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The present invention relates to an air bearing

disk head slider for use with a rotary actuator in a.

transducer head assembly for a rotating disk drive.
Transducer head assemblies that could "fly"
relative to a rotating disk are used extensively in
rotating disk drives. The assemblies include an air
bearing slider for carrying a magnetic transducer

 proximate the rotating disk.

Figure 1 illustrates a conventional slider 10
supported by a gimbal 11 over a disk 14. The gimbal 11
is secured to an arm 12. The arm 12 positions the
slider 10 over individual data tracks (not shown) on the
disk 14 along an arc 18. As the disk 14 rotates, it
generates wind or air flow in the direction shown by
arrows 16 (wind 16). The wind 16 is approximately
parallel to the disk’s tangential velocity, indicated by
an arrow 22. The wind co-operates with the slider 10 to
provide 1lift which allows the slider to fly above the
disk 14.

The g1mbal 11 is a resilient spring that allows
the slider 10 to follow the topography of the disk 14.

.The gimbal 11 includes a dimple (not shown) that is in

point contact with the slider 10. The dimple provides a
pivot about which the slider 10 can pitch and roll while
following the topography of the disk 14.

When the slider 10 is positioned near the outside
edge of the disk 14, its longitudinal axis 20 is
substantially parallel to the wind direction. Near the
centre of the disk 14, the slider 10 is skewed with
respect to the wind direction as illustrated by a skew
angle #. The skew angle § is measured between the
longitudinal axis 20 and the wind 16. |

The elements described to this point may be
conventional in design and as shown in Figure 1 and
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10 .proximate the rotating disk. Figure 1 illustrates a conventhonal,
slider 10 supported by a ginbal 11 over a disk 14. The gi nbal Eﬂ

tto an arm 12. The arm 12 positions.the slider 10 over individual dat a
tracks (not shown) on the disk 14 along an arc 18. As the disk 14 rotates,
It generates wnd or air flowin the.direction showm by arrows 16 (w nd
16). The wind 16 is approxinmately parallel to the disk's tangenti al

vel ocity, indﬁf@ﬁfésb!a to 2e to facilitate an understanding of the
' present invention. Thfoughont the Figures, elements of
the same design are_desigﬁated'by identical reference
numerals.

5 : Figure 2a as a perspective view of a head gimbal
assembly having a conventional catamaran slider 30. The
slider 30 is secured to the gimbal 11 in any known
mannér. The slider 30 and the gimbal 11 are supported
by the arm 12. Rails 32 and 34, positioned along edges
of the slider 30, form air bearing surfaces on which the
slider flys, in a known manner.

10

Figure 2b is an end view of the slider 30 as seen
- from the line 2B-2B of Figure 2a. The arm 12 and the
gimbal 11 support the slider 30 above the disk 14. The
slider 30 includes the rails 32 and 34, which carry
transducers 35 and 37. The rails 32 and 34 include air
bearing surfaces 38 And-39, which provide lift to the
slider 30, as described more fully below.

15

Flying height is viewed as one of the most
20 ;ritical parameters of non-contact recording. As the
average flying height of the slider 30 decreases, the
transducers 35 and 37 achieve greater resolution between
individual data bit locations on the disk 14. There-
fore, it is desirable to have the transducers 35 and 37
25 fly as close to thg;disk_14 aé-possible.

Figure 2c is a bottom plan view of the conven-
tional catamaran slider 30 shown in'Figures 2a and 2b.
The rails 32 and 34 are.positionéd along edges of the
slider 30 and are disposed about a recessed area 36 to
form the air bearing surfaces 38 and 39. As the disk 14
rotates, the disk drags air (wind 16) under the slider
30 and along the air beafing surfaces 38 and 39. Under
the air bearing surfaces 38 and 39, the air flow
component due to the drag of the disk 14 is "couette
flow". As couette flow passes beneath the rail 32 and

34, the skin frlctlon on the air bearlng surfaces 38 and

30
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an arrow 22. The wind co-operates with the slider 10 to provi edlfi whi ¢h,
allows the slider to fly above the 20 di sk 14. The gi nb4l r{l_
resilient spring that allows the slider 10 to follow the topography O?M

di sk 14. The ginbal 11 includes a dinple g£not shown) that is in point

contact with the slider 10. The dinple provides a 25 pi vot about which
the slider 10 can pitch and roll while follow ng the topography of the disk
14. 39 causes the air pressure between the disk 14 and the

air bearing surfaces to increase and to thereby provide
1lift causing the slider 30 to fly above the disk
surface. Hence, the greater the air bearing surface

5 area, the greater the lift.

The flying height is preferably uniform regardless
of variable flying conditions, such as tangential
velocity variation from inside to outside tracks,
lateral slider movement during a seek operation, and

10 varying skew angles §. Catamaran sliders provide just
enough air bearing surface area to fly at a proper
height above the disk surface. For example, without the
rails 32 and 34, the air bearing surface area would be
too large. Consequently, the slider 30 would fly too
far from the disk surface at a height adversely
affecting'resolution. B

15

Although convéntional catamaran sliders are
helpful in controlling flying height, they are very
sensitive to the skew angle §#. ' Even with moderate skew
angles in the range of 10 to 15 degrees, flying height
from a conventional catamaran slider is adversely
influenced. Increasing the skew angle § at a fixed

20

tangential velocity causes the air pressure distribution
beneath the rails 32 and 34 to become distorted. This
influences the net forces and torque acting upon the
slider 30 and results in decreased flying height.

Figure 2d is a bottom view of the rail 32 with the
wind 16 at a 0 skew angle. The ait bearing surface 38
has an effective area 40 at the 0 skew angle, which is
equal to the area of the air_beéring surface 38. Figufe
2e illustrates the wind 16.applied_to'the rail 32 at a
skew angle § greater than 0. The air bearing surface 38
now has a smaller effective area 41. As the skew angle

25

30

¢ increases, the effective surface area of the rails 32
and 34 decreases. The decrease of the effective surface
area as the skew angle § increases is caused by side
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When the slider 10 is positioned near the outside edge of the disk 14, its
Iongitudinal axis 20 is substantially parallel to the wind dirggthgon Near. .
tthe 30 centre of the disk 14, the slider 10 is skewed wit féépeqq jﬁa[“
the wind direction as illustrated by a skew angle 0. The skew angle 0 is
measur ed between the |ongitudinal axis 2 and the wind 16. The el enents
described to this point may be conventional in design and as shown in

Fl.gure 1 and-1eakage. The air that leaks out of the sides of the
| rails 32 and 34 is not available to generate pressure
under the rails. This causes a lot of pressure beneath
the rails 32 and 34 resulting in a lower flying height
at a greater skew angle. To prevent the slider 30 from
ultimately contacting the disk surface at large skew
angles, the slider’s average flying height must be
appropriately increased. Resolution is therefore
sacrificed. Further, the pressurisation of one rail may
differ from the pressurisation of the other rail at a
skew angle g. This difference:causes the slider 30
roll. 1In other words, the rail 32 will fly at a
different height from the rail 34 while the slider 30
flys at a skew angle 4.

As disk drives become more compact for appllca-

10

15
tions in smaller and more portable equipment, rotary

actuators are increasingly employed. Further, the
designer is motivated to use a shorter actuator pivot
arm to make the disk drive even more compact. However,
these actuators create rather large skew angles § and
consequently make flying height control more difficult.
Rotary actuators cause the geometric orientation between
the longitudinal axis 20 (shown in Fiqure 1) and the
disk rotation tangent, to change as the arm 12 moves the
slider 10 along the arc 18.

One approach to reducing sensitivity of the flying

20

25

characteristics to varying skew angles is to provide
edge blends extending along the length of each rail. As
early as 1982, designers appliéd these blends to reduce
wear caused by contact between each rail and the disk

30 surface. The edge blends also reduce sensitivity of the
flying characteristics to varying skew angles created by
rotary actuators. For example,.the'preSsurisation
distribution on each rail remained nearly constant
relative to the slider’s pivot point over varying skew
angles. The benefits to flylng characterlstlcs became
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2 Figurés 2a to 2e to facilitate an understandi ng of the present invention.

Throughout the Figures, elenments of the sanme design are designated by
i dentical reference numerals. Fi gure 2a as a perspective view of a head 6

gi mbal .é?ﬂ\

known in 1982 when the edge blends were used in combination with rotary actuators in 5
1/4 inch disk drives, such as the WREN family manufactured by IMPRIMIS
Technology, Inc. |

U.S. Patent No. 4,693, 996 discloses a similar approach. This patent shows
traﬁsverse pressurisation contours (TPC) on each rail that extend from the leading edges
to the trailing edges. The TPCs provide a pressurisation region across one side edge of
each rail and a depressurisation region across the opposite side edge such that the
pressure distributions across the air bearing surfaces are substantially unaltered over
varying skew angles.

Patent Abstracts of Japan, vol. 9, no. 250 (p-394)(1973) 8th October 1993,
(Fujitsu K.K.), discloses an air bearing head for supporting an electro-magnetic
transducer. The slider comprises a slider-body and first and second rails, each forming
an air bearing surface. A portion of the inside and outside edges of each rail converge
together towards a central region of the air bearing surface thereby forming intermediate
surfaces recessed from the bearing.

It is an object of the present invention to provide an air bearing disk head slider,
which reduces the effect of ske§v angle on ﬂyiﬁg height over a rotating disk.

The present invention provides a slider having side rails, in which an air bearing
surface of each side rail decreases in width away from a leading end of the surface
towards a narrowed surface portion and then increases in width after the.na:."rowed
surface portion towards a trailing end of the surface.

~ According to the present invention, there is provided an air-ﬁearing disk head
slider for supporting an electro-magnetic transducer proximate a rotating magnetic disk,
said slider comprising: |

a slider body having a leading edge, a trailing edge and first and second edges

therebetween; and S
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assenmbly having a conventional catamaran slider 30. The slider 30 £%,5 ,4q
secured to the ginbal 11 in any known manner. The slider 30 and the ginbaF'
11 are supported by the arm 12. Rails 32 and 34, positioned al ong edges 10

of the slider 30, formair bearing surfaces on which the slider flys, in a
known manner . : - ( Figure 2b is an end view of

the slider 30 as seen fromthe |ine 2B-2B %f Figure 2a. The arm 12 and the

gi nbal 11 support the slider 30 above the disk 14. The

first and second side rails disposed on the side of the slider which is opposed to
the disk, extendjng respectively adjacent said first and smd second side edges, each of
said side rails forming an air bearing surface with an inside edge and an outside edge
extending between the leading edge and the trailing edge wheréin

a portion of the inside and outside edges converge together toward a central
region of the air bearing surfaces to form intermediate surfaces, characterised in that the
intermediate surfaces are raised above the slider body and are recessed from the air
bearing surfaces to form shallow steps which, when the slider is in use, accumulate
additional pressure on the rails if the slider flys at a skew angle.

~ In one embodiment, the first and second side rails form an hour glass
configuration in a catamaran slider, which includes a recessed area disposed betwéen the
side rails and extending from the leading edge_td the trailing edge.
| In another embodiment, the side rails form an hour glass configuration in a
negative pressure air bearing (NPAB) slider, which includes a cross rail extending
between the side rails. During operation, the cross rail creates a negative pressure area
| between the cross rail and the trailing edge of the slider.

