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C e ] TRANSDUCER SUSPENSION SYSTEM
Field of the Invention
This invention relates generally to transducer suspension systems

for disk drives 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 di;k.
A magnetic head or transducer element is moved from track to track to
record and read the desired informétion. Typically, the magnetic head is
positiohed on an air bearing slider which flies above the surface of the
disk as the disk rotates. In some recently prbposed disk drives, the
slider (or carrier) rides on a liquid film or bearing on the disk. A
suspensién'aséembly connects the slider to a rotary or linear actuator.

The suspension provides support for the slider. -

The suspension must meet several requirements. The suspension must
be flexible and provide a bias forceiin the vertical direction. This is
necessary to provide a compensating force to the lifting force of the air

bearing in order to keep the slider at the correct height above the disk.

Also, the 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 Qir 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.

Present suspension systems have problems in achieving low enough
pitch and roll stiffness for the air bearing flying height tolerances
while at the same time achieving high enough lateral stiffness to prevent
relative motion beéween the slider and the supporting end of the

suspension.
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Another requirement of suspensions is that they have a radial
frequency response that satisfies the requirements of the disk drive
system. A desirable radial frequency response consists of resonances
high in frequency and low in gain. The present suspension systems

5 typicaliy use flanged load beams which exhibit undesirable low freguency
bending, torsion, and sway modes. This is especially true where the

--flainge height of the suspension is relatively small.

Disk drives have become smaller in size while at the same time the
data storage capacity has greatly increased. Large capacity disk drives
10 typically havé multiple disks mounted on the same ro'tatable spindle. In
order to accommodate more disks in the same height, the space between
each disk must be greatly decreased. Also, disk drives having only a
single disk may have limited space to accommodate a spspension between
“the disk and an outer housing. The height of the suspension has proven
15 to be a limiting factor in realizing closer disk spacing and smaller disk
. drives. What is needed is a suspension system having a very low profile
which still meets the performance regquirements.
i
Examples of suspension systems that relate to disk drives with low
profile transducer head-suspension assemblies are shown in the following
20 references: US Patent 5,172,286 and US Patent 5,208,712 and US Patent
4,853,811,

Summary of the Invention

This invention provides a suspension system for a read/write head

of a disk drive comprising: a transducer mounting member for mounting a
25 transducer element; and a connecting member for connecting the transducer

mounting member to a support member, the connecting member having a

substantially flexible section and a substantially rigid section, the

rigid section being located between the flexible section and the

transducer mounting member, the rigid section comprising a wall section
30 which encloses an interior chamber along a cross sectional plane.

. Br:.efly, in a preferred embodiment of the present invention, a
e suspens:.on system comprises a load beam to which a stiffener member is
, attached. The stiffener member and the load beam enclose an interior

'chamber. A first end of the load beam is attached to an actuator arm.
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The load beam has a spring section located between the actuator arm and
the stiffener member.
A flexure member is attached to the second end of the load beam.

The flexure member has a pair of leg sections which extend to a tab
section. A spacer member is attached to the tab section of the flexure
member. A slider plate member is attached to the spacer member. A
slider having a transducer is attached to the slider plate member,. The
second end of the load beam has a dimple which provides a point contact

with the slider plate member such that the slider may pivot.

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

déscription taken in cénjunction with the accompanying drawings.

Brief Description of the Drawings

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 d side view of a portion of the system of Fig. 2;

Fig. 4 is a side view of the suspension system of the present

invention in a loaded position;

Fig. 5 is a side view of the suspension system of the present

invention in an unloaded position;

Fig. 6 is an exploded view of a suspension system of the present

invention;
Fig. 7 is a perspective view of the suspension system of Fig. 6;

Fig. 8 is a schematic diagram of a cross section of the suspension

of the present invention;

Fig. 9 is a schematic diagram of a cross section of a prior art

suspension;
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10 is a

11 is a

12 is a

present invention;

5 Fig.

Fig.

Fig.

Fig.
angle;

10 Fig.
(a/L);

Fig.

suspension

Fig.

15 suspension

Fig.

suspension

Fig.

