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1. SLI R SUSPENSI ON DESI GN FOR | MPROVED CROWN SENSI TIVITY FI ELD OF THE
T-NVE ICN ‘The present invention relates generally to air bearing sliders
for use in-a magnetic storage disk drive, and nore particularly, to a
. method for reducing fly height sensitivity to crown vari aty Qp shifting
the peak of a slider's crown in the direction of the |ead ﬁ§
BACKGROUND Conventional nmagnetic storage devices include a nagnetlc
transducer or "head" suspended in close proximty to a recording nedi um
e.g., a magnetic disk having a plurality of concentric tracks. The
transducer is supported by an air bearing slider nounted to a flexible
suspenston. The suspension, in turn, is attached 'to a positioning actuator.
During nornmal operation, relative notpon is provided between the head and
t he recordi ng medi um as the actuator dynamically positions thé head over a

desired track. The reIat|wﬁaﬁgmﬁﬁgahngﬂﬁybﬂgﬁna@oalr fl ow al ong the surface

of the slider facing the medium creating a lifting
IMPROVED CROWN SENSITIVITY

FIELD OF THE INVENTION
The present invéntion relates generally to air bearing
sliders for use in a magnetic_sﬁorage disk drive, and more
particular;y, 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.slide: is supported on a cushion of -
ﬂgir. Airflow enters the "legding,end" of the slider and exits
- f£rom the "trailing end". Tﬁe'hééd_resides at the trailing end,
which tends to dip.closer to £ﬁé_fecording surface than the

- - leading end.



force, The lifting force is counterbal anced by a predeterm ned suspension
| oad so-that the slider is supported on a cushion of air. Arflow enters
. the "leading end" of the slider and exits fromthe "trailing end". The head
resides at the trailing end, which tends to dip closer to the recording
surface than the | eadi ng end. 2 The recordi ng nedi um hol ds i nformation
encoded in the formof magnetic transitions. The information capacity, or
areal density, of the mediumis determ ned by the transducer's ability to
sense and wite distinguishable transitions. An inportant factor affecting
areal. density is the distance between t'he head and the recording surface,
referred to as "fly height". It is _desirable to fly the transducer very
close to the mediumto enhance tranéition detection wthout permitting
transducer contact with the nmedium s surface. Sone fly height stability is
achi eved wit h TheopeforaiagansdiQn hOd B thyn Séapiaed ihandi Eorm

"of magnetié 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 ré;istance 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 Shapenéf the ABS. careful rail

-qfhaping} for example, will_proyideisbme resistance to changes in
' aii flaw. Another physical characteristic often found in

conventional siiders is curvature along the length of the ABS

from -leading end to trailing end. The curvature is referred to



bearing slider surface (ABS) for desirable aerodynam c characteristics.

Anot her inportant factor affecting fly height is the slider's resistance to
changi ng conditions. An air bearing slider is subjected to a variety of
changi ng external conditions during normal operation. Changing conditions
affecting fly height include, for exanple, change in relative air speed and
direction, and variations in tenperature. |If the transducer fly hei ght does
not stay const.ant during changi ng conditions, data transfer between the
transducer and the recordi ng nedium may be adversely affected. Fly height
is further affected by physical characteristics of the slider such as the
shape of the ABS. Careful rail shaping, for exanple, will provide sone-

resi stance to changes in air flow Another physical characteristic often
found in conventional sliders is curvature along the I ength of the ABS
from | eadiSnJCEPHR "t GndraY brgektir JPrcayer Ontearwekswitdf eFpect ¢o

the ABS. Crown variation is generally one of two types: process
variation, or temperature varlatlon.
Conventional sliders are formed accordlng 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 desired throat height of the
magnetic yoke. Durinhg lapping, unevenly distributed surface
streeses 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. Anether 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. Negetive crown will cause the slider to fly
lower, increasing the risk of head to diek contact. 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 '

, onstant temperature) is predlctable, fly helght in magnetic

' storage.appllcatlons 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



3 as "crown" and may be either concave or convex With respect to the ABS.
“Crowd variation is generally one of two types: process variation; or
tenperature variation. Conventional sliders are fornmed according to a known
process that involves depositing a matrix of transducer elenents onto a
wafer, scribing the wafer to define a plurality of sliders, slicing rows of
el ement supporting sliders fromthe wafer, and individually |apping the
rows to achi eve desired transducer dinensions. For exanple, for inductive
type heads, the degree of lapping is determ ned by the desired throat

hei ght of the magnetic yoke. During | apping, unevenly distributed surface
stresses have been found to result in a phenonenon known as "row bow',
whi ¢h 'is discussed further in US Pat4 Nos. 5,266,769 and 4,914, 868. Crown
is one indicator of row bow. Another is canber, or curvature along the

slider W dlefsidiiatyl i dedwelrahy i GR! EDP HYIGRES ShdwRSHE] SiddregsOMERAri ation
fromslider to slider. As is generally known, positive crowmn w || cause the

slider toTEF} ¢f @llﬁéia tadfiisksednragt f gqn |thgsg|sldé|ergeﬁiéﬂilt less ythag dat a.
Negative %vg\z"\g'ge crowu%‘.a u%ﬁt‘épr?atsilvle 1?,r :Ltfoaveé(age 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 process variaﬁions, are prediétable.
. - Thus fly height can be adjusted to éccommodate the_variation.
..Fut the same disadvantages will result from raising.of lowering
f1§ hetht as previously discussed. - -
- What is needed is a method and an improved slider shépe

for decreasing fly height sensitivity to crown variation.



dower, increasing the risk of head to disk contact. The nmaxi pum-curvatyre ———-
“or "ﬁeak" of the crown is generally positioned symretrical ly|l THig.SHEET HAS BEEN
| ocated al ong a central axis bisecting the slider's |ength. blnce REPLAGED
variation in crown (at a constant tenperature) is predictabl es=H=F+Herght
I n magnetic storage applications can be adjusted to accommodate crown
variation. For exanple, if average crown curvature tends*te~bemcgnvex or
"positive," fly height is |lowered to enhance data 4 sengj |ty
BIW Replaceqd

contact for those sliders with | ess than aver age crown. ‘At
average crown curvature tends to be concave or "negative,' mﬁﬂ
is increased. But increasing fly hei®yht may adversely affect the
may. be greater due to the skidfkyl G -5SpRASIGBNDONdI Ng process. Wen a
suspension fl.exure is epoxy- .

A principal object of the present invention is to provide a

1)

Lowering the fly height, however, increases the risk of he

sensitivity of sliders with | ess than average curvature. Process variations
-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'ieadind 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 shiftinQ 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 1ess variation in take-off velocity, improving-overall

performance.



bonded to a slider, the epoxy usually contracts as it cures, exerting a
Force along the slider's length. The contracti on causes the crown of a
convex slider to becone nore positive, and the crown of a concave slider to
be | ess negative. The second type of crown variation is that occurring over
a range of operating tenperatures in a storage device. A suspension is
usually fornmed fromfinely mlled steel, whereas the slider conprises a
substrate such as [err]. The suspension nmaterial has been observed to
expand and contract at a faster rate than the slider material in response
to tenperature changes. For exanple, a slider will develop a negative
curvature along'its | ength when the suspensi on expands, and a positive
curvature will result when the slidergcontracts. Tenperature variations in
crown, |like process variations, are predictable. Thus fly height can be

adj usted to aggOg ELAeerbithatabl AldeaR. sl ihhei s M idisadyant ages will
result fromraising or lowering fly height as previously discussed. -- -
Wat is n@‘é‘ﬁef_d'i_tls thersuhpensdod kondingronangsst i dercosape Yostaedrrshsing fly
hei ght SC{EHJ§t¥§tB}§é%18£9V§‘sﬁﬁﬁéfﬂfsoﬂonded 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 less practical from a manufacturing standpoint 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;