In either embodiment, the side tails are preferably arranged to project by about 10
to 30 microns from the slider body. |

Advantageously, the narrowed surface porfion is spaced from the leading edge by
about one third the length of the slider as measured from the leading edge to the trailing
edge. o

Preferably, the leading and trailing ends of each air bearing surface may have
substantially the same width, and the narrowed surface portion may have a width which
is substantially equal to one half the width of the lu_ding and trailing ends.

The first and second side rails may include edge steps along their edges and/or

chamfers and/or edge blends.
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15 - slider 30 includes the rails 32 and 34, which carry transducerss33, /q.<
and 37. The rails 32 and 34 include air bearing surfaces 38 and 39, which
provide lift to the slider 30, as described nore fully below. Flying height
is viewed as one of the npbst 20 critical paranmeters of non-contact
recording. As the average flying height of the slider 30 decreases, the
transducers 35 and 37 achi eve greater resol ution between individual data
bit locations on the disk 14. There-
. 6a
The invention is described further, by way of example, with reference to the

accompanying drawings, in which:

Figure 1 is a top plan view of an air bearing slider supported above a rotating
disk;

Figure 2a is a perspective view of a head gimbal assembly having a conventional
catamaran slider;

Figure 2b is an end view of the head gimbal assembly taken along the line

2B - 2B of Figure 2a;__
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fore, it is desirable to have the transducers 35 and 37 25 fly as

close to the disk 14 as possible. Figure 2c is a bottom pl an vifemp.of Sthe |/
¢onven- tional catamaran slider 30 -shown in Figures 2a and 2b. The' raiks" 3Z:m
and 34 are positioned al ong edges of the slider 30 and are di sposed about a
recessed area 36 to 30 formthe air iearing surfaces 38 and 39. As

the disk 14 rotates, the disk drags air (wind 16) under the slider 30 and

al ong the air beari rﬁgiﬁ[é afgsig%gf@oﬁgplwd@iew of a conventional
catamaran air bearing slider of Figures 2a and 2b;

Figure 2d is a bottom plan view of a conventional
catamaran rail illustrating an effective air bearing
surface area at a 0 skew angle;

Figure 2e is a bottom plan view of a conventional
catamaran rail illustrating an effective air bearing
surface area at a skew angle §#;

Figure 3 is a perspective view of an hour glass
catamaran slider in accordance with the present
invention as viewed from a trailing edge therecf;

Figure 4 is a bottom plan view of an hour glass

10

rail illustrating an effective air bearing surface area
at a 0 skew angle,
Figure 5 is a bottom plan view of the hour glass rail
15 illustrating an effective air bearing surface area at a
skew angle #; '

Figure 6 is a perspective view of another embodi-
ment of slider in accordance with the present invention
having hour glass rails formed with shallow edge steps;

Figure 7 is an enlarged sectional view taken along
the line 7 - 7 of Figure 6;

Figure 8 is an enlarged sectional view similar to

20

Figure 7 but having a modified hour glass rail having
chamfered edged steps;

Figure 9 is an enlarged sectlonal view similar to
Figure 7 but showing modified hour glass rail having
chamfered edges;

Figure 10 is an enlarged sectional view similar to
Figure 7 but showing modified hour glass rail having
shallow edge blends; and

Figure 11 is a perspective view of another
embodiment of hour glass slider in accordance with the
present invention. '

25

30

Figure 3 is a perspectivezviaw of an hour glass

catamaran slider 50 in accordance with the present
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the air bearing surfaces 38 and 39, the air flow conponent due to the drag
of the disk 14 is "couette flow'. As couette flow passes beneath the r ai-
32 and 34, the skin friction on the air bearing surfaces 38 and - : 3:39:
causes the air pressure between the disk g4 and the

invention, as viewed from a trailing edge 52 thereof.
The slider 50 includes a pair of projecting rails 42 and
44 having air bearing surfaces 46 and 48, respectively.
The rails 42 and 44 extend from a leading edge 51 to the
trailing edge 52. The slider 50 is a modified catamaran
slider. The side rails 42 and 44 are not rectangular as
are the rails 32 and 34 shown in Figure 2a. Instead,
the rails 42 and 44 decrease ih width from the leading
edge 51 to breaks 56 and 60, and increase in width from
the breaks 56 and 60 to the trailing edge 52. In other
words, the rails 42 and 44 generally have "hour glass"
configurations. Each air bearing surface 46 and 48 has
a width measured at the leading edge 51 that is approxi-
mately equal to a width measured at the trailing edge
52. The rails 42 and 44 are formed such that the air
bearing surfaces 46 and 48 have widths at the breaks 56
and 60 which are substantially equal to one half of the
widths measured at the leading edge 51 and the trailing

10

15

edge 52. :

It should be understood that in aﬂy of the

20 embodiments shown in the Figures, the present invention
does not require that the inside and outside edges of
the air bearing surfaces be straight: the edges may be
curved from the leading edge of the slider to the
trailing edge. o

25 The slider 50 is secured to an actuator arm in any

known manner. For example, the slider 50 may be secured

to the actuator arm 12 shown in Figures 1, 2a and 2b.

.As the disk 14 rbtetes, air flow between the slider 50

and the disk 14 pressurises the air bearing surfaces 46

30 and 48 and lifts the slider 50 several micro-inches
(some micro-centimetres) above the surface of the disk
14. In a preferred embodiment, the slider 50 flys about
8 micro-inches (20.32 micro-centimetres) above the disk
surface when a disk 14 rotates at about 1000 inches per
second (about 2540 cms per second) To provide faster
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air bearing surfaces to increase and to thereby provide lift causing the
slider 30 to fly above the disk surface. Hence, the greater the air beari ng
surface 5 area, the greater the lift. The flying height i preferably
uni formregardl ess of variable flying conditions, such as tangént:al -
velocity variation frominside to outsidédtracks, lateral slider anenent
during a seek operation, and 10 varyi ng skeM/angIes 0. Catanmaran

sllders provi de_j ust
take off when the disk begins to rotate, the rails 42

and 44 include leading edge tapers 62 and 64. The
tapers 62 and 64 provide faster take off by smoothing
pressure transitions between ambient air and pressurised
air beneath the rails 42 and 44. Faster take off
decreases the length of time that the slider 50 slides
on the disk surface before it begins to fly and thereby
decreases wear on both the slider 50 and the disk 14.

The hour glass rails 42 and 44 are formed by
etching with an ion beam. This forming process is known
as ion milling. Figure 3 illustrates a "deep".etch in
which the rails 42 and 44 project out from recessed
areas 54 by about 25 microns. Virtually no air pressure
builds up on the recessed areas 54. Alternatively, the
rails 42 and 44 may be formed with a laser or a similar
etching technique.

Figures 4 and 5 are bottom plan views of the hour
glass rail 42 in Figure 3 and illustrate effective air
bearing surface areas at a 0 skew angle and a skew angle
g. For simpliéity of illustration and analysis, the
effective areas of positive pressure are indicated
generally by the numerals 61 and 63. In Figure 4, the
rail 42 is shown at a 0 skew angle with respect the wind
16. In this instance, the effective area 61 develops
positive preésure along the entire length of the rail
42, and triangular area 65, 66, 67 and 68 develop some
additional positive pressure. Figure 5 illustrates the

" rail 42 at a skew angle § with respect to the wind, and
the resulting effective area 63 is substantially equal
to the effective area 61. As a result, pressurisation
and flying height of the rails 42 and 44 are more
constant over varying skew angles than the conventional
catamaran slider 30 (shown in Figures 2a to 2e). Tri-
angular areas 69 and 71 formed at varying skew angles §
also develop some positive pressure but tend to balance
with the areas 65, 66, 67 and 68. Since the slider 50

10
15
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25
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enough air bearing surface area to fly at a proper height above the disk
surface. For exanple, without the rails 32 and 34, the air bearing surface.
area woul d be too | arge. Consequently, the slider 30 would fly. too 15 o
far fromthe disk surface at a height adygysely affecting resolution.

Al t hough conventional catamaran sliders are helpful in controlling flying
hei ght, they are very sensitive to the skew angle 0. Even with noderate
skew has less variation in flying height, the average flying

height may be reduced in order to obtain greater
resolution on the individual bit positions on the disk
14 without risk of the slider 50 contacting the disk
surface at high skew angles.

Figure 6 is a perspective view of an alternative
slider 70. The slider 70 has hour glass rails 72 and 74
with etches that form "shallow" edge steps or blends 76.
The edge steps 76 form inside and outside surfaces that
are recessed from air bearing surfaces 78 and 80 by
about 0 microns to 2.0 microns. The edge stepé 76 are
positioned along each rail, between leading edges 86 and
trailing edges 88, to form the hour glass shapes of the
air bearing surfaces 78 and 80. When the slider 70 flys
at a skew angle # (shown in Figure 5), the recessed
surfaces accumulate additional pressure that prevents
the slider 70 from losing flying height. This results

in a more even flying height for varying skew angles g.

In addition to flying height another critical

10

15

flying characteristic is roll. At varying skew angles,
sliders tend to roll about their longitudinal axes.

Roll is caused by shifts in the pressure distributions
across the air bearing surfaces 78 and 80 relative to
the slider pivot point. To reduce roll and to obtain
overall optimum flying characteristics, the dimensions
of the air bearing surfaces 78 and 80 and the edge steps

20

25

76 must be adjusted to minimise shifts in pressure

- distribution. For example, the edge steps 76 on the
inner and outer edges of each rail may be formed
asymmetrically, with the inside surfaces wider, or
having a larger indentation, than the outside surfaces.
It should be known that the recessed inside and outside
surfaces may be formed with different diﬁensions and may
vary from one rail to the other.

30

In Figure 6, breaks 82 and 84 are positioned
closer to the leadlng edges 86 than to the trailing
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20 angles in the range of 10 to 15 degrees, flying height froma
conventional catamaran slider is adversely influenced. Increasing the skew °
angle O at a fixed tangential velocity causes the air pressure distribution .
beneath the rails 32 and 34 to becone distorted. This 25 i nfl uences
the net forces and torque acting upon_théjslider 30 and results in
decreased flying height. Figure 2d is a bottomview of the rail 32 with the

wind 16 at a g Skem’%pgl%héT%régﬁé '2&3Jéi”6£%’eégh1y are spaced
from the leading edges 86 by approximately one third the
length of the slider 70. Positioning of the breaks 82
and 84 may be varied in alternative embodiments (not
shown) to vary flying characteristics, such as pitch.
Pitch is measured by an angle between the disk surface
and a plane generally defined by the air bearing
surfaces 78 and 80. |

When the slider has a positive pitch, the leading
edges 86 typically fly at greater distances from the
disk surface than the trailing edges 88. Incréasing the
pitch angle provides for faster take off when the disk
begins to rotate. Positive pitch also reduces the risk
of a "head crash". When the leading edges 86 fly at
greater distances from the disk surface than the
trailing edges 88, the air bearing surfaces 78 and 80
tend to resist a negative pitch in which the leading

10

15

edges 86 will crash into the disk surface. However, too
large a positive pitch adversely affects stiffness or
stability of the trailing edges 88. A small positive
pitch increases the stiffness of the trailing edges 88.
Since transducers, such as the transducers 35 and 37
(shown in Figure 2b) are typically positioned on the
trailing edges 88, increased stability will increase

20

performance of read and write operations. If the slider
70 flys with too small a positive pitch, a bump may
cause the slider to rotate into a negative pitch and
crash into the disk surface. |

Pitch much be accurately controlled to achieve

25

optimum flying characteristics. The pitch angle is
adjusted by varying the pressure gradients along the air
bearing surfaces 78 and 80. The breaks 82 and 84 may be
positioned closer to either the leading edges 86 or the
trailing edges 88 to vary pressure distribution along

30

the air bearing surfaces 78 and 80. Typical pitch
angles range from about 100 micro—radians to about 300
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has an effective area 40 at the O skew angle, which is 30 equal to the
area of the air bearing surface 38. Figure 2e illustrates the.wnd 16
applied to the rail 32 at a skew angle 0 greater than O. Thq aj-r bearing i
surface 38 now has a smaller effective arga 41. As the skew dnglé [erT] it
I ncreases, the effective surface area oflﬁhe rails 32 and 34 decreases. The
decrease of the effective surface area as the skew angle [err] increases is

caused by side,
micro-radians.

