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LOW MASS DISC DRIVE SUSPENSION

BACKGROUND OF THE INVENTION
The present invention relates to disc drive
data storage systems and, more particularlv, to a low
mass suspension formed by a pair of laterally spaced

suspension beams.

Disc drive data storage systems use rigid
discs which are coated with a magnetizable medium for
storage of digital information in a plurality of
circular, concentric data tracks. The discs are mounted
on a spindle motor which causes the discs to sPih and
the surfaces of the discs to pass under respective
hydrodl'mamic (e.g. air) bearing disc head sliders. The
sliders carry transducers which write information to and
read information from the disc surfaces. Each slider is
supported by a track accessing arm and a suspension.
The track accessing arms move the sliders from track to
track across the surfaces of the discs under control of
electronic cirenitry.

The suspension connects the track accessing
arm to the slider. The suspension provides a preload
force, in the range of 0.5 gmf to 4.0 gmf, which forces
the slider toward the disc surface. The preload force
is generated by forming a preload bend in the
suspension, which becomes elastically deformed when the
track accessing arm, suspension and slider are loaded
into the disc drive. The preload bend is typically
positioned near the proximal end of the suspension,
adjacent to the track accessing arm. The suspension has
a comparatively rigid poftion which transfers the
preload force from the elastically deformed preload bend
to the slider. The rigid portion is typically made by
forming stiffening webs or flanges along the
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longitudinal edges of the suspension. Alternatively,
the rigid portion may be formed by depositing circuit
layers on the suspension material. The rigid portion
of the suspension is typically referred to as a "load
beam" .

Additionally, the suspénsion is flexible in
the slider pitch and roll directions to allow the slider
to follow the disc topography. This pitch and roll
flexibility is obtained from a gimbal structure, which
is typically a separate piece part that is welded tou the
load beam portion of the suspension. The separate
gimbal is usually formed from a thinner material than
the load beam to increase its pif:ch and roll compliance.
Alternatively, the gimbal may be formed from partially
etched material or from the load beam material itself.
Partially etched gimbals are subject to wide variations
in pitch and roll stiffness as the etched thickness
varies over a typical range. Gimbals formed from the
load beam material restrict the suspension to be made of
thin stock which can support only small preload forces.

The slider includes an air bearing surface
which faces the disc surface. As the disc rotates, the
air bearing surface pitches and rolls to an equilibrium
position wherein a center of bearing pressure is defined
on the air bearing surface. The desired location, of the
pressure center is defined as the air bearing 1load
point. Variations in pitch and roll moments applied by
the gimbal - cause deviations in the location of the
pressure center away from the desired air bearing load
point.

The point at which the suspension applies the
preload force to the slider is usually directly above
the air bearing load point. The preload force is
typically applied to the slider through a dimple or load
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button which bears on the back surface of the slider.
Alternatively, the preload force is applied through the
gimbal structure. This point of preload application is
defined as the suspension load point.

Microactuators are now being developed for
adjusting the position of the slider and transducer in
an off-track direction. Either of the above methods of
applying the preload force to the slider restricts the
off-track motion of the slider at the suspension load
point. When the preload force is applied to the slider
through a dimple, the microactuator must overcome
friction between the dimple and the slider surface to
move the slider in the off-track direction. When the

preload force is applied to the slider through a gimbal,

the microactuator must overcome_the off-track stiffness
of the gimbal to move the slider in the off-track
direction. “
Improved suspension structures that are
adapted for microactuation are desired.
SUMMARY OF THE INVENTION
The suspension of the present invention
includes a 1longitudinal axis, a proximal mounting

section for mounting to a rigid track accessing arm, a
distal mounting section for supporting a slider
assembly, and first and second -laterally , Spaced
suspension beams extending from the proximal mounting
section to the distal mounting section. The first and
second suspension beams have inside and outside edges
relative to the longitudinal axis and are flat from the
inside edges to the outside edges. A first preload bend
is formed in the first and second suspension beams
transverse to the longitudinal axis. '
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a'top plan view of a disc drive
data storage device.according to one embodiment of the
present invention.

Figure 2A is a top plan view of an actuator
assembly of the disc drive shown in Figure 1.

Figure 2B is a side plan view of the actuator
assembly.

Figure 2C is a cross-sectional view taken
along lines 2C--2C of Figure 2A.

Figure 3A is a top plan view of an actﬁator

'assembly according to an alternative embodiment of the

present invention.

Figure 3B is a side plan view of the actuator
assembly shown in Figure 3A. _

Figure 4 is a top plan view of an actuator
assembly having a suspension attached to a leading end
of a slider assembly.