13 is a

14 is a

15 is a

16 is a

17 is a

graph

graph

v

of bending rigidity versus the ratio (h/t):;

of torsional rigidity versus the ratio (h/t);

schematic diagram of a top view of the flexure of the

graph

graph

graph

graph

graph

of roll stiffness versus convergence angle;
of pitch stiffness versus convergence angle;
of yaw stiffness versus convergence angle;

of tangential stiffness versus convergence

of rotation angle versus the ratio

18 is an exploded view which shows the manufacture of the

of the present invention;

19 is a perspective view which shows the manufacturxe of the

system of the present invention;

20 is a perspective view which shows the manufacture of the

system of the present invention;

21 is a perspective view of the suspension system of Fig. 7

which shoﬁs the process for attaching wiring;

20 Fig.

suspension

Fig.

Fig.

Fig.

22 is a perspective view of an alternative embodiment of the

system;

23 is a top view of the suspension system of Fig. 21;

24 is a side view of the suspension system of Fig. 21;

25 is a bottom view of the suspension system of Fig. 21;
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Fig. 26 is a detailed perspective view of the head area of the

suspension system of the present invention;

Fig. 27 is a first cross sectional view of the system of Fig. 26;
and

Fig. 28 is a second cross sectional view of the system of Fig. 26;

Fig. 29 is a graph of gain versus frequency.

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 number 10.
System 10 comprises a plurality of magnetic recording disks 12. Each
disk 12 has a pluraiity of concentric data tracks. Disks 12 are mounted
on a spindle 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 a plurality of suspensions 32 which in
turn are attached to a plurality 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 direction 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. Actuator 36 is also mounted to chassis 18. The
heads 30, suspensions 32, arms 34, and actuator 36 comprise an actuator
assembly 46. The disk stack assembly 20 and the actuator assembly 46 are
sealed in an enclosure 48 (shown by dashed line) which provides

protection from partiiculate contamination.

A controller .unit 50 provides overall control to system 10.

Controller unit 50 typically contains a central processing unit (CPU),

‘memory!unit and other digital circuitry. Controller 50 is connected to

an actuator control/drive unit 56 which in turn is connected to actuator

.36. This allgws controller 50 to control the movement of heads 30 over
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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
confroller unit 50. System 70 may send digital data to controller 50 to
be stored on disks 12, or may request that digital data be read f£rom the '
disks 12 and sent to the system 70. The basic operation of DASD units is
well known in the art and is described in more detail in Magnetic
Recording Handbook, C. Dennis Mee and Eric D. Daniel, McGraw - Hill Book
Company, 1990. o

Fig. 2 shows a top view of system 10. A loéding ramp member 80 is
located at the edge of the disks stack assembly 20. Membér 80
automatically unloads the heads 30 from the disks 12 as actuator 36 moves
the heads 30 to the outer disk position. The ramp 80 is optional.
Alternatively, the heads 30 may be placed permanently in the loaded

position between the dlSkS. y

Fig. 3 shows a ﬁide view of Fhe ramp member 80. The suspensions 32
are shown in cross section. Member 80 has a plurality of ramp surfaces
82 and ledge surfaces 84. The suspensions 32 ghown by a solid line are
in the unloaded position on ledges 84. The suspensions shown by a dashed
line are in the loaded position, with each one located over one of the

surfaces of the disks 12.

Fig. 4 shows a side view of suspensions 32 in a loaded position

over disks 12.

Fig. 5 shows a side view of suspensions 32 in an unloaded position

away from disks 12.
: Fig. 6 shows an exploded view of ‘head 30 and suspension 32. This
combination is known as the head/suspension assembly and is referred to

by the general reference number 98.

Fig. 7 shows a perspective view of the completed agsembly 98.
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Suspension 32 comprises an arm mounting block 100, a load beam 102,
a flexure member 104, a stiffener member 106, a spacer member 108, and a
slider plate member 110. Head 30 comprises an air bearing slider 120
having a magnetic read/write transducer element 122. A plurality of
electrical pads 124 are electrically connected to the element 122. The
slider 120 has én air bearing surface 126.

A plurality of axes 127, 128, and. 129 represent longitudinal,
latitudinal, and vertical directions, respectively. Mounting block 100
is made of a rigid material, such as stainless steel, which is able to
resist deflection. Mounting block 100 may be of a thickness in range of
0.1 to 0.3 mm and is 0.2 mm thick in a preferred embodiment. Mounting
block 100 has.a swage aperture 130 which is surrounded by swage flange
132. Flange 132 has a swage lip 134. After the manufacture of the
assemblies 98, they are attached to the actuator arms 34 by swaging.
Alternatively, the mount block 100 may be omitted and the load beam 102
attached directly to the arm 34 by welding or other appropriate

connection.

