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TRANSDUCER SUSPENSION SYSTEM

Background of the Invention

'Field of the Invention

5 This invention relates generally to transducer suspension

systems and more particularly to a suspension system having a low

profile.
Description of the Prior Art-
10 Direct access storage devices (DASD), or disk drives, store

information on concentric tracks of a rotatable magnetic
_recordihg disk. A magnetic head or transducer element is moved
from track tb track to record and read the desired information.
Typically, thé magnetic head is positioned on an air bearing

15 o slider which flies above the surface of the disk as the disk

rotates. In some recently proposed disk driVes, the slider (or
carrier) rides on a liQuid film or bearing on the disk. 2
suspension assembly connects the.slider to a rotary 6r linear
'actuator; The suspension prdvides support for the slider.

20 o The suspension must meet several requirements. Tﬁe
suspension must be flexible and provide a bias force in the
vertical.direction. This is necessary to provide a compensating
force to the lifting force of the air bearing in order to keep

the'slidef at the correct height above the disk. Also, the
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Typically, the magnetic, head is positioned on an aijp bearing slider which
flies above the surface(of the disk as the disk rot\ates. 1In sone recently
froposed disk drives, the slider (or carrier) rides on a liquid filmor
bearing on the disk. A suspension assenbly connects the slider to a rotary
or linear actuator. The suspension provides support for the slider. The
suspensi on nmust neet several requirenents. -The suspension nust be flexible
and provide a bias force in the vertical direction. This is necessary, to

2 o P EORRCRBAIBELLPG g RebABa UL pTAoRsE 81t 3o pheaRd
-and unloaded away from the diskf Another requirement of the
suspension is ﬁhat it must provide a pivotal'connection for the
slider; Irregularities in mannfasture and operation may result

5 in misalignment of the slider. The slider is able to compensate
for these problems by pitching and/or rolling slightly to
maintain the air bearing. Another requirement of the suspension
is that it must be rigid in the lateral direction. This is
needed to prevent'the head from moving side to .side, which would

10 result in the_head,reading the wrong track.

'EXamples'of suspension systems are shoﬁn in the foilowing o
references: US Patent 4,167,765, issued September 11, 1979 to
Watrons; US Patent 4,797,763, issued'January 10, 1989 to Levy et
al; US Patent 5,187,625, issued February 16, 1993 to Blaeser et

15  al; US Patent 5,208,712, issued May 4, 1993 to Hatch et al;
European Patent Application 0487914 published October 29, 1991 by
Foote,.et ai; Japanese Patent Application 59?207065,'published
November 24, 1984 by Hashimoto; and Japanese Patent Application
04-321918, published November 11, 1992 by Yemazaki.

20 : Disk drives have become smaller in size while at the same
time the data storage capacity has greatly increased.. Large
capacity disk drives typically have_muitiple disks mounted on the
same rotatable spindle. In order to accommodate more disks in
the same'height, the space between each disk must be greatly-

25 _' decreased. Also, disk drives having only é'single disk may have
SA9-94-066 2 |
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2 vertical flexibility is needed.to allow the slider-to be | oaded and

unl oaded away fromthe &Jsk Anot her requirenment of \the suspension is that
#t nust provide a pivotal "connection for the slider. “Irregularities in
manuf acture and operation nmay result in msalignnent of the slider. The
slider is able to conpensate for these problems by pitching and/or rolling
slightly to maintain the air bearing. Another requirenent of the suspension

limited space to accommodate a suspension between the disk and an

outer housing. The height ef the suspension has proven to be a

limiting factor in realizing closer disk spacing and smaller disk

drives. What is needed is a suspension system which has a very
5 low profiie, meets the performance requirements, and is

inexpensive to manufacture.

Summary of the Invention

Briefly, in a preferred embodiment of the present invention,.

10. a suspehsion system comprises a load beam and a flexible member.
The load beam has a stamped concave section. The flexible member.
‘is attached to the load beam such that a pbrtion of the flexible
.member encloees the concave section of the load beam. The
resulting box'étructurelprovides rigidity to the load beam.

15 The flexible member has a tongue section which receives a
transducer assembly. The tongue section has two bend lines such
that the tongue section is offset from the rest of the flexible
member. The bend lines are "“v" shaped_in order to keep the
transducer assembly in the proper orientation..

'20 For a fuller understanding'of the nature and advantages of
the present invention, reference should be made to the following

detailed description taken in conjunction with the accompanying

drawings.
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is that it nust be righgiin the lateral direction. IS is needed to
prevent the head from nmaing side to side, which would result in the head
feading the wong track. Exanples of suspension systens are shown in the
followi ng references: US Patent 4,167,765, issued Septenber 11, 1979 to
Watrous; US Patent 4,797,763, issued January 10, 1989 to Levy et al; US
Pat ent 5, 187, 625, |ssued February 16, 1993 to Bl aeser et al; US Patent

. 5,208,712, issued May 4, 1993 to Hatch et al; European Pat ent Appl i cation

0487914 publ i shed Oct ol 2O, Déls%%li;ﬁd:rpcgp tl-f‘é @,}awﬁ%nese Pat ent
Appl i cation 59-207065, publTshe y shi not o; and
Japanese Patrgrf. Appls eatddiematic diagram of a data storage system of
the present invention;.
Fig. 2 is a top view of the system of Fig. 1;
5 .Fig, 3 is an exploded view the suspension of the system of
Fig. 1;

Fig. 4 is'a'top perspective view of the suspension of Fig.

?ig. 5 is a bottom perspective view of the suspension ef
10 Fig. 3;
Fig. 6 is a close-up view of a portion of the suspension of
Fig. 3: |
Fig. 7 is a cross sectional view of a portion of the
suspension of "Fig. 3; | |
15 Fig. 8 is a top'perspective view of an alternative
| embodiment of the suspensiqn of the present invention;'
Fig. 9 is a bottom perspective view of the.system of Fig. 7;
Fig. 10 is a top perspective view of an alternative. '
embediment of the suspension of the present invention; and
20- Fig. 11 is a bottom perspective view of the suspension of

Fig.10.

Description of the Preferred Embodiments

Fig. 1 shows a schematlc diagram of a data storage system of
25 the present invention and is designated by the general reference
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64-321918, publ i shed Novenber il, 1992 by Yamazaki. Di sk drives have becone
smal ler in size while at{the sanme.tinme the data stofage capacity has
greatly increased. Large-capacity disk drives typically have nultiple disks
nmounted on the sane rotatable spindle. In order to accommodate nore di sks
in the same height, the space between each di sk nust  be greatly decreased
Al so, disk drives having only a single dISk may have 3
ﬁumber 10. . System 10 comprises a pluraiity of magnetic recording
disks 12; Each disk has a plurallty of concentric data tracks.
Disks 12 are mounted on a spindle motor shaft 14 which is
~ _connected to a spindle motor 16. Motor 16 is mounted to a
5 .chassis 18. The disks 12, spindle 14, and motor 16 comprise a
| disk stack assembly 20.
A plurality of read/write heads 3d'are positioned over Ehe
disks 12 sﬁch that eaeh surface of the disks 12 have a
corresponding head 30. Each head 30 is attached to ohe of the
10 plurality of suspensiohs 32 which in.turn are atﬁached to a
| plurality of actuator arms 34. Arms 34 are connected to:a rotafy
aetuator'36. Alterﬁatively, the arms 34 may be an integial part
of a'rotary actuator comb. Actuator 36 moves the heads in a
radial directien across disks 12. Actuator 36 typically
15 comprises a rotating member 38 mounted to a rotating bearing 40,
- a motor winding 42 and motor magnets 44. Actuator 36 is also
mounted'te chassis 18. Although a rotary actuator is shown in
the preferred emﬁodiment, a linear actuator could also be used.
The heads 30, suspehsions 32, arms 34, and actuator 36 compriSe.
20 an actuatdreassembly 46. The disk stack assembly 20 and the |
actuator'aesembly 46 are sealed in an enclosure 48 (shown by
dashed line) which'pfovides protection from particulate
contamination. | |
.A ebntrOller unit 50 provides overall controi to system 10.
25 Controller unit 50 typically contains a central processing unit
SA9-94-066 3 | 5 S | |
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limted space to accommbdat e a suspensi on between the di sk and an outer
housi ng. The hei ght of t(he suspension has proven to{be a |limting factor in
“eal i zi ng cl oser disk spacing and smaller disk drives. What is needed is a
suspensi on system which has a very low profile, neets the performance
requirements, and is inexpensive to manufacture. Summary of the Invention
Briefly, in a preferred enbodi nent of the present invention, a suspension
system conpri ses a |oad beam and a flexible nmenber. The | oad beam has a

st anped, _concave section, The flexible nenber is attached to the_| oad beam
such t H&PH D RERFY iy and Kehee digital circuitry. Controller 50 is

connected to an actuator control/drive unit 56 which in turn is
connected to actuator 36. This allows controller S50 to control
ﬁhe movement of heads 30 over disks 12. The contrdller 50 is
5 | conhected to a read/write channel 58 which in turn is connected
to the heads 30. This allows controller 50 to send and receive
data ffom the disks 12. Controller 50 is connected to a spindle
.control/drive unit 60 which in turn is connected to spindle motor
16. This allows controller 50 to control the rotation of disks
10 -12. A host system 70, which is typically a computer systém, is
| connected to the controller unit 50. System 70 may send digital
data to controller 50 to be stored on disks 12, or may request
that digital data be réad from disks 12 and sent to the system

70. The basic operation of DASD units is well known in the art

15 | and is described in more detail in Magnetic Recording Handbook,
' C. Dennis Mee and Eric D. baniel, McGraw - Hi;l Book.CQmpany,'
1990. |
Fiq. 2 shows top view of System 10. A loading ramp member
80 is located_at the edge of the disk stack assembly 20. Member
20 80 automatically unloads the heads 30 from the disks 12 as
| actuator 36 moves the heads 30 to the outer diék position.. To
unload a héad means to move it a verﬁical distance away.from its
cérresponding disk surface. The ramp 80 is optional.
Alternatively, the heads 30 may be placed permaﬁently in the
25. loaded position between the disks.
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menber encl oses the concave section of the | oad beamp The resulting box
structure provides rigid(ty to the |oad beam The fl{gxible menmber has a
tongue section which receives a transducer assenbly. The tongue section has
two bend lines such that the tongue section is offset fromthe rest of the
flexi ble menber. The bend lines are "v" shaped in order to keep the
transducer assenbly in the proper orientation. For a fuller understanding
of -the nature and advantages of .the present invention, reference should be

e 0 r'e #2108 8! 2h' E8pY63EA' BLLA"aRR Flg' "4 CBRLACK! Q3N 1 the

acconpanyi ng
perspective view of the head 30 and suspension 32. Suspension 32

comprises a load beam 100, a mount plate 102 and a flexibie or
flexure member 104. Beam 100, meunt plate 102, and flexure 104
5 _are formed by phetolithegraphic etch processes. .The parts are

then stamped to form the elevation changes.and bends in the
material. Beam 100 has a longitudinal axis'lbﬁ, a laterai axis
108, and a vertical axis 110. The load beam 100 may be made of.a
thin sheet material. Stainless steel may be used with a

10_ thickness of between 0.0381 and 0.0762 mm and preferably 0.0635
‘Tom. The main portlon of beam 100 comprlses a contlguous surface
120 of a 51ng1e elevation.

Load beam 100 has a'mount plate section 112, azspring

section 114, and a rigid section 116. The mount plate section

15 112 has an aperture 120 which is siéed to receive a swage spud
122 of mount plate 102. Mount plate 102 may be made of stainless
‘steel of a thickness between 0.1 and.0.4 mm and preferably 0.2
mm. Mount plate 102 is welded to beam 100 at weld Spots 124.
The spud 122 passes thfough aperture 120 and into an aperture on

20 .'the corresponding actuator arm 34. The spud 122 is then swaged.
The result 1s that the load beam 100 is securely attached to arm
34 by being sandwlched between the arm 34 and mount plate 102.
Although swaging is the preferred-method of attaching beam 100 to

arm 34, other methods such as welding, cementing, or using'

] m i



4 Brief Description of the Drawings Fig. 1 is a schzﬁatic di agram of a data

storage system of the pnesent invention; Fig. 2is

top view of the system

of Fig. 1, Fig. 3 is an expl oded view t he suspensi on of the systen1of Fig.
1, Fig. 4is atop perspectlve view of the suspension of Fig.

10

15

20

- 25

fasteners, may also be used. If such alternative attachmeht
methods are used, then pléte 102 may be eliminated.

Mount plate section 112 has a pair of stamped round dimples
126 which extend upward.from surface 120. The;e dimpleé 126 are
located 6utside the vertical'beriphery of arm 34 when mount plate
102 is swaged to arm 34. In the event that the suspension 32
must be removed from.the arm 34 after swaging, dimples i26 act as

an unlocking mechanism. The load beam 100 is rotated one way or

.the other around the swage hole 120. One or the othér of dimples

126 will then engage the outer edge of arm 34 and act as a'léver
to pop the swage spud 122 out of the swage hole in the afm'34.

?'Spring section 114 has an aperture 130 which is flanked by
two spring leés 132. Spring section 114 allows beam 100 to bend
about an'axis’134.' The bending is neceSsary to load the head 30
to its proper flying height ébo?e the disk.

Rigid section 116 extends from the spring séction 114 to a
distal end 140 of beam 100. Section 116 has an elongated raised
portion 142 which extends above surface 120. A small transition
area 143 is located between spring sectién 114 and raised section
142 to prevent distortion of the beam 100 duriﬁg manufacture.
Raised portion 142 has a flat top section 144 which is parallel

to surface 120 and a surfoundiqg sloping wall section 146 which

 connects top section 144 to surface 120. - Raised portion 142 is

elongated in shape and is centéred along and runs in the

direction of longltudlnal ax1s 106. The length of raised portion

ms
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SA9-94- 065 ' 8



3 F|g 5 is a bottom perspective.view of the suspepsion of Fig. 3; Fig. 6
Is a close-up view of a(portlon of the suspension Fig. 3; Fig. 7is a
€ross sectional view of a portion of the suspension of Fig. 3; Fig. 8 is a
top perspective view of an alternative enbodi ment of the suspension of the
present invention; Fig. 9 is a bottom perspective view of the systen1of
Fig. 7; Fig. 10 Is a top perspectlve view of an alternative.

