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SLIDER/SUSPENSION DESIGN FOR

IMPROVED CROWN SENSITIVITY

FIELD OF THE INVENTION
The present invention relates generally to air bearing
sliders for use in a magnetic storage disk drive, and more

particularly, to a method for reducing fly height senéitivity to

. crown variation by shifting the peak of a slider's crown in the

direction of the leading end.

BACKGROUND

Conventional magnetic storage dgvices include a magnetic
transducer or "head" suspendedlin close proximity to a recording
medium, e.qf, a magnetic disk'haviné.a pldrglity of concentric
tracks. The transducer is supported by an air bearing slider
mounted to a.flexible suspensioh. The suspension, -in turn, ig
attached .to a positioning actuator. During normal operation,
relative ﬁotiqn is provided between the head and the recording
medium as the actuator dyﬁamicélly positions the head over a
desired track. The relative mqﬁement prévides an air flow along
the surface of the slider facinq;the'medium, creating a lifting

force. The lifting force is counterbalanced by a predetermined

suspension load so that the slider is supported on a cushion of

ﬂgir. Airflow enters the *leading end" of the slider and exits

frém tﬂe “trailing end". The'hééd_resides at the trailing end,

which tends to dip closer to tﬁé_fecording surface than the

| leading end.



The recording medium holds information encoded in the form

"of magnetic transitions. The information capacity., or areal

density, of the medium is determined by the transducer's ability
to sense and write distinguiéhablé transitions. An important
factor affecting areal density is the distance between the head
and the recording surface, referred to as "fly height". It is
desirable to fly the transducer very close to the medium to
enhance transition detection.without permitting transducer
contact with the medium's_surface} Some fly height stability is
achieved with proper suspension loading and by shaping the air
bearing slider surface (ABS)_for desirable aerodynamic
characteristics.

Another important factor affecting fly height is thé
slider's résistance to .changing conditions. an ai; bearihg
slider is subjected to a variety of changing external conditions
during normal operation. Changing:conditions affecting fly
height include, for examble,.éhange.in relative air speed and
direction; anq variations in temperature. If the transducer fly
height does not stay conséant_during éhanging conditions, data
transfer between the transducer and the ¥ecording medium may be
adversely affected. ._

3 Fly height is further affected by physical characteristics-

of the slider such as the shape of the ABS. Careful rail

1§haping} for example, will provide some resistance to changes in

aii flow. Another physical characteristic often found in

conventional sliders is curvature along the length of the aABS

from -leading end to trailing end. The curvature is referred to
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as "crown® and may be either concave or convex with respect to
the ABS. Crown variation is generally one of two types: process
variatién; or temperature variation.

Conventional sliders are formed according to a known process

that involves depositing a matrix of transducer elements onto a

"wafer, scribing the wafer to define a plurality of sliders,

slicing rows of element supporting sliders from the wafer, and
individually lapping the rows to achieve desired transducer
dimensions. For example, for inductive type heads, the degree of
lapping is determined by the désired throat height of the
magnetic yoke. Durinhg lapping, unevenly distributed surface
streéses have been found to result in a phenomenon known as “"row
bow", which is discussed further in US Pat. Nos. 5,266,769 and
.4,914,868.'.Crown is one indicator of row bow. Anéthér is
camber, or cﬁrvature along the slidexr width.

The slider fabrication process results in crown variation
from slider to §lider. As is generaily known, positive crown
will cause the_slider to fly higher, adversely affecting slider
sensitivity to data. Negétive crown will cause the slider to fly
lower, increasing the risk of head to diék contacﬁ. The maximum
curvature or vpeak"” of the crown is generally positioned
symmetrically, i.e., it is located along a central axis bisecting
the slider's length. Since process variation in crown (at a '

constant temperature) is predictable, fly height in magnetic
Ptk : :

' stékagéﬂapplications can be adjusted to accommodate crown

variation. For example, if average crown curvature tends to be

‘convex-or "positive," fly height is lowered to enhance data
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sensitivity. Lowering the fly height, however, increases the
risk of head to disk contact for those sliders with less than
average crown. Alternatively, if avérage crown curvature tends
to be concave or "negative,” the fly height is increased. But
increasing fly height may adversely affect the sensitivity of
sliders with less than average curvature.