Figures SA and 5B are isometric views of a
finite element model of a sﬁspension in the actuator
assembly shown in Figuré 3A.

Figure 6 is a plot of net pitch torsion at an
air bearing load point wversus preload bend location.

Figure 7A is an isometric view of a finite
element model of the suspension in Figure 3A ,with a
preload bend removed.

Figure 7B is an "off-track bode plot" of the
model shown in Figure 7A.

Figure 8A is a side plan view of the model
shown in Figure SA with a preload bend positioned at 50
percent of the suspension beam length.

Figure 8B is an off-track bode plot for the
model shown in Figure 8A.
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Figure 9A is a side plan view of the model
shown in Figure 5A with a preload bend positioned at 35
percent of the suspension beam length.

Figure 9B is an off-track bode plot of the
model shown in Figure 9A.

Figure 10A is a top plan view of an actuator
assembly having piezoelectric strips on suspension
preload bends. '

Figure 10B is a side plan view of the actuator
asscmbly shown in Figure 10A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS.

Figure 1 is a plan view of a disc drive 10
according to one embodiment of the present invention.

- Disc drive 10 includes a housing with a base 12 and a

top cover 14 (sections of top cover 14 are removed for
clarity). Disc drive 10 further includes a disc pack
16, which is mounted on a spindle motor (not shown) by
a disc clamp 18. Disc pack 16 includes a plurality of
individual discs which are mounted for co-rotation about
a central axis. Each disc surface has an associated
disc head slider/microactuator assembly 20 which is
mounted to disc drive 10 for communication with the disc
surface. Each slider/microactuator assembly 20 is
supported by a suspension 22 which, in turn, is
supported by a rigid track accessing arm 24 ,of an
actuator assembly 26.

The actuator assembly shown in Figure 1 is of
the type known as a rotary moving coil actuator and -
includes a voice coil motor (VCM), shown generally at
28. Voice coil motor 28 rotates actuator assembly 26
with its attached slider/microactuator assemblies 20
about a pivot shaft 30 to position slider 20 over a
desired data track under the control of electronic

circuitry 33. Slider/microactuator assembly 20 travels
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along an arcuate path 32 between a disc inner diameter
(ID) 38 and a disc outer diameter (OD) 39.
Suspension 22 is shown in greater detail in
Figures 2A and 2B. Figure 2A is a top plan view of the
5 distal end of actuator assembly 26. Figure 2B is a side
plan view of the' distal end of actuator assembly 26.
Suspension 22 has a proximal mounting section 40 (shown
in phantom), a distal mounting section 42, a pair
laterally spaced suspension beams 44 and 46 and a
10 longitudinal axis 48. Proximal mounting section 40 is
supported by track accessing arm 24. A variety of
mounting techniques can be used to attach proximal
mounting section 40 to track accessing arm 24.
Suspension beams 44 and 46 extend from
15 proximal mounting section 40 to distal mounting section
42 along longitudinal axis 48. Suspension beams 44 and
46 terminate at a pair of slider mounting pads 50 and
52, respectively, within distal mounting section 42, for
supporting slider/microactuator assembly 20. An
20 optional bridge structure 54 extends between slider
mounting pads 50 and 52 and includes preformed bends S4A
and 54B which raise bridge structure 54 relative to the
top surface of élider/microactuator assembly 20.
The . simple block representing
25 slider/microactuator assembly 20 may include a, slider
body 56 only or slider body 56 in combination with a
microactuator structure $8. -In the embodiment shown in
Figures 2A and 2B, slider mounting pads 50 and 52 are
bonded to microactuator structure 58, which suspends
30 .slider body 56 beneath bridge structure 54 and free of
physical contact with bridge structure 56. This allows
slider body 56 to move freely in an off-track direction
59, transverse to longitudinal axis 48 . without
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frictional or other structural interference from
suspension 22. .

Slider body 56 has a back surface 56a, a
bearing surface 56b, a leading surface 56c, a trailing
surface 56d and side surfaces S56e and 56f. A variety of
microactuators can be used with the present invention,
such as an electromagnetic device on top of slider body
56. Another microactuator device that is well suited
for the suspension of the present invention is a
piezoelectric device deposited on leading surface 56a of
slider 56. Microactuator structure 48 may alternatively
support slider body 56 along side surfaces 56e and 56f.
For example, microactuator structure 58 can suspend
slider body 56 between a pair of beams 60a and 60b which

.are attached to a point along side surfaces S6e and S56f.