Load beam 102 is made of a thin rigid material, such as stainless
steel, and is of a thickness in the range of 0.025 to 0.075 mm, and
preferably 0.05 mm. The beam 102 is substantially triangular in shape.
Beam 102 has a mounting section 140 having a swage aperture 142 which is
sized to receive the swage flange 132 of mounting block 100. The bottom
surface of beam 102 is attached to mounting block 100 by suitable means
such as spot welding. Spot welding locations for the suspension 32 are
designated by the reference member 143.

Beam 102 has a pair of wing tabs 144 which extend over the edge of
the underlying mounting block 100. Tabs 144 each have an aperture 146.
Aperture 146 may be used in wire mounting process as described in US
Patent 5,074,029.

Beam 102 has a spring section 150 located forward of the mounting
section 140. Spring section 150 has a rectangular spring aperture 152
which is flanked by two spring legs 154. Beam 102 has a rigid section
160 located forward of the spring section 150. The spring legs 154 allo&
the rigid section 160 to bend about an axis 156 such that the head 30
moves up or down. The spring coefficient may be varied as desired by
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increasing or decreasing the size of the aperture 152 or eliminating

aperture 152 entirely.

The vertical stiffness (K,) of the load beam is given by the

following relationship:

-l e ¥xly;
K= 5 Etliex Fz],
where,
K, = Vertical stiffness;
E = Steel elastic modulus; .

t, = Load beam thickness;

w = Summation of the widths of hoth spring legs 154;

e = Length of spring legs 154; and

F = Length from the middle of the spring legs 154 to the load
dimple 170.

In the preferred embodiment the spring legs 154 are each 1.4 mm
wide with an aperture width of 2.6 mm and which gives a vertical

stiffness of 2.1 grams/mm.

Rigid section 160 has an aperture 162 and a tooling aperture 164.
A finger tab 166 and a wiring .tab 167 extend from the sides of beam 102
near aperture 164. The finger tab 166 is used to align the beam 102
during the assembly process. The forward end of rigid section 160
narrows to a tip 168. Tip 168 has a load dimple 170. The dimple 170
faces in a downward direction and is formed by a stamping process. The
distance from the center of aperture 142 to the dimple 170 may be in the
range of 12-20 mm and preferably 14.65 mm. A pair of capture tabs 172 '
ext_:end from the side of section 160 proximate the tip 168. The captured
tabs are bent to a lowez.' elevation than the rest of the beam 102 and are

stamped or etched thinner than the rest of the load beam material to a
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preferred thickness of 0.03 mm. Other than the tabs 167 and 172 and the
dimple 170, the load beam 160 is flat and not deformed.

The stiffener member 106 is made of a thin rigid material, such as
stainless steel, and is of a thickness in the range of 0.025 mm to 0.05
mm, and preferaﬁly 0.033 mm. The stiffener member 106 is substantially
triaﬁgular in shape and corresponds generally to the rigid section 160 of
beam 102. The member 106 has a top ledge section 180, a bottom section
182, a pair of side walls 184, and a front wall 186. Side walls 184 are
substantially perpendicular to bottom section 182. Front wall 186
preferably slopes at a gradual angle upward from bottom section 182 to
top ledge 180. Altermatively, front wall 186 may also be substantially
perpendicular to bottom section 182 or may be deleted altogether. The
stiffener member 106 has an aperture 188 and a tooling aperture 190 which
correspond to apertures 162 and 164, respectively, of beam 102. The
stiffener member features 182, 184 and 186 are formed by a stamping
process. The stiffener member 106 is attached to the bottom surface of
beam 102 by spot welding top ledge section 180 to rigid section 160 of
beam 102. The stiffener member 106 does not cover the spring section 150
nor does it cover the tip 168, including dimple 170 and capture tabs 172.
In the preferred embodiment, the stiffener member extends from the end of
the spring section 150 to a point proximate the tip 168. '

When stiffener member 106 is attached to beﬁm 102 an interior
chamber 192 is formed there between. The interior'chamber is completely
enclosed along a cross sectional plane along the latitudinal 128 and
vertical 129 directiocns.