142 is preferably equal to or greater than 50% of the length of
the rigid section 116. Ralsed portion 142 is formed by a
-Stamping process. In order to avoid distortion of beam 100
during the stamplng process it is preferable that wall section
5 146 have a low slope. Preferably the slope (distance of vertical
height/distance of horizontal run) is less than or equal to 0.75
and is_preferably 0.5. |
Section 116 also has a plurality of tobling apertures_lso,
~152, 154, 156 and 158. These tooling apertures allow for ease of
10 alignment and centering of the parts of the suspension during
manufacture. These apertures are optional and maf-be éliminatedi
_ Rigid_Section 116 also has a pair of.outside edge flanges
160. The flanges 160 are each formed with a sloping wall Section
162 and a top"flat section 164 which is parallel'tousurface 120.
15 The flanges laterally overlap with raised-pbrtion.142 for a short
| ‘distance along the length of akis 106. The flanges 160 ekténd
from the raised portion 142 to a positién proximate the distal
end 140. The flanges 160 aré_formed by a stamping process.
The inventors have discovered an additional benefit of
20 tooling holes 152 and 154. Thesé holes are locéted'in the region
of rigid section 116 wheré the.raisedlportion 142 and flanges 160l
'overlap along a lateral cross sectional plane. The region around
holes 152 and'154 is not as rigid as other portions of section

116. This allows for a slight torsional pivot between the

25  section having portion 142 and the section having flanges 160.
SA9-94-066 9 |
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enbodi ment of -t he suspension of the present inventign; and Fig. 11 is a
bott om perspective viewof the suspension of Fig.1l Descri ption of the
WPreferred Enbodi ments Fig. 1 shows a schenatic diagramof a data storage
system of the present invention and is designated by the general reference
5 nunber 10. System 10 conprises-a plurality of magnetic recording

10

15

20

25

The result is ;hat there is a reduced lateral shift at the head
30 at the end of the suspension. This slight decoupling of the

raised poftion 142 and flanges 160 allows for a cancellation of

| lateral movement. The rotatlonal inertias of the raised portion

'142 and the flanges 160 are such that together they form a tuned

damper Wthh minimizes the flrst torsional gain.

Raised portion 142 and flanges 160 both prov1de r1g1d1ty to
the beam 100. It is important that rigid section 116 have at
least one or the other of raised portion 142 or flanges 160 aleng
its length; _Alternatively; flanges 160 may be eliminated and
raieed section 142 extended to a posiﬁion prokimate_tne distal
end 140.

The distal end 140 has a pair of hammer head tabs 170 which
are used te aiign the suspensions during assembly. A downward
extending round'dimple 180 is position proximate the center of
distal end 140.

Flexure member 104 is preferably made of a thin sheet
material. Stainless steel may be used having a thickness of
between.0.0203 and 0.0381 mm and preferably 0.0254 mm. The
member 104 is shaped to fit substantially within.the vertical

periphery of beam 100. The flexure 104 has a surface 190. The

_fiexure 104 has tooling apertures 192, 194, 196.and'198 which

correspond to apertures 152, 154, 156 and 158 of beam 100.'_These
tooling apertures are also optional. Fiexure 104 has a pair of _
finger tabs ZOQ_Which extend beyond the.vertical periphery of
SA9-94-066 10 '
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di'sks 12. Each disk has a plurality of concentric ta tracks. Disks 12 are
nmounted on a spindle thor shaft 14 which is connegaed to a spindle notor
T©16. Motor 16 is nounted to a chassis 18. The disks 12, spindle 14, and
mot or . 16 conprise a di sk stack assenbly 20. A plurallty of read/wite heads
30 are positioned over the disks 12 such that each surface of the disks 12
have -a correspondi ng head 30. Each head 30 is attached to one of the
plurality of suspensions 32 which in turn are attached to a pIurallty of

A e, i Sy B A 401 s
manufacture.

Flexure 104 has a flexure aperture 202 near its distal end
204._ The'aperturel202 is flanked by two”flexure legs 206. An

S end section 208 is connected to the ends of legs 206. A tongue
section-21d extends from end section 208 into aperture 202f The
tongue section 210 has a bend section 212 which comprises two

fparaliel bend lines which are in the shape of "v" or chevron .
pattern. The tongue 210 is paraliel to the surface 120 of beam
10 100 but is displaced beiow the surface 190 of flexure 104..

The flexure 104 has a perpendicular tab 214 and a
perpendicular tab 216 which help to alicn the wires 172. Tab 216
is hook shaped in order to'engage the outer_of distal end 140 of
beam 100. This hook acts as a limiter to ensure that flexure 104

15. does not displace vertically too great a distance from beam 100.
Flexure 104 is attached to beam 100 preferably by welding at.
'welding spots 220. Head 30 is attached to tongue section 210 of
flexure 104 preferably by cement or other suitable attachment
methods. Dlmple 180 is p051tloned such that it engages tongue
20 section 210 along a vertlcal 11ne whlch passes through
approximately the center of gravity of head 30.

Head 30 comprises an air bearing slider 240 having an air
bearing surface 242. Other types of fluid bearing sliders may
also be used. A transducer element 250 is mounted on slider 240

25. and is electrically connected (not shown) to connectlon pads 252

SA9-94-066 11
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of a rotary actuator conb. Actuator 36 noves the ads in a radi al
direction across disk{ 12. Actuator 36 typically gonprises a rotating
menber 38 nounted to a rotating bearing 40, a notor wi nding 42 and notor
magnets 44. Actuator 36 is also nounted to chassis 18. Although a rotary
actuator is shown in the preferred enbodinent, a linear actuator could also
be used. The heads 30, suspensions 32, arms 34, and actuator 36 conprise an
actuat or assenbly 46. .The di sk stack assenbly 20 and the actuator assenbly

10 T 1 e SOEMIEH S I oS8R L8] YBLLCP S

extend over section 204 and distal end 140 and back toward the

'ed

rear of the suspension 32. .The wires 172 are then electrically_
connected to the rest of System 10. The wires 172 are attached
5 .to suspension 32 by epoiy or other suitable attachment methods.
Fig. 5 shows a bottom perspectlve view of suspen51on 32.
Raised portion 142 forms a recessed concave section 260 in the
beam 100. Flexure 104 partially encloses this concave section
260. The result is a partial box section which adds rigidity to
10 the structure; The box is fu;ly'enclosed e;ound a latenal
transversal cross sectional piane. The lateral cross sectional
plane is a plane which is'perpendicular to the longitudinal axis
106. The inventors have dlscovered an add1t10na1 benefit of the
- design of the present suspension. The amount of r1g1d1ty or
15' stiffness in the suspension may be easily adjusted by varying the
length of the flexure 104. When maximum rigidity is required,
flexure 104 is made of a length such that it completely covers
concave section 260. When less rididity is required, the flexure
length and the length of the formed box section may be reduced.
20 ~ However, it is preferred that at least some portion of the
coneave section 260 be covered by a portion of flexure 104 such
that a box section is formed along at least one lateral croes
_ sectional plane. |
| Fig. 6 shows a detailed perspective view of the end-of

'5 suspension 32. The wires 172 have been omitted to provide a

i



A controller unit 50 provides overall control to 5(sten110. Controller unit
6

50 typically contains central processing unit

(CPU), nenory unit and

~%other digital circuitry. Controller 50 is connected to an actuat.or
control/drive unit 56 which in turn is connected to actuator 36. This
allows controller 50 to control the novenment of heads 30 over disks 12. The
controller 50 is connected to a read/wite channel 58 which in turnis

" connect ed : ' ' - :

10

15

20

better view. Note the bend section 212 which is comprised of two

' wy" ghaped bend lines 270.

Fig. 7 shows a detailed cross-sestional view'Qf_the end of
suspension 32. The wires 172 are shown with epoxy balls_280
which aitach the wires 172 to flexure member 104. Also note the
tongue 210 is offset a vertical distance below.the rest of
Iflexure 104 such that a vertical gap 290 is formed between beam
100 and tongue 210. This gap 290'a110ws the tongue 210 snd head
30 to pivot about dimple 180 without interference.

The opefation of suspensios 32 may néw be understood. Mount
plate 102.prbvides a secure and solid swage attachment of the
suSpension 32 to arm 34;3 Spring section 114 allows the beam 100

to bend along line'134-to.positibn head 30 at the proper

_elevation above the disk 12. The raised portibn 142 in

combination with the flexure member 104 forms a box sectioﬁ.which
giVes the beam 100 great rigidity. This rigidity is achieved in
s very low profile height; The low profile allows for smaller
disk spacing and allows for more disks per drive. Additional

stiffness is provided'by flanges 160. These flanges 160 have

- both a side wall section 162 and a top section 164. Each flange

therefore has two bend lines. These two bend lines give the

. flange great stiffness in a very low profile height. A single

vertical flange of the prior art requires greater height to

achieve the same stiffness.

SA9-94-066 13

R

i



to the heads 30. This allows controller 50 to senﬂ/and recei ve data from
d

the disks 12. Controll®&r 50 is connected to a sp

|l e control/drive unit 60

swhich in turn is connected to spindle notor 16. This allows controller 50

to control

digital data to controller 50 to be stored on disks 12, or nmay request that
digital data be read fromdisks 12 and sent to the system 70. The basic

~operation @&%?&u%t§ohslmebbmisgﬁwelbﬁ wehaaam%g@ u% dgsqidwRethddy nore

detail in Magnetic Recordi ng Hand

Denni s e an Eric D. Daniel,

MG a30 - t6l §imBaok (F28BANYNd roll) to achieve the proper orientation.

10

15

20
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However,'the "v" shaped bend lines of section 212 ensure that

- tongue 210 and head 30 will always be approximately parallel to

beam 100.- This is an important requirement because improper
orientatioh'of the head 30 may make it impossible to read and
write data froﬁ.the'disk 12. In addition, tab 216 prevents
flexure 104 from bending to far away from beam 100. |

The suspension 32 is relatively ine#pensive to.mahufacture.
The main part of suspension 32 has only two main parts, the load
beam 100 and flexure 104. Flexure'104 does double duty by acting
as the bdttom side of the box structure as well as providing the
gimbal assembly for the head 30. |

Figs. 8 and 9 show top and bottom perspective views,
respectively; of.an alternative embodiment of the suspension of
the preseht'invention whiéh is designated by the general
reference number 300. Elements of suspension 300 which are
similar to elements of suspension 32 are designated by prime
number. Suspension'3ob may be sﬁbstituted for suspension 32 in
system 10. | |

Suspension 300 is shorﬁef in'length then suspension 32 and
is designed for use in smaller disk drives and drives which may

experience higher acceleration levels that produce head disk

separation. Suspension 300 varies from suspension 32 in that the

~raised portion 1427 extends along almbst the entire length of

SA9-94-066 | 14

the rotation of disks 12.. A host system 70, which is typically a
conputer system is connected to the controller unit 50. System 70 may send
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1990. Fig. 2 shows top

vi ew of system 10. A | oadi ranp nmenber 80 is

| ocated at the edge Qf(the di sk stack assenbly 20.\ Menber 80 automatically

sunl oads the heads 30 fromthe disks 12 as actuator 36 noves the heads 30 to
the -outer disk position. To unload a head neans to nove it a vertical

‘di stance away fromits corresponding disk surface. The ranp 80 is optional.
Al ternatively, the heads 30 may be placed pernanently I n the | oaded

posi tion between the disks.

10

15

20

25

rigid section 116 . The flexure 104° is sized such that the
concave 260° is completely éovered. Flanges are not needed in
this case. |

Dimple 180° engages tongue 210‘:at a point 310. Note that
in this case dimple 180° does not engage tongue 210 at the lower
elevation of tongue 210°. Instead, dimplé 180° engages the |
tongue 210" before the bend section 212°. The.dimple does not
have to extend ddwnward as far as'in suspension 32 and'so the
stamped dimple 180" may be of a smaller dlameter. lThe head 30°
is attached to tongue 210° such that its center of gravity is

directly belbw dimple 180', A small transition area 320 shouid

be left between raised portion 142° and dimple 180° of sufficient

length to prevent distortion of beam 100 during the manufacturing

process. B
Figs. 10 and 11 show perspective top and bottom views,

respectively, of an alternative embodiment of the suspehsion of

‘the present invention which is designated by the general

reference number 400. Elements of suspension 400 which are
similar to elements of suspension 32 are designated by prime
number. Suspension 400 may be substituted for suspensidn 32 in
system 10. | |
.Suspénsion 400 has a raised portion .142°° with a top
sectién 144°° and a wall séction 146°°. 1In addition, raised.

, »

portion 142 has a central depressed region 410'having a flat

bottom section 412 and a side wall section 414 which connects

SA9-94-066 15

Sheet Has Been Reﬂlaced

HII\I|\ M



7 Fig. 3 shows an expl gded view and Fig. 4 shows a(gop per spective view of
the head 30 and suspension 32. Suspension 32 conprkses a | oad beam 100, a
nount plate 102 and a flexible or flexure member 104. Beam 100, nount plate
102, and flexure 104 are fornmed by photolithographic etch processes. The
parts are then stanped to formthe el evati on changes and bends in the
material. Beam 100 has a |ongitudinal axis 106, a |lateral axis 108, ‘and a
vertical axis 110. The | oad beam 100 nay be made of a thin sheet material.

Stai“b@%%dﬂ‘?ﬁcﬂ?ﬁht%ii“%ﬁ*éﬂﬁ*kéhtion 142°°. The bottom section 412
.contacts and. is welded to flexure 104°°. Flexure 104°°
completely encloses the cavity forméd by raised portion 142".
The raised portion 142;' with depressedlregion 410 makes a véry

5 _rigid section. The slopes of walls 146°° may be relatively steep
(0.75-1.0) because of the addition of a stress relief aperture.
420. Aperture 420 allows-the material of beam 100 to accommodate
and compensate for stresses during the manﬁfacturing process, |
thus p:eventing unwanted deformation. _

10 | Flexure 104°° is similar to flexure 104. Dimﬁle 18077 .is
located within the'depressed region 410 and extends down to
engage the tongue section of flexure 104°°. By placing the
dimple 180°° within the depreséed region 410,.the rigid box
formed by the raised portion 142°° and.flexure 104°° is able to

15 . :extend beyond the aimple 180°°. 'This'extendé the stiff portion
"of the suspenéion beyond the pivot point (dimple 180).

