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' Disc drive data storage systems use rigid
discs which are coated with a magnetizable medium for
storage of digital information in a plurality of

10 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

15 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.

20 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

25 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

30 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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and roll flexibility is obtained froma ginbal structure, which 10 is =
typically a separate piece part that is welded to the | oad beam portion of
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material than the | oad beamto increase 143 pitch and roll conpliance.
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pitches and r to an equi l'i brium position wherein a center of bearing
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in pitch and roll _nopent plie y . .
to follow the disc topography. This pitch and roll

flexibility is obtained from a gimbal structure, which
10 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
15 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
20 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

25 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

30 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



the gi mbaly, eviations in the |location of the pressure hINRY
fromgt he .deg%?'ggg gi r bearing |load 30 point. The point at whic gtﬁ _
suspension applies the preload force to the slider is usually directly :
above the air bearing | oad point. The preload force is typically applled
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of f-track nDt|Qﬁf¥ﬂedrﬁssth@eﬁuapenaeosuipedsponmtoad 10 point. \Wen the
preload fogce is applieduirblet8htdfs 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
10 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,
1s the microactuator'must'overcome the off-track stiffness
of the gimbal to move the siider in the off-track
direction. “
Improved suspension structures that are
adapted for microactuation are desired.
20 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

25 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

30 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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di npl e an der surface to nove the slider in the off

direction, Wien the preload force is applied to the slider through a .
ginbal, 15 the mcroactuator nust overcone the off-track stiffness of t he
ginbal to nove the slider in the off-track direction. Inproved suspension
structures that are adapted for mcroactthti on are desired. 20
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Figure 2B is a side plan view of the actuator

assembly.
Figure 2C is a cross-sectional view taken
10 along lines 2C--2C of Figure 2A.
Figure 3A is a top plan view of an actuator
'assembly according to an alternative embodiment of-the
present invention. |
Figure 3B is a side plan view of the actuator
15 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

20 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

25 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

30 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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DESCRI PTIION OF THE DRAWNGS Figure 1 is a top plan view of a disc-drive _
data storage device according to one enbodi nent of the present invention. 5
Figure 2Ais a top plan view-of an actuator assenbly of the disc dri.ve
shown in Figure 1. Figure 2B is a side plLan view of the actuator assenbly.
Figure 2C is a cross-sectional vi ew t akéR~10 along lines 2C-2C of Figure
2A. Figure 3Ais a top pl.an_view of an act atoiagssenbly ccording& 0 an

alternative enbodi ment SF-FHE presthit 3 i BR2RFV3&Pe ofg YR amoMgd bl an
vi ew of the ashownoinlFiguzessabwythhavwpredobidgbead3posktdonedd aits 3% t op

plan view of 8Braehtbd ehe® Sillpediidd béhrm “PRGGERON 2t tached to a [eading
en Figure 9B is an off-track bode plot of the
5 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

10 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

i5 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

20 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

25 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

30 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. Slidér/microactuator assembly 20 travels



of a slider Iy Figures 5A and 5B are isonetric views
finite el eWQr??% of a suspension in the actuator assenbllg Iﬁ59%31819

Figure 3A. Figure 6 is a plot of net pitch torsion at an air bearing |load -
poi nt. versus preload bend location. Figure 7Ais an isonetric view of a
finite 25 el enent nodel of the suspension in Fi gure BAwith a prel oad
bend renoved. Figure 7B is an "off-track-bode plot" of the nodel shown in

Figure 7A. Figure 8A is a side plan view of the nodel 30 shown in Figure
SA with a prel dd@PnSedd PFEIAhRAER 3D hatwesn drdise taRpEndisRehesm

| ength. Fi gure(&@)l s fa tdask s Miimd®ert (@pyoglel shown in Figure
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Figure 9A is a side plan SHERERALIhRHoliR| SERYAN ¥ FHSRRSF FetRih AR
prel oad bend p@digurecdrtandb 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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Each slider/m croactuator assenbly 20 1s supported by a suspension 22
which, in tUpRCropgtuators 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
10 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
15 . are attached to a point along side surfaces S6e and 56f.
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
20 support the slider while allowing the slider to move
freely. -

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

25 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

30 slider support pads are 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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26. The a ssenbly shown in Figure 1 is of the type knawn as a .
rotary noving coil actuator and includes a voice coil notor (VCM, shown -
generally at -30 28. Voice.coil notor 28 rotates actuator assenbly 26
with its attached slider/ mcroactuator assenblies 20 about a pivot shaft 30
to position slider 20 over a desired dataB8track under the control of

el ectronic circuitry 33. Slider/nicroactuator assenbly 20 travel s, WO
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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
10 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
15 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
20 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
25 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
30 -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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chemically etched to form suspension beams 44 and 46.
Suspension 22 has an upper surface 62 and a lower
10 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

15 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
20 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.

25 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

30 slider/microactuator assembly 20 are loaded into the
disc drive. |

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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suspension 22. Slider body 56 has a back surface 56a, a bearing surface
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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
10 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
15 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
20 Figure 2A, the beams have a nearly uniform be_nding
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. In contrast, suspension
25 Dbeams 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
30 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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taken al ong | ilpad POin2C dfhdi geamszm,:.l\MqlhavshQMthmumpmassg Hetwaeen

bri dge struct 4 y r gg} a rnative
enbodi nment , H%ﬁgﬁ|§%§§i§ croaé?%at%éﬁe ruc g%%%ad¥} ly ghgport
pads are bondéESEﬁF@éPny mateayickl sWildcdes6at of—hsl |Sl@c1tfd@i 5bendmn9he
enbodi mens shgppess EéGHiessgAnanéuQEheQﬁg€§s $4aud g§oﬁé6caﬁxbénﬂadélong

the sides of slider/ m cr oacCt uat or asse e average
without increasing the bendlng stress level above the

specified level. This results in the best possible low
frequency shock resistance.
Suspension beams 44 and 46 are substantially

10 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

15 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

20 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

25 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.