The combination of the load beam 102 and stiffener member 106
creates a light weight but very rigid section. This is accomplished
without adding significantly to the overall profile height of the
assembly 98. The side walls 184 need only be of a very small height to
achieve the desired rigid structure. In a preferred embodiment, the side
walls are of a height in the range of 0.1 mm to 0.3 mm and preferably 0.2

mm.

_ Fig. 8 shows a cross-sectional view of the load beam 102 and member
106 (box structure). For this structure the bending stiffness (K;) and

torsional stiffness (K;) are given by the following equations:

Sheet Has Been Re laccd

TR AR



.l-l

SA9—92—1]_.8 10
Ky = Tli Eat® (2 +6y2 B (2-P) +2 (3) ¥° (1 - 3(1 + 2B)?)]

o Gat? . 3(1 + B (1+2y)3) -
Xz 3 [1+.p+2(1+y)6+1 Bl

where,
E = Steel elastic modulus;

G = Steel shear modulus;

5
2 bty
£=—5
¥ = %;
_ b, .
B = —a-'
6=2L
=
i
10 Fig. 9 shows an open suspension structure for sake of comparison
with the box structure 6f the present invention. For the open structure
the bending stiffness (K;) and torsional stiffness (K;) are given by the
following equations: .
Kp=<2at’ (1+1292 B (1-6) +28 9> (14301 - 2)2)]
at?
KT= G-—lz—(l +275>
15

Fig 10 shows a graph of bending stiffness vs. (h/t) for two
versions of the box structure (B = 0.5 and 1) and two versions of the
open structure (B = 0.5 and 1). The units of stiffness have been
normalized. It can be seen that the box structure has from 1.5 to 10

20 times better stiffness than an open structure of similar size.

Fig. 11 shows a graph of torsional stiffness vs. (h/t) for box and

open structures. The units of stiffness have been normalized. It can be

—_—
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seen that the box structure has from five to two hundred times more

torsional rigidity than an open structure of similar size.

Flexure 104 is made of a thin rigid material, such as stainless
steel, and is o§ a thickness in the range of 0.02 mm to 0.03 mm, and
prefgrably 0.025 mm. The flexure 104 is flat and unformed and is
substantially triangular in shape. Flexure 104 has a tooling aperture
200 which corresponds to tooling apertures 164 and 190, Flexure 104 has
a tongue section 202 which is substantially similar in size and shabe to
the forward portion of the rigid section 160 of load beam 102. Tongue
202 is surrounded by an aperture 204. Aperture 204 is comprised of a -
pair of slot sections 206 and one gap section 208. Slot sections 206
separate tongue section 202 from a pair of flexure legs 210. A tab
section 212 is connected to the ends of legs 210 and is separated from
tongue 202 by gap section 208. 'Flexure 104 is spot welded to the top
surface of rigid section 160 of beam 102. Legs 210 are sized such that
they extend freely beyond the sides of load beam 102. Legs 210 have a '
bend or knee 214 about halfway along their length. Gap section 208 is
sized such that the dimple 170 of beam 102 remains uncovered. Capture
tabs 172 of beam 102 are sized to extend below legs 210.

. ) i

Spacer member 108 is sp&t welded to the bottom side of tab section
212 of flexure 10§. Spacer member 108 has a shape substantially similar
to tab 212. Member 108 has a finger tab 220, a wiring tab 221, and a
concave edge 222. Concave edge 222 is sized to provide clearance for the
tip 168 of beam 102. Spacer member 108 is made of a thiq rigid material,-
such as stainless steel, and is preferably substantially the same '

thickness as the material of load beam 102.

Slider plate member 110 is shaped substantially similar to spacer
108. Member 110 has finger tabs 230. Member 110 also has a dimple
tongue 232 which is shaped to extend below and contact dimple 170 of beam
102. 1In an alternative embodiment, dimple 170 may be formed in slider
plate member 110 and project upward to contact the tip of load beam 102
which no longer has a dimple. Member 110 is spot welded to spacer 108.
Slider 120 is cemented to member 110 by an appropriate adhesive such as )
cyanoacrylate. Slider 120 is connected to plate 110 such that dimple 170
is positioned over the center of gravity of slider 120. - Slider 120 is

made of a wear resistant material and is preferably made of ceramic.
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The centerline of the flexure legs are spaced furthexr apart at the
base, where the flexure is connected to the load beam and closer together
where the legs are joined to the tab section 212. The width oE the legs
are wider at the base and narrower at the tab. Furthermore, the
centerlines of the legs are not straight lines, but have bend 214 where
the angle changes such that each centerline forms a convex curve or

polygram with respect to the longitudinal centerline of the suspension.