75 - SUMMARY OF THE | NVENTI ON According to one aspect of the invention
there Is disclosed a slider for use in a storage device, conprising: a
slider body having a | eading end, a trailing end, a | ength extending

bet ween the | eading end and the trailing end, an upper surface, and an air
bearing surface with crowm extending the length of the slider body and
havi ng a peak; neans for providing a contraction force on the top surface
of the slider body, whereby the crown peak is caused to shift froma first
position to a second position along the length of the slider body and is
mai ntai ned in the second position by the contraction force. According to
anot her aspect of the invention there is further disclosed a data storage
“device conprising: a storage medium for storing information; a transducer
positionable wth respect to the storage nediumfor storing and reading

I nformation onrtbhe IRG uga %ﬁélﬁ% SERRH GhDged R2 M&\nszila(ieaf&& cl ose

prOX|n1ty to the storage nedium the slider conprising a slider body having
a’'| eadi ng Weamad exnansioy ehdhe ssuspeygsion;

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;
o Fig. 9 is an explodéd view;demoﬁstrating the suspension
' hoﬁdih& method according to the present invention; -
Fig. 10 is a side view of'the_slider/suspension.sﬁructuré of

Fig.~8 bonded according to standard industry practice;



gxt endi ng between the | eading end and the trailing end, an upper surface,
and an air bearing surface with crown extending the Iength of the slider
body and having a peak; means for providing a contraction force on the top
surface of the slider body, whereby the crown peak is caused to shift from
a first position to a second position along the length of the slider body
and is maintained in the second position by the contraction force; and data
processing circuitry for transferring information between the transducer
and the recording medium According to still another aspect of the
invention there is further disclosed a nethod for providing a slider to be
uséd in a storage device, the slider having a slider body with a | eading
end, a'trailing end, a length extegding fromthe |leading end to the
trailing end, an upper surface, and an air bearing surface with crown, the

croun extendigig the 1800000 L0% 5! 08fadi0dhsAOML RAVLRA.AREAK, L he Met hod

conprising the step of: providing a contracti Torce on e top surface of
t he sl i deendmstipccohting Rot te: prefvrredabondinghinétiedl bEfothea piriessht position to
a second,position along the length of the slider body. According to stil

- anot her éEE?¥P°8f the invention there is further disclosed a

slider/suspengu@n £4 lMal 45 6 de0k1 465 ¢ 1bWs lisskadf /NRpehOBY i Si NG:
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.

DESCRIP'I‘ION 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 léast one transducer 15 deposited thereon? The
transducers 15 are locateé-at'the trailing ends of the sliders
‘14. During row processing, a surface 16xof 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

performed, such as rail etching, before individual sliders are -

separated from the row.



- ba - a slider having a leading end, a trailing end, and an air bearing
fslider with crown, and a bondi ng surface, wherei n sald crown peaks at a
position closer to said |l eading end than to said trailing end; and a

fl exi bl e suspensi on attached to sai-d bondi ng surface, thereby formng a
slider/suspension interface positioned closer to said | eading end than to
said trailing end. According to still another aspect of the invention there
is further disclosed a data storage device conprising: a recording nmedi um
for storing information; a transducer for reading information from and
witing information to said recording nedium a slider for supporting said
transducer, sai-d slider having a |eading end, a trailing end, and an air
‘beari ng slider with crown faci ng said recordlng medi um and a bondi ng
surface, wherein said crown peaks af a position closer to said | eading end

than to said_trailin en5|on attached to said s ondi n
surface, for Igui)tp?(fra?lg ‘g‘@ﬁea ihs p§ﬁdﬁa(ﬂne|tf‘lc ‘cfg‘edﬁf' ox ‘mi tyif% rszflgd °

recor di nghdreds Uphe Bh@rﬁbﬁﬂgﬁ)r-ﬂaﬂg i8 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 rotatiﬁg magnetic disk. Relativg
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 conéave
crown.'_NegatiQe crown is known to dause a corresponding decrease
in slider fly height. Croéwn variation generally results from the
sl}der fabriéation process} slider/suspension bonding, and/or

' differénces in the thermal expanéion rates of the slider and

suspension.



slider/suspension interface positioned closer to said | eading end than to
sai d tralllng end; an actuator attached to said suspension for horizontally
positioning said transducer with respect to said recordi ng nedi uni mneans
for providing relative notion between said transducer and said recording
medi um and neans for transferring information between said transducer and
said recording nedium According to still another aspect of the invention
there is further disclosed a method for attaching a suspension to a slider,
said slider including a leading end, a trailing end, and an air bearing
slider with crown, and a bonding surface, wherein said crown peaks at a
position closer 'to said |leading end than to said trailing end, conprising
the step of: bonding said suspension to said bonding surface with a bondi ng
agent, thereby forning a slider/suspension interface closer to said |eading
end.than to said trailing p8dess vabidticaspigfdowad met hod, peak shifting is
achi eved by
: 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). In 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. In Fig. 3(c), the ABS 27 of the slider 14 is
curved along its length 37. (The row width 37 defines the slider
length). A lengthwise curvature is referred to as “crown" and
1
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 crown. The degree of Crown'typically varies from slider to
slider. For convenience, the crown variation among a batch 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 Eig. 2{b) has convex'crown and will fly higher than a
§1ider without crown. In cohtrast,_the'slider of Fig. 2(c) will
- - exﬁerience reduced fly height due to concave crown. Rail shaping
can compensate for such flyfheight-vériation to some degrese; but

~ - 1t is-often necessary, in addition, to adjust the slider preload



podi fyi ng the suspension bonding process. According to standard industry
practice, a slider is bonded to a suspension flexure along its entire

| ength. The slider length is defined as the distance fromleading to
trailing end. The nmethod proposed nodifies the process by only bonding the
flexure along a portion of the slider |length near the | eading end. As the
bondi ng agent dries, a contracting force is created along the bondi ng
interface which is concentrated nearer to the slider's |eading end. The
force causes a corresponding shift.of any crown peak on the ABS toward the
| eadi.ng end. Alternative nmethods may be used for peak shifting, such as
direct ABS reshaping by sand or bead bl asting. However, these nethods are

| ess practical froma manufacturingstandpoi nt and will not be discussed in
further detail. BRI EF DESCRI PTION OF THE DRAWNG Fig. 1(a) is a front view

of a waf efordgROstdepdadid varBd Id1y ﬂélgtnrtansmbq&rmeh@gr%t ghéipkeiohibed to
define a plurality of sliders; Fig. Is an enlarged view of a row of

sliders qu5ﬁ1F?@;ﬁmgpgrs(ﬁhtﬁ[gccqupg),the sllder 21 must be high enough

to avoid contact with the 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. Accoxrding to convenﬁional 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.



Fig. 2(a) is a side view of a slider wthout crown, suspended over a
recording medium Fig. 2(b) is a side view of the slider of Fig. -2(a)

after thermal contraction of the suspension; 7 Fig. 2(c) is a side view
of the slider of Fig. 2(a) after thernal expansion of the suspension; Fig.
3(a) is a perspective view of the row of Fig. 1(b) exhibiting crown and
canber after lapping; Fig. 3(b) is a front view of one slider fromthe row
of Fig. 3(a) to enphasize canber; Fig. 3(c) is a side view of one slider
fromthe row of Fig. 3(a) to enphasize crown;, Fig. 4(a) is a side view of a
slider wwth symmetrical crown, suspended over a recording nedium Fig..