30 . Suspension 102 includes proximal mounting
section 106, distsl 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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| ongi t udi %%E%lon of the beam attachnent at slider nounting paﬁs go and

52 corresponds to an air bearing |oad point 61 of slider body 56 (shown in:
Figure 2B). As the disc rotates beneath air bearing surface 56b, the 5
slider body pltches and rolls to an equiljibriumposition wherein a center
bearing pressure is defined on the air bek#tng surface. The desired

| ocation of the.pressure center is.,defined as the air bhearing | oad point
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structure 58 su&h stﬂialerafmdmﬁrdm&mohmrmlﬁlzmasdubaha&t nalsl ynd
erbodi ment - has 18 HPBAEUARS S heE e TR EErRERE mr R e 38 S FId Seacks
cannot be accebody Béar Irmeorienembodiment ardbtsdralomaunt idig ceiticm 1108
o1’ tor/m cPoactSatai i EB7 dHiCholl' MBAlCVSE, o ndfh By s0a of,
there are 10, OBdcxoaskyater | strustunee G8sc anMainspeedyorb8ratasi4aand 46
extend about Op34@allitheS of electrical terminals 119 (shown in
phantom), some of which may be electrically coupled 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 thé
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



20 from | of slider/nicroactuator assenbl y 20, rougbi¥nkethisiscks
are | ost .f{r’d(gﬁ?%gﬁl nner radius-area of the disc. Suspension g --has-no _

di stinct separation into preload bend, |oad beam and gi nbal areas. Bot h
the 25 prel oadi ng and gi nbal -fl exure functions are obtained from suspensi on
beans 44 and 46. Suspension beans 44 and_46 are |onger than typical ginbal
struts of the prior art, which results Th3Simlar pitch stiffness. The rol

trut s becausa e Dihe S s dhdl 4 melithn, Al 10 Ehasd
struts. The hildé ragzid airfbearinghdwedepoint dihpat Théecortrecti pitedr i ng
o1 gders vt ket * BB dogRUTbotgt 106 IR 14° s
PCT/ US97/ 21819esjreds .suhattantw@lﬁc @efo @itchl nanent @tapinhbeasting  of
trailing gurfq_%é%iﬂ@esﬂ yi ng hei ght of the recording
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 defiﬁing 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/microactuato: 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



head is relatively insensitive to roll stiffness. Suspen5| o]

froma f| XNOBYMR3 of 5 stainless steel or simlar gﬁéﬁ’%ﬁ@h

has a thickness from0.5 to 2.0 mls, for exanple. The flat st ock of :
material is lithographically. patterned and chemcally etched to form
suspensi on beans 44 and 46. Suspensi on 22 has an upper surface 62 and a

| oner 10 surface 64, and suspension bé#&rs 44 and 46 have an inside edge

66 and an outside edge 68 rel ative to |ongitudinal axis 48. Suspension 22
has no stiffentagtEdsalorermingds al Svgpemsiamdgid? oks Jehem autagede.

Rat her, suspeggi Qaaa@ﬁgs ARt 46521 6 SR SRR ALY Bt rddtdlird r paBi nsi de
edge 66 to outside ed 68. Suspen5| on beans 44 and 46 havg w dt h Wwhi ch

tapers al ong VohBi tEB?na?l%&T%l% FopReskignge %ﬂ’éleEP"?ﬁ eh¥esRi ng

supported by suspknaseassidlaffnmPdroadtuatbe stigticeuwrecnds @binghen beans
supporti n er/ m croactuataqr , ssenb 20. Wdth Wpreferably

narrows | ea?'P?uilLf“gﬁPg FROXY FrwiSHH M%essing arm24 to a
m ni mum wi dth at slider Theseﬂrbb;zrieallsugnaméteha)\ataw appiiddidrent theeans 44

and 46 have ag5gpakaah1"kdlhithalD UaAEs HERSAAEL 2etgeehbgeragesent!y

to selectively expand and contract the relative distance
between suspension 142 and the two ends of leading

10 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 piezocelectric material

15 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.

20 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

25 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

30 present 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



25 wo oo/0boeR! €l oad bend 80 (shown in Figure 2B) is forg@gusdinisie
suspensi on béans 44 and 46 in a direction transverse to | ongi tudinal axis

48. Prel oad bend 80 becones el astically deforned (as shown in Figure 2B)
when track accessing arm 24, .suspension 22 and 30 slider/m croactuator
assenbly 20 are | oaded into the disc dr|v Not ches 82 and 84 are forned
al ong i nside edges 66 of beans 44 and 4%t or defining a weak point in the

/
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may be | ocat eathaelmf@newsietba.mtbes 66 only, outside edges 68 only or al ong

both inside edges 66 anq\ ougéégg?gggﬁs %gw_ﬁl er‘{%;(#%/géy gggﬁg rr%_tlae no

not ches used. In the 5 rior prefoad b ocatrton Ts typically
set by the too'lamg;h;smwndth@r att hbebbcnnlglmdmalohscamcm@f ddve @i xcan

cause varisali gRadithd RS poidt kRt 1031 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
10 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
15 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
20 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

25 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
30 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



| evel in & material during 10 the preload bend formng process,
such that |arge plastic deformations occur near the desired bend | ocation. -
Therefore, the mpjority of plastic strain defining the preload bend.is

| ocal i zed, regardless of variations in tooling. In this manner, the

pl acement of 15 preload bend 80 is cont™#1ed nore accurately than in the

prior art. Alternatiyely, specifications on tool accurgcy nay be rel] axed
with a sinilar%FQWeF qﬁﬁ%?iﬂ%&id% t tBecGFack. aRASFIG Bk k@ the
suspensi on beagirsbeuring 20ad Poduite wis ¢ B0odeighdwlye Thaedisyansef orm
bendi ng stress_level, along their length in response,.to elastic def,orpgation
of preload benfral, ta8 rpensLon Lot o iht Y AL £o8. FeRai e ERe Phe
suspensi on conbbet slider| tbi WwHey aigi bezxiponehbad doimonélasit, the
suspensi ong 25 | . ] ave .a . Lum to
the el asti ?: defgg%?‘is %%m%%ﬁlggg?aé%%%# ggka{b ;6;?3 ¢ ggg‘ﬁgzuicc%‘gésﬁ%gsggﬁ end
of the beans, hRA®R 338r s112 wexenhodeledsasatapesisid dw @rpobntt he
beans.  Thi's EBYEAYM-SPL 51 dtth Igt el BhdVidd1e1 558 pBk AL 4N Chrhs

mass of the suspension was very small, resulting in a

low frequency shock acceleration threshold of 651

10 gravities bufore separation between the slider and disc-
occurs. This approached an ideal value of 1000
gravities for a massless suspension with a 2.0 mg slider

of about +‘8ng@g$3rrm for exanple. Notches 82 and 84 increasgi{i&314:8SS

and 2.0 gmf preload. By comparison, a similar assembly
using a typical suspension of the prior art had a shock
15 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