Fig. 12 shows a schematic diagram of the legs 210 and slider 120,

" where L is the length of the legs 210, B, is the width of the legs 210

near tab 212, B, is the width of legs 210 near where they connect to the
rest of flexure 104, and d = ((B, + B;}/2] is the average width of legs
210, © is the angle of convergence of the legs 210, and a and b represent
the distances from the center of gravity of the slider (dimple load point
170) to the end and sides, respectively of flexure legs 210. For the
flexure 104 the following equations are given:'

a) Roll stiffness, K;, (Bending about axis 127)

. 8EI,
1 'R L

(sin? ® + 3P sin 6 + 3Pp% + —38- cos? 0)

b) Pitch sStiffness, K,, (Bending about axis 128)
i

_ (cos?2 0 - 3a¢ cos O + 3a2 + % sin20)

_ BEI,
Xp=—

¢) Yaw Stiffness, K,, (Bending about axis 129)

Xy = 8EI, (sin® @ + 3psind + 3B + 3p? cos? 9)
2 5in%0 + 12p3cos?0

d) Tangential Stiffness, K, (Linear movement along axis 128)

K= 8EI, [ 5in%0 +13p 5in 6 + 3P2 + 3p? cos? O
L’  B2(cos? + 18p? sin? 0) + 12p*(P sin 6 + %)

_—
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Figs. 13, 14, 15, and 16 show graphs of roll, pitch, yaw and
tangential stiffness versus convergence angle © for flexure 104. The

units of stiffness have been noxrmalized.

An advantage of tapering the widths of legs 210 is that the
rotation of the slider 120 about axis 128 may be reduced. Ordinarily.
the force from dimple 170 pressing on plate membeé 110 causes legs 210 to
bend downward toward the slider 120 and causes slider 120 to rotate such
that element 122 moves in a downward direction. This ﬁroblem is
increased by the need to position the s;ider 120 so that it extends
beyond the edge of the'assepbly 32. It is desirable to keep slider 120
ag close to horizontal as possible. The flexure 104 allows some
relatively small pitch and foll to compensate for.operating conditions,
however, the slider 120 should initially be close to horizontal. By
adjusting the taper of legs 210 it is possible to cancel or reduce
rotation about axis 128. The following equation may be used where zero

rotation is desired:

a_._1 (slne-a+1,
L l1-a Inea
where,

BJ.
o = —

B,

Fig. 17 shows a graph of slider rotation angle versus the slider
location (a/L) for three different tapers (B;/B;). .The units of angle
have been normalized by g/L, where g is the height of the dimple 170. It
can be seen that fhe taper of legs 210 helps reduce any unwanted

rotation.
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In the preferred embodiment the centerlines of the flexure legs are
spaced apart 2.9.mmlat the base, 2.5 mm at the knee and 0.8 mm at the tab
section. The flexure leg widths are 0.55 mm at the ba;e, 0.4 mm at the
knee and 0.3 mm at the tab section. The length of the flexure legs is
3.5 mm and © = 9 degrees from the base of the legs to the knee and © =
degrees from the knee to the tab section 212. These dimensions give a
pitch stiffness of 0.12 N - mm/radian and a roll stiffness of 0.12 N-
mm/radian with the wires attached. The angle of the flexure legs and the
tapered width and length were optimized to increase the lateral stiffness
to 35 N/mq_while kKeeping pitch and roll stiffnesses low.

Figs. 18, 19 and 20 show the manufacture of the suspension 32 of
the present invention. Fig. 18 shows an exploded view of mounting block
100, a sheet 300, a sheet 302, and a sheet 304. Sheets 300, 302 and 304
are thin sheets of stainless steel which are etched to form the desired
parts. Sheet 300 contains the flexure 104. Sheet 302 contains the load
beam 10? and spacef 108. Sheet 304 contains the stiffener member 106 and
the slider plate member 110. It can be seen, that load beam 102 and
ispacer 108 are fhe same thickness, as are stiffener member 106 and slider
plate member 110.

