of the enééé?hégégr?ace 'S stgbped by the first extended nenber 27 and

t he novenent of the engaging surface 40 is stopped by the second extended
menber 41.a flexure mounted on said front portion of said head suspension

assembly, and having a f£ront portion disposed towards said tab
of said head suspension assembly and a rear portion disposed
towar&sfsaid rear portion of said head suspension assembly,

characterized in that said ramp element is provided with an
extended member which faces -a surface of said rear portion of
said flexure with a predetermined space when said tab of said
head suspension assembly engages with said support surfce of
said ramp elgment.

(7) A disk drive device according to Claim 6, wherein said
flexure is mounted on one surface of said head suspension
assembly, and contains a bent portion e:l:ten'ded to face the other
surface of said head suspension assembly through an aperture of
said head suspension assembly. )

(8) A disk drive device according to Claim 7, wherein said bent
portion is provided between said front portion of said flexure
and said rear portion of said flexure.

(9) A disk drive device according to Claim 6. wherein said
surface of said rear portion of said flexure is covered with a

protection layer.

(1.6) A disk drive device. according to Claim 9, wherein said

protection layer is a ‘polyimide.
(11) A Disk drive device comprising:

a rotating data recording disk,

0
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[0020] . As shown in the Fig.10, the engaging surfaces 37 of the front
portion of the flexure 29 and the engagi ng surface 40 of the rear portion
of the flexure 29 of the first, second or third enbodi nents can be covered
with.a protective layer 50, such as a polyimde naterial to prevent the

ext ended nmenbers 27 and 41 nade of a plastic material from being danaged by
t he engagi ng surfaces 37 and 40 nade of a stainless steel, respectively,
when the engagi ng surface 37 and 40 .ar%e- st opped by the extended nenbers 27
and 41. In the Fig.10, the protective |layer 50 is shown as being on both
sides of the flexure surfaces 37 and 40, but it may be nore readily

i mpl erent adheadt fiespassian alsBembiyegonteinimpc FaspeNpoLEL e AN ROGRakOr

exanpl e, goredby, tbeid! S ﬁél%aefgégg{ p2Bridad JinllSResed tovar ds

either theé ranp Surtace e present invéntion sol ves
the first problem and the second probl em descri bed hereinbefore due to the
col | i si onmelansh doplaids et b;a’ﬁ.he raaenportidnt b€ hedidl sheder s&&ﬁéﬁ’ﬁh&ni n
the pitchiggedhigclion rd e c Gie re 1
is a per sgectegd\?e wée‘%/)v of & saﬁ'r‘fiet %’crpggc?o?ﬁ%g Oﬂ?({‘b@e,ﬁreggﬂ susp Sensi o %g
assenbl y, PRfid é°Paﬁ%de?%nﬁﬂﬂeﬁﬂm9§tpPP§F HSFd lpag a radial direction of

said rotating data recording disk,

a ramp element containing a support surface for engaging with
said tab of said front portion of said head suspension assembly
when said front portion is moved to said outer most position,
and

a flexure mounted on said front portion of said head suspension
assembly, and having a front portion disposed towards said tab
of said head suspension assembly and a rear portion disposed
towards said rear portion of said head suspension assembly,

characterized in that said ramp element is provided with a first
extended member which faces a surface of said front portion of
said flexure with a predetermined space and a second extended
member which faces a surface of said rear portion of said flexure
with a predetermined space when said tab of said head suspension
assembly engages with said support surface of said ramp element.

(12) A disk drive device according to Claim 1l1. wherein said
surface of said front portion and said rear portion of said
flexure are covered with a protection layer.

{13) A disk drive device accdrding to Claim 13, wherein said
protection layer is a polyimide.

"



dtive device. Figure 2 is a cross sectional view of the nmagnetic

“~ recordi ng di sk, the head suspension assenbly and the ranp el enent shown in
the Figure 1. Figure 3 is a perspective view of a magnetic recording

di sk, a head suspensi on assenbly, and a ranp elenment of a first enbodi nent
of a hard disk drive device in accordance with the present invention.
Figure 4 shows a structure of the head2@uspensi on assenbly. Figure 5is a
cross sectional view of the magnetic recording disk, the head susEension

assenbl y anBISKORIYEDEVIGENWITHMOCK REJASTANGE FB.EXUREAND an
expl oded vi ew of thg head Sus%nﬂ}ﬂﬁﬁ@?ﬂﬁ(qi n

ABSTRACT

The present invention prevents a head/slider assembly fixed on a flexure of a
head suspension assembly from having an undesired pitching motion when an unexpected
excess shock is applied to a hard disk device when the head suspension is.at the best
position of the unload ramp.

A Disk drive device comprising: a rotating disk (21); a head suspension
assembly (22) containing a front and a rear portion, the front portion provided with a tab
(28A); means to move the front portion between an inner position and an outer position;
a ramp (24) containing a surface (25) for engaging the tab (28A) where the ramp element
(24) is provided with an extended member which faces.a surface of the front portion with
a pre determined space when the tab of the head suspension assembly engages with the

support surface of the ramp element.