20 35.8° and a bend radius of curvature of 0.050 inches.
‘Thus, only a po::ign 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

25 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

30 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



30 set hyoldgRedolt hogr aphi ¢ maski ng and chem cal etching prrgmwesyrzisper ed
beans al so have-less mass for a given maxi num bendi ng stress l-evel and

t herefore. have | ess tendency to separate fromthe disc surface under shock*
| oadi ng as conpared to constant width beanms. |If the WO 99/ 06993 -

PCT/ US97/ 21819 suspensi on beans taper tglq_poi nt at the air bearing | oad
point, the beans will have a m nimum nmasS for a given bending stress |evel.

Subst anti al | ; Lon_gaterh gl SW L t S L
bendi ng 5 st} LIS/ ESHEORIEOL o BRLARLG ot spciBadbd RRSRRAGRE
i ncreasi ng t hesteerp nt sthese loratigns /da bapectd: @0 pedl.. HinCS esults

in the best pqgsd b*feigws&sggew ANAGK Ji@ﬁ&éﬁé@cgta:?ﬂiéﬁgsh(%%e@.eaﬂﬁ 44
and 46 are substantially 10 unconnect'ed to one anot her between track
accessi ng ar mBMsRXaTPYRr VA specifded alsshidi §09opsi, HeNsRgnsion

suspensi ors 22 yeamd U ideind Tl 2 dfefNhER! o{réQEE&EsEéat'bye@r‘él%@i&ié gatures
72 and 74 (shown in _phané_fgryl)“re 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
10 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
15 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

20 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

25 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

30 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



whi ch extwgg}&w@en t he suspension beans for providing 15 C?‘RE’DIIHH:I‘E
othér fea E

slots or tures for aiding in the alignnment of track accéssing arm
24, suspension 22 and slider/ mcroactuator assenbly 20 during assenbly. .
Fi gures 3A and 3B ill.ustrate. an actuator assenbly 100 in which the .
suspensi on beans are attached 20 to the | eading end of :
slider/mcroactuator structure 20 as opb%%éd to the sides of the assenbly,
in accordance wi.th an_alternative .enbadi nent of . the present [nventi.on.

H gur o anie id o B (s L oo ae Laqost PReRAE  BP obeaim v Moo,
and Fi gure 3Bpractidsieje queatovspwif§ back effeatsrimsimrbendl §@xrmiHe sane
ref erence nun;;ﬂ%sasre used for the sanme or simlar elenents as were used
in Figures 1-2. Ct U

tuator assenbly 100 includes track accessing arm 24,
slider/ m croactuator asstgnge 20BAndisuspenside 1p2an30view of the

Suspensi o 102,d ; i i ti 6,,.di | ting
section 1%8, %&éggg%’%ﬁi g‘gg Ks%%vr’]lg?gng bggﬁéf§l an%glﬂpaﬁh&log% udi nal
axis 114. SuspPafditderh (showanininbantow) sapd sl & lpeded positdond

transverse to 1e¥)givitH e Bodd Hérd 113 positioned at 50 percent of

the distance between the track accessing arm and the

leading end of slider/microatuator assembly 20. Figure

10 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.

is 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

20 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

25 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

30 to obtain zero pitch torsion at the air bearing load

peint. 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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Di stal nbunting section 108 extends over the top surface of )
slider/mcroactuator assenbly 20 a distance 115 and is bonded to either

m croactuator structure 58 or slider body 56. In one enbodi nent, distal
nounting section 108 5 is bonded to thag.op surface of a main body 58a of
m croactuator structure 58. Mai n body 58a has a plurality of electrical
term nal s 119 Hcdwibon | &t pbhAst afy, beatdine Mid peodhyt band@l ant of£akiepckoupl ed

to suspension ;102 such that, suspension 102 acts as_a ground 10 pl ane for

the microact uator: lgjfl"f’f:é vlué%ﬁgi V]‘P‘ﬁé“‘? rﬁeﬁﬁ?%ﬁ%a%ﬁ%' coupled to electrical

control wires in a knowSewenail.sdlutibngyts chis ghdremsns hirgcpobedip 186

t hrough beans . har ' n ds bet ween
500 and Sof . Lo adtbkakiieE g OB Ll SRpbale 0hIBE 1PRRsAR 1 A0ERRIEN:T 1VC

free | engtth L[Ek¥St, Wwehehsuspensioreddn ohavie adipdasl fowm opthexckhan

gﬁger}isingnar Tot;ﬁ’e it s R Rlrat {987 (W EERAE Wi iaSFeRRre 20
P 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
10 suspension bea_nis 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
15 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
20 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
25 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
30 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



transferswiopsedossd force fromthe elastically deforned 20 pquesseansibend
113 to slider/mcroactuator assenbly 20 at a suspension |oad point 116.
Suspensi on | oad point 116 is defined as the point along longitudinal axis °
114 at which -suspension 102 S first connected to.

sl.ider/ m croactuator assenbly 20 (in thiggcase at the 25 | eadi ng end of
assenbly 20). By placing suspension |oad point 116 forward of the air

bearing | oad ReIApLHDI6SusRERIBOArREARRatHRPRSG Ehsgahnsikm Roared digser

t oget her -which _deCreases the roll stiffness of suspension 102_and |ncreases

the 30 nunbelchst ui8REERJAtRE ¢ r SNEPSRSIME | BEANS adRAE arddCof 498 di sc.
Thi s al so resydspedtidrelqnbi Nned d¥cd sk £ D¢ Cetaipgpi 2L BRIENR1BEIANE

The. pi tch momFREHEASRER AR Ehen S BT SRR e O by
PCT/ US97/ 5181208l 3wvhicingakradithe reshibvant 1 shapel vefnthesepdestiicdlobyl poi nt
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
10 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.