Process variations may be greater due to the slider-to-
suspension bonding process. When a suspension flexure is epoxy-
bonded to a slider, the epoxy usually contracts as it cures,
exerting a force along the slider's length. The contraction
causes the crown of a convex slider to becoﬁe more positive, and
the crown of a concave slider to be less negative.

The second type of crown variation is that occurring over a
range of operating temperatures'in a storage devicg. A -
suspension is usually formed from finely milled steel, whereas
the slider comprises a substrate such as Al{h-fic. The
suspension material has been observed to expand and contract at a
faster réte tpan the slider material in.response to temperature
changes. For example, a élider will deveiop a negative‘curvéﬁure
along its length when the suspension expands, and a positive
curvature will result when the slider contracts. Temperature
variations in érown,.like proceés variaﬁions, are prediétable.

Thus fly height can be adjusted to accommodate the variation.

.But the same disadvantages will result from raising.of lowering
3 -

f1§ height as previously discussed. - -
What is needed is a method and an improved slider shépe

for decreasing fly height sensitivity to crown variation.
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SUMMARY OF THE INVENTION

A principel object of the present invention is to provide a

-method and improved slider shape for minimizing the adverse

effects of crown on slider fly height due to process variation

and temperature variation.

Accordingly, the present invention is a method for shifting

the peak of a curvature or "crown" along a slider's length away

from the slider's center and toward its'leadind end. Experiments
have revealed that peak shifting in the manner described
minimizes the adverse effects of both positive and negative crown

due to either process variations or temperature variations. For

example, a 10% peak shift in the direction of the leading end has-

been shown to improve fly height sensitivity by 35%. Larger peak
shifts have shown even greater-iﬁpfévementl A collateral
advantage resulting from peak shiftine is improved take-off
performance at elevated temperatures for sliders with convex
crown. Take-off velocity is the velocity required to fly a
slider clear of all surface feughness on a disk. As temperature
increases, the convex cran-along the slider ABS becomes more
negative and causes a corresponding decrease in slider fly
height. Lower fly height means a greater take-off velocity is
required to clear the disk surface. Peak shifting reduces the
effect of crown variation so that the fly helght is more stable
glth increasing temperatures. Fly height stability translates

into less variation in take-off velocity, improving-overall

performance.

’
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In a preferred method, peak shifting is achieved by

modifying'the suspension bonding process. According to standard

- industry practice, a slider is bonded to a suspension flexure

along its entire length. The slider length is defined as the
distance from leading to tfailing end. The method'proposed
modifies the process by only bonding the flexure along a portion
of the slider length near the leading end. As the bonding agent
dries, a contracting force is created along the bonding interface
which is concentrated nearer to the slider's leading end. The
force causes a correspon@ing shift of any crown peak on the ABS
toward the leading end. |

Alternative methods may be used for peak shifting, such as
direct ABS reshaping by sand or béad blasting. However, these
methods are les; practical from a manufacturing stgndpoint and

will not be discussed in further detail.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1(a)_is a front view of a wafer deposited with a matrix
of transducer elements ané scribed to define.a plurality of
éliders; -

Fig. 1(b) is an enlarged view of a row of sliders from the
wafer of Fig. 1(a); ‘

Fig. 2(a)} is a side view of a slider without crown,
guspended over a tecording medium}

Fig. 2(b) is a side view of the slider of Fig. 2(a) after

thermal contraction of the suspension;
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Fig. 2(c) is a side view of the slider of Fig. 2(a) after
thermal eipansion of the suspension;

Fig. 3(a) is a perspective view of the row of Fig. 1(b)
exhibiting crown and camber after lapping;

Fig. 3(b) is a front view of oné slider from the row of Fig.
3(a) to emphasize camber;

Fig. 3(c) is a side view of one slider from the row of Fig.
3(a) to emphasize crown;

| Fig. 4(a) is a side view of a slider with symmetrical crown,

suspended over a recording medium;

Fig. 4(b) is a side view of the slider of Fig. 4(a) after
thermal contraction of the suspension;

Fig. 4(c) is a side view of the slider of Fig. 4(a) after
thermal expgnsion of the suspensioﬁ;