4(b) 'js a side view of the slider of Fig. 4(a) after thermal contraction of

t he 'suspensi on; 12
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 peak 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 directibns of contraction. The result Bf this
force is a more positive curvaturé along the ABS 27 and an
o 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



Rig. 4(c) is a side view of the slider of Fig. 4(a) after thermal expansion
of the suspension; Fig. 5is a side view of a slider according to the
present invention, suspended over a recording nmedium Fig. 6 is a graph

di splaying the effect of crown peak shift on fly height sensitivity,
according to the present invention; Fig. 7 is a graph of the take-off
~velocity profiles over a range of tenperatures for a slider with
symmetrical crown and a slider with peak shift according to the present
invention; Fig. 8 is an expl oded vi ew denonstrating the suspensi on bondi ng
met hod according to standard industry practice; Fig. 9 is an exploded vi ew
denmonstrating the suspension bondi ng nmethod according to the present
invention; Fig. 10 is a side view ofishe slider/suspension structure of
Fig. 8 bonded according to standard industry practice; 8 Fig. 11 is a

side view gécraeaglecii d@err/tslggf eﬁsébggce%e%%%é‘l 'r eA sl_ider having no crown or
- with preexisting negative crown would similarly experience &
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 direction 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 heiqht:sensitivity of a slider with
Cdnvex crown. The results were obtained by computer simulation

L - ofa "ﬁanoslider" having dimensions of 2.5mm length X 1.7mm width
Q.x 0.425mm height and a maximum crown height of 30nm with fespect

- - to”a fiat ABS. The-results afe aléo 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



bonded according to the preferred bonding nethod of the present invention;
Figs. 12 and 13 are side views of slider/suspension structures bonded
according to alternative nethods of the present invention; and Fig. 14 is a
sinplified block diagram of a magnetic di sk storage system enbodyi ng the
present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENT According to
known net hods, 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 transducer-bearing sliders,-and rows of sliders
are sliced fromthe wafer 11 for further processing. Fig. 1(b) shows a
section of a row 13 sliced fromthe wafer of Fig. 1(a). The row includes a
plurality of sliders 14, each havi nd4at |east one transducer 15 deposited

t hereon. The transducers 15 are located at the trailing ends of the sliders

14. - Dur mmgh¥ Owngr ngiRssiligersr Jutimee 118 Dfornhe x av3mé heppad to form the
air bearing surfaces of the sliders 14 and to attain desired transducer

di mensi oR&UTRIGY, of [ReafedisRicemedt WRER ghimudpted, and f£ly 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 displacément 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 conﬁex 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 mm w X
0;425 mm h and an approximate peak height of 30 nm. The second
;prdfilé:74 represents a slider of bhe same dimensions-with a 10%
peak displacement in the direction of the leading end. The

profiles are répresentative of“%ﬁallér and larger sliders as



an. i nductive head or the de5|red stripe thickness of a magnetoresistive
(MR) 'head. Additional processing may be performed, such as rail etching,
before individual sliders a-re - separated fromthe row. 9 In storage
devi ces such as magnetic disk drives, a slider 21 such as the one in Fig.
2(a) is nmounted 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 (ABS) 27, a tapered |eading end 28 facing the incomng air
flow 22, and a trailing end 29 with a transducer thereon (not shown) During
operation, the slider 21 is suspended in close proximty to a recording
medi um 24 and the trailing end 29 dips closer to the nedium 24 than the

| eadi ng end 28, as shown. The recordtng nmedium 24 is, for exanple, a
rotating nmagnetic disk. Relative novenent between the nedium 24 and ABS 27

in the gesr.al Feén @tk Profifled! F MWid2affA@neStiRaC tHRIMIL @hpahsicy "air
beari ng 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 tempefatures,-causing a contractiné force at the
interface 23 along the slider length 31. The. result is a .
.pos1t1ve curvature along the length of the ABS 27, formlng a
symmetrlcal peak 42 substantlally incident to the sllder'
pe:pendlcular axis 41.
According to the present_invention, epoxy 83 is applied to

substantially less than the fuli length 31 of the slider aurface
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 flexnre 91 forms a shortened bonding

.- interface 23 with the slider 21 disposed toward the slider's
1ead1ng end 28. As the epoxy cures, a contracting force is
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 .



whj ch supports the slider 21 above the nedium 24. The distance between the
medi um 24 and the trailing end 29 |s referred to as the slider fly height.
Fly height may vary as a result of "crown," or curvature along the slider
|l ength. A slider 21 with convex or "positive" crowm along its ABS 27 is
shown in Fig. 2(b). A dashed line 32 representing the ABS of a slider
W thout crown is provided for reference. Positive crown is generally known
to increase slider fly height. Fig. 2(c) shows a slider 21 with negative or
concave crown. Negative crown is known to cause a correspondi ng decrease
in slider fly height. Crown variation generally results fromthe slider
fabrication process, slider/suspension bonding, and/or differences in the
thermal expansion rates of the sliddf and suspension. 10 Process
variations in Crown Conventional |apping nethods used in slider fabrication
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.
The 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 1nterface, 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. nS;mllarly, if the operating
Eempe;ature of the storage @evice.decreases, the suspension
cohtré&ts at a faster rate than the slider and imposes a. -
contracting force along the siider/suspension interface. The

contracting force results in a positive crown ailong the ABS, also



of ten.create a phenonenon 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). In Fig. 3(b), the ABS 27 is curved along the wi dth 38 of
the slider 14. A widthwi se curvature is referred to as "canber"” and may be
ei ther concave or convex. The canber of Fig. 3(b) is convex, or positive,
with respect to a line of reference 33 representing an ABS w t hout canber.
In Fig. 3(c), the ABS 27 of the slider 14 is curved along its lFength 37.
(The-row width 37 defines the slider length). A lengthwi se curvature is
refrerred to as "crown" and |ike canpger, 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 problens associated
Wi th cr &R Fhreade i selasiedc foom thepeerdieryof atice 8BS r Hintdiej dbreqtdos| i der. For

conveni qﬁcghetfb%dg??m&raﬁari.ation anong a batch of sliders fabricated
according to a partrcular process will be referred to as process variation.
A probl em obBigs.ed2i ansli3densw wiltbredtiwesi o tdhe cléanie aastgteiogge fly
hei ght. _ For exanple, the
Fig. 11. In Fig. 12, an industry standard flexure 93 has been
modified to include a stepped pbrtion 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 mpdific#tiohs 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
pgsitioned‘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



slider of Fig. 2(b) has convex crown and will fly higher than a slider

W thout crown. In contrast, the slider of Fig. 2(c) wll experience
reduced fly height due to concave crown. Rail shaping can conpensate for
such fly height variation to some degree; but it is-often necessary, in
addition, to adjust the slider preload for an acceptable average fly
hei ght. Adjustnents to the preload take two factors into account: the
slider 21 nust be high enough to avoid contact with the surface of the
recordi ng nmedium 24, yet |ow enough to enable accurate data transfer

bet ween the transducer and nedium 24. The trade off typically results in
reduced transducer. sensitivity. The present- i nvention seeks to mnim ze
such adverse effects due to crownl@ariation on fly height. Further
variations in crown that fall into the category of process variation result
fr om t heoshtelenthsuspenaison Pendi novea eaessllyAdaosnt nytt ovaonvent i onal

bondi ng net hods, a slider 21 such as that of Fig.. 2(a) is epoxy bonded to a
suspensﬁﬁﬁkf§¥ﬁaﬁF§ 122 so that the heads 121 may acCess 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

-and- head position and seek control signals on line 128. The



26:along the slider's entire length 31. As the epoxy cures,

it contracts,

creating a force along the slider/suspension interface 23 as indicated by
the arrows 36. The contracting force causes the slider ABS 27 to curve in a
positive direction, as indicated by dashed line 25. Sliders with

preexi sting crown, such as those of Figs. 2(b) and 2(c),
curve in a positive direction. For exanple, the convex sl

will simlarly
ider 21 in Fig.

2(b) will becone nore convex along its ABS 27 as indicated by dashed |ine.

34. The concave crown of the slider 21 in Fig. 2(c) wll
posi.tive, or |ess concave, curving along dashed |line 35.

becone nore
The range of

process variation in crown is therefore wi dened by the suspension bonding
process. 12 Tenperature variatiob®s in Crown A second cause of crown

variation anmong sliders results fromtenperature changes

during nor nal

drive opesmirod n§1grﬁl§u§ﬁ)elr§1|e0m2§ VHRo6 8dd W HeORPS i SRS ciBt & droPfVdaNd

di fferent thernual

to optimally move and position a selected slider 113 to the

desired data track on the associated disk 112. Read an& write

signals are communicated to and from read/write heads 121 by

means of recording channel 125.