15 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

20 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

25 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

30 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



116 and aWOB¥e6%hg | oad point. 61. The correct pitch noment BETHREHEAN on

| oad point 116 results in a desired, substantially zero pitch nonent at air
bearing 5 | oad point 61. One nethod of obtaining the correct pitch monment -
is to place preload bend 113 at an appropriate position along the | ength of
suspensi on beanms 110 and 112. Notches 1221are formed al ong inside edges 124
and 10 out si de edges 126 of suspension beans 110 and 112 for accurately
defini ng the hodeti of ofigredctuabion £bF adrmuk | segking?2@ndrerelcaad of
suspensi on begnﬁ ?ngng a constant width along Iength 120, this | ocation
was found to B8 érably about 1/3 the distance between 15 track
accessing ar . a ser_ol taper
suspensi on behBEAN 20nedrBEAMoABant| PRFPAD st r edsTRACKING i bed
this locatio TAGEd |oVORTAGE ;1 {/SHANGE §i 5t andCHAN

accessinggarnf 24 and susgension | oad poiﬁgdﬁg@d_zo
side plan vi of—arr—acttator—assenthy—+ ' ernative
enbodi ment offf the ®reserft inwvention. Noneat or | SeslenbbyBeam0 fincl udes

g arm 24, duspensi on 142 and 208 Side

track accessi
- + None Seek to Beam
206 Side

d
above,

None - Figlire 4 is

Increased None

10 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

15 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

20 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

25 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.



sl i der/ m erooepea6ees or assenbly 144, Suspen5| on 142 is 25 b®CTEHFR181Ae
| eadi ng surface of slider/m croactuator assenbly 144. Slider/ricroact uat or
assenbly -can | jody 146 only or, m)re——}&r—ea‘—eHrl&l—y—eaAn—~
i ncl ude- sl i de| ThURIRHERD HAS gpg;\bl nation with a mcr oa or ruct yre 148.
M croact uat or-ystrucgpmeacEsd i s bonded tox30 | eadi n t ﬁﬂiﬁ -150
| | t up by
into

during head i M croact uat or struct
a thick film geiahodsard.AlMeD figed i n pl ace. Af t er

I ndi vi dual sl a bodi e | ECtC{I cal connect | ons are rrade to the
nmi croactuator X+ WO 99/ %’69%55 rive compris

PCT/ US97/ 21819 - 14- el ec rdatd dtesragal d:.sSuspada on 142 is then attached

to | eading surface 152 qf %%oolgﬁé%%%lron 1&%&}%@ At ddseehaidd i cal

connect i ons interposed 58t croactuator_ structure
148 using an 5 insul ati ng epdxy veadi andawxzidtesinformatiencentic b gnal s

that are applied to 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

[
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el ect ri caWO®MEIRal s cause microactuator structure 148 to sECIMITI8

expand and contract the relative distance between suspension 142 and the

two ends of |eading 10 slider surface 150 to actuate slider b 144 in

an of f- track direction. This allows MCropositio,g“ggs TtHES BEEN or wite
ad "a

transducer carried by slider body 144 d®3-ng r¢g

M croactuator structure 148 may be formed of a fdiezoeléctric-materi al

whi ch includes a | ead ztheofidrst: pradaias (e21d hetpesitionsd besvsaen .

pWddre opérations.

15

However, other types of rricrggg)u&aggrie %€ anks Sthoud i e esert

i nventi on,
and t her mal

such as el ectronmagneti c,

suspension shown in theTHéeﬁhgﬁéﬂéﬂBﬂE@fhéiaﬂ&fﬁiﬁﬁé¥ﬁih|eﬁé FgHBt
section. Stiffeped | oad beam sécti,ons have been used in s Egnsuo of the
%ﬁﬁ’

prior art to

assembl y by |¢shétage ApidtRUréh -the prsiein£T maunting e ctiboense ahainder
étlff ned | pad beam has served to maintain a substantially
n

prel oad. The
pl anar suspe
smal | | ength

S
ardhi $eSent, c SHFRERSL e s RARRS ofhRVE sfi g8HPS

electrostatic, capacitive, fluidic,
m croact uators. gbe effective fxeepkenghBe above, the

852y PPRRFEPH SERE 2 st i ¢ strain of the preloading to a

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

7. The suspension of élaim 4 wherein the first
and second suspensibn 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 c¢laim 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 may be removed from the

first and second suspension beams_without increasing

* This Sheet Has Been Replaced -
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track accawoomgsas m Since the suspension of the 30  presRGFR/USKI#KI on
has no stiffened | oad beam sectign, the suspensi on beans have ‘el astic
strain due to rmlﬁaghmmcs&an ut the length the beans, fromthe track
accessi ng arm tjo t hepgpj g ™ crdact uat or WO 99/ 06993 -
PCT/ US97/21819 & SRy~ ddi ti one@4+ esonance control neasures are
therefore desired. A suspension having tapered beans with vani shing w dths
at the | ongitubendingostress oh the fiirss abdaseagndobdapsi beyepst theosel y
appr oaches thesggg§kggh Rendi; A% Syesss oQqiii i on. This ideal can only be
approxi mated due to bending stress risers at_the ends of the suspension
where the suspdBsion att ThResuspengian \@f \ckaim 2 cohpdbadnt she diptalal so
provides a 10 mofigdihy seRehiant &Hpﬁté&& & prgst h:ﬁoﬁﬁi:iﬁﬁ pagesbepgd of
t he beans under el astic lLoading. If the suspension beans have a prel gad
bend with a Ia?ﬁear dsgaloend 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

-_
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curvat ur ewo499693el oad bend wi Il reverse under prel oading sd’&f"t’ﬁ?&?lqlﬂe
prel oaded suspension wll be 15 nearly flat in a plane parallel with the.