Slider support pads 50 and 52 are bonded to the top
surface of beams 60a and 60b, respectively. Narrow beam
springs located between beam 60a and slider side surface
56e and between beam 60b and slider side surface 56f
support the slider while allowing the slider to move
freely. o

Attaching the suspension to the microactuator
structure at a point distant from the slider body allows
the slider body to move freely in the off-track
direction with very little actuation force. Figure 2C
is a sectional view taken along lines 2C--2C of Figure
23, which shown the spacing between bridge structure 54
and slider body 56.in greater detail. In an alternative
embodiment, there is no microactuator structure, and
slider support pads Iare bonded directly to back surface
56a of slidexr body 56.

In the embodiment shown in Figures 2A and 2B,
beams 44 and 46 extend along the sides of
slider/microactuator assembly 20, and the average
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longitudinal location of the beam attachment at slider
mounting pads 50 and 52 corresponds to an air bearing
load point 61 of slider body 56 (shown in Figure 2B).
As the disc rotates beneath air bearing surface S6b, the
slider body pitches and rolls to an equilibrium position
wherein a center bearing pressure is defined on the air
bearing surface. The desired location of the pressure
center is defined as the air bearing load point 61.
Slider mounting pads 50 and 52 are attached to
microactuator structure 58 such that air bearing load
point 61 1lies substantially directly between the
suspension beam attachment points. However, this
embodiment has a disédvantage that a number of potential
recording tracks cannot be accessed near the inner
diameter of the disc since the suspension beam adjacent
the inner diameter must fit between slider/microactuator
assembly 20 and the disc spindle hub. For example if
there are -10,000 tracks per inch on the disc and
suspension beams 44 and 46 extend about 0.010 inches
from the side of slider/microactuator assembly 20,
roughly 100 tracks are lost from the inner radius area
of the disc.

Suspension 22 has no distinct separation into
preload bend, load beam and gimbal areas. Both the
preloading and gimbal flexure functions are obtained
from suspension beams 44 and‘46. Suspension beams 44
and 46 are longer than typical gimbal struts of the
prior art, which results in similar pitch stiffness.
The roll stiffness of suspension beams 44 and 46 is
-higher than typical gimbal struts because the beams are
placed farther apart than typical gimbal struts. The
high roll stiffness, however, is compatible with air
bearing sliders having a single recording head mounted
at the center of the trailing surface 56d of slider body
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56. With the recording head mounted at the center of
trailing surface 56d, the flying height of the recording
head is relatively insensitive to roll stiffness.
Suspension 22 is made from a flat stock of
stainless steel or similar material which has a
thickness from 0.5 to 2.0 mils, for example. The flat
stock of material is 1lithographically patterned and
chemically etched to form suspension beams 44 and 46.
Suspension 22 has an upper surface 62 and a lower
surface 64, and suspension beams 44 and 46 have an
inside edge 66 and -an outside edge 6_'8 relative to
longitudinal axis 48. Suspension 22 has no stiffening
webs or flanges along the length of beams 44 and 46.
Rather, suspension beams 44 and 46 are substantially
flat from inside edge 66 to outside edge 68.
Suspension beams 44 and 46 have a width W
which tapers along longitudinal axis 48, with the wide
end of the beams being supported by track accessing arm
24 and the narrow end of the beams 'support:ing
slider/microactuator assembly 20. Width W preferably
narrows linearly from a maximum width at track accessing
arm 24 to a minimum width at slider assembly 20. In an
alternative embodiment, beams 44 and 46 have a constant
width from track éccessing arm 24 to slider assembly 20.
A preload bend 80 (shown in Figure 2B) is
formed in suspension beams 44 and 46 in a direction
transverse to longitudinal axis 48. Preload bend 80
becomes elastically deformed (as shown in Figure 2B)
when track accessing arm 24, suspension 22 and
slider/microactuator assembly 20 are loaded into the
disc drive. N
Notches 82 and 84 are formed along inside
edges 66 of beams 44 and 46 for defining a weak point in
the beams which aids in consistent location of preload
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bend 80 along longitudinal axis 48. Notches 82 and 84
may be located along inside edges 66 only, outside edges
68 only or along both inside edges 66 and ocutside edges
68. Alternatively there may be no notches used. 1In the
prior art, the preload bend location is typically set by
the tooling used to form the bend. Variations in tool
set-up can cause variations in the preload bend location
of about +/- 0.06 mm, for example. Notches 82 and 84
increase the stress level in adjacent material during
the preload bend forming process, such that large
plastic deformations occur near the desired bend
location. Therefore, the majority of plastic strain
defining the preload bend is localized, regardless of
variations in tooling. In this manner, the placement of
preload bend 80 is controlled more accurately than in
the prior art. Alternatively, specifications on tool
accuracy may be relaxed with a similar level of bend
placement .accuracy.