An optional locad/unload tab 430 extends from beam 100. Tab
430 has a trough depression 432. The bottbm of depression 432 is
'used to engage the ramp 80 of system 10. |

20 © Suspension 400 has a plurality of wiring tabs 440 Wthh are
used to hold the wires (not shown) which run from head 30" to
the rest of system 10. _

Flexure 104" has a plurality of drain holes 442. The holes

442 allow liguids to drain away during the manufacturing process.

SA9-94-066 | 16 o
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t hi ckness of between 0,0381 and 0.0762 nmm and prefgrably 0.0635 mm The
mai n portion of beam 180 conprises a contiguous sukface 120 of a single
‘el evation. Load beam 100 has a nount plate section 112, a spring section
114, "and a rigid section 116. The nount plate section 112 has an aperture
120 which is sized to receive a swage spud 122 of nount plate 102. Munt
plate 102 may be made of stainless steel of a thickness between 0.1 and 0.4
mm and preferably 0.2 mm_ Munt plate 102 is welded to beam 100 at weld

spots 124. whhigeSpud $22FRITEES by HEndRe Tl el 2 ctiathd Gtrﬁréifftﬁﬁ’?rt ure on
‘the correspondi ng actuator arm 34. The spud 122 is then swaged
have been illustrated in detail, it should be apparent that
modifications and adaptation to those embodiments may occur to
one skilled in the art without departihg from the scope of the

5 present invention as set forth in the following claims.

SA9-94-066 ' 17
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The result is.that the }oad beam 100 is sécurely att ached to arm 34 by o
bei ng sandw ched betwegn the arm 34 and nount pl ate 102. t hough swagi ng
*is the preferred nethod of attaching beam 100 to arm 34, other nE '

as wel di ng, cenenting, or using 8 fasteners, may al so kg used. "I f such
alternative attachnent nethods are used, then plate 102 ma vidlak Been bl oy
Mount plate section 112 has a pair of stanped round dinpl e?/ l/ //I/’/II/,/ :
| Claims | [

wmat is claimed is: R R ) L
: *+ € L N § %

1. A suspension sYstem comprising:

a load beam haviné a first and second ends, the first end
for connection to a support member, the load beam having aﬁ
elongated stamped sectipn running along a longitudinal axis'of
the load beaﬁ and located between the first and second ends, the
stamped section forms a concave portion in the load beam; and

a flexible member connected to the load beam, a first end of

the flexible member covering the stamped concave portion, a

W ® 9 o B o W N e

secbnd end of the flexible member having a mounting section for

mounting a transducer assembly.

[y
o

1 - - 2. The éystem of claim 1, wherein the load beam has a
2 spring section locatéd between the first end and the stamped

section.

w

3. The system of claim 1, wherein the load beam has a first
surface at a first elevation and the stamped section comprises a

wall section and a top section, the top section having a surface

= W =

parallel to the first surface and being at a second elevation.

SA9-94-066 18



126 which extend upward-from surface 120. These d| | es 17%is H@dﬁﬁﬂﬂmm«m
-outside the vertical pegriphery of arm 34 when nou plate 1

rarm 34. In the event that the suspension 32 nust be rem)ve EM n”34
‘after swaging, dinples 126 act as an unl ocki ng nechanism The | oad bea 0

is rotated one way or the other around the swage hole 120
of dinples 126 will then engage the outer edge of arm 34 @"él Iﬂy }
to pop the swage spud 122 out of the smage hole in the arm*34.c Sprimg s
ection 114 ha r s. 132.
zprl ng. sectﬁl on%fl%4 ete&r{“’ eam%fgg rftf ?ﬂlﬁ-ﬁ-{% %alalxﬁ&;lgiﬁgfkegbendl ng
hS negeasRl xsft@.'ﬁa%ﬂ edgead 30 -

1 ' S. The system:of claim 3, wherein the wall section has a

N

stress relief aperture.

nos W e

1 6. The system of claim 1, wherein the ioad beam has a' first
2 and second'surfaces on opposite sides of the load beam and the

3 stamped section forms a convex portlon of the first surface and a
4 concave portion on the second surface.

7. The system of claim 1, wherein the mounting section of
the flexible member comprises an aperture, a tongue section |
extending into the aperture, the tongue section having a first
and second bend lines such that the tongue section is offset from
the flexible member, the bend lines being "v" shaped.

1 8. The system of claim 1, further éomprising a transducer
2 assembly connected to the mounting section of the flexible
3 member. |

SA9-94-066 - | 19



to its proper flying height above the disk. Rigid ction?ﬁ%&ﬁﬁ&m{éﬁﬁg@

the spring section 114(to a distal end 140 of bearg 100..: Se ,mﬂ,m_gam ,rn |
| |
als

-el ongated rai sed portion 142 which extends above surface 1
transition area 143 is | ocated between spring section 114 and r

section 142 to prevent distortion of the beam 100 during t
Rai sed portion 142 has a flat top section 144 which is DJM mlt,"lgﬂyﬂ#ﬂg
120 and a surrounding sloping wall section 146 which connects top '

44 to surfacend20 Lsed porti:on o142 i ongat ' hape ' :
%entered aFéngTéédsygggﬁi%ft%é%&ﬁrgét%gﬁ§gﬁhlg%%i?%&b%g% axi? 6. The
bengtBofbrigdbsed PRULEOBearing slider and an electronic transducer

o

3 element.

10. The system of claim 1, wherein the load beam has a
spring section located between thé first end of the load beam and
the stamped section, and the stamped section has a length of at
'leaét one half the distance between the spring section and the
second end of the load beam. |

wn > W N [

1 C 11. The system of claim 1, wherein the stamped section has

2 a depressed region which is in contact with the flexible member.
1 12. The'éystem of claim 1, wherein the second end of the

2 | flexible member has a tab member which extends around the second
3. end of the load beam.

SA9-94-066 _ 20
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9 142 is preferably eq' | to or greater than 50% of~ the length of the rigid
section 116. Raised poktion 142 is forned by a st I Ng PIRACSRS Has B rder
“to avoid distortion of beam 100 during the stanping proces; ﬁlﬂmﬂ ta

preferable that wall section 146 have a | ow slope. Prefera
AL AR
r

(dirstance of vertical height/distance of horizontal runjy
equal to 0.75 and is preferably O. 5

1. 13. A suspension system comprising:
2 a load beam having a first and second ends;:the first end
3 for_cohnectiqn to a support member, the load beam having an
| 4 elongated stamped section running along a_ldngitudinal axis of
5 the load beam and located between the first and second ends, the
6 stamped section forms a concave portion in the load beam; anﬁ |
7 a flexible member connected to the load beam, a first end of
8 . the flexible member covering the stamped concave portion, a
9. second end of the flexible member having a mounting section for
10 mounting a transducer assembly; |
11 a transducer aséembly connected to the mouhting section of
12 the flexible member;
13 a data storage disk located proximate to the_transducér
14  assembly; |
15 a rotation device connected'tp the disk for rotating the
16  disk; and - | |
17 | a movement device connected to the first.end of the load
18 beam for moving the transducer'assemﬁly relative to.the disk.
_ { : o
1 14. The system of claim 13, wherein the load beam has a
2 -spring section located between the first end and the stamped
3 seétion.

SA9-94-066 ' 21
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Section 116 also has a plurality of tooling apertur 150Tm&§£arﬁ5ﬂunﬁ am
and 158. These toolingtapertures allow for ease of(iflgnne
:of the parts of the suspension during nmanufacture hese a
- optional and may be elimnated. Rigid section 116 al so has a pa|

out si de edge flanges 160. The flanges 160 are each f or med

wal | section 162 and a top flat section 164 which is par allm‘m lﬂ"imm“ IIII
120. The flanges laterally overlap with raised portion 142« or ats

Lorsed portron 113 o¥ e dn Bl o mitiendill iils ouf P MR onges

360 a%ﬁrEQrE%Qﬂg&e@air%m@f¥%ﬂ”é¥§$§%10n and the stamped section

BOwW N e

3 comprises a wall section and a top section, the top section

4 having a surface parallel to the first surface and being at a

5 = second elevation.

1 ' 16. The'system of claim 15, wherein the wall section has a
2 slope of 0.75 or- less.

1 '~ 17. The system of claim 15, wherein the wall section has a

2 stress relief aperture.

18. The system of claim 13, wherein the load beam has a
first and second surfaces on opposite sides of the load beam and
the stampéd Section'forms a convex portion of the first surface
and a concave portion'on the second surface.

19. The system of claim 13, wherein the mounting section
of the flexible member comprises an aperture, a tongue section
extending into the aperture, the tongue section héving a first

and second. bend lines such that the tongue section is offset from

(S N S

the flexible member, the bend lines being "v* shaped.

SAS-94-066 22



The i nventors. have di szfvered an additional benefit- of tobIT'IﬁSm@MBe%Re laced

and 154. These hol es ale | ocated in the region of Kigid secti M, ﬂug\m'm I

»the raised portion 142 and flanges 160 overlap along a | ater
sectional plane. The region around holes 152 and 154 is not as rigi

ot her portions of section 116. This allows for a slight tor ﬂmum ﬂaﬂw
bet ween the section having portion 142 and the section havi l""
10

1. _ -20. The system of claim 13, further comprlslng a transducer
2 assembly connected to the mounting sectlon of the flexible
3 member. |

1 - 21. The system of claim 20,-whefein the transducer assembly
2 . comprises a fluid bearipg slider and an electronic transducer
3 element.

1 22. The system of claim 20, wherein the load beam has a

.2 . spring section located between the first end of the load beam and
3.  the stamped section, and the stamped section has a length of at
4 least one half the distance between the spring section and the
5 second end of the load beam.

1 23. The system of claim 20, wherein the stamped section has
2 a depressed region which is in contact with the.flexible member.
1 24. The system of claim 20, wherein the second end of the
2 flexible member has a tab member which extends around the second

3 end df'the load beam.

SA9-94-066 23



The result is that the Is a reduced lateral shifg at the head 30 at the
end of the suspension.\This slight decoupling of td’?e r ai Sen SREF LdsWaenlRbdaaR d

-flanges 160 allows for a cancellation of |ateral novenent. [
inertias of the raised portion 142 and the flanges 160 are dm&wlm) ﬂ :
together they forma tuned danper which mnimzes the firs i n.
" Rai sed portion 142 and flanges 160 both provide rigidity m 100.

It is inportant that rigid section 116 have at Ieast-one‘ﬁﬂlﬂﬁﬁ,mﬁwm :
1ai sed porpson A43u8hehbaBaeEydbBmakefdriksngength. - Alte VLYo 1 S

160 may be elimnated and raised section 142 extended t'o a position

Pproxi mat e §hgoddsbabm having a first and second ends, the first end

A W e

3 for connection to a support member;

a flexible member connected to the load beam, the flexible
member having an'aperture, a tongue section extending into the
‘aperture, the tongue section having a first and second bend lines

7 such that the tongue section is offset from the flexible member,

8 the bend lines being "v" shaped.

1 ' 26. The system of claim 25, wherein the load beam has a

2 spring section located between the first and second ends.

1 ' 27; The system of claim 25, further comprising a transducer
2 assembly connécted to the tongue section of the flexible member.

1 : 28. The system of claim 27, wherein the transducer assembly'
2 comprises a fluid bearing slider and an electronic transducer

'3 element,

SA9-94-066 ' : 24



K2

end 140. The distal end.140 has a pair of hammer head tabs 170 mhich are
used to align the suspd%5|ons during assenbly. Ad mnmard g0 und
dinple 180 is position proxinmate the center of distal end E’# Qi‘ laced

menber 104 is preferably made of a thin sheet mat eri al .

be used having a thickness of between 0.0203 and 0.0381 mm

0.0254 mm The nenber 104 is shaped to fit substantially within the
vertical periphery of beam 100. The flexure 104 has a su\r,\j]uﬁmmmﬂlmm'"
flexure 104241as &OO|II’I erture§e192 194 196 and 198 L ORR TR Al K ,m

sSusp P&L system comprisin

2 'a load beam having a first and second ends, the first end
3 for connection to a support member;
4 a flexible member connected to the load beam, the flexible
5 member having an aperture, a tbngue section extending into the
6 aperture, the tongue section having a first and secondlbend iines
7 such that Ehe tongue section is offset from the flexible member,
8 the bend lines being "v" shaped;
9 ' a transducer assembly connected to the tongue section of the
10 flexibie; |
11 * a data storage disk located proximate to the transducer
12 éssembly; | | |
13 a rotation device connected to the disk for rotating the
14  aisk; and |
15 a movement device.connected to the first end of the load
16 beam for moving the transducer assembly relative to the disk.
1 30. The syStém of_claim 29, wherein the load beam has a
2.  spring section located between the first and second ends..
'i . 31. ‘The system of claim 29,'further comprising a transducer
2 aésembly connected to the tongue section of the flexible member.

SA9-94-066 25



correspond to apertureg 152, 154, 156 and 158 of begam 100. TiigsShed tiadB eplaced
apertures are also opthonal. Flexure 104 has a pai{ of finger
“whi ch extend beyond the vertical periphery of beam 100 and
to position the flexure 104 during manufacture. Flexure 104 has a Tl exure
aperture 202 near its distal end 204. The aperture 202 is f
flexure legs 206. An end section 208 is connected to the enummmumﬂiwn“l
. * 4 L M s *

A tongue

1 32. The system of claim 29, wherein the transducer assembly
2 comprises a fluid bearing slider and an electronic transducer

3 element.
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secti-on 210 extends from end section 208 into apett’re 20
section 210 has a bend (section 212 which conprises{two parall el bend I|Ee§ced

which are in the shape & "v" or chevron pattern. e t onguehisioet

parallel to the surface 120 of beam 100 but is displaced bel B‘\“
190 of flexure 104. The flexure 104 has a per pendi cul ar tab

perpendi cul ar tab 216 which help to align the wires 172. Tab i s hook
- shaped in order -to engage the outer of distal end 140 of bean1100 Thi s
hook acts as a limter to ensure tgﬁ ! ure 104 does not displace
vertically too great ‘a distance fr 00. Flexure 104 is attached to
beam 100 prefo{a0lys Pon W St 88 @bmprises a load beam and a flexible

member. The load beam has an elongated stamped concave section.
The flexible member is attached to the load beam such that a

5 portioﬁ of the flexible'mem_l_aer' e_ncloées the concave section of

| the load beam. The flexure has an aperture with a tongue
section. The tongue section is offset by a "v" shaped bend. A

transducer aSsembly is attached to the tongue section.
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vel di ng spots 220. Head 30 is attached to tongue section 210 of flexure 104

preferably by cenent or other suitable attachrrent nmet hods.

positioned such that it engages

whi ch passes through appr oxi
30 conprises an air bearing
O her types of fluid

250 i s mounted on sl

connection pa

36~

"ACTUATOR
CONTROL/DRIVE

@l d r 24GJNiEV| ng

bearing slideysT

"‘dﬂ—'ﬁ‘#ﬁ"a'n'd,_l'é el eptrl

5~ READ/WRITE

D

210

AN ai

CHANNEL

e usi

C

Dinple 180 is

| line

vity HiSThead $0. 0Head
beaSYSTﬁMsurf cd0242.

r el ement

| (not shown) to

SPINDLE

'CONTROL/DRIVE

~—60
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.12 Wres 172 are connected to pads 252 (preferably by sol der) and extend
over section 204 and distal. epd 140 and back toward the rear of the
suspension 32. The wires ) flhen el ectrically connected to the rest of
system 10. The wires 172{are™sttashed to suspension 32 by epoxy or other

sui tabl e attachnent neth 1y. homaI?'botton1perspective vi ew of
suspensi on 32. Raisq\ sTals : . ecessed concave section 260 in

t he beam 100. Fl g ! enqlo s this concave section 260. The
result is_a parfk 3 ' .