disc. This is the ideal condition for the bes Tfﬁ% i T cy
response of the suspension. Since it is difficgl %é%%@%ad bend
such that the entire suspension beami s2&mi foroly 2 ed, iJ] is nore
comon to have a relatively sharp bend, which fornms a "hunp" of elastically
strained material under prel Baﬂ°g§a§ﬁoﬂﬁpilﬁ-qqgttﬁe%h?tB,PB%zaﬁaeﬁFr?ﬁe
position of this hunp can besgglj_'ge_d with the bend form ng tool such that
t he average deviation of sprin 5 mat er.i al away. fromthe ideal plane is
mi ni m zed. Fifires 5-9 Ao tPgﬁPFeaéﬁéﬁgq-tYrﬁﬁ'&? HprP@5ul ts that were used
to determne a desired prefigad beadk acdesyidgradmsuspension simlar to
t hat shown in Figures 3A and . 3B. _The sl.ider s nodeled with a length 30
of 56 mils, a width of 28 hASTLAFSETRIYS AR o my, which is about 35
percent of industry staadaudpension comprissivensi on beans 110 and 112 were
nodel ed as if etched from stai |.+f lat: sStock material having a
thi ckness of 1.2 mils. The s%sgéﬁgﬁgﬁzﬁg‘r?&l Bhid]

' 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. '

This Sheet Has' Been Replaced -

Wi
T

1 Lo ' |




VWO 99/ 06930 99/06993 PCT/ US97 /PXISUSPTRIEI from
the distal end of the track accessing armto the air bearing I'oad point was
0.300 inches. Th tAcAaEBEENthe suspension | oad point 116 at the )
| eadi ng end of ¥ qen Eg’the hir bearing | oad point 61 at. the 5°-

center of beari Yol e was—B—033 i nches. Suspension beans 110 and 112
wer e nodel ed as*fapering to a point having zero wdth at air bearing | oad

poi nt 61. Theigass of t heS BRI HA a@éemwx mlalrﬁqfslkméﬂaiﬂl thd OW
frequency Sho%@g eleratlon t hreshol d of 1 ﬂraV|t|es hef ore
separation be mounGihg %EEF%P%CCGEEH%§eS a Pad

i deal val ue foirmel@k @r diistiads ehd@ of Mhesfd¥sts svupperisdonibdam aa-xd) gy
ypi cal “suspeRSPRRErcy pERs, B R Ragemb1R,cr aetoRt CBPEPEAFE, HaF csnol o
of only 340 gfsximeideat &i distallend af thwmscond \susperis ol ibeaw atdnent
model  of SUSP%%ﬂaEa3¥§1tﬁ@sgiﬁaéenA@ﬁ@ﬁbﬂf}’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 mountlng 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

"l’his."Shéet-‘I-Ias BeenReplaced - -
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and- 112 weW@9%96¥3ed with the prel oad bend 113 in each beam PERUSHMIBad
bend 113 had a bend angle 160 of 20 35.8[err] and a bend radius of
curvature of 0.050 inches. Thus, only a portion of" tHe [ty

SHEGR JIASBEEN

formed into a bend. Preload bends 113 were centered Half*
effective free length of the beans, nmeasyed fromthe {rack BRlddEDng ar
to the | eading end of 25 slider/ mcroactuator assenbly 20. Thér o
notches used to aid in bend | padisi Guchi ghat thHe dbraldgesoimt sepaviatedf the

finite el ement nodel shown in_Eigure 5A after_adding an air bearing
lifting force 162 applied to Fﬁ@ﬂbﬁiqxgﬁékmf%ﬁfgé%Urface of
slider/mcroacz2ator asThebhrtudtor asEemblsudfiolaiwndlnyhemedss al ong
suspensi on beans 110 and 2 i f e f 4Q1g%9 Si
material | ocations that \%/ielr%e #Es‘%%lts?trigmée{.{rﬁﬂe%/eé?g = % ar?&??r?gq at
track accessing arm 24 thendlongiowlirgeoaxis and a bearing
PCT/ US97/ 21819 -17- surface, wherein the bearing surface
defines a bearing load point along the
length; and
the first and second mounting pads each have

an average longitudinal bond location
along the 1length which corresponds to
the bearing load point.
23. The actuator assembly of claim 20 wherein:

the slider body has a leading end and a
trailing end is parallel with the
longitudinal axis of the suspension;

the 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

the first and second mounting pads are
attached to the suspension mounting
surface. |
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sl i der/ m WO968%% or assenbly 20 increased the bendi ng streSETAHSHRER
| ocations to about 63,000 psi. Since the yield stress of fully hardened _
stainless steel in this exanple was specified at 180,000 psi, suspension 5
beans 110 and 112 were not overstressedif preloading. Figure 6 is a plot
of the net pitch torsion at air bearing | oad point 61 versus the prel oad
bend | ocation along the effective free I ength of suspension beans 110 and
112. As di scussed above, it is desirable 10 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
prel oad bend at 15 about half the effective beamlength results in nearly
zero pitch torsion on the air bearing. Figure 7Ais an isonetric view of a
finite el enent nodel of suspension 102 with the prel oad bend renoved.
Suspensi on 102 therefore provides zero prel oad 20 force to
slider/ m croactuator assenbly 20. /th the nodel shown in Figure 7A, the
suspension material lies in plane allel with the disc surface when the

A\
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suspensi onW2P8069%Bder are | oaded into the disc drive. FigurePEBYSIT/21§19

"of f-track bode plot" which 25 illustrates a frequency response anplitude
ratio of recording head off-track displgyﬁnent over the anount of accessing
arminput notion. The suspension nodeled’Tn Figure 7A had a single resonant
node of slider yawing at 12.6 KHz. The tapered beans nodeled in Figure 7A
30 deflect with a constant curvature under a tip |load. Therefore, a

prel oad bend forned with a constant curvature along the entire | ength of

t he suspension woul d deflect to a substantially flat configuration as in

Fi gure 7A when the suspensign is |oaded into the disc WO 99/ 06993

PCT/ US97/ 21819 -18- driveééfbmever, h a bend is dZigicuIt to obtain in

practice, Que_{o spring bagk effectssTn the b forgring pro Fi gure
8A is a [side i ty,{5 S| rmde"?h in Figure
5A in an

X
77770 Fig.2C
oo~ Ryl e
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posi ti on YHIVeMBhn in phantonm) and in a | oaded position 16@PCTUSH/2p810 oad
bend 113 positioned at 50 percent of the distance between the traék
accessing armand the | eading end of slider/mcroatuator assenbly 20.