The above description of a typical magnetic disk storage

system, and the accompanying illustration of Fig. 14 are for

representation purposes only. Iﬁ'should be apparent that disk

storage systems'may contain a large number of disks and

actuators, and each actuator may support a number of sliders.

While the invention has been shown and described with

respect to preferred embodiments thereof, it will be understood

by those skilled in the art that changes in form and detail may
i

be made in these embodiments without departing from the

spirit

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

di sk



characteristics than those of the slider material. As a res e —
"tenperature cause the suspension to expand and contract at THIS (SHEET 41AS BEEN
than the slider, inposing forces on the latter that affect jits Ieﬂ@ﬁ*ﬁ@%%.

curvature. The effects of tenperature on preexisting crown e r1rusirated
in Figs. 4(a) and 4(b). A slider 21 is nounted to a suspension flexure 26
and suspended over a recording nmedium 24. The slider 21 has convex crown
along its ABS 27 with respect to line of reference 32, and crown is
symmetric about a central axis 41 perpendicularly bisecting the slider
along its length 31. The ABS 27 has a maxi num verti cal Mmmnmm“lll
line 32 and a peak 42 incident to the axis 41. As the su

contracts in the directions indicated by arrows 46 of Fig® 4fb): & fdrcé is
exerted on the slider 21 in the directions of contraction. The result of
this force is a nore positive curvgtig al ong the ABS 27 and an increased
vertical displacenent 44. A slider having no crown or with preexisting

negat i veWer@aimaoul d sinilarly experience a change in curvature in the
positive direction. As the suspension flexure 26 expands in the directions

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

2. The slider of claim 1, wherein said crown is positive.
3. The slider of claim 1, wherein said crown is negative.
4. The slider of claim 1, wherein said peak-is located at a

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

slider length.

5. The slider of claim 1, wherein said ABS is shaped by bead

blasting.

6. The slider of claim 1, wherein said ABS is shaped by sand

- blasting.

N | H



| ndicated by arrows 47 of Fig. 4(c), a force is exerted on the slider 21 in

the directions of contraction. The result of this force is r
_ , 215499 N
curvature along the ABS 27 and a 13 decreased vertical gi %@h eR&AﬁﬁgE

A slider having no crown or with preexisting negative crowf ﬂ""

experience a change in curvature in the negative direction. The present
i nvention reduces the adverse effects of crown variation_resulting from
ei ther process variations or differences in expansion rates__ﬁ§TérT1T¢r11}——

Fig. 5, the proposed nethod shifts the peak 53 of a slid "m”m
crown away fron1the slider's central axis 41 and in the 'HH” ,"
eadi'ng end 28. Experinments have indicated that such horlzoﬁtaF M

di'spl acenent 55 provides nore stabke fly height for process or tenperature
variations in crown than a slider with synmetrical crown. Moreover, as the

val ue of7di spl sacer@budSensien eag@stulfd ¥oeughtins@naidk \diriye shows a
correspondlng decrease. Although Fig. 5
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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Ll lustrates the present invention for a slider with convex lBEEN
be understood that peak shifting can also be applied to sli ‘g % EliﬂééEBEt \!
cti it

concave crown for the same benefits. Peak shifting in the di
trailing end has been found to increase fly height sensitivity, and as such
Is not desirable for the stated objectives of the present invention.. Fig.

6 is a graphical representation illustrating the effect_of peak—shiftimg—on

the fly height sensitivity of a slider with convex crown.
obt ai ned by conputer sinulation of a "nanoslider"” havi ngrm]ﬂw m ““Elr‘
2.5mmlength X 1. 7nm wi dth X 0.425mm hei ght and a naxi nu
30nmwith respect to a flat ABS. The-results are also representative of
sliders of different dinensions, ?ez.g. , "100% or "minisliders" (4.0 nm1 X
3.2 mmw X .85 mmh), "mcrosliders” (228 Mm1 X 2.2 mmw X 0.6 14 mm -
h), and ipi cagbi §efder/bdspeffiba StrhcPiiR WeX cPa 30, hiherdAdkHi@l ity of peak

d| spl acenents were sinulated, and fly hei ght
sllder/suspen51on 1nterface 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, whereinlsaid

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.

This Sheet Has Been Replace
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sensitivity was cal cul ated based on known aerodynam ¢ beha
These results were corroborated with experinental data obta
for a slider of approxinmately the sane dinensions. In Fig.

: rd —t— . -

A&dS BHEEREASEEEN

6, 1 REHAQHED

sensitivity is represented-as a nornalized val ue along the Vertircal axis

62.. Peak displacenent is shown on the horizontal axis 61 as

a percentage

shift away fromthe central axis of a slider. A positivegdicnlarpnpnt value

indicates a shift in the direction of the trailing e

lI'eading end. In-addition to reduced fly height sensitivity,

val ue represents a shift in the direction of the Ieadlng ﬁu" j I %H " E:
~profile 63 indicates that crown sensitivity decreases as t

peak shlftlng

has been found to inprove take-of43 performance at el evated tenperatures for
sliders with:convex crown. The graph of Fig. 7 conmpares the take-off

performagge ehel ¥ ol 884k 9bn H20GENE 2NRELAE UWeeSwittlednnesi Py conput er
sinmul ati on and corroborated with experinental data. Nornalized take-off

veIOC|tymwﬁaflﬁdlt%ﬂﬂadeaisnayothenedemblsuﬁstantsaxmy thadsamenpergtttues i s shown
al ong the_ | gnt axis, 71 |n1%3%rees Cel sius. A first performance
profile % 5%?’ %%ﬁtugp?’ﬁsemﬂef‘?'b"r Be of a slider

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.

This Sheet Has Been Repl
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Wi th symmetrical crown having dinensions of 2.5 M 1 X 1.7 nExa425=n
h and an approxi mate peak height of 30 nm The second profil
a slider of the same dinens-ions-with a 10% peak di spl acene

directi

A0

.....

WS ﬁépE'é!siéStEEl:N
i n (REFPLACED

on of the |eading end. The profiles are representative oOf smalTer

and | arger sliders as 15 well. Fromthe profiles, F“‘S‘appakeni_Lhat

t herma
peak di
during

expansi on has a substantially reduced affect o er with
spl acenent. In the preferred nethod, peak shi ftlr”" i’ mlm*ﬂﬁ

t he suspensi on bondi ng process. Figs. 8 and 10 are

d

a presently used bondi ng nethod wherein a suspension 81 is epoxy bondéd to
a-slider 21. Referring to Fig. '8, epoxy 83 is applied to substantially t
entire length 31 of a slider 21 on24 surface 82 facing away fromthe ABS
(not shown). The slider 21 forns a bonding interface 23 with the suspens

flexurezgﬁ’ a%a?: %rageFéequce compr}?.sg Py cures,

a recording 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.

"\..

This Sheet H.

Il III Tw

he

i on




,usually at high tenperatures, causing a contracting force at Wh@;*ﬁé@ﬁﬁﬂQ%EEN B
23 along the slider length 31. The result is a positive cur\atureR@angEb e

length of the ABS 27, forming a symetrical peak 42 substantla :
to the slider's perpendlcular axi s 41. According to the present |nvent|on,

epoxy 83 is applied to substantially less than the full [ength 31 of the
slider surface 82, as shown in Fig. 9. Preferably, a standard.nonconductive

epoxy such as LR559 (manufactured by HYSOL) is applied H m
3/4 of the slider length 31. Referring to Figs. 9 and 1 m m'!m!"mtﬂ”m
suspension flexure 91 forms a shortened bonding interfact 28 wt

sli.der 21 disposed toward the sli.der's |eading end 28. As the epoxy cures,
a contracting force is inposed on tﬁé slider 21, causing a positive
curvature along the length of its ABS 27. The curvature has a peak 53 with

a verticab. dimpl asedmbr5§e amycé rd}ffbiéirﬂi@fz SwhérdieNdhcall Gowaxis 41 16

p051t1ve.