Fig. 5 is a side view of a slider according to the present
invention, suspended over a recording medium;

Fig. 6 is a graph displaying the effect of crown peak shift
on fly height.sensitivity, agqording to the present invention;

Fig. 7 is a graph of.the take-off velocity profiles over a
range of temperatures for a slidei{with_éymmetrical crown and a
- slider with peak shift according to the present invention; |

- 3 Fig. 8 is an exploded view demonstrating the suspension

- bonding method according to standard industry practice;

-
bonding method according to the present invention;

Fig. 9 is an exploded view;demoﬁstrating the suspension

Fig. 10 is a side view of the slider/suspension.structure of

Fig.~8 bonded according to standard industry practice;
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Pig. 11 is a side view of é slider/suspension structure
bonded accofding t& the ﬁreferfed bonding metﬁod of the present
invention} ' | _

| Figs. 12 and 13 are side views of slider/suspension
structures bonded according to alternative methods of thg present
invention; and
- Fig. 14 is a simplified block diagram of a magnetic disk

storage system embodying the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

According to known methods, a wafer of substrate 11 such as
the one shown in Fig; 1(a) is deposited with a matrix 12 of
transducers. The wafer surface is scribed to define a plurality
of transduégr-bearing sliders,-ané rows of sliders_are sliced
from the wafer 1i for further processing. -

Fig. 1(b) shows a section of a row 13 sliced from the wafer
of Fig. 1(a). The row includes a plurality of sliders 14,'eacﬂ.

having at least one transducer 15 deposited thereon. The

transducers 15 are located.at the trailing ends of the sliders

'14. During row processing, a surface 16 of the row is lapped to

form the air bearing surfaces of the sliders 14 and to attain
desired transduCer.dimensions,'e.g., the desired throat height of
an inductive head or the desired stripe thickness of a
m;gnetoresistive {MR) head. Additibnallprocessind may be
pefforﬁéd, such as rail etching, before individual sliders are -

separated from the row.
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In storage devices such as magnetic disk drives, a slidér 21
such as thé one in Fig. 2(a) is mounted to the flexible portion
26 of a suspension, which in turn is fixed to an actuator arm
(not shown). The slider 21 includes an air bearing surface (Aﬁs)
27, a tapered leading end 28 facing the incoming air flow 22, and
a trailing end 29 with a transducer thereon (not shown). During
operation, the sliderxr 21 is suspended in close proximity to a

recording medium 24 and the trailing end 29 dips closer to the

.medium 24 than the leading end 28, as shown. The recording

medium 24 is, for example, a rotating magnetic disk. Relative
movement between the medium 24 and ABS 27 in the general
direction of arrow 22 creates a cushion of air or "air bearing"®
which supports the slider 21_abdve the medium 24. The distance
between thé:medium 24 and th; trailing end 29 is referred to as
the slider fly héight.

Fly height may vary as a result of "crown," or curvature

along the slider length. A slider 21 with convex or "positive"

crown along its ABS 27 is shown in Fig. 2(b). A dashed line 32

- representing the ABS of a slider without crown is provided for

reference. Poéitive crown is generally known to increase slider
fly height. Fig. 2(c) shows a slider 21 with negative or concave
crown.'_NegatiQe crown is known to dause a corresponding decrease
in slider fly height. Croéwn variation generally results from the

sl}der fabrication process, slider/suspension bonding, and/or

differences in the thermal expanéion rates of the slider and
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Process Variations in Crown

Conventional lapping methods used in slider fabrication

often create a phenomenon known as row bow, as illustrated in

Fig. 3(a). Row bow is characterized by curvature along the row's
length 34 and width 37. The effect of row bow on individual
sliders is illustrated in Figs; 3(b) and 3(c). Im Fig. 3(b), the
ABS 27 is curved along the width 38 of the slider 14. A
widthwise curvature is referred to as "camber" and may be either
concave or convex. The camber of Fig. 3(b) is convex, or
positive, with respect to a line of reference 33 representing an
ABS without camber. 1In Fig. 3(c), the ABS.27 of the slider 14 is
curved along its length 37. (The row width 37 defiﬁes the slider
length). A lengthwise curvature is referred to as "crown" and

1 i
like camber, may be either concave or .convex. The crown shown in

- Fig. 3{c) is convex, or positive, with respect to a line of

reference 32.