" 'This Sheet Has Been R<ﬂlaced




- .the structure. The box is fully enclosed around a | ateral transversal
cross sectional plane. The |ateral cross sectional plane is a plane which
is perpendicular to the Iige'tudinal axis 106. The inventors have

di scovered an additional neNt of the design of the present suspension.
The amount of rigidity o ess in the suspension may be easily =
adj usted by varying‘,L: \ the flexure 104. When maximumrigidity is
required, flexurg 1®% is ength such that it conpletely covers

concave secti or 50.4§5===§: by is required, the flexure I ength and
> uced. However, it is

the | eg@Te l.,o‘ﬁﬂ!‘[ﬂ‘/,

FIG. 6

- This Sheet Has B
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.concave section 260 be covered by a portion of flexure 104 such that a box
section is forned along at |east one |ateral cross sectional plane. Fig. 6
shows a detail ed perspective view of the end of suspension 32. The wires
172 have been omtted to provide a = 13 better view Note the bend section
212 which is conprised of two "v" shaped bend |ines 270.

| o ' 252
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Fig. 7 shows a detailed cross sectional view of the end of suspension 32.
The wires. 172 are shown with epoxy balls 280 which attach the wires 172 to
flexure menber 104. Also note the tongue 210 is offset a vertical distance
bel ow the rest of flexure 104 such that a vertical gap 290 is forned
~between beamglO0 and tongue 210Jhis gap 290 allows the tongue 210

and. head 0 pivot about dinple 0 mﬁb@gut I nterference. The operation
of susp ' : nt plate 102 provides a secure
and solt hOon 32 to arm 34. Spring section

114 a{dBO

proper

This Sheet Has Been
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.el evation above the disk 12. The raised portion 142 in conbination wth the

fl exure nenber 104 fornms a box section which gives the beam 100 great
rigidity. This rigidity is achieved in a very |low profil
~profile allows for smaller disk spacing and allows for
drive. Additional stiffness is provided by flanges
have both a side wall section 162 and a tpg' secii
t herefore has two bend lines. These two ben
stiffness in a very low profile height.
prior art requires greater height to

~HG. 11
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flaims

1. A transducer’éuspension system comprising:

a load beam having a longitudinal axis, a lateral axis,
and a perpendicular axis, a first and a second ends of the
load beam being located on the longitudinal axis, the first
end for connection to a support member, the load beam having
a first and a second surfaces on opposite sides of the load
beam, a raised section running along the longitudinal axis of
the load beam and located between the first and second ends,
the raised section forms an elevated portion on the first
surface and a recessed portion on the second surface; and

a flexible member connected to the load beam, a first end
of the flexible member covering the recessed portion such
that the load beam and the flexible member form an enclosed
interior chamber along a cross sectional plane parallel to a
plane containing the lateral and perpendicular axes, a second
end of the flexible member having a mounting section for
mounting-a transducer assembly.

2. The system of claim 1, wherein the load beam has
a spring section located between the f£irst end and the raised
section.

3. The system of claim 1, wherein the first surface
of the load beam has a first planar section at a first
elevation, the raised section comprises a wall section and
top section, the top section having a planar surface parallel
to the first planar section and being at a second elevation.

4. The system of claim 3, wherein the wall section
has a slope change in distance along a direction parallel to
the perpendicular axis divided by change in distance along a
direction parallel to a plane containing the lateral and
longitudinel axes-of 0.75 or less e

- The system of claim 1, whereinwthe second surface' :
of the load beam has a first planar section, and the flexible

member has a first planar section which’ds attached to the | .
first planar section of the second surface of the load beam A

This is the reptacement shodl
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flexure 104 fronmbending to far away from beam 100. Theésﬂsﬁfwmﬁiﬂrﬁi?ﬁ7§;”_-
relatively inexpensive to nanufacture. The main part of suspension 32 has
only two main parts, the | oad beam 100 and fl exure 104. Fﬂﬁ%ﬁiéH

ced
doubl e duty by acting as the bottom side of the box struct mﬂ Wﬁl '

provi ding the ginbal assenbly for tlhe head 30. Figs. 8 and ﬁl
bott om perspective views, respectively, of an alternative enbodi ment of the

| respect i vel y, of an alt |
et or onge numger 1o evEcen BEC a8, £y WorRl THE 2aTRa) sbREIRENC) 0

el enent 0881 S BERERS: 57148 Lo ARREEIF Bnat od by prime

7. The system of claim 1, wherein the mounting
section of the flexible member comprises an aperture, a
tongue section extending into the aperture, the tongue
section having a first and second bend lines such that the
tongue section 1s offset at a different elevation from the
remainder of the flexible member, the bend lines being "v"
shaped. -

8. The system of claim 1, further comprising a
transducer assembly connected to the mounting section of the
flexible member.

9. The system of claim 8, wherein the transducer
assembly comprises a fluid bearing slider and a magnetic
transducer element.

10. The system of claim 1, wherein the load beam has
a spring section connected between the first end of the load
beam and the raised section, and the raised section has a
length of at least one half the distance between the spring
section and the second end of the load beam.

11. The system of claim 1, wherein the raised section
has a depressed interior region which is in contact with the _
flexible member.

12. The system of claim 1, wherein the second end of
the flexible member has a tab member which extends from the
flexible member located on the second side of the load beam
around an edge of the second end of the load beam, to the
first side of the load beam, the tab member limiting the
displacement of the flexible member along a direction
parallel to the perpendicular axis.

This is the réplacement sheet
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.nynber . SUspehsion.BOO nay bé;substitutéd for suspension 32 in'systen110.
Suspension 300 is shorter in length then suspension 32 ang, i 1 GiaBIGked OF
use.in smaller disk drives and drives which may experiéﬁ heePHas B
acceleration | evels that produce head disk separation. S B “\Hﬁ
varies from suspension 32 in that tB@ raised portion 142 I
al nost the entire | ength of 15

13. The system of claim 1, wherein the raised section

~ 1s an elongated stamped section.

14. The system of claim 1, wherein the load beam has
a flange section which overlaps the raised section along a
plane parallel to the lateral and perpendicular axes.

15. The system of claim 1, wherein the load beam and
the flexible member are both formed from planar sheets of
metal. '

16. A transducer suspension system comprising:

a load beam having a longitudinal axis, a lateral axis,
and a perpendicular axis, a first and a second ends of the
load beam being located on the longitudinal axis, the first
end for connection to a support member, the load beam having
a first and a second surfaces on opposite sides of the load
beam, a raised section running along the longitudinal axis of
the load beam and located between the first and second ends,
the raised section forms an elevated portion on the first
surface and a recessed portion on the second surface; and

a flexible member connected to the load beam, a first
end of the flexible member covering the recessed portion such
that the load beam and the flexible member form an enclosed
interior chamber along a cross sectional plane parallel to a
plane containing the lateral and perpendicular axes, a second
end of the flexible member having a mounting section for
mounting a transducer assembly;

a transducer assembly connected to the mounting section
of the flexible member;

a data storage disk located proximate to the transducer
assembly; .

a rotation device connedted to the disk for rotating
the disk; and

a movement device conﬁected to the first end of the
load beam for moving the transducer assembly relative to the

disk.

R
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rigid section 116'. The flexure 104' is si.zed such that—the concave 260" is
conpl.etely covered. Flanges are not needed in this case. Dinple 180 '
.engages tongue 210" at a. point 310. Note that in this ﬂﬁ&&ad

does not engage tongue 210" at the | ower elevation of to

dinpl e 180" engages ‘the tongue 210" bgfore the bend sect fﬂ
di npl e does not have to extend downward as far as in suspe

he st d di d The d 30

bt tached o tohhue TAS: SEELeR bt clallicihs (phefogpobhe ’f?ggdﬁ 2B P95 el ow

di npl e 18% szlfi ngef9chionslocabed hetwoensthe| §1rst end and the raised
sectlon.

18. The system of claim 16, wherein the first surface
of the load beam has a first planar section at a first
elevation, the raised section comprises a wall section and
top section, the top section having a planar surface parallel
to the first planar section and being at a second elevation.

19. The system of claim 18, wherein the wall section
has a slope change in distance along a direction parallel to
the perpendicular axis divided by change in distance along a
direction parallel to a plane containing the lateral and
longitudinal axes of 0.75 or less.

20. The system of claim 16, wherein the second surface
of the load beam has a first planar section, and the flexible
member has a first planar section which is attached to the
first planar section of the second surface of the load beam.

21. The system of claim 16, wherein the raised section
has a stress relief aperture.

22. The system of claim 16, wherein the mounting
section of the flexible member comprises an aperture, a
tongue section extending into the aperture, the tongue
section having a first and second bend lines such that the
tongue section is offset at a different elevation from the
remainder of the flexible member, the bend lines being "v"
shaped. :

23. The system of claim 16, wherein the transducer
assembly comprises a fluld bearing slider and a magnetic
transducer element.

24. The system of claim 16, wherein the load beam has
a spring section connected between the first end of the load

beam and the raised section, and the raised section has a
This is the repiacement sheet —_—
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be .l eft between raised portion 142" and dlnple 180’ oL—suii+e+eﬂ%—Leﬂg%h—to___“

prevent distortion of ‘beam 100 during the nanufacturing process. Figs. 10
~and 11 show perspective top and bottom vi ews, respectlvﬁ eaoﬁsnmmiﬁimmd

alternative enbodi nent of the suspension of the present his
designated by the general reference ne2ber 400. Elenent n 400
which are simlar to elenents of suspension 32 are designate y pri

nunber . SLemgsi on 90 St ons Whet e &da ok pﬁé‘éﬂ:&éh%é ﬂsﬁé‘fﬂ&m 10.
Suspensi Qi b1 d {1l SEELHM Lefd of 1EKe %ﬁ“

25. The system of claim 16, wherein the raised section
has a depressed interior region which 1s in contact with the
flexible member.

26. The system of claim 16, wherein the second end of
the flexible member has a tab member which extends from the
flexible member located on the second side of the load beam
around an edge of the second end of the load beam, to the
first side of the load beam, the tab member limiting the
displacement of the flexible member along a direction
parallel to the perpendicular axis.

27. The system of claim 16, wherein the raised section
1s an elongated stamped section.

28.' The system of claim 16, wherein the load beam has
a flange section which overlaps the raised section along a
plane parallel to the lateral and perpendicular axes.

29. The system of claim 16, wherein the load beam and
the flexible member are both formed from planar sheets of
metal.

30. A transducer suspension system comprising:

a load beam having a first and second ends, the first
end for connection to a support member; and

a flexible member connected to the load beam, the
flexible member having an aperture, a tongue section
extending into the aperture, the tongue section having a
first and second bend lines such that a transducer assembly
receiving section of the tongue section is offset at a
different elevation from the remainder of the flexible
member, the bend lines being "v" shaped, such that each bend
line has two nonparallel portions which intersect each other.
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section 144'' and a'wal | section 146'. .In addition, rai sed portion 142'

has a central depressed region 410 hQV|ng a flat bottonﬂﬁmmﬁalﬁ&ﬂ&
. side wall section 414 which connects - .16 botton1sect|o
section 142". The bottom section 412 contacts and is wel

104". Flexure 104" conpletely enclo28s the cavity fdrned y ralse port
142" . The raised portion 142" with depressed region 410 nmakes a very
31, The system of claim 30, wherein the load beam has
a spring section located between the first and second ends.

32. The system of claim 30, further comprising a
transducer assembly connected to the transducer assembly
receiving section of the tongue section of the flexible
member.

33. The system of claim 32, wherein the transducer
assembly comprises a fluid bearing slider and a magnetic.
transducer element.

34. The system of claim 30, wherein the load beam has
a load beam contact point proximate the second end which
contacts a flexlble member contact point at the tongue
section of the flexible member.

35. The system of claim 34, wherein the load beam
contact point is a dimple.

36. The system of claim 34, wherein the flexible
member contact point 1s located on the transducer assembly
recelving section of the tongue section.

37. The system of claim 34, wherein the flexible
member contact point is located on a portion of the tongue
section which is not the transducer assembly mounting
section.

38. The system of claim 30, wherein the load beam and
the flexible member are both formed of planar sheets of
metal.

39, The system of claim 30, wherein the flexible
member has a first planar surface connected to the load beam
and the transducer assembly receilving section has a planar
surface which is parallel to the first planar surface of the

A This is the replacefﬁént .shﬂb'f _
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rigid section. The'slopes of walls 146" may be reLatiVé,, steép (0.75-1.0)
because of the addition of a stress relief aperture 420. Aperture 420
. allows the material of beam 100 to accommodate and conpens 8kt iR Bes RefSSES

during the manufacturing process, thus preventing unwanté
Fl exure 104" is simlar to flexure 194. Dinple 180" is ﬂ t he

depressed region 410 and extends down to engage the tong

the i gi d b0 ¥ br acEgHradcet; SlsanPron byabin MEnFRRERIT] 0% "0 C 1o

extend beyond the dinple 180". This extends the stiff portijon
a load beam having a first and second ends, the

first end for connection to a support member;

a flexible member connected to the load beam, the
flexible member having an aperture, a tongue section
extending into the aperture, the tongue section having a
first and second bend lines such that a transducer assembly
recelving section of the tongue section is offset a different
elevation from the remainder of the flexible member, the bend.
lines being "v" shaped, such that each bend line has two
nonparallel portions which intersect each other;

a transducer assembly connected to the tongue section
of the flexible member; _

a data storage disk located proximate to the transducer
assembly;

a rotation device connected to the disk for rotating
the disk; and

a movement device connected to the first end of the
load beam for moving the transducer assembly relative to the
disk.