Fi gure 10 8B is a corresponding cff-t3#k bode plot for the suspension
nodel shown in Figures 5A-5B. Several additional resonant peaks appear
due to torsional nodes of vibration wthin the suspension. The

| owest frequency of these additional resonant peaks is 3.0 KHz. 15

Figure 9A is a side plan view of the suspension nodel shown in
Figure 5A with preload bend 113 positioned at 35 percent of the distance
between the track accessi ng aréy‘qnd t he Ieadi ng end of

sl i der/ m croat uat & asser Frgure—98—»4 a 20 correspondi ng
of f-track boge prpt of/éép Z ho n Fi gure 9A. Only two resonant
peaks remai n,yat de r gga \ty/@ak atg K /&d a sli d yaw node
resonant peal at t he yesult Gn i

that the pre hend 113 be pos

beam | engt h bf ai n an of f;g’iack bodWot ?ks,
| S 6

while the rebults

L
e Sl

S == v/
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shown in AYQ8ME6M3 suggests that the prel oad bend 113 be posi PFENST2E%0

percent of the suspension beam|ength 30 to obtain zero pitch torsion at
the air bearing |oad point. A suspension having a mninml nmass and a
single prel oad ‘bend of a small radius of/®urvature therefore cannot ‘give
the desired conbi nation of zero pitch WO 99/ 06993

PCT/ US97/ 21819 -19- torsion at the air bearing | oad point and an of f-track
bode plot with mniml resonant peaks. Several solutions to this dilenma
are possible in accordance with the suspension of present invention. 5
First, the suspension can have a plan formother than the m nimal mass
configuration (which is showmn in Figure 3A). This solution would tend to
undesi reably reduce the shock threshold at which slider-disc separation
occurs. Second, an additi-onal bend can be fornegghg.lo suspensi on beans
110 and 112 near suspension | oad poiggz}l T ddi ti onal bend woul d be

4
fornmed such t hat 123 ’;(

o
el
e LSl
(T
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there i svQBYM@M ially zero pitch torsion at the air beari r?&T(%sggll.zbsc}lgnt 61.
This solution would tend to increase the nmanufacturing cost due to the N
addi tional 15 bend. Third, the stacking hei ght at the track accessing arm
can be increased. The stacking hei ght B¢ equal to the distance fromthe
surface of the disc to the |ower surface of the track accessing arm

I ncreasi ng the stacking height tends to reduce nose-down pitch torsion 20
on slider assenbly 20. Figure 10A is a top plan view of an actuator

assenbly 190 according to another alternative enbodi ment of the present

i nvention. Actuat or assenbly 190 includes suspension 200, track"
accessing arm 202 and 25 slider 204. As in the previous enbodi nents,
suspensi on 200 includes laterally spaced suspensi on beans 206 and 208 which
extend al ong | ongitudinal axis 210, between track accessing arm 202 and
slider 204. However, in this enbodi nent, suspension beans 206 and 208 are
30 attached directly to the back syurface of slider 204. Figure 10Bis a
side plan view of actuator assenbly 0. An elastically deforned prel oad
bend 214 is fornmed in suspension beE§!:206 and 208 in a direction

©
o
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transver s&??’%?%i tudi nal axis 210. Pi ezoel ectric WO 9'5?’_68%?“19

PCT/ US97/ 21819 -20- strips 216 and 218 are attached to suspension 200 al ong
the length _of suspension beans 206 nd 208, respectively.

Pi ezoel ectric strips 216 and 218 are poé/?ioned over the "hunps" in’
suspensi on beanms 206 and 5 208 which are the resultant shape of the

el astically deforned prel oad bends 214. .Piezoelectric strips 216 and 218
can be forned of a polyner such as polyvinylidene fluoride (PVDF)

CH err]-CF[err]. Piezoelectric strips 216 and 218 are attached 10 to
suspensi on beans 206 and 208 with a condzgyive adhesi ve such t hat
suspensi on 200 acts as a ground pl ang fer "each ip. Each strip has a thin
el ectrode | ayer deposited on its Le@¢s ich control wires or
flex circuit traces (not shown) ca& Pi ezoel ectric strips
216 and 218 have poles that are ori &

216 and 218

a7

a0/

0 | a0 | sowo | o 1 000 | 7o
2006000 10080 00D /e

FREQ
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al ong | onQV@BAEI axis 212 will expand when a positive vol ?53'8’%%@&#1& al
is applied betvieen the top electrode and the ground plane and Wi ll contract
when a negative 20 voltage potential is applied between the top el ectrode
and the ground plane. Strips 216 and 21&%ct as a sel f-contained
track-seeking m croactuator and preload control device. Since strips 216
and 218 are bonded to the hunps on 25 suspensi on. beans 206 and 208, the
hunp on a first beam may be flattened by contracting its strip while the
hunp on the second beam nay be exaggerated by expanding its strip. This
action extends the length of the first beamwhile shortening the | ength of
the second beam causing 30 slider 204 to shift its track registration in
an off- track direction 220. The‘gﬁgbination of contraction on one
suspensi on beam and expansi on on ot her suspensi on beam al so changes the
prel oad applied by each suspensiof beam The follow ng table shows four
gener al WO 99/ 06993 ZOET/ Us97/ 21819

T )

T 1 3 1;
/’ I-.-L—I-—L-'—J

gtg. 8HA

0 ; . . SEFQ?.&?EE;

0 .
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al
a0/ o)
020004000 | aaoa/olw/ozdoo laa@ lgéogaaao
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-21- rmdesw8f”'r?f93?oact uation for track seeking and prel oad Cgﬂl,!!g?'imggAM

206 BEAM 208 PRELQAD TRACKI NG VOLTAGE VOLTAGE CHANGE J
CHANGE 5 = - Re%ngd ] None + -

None " Seek to Beam 208 Side + None Seek to Beam 206 Si de +
+ | ncr eased None 10 These nodes of m croactuation

may be used in conbination to naintain a desired flying stability during
track seeking. The preload control nodes nay be used alone to allow a
relatively high flying height with a | ow preload force when the disc drive
isidle or to1l5 allowa lowflying height with a high preload force when
the disc drive is accessing data. The track s i ng mcroactuation node may
be used in a traditional nanner fqncgenteringEZﬁe recordi ng head on a
desired data track or for generatipng a sliderddisc stiction release jogging
20 notion during slider take-off fromthe M sc surface.