As the disk 14 drags air (w1nd 16) beneath the
rail 72 and 74, skin friction along the air bearing
surfaces 78 and 80 causes the air pressure to increase..
The breaks 82 and 84 divide the air bearing surface 78
and 80 into forward surfaces and rearward surfaces. The
forward surfaces are adjacent the leading edges 86 and
rearward surfaces are adjacent the trailing edges 88.
Positioned between the forward and rearward surfaces are
central surfaces, which are adjacent the breaks 82 and
84. Since the central surfaces have narrower air
bearing surfaces than the forward surfaces, a portion of
the air pressure bleeds off at the breaks 82 and 84.
This portion is not available to pressurise the rearward
air bearing surfaces. This results in greater air
pressure towards the leading edges 86 and less air
pressure towards the trailing edges 88, which causes the
slider 70 to increase pitch angle. To reduce the pitch
angle, the breaks 82 and 84 are positioned closer to the -
leading edges 86 than to the trailing edges 88. The
resulting pressure distribution reduces the pressure on
the forward air bearing surface areas and thereby

" reduces the pitch angle.

Since the air pressure bleeds off near the breaks
in the hour glass rails, the average flying height of an
hour glass catamaran slider (with breaks) drops from
that of a catamaran slider of the same width. .
Therefore, the air bearing surfaces 78 and 80 are formed
to be wider near the leading and trailing edges 86 and
88 than the air bearing surfaces 38 and 39 of the
conventional catamaran slider 30 shown in Figure 2c.

The edge steps 76 do not fully extend from the breaks 82
and 84 to the leading and trailing edges 86 and 88 but
terminate prior to the leading and trailing edges.
Terminating the edge steps 76 prior to the leading and
trailing edges 86 and 88 maximises the width of the air

10
15
20
25
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4 | eakage. The air that |eaks out of the sides of the rails.32.and 34 .is.
not available to generate pressure under the rails. This causes ‘a ot 0f1
pressure beneath the rails 32 and 34 resulting in a lower fl'Vi'ng héIght “at
a greater skew angle. To prevent the sliggr 30 fronlultlnately contacti ng
t he di sk surface at |arge skew

bearing surfaces 78 and 80 near the leading and trailing
edges. The wider surfaces build up more air pressure
and prevent the slider 70 from flying too close to the
disk surface. The wider air bearing surfaces 78 and 80
also create more room to secure transducers on the
trailing edges 88, such as the transducers 35 and 37
shown in Figure 2b. '

Typically, a gimbal spring connects the slider 70
to an actuator arm, such as the arm 12 shown in Figure
2a. The gimbal spring includes a dimple that provides a
pivot about which the slider 70 can pitch and roll while
following the topography of the disk surface. The hour
glass shape of each rail improves pitch stiffness of the
air bearing about the point at which the dimple contacts
the slider. Because the air pressure bleeds off near
the breaks 82 and 84, the ”areé elements" of the air
bearing surfaces 78 and 80 having vertical stiffness
(formed by positive pressure) are concentrated near the
leading and trailing edges 86 and 88 of the slider 70,
remote from the pivot point. Thus, the vertical
stiffness of each area element is "multiplied” by a
longer moment arm to give a higher pitch stiffness.

Creating the hour glass shapes by applying the
edge steps 76 to each rail such that they terminate
prior to the leading and trailing edges 86 and 88 also
improves, or reduces, flying height sensitivity to crown
height variations. The air bearing surfaces 78 and 80
are not perfectly flat from the leading edges 86 to the
trailing edges 88, but are slightly convex. There are
two causes for the convex shape. First, manufacturing
errors in the process of securing the slider 70 to the
gimbal cause deformation of the slider. Second,
designers intentionally "round" the air bearing surfaces
78 and 80 to reduce wear on the surfaces. The crown
height is a measure of the degree of roundness and can
vary from one slider to the next. An increase in crown

10
15
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angles, the slider's average flying height nust be appropriately increased.
Resolution is therefore sacrificed. Further, the pressurisation :of one rall_
rmay differ fromthe pressurisation of the other rail at a 10 skem/angle Q.:

This difference causes the slider 30 rollgq 1 n other words,

the rail

32wl

fly at a different height fromthe rail 34 while the slider 30 flys at a

skew angl e 0.

10

15

20

25

30

height causes the pressure to increase near the mid-
sections of the air bearing surfaces 78 and 80, which
causes an increase in flying height. However, the edge
steps 76 counter-act this effect. Since the edge steps
76 cause the air pressuré to bleed off near the mid-
sections, an increase in crown height has a negligible
effect on the air pressure near the mid-sections.
Therefore, the hour glass shapes reduce the flying
height sensitivity to crown height variations. The hour

‘glass shapes also reduce flying height sensitivity to

low frequency disk waviness, since the disk waviness
effect pressure on the air bearing surfaces 78 and 80
similar to crown height variatioms.

Figure 7 to 10 are greatly enlarged sectional
views of a rail, such as the rail 74, taken along the
lines 7 - 7 of Figure 6 and illustrate alternative edge
step embodiments. Figure 7 illustrates an embodiment in
which the edge step 76 are “true" steps. Figure 8
jllustrates an alternative embodiment in which the edge
steps 76 are chamfered. Figure 9 illustrates an
alternative embodiment in which the edge steps 76 are
wide, shallow chamfers between the air bearing surface
80 and the inside and outside edges of the rail 74.
Figure 10 illustrates another alternative embodiment in
which the edge steps 76 are shallow edge blends. It
should be understood that any of these embodiments, or a
combination of them, may be used within the scope of the
present invention.

Figure 11 illustrates an hour glass slider similar
to the slider 70 shown in Figure 6, but having a cross-
rail. Sliders having cross-rails are typically called
negative pressure air bearing (NPAB) sliders, as opposed
to catamaran sliders which do not have cross-rails. An
hour glass NPAB slider 110 includes rails 112 and 114
having air bearing surfaces 116 and 118 respectively. A
cross-rail 120 extends between the rails 112 and 114.

This Sheet Has Been Reﬂlaced
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15 As di sk drives becone nore conpact for applica- tions in
smal | er and nore portable equi pnent, rotary actuators are increasingly
enpl oyed. Further, the designer is notivated to use a shorter agetwuator
pivot armto make the disk drive even mor ¢ conpact. However, 20 t hese
actuators create_ rather |arge skew angles 8 and consequently make flying
hei ght control nore difficult. Rotary actuators cause the geonetric

orientation bejyegll LfeOPOLA UdiBBaiRKKE , 28nkS BRWEsL RaTh9Y2® Y and the
pos1tioned closer to the leadlng edge 121 than the
trailing edge 123.

During operation, the cross rail 120 creates a
negative pressure area 122, which counter-acts the
positive pressure built along the air bearing surfaces
116 and 118 and increases slider stability and
stiffness. The negative pressure area 122 is created
between the rails 112 and 114 and between the cross-rail
120 and the trailing edge 123.

The slider 110 further includes edge steps 125.
The cross-rail 120 and edge steps 125 may be etched to
approximately 0 microns to 2.0 microns below the air

10

bearing surfaces 116 and 118. The edge steps 125 are
relatively shallow compared to the negative pressure
area 122, which is etched to about 10 microns below the
air bearing surfaces 116 and 118. The edge steps 125

15

are drawn out of scale and actually look similar to the
edge steps 76 shown in Figure 8. To maximise the slider
stiffness, the edge steps 125 are applied to each rail,
such that they terminate prior to the leading and
trailing edges 142 and 124. This maximises the air
bearing surface area that develops positive pressure
near the ends of the rails 112 and 114 while maximising
the negative pressure area 122 near the centre of the
slider 110. As a result, the counﬁer-action between the
positive and negative pressure is maximised to improve
the slider stiffness.

The shallow edge steps 125 accumulate additional
pressure. When the slider 110 flys at a skew angle 4,
the additional pressure that accumulates on the edge
steps 125 reduces the effect of the skew angle on fly
height by reducing shifts in the pressure distributions
across the air bearing surface areas 116 and 118. The
result is a more constant fly height for varying skew
angles @#. The sllder 110 is also relatlvely insensitive

20

25

30
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di sk rotation tangent, to change as the arm 12 noves the slider 10 al ong
the arc 18. 25 One approach to reducing sensitivity ©f the - .,
fl1ying characteristics to varying skew angles is to provide edgé»bIEnds;;xfé'm

extending along the | ength of each rail. early as 1982, designers
applied these blends to reduce wear caused by contact between each rai
the di sk 30 surface. The edge bl ends al so reduce sensitivity of the
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to crown height variation and disk waviness (see the
discussion above with reference to Figure 6).

Figure 11 illustrates an alternative rail geometry
that may be used with or without the cross-rail 120.
Elongated breaks 126 and 128 divide the air bearing
surfaces 116 and 118 into three portions. The air
bearing surface 116 is divided into a forward surface
130, a central surface 132, and a rearward surface 134.
Similarly, the air bearing surface 118 is divided into a
forward surface 136, a central surface 138, and a
rearward surface 140. The breaks 126 and 128 are spaced
from the leading edges 142 by about approximately one
third the length of the slider 110. As a result, the
forward surfaces 130 and 136 are smaller than the
rearward surfaces 134 and 140. The central surfaces 132
and 138 have generally rectangular shapes.

The negative pressure area 122 created by the
cross~bar 120 reduces flying height senstivity to
tangential disk velocity. As the disk rotates, the air
velocity beneath the air bearing surfaces is greater at
the outer radius of the disk than at the inner radius.
Therefore, the positive pressure built along the air
bearing surface is greater at the outer radius than at
the inner radius. However, the negative pressure also

increases at the outer radius. The increase in negative

pressure counter-acts the increase in positive pressure
to reduce changes to flying height caused by changes in
air velocity.