The present invention is directed to problems associated
with crowh. The degree of Crown'typically varies from slider té
slider. For convenience, the crown variation among a betch of

sliders fabricated according to a particular process will be

" referred to as process variation. A problem observed in sliders

with crown is the effect on'average.f;y height. For example, the
slider of Fig. 2(b) has.convex'cfown and will fly higher than a
glider without c;ewn. In contrast, the slider of Fig. 2(c) will
exﬁerience reduced fly heightedue to concave crown. Rail shaping

can compensate for such flyfheight-vériation to some degrese; but

it is-often necessary, in addition, to adjust the slider preload
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for an acceptable average fly height. Adjustments to the preload
take two féctors into' account: the slidef 21 must be high enough
to avoid contact with tﬁe surface of the recording medium 24, yet
low enough to enable accurate data transfer between the
transducer and medium 24. The trade off typically results in
rgduced transducer sensitivity. The present invention seeks to
minimize such adverse effects due to crown variation on fly
height.

Further variations in crown that fall into the category of

process variation result from the slider/suspension bonding

‘process. According to conventional bonding methods, a slider 21

such as that of Fig. 2(a) is epoxy bonded to a susﬁension flexure
26 along thé slider's entire length 31.' As the eboxy cures, i£
contracts, creating a force along the slider/suspension inter}ace
23 as indicated by the arrows 36. The contfacting force causes
the slider ABS 27 to curve in a positive direction, as indicated
by dashed line 25. Sliders with preexisting crown, such as those
of Figs. 2(b) and 2(c), will similarly curve in a positive
direction. For example, thé contvex slider 21 in Fig. 2(b) will
become more convex along iﬁs ABS 27 as indicated by daéhed line.
34. The concave crown of the slider 21 in Fig. 2(c) will become
more positive, or less concave, curving along dashed line 35.

The range of process variation in crown is therefore widened by

ghe suspension bonding process.
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Temperature Variations in Crown
A second cause of crown variation among sliders results from
temperature changes during normal disk drive operations. A
suspension typically compriées materiél having different thermal
characteristics than those of the slider material. As a result,

changes in temperature cause the suspension to expand and

contract at a faster rate than the slider, imposing forces on the.

latter that affect its lengthwise curvature. The effects of
temperature on preexisting crown are illustrated in Figs. 4(a)
and 4(b). A slider 21 is mounted to a suspension flexure 26 and
suspended over a recording medium 24. The slider 21 has .convex
crown along its ABS 27 with respect to line of reférence 32, and
crown is symmetric about a gentral axis 41 perpendicularly .
bisecting the slider along its length 31. The ABS 27 has a
maiimum vertical displacemeﬁt 43 from line 32 and a pgak 42
incidgﬁt to the axis 41.

- As the suspension flexure 26 contracts in the directions

indicated by arrows 46 of Fig..4(b), a force is exerted on the

_ slider 21 in the directions of contraction. The result of this

force is a more positive curvaturé along the ABS 27 and an
increased vertical displacement 44; A slider having no crown or
with'p;eexisting negative crowﬁ would similarly experience a
change in curvature in the pqSitive direction.

As the_suspénsion.flexufe 25 ekpands in ﬁhe directions
iﬁdiggted by arrows 47.of Fig. 4(gf, a force is exerted on the

slider 21 in the directions of contraction. The result of this

force is & more negative curvature aloné the ABS 27 and a
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decreased vertical displacement 48. A slider having no crown or
with preexisting negative crown would similarly experience a
change in curvature in the negative direction.

The present invention reduces the adverse effects of crown
variation resulting from either process variations or differences
in expansion rates. Referring to Fig. 5, the proposed method

shifts the peak 53 of a slider ABS 27 with crown away from the

slider's central axis 41 and in the direétion of its leading end

28. Experiments have indicated that such horiiontal displacgment.
55 provides more stable fly height for'process.or temperature
variations in crown than a slider with symmetrical crown.
Moreover, as the value of displacement 55 increaseé, fly height
ﬁensitivity shows a corresponding decrease. Although Fig. 5 .
illustrates the present invention for a slider with ‘convex crown,
it shall be ﬁndefstood that peak shifting cén.also bg applied to
sliders with concave crown for the same benefits. Peak shifting
in the direction of the trailing end has been found to increase
fly height sensitivity, and as such is not éesirable for the
stated objectives of the present invention.