After etching, sheet 302 is stamped in order to form the lower
elevation portions of.wiring tabs 167 and 221, capture tabs 172 and
dimple 170. Sheet 304 is stamped to:form the chamber 192 of the
stiffener member 106f .The parts are then stacked and positioned as shown
in Fig. 19. The parts are spot welded together at welds 143. Next, the
excess . material of the sheets 300, 302 and 304 is cut away as shown in
Fig. 20. The spring portion 150 is then bent slightly downward to the
desired angle needed to position theislider 120 over the disk. Next, the
slider.120 and the wiring are ‘attached. In the preferred embodiment the
slider.120 has a thickness of 0.425 mm.

Fig. 21 shows a perspective viéw of the assembly 98 when placed in
a tooling jig. A toolindg jig comprides pegs 310, 312, 314 and 316. The
pegi310 passes through apertures 130 :of block 100 and aperture 142 of

‘bearh 102. Peg 312 passes through apertures 190, 164 and 200 of stiffener

106} beam 102 and flexuré 104, reéspedtively. The pegs 310 and 312 are
useqd to keep the individhal parts iniproper alignment during manufacture
of dssémbly 98. A finalistep :in the :manufacture of assembly 98 is the

addition of wiring leadsi{318. Wiring leads 318 connect the electrical
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pads 124 of head 30 to the read/write channel 58. The leads 318 are
ultrasonically bondéd to the pads 124 of head 30. Leads 318 are then
attached to assembly 98 by adhesive drops 320 as described in US Pafent
5,074,029. Suitable adhesives include ultraviolet curing adhesives. The
leads 318 are attached to wiring tabs 221 and 167. The pegs 314 and 316
are used to properly position the leads 318 during attachment. The leads
318 are then passed on to the read/write channel 58. The side to which
the leads 318 are routed on assembly 98 is determined by the orientation
of the assembly 98 in the disk stack. The leads 318 are preferably-
routed to the side of assembly 98 furthest away from the spindle 14.

Fig. 22 shows a perspective view of the assembly 98 using an
alternative wiring scheme. The leads 318 are.routed over the top of the
suspension. Peg 312 has a slot 322 for aligning the leads 318 during
attachménﬁ.

Figs. 23, 24, and 25 show a top, side, and bottom view,
respectively, of the completed assembly 98 including leads 318.

Fig 26 shows a perspective view of the head portion of assembly 98.
Figs, 27 and 28 show two different cross sectional views of the portion
of Fig. 26. Note that the dimple 170 makes a point contact with the
tongue 232 of plate 110. This allows slider 120 to pitch (rotate about
the latitudinal axis 128) and roll (rotate about the longitudinal axis
127). To achieve this movement, legs 210 bend in the vertical direction
129, It can be seen that capture tabs 172 limit the bending of legs 210
in a downward direction. This limitation protects the assembly 98 and
especially the wiring leads 318 from shock damage during assembly and
whenever the head 30 is unloaded from the disk surface. . This limitation
is essential in the alternate wiring scheme shown in Fig. 22. Note also
that the height of dimple 170 must be selected carefully to position
capture tabs 172 in the center of the vertical clearance between the
slider 120 and flexure legs 210. The dimple height is selected large
enough to create clearance between the slider 120 and the tip of
stiffener ledge 180 which is proximate load beam tip 168. During
operation the tip of the load beam, stiffener and flexure directly over
the slider deflects due to the load transmitted to the air bearing
through dimple 170. Thus, the clearance must be large enough to allow
for this bending deflection and allow for pitch (rotation about

latitudinal axis 128) and roll (rotation about longitudinal axis 127)
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excursions of the slider. The dimple height cannot be selected too
large, however, since the dimple height directly adds to the profile
height of the suspension assembly through the slider and limits how close
the disks can be spaced. In the preferred embodiment an optimal dimple
height has been .found to be 0.05 mm.

The solid height of the slider 120, slider mounting plate 110,
dimple 170, load beam tip 168 and flexure 104 in the preferred embodiment
is 0.583 mm. The preferred side routing of the wires is contained within
this height, such that the wires do not reduce the ability to merge the
suspension systems in the smallest possible disk to disk spacing of about
1.5 mm as shown in Figure 5 allowing 0.17 mm per suspension unload
clearance. If the smallest disk to disk spacing is not required, the
alternate wiring shown in Fig. 22 may be used with a disk to disk spacing

of 1.8 nm or greater.