The hour glass air bearing surfaces 116 and 118
further reduce changes in flying height caused by
changes in air velocity. At higher air speeds, increases
in positive pressure are greater than increases in
negative pressure. Since the air bearing surfaces 116
and 118 are narrower at the central surfaces 132 and 138
the positive pressure bleeds off into the negative
pressure cavity 122 to reduce increases in positive
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fIy|ng characteristics to varying skew angles created by rotary actuators.
the pressurisation distribution on each rail renalned nearly
eonstant relative to the slider's pivot point over varying skew arigl es."
benefits to flying characteristics becamg7 5

For exanpl e,
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pressure. The positive pressure is even further
reduced~since the area of greatest negative pressure,
the central region of the negative pressure area 122 is
adjacent the central surfaces 132 and 138. Therefore,
the negative pressure area 122 draws more air off the
central surfaces 132 and 138 to further reduce increases
in positive pressure. As a result, changes in positive
and negative pressure remain substantially equal over
varying tangential disk velocities.

The slider having hour glass rails according to
the present invention provides a near constant air
bearing surface area and pressure distribution while
flying at varying skew angles and disk velocities. As a
result, the slider having hour glass rails has improved
flying characteristics over the prior art. .
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known in 1982 when the edge bl ends were used in conbination with %y
actuators in 5 1/4 inch disk drives, such as the WREN fam |y nmanu &l
by IMPRIM S Technol ogy, Inc. U S. Patent No. 4,693,996 discl oses a simlar
approach. This patent shows transverse pressurisation contours (TRPC) on —_—
each rail that extend fromthe | eading edges to the traili ng eﬁﬁes

TPCs provide a pressurisation region acrogs one side edge ﬁlﬁmmfﬂmﬁ"

a depressurisation region across the opposite side edge suc
1. An air-bearing disk head slider for supporting an electro-magnetic transducer

pressure distributions across the air IGIAIMS surfaces are
unal tered over varying skew angl es.

proximate a rotating magnetic disk, said slider comprising:

a slider body (50,70,110) having a leading edge (51,121), a trailing edge
(52,123) and first and second edges therebetween; and

first and second side rails (42,44; 72,74; 112,114) disposed on the side of the
slider which is opposed to the disk, extending respectively adjacent said first and said -
second side edges, each of said side rails foi'ming an air bearing surface (46,48; 78, 80;
116,118) with an inside edge and an outside edge extending between the leading edge
and the trailing edge wherein

a portion of the inside and outside edges converge together toward a central
region of the air bearing surfaces to form i_ntermediate surfaces (76,125), characterised in
that the intermediate sﬁrfaces are raised above the slider body and are recessed from the
air bearing surfaces to form shallow -steps which, when the slider is in use, accumulate
additional pressure on fhe rails if the slider flys at a skew angle.
2. A slider according to claim 1 characterised in that the air bearing surface of each
of the first and second sidé rails has a forward surface portion (130,136) extending from
the leading end thereof to the narrowed surface portion and a rearward surface portion
(134,140) extending from the trailing end thereof to the narrowed surface portion, and in
that the forward surface portion has a smaller area than the rearward surface portion.
3. A slider according to claim 1 or 2 characterised in that the narrowed surface
portion of the air bearing surface of each of the first and second side rails is spaced from
the leading end thereof by about one third of the length between the leading and the
trailing ends thereof. |
4. A slider according to any of claims 1 to 3 characterised in that the narrowed

surface portion has a substantially réctangular shape.
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Pat ent Abstracts of Japan, vol. .9, no. 250 (p-394)(1973) 8th COctober 1993,

(Fujitsu K K ), discloses an-atr bearing head for supporting an J
€l ect ro-magneti ¢ transducer. 'I;Qe slider conprises a slider body arfg’é'ﬁ'/r% G]S

and second r ai This Sh an air bearing surface. A portion of the
I nsi de and out si m ch rail converge together towards a central
regi on of the ai ace thereby formng internedi ate surfaces
recessed fromthe bearing. It is an objei§hof the present invention to

provide an air bearing disk head slider, ich reduces the effect of skew
angle on flying height over a rotating disk. The present invention provides

a slider having siqe JAldde d&edPifflg?PobhyPsd 'dAlins 1 to 4
characterised in that the air bearing surface of each of
the first and second side rails has substantially the
same width adjacent the leading and trailing ends
thereof, and in that the narrowed surface portion has a
width which-is substantially half said width adjacent
the leading and trailing ends.

6. A slider according to any preceding claim
characterised in that said converging inside and outside
edge portions extend substantially the full length
between the leading and trailing ends of the air bearing
surface of each of the first and second side rails.

7. A slider according to any of claims 1 to 5 charac-
terised in that said converging inside and outside edge
portions extend less than the full length between the
leading and trailing ends of the air bearing surface of
each of the first and second side rails.

8. A slider according to any preceding claim charac-
terised in that said converging inside and cutside edge
pertions form edge steps.

9. A slider according to any preceding claim charac-
terised in that said converging inside and outside edge
portions comprise chamfers.

10. A slider according to any of claims 1 to 8 charac-
terised in that said converging inside and cutside edge
portions comprise edge blends.

11. A slider according to any preceding claim charac-
terised in that said converging inside and outside edge
portidns adjoin recessed inside and ocutside surfaces,
which are set back from the air bearing surfaces by
about 0 microns to 2.0 microns.

12. A slider according tc claim 11 characterised in
that the recessed inside surfaces have different
dimensions from the recessed outside surfaces.
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surface of each side rail decreases in width away froma |eading end of the
surface towards a narrowed surface portion and then increases in;w.dth

dafter the narrowed surface portion towards a trailing end of the’surfiace: RULE

According to the present invention, there2ils provided an air-bearing disk
head slider for supporting an electronagnetic transducer proximate a
rotating nmagnetic disk, said slider conprising:. a slider body having a

| eadi ng edge, a trailing edge and % _ edges t herebetween; and

5
The invention provides an air bearing disk head

slider for supporting an electro-magnetic transducer
proximate a rotating magnetic disk;_The slider comprises

10 a slider body (50) having a leading edge (51), a
trailing edge (52), and first and second side edges
therebetween, and first and second side rails (42, 44)
extending adjacent the first and second side edges,
respectively. Each of the side rails forms an air

15 bearing surface (46, 48) having a narrowed surface
portion located between a leading end and a trailing end
of the rail. Each air bearing surface has inside and
outside edges, which converge towards the narrowed
surface portion.

20
[Figure 3]
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6 first and second side rails disposed on the side of the slider which is
opposed to the disk, extending respectively adjacent said first and Saldl/CQ
second si de edges, each of said side rails form ng an air bearing surface
with an inside edge and an outsi de edge extendi ng between the | eadi ng edge
and the trailing edge wherein:a portion of the inside and outside edges
converge together toward a central region of the air bearing surfaces to
forminternediate surfaces, characterised in that the
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I ntermedi ate surfaces are rai sed above the slider body and are recessed
fromthe air bearing surfaces to formshallow steps which, when the slider
i's in use, accunul ate additional pressure on the rails if the slider flxslxb
at a skew angle. In one enbodinent, the first and second side rails form
hour gl ass configuration in a catamaran slider, which includes a recessed
area di sposed between the side rails and extending fromthe | eading edge to
the trailing edge. In another enbodiment, the side rails forman hour glass
configuration in a negative pressure air bearing (NPAB) slider, which

I ncludes a cross rail extending between the side rails. During operation,
the cross rail creates a negative pressure area

\7/__
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between the cross rail and the trailing edge of the slider. -In either

enbodi ment, the side tails are preferably arranged to praqject; by.about:

to 30 microns fromthe slider body. Advantageously, the narrowed surf ac
portion is spaced fromthe | eading edge by about one third the | ength of
the slider as neasured fromthe | eadi-ng edge to the trailing edge.
Preferably, the leading and trailing ends of each air bearing surface my
have substantially the same width and the narrowed surface portion may have
a wdth which is substantially equal to one half the width of the |eading

and traiLing ends.
1‘17 /'}/ P,
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}he first and second side rails may include edge steps al ong their .edges
and/ or chanfers and/ or edge bl ends.

6a The invention is’ described -}
further, by way of exanple, with reference to the acconpanying dramﬁngé%ﬁéb,
which: Figure 1 is a top plan view of an air bearing slider supported ab
a rotating .

—— ==
QU

— 71
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. conventional catamaran slider; Figure 2b is an end view of the hea@S’ngal _

di sk; Figure 2a is a perspective view of a head gi nbal assenbly having a
assenbly taken along the line 2B - 2B of Fidgure 2a; 7 7P
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%
Figure 2c is bottom plan view of a conventional catamaran_ air bearing
slider of Figures 2a and 2b; Figure 2d is a bottom plan view of a

conventional catamaran rail illustrating an effective air bearing 5 |
surface area at a 0 skew angle; Figure 2e is a bottomplan view of a 69
conventional catamaran rail illustrating an effective air bearing surfac

area at a skew angle [err]; Figure 3 is a perspective view of an hour gl ass
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The present invention relates to an air bearing
disk head slider for use with a rotary actuator in a
transducer head assembly for a rotating disk drive.

Transducer head assemblies that could "fly"

relative to a rotating
rotating disk drives.

disk are used extensively in
The assemblies include an air

bearing slider for carrying a magnetic transducer

proximate the rotating

disk.

Figure 1 illustrates a conventional slider 10

supported by a gimbal 11 over a disk 14.
is secured to an arm 12.

The gimbal 11
The arm 12 positions the

slider 10 over individual data tracks (not shown).on the

disk 14 along an arc 18.

As the disk 14 rotates, it

generates wind or air flow in the direction shown by

arrows 16 (wind 16).
parallel to the disk’s

an arrow 22. The wind

The wind 16 is approximately

tangential velocity, indicated by
co-operates with the slider 10 to

provide 1lift which allows the slider to fly above the

disk 14.
The gimbal 11 is

a re51llent spring that allows

the slider 10 to follow the topography of the disk 14.

The gimbal 11 includes
point contact with the

a dimple (not shown) that is in
slider 10. The dimple provides a

pivot about which the slider 10 can pitch and roll while
following the topography of the disk 14. '
When the slider 10 is positioned near the outside

edge of the disk 14,
substantially parallel
centre of the disk 14,

its longitudinal axis 20 is

to the wind direction. Near the
the slider 10 is skewed with

respect to the wind direction as illustrated by a skew

angle 4.

The skew angle @ is measured between the

longitudinal axis 20 and the wind 16.
The elements described to this point may be

conventional in design
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ment of slider in accordance with the present invention having hour glass
:rails formed with shall ow edge steps; 20 Figure 7 is an enl arged
sectional view taken along the line 7 - 7 of Figure 6; Figure 8 is an )
enl arged sectional view simlar to Figure_,7 but having a nodified hour

gl ass rail having chanfered edged steps; 75 Figure 9 is an

enl arged sectional view simlar to Figure 7 but show ng nodified hour gl ass

rail having  pjgures 2a to 2e to facilitate an understanding of the
present invention. Throughout the Figures, elements of
the same design are designated by identical reference
numerals.