Fig. 6 is a graphical representation illustrating the effect
of peak shifting on the fly height sensitivity of a slider with

convex crown. The results were obtained by computer simulation

of a "nanoslider" having dimensions of 2.5mm length X 1.7mm width

v X 0.425mm height and a maximum crown height of 30nm with fespect

to a flat ABS. The-results are also representative of sliders of

different dimensions, e.g., »100%" or "minisliders" (4.0 mm 1 X

'3.2°mm w X .85 mm h), "microsliders® (2.8 mm 1 X 2.2 mm w X 0.6
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mm h), and "picosliders" (1.25mm 1 X 1.0mm w X 0.3mm h). A
plurality df peak displacements were simulated, and fly height
sensitivity was calculated based on known aerodynamic behavior of
sliders. These results were corroborated with experimental data
obtained in the lab for a slider of approximately the same
dimensions. 1In Fig. 6, fly height sensitiviﬁy is represented as
a normalized value along the vertical axis 62. Peak displacement
is shown on the horizontal axis 61 as a percentage shift away
from the central axis of a slider. A positive displacement yalue
indicates a shift in the direction of the trailing end, whereas a
negative value represents a shift in the direction of the leading
end. The resulting profile 63 indicates that crowﬁ sensitivity
decreases as the peak nears the léading end. . . _ -

In addition to reduced fly- height sensitivity, peak shifting
haé been found to improve take-pff performaﬁce at eleyated

temperatures for sliders with convex crown. The graph of Fig. 7

‘

'compares the take-off performance of two sliders for changing

temperaturés obtained by computer simulation and corroborated
with experimental data. Normalized take-off velqcity is
indicated along the vertical axis 72, and temperature is shown
along the yorizontal axis 71 in degrees Celsius. A first
pexformance profile 73 represents_thé performance of a slider
Qith symme#rical crown having dimensions of 2.5 mm 1 X 1.7 mﬁ w X

0;425 mm h and an approximate peak height of 30 nm. The second

;prdfilé'74 represents a slider of the same dimensions-with a 10%

peak displacement in the direction of the leading end. The

profiles are répresentative of“%ﬁallér and larger sliders as
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well. From the profiles, it is apparent that thermal expansion
has a substantially reduced affect on the slider with peak
displacement. |

In the preferred method, peak shifting is accomplished
during the suspension bonding process. Figs. 8 and 10 are
representative of a presently'used bonding method wherein a
suepension 81 is epoxy bonded to a slider 21. Referring to
Fig. 8, epoxy 83 is applied to substantially the entire length 31
of a slider 21 on a surface 82 facing away from the ABS (not'
shown). The slider 21 forms a bonding interface 23 with the
suspension flexure 26, as shown in Fig. 10. The epoxy cures,
usually at high temperatures,-causing a contractinc force at the

interface 23 along the slider_length 31. The. result is a
i

.pos1t1ve curvature along the length of the ABS 27, formlng a

symmetrlcal peak 42 substantlally incident to the sllder'
perpendlcular axis 41.

According to the present 1nvent10n, epoxy 83 is applied to
substantlally less than the full length 31 of the slider surface
82, as shown in Fig. 9. Preferably, a standard nonconductive
epoxy such as LR559 (manufactured by HYSOL) is applied to between

1/4 and 3/4 of the slider length.31. Referrlng to Figs. 9 and

13, a modified suspension flexure 91 forms a shortened bonding

interface 23 with the slider 21'disposed toward the slider's
1eading end 28. As the epoxy cures, a contracting force 1s
1mposed on the slider 21, cau51ng a positive curvature along the
length of its ABS 27. The curvature has a peak 53 with a

vertical displacement 55 away from slider's perpendicular axis 41 .
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in the direction of the leading end 28. The length of the
bonding interface 23 is detefmined experimentally, balancing bond
strength with desired peak shift. . |

For sliders with preexisting crown, the contracting force of
the epoxy causes the crown's peak to shift from a symmetrical
position along the ABS 27 toward the leading end 28 of the slider
21. This is the case for both positive and negative crown. The
shifted peak 53 is generaily incident to a perpendicular line of
reference 52 bisecting the bonding interface 23, as shown for
example iﬁ Fig. 12.