With the tapered suspension beams shown in
Figure 2A, the beams have a nearly uniform bending
stress level along their length in response to elastic
deformation of preload bend 80, except for end effects
in the suspension where the suspension connects to
relatively rigid components. 1In contrast, suspension
beams with a constant width have a maximum stress due to
the elastic deformation of prelocad bend 80 at the track
accessing arm end of the beams, which decreases to a
small stress at the slider end of the beams. This
maximum stress is determined by the beam width which is
set by the lithographic masking and chemical etching
process. Tapered beams also have less mass for a given
maximum bending stress level and therefore have less
tendency to separate'frOm the disc surface under shock
loading as compared to constant width beams. If the
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suspension beams taper to a point at the air bearing
load point, the beams will_have a minimum mass for a
given bending stress level. Substantially all of the
suspension material will be at the specified bending
stress level, so no further mass reductions can be made
without increasing the bending stress level above the
specified level. This results in the best possible low
frequency shock resistance.

Suspension beams 44 and 46 are substantially
unconnected to one another between track accassing arm
24 and slider/microactuator assembly 20. However,
suspension 22 may further include minimal tooling
features such as features 72 and 74 (shown in phantom)
which extend between the suspension beams for providing
apertures, slots or other features for aiding in the
alignment of track accessing arm 24, suspension 22 and
slider/microactuator assembly 20 during assembly.

Figures 3A and 3B illustrate an actuator
assembly 100 in which the suspension beams are attached
to the leading end of slider/microactuator structure 20
as.opposed to the sides of the assembly, in accordance
with an alternative embodiment of the present invention.
Figure 3A is a top plan view of the distal end of
actuator assembly 100, and Figure 3B is a side plan view
of actuator assembly 100. The same reference numerals
are used for the same or similar elements as were used
in Figures 1-2. Actuator assembly 100 includes track
accessing arm 24, slider/microactuator assembly 20 and
suspension 102.

. Suspension 102 includes proximal mounting
section 106, distél mounting section 108, laterally
spaced suspension beams 110 and 112 and longitudinal
axis 114. Suspension beams 110 and 112 have a preload
bend 113 formed transverse to longitudinal axis 114.
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Distal mounting section 108 extends over the top surface
of slider/microactuator assembly 20 a distance 115 and
is bonded to either microactuator structure 58 or slider
body 56. In one embodiment, distal mounting section 108
5 is bonded to the top surface of a main body 58a of
microactuator structure 58. Main body 58a has a
plurality of electrical terminals 119 (shown in
phantom), some of which may be electrically _codpled to
suspension 102 such that suspension 102 acts as a ground

10 plane for the microactuator. The remaining terminals
would be coupled to electrical control wires in a known
manner. Main body 58a supports slider body 56 through
beams 60a and 60b and narrow spring between 60a and 56e
and between 60b and 56f.

s ' Suspension beams 110 and 112 have an effective
free length L;, which is measured from the distal end of
track accessing arm 24 to the leading end of
slider/microactuator assembly 20. Suspension 102
transfers a preload force from the elastically deformed

20 preload bend 113 to slider/microactuator assembly 20 at
a suspension load point 116. Suspension load point 116
is defined as the point along longitudinal axis 114 at
which suspension 102 is first connected to
slider/microactuator assembly 20 (in this case at the

25 leading end of assembly 20).

By placing suspension load point 116 forward
of the air bearing load point 61, suspension beams 110
and 112 may be placed closer together which decreases
the roll stiffness of suspehsion 102 and increases the

30 .number of usable data tracks at the inner radius area of
the disc. This also results in a combined preload force
and pitch moment being applied to slider/microactuator
assembly 20 at suspension load point 116. The pitch
moment is defined as the preload force times a
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longitudinal distance 118 between suspension load point

116 and air bearing load point 61. The correct pitch

moment at suspension load point 116 results in a

desired, substantially zero pitch moment at air bearing
5 load point 61.

One method of obtaining the correct pitch
moment is to place preload bend 113 at an appropriate
position along the length of suspension beams 110 and
'112. Notches 122 are formed along inside edges 124 and

10 outside edges 126 of suspension beams 110 and 112 for
accurately defiriing the location of preload bend 113
along length 120. For a set of suspension beams having
a constant width along length 120, this location was
found to be preferably about.1/3 the distance between

15 track accessing arm 24 and suspension load point 116.
For a set of tapered suspension beams with nearly
constant bending stress, as described above, this
location was found to be about 1/2 the distance between
track accessing arm 24 and suspension load point 116.