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
aqent contracts as'it cures, thereby causing said crown of said

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

trailing end.

This Sheet Has Been Repl
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sin,the direction of the |eading end 28. The |ength of the heonding-interface
23 is deternined experinentally, bal ancing bond strength wjttHidesiomEdiieBREN
shift. For sliders with preexisting crown, the contracting|forceraPLAGED
epoxy causes the crown's peak to shift froma symetri cal peSFFeR—atong———
the ABS 27 toward the | eading end 28 of the slider 21. This is the case for
both positive and negative crown. The shifted peak 53 7s generally inci dent
to a perpendicular |ine of reference 52 bisecting the u“‘ ﬂma

as shown for exanple in Fig. 12. \Were preexisting croﬂ“‘“ H H but
tenperature variations are expected during operation, ah a‘ltéfnétl

enbodi ment may be used. In the alternative enbodi ment, an epoxy whi ch does
not contract is used to bond a suspezrfm on to a slider. The bonding process
according to this nethod does not introduce crown along the ABS, but wll

ef fect peak tabiddtal etofdgamaesidis egueIHiny 20¢ Culidrieti] feizAB6RdNig t her nal

expansi on/ contraction msmatch. As the operating tenperature of the
storagea‘t%’d'-l EEPTHSLEakRE 2 -t he suspensi on expands at a faster rate than the
slider. The expansion trrposes an expansion force along the ' )

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.l | |
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slideg/suspension interface, thereby causing a negative cro ABS:
havi ng a peak displaced fromthe center of the ABS in the di éfbﬂS SHEBT HARBEEN
st or #§&

| eading end. Simlarly, if the operating tenperature of th LASEDCe
decreases, the suspension contracts at a faster rate than the stider and -
| nposes a - contracting force along the slider/suspension interface.

The contracting force results in a positive crown along the ABS, al'so 17
with a peak displaced fromthe center of the ABS in the imm,

| eadi ng. end. Figs. 12 and 13 show alternatives to the fl mg'm,mmm
Fig. 11. In Fig. 12, an industry standard flexure 93 has Deerf mbdi#ied t0.
“include a stepped portlon 92 for isolating a portion of the flexure 93 from

tte slider/suspension interface 237 Fig. 13 shows a suspension flexure 95
havi ng an orientation reversed 180 degrees fromthe flexure of a standard

suspensizon. Onahod | MU ae AN a SHEPRASION dapdi éiﬁﬁtrl ogsid @uifagi litating
& including a leadlng 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, thereby 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

—_—
\\

This Sheet

W /i



short.er bond interface are poésible wi t hout departing fromt

scope of the present invention. The method and structures dijpdH§sEHERPPHIAGE B

to sliders of numerous dimensions such as nminisliders, mcrdglide®EPLACED

EEN

nanosl i ders and picosliders. They apply not only to traditional,
rectangul arl y-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"™ W th a suspension,

A R ety T 1T

*

st orage device such as the magneti fisk drive shown i*n Fi gt 1%. °The di sk
drive conprises at |east one rotatabl'e magnetic disk 112 supported on a

spindle 114 and rotated by a drive notor 118 with at |east one slider 113
posi ti dfed Tie MeEhad Sk Flaim Hfohwhétaior s41® ougdpoy tayepnecortraete magnet i ¢

read/ wjgt @t du r .heads 121, The neti.c recording nedia on each
disk isin the ér%ﬁ%?ebg’nca%snlu ga?abdatctrgmn%? SRR PPt &%t Racks (not

shown) positiek clbg8er tAS shh@ IHadkSg 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,saﬁe 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;

—
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yotate, the sliders 113 are noved radially in and out over

122 so that the heads 121 may access different portions of [ HelsSsKEWHASSSEEN

desired data is recorded. Each slider 113 is attached to anl act uRERLAGER -

119 by neans of a suspension 115. The suspension 115 provi des—a Srtgnt_
spring force which biases the slider 113 agai nst the disSk surface 122. Each
actuator arm 119 is attached to an actuggr neans 127 |I m I“MMB

as shown in Fig. 14 may be a voice coil nmotor (VCM, f”" mm

conprises a coil noveable within a fi-xed magnetic field the'diFection and
velocity of the coil novenents being controlled by the nmotor current

si gnal s” supp) i edThy skdes @ftcladnl 381, whdreih BEIdAMBS & shapedby sdid Wlastig(r i ve, the
rotation of the disk 112 generates an air bearing betvveen the slider 113
and the disk surface 122 which exerts an upward force or lift on the
slider. The air bearing thus counterbal ances the slight spring force of the
suspensi on34.15 aAcBlidapgm’llss in A diski drine; theistidet bejhg sybstantially ah berdinbkfoser f ace

at a small, substantially constant spacing during operation. .
described with referénce to Flgures 5 to 7 of the accompanying drawings.

t‘ .

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

10  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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The :various conponents of the disk storage systemare control

operation by control signals generated by control unit 129, SCme%HEEﬁTQ@%BEEN

control signals and internal clock signals. Typically, the cofitrol meetadEd

conprises logic control circuits, storage nmeans and a m cropr eeessors=for

exanple. The control unit 129 generates control signals to control various
system operations such as drive notor cogﬁyol signals on line 123 and head
position and seek control signals on line 128. The- - 20 - CLAIMS: 1.

A slider for use in a storage device, conprising: a slider body having a

| eading end, a trailing end, a | ength extendi ng between the |eading end and

the frailing e gpﬁN mﬁg ORED | . r own
extendi ng the Pg;rllg?:ﬁj%? t egglﬁgg?s%y an 1§vi ng %@Héﬁeﬁgﬁg orY'C o
providing a contraction force on the top surface of the slider body, -
whereby the crown peak is caused to shift froma first position to a second
position al ABSTRMCTength of the slider body and is naintained in the

second position by the- .

5 For a slider (21) having convex curvature along its length, or "crown", a -
method for reducing fly height variation due to croWn by shifting the peak of the crown
toward the leading end, and the resultant slider structure. In a preferred method, peak
shifting is accomplished in a slider (21) with symmetrical crown by affixing a
suspension to the bonding surface of the slider (21) near the leading end. The bonding

10  process creates a displacement force upon the slider (21) to effect the shift. An
alternative approach reshapes a roW of sliders prior to rail shaping, e.g., by sand or
bead blasting. |
Figure 5.
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.ﬁﬁ@m&ﬁéétion force. 2. The slider of claim1, wherein the crown is

_posittive. 3. The slider of claiml, wherein the crown is negative. 4.
The slider of claim1, wherein the second peak position is |ocated nearer
to the leading end than to the trailing end. 5. The slider of claim4,

wherein the second peak position is Igﬁyted at a distance fromthe | eading
end in the range of 10-40% of the slider body |ength. 6. The slider of
claim 11, wherein the means for providing a contraction force further
conprises a bonding agent applied to the top surface of the slider body
whi ch contracts as it cures. 7. The slider of claim®6, wherein the _
means for providing a contraction force further conprises a suspension
bonded to the upper surface of the slider and fornmng a slider/suspension
interface, the contraction force being created along the slider/suspension

interface. 8. The slider of claim9, wherein the slider/suspension
i nterface has a length shorter than t el body Iq?gth. 9. The
slider of claim8, wherein the sLider/suspension erface is formed, nearer
to the leading end than to th railing end. 10. slider of cfain18,
wherein the suspension inclyfes a flexure, and wherein | east a portion
of the flexure is bonded he upper surf thesli-o- :
12
13 € 7 i
L \
\\
/
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; II \\‘ i
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\

s7 7 7 T  \u
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‘body fto formthe slider/suspension interface. 11. The slider of claim
10, wherein the flexure conprises a step for defining the portion of the
flexure to be bonded to the upper surface of the slider body. 12. The
slider of claim1l, wherein the flexure is substantially the same |ength as
t he slider/suspensi-on interface. gAA data storage device conprising: a
storage nedium for storing |nfornat|o%/ a transducer positionable with
respect to the storage nmedium for storing and reading information on the
medium - -21- a slider supporting the tyansducer in close proximty to
t he storage nmedium the slider conprising | i der bady having a | eading
end, atrailing end, a | ength extendi ng/etween the | eading end and the
trailing end, an upper surface, and an Air bearigg rface with crown
extending the I ength of the slider body and having a vy means for
providing a contraction force on tJ op sggface of the i der body, ,
whereby the crown peak is caused.tg 2T oma first sition to a second
position along the | ength of theé§|l i
second p05|t|on by the