Where preexisting crown is not present but temperature
variations are expected during operation, an alternative
embodiment may be used. In the alternative embodiment, an epo#y
which does not contract is used to bond a suspension to a slider.
Thé bonding process according to this method does not_introduce
crown along the ABS, but will effect peak shift for crown
subsequently occurring because of thermal expansion/contraction
mismatch.- As the operating temperature of the storage device
increases,, the suspension expahds at a faster rate than the
slider. The expansion imposes an expansion force along the
slider/suspension interface, thereby causing a negative crown on

the ABS having a peak displaced from the center of the ABS in the

direction of the leading end.'nsimilarly, if the operating

Egmpexature of the storage device decreases, the suspension
cohtrééts at a faster rate than the slider and imposes a. -

contracting force along the slider/suspension interface. The

contracting force results in a positive crown ailong the ABS, also
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with a peak diSplaced from the center of the ABS in the direction
of the leading end.

. Figs. 12 and 13 show alternétives to the flexure design of
Fig. 11. In Fig. 12, an industry standard flexure 93 has been

modified to include a stepped portion 92 for isolating a portion

- of the Flexure 93 from the slider/suspension interface 23. Fig.

13 shows a suspension flexure 95 having an orientation reversed
180 degrees from the flexure of a_staﬁdard suspension. Oﬁher
flexure énd/or suspension modifications for facilitating a |
shorter bond interface are possible without departing frém the
spirit and scépe of the preseht invention. The method and

structures disclosed apply to sliders of numerous dimensions such

.as minisliders, microsliders, nanosliders and .picosliders. They

apply. notionly to traditional{-reépanguiarly-shaped sliders, but
to sliders having unconventional shapes:such as a "delta" slider.
Additionally, although the invention has.been described with
reference to sliders mounted "in line" with a suspension, the
same principle may be applied to orthogonally mounted sliders.
The slider/suspension method and stfucture are preferably
used in a data storage device suéh as the magnetic disk drive
shbwn in Fig. 14. The disk-drive.écmprises at least one
rotatable magnetic disk 112 suppoited on a spindle 114 and
rotated by a drive motor 118 with ét ;east one slider 113

positioned on the disk 112. Each slider 113 supports'one or more
%

'maghetié read/write transducers or heads 121. The magnetic
" recording media on each disk is in the form of an annular pattern

: 6f~coﬁeen;ric data tracks (not shown) on disk 112. As the disks
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rotate, the sliders 113 are‘moved radially in and out over. the
disk surface'122 so'that the heads 121 may acceés different
portions of the disk where desired data is recorded. Each slider
113 is attached to an actuator arm 119 bj means of a suspension
115. The suspension 115 provides a slight spring force which
biases the slider 113 against the disk surface 122. Each
actuator arm 119 is attached to an actuator means 127. The
actuator means as shown in Fig. 14 may be a voice coil motor
(vcM) , for example. Tﬁe VCM comprises a coil moveable withip a
fixed magnetic field, the direction and velocity of the coil
movements being controlled by the motor’cﬁrrent signals supplied
by a controller. . .

During operation of the disk drive, the rotation of the diék
112 generates an air bea;ing between the slider 113 and the disk
sufface 122.whiéh exerts an upward.force or-lift on the slider.
The air bearing thus countérbalances the slight spring forée of
the suspension 115 and supports the slider 113 slightly above the
disk surface at a smail, substantially constant spacing during
operation. '

The various components of thé disk storage system are
coﬁtrolled in operation by control signals generated by control
unit 129, such as access control siénals and internal clock
signals. Typically, the control unit 129 comprises logic control
cifcuits,‘storage means and a'miéroprocessor, for example. The
control unit 129 generates control signals to control various

system operations such as drive motor control signals on line 123
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control signals on line 128 provide the desired current profiles
to optimall} move.and position a selected slider 113 to the
desired data track on the associated disk 112. Read and write
signals are communicated to and from read/write heads 121 by
means of recording channel 125.