Figure 2a as a perspective view of a head gimbal
assembly having a conventional catamaran slider 30. The
slider 30 is secured to the gimbal 11 in any known
mannér. The slider 30 and the gimbal 11 are supported
by the arm 12. Rails 32 and 34, positioned along edges
of the slider 30, form air bearing surfaces on.which the
slider flys, in a known manner.

Figure 2b is an end view of the slider 30 as seen
from the line 2B-2B of Figqure 2a. The arm 12 and the
gimbal 11 support the slider 30 above the disk 14. The
slider 30 includes the rails 32 and 34, which carry
transducers 35 and 37. The rails 32 and 34 include air
bearing surfaces 38 and 39, which provide 1lift to the
slider 30, as described more fully below.

Flying height is viewed as one of the most
critical parameters of non—-contact recording. As the

. average flying height of the slider 30 decreases, the
transducers 35 and 37 achieve greater resolution between
individual data bit locations on the disk 14. There-
fore, it is desirable to have the transducers 35 and 37
fly as close to the disk 14 as possible.

Figure 2c is a bottom plan view of the conven-
tional catamaran slider 30 shown in Figures 2a and 2b.
The rails 32 and 34 are positioned along edges of the
slider 30 and are disposed about a recessed area 36 to
form the air bearing surfaces 38 and 39. As the disk 14
rotates, the disk drags air (wind 16) under the slider
30 and along the air bearing surfaces 38 and 39. Under
the air bearing surfaces 38 and 39, the air flow
component due to the drag of the disk 14 is "couette
flow". As couette flow passes beneath the rail 32 and
34, the skin friction on the air bearing surfaces 38 and

Sheet Has Been Reﬁmd This is the replacement sheet
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chanfered edges; Figure 10 is an enlarged sectional view simlar to Figure
7 but show ng nodified hour glass rail having 30 shal | ow edge bl ends;
and Figure 11 is a perspective view of another enbodi nent of hour gl ass
slider in accordance with the present inyention. Figure 3 is a perspective
vi ew of an hour gl ass catamaran slider 50,

39 causes the air pressure between the disk 14 and the
air bearing surfaces to increase and to thereby provide
1lift causing the slider 30 to fly above the disk
surface. Hence, the greater the air bearing surface
area, the greater the lift.

The flying height is preferably uniform regardless
of variable flying conditions, such as tangential
velocity variation from inside to outside tracks,
lateral slider movement during a seek operation, and
varying skew angles ﬁ. Catamaran sliders provide just
enough air bearing surface area to fly at a proper
height above the disk surface. For example, without the
rails 32 and 34, the air bearing surface area would be
too large. Consequently, the slider 30 would fly too
far from the disk surface at a height adversely
affecting resolution.

Although conventional catamaran sliders are
helpful in controlling flying height, they are very
sensitive to the skew angle @. Even with moderate skew
angles in the range of 10 to 15 degrees, flying height
from a conventional catamaran slider is adversely
influenced. 1Increasing the skew angle § at a fixed
tangential velocity causes the air pressure distribution
beneath the rails 32 and 34 to become distorted. This
influences the net forces and torque acting upon the
slider 30 and results in decreased flying height.

Figure 24 is a bottom view of the rail 32 with the
wind 16 at a 0 skew angle. The air bearing surface 38
has an effective area 40 at the 0 skew angle, which is
equal to the area of the air bearing surface 38. Figure
2e illustrates the wind 16 applied to the rail 32 at a
skew angle # greater than 0. The air bearing surface 38
now has a smaller effective area 41. As the skew angle
@ increases, the effective surface area of the rails 32
and 34 decreases. The decrease of the effective surface

area as the skew angle @ increases is caused by side
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8 as viewed from a trailing edge 52 thereof. The slider 50 includes a pair
«of projecting rails 42 and 44 having air bearing surfaces 46 and 48,
respectively. The rails 42 and 44 extend froma | eading edge 51 to the

trailing edge 52. The slider 50 is a nodified catamaran
4

leakage. The air that leaks out of the sides of the
rails 32 and 34 is not available to generate pressure
under the rails. This causes a lot of pressure beneath
the rails 32 and 34 resulting in a lower flying height
at a greater skew angle. To prevent the slider 30 from
ultimately contacting the disk surface at large skew
angles, the slider’s average flying height must be
appropriately increased. Resolution is therefore
sacrificed. Further, the pressurisation of one rail may
differ from the pressurisation of the other rail at a
skew angle @. This difference causes the slider 30
roll. In other words, the rail 32 will fly at a
different height from the rail 34 while the slider 30
flys at a skew angle #.

As disk drives become more compact for appllca-
tions in smaller and more portable equipment, rotary
actuators are increasingly employed. Further, the
designer is motivated to use a shorter actuator pivot
arm td make the disk drive even more compact. However,
these actuators create rather large skew angles @ and
consequently make flying height control more difficult.
Rotary actuators cause the geometric orientation between
the longitudinal axis 20 (shown in Figure 1) and the
disk rotation tangent, to change as the arm 12 moves the
slider 10 along the arc 18.

" One approach to reducing sensitivity of the flying
characteristics to varying skew angles is to provide
edge blends extending along the length of each rail. As
early as 1982, designers applied these blends to reduce
wear caused by contact between each rail and the disk
surface. The edge blends also reduce sensitivity of the
flying characteristics to varying skew angles created by
rotary actuators. For example, the pressurisation
distribution on each rail remained nearly constant
relative to the slider’s pivot point over varying skew
angles The beneflts to flying characteristics became
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slider. The side rails 42 and 44 are not rectangular as are the rails 32
and 34 shown in Figure 2a. Instead, the rails 42 and 44 decrease in width
fromthe | eading edge 51 to breaks 56 and 60, and increase in width from
the breaks 56 and 60 to the trailing edge 52. In other words, the rails 42
and 44 generally have "hour glass" caonfigurations. Each air bearing surface
46 and 48 has a wdth neasured at the | eading edge 51 that is approxi-
mately equal to a width measured at the tPailing edge

known in 1982 when the edge blends were used in combination with rotary actuators in 5
1/4 inch disk drives, such as the WREN family manufactured by IMPRIMIS
Technology, Inc.

U.S. Patent No. 4,693,996 discloses a similar approach. This patent shows
transverse pressurisation contours (TPC) on each rail that extend from the leading edges
to the trailing edges. The TPCs provide a pressurisation region across one side edge of
each rail and a depressurisation region across the opposite side edge such that the
pressure distributions across the air bearing surfaces are substantially unaltered over
varying skew angles.

Patent Abstracts of Japan, vol. 9, no. 250 (p-394)(1973) 8th October 1993,
(Fujitsu K.K.), discloses an air bearing head for supporting an electro-magnetic
transducer. The slider comprises a slider-body and first and second rails, each forming
an air bearing surface. A portion of the inside and outside edges of each rail converge
together towards a central region of the air bearing surface thereby forming intermediate
surfaces recessed from the bearing.

It is an object of the present invention to provide an air bearing disk head slider,
which reduces the effect of skew angle on flying height over a rotating disk.

The present invention provides a slider having side rails, in which an air bearing
surface of each side rail decreases in width away from a leading end of the surface
towards a narrowed surface portion and then increases in width after the narrowed
surface portion towards a trailing end of the surface.

According to the present invention, there is provided an air-bearing disk head
slider for supporting an electro-magnetic transducer proximate a rotating magnetic disk,
said slider comprising:

a slider body having a leading edge, a trailing edge and first and second edges

therebetween; and e
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52. The rails 42 and 44 are formed such that the air 15 | beari ng
surfaces 46 and 48 have widths at the breaks 56 and 60 which are -
substantially equal to one half of the widths neasured at the |eading edge
51 and the trailing edge 52. It should be understood that in any of the 20
enbodi ments shown in the Figures, the present invention does not require
that the inside and outside edges of the @ir bearing surfaces be straight:
the edges may be

first and second side rails disposed on the side of the slider which is opposed to
the disk, extending respectively adjacent said first and said second side edges, each of
said side rails forming an air bearing surtace with an inside edge and an outside edge
extending between the leading edge and the trailing edge wherein

a portion of the inside and outside edges converge together tq\a}ard a central
region of the air bearing surfaces to form intermediate surfaces, ché.racterised in that the
intermediate surfaces are raised above the slider body and are reéessed from the air
bearing surfaces to form shallow steps which, when the slider is in use, accumulate
additional pressure on the rails if the slider flys at a skew angle.

In one embodiment, thé first and second side rails form an hour glass
configuration in a catamaran slider, which includes a recessed area disposed between the
side rails and extending from the leading edge to the trailing edge.

| In another embodiment, the side rails form an hour glass configuration in a
negative pressure air bearing (NPAB) slider, which includes a cross rail extending
between the side rails. During operation, the cross rail creates a negative pressure area
between the cross rail and the trailing edge of the slider.

In either embodiment, the side tails are preferably arranged to project by about 10
to 30 microns from the slider body. -

Advantageously, the narrowed surface portion is spaced from the leading edge by
about one third the length of the slider as measured from the leading edge to the trailing
edge.

Preferably, the leading and trailing ends of each air bearing surface may have
substantially the same width, and the narrowed surface portion may have a width which
is substantially equal to one half the width of the leading and trailing ends.

The first and second side rails may include edge steps along their edges and/or

chamfers and/or edge blends.
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curved fromthe | eading edge of the slider to the trailing edge. 25

The slider 50 is secured to an actuator armin any known manner. For
exanple, the slider 50 nay be secured to the actuator arm 12 shown in
Figures 1, 2a and 2b. As the disk 14 rotates, air flow between the slider
50 and the disk 14 pressurises the air Bearing surfaces 46 30 and 48
and lifts the slider 50 several mcro-inches (sonme mcro-centinetres) above
the surface of the disk

The invention is described further, by way of example, with reference to the

accompanying drawings, in which:

Figure 1 is a top plan view of an air. bearing slider supported above a rotatiﬁg
disk;

Figure 2a is a perspective view of a head gimbal assembly having a conventional
catamaran slider; |

Figure 2b is an end view of the head gimbal assembly taken along the line

2B - 2B of Figure 2a;
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14. In a preferred enbodinent, the slider 50 flys about 8 m cro-inches
(20.32 mcro-centinetres) above the disk surface when a disk 14 rotates at
about 1000 i nches per second (about 2540 cns per second). To provide faster
9 take off when the disk begins to rot%te, the rails 42 '

Figure 2c is bottom plan view of a conventional
catamaran air bearing slider of Figures 2a and 2b;

Figure 24 is a bottom plan view of a conventional
catamaran rail illustrating an effective air bearing
surface area at a 0 skew angle;

Figure 2e is a bottom plan view of a conventional
catamaran rail illustrating an effective air bearing
surface area at a skew angle §;

Figure 3 is a perspective view of an hour glass
catamaran slider in accordance with the present
invention as viewed from a trailing edge therebf;

Figure 4 is a bottom plan view of an hour glass
rail illustrating an effective air bearing surface area
at a 0 skew angle,

Flgure 5 is a bottom plan view of the hour glass rail
illustrating an effective air bearing surface area at a
skew angle §;

Figure 6 is a perspective view of another embodi-
ment of slider in accordance with the present invention
having hour glass rails formed with shallow edge steps;

Figure 7 is an enlarged sectional view taken along
the line 7 - 7 of Figure 6;

Figure 8 is an enlarged sectional view similar to
Figure 7 but having a modified hour glass rail having
chamfered edged steps;

Figure 9 is an enlarged sectional viéw similar.to
Figure 7 but showing modified hour glass rail having
chamfered edges;

"Figure 10 is an enlarged sectional view similar to
Figure 7 but showing modified hour glass rail having

- shallow edge blends; and

Figure 11 is a perspective view of another
embodiment of hour glass slider in accordance with the
present invention.