FIG. 2A

tained in the

29— (2
24 . - 5

FIG. 2B

FIG. 2C




contracti on force; and data processing circuitry for transferring ,

i nformati on between the transducer and the recordi ng nedium 14. A dat a
storage of claim 13, wherein the crown is positive. 15. A data storage
of claim 13, wherein the crown is negative. 16. A data storage of claim
13, wherein the second peak position ié?d ocated nearer to the | eading end
than to the trailing end. 17. - A datd”storage of claim 16, wherein the
second peak position is |located at a distance fromthe |leading end in the
range of 10-40% of the slider length. 18. A data storage of claim13,
wherein the means for providing a contraction force further conprises a
bondi ng agent applied to the top surface of the slider body which contracts

as it cures. 19. A data storage of claign 13, wherein the neans for
provi ding a contraction force further conﬁg:ses a ﬁgspen5|on Ponded to the
upper surface of the slider and forning sllderfgsSuspension interface, the

snsion i nterface.' 20.
A data storage of clai Rierface has a
| engt h shorter than : S

20, wherein the gligler

end than to the trayl

FIG. 3B
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22. ° A data storage of cl ai m 20, wherein the suspensi on includes a
flexure, and wherein at |east a portion of the flexure is bonded to the
upper surface of the slider body to formthe slider/suspension interface.

23. - A data storage of claim 22, wherein the flexure conprises a step for
defining the portion of the flexure to be bonded to the upper surface of

the slider body. 24. A data storagd/®f claim 22, wherein the flexure is
substantially the same |l ength as the slider/suspension interface. 25. A

met hod for providing a slider to b
having a slider body wth a | eadi
fromthe-leading end to the trai
bearing surface with - 22 -
slider body and havi-ng a peak,
a contraction force on the t
crown peak i hifted from
| engt h of th?@?i%r body.
is positive. P

used in a storage device, the slider

g € atrailing end, a | ength extending

ing en n upper surface, and an air

rown, the trwn extending the I ength of the

e1pethq nprhSi ng the step of: providing

surface of the sliMer body, wherein the

first po,'tion to second position along the
. The/ methdd of /cl ai m 25, wherein the crown

/ l

/

FIG. 4C




t27. © The nethod of claim25, wherein the crown is negative. 28. The
nmet hod of claim 25, wherein the second peak position is |ocated nearer to

the | eading end than to the trailing end. 29. The net hod of clai m 28,
wherein the second peak position is |located at a distance fromthe | eading
end in the range of 10-40% of the sliglgr |ength. 30. The met hod of -claim

28, wherein providing a contraction force further conprises the step of
appl yi ng a bondi ng agent which contracts as it cures to the top surface of
t he slider body. 31. The met hod of claim 30 wherein providing a
contraction force further conprises the step of bonding a suspension to the
upper surface of the slider and formng-a slider/suspension interface
therefrom the ‘contraction fogce beingscyated al ong the slider/suspension
interface. 32. The n@&hod{o | ai 31, whg¢rein the slider/suspension
interface has a | ength sho ' { éilldeﬁsbody | engt h. 33. The

met hod of claim 32, wherei susgensgion interface is forned
nearer to the Ieadlng end/t ha to mat L |n%7end 34. The met had of
claim 32, wherein the sug S|on,ﬁn%%p-»- flexure, and wherein at [east a
portion of the flexure i nded to QI surface of the slider body to
formthe slider/suspenst '%mteﬁﬁace 35 e nethod of claim 34,

Q

wherein the flexure conpritsSes, a step\ﬁor

22 ——

FIG. 5
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rdefining the portion of the flexure to be bonded to the upper surface of
the slider body. 36. The nmethod of claim 34, wherein the flexure is
substantially the same |l ength as the slider/suspension interface. 37. A
slider/suspension structure for use in a disk drive, conprising: a slider
having a |l eading end, a trailing end,Gjéa;,nd an air bearing slider with crown,
and a bondi ng surface, wherein said crowm peaks at a position closer to
said |l eading end than to said trailing end; and a flexible suspension
attached to said bonding surface, thereby formng a slider/suspension
interface positioned closer to said |leading end than to said trailing end.
38. A dat a storagekfgyice conprising: a recording nmediumfor storing

i nfornmati on; - 2% - rransducer tor repding iniornation {rom and
writing information ?b\§§id recording imedi jm . a slider for sppporting said
transducer, said &ideyghavi.ng.a.keadiing.epd,...d..t.railing..endf and an air
bearing slider wgh crown faci ngQeigngl ir ecof di ng MERUIING gand i} :
§ 1.5 |oeereeed ........ , ....... , SRR STt SO ._ T eeevaees £,
) : : : 63 : : :
= Pooi =
% 1.0 ; ; : ...... E.......g ........ S.....:... )
o s . H : :
&
E 0.5 eossscealacorstalorsensnciivicecnne
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+bondi ng surface, wherein said crown peaks at a position closer to said

| eading end than to said trailing end; a suspension attached to said slider
bondi ng surface, for supporting said transducer in close proximty to said
recordi ng nmedium thereby formng a slider/suspension interface positioned
closer to said leading end than to saj,{d trailing end; an actuator attached
to said suspension for horizontally 33 itioning said transducer with'
respect to said recording nedium neans for providing relative notion

bet ween said transducer and said recording nmedium and nmeans for
transferring informati on between _said transducer and said recordi ng nmedi um
39. A nmethod for attaching a stspension to a slider, said slider
including a leading end, a trailing eMin_and an air bearing slider with
crown, and a bondi ng surface, wilreimsqd~e own peaks at a position closer
to said | eading end than to said t S

thereby formng a slider/suspemns \ £ er /to said | eadi ng end
than to said trailing end. 40.  The TBRk m 39, wherein said
crown is positive. 41. The net hod oi™Se erein said crown is
negati ve. -

FIG. 8

FIG. 9



42. * The method of claim 39 wherein said peak is |located at a distance

fromsaid | eading end in the range of 10-40% of said slider |ength. 43.
The net hod of claim 39, wherein said peak position is determ ned by the

| ocation of said slider/suspension interface. 44. The net hod of claim
39, wherein said slider/suspension intgrnface is between 25 % and 75 % of
the length of said bonding surface from’said |leading end to said trailting
end. 45. The net hod of claim 39, wherein said suspension is bonded to
sai d bonding surface with a bondi ng agent. 46. The net hod of cl ai m 45,
wherein said bondi ng agent contracts as it cures, thereby causing said
crown of said air bearing slider to péak at a position closer to said

| eading end than to said trailing end. 47. . The nethod of claim45,
wherei n said bondi ng agent conprises [ R559. - 24 - 48. The met hod of
clai m 39, wherein-sgid suspension i ncftdes—a nodil fied—ftextye, and wherein
said slider is attach 0 said nodiffled flexure. '
. L4
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49.* ¢  The nethod of claim48, wherein said nodified flexure includes a
step for isolating a portion of said flexure fromsaid slider/suspension

interface. 50. The met hod of claim 48, wherein said nodified flexure is
shortened to substantially the sanme |ength as said slider/suspension
interface. 51. The net hod of claigf 8, wherein said nodified flexure is
reversed in orientation 180 degrees m/ h respect to a standard suspensi on
fl exure. 52. The nmet'hod of claim 39, wherein said air bearing slider is
shaped by bead bl asting. 53. The nethod of claim39, wherein said air
bearing slider is shaped by sand bl asti ng. 24 22. A data storage device

-conprising: a recording nediumfor storing information; a transducer for
readi ng i nformation and witing information to said recordi ng nmedi um
a slider for supporting sa ransducer, said slider having a |eading end,
atrailing end, an ABS with cro acing sd#éld 59 .