The operation of the present invention may now be understood.
Initially, the head/suspension assembly 98 is parked off of disks 12 on
ledge 84 of ramp member 80. - This is the unloaded condition. Spindle
motor 16 rotates the disks 12. When it is desired to read or write data
from one of the disks 12,,c6ntroller unit 50 causes actuator motor 36 to
move assembly 98 inward towards the disks 12. As this happens, the
assemblies 98 slide down the ramps 82 until they are positioned proximate
a surface of one of the disks 12. The data is then recorded or read from
a data track of one of the disks 12.

The rotation of disks 12 causes an air bearing to be formed at air
bearing surface 126:0f slider 120. This causes the slider 120 to float
above the surface of the disks 12. Spring section 150 of load beam 102
exerts a force to bring the slider 120 towards the surface of the disks

12 such that the proper fly height is maintained.

The assembly 98 maintains a rigid structure between the spring
section 150 and theihead 30. This is achieved in a very low profile by
the use of the stiffener member 106 and beam 102. The assembly 98 also
provides a low profile pivoting assembly for the slider 120. This is
accomplished by a series of thin stacked members. This allows precise
nanufacture of the pivoting assembly even at very small dimensions. An
additional feature of the pivoting assembly is the use of the capture
tabs 172. These tabs 172 prevent the legs 210 from bending too far in

_———d——"_—f‘_.‘.-——"———
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the vertical_direction. This limits the movement of the head 30 away
from the tip 168 of beam 102 when the head is unloaded from the disk 12
and during manufacture of the suspension. This helps prevent the wire

leads 318 from becoming bent or damaged.

The present invention givés several manufacturing advantages
compared with prior art suspensions. In the invention, the flexure is
not formed to create a clearance between the flexure legs and the slider
as is the case in prior art. Instead, the clearance is created by a
stack of thin members as already described so arranged as to allow the
flexure to be attached to the load beam from the side opposite the
slider. 1In prior art the flexure is attached between the load beam and
the slider. The arréngement of the present invention allows a “tops
down" assembly method where the parts are handled in strips of multiple
conponents. The capture tab feature is thus created without any
interleaving of components prior to welding. Since the flexure goes onto
the stack last and is unformed, there is no manufacturing variations of
the clearance dimension or static pitch and roll anglés. In priox art
flexures, these dimensions have manufacturing variations due to thle
response of the material thickness and yiéld strength in the forming dies
used to create the offset clearance of the flexure legs to the slider.
Thus in the present invention flexure thickness can be varied by design
to allow multiple products to be manufactured without affectiﬁg any

.- -forming dies and without the normal variation of dimensions usually

experienced in forming flexures. Different thickness flexures can be
used for different size sliders or different size air bearings with their

unique stiffness requirements.

Resonance modes which produce lateral motion of the slider along
axis 128 are undesirable because they limit the performance of the
actuator. Such modes include torsion and lateral sway modes. Prior art
flanged open structuré suspensions tend to have some of these modes below
3000 Hz. For the same size suspension, the boxed structure of the

present invention will have higher resonance frequencies.

Fig. 29 shows a graph of gain versus frequency at the spring legs
154 and slider 120 of the suspension. The suspension of the present
invention has high frequency radial resonances with controllable gain.
For the same size flanged open structure prior art suspensions the first

torsion mode is about 2000 - 3000 Hz and it has a relatively higher gain.

-
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This compares with a first torsional mode of about 5000 Hz with about
zero gain for the present invention. For this reason, prior art
suspensions commonly reguire the addition of dampers at considerable
additional cost, whereas the present invention suspension does not
require dampers. The measurement in Fig. 29 was performed on a shaker
where the shaker mass is very high when compared to an aétual disk drive

actuator, the gain when mounted on the actuator would be much lower.

The box séction also results in a very low and smooth side profile,
compared to conventional side flanged suspension of prior art. This
small side area and smoother surfaces result in smaller excitations of
the suspension due to air flow turbulence and results in smaller off-
track errors due to the air flow in the disk drive systen.

The overall result of the present invention is a low profile
suspension which is ideally suited for use with smaller sized heads. The
low profile enables the disks to be spaced closer together thereby
allowing a disk drive system to have more disks in order to increase the
data storage capacity or to have the same capacity in a smaller package
height.

In an alternate embodiment, flexure 104 is not a sep?rate piece,
but is integral with load beam 102 and spacer member 108. Flexure legs
210 are connected to load beam 102 at finger tabs 166 and to spacer
member 108.

While the preferred embodiments of the present invention have been
illustrated in detail, it should be apparent that modifications and
adaptations 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.