Figure 3 is a perspective view of an hour glass
.catamaran slider 50 in accordance with the present
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and 44 include |eading edge tapers 62 and 64. The tapers 62 and 64
provide faster take off by snpothing pressure transitions between anbient
air and pressurised 5 air beneath the rails .42 and 44. Faster take
of f decreases the length of tinme that he slider 50 slides on the disk
surface before it begins to fly and thereby decreases wear on both the
slider 50 and the disk 14. The hour glass rails 42 and 44 are fornmed by 10

etching with ap,|onePEAM as TPiawla PLBA B 268111hy KAYGY 52 thereof.
The slider 50 includes a pair of projecting rails 42 and
44 having air bearing surfaces 46 and 48, respectively.
The rails 42 and 44 extend from a leading edge 51 to the
trailing edge 52. The slider 50 is a modified catamaran
slider. The side rails 42 and 44 are not rectangular as
are the rails 32 and 34 shown in Figure 2a. Instead,
the rails 42 and 44 decrease in width from the leading
edge 51 to breaks 56 and 60, and increase in width from
the breaks 56 and 60 to the trailing edge 52. In other
words, the rails 42 and 44 generally have "hour glass"
configurations. Each air bearing surface 46 and 48 has
a width measured at the leading edge 51 that is approxi-
mately equal to a width measured at the trailing edge
52. The rails 42 and 44 are formed such that the air
bearing surfaces 46 and 48 have widths at the breaks 56
and 60 which are substantially equal to one half of the
widths measured at the léading edge 51 and the trailing
edge 52. - '

It should be understood that in any of the
embodiments shown in the Figures, the present invention
does not require that the inside and outside edges of
the air bearing surfaces be straight: the edges may be
curved from the leading edge of the slider to the
trailing edge.

The slider 50 is secured to an actuator arm in any
known manner. For example, the slider 50 may be secured
to the actuator arm 12 shown in Figures 1, 2a and 2b.

As the disk 14 rotétes, air flow between the slider 50
and the disk 14 pressurises the air bearing surfaces 46
and 48 and lifts the slider 50 several micro-inches
(some micro-centimetres) above the surface of the disk
14. In a preferred embodiment, the slider 50 flys about
8 micro-inches (20.32 micro-centimetres) above the disk
surface when a disk 14 rotates at about 1000 inches per
second (about 2540 cms per second). To provide faster
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ds ion mlling. Figure 3 illustrates a "deep" etch in which the rails 42
and 44 project out fromrecessed areas 54 by about 25 mcrons. Virtually no
air pressure builds up on the recessed areas 54. Alternatively, the 15
rails 42 and 44 may be forned with a lLaser or a simlar etching technique.
Figures 4 and 5 are bottom pl an vi ews 18 the hour glass rail 42 in Figure 3
and illustrate effective air bearing surface areas at a 0 skew angle and a

skew angl e take off when the disk begins to rotate, the rails 42
and 44 include leading edge tapers 62 and 64. The
tapers 62 and 64 provide faster take off by smoothing
pressure transitions between ambient air and pressurised
air beneath the rails 42 and 44. Faster take off
decreases the length of time that the slider 50 slides
on the disk surface before it begins to fly and thereby
decreases wear on both the slider 50 and the disk 14.

The hour glass rails 42 and 44 are formed by
etching with an ion beam. This forming process is known
as ion milling. Figufe 3 illustrates a "deep"'etch in
which the rails 42 and 44 project out from recessed
areas 54 by about 25 microns. Virtually no air pressure
builds up on the recessed areas 54. Alterhative;y, the
rails 42 and 44 may be formed with a laser or a similar
etching technique.

Figures 4 and 5 are bottom plan views of the hour
glass rail 42 in Figure 3 and illustrate effective air
'bearing surface areas at a 0 skew angle and a skew angle
g. For simplicity of illustration and analysis, the
effective areas of positive pressure are indicated
generally by the numerals 61 and 63. In Figure 4, the
rail 42 is shown at a 0 skew angle with respect the wind
16. In this instance, the effective area 61 develops
positive pressure along the entire length of the rail
42, -and triangular area 65, 66, 67 and 68 develop some
additional positive pressure. Figure 5 illustrates the

" rail 42 at a skew angle g with respect to the wind, and
the resulting effective area 63 is substantially equal
to the effective area 61. As a result, pressurisation
and flying height of the rails 42 and 44 are more
constant over varying skew angles than the conventional
catamaran slider 30 (shown in Figures 2a to 2e). Tri-
angular areas 69 and 71 formed at varying skew angles @
also develop some positive pressure but tend to balance
with the areas 65, 66, 67 and 68. Since the slider 50
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[#rr]. For sinplicity of illustration and analysis, the 20 effective
areas of positive pressure are indicated generally by the nunerals 61 and
63. In Figure 4, the rail 42 is shown at a 0 skew angle with respect the
wind 16. In this instance, the effective area 61 devel ops positive pressure
along the entire length of the rail 42,1%knd triangul ar area 65, 66, 67 and
68 devel op sone additional positive pressure. Figure 5 illustrates the rai

42 at a skew ﬁggl ‘ieL%r Uazy?fatéhfr?si%cfl§ﬂzé '}Fei’&ﬁ'@; &?éj average flying
height may be reduced in order to obtain greater
resolution on the individual bit positions on the disk
14 without risk of the slider 50 contacting the disk
surface at high skew angles.

Figure 6 is a perspective view of an alternative
slider 70. The slider 70 has hour glass rails 72 and 74
with etches that form "shallow" edge steps or blends 76.
The edge steps 76 form inside and outside surfaces that
are recessed from air bearing surfaces 78 and 80 by
about 0 microns to 2.0 microns. The edge stepé 76 are
positioned along each rail, between leading edgeslss and
trailing edges 88, to form the hour glass shapes of the
air bearing surfaces 78 and 80. When the slider 70 flys
at a skew angle @ (shown in Figure 5), the recessed
surfaces accumulate additional pressure that prevents
the slider 70 from losing flying height. This results
in a more even flying height for varying skew angles 4.

In addition to flying height another critical
flying characteristic is roll. At varying skew angles,
sliders tend to roll about their longitudinal axes.

Roll is caused by shifts in the pressure distributions
across the air bearing surfaces 78 and 80 relative to
the slider pivot point. To reduce roll and to obtain
overall optimum flying characteristics, the dimensions
of the air bearing surfaces 78 and 80 and the edge steps
76 must be adjusted to minimise shifts in pressure
distribution. For example, the edge steps 76 on the
inner and outer edges of each rail may be formed
asymmetrically, with the inside surfaces wider, or
having a larger indentation, than the outside surfaces.
It should be known that the recessed inside and outside
surfaces may be formed with different diﬁensions and may
vary from one rail to the other.

In Figure 6, breaks 82 and 84 are positioned
'closer to the leadlng edges 86 than to the trailing
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the resulting effective area 63 is substantially equal to the effective
area 61. As a result, pressurisation 30 and flying height of the rails
42 and 44 are nore constant over varying skew angl es than the conventi onal
catamaran slider 30 (shown in Figures 2a to 2e). Tri- angular areas 69 and
71 formed at varying skew angles O al sa2devel op sonme positive pressure but
tend to balance with the areas 65, 66, 67 and 68. Since the slider 50

edges 88. The breaks 82 and 84 preferably are spaced
from the leading edges 86 by approximately one third the
length of the slider 70. Positioning of the breaks 82
and 84 may be varied in alternative embodiments (not
shown) to vary flying characteristics, such as pitch.
Pitch is measured by an angle between the disk surface
and a plane generally defined by the air bearing
surfaces 78 and 80. _

When the slider has a positive pitch, the leading
edges 86 typically fly at greater distances from the
disk surface than the trailing edges 88. Incréasing the
pitch angle provides for faster take off when the disk
begins to rotate. Positive pitch also reduces the risk
of a "head crash". When the leading edges 86 fly at-
greater distances from the disk surface than the
trailing edges 88, the air bearing surfaces 78 and 80
tend to resist a negative pitch in which the leading
edges 86 will crash into the disk surface. However, too
large a positive pitch adversely affects stiffness or
stability of the trailing edges 88. A small positive
pitch increases the stiffness of the trailing edges 88.
Since transducers, such as the transducers 35 and 37
(shown in Figure 2b) are typically positioned on the
trailing edges 88, increased stability will increase

- performance of read and write operations. If the slider
70 flys with too small a positive pitch, a bump may
cause the slider to rotate into a negative pitch and
crash into the disk surface.

Pitch much be accurately controlled to achieve -
optimum flying characteristics. The pitch angle is
adjusted by varying the pressure gradients along the air
bearing surfaces 78 and 80. The breaks 82 and 84 may be
positioned closer to either the leading edges 86 or the
trailing edges 88 to vary pressure distribution along .
the air bearing surfaces 78 and 80. Typical pitch
angles range from about 100 micro-radians to about 300
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10 has-less variation in flying height, the average flying height may be
reduced in order to obtain greater resolution on the individual bit
positions on the disk 14 without risk of the slider 50 contacting the disk
5 surface at high skew angles. Figure 6 is a perspective view of an
alternative 13

micro-radians.

As the disk 14 drags air (wind 16) beneath the
rail 72 and 74, skin friction along the air bearing
surfaces 78 and 80 causes the air pressure to increase.
The breaks 82 and 84 divide the air bearing surface 78
and 80 into forward surfaces and rearward surfaces. The
forward surfaces are adjacent the leading edges 86 and
rearward surfaces are adjacent the trailing edges 88.
Positioned between the forward and rearward surfaces are
central surfaces, which are adjacent the breakg 82 and

° 84. Since the central surfaces have narrower air
bearing surfaces than the forward surfaces, a portion of
the air pressure bleeds off at the breaks 82 and 84.
This portion is not available to pressurise the rearward

5 air bearing surfaces. This results in greater air
pressure towards the leading edges 86 and less air
pressure towards the trailing edges 88, which causes the
slider 70 to increase pitch angle. To reduce the pitch
aﬁgle, the breaks 82 and 84 are positioned closer to the

3' leading edges 86 than to the trailing edges 88. The

resulting pressure distribution reduces the pressure on
the forward air bearing surface areas and thereby
reduces the pitch angle.

Since the air pressure bleeds off near the breaks
in the hour glass rails, the average flying height of an
hour glass catamaran slider“(with breaks) drops from
that of a catamaran slider of the same width. '
Therefore, the air bearing surfaces 78 and 80 are formed
to be wider near the leading and trailing edges 86 and
88 than the air bearing surfaces 38 and 39 of the
conventional catamaran slider 30 shown in Figure 2c.