/—/\ 4

93
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r'eco__-_f___di' ng nmedi um _and .a bondi ng surface, wherein said crown

g
pbsition closer to said | eading end than to said trailing eng;RERLEGSHERT] JHEET
attached to said slider bonding surface, thereby formng a .
slider/suspension interface, for supporting said transducer jPag -@sleZ..DEC.m..
proximty to said recording nediunm an actuator attached to sard Suspension
for horizontally positioning said transduc®r with respect to said recording
medi um means for providing relative notion between said transducer and

said recordi ng nedium and neSUMMARYrQF FHE INVENTIE@NMati on bet ween sai d

transducer and. sal Seddetik db Bl UBSEHGR 1@ dvehin HRICIHOIGRE A YL oree S T

22, wherein said recor ITE conprises a nagnetic di SK. e data
st orage devisterage devieg,raomPris@igar ei n sai d sli der/suspension interface is

positioned closer { gideaibddy Bathpd-leflith édR R thailifPérdl, la'18hdth REteRBihg between
the leading end and the trailing end, an upper surface, and an air bearing surface with
crown extending the length of the slider body and having a peak;

means for prdviding a contraction force on the top surface of the slider body,
whereby the crown peak is caused to shift from a first position to a second position
along the length of the slider body and is maintained in the second position by the
contraction force.

_ Accdrding to another aspect of the invention there is further disclosed a data
storage device comprising: : '

a storage medium for storing information;

a transducer positionable with respect to the storage medium for storing and
reading information on the medium;

a slider supporting the transducer in close proximity to the storage medium,
the slider comprising a slider body havmg a leading end, a trailing end, a length
extending between the leading end and the trailing end, an upper surface, and an air
bearing surface with crown extending the length of the slider body and having a peak;

means for providing a contraction force on the top surface of the slider body,
whereby the crown peak is caused to shift from a first position to a second position
along the length of the slider body and is maintained in the second position by the
contraction force; and

data processing circuitry for transferring information between the transducer

and the recording medium. .

According to still another aspect of the invention'there is further disclosed a
method for providing a slider to be used in a storage device, the slider having a slider
body with a leading end, a trailing end, a length extending from the leading end to the
trailing end, an upper surface, and an air bearing surface with crown, the crown
extending the length of the slider body and having a peak, the method comprising the
step of: '

providing a contraction force on the top surface of the slider body, wherein the
crown peak is shifted from a first positib‘n to a second position along the length of the
slider body.

Abcord_ing to still another aspect of the invention there is further disclosed a
slider/suspension structure for use in a disk drive, comprising:



25 25., The data storage device of claim22, wherein said cr I S '
positive. 26. The data storage device of claim22, wherein s REASHS %‘NTSHEET

i
negative. 27. The data storage device of claim22, wherein § q pe/‘a?f @
| ocated at a distance fromsaid | eading end in the range of a‘?l """""""

slider length. 28. The data storage device of claim22, wherein sald peak
position is determned by the | ocation of-%aid sli der/suspen3| on interface.
29. The data storage device of claim?22, wherein said slider/suspension
interface i s betwesslidaHasing a/kading ehdea hemggferatﬁlaamhlbbeaiinggslﬁler fvithe from

said | eadin |

29, wherei ngcsra éﬁ%%g’lﬁ’gl 0 Pléfa d gengglgal %gg%g a?%%?ﬁ%ggf%hfﬁoga a’ arm
bondi ng agenleading egd thanmteaidtrailisg endignddevi ce of cl ai m 30, wherein said
bondi ng agent conty gekilesuspénsion fchdd ' aiVboAlE figfacé tHerehy ¥otnithg 321 d

slider/suspension interface positioned closer to said leading end than to said trailing
end.

According to still another aspect of the invention there is further disclosed a
data storage device comprising:

a recording medium for storing information;

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

a slider for supporting said transducer, said slider having a leading end, a
trailing end, and an air bearing slider 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 attached to said slider bonding surface, for suppoiting said
transducer in close proximity to said recording medium, thereby forming a
slider/suspension interface positioned closer to said leading end than to 'said trailing
end;

an actuator attached to said suspension for horizontally positioning said
transducer with respect to said recording 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. .

According to still another aspect of the invention there is further disclosed a
method for attaching a suspension to a slider, said slider including a leading end, a
trailing end, and an air bearing slider with crown, and a bonding surface, wherein said
crown peaks at a position closer to said leading end than to said trailihg end,
comprising the step of: '

bonding said suspension to said bonding surface with a bonding agent, thereby
forming a slider/suspension interface closer to said leading end than to said trailing end.



ABS to peak at a position closer to said |eading end than t{PoSal -k akk f
end. 26 32. The.data storage device of claim 22, wherei nﬂggf“g‘”ﬁ'é'ﬁéﬂirr%&g
agent conprises LRE

{§. st orage device of clairj ) ef)
sai d suspension in mﬂumﬂﬁlﬁf' exure, and wherein s ﬁg@lf@{gugm

attached to said nodified flexfire* -34. Thg data storage device of claim 22,
wherein said nodified flexure includes a” 9ép for isolating a portion of
said flexure_ fromsaid slider/suspension interface. 35. The data storage
devi ce of clGMMS: wherein said nodified flexure is shortened to

substantial |y the ;sane |£g6dd? fof usinth étbia@@ﬂéﬁb@,%ﬂgﬁgﬂ]fg% nterface. 36. Thg
exure.is.reverse

' ori ent at: on- 16 Wi Bedy fi » degioh, il & et SHERdRE preNese.
the leading end and the trailing end, an upper surface, and an air bearing surface with
crown extending the length of the slider body and having a peak;

means for providing a contraction force on the top surface of the slider body,
whereby the crown peak is caused to shift from a first position to a second position

along the length of the slider body and is maintained in the second position by the

contraction force.

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

3. The slider of claim 1, wherein the crown is negative.

4, The slider of claim 1, wherein the second peak position is located
nearer to the leading end than to the trailing end.

5. The slider of claim 4, wherein the second peak position is located at a
distance from the leading end in the range of 10-40% of the slider body length.

6. The slider of claim 1, wherein the means for providing a contraction

force further comprises a bonding agent applied to the top surface of the slider body
which contracts as it cures. ' .

7. The slider of claim 6, wherein the means for providing a contraction
force further comprises a suspension bonded to the upper surface of the slider and
forming a slider/suspension interface, the contraction force being created along the
slider/suspension interface.

8. The slider of claim 9, wherein the slider/suspension interface has a
length shorter than the slider body length.

9. The slider of claim 8, wherein the slider/suspension interface is
formed nearer to the leading end than to the trailing end. 3

10. The slider of claim 8, wherein the suspension includes a flexure, and
wherein at least a portion of the flexure is bonded to the upper surface of the slider
body to form the slider/suspension interface. '

11. The slider of claim 10, wherein the flexure comprises a step for
defining the portion of the flexure to be bonded to the upper surface of the slider body.