41. The system of claim 40, wherein the load beam has
a spring section located between the first and second ends.

42. The system of claim 40, wherein the transducer
assembly comprises a fluid bearing slider and a magnetic
transducer element.

43. The system of claim 40, wherein the load beam has
a load beam contact point proximate the second end which
contact a flexible member contact point at the tongue section
of the flexible member.

44, The system of claim 43, wherein the load beam
contact point is a dimple.

This Is the replacement sheet
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of  the sUspension beyohd-the pi vot point (dinple 180).;AQ_QQLLQnaL;;;_;__;'_
| oad/ unl oad tab 430 extends from beam 100. Tab.430 has a trough depression

: 432. The bottom of depression 432 is used to engage the eéghﬁmmﬁyﬁmmmh
10. SuspenS|on 400. has a plurality of wiring tabs 440
hold the wires (not shown) which run26rom head 30" to the “m\jmu
10. Flexure 104" has a plurality of drain holes 442. The "ow

liquids to drgsn ayRy gyEtofl bEecTEif' &SE%hBQeEﬁO’Eﬁésflexible
member contact point is located on the transducer assembly
recelving section of the tongue section.

46. The system of claim 43, wherein the flexible
member contact point is located on a portion of the tongue
section which is not the transducer assembly mounting
section.

47. The system of claim 40, wherein the load beam and
the flexible member are both formed of planar sheets of
metal. )

48. The system of claim 40, wherein the flexible
member has a first planar surface connected to the load beam
and the transducer assembly receiving section has a planar
surface which is parallel to the first planar surface of the
flexible member.

49, A transducer suspension system comprising:

a load beam having a longitudinal axis, a lateral axis,
and a perpendicular axis, a first and a second ends of the
load beam being located on the longitudinal axis, the first
end for connection to a support member, the load beam having
a first and a second surfaces on opposite sides of the load
beam, a railsed section running along the longitudinal axis of
the load beam and located between the first and second ends,
the raised section forms an elevated portion on the first
surface and a recessed portion on the second surface; and

a flexible member connected to the load beam, a first
end of the flexible member covering the recessed portion such
that the load beam and the flexible member form an enclosed
interior chamber along a cross sectional plane parallel to a
plane containing the lateral and perpendicular axes, a second
end of the flexible member having a mounting section for
mounting a transducer assembly, wherein the mounting section
of the flexible member comprises an aperture, a tongue
section extending into the aperture, the tongue section
having a first and second bend lines such that the tongue

This is the replacemeny shﬁl -
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17 Wile the preferred enbodrnents of the present |nventf
illustrated in detail, it should be apparent that nodifications and
adaptation to those embodi ment s may occur to one skill ed This Shbee HavBeedk Ji

departing fromthe scope of the present invention as set f
fol I owi ng cl ai ns. Cl ai ns 26 m

section 1s offset at a different elevatiofi from the remainder
of the flexible member, the bend lines being "v" shaped.

' 50. A transducer suspension system comprising:

a load beam having a longitudinal axis, a lateral axis,
and a perpendicular axis, a first and a second ends of the
load beam being located on the longltudinal axis, the first
end for connection to a support member, the load beam having
a first and a second surfaces located on a first and second
sides, respectively, of the load beam, a raised section
running along the longitudinal axis of the load beam and
located between the first and second ends, the raised section
forms an elevated portion on the first surface and a recessed
portion on the second surface; and

a flexible member connected to the load beam on the
second slde, a first end of the flexible member covering the
recessed portion such that the load beam and the flexible
member form an enclosed interior chamber along a cross
sectional plane parallel to a plane containing the lateral
and perpendicular axes, a second end of the flexible member
having a mounting section for mounting a transducer assembly,
wherein the second end of the flexible member has a tab
member which extends from the flexible member around an edge
of the second end of the load beam, to the first side of the
load beam, the tab member limiting the displacement of the
flexible member along a direction parallel to the
perpendicular axis

51. A transducer suspension system comprising:

a load beam having a longitudinal axis, a lateral axis,
and a perpendicular axis, a first and a second ends of the
load beam being located on the longitudinal axis, the first
end for connection to a support member, the load beam having
a first and a second surfaces on opposite sides of the load
beam, a raised section running along the longitudinal axis of
the load beam and located between the first and second ends,
the raised section forms an elevated portion on the first
surface and a recessed portion on the second surface;

This I3 the replacemant shaet
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1- A transducer suspensi on systen1conpr|5|ng a | oad beaﬁTﬁ—V|ng a
‘l'ongi tudinal axis, ‘a lateral axis, and a perpendicul ar axis, a flrst and a

« second ends of the | oad bean1being | ocated on the | ongitud laced
first end for connection to a support mnenber, the | oad beam Ti
and a second surfaces on opposite siges of the | oad beam a
running along the |ongitudinal axis of the |oad beam and |ocated betmeen
the first and, SpropenfOcienblf EahaEEtSE LG 1 B Hegh eV ferpertion ON
t he fIrSt ur%age a a %fcess ﬁ a aceoncid g
f I exi bl €2 ®n g me o%"ﬁﬁﬁﬁ? i FEFeRGE portion suc
that the load beam and the flexible member form an enclosed
interior chamber along a cross sectional plane parallel to a
plane containing the lateral and perpendicular axes, a second
end of the flexible member having a mounting section for

mounting a transducer assembly, wherein the mounting section

of the flexible member comprises an aperture, a tongue
section extending into the aperture, the tongue section
having a first and a second bend lines such that the tongue
section is offset at a different elevation from the remainder
of the flexible member, the bend lines being "v" shaped;

a transducer assembly connected to the mounting section
of flexible member;

: a data storage disk located proximate to the transducer
assembly;

a rotation device connected to the disk for rotating
the disk; and

a movement device connected to the first end of the
load beam for moving the transducer assembly relative to the
disk.

52. A transducer suspension system comprising:

a load beam having a longitudinal axis, a lateral axis,
and a perpendicular axis, a first and a second ends of the
load beam being located on the longitudinal axis, the first
end for connection to a support member, the load beam having
a first and a second surfaces on opposite sides of the load
beam, a raised section running along the longitudinal axis of
the load beam and located between the first and second ends,
the raised section forms an elevated portion on the first
surface and a recessed portion on the second surface;

‘fhis‘ is the repiacérhent shest _
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of the flexible menber covering the recessed poftidn sue
. beam and the flexible nmenber forman enclosed interior chanber along a
cross sectional plane parallel to a plane containing the'ﬂ&ﬁb&ﬂﬁm&ndujiaxd

per pendi cul ar axes, a second end of the flexible menber hiﬂ"m“mmm ug
section for nounting a transducer aszgnbly. 2. = The syste '
wherein the | oad beam has a spring section |ocated between the TIT
and the rai sed sretivle memB&Ff SYPRESLOL €5 LHe 11o¥ACHEAR bRCLAL " St surface
of the | god beall 1GS & FiIgt GhATSE SkE'1PRxih18 hehBbr covering the
recessed sucportion h that the load beam and the flexible
member form an enclosed interior chamber along a cross
sectional plane parallel to a plane containing the lateral
and perpendicular axes, a second end of the flexible member
"having a mounting section for mounting a transducer assembly,
wherein the second end of the flexible member has a tab
member which extends from the flexible member around an edge
of the second end of the load beam, to the first side of the
load beam, the tab member limiting the displacement of the
topflexible member along a direction parallel to the

perpendicular axis;

a transducer assembly connected to the mounting section
of the flexible member;

a data storage disk located proximate to the transducer
assembly;

a rotation device connected to the disk for rotating
the disk; and : :

a movement device connected to the first end of the
load beam for moving the transducer assembly relative to the
disk.
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elevatlon ihe jalsed section conprlses a mall

e -SP-NP- =Y Do t
1op sect|0ﬂ havrng a planar surface paral kel td & 31 ST nc fbti&ﬁﬂ7
and. being at a second el evation. 4. The systemolx Sl ol LD - BifeH e n“%ﬂ%g
secfion has a slope change in distance al ong a jdi:&t aPﬁFﬁe Fbpﬁﬁ@ -----
per pendi cul ar axi s divided by change in dlstanse Y o“@@ﬁ “bBMEﬁlél

) Abstisist of : Bagpg% tof paged .5.
The system of claim1, wherein the second surfuce of the load b

first planar section, and the flexible mehber 4 OF RE '.?qugﬂ§g§5 l
which is attached to the

TRANSDUCER SUSPENSION SYSTEM

Background of the Invention

Field of the Invention

This invention relates generally to transducer:suspension
systems'and more particularly to a suspension system having a low

profile.

Description of the Prior Art

Direct access storage devices (DASD), or disk drives,'store
information on concentric tracks of a rotatable magnetic
recording disk. A magnetic head or transducer element is moved
from track to track to record and read the desired information.
Typically, the magnetic head is positioned on an air bearing

3 slider which flies above the eurface of the disk_ae the disk
rotates. 1In some recently proposed disk drives, the slider (or
carrier) rides on a liquid film or bearing on the diskfe@
'suspens1on assembly connects the sllder to a rotary or llnear
actuator. The suspension provides support for the.s;Lde:, _;;

The suspension must meet several requirements. The
suspension must be flexible and.prdvide a.Eiae force in-the
vertical direction. This 1s necessary to prov1de a compensatlng
force to the llftlng force of the air bearlng in order to keep -

the slider at the correct height above the disk. Also, the

L
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fi.rst planar section of the second surface of the | oad beam 19 6. The
Systemof claim 1, wherein the raised section has a stress relief aperture.
7. The systemof claim 1, wherein the nounting section of the flexible
menber conprises an aperture, a tongue section extending into the aperture,
t he tongue section having a first and second bend |ines such that the

2

vertical flexibility is needed to allow the slider to be loaded
and unloaded away from the disk. Another requirement of the
suspension is that it must provide a pivotal connection for the
slider. Irregularities in manufacture and operation may result
in misalignment of the slider. The slider is able to compensate
for these problems by pitching and/or rolling slightly to
maintain the air bearing. Another requirement of the suspension
is that it must be rigid in the lateral direction. This is
needed to prevent the head from moving side to side, which would
result in the head reading the wrong track.

Examples of suspension systems are shown in the following
references: US Patent 4,167,765, issued September 11, 1979 to
Watrous; US Patent 4,797,763, issued January 10, 1989 to Levy et
al; US Patent'5,187,625, issued February 16, 1993 to Blaeser et
al; US Patent 5,208,712, issued May 4, 1993 to Hatch et al:
European Patent Application 04879i4 published October 29, 1991 by
Foote, et al; Japanese Patent Application 59-207065, published
November 24, 1984 by Hashimbto; and Japanese Patent Application
04-321918, published November 11, 1992 by Yamazaki.

Disk drives have become smaller in size while at the same
ltime the data storage capacity has greatly increased. Large
capacity disk drives typically have multiple disks mounted on the ‘
same rétatable spindle. 1In order to accommodate more disks in
the same height, the space between each disk must be greatly

Y decreased. Also, disk drives having only a single disk may have
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tongue section is offset at a different elevation fromthe remai nder of the
flexible nmenber, the bend lines being "v" shaped. 8. The system of claiml,
further conprising a transducer assenbly connected to the nounting section
of the flexible menber. 9. The systemof claim@8, wherein the transducer
assenbly conprises a fluid bearing slider and a nmagnetic transducer

el enment. 10. The systemof claim1, mhergin the | oad beam has a spring
section connected between the first end-e+ the | oad '

limited space to accommodate a suspension between the disk and an
outer housing. The height of the suspension has proven to be a
limiting factor in realizing closer disk spacing and smaller disk
drives. What is needed is a suspension system which has a very
low profile, meets the performance requirements, and is

inexpensive to manufacture.

Summary of the Invention

Briefly, in a preferred embodiment of the present invention,
a suspension system comprises a load beam and a flexible member.
The load beam has a stamped concave section. The flexible member
is attached to the load beam such that a portion of the flexible
member encloses the concave section of the load beam. The
resulting box structure provides rigidity to the load beam.

The flexible member has a tongue section which receives a
transducer assembly. ~The tongue section has two bend lines such
that the tongue section is offset from the rest 6f the flexible
member. The bend lines are "v" shaped in order to keep the
transducer assembly in the proper orientation. .

For a fuller understanding of the nature and advantages of
the present invention, reference should be made to the following
detailed description taken in conjunction with the accompanying

drawings.

This is the replacemen{ sheat

paie: ¢4 |%|

e St bmmen el



beam and the raised section, and the raised section has a | ength of at

s| east one half the distance between the spring section and the second end
of the |l oad beam 11. The systemof claim1l, wherein the raised section has
a depressed interior region which is in contact with the flexible nmenber..
12. The systemof claim1l, wherein the second end of the flexible nmenber
has a tab nmenber which extends fromthe glexible menber | ocated on the
second side of the |oad beam around an edge of the second end of the | oad

beam to the first side gf;dfh.kR38pPEMN of NENd FLABHYRS imting the

Fig. 1 is a schematic diagram of a data storage system of

the present invention:

Fig. 2 is a top view of the system of Fig. 1;

Fig. 3 is an exploded view the suspension of the system of
Fig. 1; | |

Fig. 4 is a top perspective view of the suspension of Fig.

3;
Fig. 5 is a bottom perspective view of the suspension of
! Fig. 3;
Fig..6 is a close-up view of a portion of the suspension of
Fig. 3:

Fig. 7 is a cross sectional view of a portion of the
suspension of “Fig. 3;

Fig. 8 is a top perspective view of an alternative
embodiment of the suspension of the present invention;

Fig. 9 is a bottom perspective view of the system of Fig. 7;

Fig. 10 is a top perspective view of an alternative.
embodiment of the suspension of the present invention; and

Pig. 11 is a bottom perspective view of the suspension of

Fig.10.