100 . 9.9 B
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O | 4000 | 8000 | 12000 | 76000 | 20000
2000 6000 10000 14000 /80|00
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The prel 0a¥O98M69931 nodes nmay be used to |oad and unl oad s|iBEFUSHRBIHM
the disc during start up and shut down, as well as to control Tlying

hei ght. Al'though the present invention has been 25 described with

. reference to preferred enbodinents, wor®&s skilled in the art will-
recogni ze that changes may be nmade in formand detail w thout departing
fromthe spirit and scope of the invention. -22- WHAT IS CLAI MED 1.

A suspension for supporting a slider in a disc drive, the suspension
conprising: a longitudinal axis; a proximal nounting section for nounting
to arigid track accessing arm a distal nounting section for
supporting a slider assenbly; first and second laterally spaced
suspensi on beans extending fromthe proxi mal nmounting section to

70

208 8

200 24

Fig. 10 B
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t'he di stal Wo@mPéNy section, wherein the first and second strs'prvsagmusbearrs

have inside and outside edges rel atixe to the | ongitudi nzf sing gaMA. o200,

flat fromthe inside edges to the outside edges as the b tend from:

t'he proximal nounting section to the distal nounting sectior—ant—a—fi+st—

prel oad bend forned in the first and secapd suspension be wbANSYErse Lo

the longitudinal axis. 2. The suspension of claimTy ¥ 'epmxd“

suspension is f EARJIS! COARMBRIES: unitary piece of materi ai mte»_

suspensi on of cjaim 1l whegejfscstdisiJd IHmpAdingcond suspen L -

an effective free length which is neasured from_the prOX|naI nDuntlng .

section to the distal nouft3akR ¥Qxage AFFt BB irst prel oad bend is

p05| ti oned between 30 persefnha’edihd medngefoentanfyime ®fitfrapisidveetr agedengt h.
The suspensi on of cI %cy\lr%% @g #Egi_mgpgo egggg §ngen5| on .

Tron t

beams have a substantially con € pr oxi nt rng
section to the distal mounti ngisla:tsmagﬁ disc, the MOMGQBSCI aim4

wherein the first prel oad having a suspension, which comprises: 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 1laterally spaced
suspension beams extending £from the

()

proximal mounting section to the distal
mounting section, wherxein the first and
second suspension beams have inside and
2} 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.
2. . A suspension for supportlng a slider assembly
in a disc drive, the suspenezon comprising:
a longitudinal axis;

W

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

il
it

section, wherein the first and second

:\
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bend is powogymggj at about 50 percent of the effectlve fr : %
The suspension of claim3 wherein the first and second ' ' sus é%5|on
beans each have a width whic ecreases linearly bée MAShe/érdﬁﬂﬁﬁFfoof

nDuntlng section and the distal nouting section. 7. le suspensi on

of claim6 wherei.n the first prel oad berbgriaﬁl_s positioned at about- 35 percent
of the effective free length. 8. e suspension of claim7 and
further conprising: a second psespéatsisbdatisThavinihbeadidnd cutéigecond
suspensi on beans, between the f%%st 1p |,0ad q}%%}ﬁﬂthe di st al rmuntl ng
section. 9. The suspensTORBf % akive P Y IR i&econd
beans have a geonetry sel ect edasdcarehdflaf fren filel besildegefigese tapplied

to the first and second suspengjon,BesyEs | d;5 ary @ specified bending
stress level in the first and second suspen |on beans whi ch i's

substantial ly uniform al ofig %ﬁ%tfP‘F%Paé%cP in the flrsﬁ and
second suspension beams transve_rse 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

W,

from the proximal mounting section to
the distal mounting section; and

AT m.-Sheet Has Been: Replaced
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s'usﬁensi.on\b@gmsggjo. The suspension of cl ai m 9 V\,hereg, rb&ﬁ 'f[éjlés.t. and
second suspensi on beans have a-m ni num mass such that sub?a | fzy 0 50
¢ s/ 6i 4(3@; <2201

material may be renoved fromthe first and second suspen _

i ncreasi ng bending stress in.the first .and second beans beyond the, )

specified bending stress |evel. 11. -24lhe suspension of claim1 wherein

t he distal nounting section conprises a first nounting pad forned at a

di stal end of t ' QeNsi.o e ULl rfped at a
edddod SR EnReaf}sd %@Q;og,geﬂgmg Bag gﬁ‘g

di stal end of the 'Sec uspensi on beam and_a bri exte et ween the
first and secon®RRrikied) handing srress leygd.suspension of claim1 and
further conprisiqg. a firsihdQGhidpeRbidn efcdlaiang WRerdin ttee ididwla and
out si de edges of the first suspension.beam and defining, a position of the
first preload bERPATARGEIGHIEN SRBEISESn a0 EhFPal BRYCHES | KR 1TRRTL

axi s; and a secan adidstzlosrnd @fedhal digstnsuspension nseale, andsanarsl de

edges of the secoid, SisPepIkONeGHME 200 LTELN aRASId¢ 0Rnal ddifodd st
prel oad bend In-suspension beam and a bridge extending between the first
and second mounting pads.
13. The suspension 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
3 a second notch positicned along one of the
_ inside and outside edges of the second
suspension beam and definir~ a position -

E4

of the first preload bend in the second
suspension beam along the longitudinal
axis. _

14. The suspension of claim 2 and further

::3 comprising:

a first piezoelectric microactuator strip
applied to the first suspensioﬁ. beam
along the first prelocad bend;

a2 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 length along the
longitudinal axis which is a function of

“This'Sheet Has Been Replaced::--
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-24— the second suspensi on bean1a|ong the | ongi tudinal axis. 13. The
suspénsion of claim1 and further conprising: a fir _Diezoelectric
i croactuator strip applied to the first suspensi on|Rpg first
prel oad bend; a second piezoel ectric m croactuator ; ‘
e@i@?