20 Figure 4 is side plan view of an actuator
assembly 140 according to another élternative embodiment
of the present invention. Actuator assembly 140
includes track accessing arm 24, suspension 142 and
slider/microactuator_ assembly 144. Suspension 142 is

25 bonded to the leading surface of slider/microactuator
assembly 144. Slider/microactuator assembly can.include
a slider body 146 only or, more preferably, can include
slider body 146 in combination with a microactuator
Structure 148. Microactuator structure 148 is bonded to

30 leading slider surface - 150 during head wafer
fabrication. Microactuator structure 148 is built up by
a thick film method and then fired in place. After
dicing the wafer into individual slider bodies,
electrical connections are made to the microactuator
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electrical terminals. Suspension 142 is then attached
to leading surface 152 of microactuator structure 148
with the electrical connections interposed between
suspension 142 and microactuator structure 148 using an
insulating epoxy or similar adhesive.

The electrical signals that are applied to the
electrical terminals cause microactuator structure 148
to selectively expand and contract the relative distance
between suspension 142 and the two ends of leading
slider surface 150 to actuate slider body 144 in an off-
track direction. This allows micropositioning of the
read or write transducer carried by slider body 144
during read and write operations. Microactuator
structure 148 may be formed of a piezoelectric material
which ihcludes-a lead zirconate titanate (PZT) material,
for example. However, other types of microactuators may
be wused with the present invention, such as
electromagnetic, electrostatic, capacitive, fluidic, and
thermal microactuators.

As mentioned above, the suspension shown in
the previous figures has no stiffened load beam section.
Stiffened 1load beam sections have  been used in
suspensions of the prior art to stabilize the dynamic
response of the slider/suspension assembly by limiting
out-of-plane deflection of the suspension under preload.
The stiffened load beam has served to maintain a
substantially planar suspension by limiting the elastic
strain of the preloading to a small length near the
track accessing arm. Since the suspension of the
pPresent invention has no stiffened load beam section,
the suspension beams have elastic strain due to

preloading throughout the length the beams, from the

track accessing arm to the slider/microactuator
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assembly. Additional resonance control measures are
therefore desired.

A suspension having tapered beams with
vanishing widths at the longitudinal location of the air
bearing load point most closely approaches the constant
bending stress condition. This ideal can only be
approximated due to bending stress risers at the ends of
the suspension where the suspension attaches to
relatively rigid components. This also provides a
nearly constant curvature along the entire free length
of the beams under elastic loading. If the suspension
beams have a preload bend with a large radius of
curvature, the preload bend will reverse under
preloading such. that the preloaded éuspension will be
nearly flat in a plane parallel with the disc. This is
the ideal condition for the best off-track frequency
response of the suspension.

' Since it is difficult to form a preload bend
such that the entire suspension beam is uniformly
curved, it is more common to have a relatively shaxp
bend, which forms a "hump" of elastically strained
material under preload as shown in Figures 2B, 3B and 4.
The position of this hump can be varied with the bend
forming tool such that the average deviation of spring
material away from the ideal plane is minimized .

Figures 5-9 shown finite element modeling
results that were used to determine a desired preload
bend location for a suspension similar to that shown in
Figures 3A and 3B. The slider was modeled with a length
of 56 mils, a width of 42 mils and a mass of 2.0 mg,
which is about 35 percent of industry standard
dimensions. Suspension beams 110 and 112 were modeled
as if etched from stainless steel flat stock material
having a thickness of 1.2 mils. The suspension length
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from the distal end of the track accessing arm to the

air bearing load point was 0.300 inches. The distance

from the suspension load point 116 at the leading end of

the slider to the air bearing load point 61 at the

center of bearing pressure was 0.033 inches. Suspension

beams 110 and 112 were modeled as tapering to a point

having zero width at air bearing load point 61. The

mass of the suspension was very small, resulting in a

low frequency shock acceleration threshold of 651

gravities bufore séparation between the slider and disc-
OQCurs. This approached an ideal value of 1000

gravities for a massless suspension with a 2.0 mg slider

and 2.0 gmf preload. By comparison, a similar assembly
using a typical suspension of the prior art had a shock
acceleration threshold of 6nly 340 gravities.

Figure 5A is an isometric view of a finite

element model of suspension 102. Suspension beams 110

and ‘112 were modeled with the preload bend 113 in each
beam. Each preload bend 113 had a bend angle 160 of

35.8° and a bend radius of curvature of 0.050 inches.