Description of the Preferred Embodiments

Fig. 1 shows a schematic diagram of a .data storage system of

the present invention and is designated by the general reference

This--\is the replacenient shest
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di spl acenent of the flexible menber along a direction parallel to the

‘per pendi cul ar axi s. 13. The systemof claiml, wherein the raised
section is an elongated stanped section. 14. The systemof claim1l, wherein
the | oad beam has a flange section which overlaps the raised section al ong
a plane parallel to the lateral and perpendi cul ar axes. 15. The system of

claiml, wherein the | oad beam and
5

number 10. System 10 comprises a plurélity of magnetic recording
disks 12. Each disk has a plurality of conéentric data tracks.
Disks 12 are mounted on a spindle motor shaft 14 which is
connected to a spindle motor 16. Motor 16 is mounted to a
chassis 18. The disks 12, spindle 14, and motor 16 comprise a
disk stack assembly 20.
A plurality of read/write heads 30 are positioned over the

disks 12 such that each surface of the disks 12 have a
corresponding head 30. Each head 30 is attached to one of the
plurality of suspensions 32 which in turn are attached to a
pluraiity of actuator arms 34. Arms 34 are connected to a rotary
actuator 36. Alternatively, the arms 34 may be an integral part
of a rotary actuator comb. Actuator 36 moves the heads in a
radial directibn across disks 12. Actuator 36 typically
comprises a rotating member 38 mounted to a rotating bearing 40,
a motor winding 42 and motor magnets 44. Aétpator 36 is also
mounted to chassisliB. Although a rotary actuator is shown in
the preferred embodiment, a linear actuator could also be used.
The heads 30, suspensions 32, arms 34, and actuator 36 comprise
an actuator assembly 46. The disk stack assembly 20 ahd the
actuator assembly 46 are sealed in an enclosure 48 (shown by
dashed line) which provides proﬁection from particulate
contamination.

A controller unit 50 provides overall control to system 10.

Controller unit 50 typically contains a central processing unit

This is the replacemeri'sﬁoit
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the flexible nmenber are both fornmed from planar sheets of nmetal. 16. A
*transducer suspension system conprising: a |oad beam having a | ongitudi nal
axis, a lateral axis, and a perpendicular axis, a first and a second ends
of the | oad beam being | ocated on the longitudinal axis, the first end for
connection to a support nenber, the | oad beam having a first and a second
surfaces on opposite sides of the | oad am a raised section running al ong
t he | ongi tudi nal axis of the | oad beanmard | ocated between the first and

second ep&igm) ,t hzr?et&o%s%gli%eg%iiogtlfl&{' r@ic?ﬂ:ae_d ecvi?:tc%q t9‘9r.t i 88n990if§rf§d Sits
connected to an actuator control/drive unit 56 which in turn is
connected to actuator 36. This allows controller 50 to control
the movement of heads 30 over disks 12. The controller 50 is
connected to a read/write channel 58 which in turn is connected
to the heads 30. This allows controller 50 to send and receive
data from the disks 12. Controller 50 is connected to a spindle
control/drive unit 60 which in turn is connected to spindle motor
16. This allows controller 50 to control the rotation of disks
12. A host system 70, which is typically a computer system, is
connected to the controller unit 50. Systém 70 may send digital
data to controller 50 to be stored on disks 12, or may request
that diéital data be read from disks 12 and sent to the systém

70. The basic operation of DASD units is well known in the art

S and is described in more detail in Magnetic Recording Handbook,
C. Dennis Mee and Eric D. Daniel, McGraw - Hill Book Company,
1990.

Fig. 2 shows top view of system 10. A loading ramp member
80 is located at the edge of the disk stack assembly 20. Member

i 80 automatically unloads the heads 30 from the disks 12 as
actuator 36 moves the heads 30 to the outer disk position. To
unload a head means to move it a verﬁical distance away from its
corresponding disk surface. ‘The ramp 80 is optional.
Alternatively, the heads 30 may be placed permanently in the

loaded position between the disks.
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surface and a recessed portion on the second surface; and a flexible menber
-connected to the load beam a first end of the flexible nmenber covering the
recessed portion such that the | oad beam and the flexible nmenber form an
encl osed interior chanmber along a cross sectional plane parallel to a plane
containing the lateral and perpendicul ar axes, arssecond end of the flexible
menber having a nounting section for nngnting a transducer assenbly; a
transducer assenbly connected to the met#ti ng section of the flexible
menber; a data storage disk |ocated proximate to the transducer
Fig. 3 shows an exploded view and Fig. 4 shows a top
perspective view of the head 30 and suspension 32. Suspension 32
comprises a load beam 100, a mount plate 102 and a flexible or
flexure member 104. Beam 100, mount plate 102, and flexure 104
are formed by photolithographic etch processes. The parts are
then stamped to form the elevation changes and bends in the
material. Beam 100 has a longitudinal axis 106, a lateral axis
108, and a vertical axis 110. The load beam 100 may be made of a
thin sheet material. Stainless steel may be used with a
thickness of between 0.0381'and 0.0762 mm and preferably 0.0635
mm. The main portion of beam 100 comprises a contiguous surface
120 of a single elevation. |
Load beam 100 has a mount plate section 112, a spring
section 114, and a rigid section 116. The mount plate section
112 has an aperture 120 which is sized to receive a swage spud
122 of mount plate 102. Mount plate 102 may'be made of stainless
steel of a thickness between 0.1 and 0.4 mm and preferably 0.2
mm. Mount plate 102 is welded to beam 100 at weld spots 124.
The spud 122 passes through aperture 120 and into an aperture on
v the corresponding actuator arm 34. The spud 122 is then swaged.
The result is that the load beam 100 is securely attached to arm
34 by being sandwiched between the arm 34 and mount plate 102.
Although swaging is the preferred method of attaching beam 100 to

arm 34, other methods such as welding, cementing, or using
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assenbly; a rotation device connected to the disk for rotating the disk;
-and a novenent device connected to the first end of the | oad beam for
novi ng the transducer assenbly relative to the disk. 2 1 17. The system
of claim 16, wherein the | oad beam has

8

fasteners, may also be used. If such alternative attachment
methods are used, then plate 102 may be eliminated.

Mount plate section 112 has a pair of stamped round dimples
126 which extend upward from surface.lzo. .These dimples 126 are
located outside the vertical periphery of arm 34 when mount plate
102 is swaged to arm 34. In the event that the suspension 32
must be removéd Erom Ehe arm 34 after swaging, dimples 126 act as
an unlocking mechanism. The load beam 100 is rotated one way or
the other around the swage hole 120. One or the other of dimples
126 will then engage the outer edge of arm 34 and act as a lever
to pop the swage spud 122 out of the swage hole in the arm 34.

"Spring section 114 has an aperture 130 which is flanked by
two spring legs 132. Spring section 114 allows beam 100 to bénd
about an axis"134. The bending is necessary to load the head 30
to its proper flying height above the disk.

Rigid section 116 extends from the spring section 114 to a
distal end 140 of beam 100. Section 116 has an elongated raised
portion 142 which extends above surface 120. A small transition
area 143 is located between spring secﬁion 114 and raised section .
142 to prevent distortion of the beam 100 during manufacture.
Raised portion 142 has a flat top section 144 which is parallel
to surface 120 and a surrounding sloping wall section 146 which
connects top section 144 to surface 120. Raised portion 142 is
elongated in shépe and is centered along and runs in the

direction of longitudinal axis 106. The length of raised portion
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a épring section | ocated between the first end and the raised section. 18.
- The system of claim 16, wherein the first surface of the | oad beam has a
first planar section at a first elevation, the raised section conprises a
wal | section and top section, the top section having a planar surface
parallel to the first planar section and being at a second el evation. 19.
The system of claim 18, wherein the wall section has a sl ope change in

di stance along a direction parallel to_the perpendicul ar axis divided by

change i9,di stance al ang, & di;n°eh 80 BALALLE" 0 A AP ST ALA%E e
the rigid section 116. Raised portion 142 is formed by a
stamping process. In order to avoid distortion of beam 100
during the stamping process it is preferable that wall section
146 have a low slope. Preferably the slope (distance of vertical
height/distance of horizontal run) is less than or equal to 0.75
and is preferably 0.5.

Section 116 also has a plurality of tooling apertures 150,
152, 154, 156 and 158. These tooling apertures allow for ease of
alignment and centering of the parts of the suspension during
manufacture. These apertures are optional and may be eliminated.

Rigid section ‘116 also has a pair of outside edge flanges
160. The flanges 160 are each formed with a sloping wall sectidn
162 and a top flat section 164 which is parallel to surface 120.
The flanges laterally overlap with raised portion 142 for a short
distance along the length of axis 106. The flanges 160 extend
from the raised portion 142 to a position proximate the distal
end 140. The flanges 160 are formed by a stamping process.

The inventors have discovered an additional benefit of
tooling holes 152 and 154. These holes are located in the region
of rigid section 116 where the raised portion 142 and flanges 160
overlap along a lateral cross sectional plane. The region around
holes 152 and 154 is not as rigid as other portions of section
116. This allows for a slight torsional pivot between the

section having portion 142 and the section having flanges 160.
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| ongi tudi nal axes of 0.75 or less. 20. The system of claim 16, wherein the
-second surface of the |oad beam has a first planar section, and the

flexi ble menber has a first planar section which is attached to the first
pl anar section of the second surface of the |oad beam 21. The system of
claim 16, wherein the raised section has a stress relief aperture. 22. The
system of claim 16, wherein the nmounting section of the flexible nmenber
conpri ses an aperture, a tongue sectionléktending into the aperture, the

t ongue S'Fk({é | resuh.l?tw nSg t% E?ltergngs Secon UCS qatlera SHCPttQCat trtxehq'xead

30 at the end of the suspension. This slight decoupling of the
raised portion 142 and flanges 160 allows for a cancellation of
lateral movement. The rotational inertias of the raised portion
142 and the flanges 160 are such that together they form a tuned
damper which minimizes the first torsional gain.

Raised portion 142 and flanges 160 both provide rigidity to
the beam 100. It is important that rigid section 116 have at
least one or the other of raised portion 142 or flanges 160 along
its length. Alternatively, flanges 160 may be eliminated and
raised section 142 extended to a position proximate the distal
end 140.

The distal end 140 has a pair of hammer head tabs 170 which
are used to align the suspensions during assembly. A downward

- extending round dimple 180 is position proximate the center of__
distal end 140. ' -

Flexure member 104 is preferably made of a thin sheet
material. Stainiess steel may be used having a thickness of
between 0.0203 and 0.0381 mm and preferably 0.0254 mm. The
member 104 is shaped to fit substantially within the vertical
periphery of beam 100. The flexure 104 has a surface 190. The
flexure 104 has tooling apertures 192, 194, 196 and 198 which
correspond to apertures 152, 154, 156 and 158 of beam 100. These
tooling apertures are also optional. Flexure 104 has a pair of

finger tabs 200 which extend beyond the vertical periphery of
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tongue section is offset at a different elevation fromthe renmainder of the
-fl exi ble nmenber, the bend |ines being "v" shaped. 23. The system of claim
16, wherein the transducer assenbly conprises a fluid bearing slider and a
magneti c transducer elenent. 24. The system of claim 16, wherein the | oad
beam has a spring section connected between the first end of the | oad beam
and the raised section, and the raised %Sption has a

beam 100 and may be used to position the flexure 104 during
manufacture. .

Flexure 104 has a flexure aperture 202 near its distal end
204. The aperture 202 is flanked by two.fiexure legs 206. An
‘end section 208 is connected to the ends of legs 206. A tongue
section 210 extends from end section 208 into aperture 202. The
tongue section 210 has a bend section 212 which comprises two
parallel bend lines which are in the shape of "v* or chevron
pattern. The tongue 210 is parallel to Ehe surface 120 of beam
100 but is displaced below the surface 190 of flexure 104.

The flexure 104 has a perpendicular tab 214 and a
perpendicular tab 216 which help to align the wires 172. Tab 216
is hook shaped in order to engage the outer of distal end 140 of
beam 100. This hook acts as a limiter to ensure that flexure 104
does not displace vertically Eoo great a distance from beam 10Q.

Flexure 104 is attached to beam 100 preferably by welding at
‘welding spots 220. Head 30 is attached to tongue section 210 of
flexure 104 preferably by cement or other suitable attachment
methods. Dimple 180 is positioned such that it engages tongue
section 210 along a vertical line which passes through
apﬁroximately the center of gravitf of head 30.

Head 30 comprises an air bearing slider 240 having an air
bearing surface 242. Other types of fluid bearing sliders may
also be used. A transducer element 250 is mounted on slider 240

and is electrically connected (not shown) to connection pads 252.
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length of at |east one half the distance between the spring section and the
second end of the | oad beam 25. The system of claim 16, wherein the raised
section has a depressed interior region which is in contact with the
flexible menber. 26. The system of claim 16, wherein the second end of the
fl exi bl e menber has a tab nenber which extends fromthe flexible nenber
| ocated on the second side of the |oad b? m around an edge of the second
end of the |load beam to the first sid he | oad beam the tab nenber
limting the
Wires 172 are connected to pads 252 (preferably by solder) and
extend over section 204 and distal end 140 and back toward the
rear of the suspension 32. The wires 172 are then electrically
connected to the rest of system 10. The wires 172 are attached
to suspension 32 by epoxy or other suitable attachment methods.
Fig. 5 shows a bottom perspective view of suspension 32.
Raised portion 142 forms a recessed concave section 260 in the
beam 100. Flexure 104 partially encloses this concave section
260. The result is a partial box section which adds rigidity to
the structure. The box is fully enclosed around a lateral
transversal Cross sectional plane. The lateral cross sectional
plane is a plane which is perpendicular to the longitudinal axis
106. The inventors have discovered an additional benefit of the
design of the'present suspension. The amount of rigidity or
stiffness in the suspensioh may be easily adjusted by varying the
length of the flexure 104. Whén maximum rigidity is required,
flexure 104 is made of a length such that it completely covers
concave section 260. When less rigidity is required, the flexure
length and the length of the formed box section may be reduced.
However, it is preferred that at least some portion of the
concave section 260 be covered by a portion of flexure 104 such
that a box section is formed along at least one lateral cross
sectional plane.