N
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1. A suspension system for a read/write head of a disk drive

comprising:
a transducer mounting member for mounting a transducer element; and

a connecting member for connecting the transducer mounting member
to a support member, the connecting member having a substantially
flexible section and a substantially rigid section, the rigid section
being located between the flexible section and the transducer mounting
member,lthe rigid section comprising a wall section which encloses an

interior chamber along a cross sectional plane.

2. The system of claim 1, wherein the wall section comprises a first

flat member and a second bent member, the bent member having three sides.

3. A system according to any of the preceding claims, further
| .
comprising a pivotable assembly for connecting the transducer mounting

member to the rigid section of the connecting member.

4. A suspension system for a read/writ% head of a disk drive

comprising:

a load beam having a first end for connection to a support member,

a second end having a protruding contact point;

a stiffener member connected to the load beam between the first and
second ends, forming an enclosed interior chamber along a cross sectional

plane;

a flexure member connected to the second end of the load beam, the
flexure member having a plurality of flexure leg members which extend

beyond the load beam; and

a_ transducer mounting member for mounting a transducer element,
connected to the flexure leg members, the transducer mounting member

being in contact with the contact point of the load beam.

-
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5. The system of claim 4, wherein the load beam has a épring section
located between the stiffener member and the support member.

6. The system of claim 4 or claim 5, wherein the load beam has a pair
of spring legs surrounding an aperture located between the stiffener

member and the support member.

7. A system according to any of claims 4 to 6, wherein the stiffener

member forms at least three sides of the enclosed interior chamber.

8. A system accoxrding to any of claims 4 to 7, wherein the stiffener
member comprises a bottom section, a side wall section connected to the

bottom section, and a ledge section connected to the side wall section.

9. A syséem according to any of claims 4 to 8, wherein the transducer
mounting member comprises a fluid bearing slider, a first plate member
connected to the slider, the first plate member having a section which
contacts the protruding contact.member, and a second plate member

connected between the first plate member and the flexure leg members.

10. A system according to any of claims 4 to'9, wherein the slider and

the stiffener member are located on the same side of the load beam.

11. A system according to any of claims 4 to 10, wherein the first
plate member has a thickness substantially equal to the thickness of the

material of the stiffener member.

12. A system according to any of claims 4 to 11, wherein the second
plate member has a thickness substantially equal to the thickness of the
material of the load beam.

i3, A system according to any of claims 4 to 12, wherein the load beam
further comprises at least one extending section which extends between

ocne of the flexure legs and the transducer member.

14. A system according to any of claims 4 to 13, wherein the flexure
leg members each have a centerline which converge at a first angle with

respect to one another.
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15. A system according to any of claims 4 to 14, wherein the flexure
leg members each have a bend in their centerlines which divides each
flexure leg member into a first and second portion, such that the
centerlines of the first portions converge at a first angle and the

centerlines of the second poftions converge at a second angle.

16. A system according to any of claims 4 to 15, wherein the flexure

leg members taper in width.

17. A system according to any of the preceding claims further

comprising:
a data storage disk located proximate to the transducer member;
a rotation means connected to the disk rotating the disk; and ~

a movement means connected to the support meniber for moving the
transducer member relative to the disk.
i
18. A system according to any of the preceding claims, further
comprising a transducer glement connected to the transducer mounting
member.
i
19. A suspension system for a read/write head of a disk drive

comprising:

an elongate load plate (102) having a first end (140) for
connection to a support member and a second end (160) having a protruding
contact point (168);

a stiffener member (106) attached to said load plate (102) between
its first end (140) and its second end (160);

a flexure plate (104) attached to said second end (160) of said
load plate (102), the flexure plate having a tongue sec£ion (202) and a
plurality of flexure leg members (210) which extend beyond said load
plate (102);

a transducer mounting member (120) for mounting a transducer
element (122), attached to the flexure leg members, the transducer

-
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mounting member being in contact with said protruding contact point of

said load plate (102); wherein

said stiffener member (106) is elongate and shaped to form a
chamber (192) with said.load plate (102), the longitudinal axis of said
stiffener member (106) coinciding with the longitudinal axis of said load
plate (102) and in that

said stiffener member ({106) and said flexure plate (104) are

attached to opposite sides of said load plate (102).

20. A disk drive system including a suspension system as claimed in any

of the preceding claims.
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