‘Thus, only a portion of the beam length was formed into -

a bend.  Preload bends 113 were centered halfway along
the effective free length of the beams, measured from
the track accessing arm to the leading end of
slider/microactuator assembly 20. There were no notches
used to aid in bend location. :

Figure 5B is an isometric view of the finite
e€lement model shown in Figure SA, after adding an air
bearing lifting force 162 applied to the air bearing
surface of slider/microactuator assembly 20. The
resulting bending stress along suspension beams 110 and
112 was at a uniform level of 40,000 psi at material
locations that were distant from end effects. End
clamping at track accessing arm 24 and
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slider/microactuator assembly 20 increased the bending
stress at those locations to about 63,000 psi. Since
the yield stress of fully hardened stainless steel in
this example was specified at 180,000 psi, suspension
beams 110 and 112 were not overstressed 'by preloadihg.

Figure 6 is a plot of the net pitch torsion at
air bearing load point 61 versus the preload bend
location along the effective free length of suspension
beams 110 and 112. As discussed above, it is desirable
to have a nearly zero pitch torsion on the air bearing.
Stiffness variations in the suspension and the signal
wires cause larger variations in a non-zero pitch
torsion value than in a zero pitch torsion value. The
plot of Figure 6 shows that a single preload bend at
about half the effective beam length results in nearly
zero pitch torsion on the air bearing.

Figure 7A is an isometric view of a finite
element model of suspension 102 with the preload bend
removed. Suspension 102 therefore provides zero preload
force to slider/microactuator assembly 20. With the
model shown in Figure 7A, the suspension material lies
in plane parallel with the disc surface when the
suspension and slider are loaded into the disc drive.

Figure 7B is an "off-track bode plot" which
illustrates a frequency response amplitude ratio of
recording head off-track displacement over the amount of
accessing arm input motion. The suspension modeled in
F'igure 7A had a single resonant mode of slider yawing at
12.6 KHz. The tapered. beams modeled in Figure 7A
deflect with a constant curvature under a tip load.
Therefore, a preload bend formed with a constant
curvature along the entire length of the suspension
would deflect to a substantially flat configuration as
in Figure 7A when the suspension is loaded into the disc
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drive. However, such a bend is difficult to obtain in
practice, due to spring back effects in the bend forming
process. |

Figure 8A is a side plan view of the
suspension model shown in Figure S5A in an unloaded
position 164 (shown in phantom) and in a loaded position
166, with preload bend 113 positioned at 50 percent of
the distance between the track accessing arm and the
leading end of slider/microatuator assembly 20. Figure
8B is a corresponding cff-track bode plot for the
suspension model shown in ' Figures 5A-5B. Several
additional resonant peaks appear due to torsional modes
of vibration within the suspension. The lowest
frequency of these additional resonant peaks is 3.0 KHz.

Figure 9A is a side plan view of the
suspension model shown in Figure 5A with preload bend
113 positioned at 35 percent of the distance between the
track accessing arm and the leading end of
slider/microatuator assembiy 20. Figure 9B is a
corresponding off-track bode plot of the model shown in
Figure 9A. Only two resonant peaks remain, a torsion
mode resonant peak at 4.0 KHz and a slider yaw mode
resonant peak at 14.5 KHz.

Thus, the result shown in Figure 9B suggest
that the preload bend 113 be positioned at 35 percent of
the suspension beam length to obtain an off-track bode

~plot with minimal resonant peaks, while the results

shown in Figure 6 suggests that the preload bend 113 be
positioned at 50 percent of the suspension beam length
to obtain zero pitch torsion at the air bearing load
point. A suspension'having a minimal mass and a single
preload bend of a small radius of curvature therefore
cannot give the desired combination of zero pitch
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torsion at the air bearing load point and an off-track
bode plot with minimal resonant peaks.

Several solutions to this dilemma are possible
in accordance with the suspension of present invention.
First, the suspension can have a plan form other than
the minimal mass configuration (which is shown in Figure
34). This solution would tend to undesireably reduce
the shock threshold at which slider-disc separation
occurs. Second, an additional bend can be formed in
suspension beaﬁs 110 and 112 near suspension load point
114. The additional bend would be formed such that
there is substantially zero pitch torsion at the air
bearing load point 61. This solution would tend to
increase the manufacturing cost due to the additional
bend. Third, the stacking height at the track accessing

arm can be increased. The stacking height is equal to

the distance from the surface of the disc to the lower
surface of the track accessing arm. Increasing the
stacking height tends to reduce nose-down pitch torsion
on slider assembiy 20.