The -above description of-a-ﬁypical magnetic disk storage
system, and the accompanying illustration of Fig. 14 are for
representatién purposes only. If'should be apparent that disk
storage systems'may contain a larqé number of disks and
actuators, and each actuator may support a number of sliders.

While the.inventidn has been shown and described with
respect to preferred embodiments thereof, it will 5e understood
by those skilled in the art that changes in form and detail may
be made in these embodiments without d;parting from'thé spirit

and scope of the invention, as specifiéd in the claims :below.
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.CLAIMS

1. A slider for use in a disk drive comprising:

THIS SHEET HAS BEEN
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' * c L ] ] *

a slider body including a leading end, a trailing end and an

ABS with crown, wherein said crown peaks at a position closer to

said leading end than to said trailing end.

3. The slider of

4. The slider of
distance from said

slider length.

5. The slider of

blasting.

6. The slider of

blasting.

2. The slider of claim 1, wherein said crown is positive.

claim 1, wherein said crown is negative.

claim 1, wherein said peak. is located at a

)
leading end in the range of 10-40% of said

claim 1, wherein said ABS is shaped by bead

claim 1, wherein said ABS is shaped by sand

TTe—
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7. A slider/suspension structure for use in a disk drive,
comprising: -

a slider body having a leading end, a trailing end, an ABS
with crown, and a.bonding surface, wherein said crown peaks at a
position closer to said leading end than to said trailing end:;

and

a flexible suspension attached to said bonding surface,
thereby forming a slider/suspension interface positioned closer

to said leading end than to said trailing end.

8. The slider/suspension structure of claim 7, wherein said

crown is positive.

9. The slider/suspension structure of claim 7, whérein said.

crown is negative.

10. The slider/suspension structure of claim 7, wherein said

peak is located at a distance from said leading end in the range

of 10-40% of said slider length.

11. The slider/suspension structure of claim 7, wherein said

peak position is determined by the location of said

slider/suspension interface. _—
' This Sheet Has Been Replac
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12. The slider/suspension structure of claim 7, wherein said
slider/suspensiqn interface is between 25% and 75% of the length
of said bonding surface from said leading end to said trailing

end.

13. The slider/suspension structure of claim 7, wherein said
suspension is bonded to said bonding surface with a bonding

agent.

14. The slider/suspension structure of claim 13, wherein said
bonding agent cqn;racts as it cures, thereby causing said crown
of said ABS to peak at a position closer to said leading end than-
to said trailing end.

i
15. The s;ider/suspensibn structure of claim 13, wherein said

bonding agent comprises LR559.

16. The slidgr/suspension structure of claim 7, wherein said
suspension includes a modified flexure, and wherein said slider’

is attached to said modified. flexure.

17. The slider/suspension structure of claim 16, wherein said

modified flexure includes a step for isolating a portion of said

.f%exure from said slider/suspension interface.
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18. The slider/suspension structure of claim 16, wherein said
modified flexure is shortened to substantially the same length as

said slider/suspension interface.

19. The slider/suspension structure of claim 16, wherein said
modified flexure is reversed in orientation 180 degrees with

respect to a standard susperision flexure.

20. The slider of claim 7, wherein said ABS is shaped by bead

blasting.

21. The slider of claim 7, wherein said ABS is shaped by sand

blastiné.
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22. A data storage device comprising:

a recdrding medium for storing information;

a transducer for rgading information from and writing
information to said recording medium;

- a slider for supporting said transducer, said slider having
a leading end, a trailing end, an ABS with crown facing said
recording medium, and a bonding surface, wherein said crown peaks
at a position closer to said leading end than to said trailing
end; - _

a suspension a;tached to saild slider bonding surface,
thereb} forﬁinq a‘slidér/suspension-interface, for supporting
said transducer in close proximity to said recording medium;

an actuator attachedlto said suspension for horizontaily
positioniné:said transducer with reépect to said rgcording
medium; |

.means for providing relative motion between said transducer
and said recording medium; and

means for transferring information between said transducer

and said recording medium.

23. fThe data storage device of claim 22, wherein said recording

medium comprises a magnetic disk.