The edge steps 76 do not fully extend from the breaks 82
and 84 to the leading and trailing edges 86 and 88 but
terminate prior to the leading and trailing edges.
Terminating the edge steps 76 prior to the leading and
trailing edges 86 and 88 maximises the width of the air

cet Haz Best RTlli\c «d | This is the replacement sheet

\\II\|\\\III\H\\|\|\ 15 iy %5



slider 70. The slider 70 has hour glass rails 72 and 74 wth etches that
form"shal |l ow' edge steps or blends 76. The edge steps 76 forminside and

out si de surfaces that 10 are recessed fromair bearing.surfaces 78 and
80 by about 0 microns to 2.0 mcrons. The edge steps 76 are positioned
al ong each rail, between |eading edges1®6 and trailing edges 88, to form

the hour gl ass shapes of the air bearing surfaces 78 and 80. \Wen 'the
slider 70 flyl?egztlr?g Ss‘f‘?&g‘é‘gé e,?ge A éﬁhﬁ‘é"ér' rtl_hlél a%.ln)g a‘hﬁe tray9is %d
edges. The wider surfaces build up more air pressure
and prevent the slider 70 from flying too close to the
disk surface. The wider air bearing surfaces 78 and 80
also create more room to secure transducers on the
trailing edges 88, such as the transducers 35 and 37
shown in Figure 2b. '
Typically, a gimbal spring connects the slider 70
~to an actuator arm, such as the arm 12 shown in Figure
2a. The gimbal spring includes a dimple that provides a
pivot about which the slider 70 can pitch and roll while
following the topography of the disk surface. The hour
glass shape of each rail improves pitch stiffness of the
air bearing about the point at which the dimple contacts
the slider. Because the air pressure bleeds off near
the breaks 82 and 84, the "area elements" of the air
bearing surfaces 78 and 80 having vertical stiffness
(formed by positive pressure) are concentrated near the
leading and trailing edges 86 and 88 of the slider 70,
remote from the pivot point. Thus, the vertical
stiffness of each area element is "multiplied" by a
‘longer moment arm to give a higher pitch stiffness.
Creating the hour glass shapes by applying the
edge steps 76 to each rail such that they terminate
prior to the leading and trailing edges 86 and 88 also
improves, or reduces, flying height sensitivity to crown
height variations. The air bearing surfaces 78 and 80
are not perfectly flat from the leading edges 86 to the
trailing edges 88, but are slightly convex. There are
two causes for the convex shape. First, manufacturlng
errors  in the process of securing the slider 70 to the
gimbal cause deformation of the slider. Second,
designers intentionally "round" the air bearing surfaces
78 and 80 to reduce wear on the surfaces. The crown
height is a measure of the degree of roundness and can
vary from one slider to the next. An increase in crown
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surfaces accumul ate additional pressure that prevents the slider 70 from
1osing flying height. This results in a nore even flying height for varying

skew angles [err]. In addition to flying height another critical 20
flying characteristic is roll. At var L ng skew angles, sliders tend to "’
rol | about their |ongitudinal axes. ol? i's caused by shifts in the

pressure distributions across the alr bearlng surfaces 78 and 80 rel ative
to the slidernhgiyRt eQusks The' peeaure ltoriticreask! sicar the mid-

sections of the air bearing surfaces 78 and 80, which
causes an increase in flying height. However, the edge
steps 76 counter-act this effect. Since the edge steps
76 cause the air pressure to bleed off near the mid-
sections, an increase in crown height has a negligible
effect on the air pressure near the mid-sections.
Therefore, the hour glass shapes reduce the flying
height sensitivity to crown height variations. The hour
glass shapes also reduce flying height sensitivity to
low frequency disk waviness, since the disk waviness
effect pressure on the air bearing surfaces 78 and 80
similar to crown height variations.

Figure 7 to 10 are greatly enlarged sectional
views of a rail, such as the rail 74, taken aloné the
lines 7 - 7 of Figure 6 and illustrate alternative edge
step embodiments. Figure 7 illustrates an embodiment in
which the edge step 76 are "true" steps. Figure 8
illustrates an alternative embodiment in which the edge
sfeps 76 are chamfered. Figure 9 illustrates an
alternative embodiment in which the edge steps 76 are
wide, shallow chamfers between the air bearing surface
80 and the inside and outside edges of the rail 74.
Figure 10 illustrates another alternative embodiment in
which the edge steps 76 are shallow edge blends. It
should be understood that any of these embodiments, or a
combination of them, may be used within the scope of the
present invention.

Figure 11 illustrates an hour glass slider similar
to the slider 70 shown in Figure 6, but having a cross-
rail. Sliders having cross-rails are typically called
negative pressure air bearing (NPAB) sliders, as opposed
to catamaran sliders which do not have crosé—rails. An
hour glass NPAB slider 110 includes rails 112 and 114
having air bearing surfaces 116 ahd 118 respectively. A
cross-rail 120 extends between the rails 112 and 114.
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overall optinmum flying characteristics, the dinensions of the air bearing
surfaces 78 and 80 and the edge steps 76 nust be adjusted to m nim se
shifts in pressure distribution. For exanple, the edge steps 76 on the
“inner and outer edges of each rail may be formed 30 asymmetrically, with
the inside surfaces wi der, or having_alfarger indentation, than the outside
surfaces. It shoul d be knomn that the recessed inside and outside surfaces

mey be formedyy dib PLLLLALG ABOaLROAL 2 IndPross-rail 120 is
positioned closer to the leading edge 121 than the
trailing edge 123.

During operation, the cross rail 120 creates a
negative pressure area 122, which counter-acts the
positive pressure built along the air bearing surfaces
116 and 118 and increases slider stability and
stiffness.  The negative pressure area 122 is created
between the rails 112 and 114 and between the cross-rail
120 and the trailing edge 123.

The slider 110 further includes edge stebs 125.
The cross-rail 120 and edge steps 125 may be etched to
approximately 0 microns to 2.0 microns below the air
bearing surfaces 116 and 118. The edge steps 125 are
relatively shallow compared to the negative preséure
area 122, which is etched to about 10 microns below the
air bearing surfaces 116 and 118. The edge steps 125
are drawn out of scale and actually look similar to the
edge steps 76 shown in Figure 8. To maximise the slider
stiffness, the edge steps 125 are applied to each rail,
such that they terminate prior to the leading and
trailing edges 142 and 124. This maximises the air
bearing surface area that develops positive pressure
near the ends of the rails 112 and 114 while maximising
the negative pressure area 122 near the centre of the
slider 110. As a result, the counter-action between the
positive and negative pressure is maximised to improve
the slider stiffness.

The shallow edge steps 125 accumulate additional
pressure. When the slider 110 flys at a skew angle &,
the additional pressure that accumulates on the edge
steps 125 reduces the effect of the skew angle on fly
height by reducing shifts in the pressufe distributions
across the air bearing surface areas 116 and 118. The
result is a more constant fly height for varying skew
angles §. The slider 110 is also relatively insensitive
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vary fromone rail to the other. In Figure 6, breaks 82 and 84 are
positioned closer to the | eading edges 86 than to the trailing edges 88.
The breaks 82 and 84 preferably are spaced fromthe | eading edges 86 by °
approxi mately one third the length of the slider 70. Positioning of the °
breaks 82 1

_to crown height variation and disk waviness (see the
discussion above with reference to Figure 6). |

Figure 11 illustrates an alternative rail geometry
that may be used with or without the cross-rail 120.
Elongated breaks 126 and 128 divide the air bearing
surfaces 116 and 118 into three portions. The air
bearing surface 116 is divided into a forward surface
130, a central surface 132, and a rearward surface 134.
Similarly, the air bearing surface 118 is divided into a
forward surface 136, a central surface 138, and a
rearward surface 140. The breaks 126 and 128 are spaced
from the leading edges 142 by about approximately one
third the length of the slider 110. As a tesult the
forward surfaces 130 and 136 are smaller than the
rearward surfaces 134 and 140. The central surfaces 132
and 138 have generally rectangular shapes.

The negative pressure area 122 created by the
cross-bar 120 reduces flying height senstivity to
tangential disk velocity. As the disk rotatés, the air
velocity beneath the air bearing surfaces is greater at
the outer radius of the disk than at the inner radius.
Therefore, the positive pressure built along the air
bearing surface is greater at the outer radius than at
the inner radius. However, the negative pressure also
increases at the outer radius. The increase in negative
pressure counter-acts the increase in positive pressure
tqfreduce changes to flying height caused by changes in
air velocity. '

The hour glass air bearing surfaces 116 and 118 -
further reduce changes in flying height caused by
changes in air velocity. At higher air speeds, increases
in positive pressure are greater than increases in
negative pressure. Since the air bearing surfaces 116
and 118 are narrower at the central surfaces 132 and 138
the positive pressure bleeds off into the negative
pressure cavity 122 to reduée increases in positive
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and 84 may be varied in alternative enbodi nents (not 5 shown) to vary
flying characteristics, such as pitch. Pitch is neasured by an angle

bet ween the di sk surface and a plane generally defined by the air bearing
surfaces 78 and 80. Wen the slider has a positive pitch, the |eading 10
edges 86 typically fly at greater distarkes fromthe di sk surface than the
trailing edges 88. Increasing the pitch angle provides for faster take off
when the di skpressure. Theé positive pressure is even further

reduced since the area of greatest negative pressure,
the central region of the negative pressure area 122 'is
adjacent the central surfaces 132 and 138. Therefore,
the negative pressﬁre area 122 draws more air off the
central surfaces 132 and 138 to further reduce increases
in positive pressure. As a result, changes in positive
and negative pressure remain substantially equal over
varying tangential disk velocities.

The slider having hour glass rails according to
the present invention provides a near constant air
bearing surface area and pressure distribution while
flying at varying skew angles and disk velocities. As a
result, the slider having hour glass rails has improved
flying characteristics over the prior art. . '
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begins to rotate. Positive pitch also reduces the risk of a "head crash".
\When the | eading edges 86 fly at 15 greater distances fromthe disk
surfac_e than the trailing edges 88, the air bearing surfaces 78 and 80 tend
to resist a negative pitch in which the | eading edges 86 will crash into
the disk surface. However, too large alPositive pitch adv é’h Sh tRslaced

stiffness or stability of the trailing edges 88. A smnal
i ncreases the stiffness of the trailing edges 88.
CLAIMS

1. An air-bearing disk head slider for supporting an electro-magnetic transducer
proximate a rotating magnetic disk, said slider comprising:

a slider body (50,70,110) having a leading edge (51,121), a trailing edge
(52,123) and first and second edges therebetween; and

first and second side rails (42,44; 72,74; 112,114) disposed on the side of the
slider which is opposed to the disk, extending respectively adjacent said first and said
second side edges, each of said side rails forming an air bearing surface (46,48; 78, 80;
116,118) with an inside edge and an outside edge extending between the leading edge
and the trailing edge wherein '

a portion of the inside and outside edges converge together toward a central
region of the air bearing surfaces to form intermediate surfaces (76,125), characterised in-
that the intermediate surfaces are raised above the slider body and are recessed from the |
air bearing surfaces to form shallow steps which, when the slider is in use, accumulate
additional pressure on the rails if the slider flys at a skew angle.