Figure 10A is a top plan view of an actuator
assembly 190 according to another alternative embodiment
of the present invention. Actuator assembly 190
includes suspension 200, track accessing arm 202 and
slider 204. As in the previous embodiments, suspension
200 includes laterally spaced suspension beams 206 and
208 which extend along longitudinal axis 210,.between
track accessing arm 202 and slider 204. However, in
this embodiment, suspension beams 206 and 208 are
attached directly to the back surface of slider 204.

Figure 10B is a side plan view of actuator
assembly 190. An elastically deformed preload bend 214
is formed in suspension beams 206 and 208 in a direction
transverse to longitudinal axis 210. Piezoelectric
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strips 216 and 218 are attached to suspension 200 along
the 1length of suspension beams 206 and 208,
respectively. Piezoelectric strips 216 and 218 are
positioned over the "humps" in suspension beams 206 and
208 which are the resultant shape of the elastically
deformed preload bends 214. Piezoelectric strips 216
and 218 can be formed of a polymer such as
polyvinylidene fluoride (PVDF) CH,-CF,.

Piezoelectric strips 216 and 218 are attached
to suspension beams 206 and 208 wilh a conductive
adhesive such that suspension 200 acts as a ground plane
for each strip. Each s'trip has a thin electrode layer
deposited on its top surface, to which control wires or
flex circuit traces (not shown) can be bonded.
Piezoelectric strips 216 and 218 have pocles that are
orientated such that the length of strips 216 and 218
along longitudinal axis 212 will expand when a positive
voltage potential is applied between the top electrode
and the ground plane and will contract when a negative
voltage potential is applied between the top electrode
and the ground plane.

Strips 216 and 218 act as a self-contained
track-seeking microactuator and preload control device.
Since strips 216 and 218 are bonded to the humps on
suspension beams 206 and 208, the hump on a first beam
may be flattened by contracting its strip while the hump
on the second beam may be exaggerated by expanding its
strip. This action extends the length of the first beam
while shortening the length of the second beam, causing
slider 204 to shift its track registration in an off-
track direction 220. The combination of contraction on
one suspension beam and expansion on the other
suspension beam also changes the preload applied by each
suspension beam. The following table shows four general
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modes of microactuation for track seeking and preload

control:
BEAM 206 BE2AM 208 PRELOAD .} TRACKING
VOLTAGE VOLTAGE 1 CHANGE CHANGE
- - Reduced None - m
+ - None Seek to Beam
208 Side

None Seek to Beam
206 Side

Increased None

These modes of microactuation may be used in
combination to maintain a desired flying stability
during track seeking; The preload control modes may be
used alone to allow a relatively high flying height with
a low preload force when the disc drive is idle, or to
allow a low flying height with a high preload force when
the disc drive is accessing data. The track seeking
microactuation mode may be used in a traditional manner
for centering the recording head on a desired data track
or for generating a slider/disc stiction release jogging
motion during slider take-off from the disc surface.
The preload control modes may be used to load and unload
slider 204 from the disc during start up and shut down,
as well as to control flying height.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention.
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WHAT IS CLAIMED IS: | “IIII
1. A disc drive comprising:
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actuator means for carrying a transducer used

a data storage disc; and

to read and write information onto the
data storage disc.
2. A suspension for supporting a slider assembly
in a disc drive, the suspension comprising:

a longitudinal axis;

a proximal mounting section for mounting to a
rigid track accessing arm; _ '

a distal mounting section for supporting the
slider assembly; _

first and second laterally spaced suspension
beams extending from the proximal
mounting section to the distal mounting
section, wherein the first and second
suspension.beams have inside and outside
edges relative to the longitudinal axis
and are flat from the inside edges to
the outside edges; and

a first preload bend formed in the first and
second suspension beams transverse to
the longitudinal axis.

3. The suspension of claim 2 wherein the
suspension is formed of a single, unitary piece of
material. '

4. The suspension of claim 2 wherein:

the first and second suspension beams have an
- effective free length which is measured
from the proximal mounting section to

- the distal mounting section; and

I

A
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the first preload bend is pos1tloned between
about 30 percent and about 50 percent of
the effective free length.

5. The suspension of claim 4 wherein the first
and second suspension beams have a substantially
constant width from the proximal mounting section to the
distal mounting section.

6. The suspension of claim 5 wherein the first
preload bend is positioned at about 50 percent of the
effective free length.

7. The suspen31on of clalm 4 whereln the first
and second suspens1on beams each have a width which
decreases linearly between the proximal mounting section
and the distal mounting section.