243 The data storage device of claim 22, wherein said

slider/suspension interface is positioned closer to said leéding~

end than to said trailing end.

—\..
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25. The data storage device of claim 22, wherein said crown is

positive.

26. The data storage device of claim 22, wherein said crown is

negative.

27. The data storage device of claim 22, wherein said peak is
located at a distance from said leading end in the range of 10-

40% of said slider length..

28. The data storage device of claim 22, wherein said peak

position is determined by the location of said slider/suspernsion -

interface.

29. The data storage device of claim 22, wherein said
slider/suspension interface is between 25% and 75% of the length

of said bonding surface from said leading end to said trailing

end.

30. The data storage device of claim 29; wherein said suspension
is bonded to said bondin§ surface with a bonding agent.

.;' .
31. The data storage device of claim 30, wherein said bonding

agent contracts as it cures, thereby causing said crown of said
S _

-ABé.to-beak at a position closer to said leading end than to -said

trailing end.
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32. The data storage device of claim 22, wherein said bonding

agent comprises LR559.

33. The data storage device of claim 22, wherein said suspension
includes a modified flexure, and wherein said slider is attached

to said modified flexure.

34. The data storage device of claim 22, wherein said modified
flexure includes a step for isolating a portion of said flexure

from said slidexr/suspension interface.

35. The data storage device of claim 22, wherein said modified
flexure is shortened to substantially the same length .as said

! I
slider/suspension interface.

36. The data storage device of claim 22, wherein said modified
flexure is reversed in orientation 180 degrees with respect to a

standard suspension flexure.

37. The slider of claim 22, wherein said ABS is shaped by bead
blasting. '

R}
38. The slider of claim 22, wherein said ABS is shaped by sand

blfsting.
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39. A method for attaching a suspension to a slider, said slider
including a ieading end, a trailing end, an ABS with'crown, and a
hondinq surface, wherein said crown peaks at a position closer to
said leading end than to said trailing end, comprising the steps
of:

bonding said suspension to said bonding surface with a
bonding agent, ﬁhereby forming a slider/suspénsion interface

closer to saidlleading end than to said trailing end.
40. The method of claim 39, wherein said crown is positive.
41. The method of claim 39, wherein said crown is negative.

i .
42. The method of claim 39, wherein said peak is-}ocated at a

'distance from said leading end in the range of 10-40% of said

slider length.

43. The mgthéd of claim 39, wherein said peak position is

determined by the location of said slider/suspension interface.

44. The method of claim 39, wherein said slider/suspension
interface is between. 25% and 75% of the length of said bonding
surface from said leading end to said trailing end.

y

45. The method of claim 39, wherein said suspension is bonded to

—_—
\\

said bdnding,surface with a bonding agent. o
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46. The method of claim 45, wherein said bonding agent contracts
as it cures, thereby causing said crown of said ABS to peak at a

position closer to said leading end than to said trailing end.

47. The method of claim 45, wherein said bonding agent comprises

LR559 .

48. The method of claim 39, wherein said suspension includes a
modified.flexure, and wherein said slider is attached to said

modified flexure.

49. The method of claim 48, wherein said modified flexure
includes a step'for isolating a portion of said flexure ffom said

i
slider/suspension interface.

50. The method of claim 48, wherein said modified flexure is
shortened to substantially the same length as said

slider/suspension interface.

51. The method of claim 48, wherein said modified flexure is
reversed in orientation 180 degrees with respect to a standard

suspension flexure.

5%. The slider of claim 39, wherein said ABS is shaped by bead

bléstiﬁg;

e
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53.  The slider of claim 39, wherein said ABS is shaped by sand blasting,

54. A slider for use in a disk drive, the slider bemg substanually as hereinbefore

t‘ .

described with reference to Flgures 5 to 7 of the accompanying drawings.

55. A slider/suspension structure substantially as hereinbefore described with

reference to Figure 11, 12 or 13 of the accompanying drawings.

56. A data storage device substantially as hereinbefore described with reference to

Figure 14 of the accompanying drawings.

57. A method for attaching a suspension to a slider, the method being substantially

as hereinbefore described with reference to Figure 9 of the accompanying drawings.
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