“second suspension beamalong the first preload bend! B

“and second pi ezoel ectric strips each have a |ength fal on@.}hpﬁ
axis which is a function of a voltage applied to that] piezoe
14. An actuator assenbly conprising: a rigidjtrack e
slider WHARNDS yCLATMER Suspensi on conpri sing: adlo 1.

roxi maj nounting,s orted b lgid tra
Slstal %Duntlng s%c?ﬁbhggﬁ%%%ft Fﬁépgp%&eg a' s1iqe
the suspension comprlslng

i tiu |naI

k accé
er in a

a longitudinal axis:;
a proximal mounting section for mounting to a rigid
track accessing arm;
a distal mounting section for supporting a slider
assembly; '
first and second laterally spéced suspension beams
_ extending from the proximal mounting section to
N 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 as
"the beams extend from the proximal mounting
section to the distal mounting section; and
a first preload bend formed in the first and second
suspension beams transverse to the longitudinal
axis.
2. The suspension of claim 1 wherein the suspension is
formed of a single, unitary piece of material.
3. The suspension of claim 1 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
the first preload bend is positioned between 30 percent
and 50 percent of the effective free length.
4, The suspension of claim 3 wherein the first and second
suspension beams have a substantially constant width from the
proximal mounting section to the distal mounting section.

5. The suspension of claim 4 wherein the first preload
bend is positioned at ‘about 50 percent of the effective free
length. '

6. The suspension of claim 3 wherein the first and second

* c L M S *



assenbly, first and second laterally spaced suspension beams extending from
t e proxi mal nounting section to the distal npuntlno sectlon through
substantially an entire distance between the rigid trag
the slider assenbly, wherein the first and seco -

flat fromthe inside edges to the outside edges; and Ja
formed in the first and second suspensi-@B-beans trangvqg

| ongi tudi nal axis. 15. The actuator assenbly of ;
first asdspension sbesnd beagh ah&veubstamiddhlwﬂug?ijE _ ¥
bet Weenbb'ﬂ?ve%haq;‘héc i 137 ALARE 1 hBe SSLHE6n ASHRI™Ne in
actuator assenbly %?ﬁﬁé a|n1ﬂ%§ whg % q
section.
7. The suspension of claim 6 wherein the first preload
bend is positioned at about 35 percent of the effective free
length. '
8. The suspension of claim 7 and further comprising:

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

' 9. The suspension of claim 1 wherein the first and second
beams have a geometry selected éuch 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. _ .

10. The suspension of claim 9 wherein the first and second
suspension beams have a minimum mass such that substantially no
material may be removed from the first and second suspension beams
without increasing bending stress in the first and second beams
beyond the specified bending stress level.

11. The suspension of claim 1 .wherein the distal mounting
section comprises a first moﬁnting 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. .

12. The suspension of claim 1 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 suspension beam and
defining a position of the first preload bend in

-_
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suspension further conprises a fixture alignnment f TR-na—bhet ween
trT,epfl rst and second gEspenm on beans at a locatio 1—&@8@" Pes [ﬁE
accessing armand the slider assenbly. 17. Thel act uat or asS$§ y of
claim 14 wherein the distal nounting section conprfsps 233 #PRst,Jountf ng pad
f-ormed at a distal end of the first suspension beamjnd bonded to ft e
slider assenbly, a second nounting pad forned at di staremd—e+~~tthg second
suspensi on beam and bonded to the slidepgassenbl y,L,and _a bridge extgnding .
bet ween the first and second nounting pads. 18. The actuator—assenbly
of claim 17 wherein thehsl islroradseabpgnsbonr beam aabdngethbodwnyitfudinal
bearing surface and a %ﬁ% surface and wherein the first and second
mount i ng pads are bondéd to the back surface of the slider body. 19.

The actgétor as $brbbyspensienmof? cliadieiln anide fRirther assprilsingpnprises a
stider body andad gilhogeldpbof eStELC! HiBrBAE:HARLE! %éﬂ%fé@hé@d geqad

nmounti ng pads are bon e m croactuator structure bond

the slider body, so afé-ltsd'- fs&ﬁﬁ%l% heam grlang rehe i isestorprekaad rhendhe

suspension to taes@b@haagill&tdyleﬁtrﬁ% W PouL i Dra ¢ her Al s Qﬁﬁwé&i%o the
structure to the slider bod 20 The ctuator assenbly o f claim 19

wherein: the slider ﬁ&ﬁ?nﬁa§qﬁﬂgﬂ5%ﬂﬂj§ﬁﬁﬁ) LWYe E%rféEéE grgload bend;

and

wherein the first and second piezoelectric strips each
have a length along the longitudinal axis which is a
N function of a voltage applied to that piezoelectric
strip.
14. 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 through
substantially an entire distance between the
rigid track accessing arm and ‘the slider
assembly, 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.
15. The actuator assembly of claim 14 wherein the first and

A



a back surface; the microactuator structure is bonded to the sllder body at

the first and second side surfaces the first ardg

attached to the mcroactuator structure adjacqdm

side surfaces, respectively; and the bridge extq
of the slider body and is forned out-of-plane w
nmounting pads such that the bridge is sep%
surf ace. -26- 21. The act uat or28ssenbl
slider body further has a |l ength along the | ong|
urfaceseah@debaamheabeasubgtanthaiiyﬁﬂhaunnenﬂ

tzngA R%wan second

ted fronlt k

Erein: the

b bearing
4 betwgehhe

&
ongi 1 uinat Dok rEeaf i SR ey eﬁﬂ%ﬁéﬁﬁ?gﬁ%? &sponds to the

beari ngl$oad p0|n$he actuator assembly of <claim 15 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.
17. The actuator assembly' of claim 14 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.
18. The actuator assembly of claim 17 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.
19. The actuator assembly of claim 17 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.
20. The actuator assembly of claim 19 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 pads 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 pads such that the bridge is

separated from the back surface.
Ll



220"

The act uat

or assenbly of claim19 wherein: the slider body has

a

| eading end and a trailing end is parallel wth the longitudinal axis
of the suspension;
a suspensi on nounting surface which is positioned forward of the |eading
end of the slider body, along the longitudinal axis, and conprises
| east one beam spring extending fromthe main body and attached to the

sl i der body;

the m croactuator structure conprises a rmain body wt

and the first and second #®6éAti ng pads are attached to the

suspensi on nounting surface.

22.

The
the

the

The
the

the

the

actuator assembly of claim 20 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 length which
corresponds to the bearing load point.

actuator assembly of claim 19 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

h

at

a suspension mounting surface which is positioned

forward of the leading end of the slider body,
albng the longitudinal axis, and comprises at
least one beam spring extending from the main body
and attéched to the slider body; and

first and second mounting pads are attached to the

suspension mounting surface.
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