8. The suspension of claim 7 wherein the first
preload bend is positioned at about 35 percent of the
effective free length. _ -

9. The suspension of claim 8 and further
comprising: - ' '

a secohd'preload bend formed in the first and
second suspension beams, between the
first preload bend and the distal
mounting section.

10. The suspension of .claim 2 wherein the first
and second beams have a geometry selected such that a
specified bending force applied to the first and ‘second
suspension beams results in a specified'bending stress
level in the first and second suspension beams which is
substantially uniform along the first and second
suspension beams. _

11. The suspension of claim 10 wherein the first
and second suspension beams have a minimum mass such
that substantially no material méy be removed from the

first and second suspension beams_without increasing
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bending stress in the first and second beams beyond the
specified bending stress level.

12. - The suspension of claim 2 wherein the distal
mounting section comprises a first mounting pad formed
at a distal end of the first suspension beam, a second
mounting pad formed at a distal end of the second
suspension beam and a bridge extending between the first
and second mounting pads.

13. The suspensioh of claim 2 and further
comprising: .

a first notch positioned along one of the
inside and outside edges of the first
suspension beam and defining a position
of the first preload bend in the first

- suspension beam along the longitudinal
axis; and

a second notch positioned along one of the
inside and outside edges of the second
sﬁspehsion beam and defining a position
of the first preload bend in the second
suspension beam along the longitudinal
axis.

14. The suspension of claim 1 and further
comprising:

a first piezoelectric microactuator strip
applied to the first suspensién beam
along the first préload bend;

a second piezoelectric microactuator strip
applied to the second suspension beam

. along the first preload bend; and
wherein the first and second piezoelectric
strips each have a 1length along the
longitudinal axis which is a function of
This' Sheet:Has:Been R
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a voltage applied to that piezoelectric
strip. ' _
15. An actuator assembly comprising:
a rigid track accessing arm;
a slider assembly; and
a suspension comprising:
a longitudinal axis;
a proximal mounting section supported by
the rigid track accessing arm;
a distal mounting section supporting the
slider assembly; _
first and second laterally spaced
suspension beams extending from the
proximal mounting section to the
distal mounting section, wherein
the first and second suspension
~ beams have inside and outside edges
relative to the longitudinal axis
and are flat from the inside edges
to the outside edges; and
a first preload bend formed in the first
and second suspension beams
transverse to the longitudinal
~ axis. |
16. The actuator assembly of claim 15 wherein the
first and second beams are substantially unconnec¢ted to
one another between the track accessing arm and the
slider assembly.
17. The actuator assembly of claim 16 wherein the
suspension further comprises a fixture alignment feature
extending between the first and second suspension beams
at a location between the track accessing arm and the
slider assembly. '
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18. The actuator assembly of claim 15 wherein the
distal mounting section comprises a first mounting pad
formed at a distal end of the first suspension beam and
bonded to the slider assembly, a second mounting pad
formed at a distal end of the second suspension beam and
bonded to the slider assembly, and a bridge extending
between the first and second mounting pads.
19. The actuator assembly of claim 18 wherein the
slider assembly comprises a slider body with a bearing
surface and a back surface and wherein the first and
second mounting pads are bonded to the back surface of
the slider body;
20. The actuator assembly of claim 18 wherein the
slider assembly comprises a slider body and a
microactuator structure and wherein the first and second
mounting pads are bonded to the microactuator structure,
which is bonded to the slider body, so as to form a
preload force transmission path from the suspension to
the microactuator structure and from the microactuator
structure to the slider body.
21. The actuator assembly of claim 20 wherein:
the slider body has first and second side
surfaces and a back surface;
the microactuator structure is bonded to the
slider body at the first and second side
surfaces; | ’
the first and second mounting péds are
attached to the microactuator structure
adjacent the first and second side
. surfaces, respectively; and
the bridge extends over the back surface of
the slider body and is formed out-of-
plane with the first and second mounting
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pads such that the bridge is separated
from the back surface.

actuator assembly of claim 21 wherein:
slider body further has a length along
the longitudinal axis and a bearing
surface, wherein the bearing surface
defines a bearing load point along the
length; and '

first and second mounting pads each have
an average longitudinal bond location
along the 1length which corresponds to
the bearing load point.

actuator assembly of claim 20 wherein:
slider body has a leading end and a
trailing end is parallel with the
longitudinal axis of the suspension;

microactuator structure comprises a main
body with a suspension mounting surface
which is positioned forward of the
leading end of the slider body, along
the longitudinal axis, and comprises at
least one beam spring extending from the
main body and attached to the slider
body; and

first and second mounting pads are
attached to the suspension mounting
surface. |
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