Fig. 6 shows a detailed perspective view of the end of

suspension 32. The wires 172 have been omitted to provide a
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di sp‘l acement of the flexible menber along a directi on parallel to the
perpendi cul ar axis. 27. The system of claim 16, wherein the raised section
is an elongated stanped section. 28. The system of claim 16, wherein the

| oad beam has a flange section which overlaps the raised section along a
pl ane parallel to the lateral and perpendicul ar axes. 29. The system of

claim 16, wherein the |oad beam and the fl.exible menber are both forned
from pl anar sheets of nmetal. 30. A tran er suspensi on system
conpri si ng;

better view. Note the bend section 212 which is comprised of two
"v" shaped bend lines 270.

Fig. 7 shows a detailed cross sectional view of the end of
suspension 32. The wires 172 are shown with epoxy balls 280
which attach the wires 172 to flexure member 104. Also note the
tongue 210 is offset a vertical distance below the rest of
flexure 104 sﬁch that a vertical gap 290 is formed between beam
100 and tongue 210. This gap 290 allows the tongue 210 and. head
30 to pivot about dimple 180 without interference.

The operation of suspension 32 may now be understood. Mount
plate 102 provides a secure and solid swage attachment of the
suspension 32 to arm 34. Spring section 114 allows the beam 100
to bend along line 134 to position head 30 at the proper
elevation above the disk 12. The raised portion 142 in
combination with the flexure member 104 forms a box section which
gives the peam 100 great rigidity. This rigidity is achieved in
‘a very low profile height. The low profile allows for smaller
disk spacing and allows for more disks per drive. Additional
stiffness is provided by flanges 160. These flanges 160 have
both a side wall section 162 and a top section 164. Each flange
therefore has two bend lines. These two bend lines give the
. flange great stiffness in a very low profile height. A‘single
vertical flange of the prior art requires greater height to

achieve the same stiffness.
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a |l oad beam having a first and second ends, the first end for connection to
-a support nmenber; and a flexible nenber connected to the | oad beam the

fl exi bl e menber having an aperture, a tongue section extending into the
aperture, the tongue section having a first and second bend |ines such that
a transducer assenbly receiving section of the tongue section is offset at
a different elevation fromthe renmai ndert4of the flexible nmenber, the bend

|l i nes being "v" shaped, such that each™@énd |ine has two nonparall el

portions Mhiq{hérgf@iﬁ%%t189C9ncééﬁgination with dimple 180 allows head

30 to gimbal (pitch and roll) to achieve the proper orientation.
However, thé "v" shaped bend lines of section 212 ensure that
tongue 210 and head 30 will always be approxima;ely paraliel to
beam 100. This is an important requirement because improper
orientation of the head 30 may make it impossible to read and
write data from the disk 12. In addition, tab 216 prevents
flexure 104 from bending to far away from beam 100.

The suspension 32 is relatively inexpensive to manufacture.
The main part of suspension 32 has only two main parts, the load
beam 100 and flexure 104. Flexure 104 does double duty by actinq
as the bottom side of the box structure as well as providing the
gimbal assembly for the head 30.

Figs. 8 and 9 show top and bottom perspeétive views,
respectively, of an alternative embodiment of the suspension of
the present invention which is designated by the general
reference number 300. Elements of suspension 300 which are
similar to eleménts of suspension 32 are designated by prime
number. Suspension 300 may be substituted for suspension 32 in
system 10.

Suspension 300 is shorter in length then suspension 32 and
is designed for use in smaller disk drives and drives which may
experience higher acceleration levels that produce head disk
separation. Suspension 300 varies from suspension 32 in that the

7 raised portion 142° extends along almost the entire length of



23 31. The systemof claim 30, wherein the | oad beam has a spring section
|-ocat ed between the first and second ends. 32. The system of claim 30,
further conprising a transducer assenbly connected to the transducer
assenbly receiving section of the tongue section of the flexible nenber.
33. The system of claim 32, wherein the transducer assenbly conprises a

fluid bearing slider and a nmagnetic
15

——

rigid section 116°. The flexure 104° is sized such that the
concave 260° is completely covered. Flanges are not needed in
this case. _

Dimple 180° engages tongue 210° at a point 310. Note that
in this case dimple 180° does not engage tongue 210° at the lower
elevation of tongue 210°. Instead, dimple 180° engages the
tongue 210° before the bend section 212°. The dimple does not
have to extend downward as far as in suspension 32 and so the
stamped dimple 180° may be of a smaller diameter. The head 30°
is attached to tongue 210° such that its center of gravity is
directly below dimple 180°. A small transition area 320 should
be left between raised portion 142° and dimble 180° of sufficient
length to prevent distortion of beam 100 during the manufacturing
process.

| Figs. 10 and 11 show perspective top and bottom views,
respectively, of an alternative embodiment of the suspension of
the present invention thch is designated by.the general
reference number 400. Elements of suspension 400 which are
similar to elements of suspension 32 are designated by prime
number. Suspension 400 may be substituted for suspension 32 in
system 10.

Suspension 400 has a raised portion 142°° with a top
section 144°° and a wall section 146°°. In addition, raised
portion 142°° has a central depressed region 410 having a flat

bottom section 412 and a side wall section 414 which connects
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transducer element. 34. The system of claim 30, wherein the | oad beam has a
1 oad beam contact point proximte the second end which contacts a flexible
menber contact point at the tongue section of the flexible nmenber. 35. The
system of claim 34, wherein the | oad beam contact point is a dinple. 36.
The system of claim 34, wherein the flexible nenber contact point is

| ocated on the transducer assenbly receizkng section of the tongue section.
37. The system of claim 34, wherein the xi bl e

bottom section 412 to top section 142°°. The bottom section 412
contacts and is welded to flexure 104°°. Flexure 104°°
completely encloses the cavity formed by raised portion 142°°.
The raised portion 142°° with depressed region 410 makes a very
rigid section. The slopes of walls 146°° may be relatively steep
(6.75-1.0) because of the addition of a stress relief aperture
"420. Aperture 420 allows the material of beam 100 to accommodate
and compensate for stresses during the manufacturing process,
thus preventing unwanted deformation.

Flexure 104°° is similar to flexure 104. Dimple 180°° is
located within the depressed region 410 and extends dowh to
engage the tongue section of flexure 104°°. By placing the
dimple 180°° within the depressed region 410, the rigid box
formed by the raised portion 142°° and flexure 104°° is able to
extend beyond the dimple 180°°. This extends the stiff portion
ef the suspension beyond the pivot point {(dimple 180).

An opﬁional load/unloed tab 430 extends from beam 100. Tab
‘430 has a trough depression 432. The bottom of depression 432 is
used to engage the ramp 80 of system 10.

Suspension 400. has a plurality of wiring tabs 440 which are
used to hold the wires (not shown) which run from head 30°° to
the rest of system 10.

Flexure 104" has a plurality of drain holes 442. The holes

442 allow liquids to drain away during the manufacturing process.
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menber contact point is |ocated on a portion of the tongue section which is
-not the transducer assenbly nounting section. 38. The system of clai m 30,
wherein the | oad beam and the flexible nenber are both formed of planar
sheets of netal. 39. The system of claim 30, wherein the flexible nenber
has a first planar surface connected to the | oad beam and the transducer
assenbl y receiving section has a planar_bklirface which is parallel to the
first planar surface of the flexible nmenber.

While the preferred embodiments qf the present invention
have been illustrated in detail, it should be apparent that
modifications and adaptation to those embodiments may occur to
one skilled in the art without departing from the scope of the

present invention as set forth in the following claims.
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24 40. A transducer suspension system conprising: a |oad beam having a
-first and second ends, the first end for connection to a support nenber; a
fl exi bl e menber connected to the | oad beam the flexible nenber having an
aperture, a tongue section extending into the aperture, the tongue section
having a first and second bend |inessuch that a transducer asse

clatns b IIIII i Illl

1. A transducer suspension system comprising:

a load beam having a longitudinal axis, a lateral axis,
and a perpendicular axls, a first and a second ends of the
load beam being located on the longitudinal axis, the first
end for connection to a support member, the load beam having
a first and a second surfaces on opposite sides of the load
beam, a raised section running along the longitudinal axis of
the load beam and located between the f£irst and second ends,
the railsed section forms an elevated portion on the first
surface and a recessed portion on the second surface; and

a flexible member connected to the load beam, a first end
of the flexible member covering the recessed portion such
that the load beam and the flexible member form an enclosed
interior chamber along a cross sectional plane parallel to a
plane containing the lateral and perpendicular axes, a second
end of the flexible member having a mounting section for
mounting a transducer assembly.

2. The system of claim 1, wherein the load beam'has
a spring section located between the first end and the raised
section.

3. The system of claim 1, wherein the first surface
of the load beam has a first planar section at a first
elevation, the raised section comprises a wall section and
top section, the top section having a planar surface parallel
to the first planar section and being at a second elevation.

4. The system of claim 3, wherein the wall section
has a slope change in distance along a direction parallel to
the perpendicular axils divided by change in distance along a
direction parallel to a plane contailning the lateral and
longitudinal axes of 0.75 or less.

5. The system of claim 1, wherein the second surface
of the load beam has a first planar section, and the flexible
member has a first planar section which is attached to the
first planar section of the second surface of the load beam.
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receiving section of the tongue section is offset a different el evation
fromthe renmni nder of the flexible nenber, the bend Iines\bngg\isétiiggggl
such that each bend Iine has two nonparallel portions which inter

other; a transducer assenbly connected to the tongue seci"”“ﬂ ;
flexi bI e nenber; a data storage di sk jgocated proxi mate t ””WWH&"I _
assenbly; a rotatlon devi ce connect 80T the disk for rotatifg &

and a movenmentg deviGe LARNGERd diaiiha J et t¥e Y sed section

has a stress relief aperture.

7. The system of claim 1, wherein the mounting
sectlion of the flexible member comprises an aperture, a
tongue section extending into the aperture, the tongue
section having a first and second bend lines such that the
tongue section 1s offset at a different elevation from the
remainder of the flexible member, the bend lines being "v"
shaped.

8. The system of claim 1, further comprising a
transducer assembly connected to the mounting section of the
flexible member.

9. The system of claim 8, wherein the transducer
assembly comprises a fluid bearing slider and a magnetic
transducer element.

10. The system of claim 1, wherein the load beam has
a spring section connected between the first end of the load
beam and the raised section, and the raised section has a
length of at least one half the distance between the spring
section and the second end of the load beam.

11. The system of claim 1, wherein the raised section
- has a depressed interior region which 1is in contact with the
flexible member.

12. The system of claim 1, wherein the second end of
the flexible member has a tab member which extends from the
flexible member located on the second side of the load beam
around an edge of the second end of the load beam, to the
first side of the load beam, the tab member limiting the
displacement of the flexible member along a direction
parallel to the perpendicular axis.

This Is the replacemerit sheet



| oad beam f or novi ng the transducer assenbly relative to the disk. 41. The
-system of cl ai m40, wherein the | oad beam has a spring section |ocated
between the first and second ends. 42. The system of cl ai m 40, erei

transducer assenbly conprises a fluid bearing slider and ﬂ
transducer element. 43. The system oROcl ai m 40, wherein t wmu ,’m ! g'la
| oad beam contact point proximate the second end which cont*act at

member ContaCRSDO'@heakyﬁbémteﬁgéiaiﬂcl'OﬂhQEe&Rethbe*hhbédWEGEQ&on
~ 1s an elongated stamped section.

14. The system of claim 1, wherein the load beam has
a flange section which overlaps the raised section along a
plane parallel to the lateral and perpendicular axes.

15. The system of claim 1, wherein the load beam and
the flexible member are both formed from planar sheets of
metal.

16. A transducer suspension system comprising:

a load beam having a longlitudinal axls, a lateral axis,
and a perpendicular axls, a first and a second ends of the
load beam being located on the longitudinal axis, the first
end for connection to a support member, the load beam having
a first and a second surfaces on opposite sides of the load
beam, a raised section running along the longitudinal axis of
the load beam and located between the first and second ends,
the raised section forms an elevated portion on the first
surface and a recessed portion on the second surface; and

a flexible member connected to the load beam, a first
end of the flexible member covering the recessed portion such
that the load beam and the flexible member form an enclosed
interior chamber along a cross sectional plane parallel to a
plane containing the lateral and perpendicular axes, a second
end of the flexible member having a mounting section for
mounting a transducer assembly;

a transducer assembly connected to the mounting section
of the flexible member;

a data storage disk located proximate to the transducer
assembly; :

_ a rotation device connected to the disk for rotating
the disk; and

a movement device connected to the first end of the
load beam for moving the transducer assembly relative to the

disk. .
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44. The system of claim 43, wherein the | oad beam contact point is a
-di npl e. 25 45. The system of claim 43, wherein the flexible nenber
contact point is located on the transducer assenbly receiving sectiomnmof

t he tongue section. 46. The system of claim43, wherein th ' ‘
contact point is |located on a portiompf the tongue ﬂ”m]m m” m
- * c L M s *

17. The system of claim 16, wherein-the load beam has
a spring section located between the first end and the raised
section. :

18. The system of claim 16, wherein the first surface
of the load beam has a first planar section at a first
elevation, the raised section comprises a wall section and
top section, the top section having a planar surface parallel
to the first planar section and being at a second elevation.

19. The system of claim 18, wherein the wall section
has a slope change in distance along a direction parallel to
the perpendicular axis divided by change in distance along a
direction parallel to a plane contalning the lateral and
longitudinal axes of 0.75 or less.

20. The system of claim 16, wherein the second surface
of the locad beam has a first planar section, and the flexible
member has a first planar section which is attached to the
first planar section of the second surface of the load beam.

21. The system of claim 16, wherein the raised section
has a stress relief aperture.

22. The system of claim 16, wherein the mounting
section of the flexible member comprises an aperture, a
tongue section extending into the aperture, the tongue
section having a first and second bend lines such that the
tongue section 1s offset at a different elevation from the
remainder of the flexlble member, the bend lines being "v"
shaped.

23.' The system of claim 16, wherein the transducer
assembly comprises a fluld bearing slider and a magnetic
transducer element.

_ 24, The system of claim 16, wherein the load beam has
a spring section connected between the first end of the load
beam and the raised section, and the ralsed section has a
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section which is not the transducer assenbly nounting section. 47. The

-system of claim 40, wherein the | oad beam and the flexible nenber are both

formed of planar sheets of nmetal. 48. The system of claim 40, wherein the

flexi bl e menber has a first planar surface connected to tr

the transducer assenbly receiving sez2ion has a planar su ,m ﬂul"‘,ﬂ ',
O.L AN 3 *

parallel to the first planar surface of the flexible nenber. #9.

transducggngtRPERSA PN S¥St CONE ORPL £ SERF distance between the spring
section and the second end of the load beam.