12. The slider of claim 11, wherein the flexure is substantially the same
length as the slider/suspension interface.

13. A data storage device comprising:

a storage medium for storing information;

a transducer positionable with respect to the storage medium for storing and
reading information on the medium;



37. The slider of claim?22, wherein said ABS is shaped by b e ' . .
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of : bondi ng said suspension to said bondi ng surface with a bondi ng agent,
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than to sai g ﬂﬁ&rh&ﬁﬁgaﬁ% g‘kﬁger IF&S' r{ﬁ%@OﬂleQémg leAld, ) #Riling/eRaSa engfti d Crown

IS positive. arm 3 ﬁﬁel n.said cro I S n&a%itjve

42. The net peending beqyeensbe leadingend agéﬂaF tsailing ead,| a9 URPEF Suffacy. an
bearing surface with crown extending the length of the slider body and having a peak;

means for providing a contraction force on the top surface of the slider body,
whereby the crown peak is caused to shift from a first position to a second position
along the length of the slider body and is maintained in the second position by the
contraction force; and

data processing circuitry for transferring information between the transducer

and the recording medium.
14. A data storage of claim 13, wherein the crown is positive.
15. A data storage of claim 13, wherein the crown is negative.

16. A data storage of claim 13, wherein the second peak position is
located nearer to the leading end than to the trailing end.

17. A data storage of claim 16, wherein the second peak position is
located at a distance from the leading end in the range of 10-40% of the slider length.
18. A data storage of claim 13, wherein the means for providing a

contraction force further comprises a bonding ager'lt applied to the top surface of the
slider body which contracts as it cures.

19. A data storage of claim 13, wherein the means for providing a
contraction force further comprises a suspension bonded to the upper surface of the
slider and forming a slider/suspension interface, the contraction force being created
along the slider/suspension interface.

20. A data storage of claim 19, wherein the slider/suspension interface has
a length shorter than the slider body length.

21. A data storage of claim 20, wherein the s11der/suspens1on interface is
formed nearer to the leading end than to the trailing end.

22. A data storage of claim 20, wherein the suspension includes a flexure,
and wherein at least a portion of the flexure is bonded to the upper surface of the slider
body to form the slider/suspension interface.

23. A data storage of claim 22, wherein the flexure comprises a step for
defining the portion of the flexure to be bonded to the upper surface of the slider body.

24. A data storage of claim 22, wherein the flexure is substantially the
same length as the slider/suspension interface.

25. A method for providing a slider to be used in a storage device, the
slider having a slider body with a leading end, a trailing end, a length extending from
the leading end to the trailing end, an upper surface, and an air bearing surface with
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| ength. 43. The nethod of claim: I wherein said peak positipnTs
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and 75% of the length of said bonding surface fromsaid | eading end to said
trailing end. 45. The nethod of claim39,-23&rerein said suspension is bonded
to said bonding surface with a bondi ng agent. 28 46. The method of claim
45, wherei n cawe, tlencionn exgndingcthe lenpth of the sliderchody and thaeing hypeak ) thengethod d

crown of sai&@?iﬁégﬁeﬁgf a position closer to said leading end than to
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said trailing . et hod of claim45, wherein said bonding agent
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slider body.
26. The method of claim 25, wherein the crown is positive.
27. The method of claim 25, wherein the crown is negative.

28. The method of claim 25, wherein the second peak position is located
nearer to the leading end than to the trailing end.

29. The method of claim 28, wherein the second peak position is located
at a distance from the leading end in the range of 10-40% of the slider length.

30. The method of claim 28, wherein providing a contraction force further
comprises the step of applying a bonding agent which contracts as it cures to the top
surface of the slider body. |

31. The method of claim 30 wherein providing a contraction force further
comprises the step of bonding a suspension to the upper surface of the slider and
forming a slider/suspension interface therefrom, the contraction force being created
along the slider/suspension interface. "

32. The method of claim 31, wherein the slider/suspension interface has a
length shorter than the slider body length.

33. The method of claim 32, wherein the slider/suspension interface is
formed nearer to the leading end than to the trailing end.

34. The method of claim 32, wherein the suspension includes a flexure,
and wherein at least a portion of the flexure is bonded to the upper surface of the slider
body to form the slider/suspension interface. .

35. The method of claim 34, wherein the flexure comprises a step for
defining the portion of the flexure to be bonded to the upper surface of the slider body.

36. The method of claim 34, wherein the flexure is substantially the same
length as the slider/suspension interface. |

37. A slider/suspension structure for use in a disk drive, comprising:

a slider having a leading end, a trailing end, and an air bearing slider 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.

38. A data storage device comprising:

a recording medium for storing information;
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modi fied fl exure.. 49 . The irei—hed of claim48, wherein said {frodl _l E]NP&!{E‘ET
1

i‘'ncl udes a step for isolatij ortlon of said flexure fr
- slider/ suspensmm m u‘ | The met hod of cl ai m 48, {E)el n s]anDEC 1996
nodi fied flexu o substantially the same | efgPA®as sai-g

sl i der/ suspensi on | nterface 51 iThe method of claim48, wherein said
nodified flexure is reversed in orientati 8 180 degrees with respect to a
standard suspension flexure. 52. The slider of claim 39, wherein said ABS

i s shaped by bead afransdneey. for reattingSnformationfempEdwvIER nfRMAPnIe said The

slider of clrgédmg,%,mgm%el n said ABS is shaped by sand bl asting. 54. A
slider for use in"a disk drive, the, slider being substantially as
her ei nbef or e a shder for supporting said transducer, said slider having a leading end, a

trailing end, and an air bearing slider 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 attached to said slider bonding surface, for supporting said
transducer in close proximity to said recording medium, thereby forming a
slider/suspension interface positioned closer to said leading end than to said trailing
end; |

an actuator attached to said suspension for horizontally positioﬁing said
transducer with respect to said récording 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. :
39. A method for attaching a suspension to a slider, said slider including a
leading end, a trailing end, 'and an air bearing slider with crown, and a bonding
surface, wherein said crown peaks at a position closer to said leading end than to said
trailing end, comprising the step of:

bonding said suspension to said bonding surface with a bonding agent, thereby
forming a slider/suspension interface closer to said leading 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.

42. The method of claim 39 wherein said peak is located at a distance
from said leading end in the range of 10-40% of said slidér length.

43, The method 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.

45. The method of claim 39, wherein said suspension is bonded to said
bonding surface with a bonding agent.
46. The method of claim 45, wherein said bonding agent contracts as it

cures, thereby causing said crown of said air bearing slider 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.



descri.bed with reference to Figures 5 to 7 of the acconpanyi nﬁrr@!ﬁyﬂhﬁﬂﬁ'rsﬁssr
55. A slider/suspension.structure substantially as hereiijbefore

described with reference t 0 1, 12 or 13 of the acco mytng‘ZDEcm
dr awi ngs. 56. mnu Egm‘ ‘ce substantially as her e
described with ref gure 1 of t he acconpanyi ng draW| ngs.

57. A nethod for &ttachi ng a suspensi o 4o a sli der, the nethod being

substantially as hereinbefore described with reference to Fi ?ure 9 of the
acconpanyi ng drawidfys. THiesmethedof claimi39¢ wheeein said guspension 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 from said 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.

52. The method of claim 39, wherein said air bearing slider is shaped by
bead blasting.

53. The method of claim 39, wherein said air bearing slider is shaped by
sand blasting.
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SLIDER/SUSPENSION DESIGN FOR IMPROVED CROWN SENSITIVITY

ABSTRACT

For a slider (21) having convex curvature along its length, or "crown", a
method for reducing fly height variation due to crown by shifting the peak of the crown
toward the leading end, and the resultant slider structure. In a preferred method, peak
shifting is accomplished in a slider (21) with symmetrical crown by affixing a
suspension to the bonding surface of the slider (21) near the leading end. The bonding
process creates a displacement force upon the slider (21) to effect the shift. An
alternative approach reshapes a row of sliders _.prior to rail shaping, e.g., by sand or
bead blasting. | | -

Figure 5. i