Fig. 5



_,,agﬁordancé with the present invention. Figure 7 is a perspective view of
“+a magnetic recording disk, a head suspension assenbly, and a ranp el enent
of a second enbodi nent of a hard disk drive device in accordance with the

present invention. Figure 8 is a cross sectional view of the nagnetic
recordi ng di sk, the head suspension assenbly and the ranp el ement shown in
the Figure 7. Figure 9 is a perspective view of a nagnetic recording:

di sk, a head suspension assenbly, and a1/8mp el enent of a third enbodi nent
of a hard disk drive device in accordance with the present invention.

- 15- Figure 10 shows a protective | ayer provided on engagi ng surfaces
of the flexure in accordance with the present invention.




[ Description of synbol s] 21 ... Magnetic recording disk 22 ... Head

suspension assenbly 24 ... Ranp elenent 25 ... Ranped surface 26 ... Rest
position 27, 41 ... Extended nenber 28 ... Load beam 29 ... Flexure 30 ..
Head/ sl i der assenbly 37, 40 ... Engagi ng surface
-16 - C ai ns: (1) A Disk drive device conprising:
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a rotating data recording disk, a head suspension assenbly containing a
front portion and a rear portion, said front portion being provided with a
tab, - means coupled to said rear portion of said head suspensi on assenbly
to move said front portion between an inner nost position and an outer nost
position along a radial direction of said rotating data recordi ng di sk, a
ranp el enment containing a support surfg?g for engaging wwth said tab of
said front portion of said head suspen n assenbly when said front portion
is noved to said outer nost position, and a flexure nounted on said front
portion of said head suspension assenbly, and having a front portion
dirsposed towards said tab of said head suspension assenbly and a rear
portion disposed towards said rear portion of said head suspension
assenbly, characterized in that said ranp elenent is provided with an

ext ended nmenber which faces a surface of said front portion of

FIG. 3
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-17- said flexure with a predeterm ned space when said tab of said head
suspensi on assenbly engages with said support surface of said ranp el enent.
(2) A disk drive device according to Caim1, wherein said flexure is
nmount ed on one surface of said head suspension assenbly, and contains a
bent portion extended to face the other surface of said head suspension
assenbly through an aperture of said head suspension assenbly. (3) A disk
dri've device according to Caim2, wherd/8 said bent portion is provided
between said front portion of said flexure and said rear portion of said

fl exure. (4) A disk drive device according to Caim1l. wherein said
surface of said front portion of said flexure is covered with a protection
| ayer. (5) A disk drive device according to Caim4, wherein said
protection |layer is a polyimnmde. (6) A Disk drive device conpri sing:
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a fotating data recording disk, a head suspension assenbly containing a
front portion and a rear portion, said front portion being provided with a
tab, ~ means coupled to said rear portion of said head suspensi on assenbly
to nmove said front portion between an inner nost position and an outer nost
position along a radial direction of said rotating data recordi ng di sk, a
ranp el ement containing a support surface for engaging with

-18 - said tab of said front porti &f8of said head suspensi on-assenbly
when said front portion is noved to said outer nost position, and

\

<
©
~

FIG. 6




a flexure nounted on said front portion of said head suspension assenbly,
and having a front portion disposed towards said tab of said head
suspensi on assenbly and a rear portion disposed towards said rear portion
of said head suspensi on assenbly, characterized in that said ranp el ement
is provided with an extended nenber which faces a surface of said rear
portion of said flexure with a predeterm ned space when said tab of said
head suspensi on assenbly engages wi th 6/8i d support surfce of said ranp

el enent . (7) A disk drive device according to Claim6, wherein said

. flexure is nounted on one surface of said head suspensi on assenbly, and
contains a bent portion extended to face the other surface of said head
suspensi on assenbly through an aperture of said head suspension assenbly.
(8) A disk drive device according to Claim?7, wherein said bent portion is
provi ded between said front portion of said flexure and said rear portion

of said flexure. (9) A disk drive device according to Claim6. wherein
said surface of said rear portion of said flgﬁure is covered with a
protection | ayer. (10) A disk dri § devi cejaccording to Caim9, wherein
said protection layer is a pol&tm dé- sk drive device

conpri si ng:

L2
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FIG. 10




a rotating data recordi ng disk, - 19
- a head suspension assenbly containing a front portion and a.rear
portion, said front portion being provided with a tab, means coupled to
said rear portion of said head suspension assenbly to nove said front
portion between an inner nost position and an outer nost position along a
radial direction of said rotating data, recordi ng di sk, a ranp el enent
cont ai ning a support surface for engé@ﬁng with said tab of said front
portion of said head suspensi on assenbly when said front portion is noved
to said outer nost position, and a flexure mounted on said front portion
of said head suspension assenbly, and having a front portion di sposed
towards said tab
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of "sai d* head suspensi on assenbly and a rear portion disposed towards said
rear portion of said head suspension assenbly, characterized in that said
ranp elenment is provided with a first éxtended nmenber which faces a surface
of said front portion of said flexure with a predeternmi ned space and a
second extended nmenber which faces a surface of said rear portion of said
flexure with a predeterm ned space whgpgsaid tab of said head suspension
assenbly engages with said support surface-of said ranp el enent. (12) A
di sk drive device according to Claim11l. wherein said surface of said front
portion and said rear portion of said flexure are covered with a protection
| ayer. (13) A disk drive device according to Caim13, wherein said
protection |ayer is a.polyimde.
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