25. The system of claim 16, wherein the raised section
has a depressed interior region which is in contact with the
flexible member. '

26. The system of claim 16, wherein the second end of
the flexible member has a tab member which extends from the
flexible member located on the second side of the locad beam
around an edge of the second end of the load beam, to the
first side of the load beam, the tab member limiting the
displacement of the flexible member along a direction
parallel to the perpendicular axis.

27. The system of claim 16, wherein the railsed section
1s an elongated stamped section.

28.' The system of claim 16, wherein the load beam has
a flange section which overlaps the raised section along a
plane parallel to the lateral and perpendicular axes.

29. The system of claim 16, wherein the load beam and
the flexible member are both formed from planar sheets of
metal.

30. A transducer suspension system comprising:.

a8 load beam having a first and second ends, the first
end for connection to a support member; and

a flexible member connected to the load beam, the
flexible member having an aperture, a tongue section
extending into the aperture, the tongue section having a
first and second bend lines such that a transducer assembly
recelving section of the tongue sectlion is offset at a
different elevation from the remainder of the flexible
‘member, the bend lines being "v" shaped, such that each bend
line has two nonparallel portions which intersect each other.
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a | oad beam having a longitudinal axis, a lateral axis, and a perpendicul ar
-axis, a first and a second ends of the | oad beam bei ng IO£&L§Q_QQ~LE§rhE_-‘_
| ongi tudi nal axis, the first end for connection to a support nenber

| oad beam having a first and a second surfaces on oppositelﬂ”lﬁﬂ '

| oad beam a raised section running_28ong the | ongitudi nal I,H "B mm”
beam and | ocated between the first and second ends, the raiSed®sektitons

forms an el evgied pRat 598teR aheciaiﬁt3§ur&ﬁs§e§ﬁdtﬁerEsaasseaﬂo hkon on
the seco dsﬁygﬁgcgfcéﬂgpaléhs é&'ﬁeE@SBﬁrtggnffféﬁ ahg 8agn gam a

first en exil er coverin cesse I'on such

32. The system of claim 30, further comprising a
transducer assembly connected to the transducer assembly
receiving section of the tongue section of the flexible
member.

33. The system of claim 32, wherein the transducer
‘assembly comprises a fluid bearing slider and a magnetic
transducer element.

34. The system of claim 30, wherein the load beam has
a load beam contact polnt proximate the second end which
contacts a flexible member contact point at the tongue
section of the flexible member.

35, The system of claim 34, wherein the load beam
contact point is a dimple.

36. The system of claim 34, wherein the flexible
member contact point is located on the transducer assembly
receiving section of the tongue section.

37. The system of claim 34, wherein the flexible
member contact point is located on a portion of the tongue
section which is not the transducer assembly mounting
section.

38. The system of claim 30, wherein the load beam and
the flexible member are both formed of planar sheets of
metal.

39. The system of claim 30, wherein the flexible
member has a first planar surface connected to the load beam
and the transducer assembly receilving section has a planar
surface which is parallel to the first planar surface of the
flexible member.
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that the | oad beam and the flexible nenber form an enclosed interior

-chanber along a cross sectional plane parallel to a plan tai ning the

| at eral and perpendi cul ar axes, a second end of the flexﬁgfgnﬁgﬁﬁEF“ﬁavrﬁg~\
a nounting section for nounting a transducer assenbly, jﬂﬂﬂw

section of the flexible nenber conprizges an aperture, Imgwm’f
extending into the aperture, the tofgue€ section haV|ng a first ah

bend lines sugh that -RQsHARALe suspension system comprising:

a load beam having a first and second ends, the
first end for connection to a support member;

a flexible member connected to the load beam, the
flexible member having an aperture, a tongue section
extending into the aperture, the tongue section having a
first and second bend lines such that a transducer assembly
receiving section of the tongue section is offset a different
elevation from the remainder of the flexible member, the bend
lines being "v" shaped, such that each bend line has two
nonparallel portions which intersect each other;

a transducer assembly connected to the tongue section
of the flexible member;

a data storage disk located proximate to the transducer
assembly;

a rotatioh device connected to the disk for rotating
the disk; and

a movement device connected to the first end of the
load beam for moving the transducer assembly relative to the
disk.

41. The system of claim 40, wherein the load beam has
a spring section located between the first and second ends.

42. The system of claim 40, wherein the transducer
assembly comprises a f£luid bearing slider and a magnetic
transducer element.

43. The system of claim 40, wherein the load beam has
a load beam contact point proximate the second end which
contact a flexlible member contact point at the tongue section
of the flexible member. '

44. The system of claim 43, wherein thelload beam
contact point is a dimple.
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26 section is offset at a different elevation fromthe remai nder of the

-fl exi ble nmenber, the bend lines being "v" shaped. 50. A»LLaﬂ§QQ£§L____a__‘
suspensi on system conprising: a | oad beam having a | ongitudi nal axi§s, -
| ateral axis, and a perpendicular axis, a first and a seﬂm

| oad beam bei ng | ocated on the |ongi 2Bdinal axis, the fi Lﬂ”mlmm'

connection to a support nember, the [oad beam having a fifst®and a selﬂﬂn

surfaces |ocaged ofna EisebmaBf ££&2MU45] URRerbCAPERE! ¥EbX1DPE the | oad
gﬁam 2 hahBed S6ALLOE PYPRENYs2488dcLACohORHL! YA uAEESaltefiBEy | 0ad beam

d recelving section of the tongue section. -

46. The system of claim 43, wherein the flexible
member contact point is located on a portion of the tongue
section which is not the transducer assembly mounting
section.

47. The system of claim 40, wherein the load beam and
the flexible member are both formed of planar sheets of
metal. . : : )

48, The system of claim 40, wherein the flexible
member has a first planar surface connected to the load beam
and the transducer assembly receiving section has a planar
surface which is parallel to the first planar surface of the
flexible member.

43. A transducer suspension system comprising:

a load beam having a longitudinal axis, a lateral axis,
and a perpendicular axis, a first and a second ends of the
load beam being located on the longitudinal axis, the first
end for connection to a support member, the load beam having
a first and a second surfaces on opposite sides of the load
beam, a raised section running along the longitudinal axis of
the load beam and located between the first and second ends,
the raised section forms an elevated portion on the first
surface and a recessed portion on the second surface; and

a flexible member connected to the load beam, a first ,
end of the flexible member covering the recessed portion such
that the load beam and the flexible member form an enclosed
interior chamber along a cross sectional plane parallel to a
plane containing the lateral and perpendicular axes, a second
end of the flexible member having a mounting section for
mounting a transducer assembly, wherein the mounting section
of the flexible member comprises an aperture, a tongue
section extending into the aperture, the tongue section
having a first and second bend lines such that the tongue
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| ocated between the first and second ends, the raised section forms an
-el evated portion on the first surface and a recessed portion on the second

surface; and a flexible menber connected to the | oad beam on the second
side, a first end of the flexible nenber covering the r ecimmj["uﬁlmmmnmr
that the | oad beam and the flexi ble 2@®nber form an encl os

chanber along a cross sectional plane parallel to a plane donfai h in§

| at eral é‘é'éti)@ﬁpfé‘déf:f'éé’ﬁ 265 P AN STEvLE1dhord o ¢ O ST 1haV' ng
a mount 89" eg a0 Tt e RN thd NI Ehle £ SR YeyihhB Sy Lo second

end of t

50. A transducer suspenslion system comprising:

a load beam having a longitudinal axis, a lateral axis,
and a perpendlcular axis, a first and a second ends of the
load beam belng located on the longitudinal axils, the first
end for connection to a support member, the load beam having
a first and a second surfaces located on a f£irst and second
sides, respectively, of the load beam, a raised section
running along the longitudinal axis of the load beam and
located between the first and second ends, the railsed section
forms an elevated portion on the first surface and a recessed
portion on the second surface; and

a flexible member connected to the load beam on the .
second side, a first end of the flexible member covering the
recessed portion such that the locad beam and the flexible
member form an enclosed interior chamber along a cross
sectional plane parallel to a plane containing the lateral
and perpendicular axes, a second end of the flexible member
having a mounting section for mounting a transducer assembly,
wherein the second end of the flexible member has a tab
member which extends from the flexible member around an edge
of the second end of the load beam, to the first side of the
load beam, the tab member limiting the displacement of the
flexible member along a direction parallel to the
perpendicular axis

51. A transducer suspenslon system comprising:

a load beam having a longitudinal axls, a lateral axis,
and a perpendicular axls, a first and a second ends of the
load beam being located on the longitudinal axis, the first
end for connection to a support member, the load beam having
a first and a2 second surfaces on opposite sides of the load
beam, a raised section running along the longitudinal axis of
the load beam and located between the first and second ends, .
the ralsed section forms an elevated portion on the first
surface and a recessed portion on the second surface;
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member whi ch extends fromthe flexible member around an edge of the second
end of the load beam to the first side of the | oad beam—the—+tab-nenber
limting the displacement of the flexible nenber along a !ﬂ@ﬂhlon araIIe

to the perpendicular axis. 51. A transducer suspenS|on s ﬂl#ﬂ” a
| oad beam having a | ongitudinal axis27a lateral axis,
axis, a first and a second ends of tThe |oad beanlbelng Iocated on
Iong|tud|nal gXksexibtel héfbefNEohRECELANESt LRE 18ad BERRO A E?FP@r the
:gag beaghRaykngng £18215P8%mEnBEF 08Gver1h3CEReCRe8RBLS! ﬁoék@&ﬁ Shehhe
that the load beam and the flexible member form an enclosed
interior chamber along a cross secticnal plane parallel to a
plane containing the lateral and perpendicular axes, a2 second

end of the flexible member having a mounting section for
mounting a transducer assembly, wherein the mounting section

of the flexible member comprises an aperture, a tongue
section extending into the aperture, the tongue section
having a first and a second bend lines such that the tongue
section 1s offset at a different elevation from the remainder
of the flexible member, the bend lines being "y" shaped;

a transducer assembly connected to the mounting section
of flexible member;

a data storageigisk located proximate to the transducer .
assembly;

a rotation device connected to the disk for rotating
the disk; and.

a movement device connected to the first end of the
load beam for moving the transducer assembly relative to the
disk.

52. A transducer suspension system comprising:

a load beam having a longitudinal axis, a lateral axis,
and a perpendicular axls, a first and a second ends of the
load beam being located on the longitudinal axis, the first
end for connection to a support member, the load beam having
a first and a second surfaces on opposite sides of the load
beam, a raised section running along the longitudinal axis of
the load beam and located between the first and second ends,
the raised section forms an elevated portion on the first
surface and a recessed portion on the second surface;
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beahl a raised section running along the longitudinal axis of the | oad beam
and | ocated between the first and second ends, the raised section forns an
el evated portion on the first surface and a recessed portion on the second

surf ace; 27 a flexible nmenber connected to the | oad ' of
the flexible nmenber covering the rece®2sed portion such Hm[mt"ﬂ“mmmnwn
and the flexible nenber forman encl 65€0 e LS
a flexible member connected to the load beam on the
second side, a first end of the flexible niember covering the
recessed sucportion h that the load beam and the flexible
member form an enclosed interior chamber along a cross
sectional plane parallel to a plane containing the lateral
and perpendicular axes, a second end of the flexible member
having a mounting section for mounting a transducer assembly,
wherein the second end of the flexible member has a tab
member which extends from the flexible member around an edge
of the second end of the load beam, to the first side of the
load beam, the tab member limiting the displacement of the
topflexible member along a direction parallel to the

perpendicular axis;

a transducer assembly connected to the mounting section
of the flexible member;

a data storage disk located proximate to the transducer

assembly;

a rotation device connected to the disk for rotating
the disk; and : :

a movement device connected to the first end of the

load beam for moving the transducer assembly relative to the
disk.
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interior chanber along a cross sectional plane parallel to a plane
containing the lateral and perpendicul ar axes, a second end of the flexible
menber having a nmounting section for nmounting a transducer assenbly,
wherein the nmounting section of the flexible nmenber conprises an aperture,
a tongue section extending into the apeﬂfure, t he tongue section having a
first and a second bend lines such that the tongue section is offset at a

different el evation fromthe reHelRIEER SUSTENS ﬁﬂéTﬁgnber, t he bend

l i nes being "v" shaped; a transducer assenbly connected to the nounting
section of flexible nmenber; Abstract

A suspension system comprises a load beam and a flexible
member. The load beam has an elongated stamped concave section.
The flexible member is attached to the.load beam such that a
portion of the flexible member encloses the concave section of
the load beam. ~The flexufe has an aperture with a tongue
section. The tongue section is offset by a "v" shaped bend. A

transducer assembly is attached to the tongue section.

Figure 1
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a data storage disk located proximate to the transducer assenbly; a
rotation device connected to the disk for rotating the disk; and a novenent
devi ce connected to the first end of the | oad beam for noving the
transducer assenbly relative-to the disk. 52. A transducer suspension
system conprising: a | oad beam having a longitudinal axis, a lateral axis,
and a perpendicular axis, a first and.a second ends of the | oad beam bei ng
| ocated on the |l ongitudinal axis, the fitkt
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end for connection to a support nmenber, the | oad beam having a first and a
second surfaces on opposite sides of the | oad beam a raised section
runni ng al ong the |ongitudinal axis of the | oad beam and | ocat ed between
the first and second ends, the raised section forns an el evated portion on
the first surface and a recessed portion on the second surface; 2 8 a
flexi bl e menber connected to the | oadbeam on the

FIG. 4
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second side, a first~€nd of the flexible nenber covering the recessed
sucportion h that the | oad beam and the fl exi ble nmenber form an encl osed

i nterior chanber along a cross sectional plane parallel to a plane
containing the lateral and perpendi cul ar axes, a second end of the flexible
menber having a nmounting section for nmounting a transducer assenbly,
wherein the second end of the flfxible menber has a tab nmenber which
extends fromthe flexible nmenber~around an edge of the second end of the .
| oad beam to the first side of the |oad beam the tab nenber limting the
di spl acenent of the ¢@pkl exible nenber along a direction parallel to the
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per pendi cul ar axis; a transducer assenbly connected to the nounting section
of the flexible nenber; a data storage disk |located proximate to the
transducer assenbly; a rotation device connected to the disk for rotating

t he di sk; and a novenent device connected to the first end of the | oad beam
for noving the transducer assenbly relative to the disk
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