2. A slider according to claim 1 characterised in that the air bearing surface of each
of the first and second side rails has a forward surface portion (130,136) extending from
fhe leading end thereof to the narrowed surface portion and a rearward surfacé portion
(134,140) extending from the trailing end thereof to the narrowed surface portion; and in
that the forward surface portion has a smaller area thén the rearward surface portion.

3. A slider according to claim 1 or 2 characterised in that the narrowed surface
portion of the air bearing surface of each of the first and second side rails is spaced from
the leading end thereof by about one third of the length between the leading and the
trailing ends thereof.

4, A slider according to any of ciaims 1 to 3 characterised in that the narrowed

surface portion has a substantially rectangular shape.
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Since transducers, such as the transducers 35 and 37 (shown in Fi-gure 2b)
are typically positioned on the trailing edges 88, increased stability wll
i ncrease performance of read and wite operations. |i'hi§§h€et$1|a§l§1e%ﬁR%5dced

70 flys with too small a positive pitch, a bunp may ca ] to
rotate into a negative pitch and crasl‘?‘? nto the disk s?ﬂ’u&anﬁwmmbch be
accurately controlled to achieve optimumflying charac , pitch
angle is

5. A slider according to any of claims 1 to 4
characterised in that the air bearing surface of each of
the first and second side rails has substantially the
same width adjacent -the leading and trailing ends
thereof, and in that the narrowed surface portion has a
width which  is substantially half said width adjacent
the leading and trailing ends.

6. A slider according to any preceding claim
characterised in that said converging inside and outside
edge portions extend substantially the full length
between the leading and trailing ends of the air bearing
surface of each of the first and second side rails.

7. A slider according to any of claims 1 to 5 charac-
terised in that said converging inside and outside edge
portions extend less than the full length between the
leading and trailing ends of the air bearing surface of
each of the first and second side rails.

8. A slider according to any preceding claim charac-
terised in that said converging inside and cutside edge
portions form edge steps.

9. A slider according to any preceding claim charac-
terised in that said converging'inside and cutside edge
portions comprise chamfers.

10. A slider according to any of claims 1 to 8 charac-
terised in that said converging inside and outside edge
portions comprise edge blends.

11. A slider according to any preceding claim charac-
terised in that said converging inside and outside edge
portions adjoin recessed inside and outside surfaces,
which are set back from the air bearing surfaces by
about 0 microns to 2.0 microns.

12. A slider according to claim 11 characterised in
that the recessed inside surfaces have different
dimensions from the recessed outside surfaces.
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adj usted by varying the pressure gradients along the air bearing surfaces
78 and 80. The breaks 82 and 84 nay be positioned closer to either the

| eadi ng edges 86 or the trailing edges 88 to vary pressure distribution
along the air bearing surfaces 78 andzgo..TypicaI pitch angl es range from
about 100 m cro-radi ans to about 300.

ABSTIRACT

The invention provides an air bearing disk head
slider for supporting an elecfro-magnetic transducer
proximate a rotating magnetic disk. The slider comprises
a slider body (50) having a leading edge (51), a
trailing edge (52), and first and second side édges
therebetween, and first and second side rails (42, 44)
extending adjacent the first and second side edges,
respectively. Each of the side rails forms an air
bearing surface (46, 48) having a narrowed surfaée
portion located between a leading end and a trailing end
of the rail. Each air bearing surface has inside and
outside edges, which converge towards the narrowed
surface portion.

Figure 3
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12 micro-radians. As the disk 14 drags air (wind 16) beneath the rail 72
and 74, skin friction along the air bearing surfaces 78 and 80 causes the
air pressure to increase. The breaks 82 and 84 divide the air bearing
surface 78 and 80 into forward surfaces and rearward surfaces. The forward
surfaces are adjacent the |eading edges 86 and rearward surfaces are

adj acent the trailing edges 88.
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Posi ti oned between the forward and rearward surfaces are 10 central
surfaces, which are adjacent the breaks 82 and 84. Since the central
surfaces have narrower air bearing surfaces than the forward surfaces, a-
portion of the air pressure bleeds off at the breaks 82 and 84. This '
portion is not available to pressurise the rearward air bearing surfaces. .
This results in greater air pressure towards the | eading edges 86 and | ess
air pressure towards the trailing edges 88, which causes the
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slider 70 to increase pitch angle. To reduce the pitch angle, the breaks 82
and 84 are positioned closer to the 20 | eadi ng edges.86.than to the
trailing edges 88. The resulting pressure distribution reduces the
pressure on the forward air bearing surface areas and thereby reduces the
pitch angle. Since the air pressure bl 8eds off near the breaks 25 I n
the hour glass rails, the average flying height of an hour glass catamaran
slider (with breaks) drops from
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that of a catamaran slider of the sane width. Therefore, the air bearing
surfaces 78 and 80 are forned to be wi der near the leading,and trailing
edges 86 and 88 than the air bearing surfaces 38 and 39 of the ‘conventi enal
catamaran slider 30 shown in Figure 2c. The edge steps 76 do not fully :
extend fromthe breaks 82 and 84 to the4eading and trailing edges 86 and
88 but termnate prior to the leading and trailing edges. Term nating the
edge steps 76 prior to the | eading and
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Date: 18 NOV 1996



traili ng edges 86 and 88 maxim ses the width of the air 13 bearing
surfaces 78 and 80 near the leading and trailing edges. The w der surfaces
build up nore air pressure and prevent the slider 70 fromflying too close

to the disk surface. The wider air bearing surfaces 78 and 80
5
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al so create nore roomto secure transducers on the trailing edges 88, such
as the transducers 35 and 37 shown in Figure 2b. Typically, a ginbal spring
connects the slider 70 to an actuator arm such as the arm 12 shown in
Figure 2a. The ginbal spring includes a dinple that provides a 10 Q? Q:
pi vot about which the slider 70 can pit®&h and roll while follow ng the

t opography of the disk surface. The hour gl ass shape of each rail inproves
pitch stiffness of the

50/ | 7%

Sally l’; I, ”l

Sheet Has Been RTlaced This 18 o repia-_cﬁmm Shmt

TR

ey




air bearing about the point at which the dinple [conREFLACENENT SHEETS 3G
Because the air pressure bl eeds off near 15 ;gﬁbﬂbwﬁaksp&aﬁaddusgm%ﬁhé?
"area el enments" of the air bearing surfaces 78 gn

stiffness (forned by positive pressure) arge conde
and trailing edges 86 and 88 of the slider 70, nelibAbstfacom t bgpedi. Y0lo pa=al.-.
Thus, the vertical 20 stiffness of each arga elenent is "nultiplied"
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The present invention relates to an air bearing
disk head slider for use with a rotary actuator in a
transducer head assembly for a rotating disk drive.

Transducer head assemblies that could "fly"
relative to a rotating disk are used extensively in
rotating disk drives. The assemblies include an air
bearing slider for carrying a magnetic transducer
proximate the rotating disk.

Figure 1 illustrates a conventional slider 10
supported by a gimbal 11 over a disk 14. The gimbal 11
is secured to an arm 12. The arm 12 positions the
slider 10 over individual data tracks (not shown) on the
disk 14 along an arc 18. As the disk 14 rotates, it
generates wind or air flow in the direction shown by
arrows 16 (wind 16). The wind 16 is approximately
parallel to the disk’s tangential velocity, indicated by
an arrow 22. The wind co-operates with the slider 10 to
provide lift which allows the slider to fly above the
disk 14.

The gimbal 11 is a resilient spring that allows
the slider 10 to follow the topography of the disk 14.
The gimbal 11 includes a dimple (not shown) that is in
point contact with the slider 10. The dimple provides a
pivot about which the slider 10 can pitch and roll while
following the topography of the disk 14.

When the slider 10 is positioned near the outside
edge of the disk 14, its longitudinal axis 20 is
substantially parallel to the wind direction. Near the
centre of the disk 14, the slider 10 is skewed with
respect to the wind direction as illustrated by a skew
angle #. The skew angle § is measured between the
longitudinal axis 20 and the wind 16.

The elements described to this point may be
conventional in design and as shown in Figure 1 and
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Creating the hour glass shapes by applying the edge steps 76 to each rai
such that they termnate prior to the leading and trailing edges 86 and 88
al so 25 i nproves, or reduces, flying height sensitivity to crown

hei ght variations. The air bearing surfaces 78 and 80 are not perfectly
flat fromthe | eading edges 86 to the traild ng edges 88, but are slightly
convex. There are two causes for the convex shape. First, manufacturing 30

errors in the[gf&ﬁ;gécgasggu§éngotggc§&& %%éﬂ%&(ﬁgég;standing of the
present invention. Throughout the Figures, elements of
the same design are designated by identical reference
numerals.

Figure 2a as a perspective view of a head gimbal
assembly having a conventional catamaran slider 30. The
slider 30 is secured to the gimbal 11 in any known
manner. The slider 30 and the gimbal 11 are supported
by the arm 12. Rails 32 and 34, positioned along edges
10 of the slider 30, form air bearing surfaces on which the -
slider flys, in a known manner. - e (

Figure 2b is an end view of the slider 30 as seen
from the line 2B-2B of Figure 2a. The arm 12 and the
gimbal 11 support the slider 30 above the disk 14. The
slider 30 includes the rails 32 and 34, which carry
transducers 35 and 37. The rails 32 and 34 include air
bearing surfaces 38 and 39, which provide lift to the
slider 30, as described more fully below.

Flying height is viewed as one of the most
critical parameters of non-contact recording. As the
average flying height of the slider 30 decreases, the
transducers 35 and 37 achieve greater resolution between
individual data bit locations on the disk 14. There-
fore, it is desirable to have the transducers 35 and 37 K
fly as close to the disk 14 as possible.

- Figure 2c is a bottom plan view of the conven-
tional catamaran slider 30 shown in Figures 2a and 2b.
The rails 32 and 34 are positioned along edges of the
slider 30 and are disposed about a recessed area 36 to
form the air bearing surfaces 38 and 39. As the disk 14
rotates, the disk drags air (wind 16) under the slider
30 and along the air bearing surfaces 38 and 39. Under
the air bearing surfaces 38 and 39, the air flow
component due to the drag of the disk 14 is "couette
flow". As couette flow passes beneath the rail 32 and
34, the skin friction on the air bearing surfaces 38 and
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gi nbal cause deformation of the slider. Second, designers intentionally

the air bearing surfaces 78 and 80 to reduce wear on the surfaces.

"roend"
The crown height is a nmeasure of the degree of roundness and can vary from
one slider to the next. An increase in-crowmn - 14 :

3

10

15

20

25

30

39 causes the air pressure between the disk 14 and the
air bearing surfaces to increase and to thereby provide
1lift causing the slider 30 to fly above the disk
surface. Hence, the greater the air bearing surface
area, the greater the lift.

The flying height is preferably uniform regardless
of variable flying conditions, such as tangential
velocity variation from inside to outside tracks,
lateral slider movement during a seek operation, and
varying skew angles @§. Catamaran sliders provide just
enough air bearing surface:area to fly at a proper
height above the disk surface. For example, without the
rails 32 and 34, the air bearing surface area would be
too large. Consequently, the slider 30 would fly too
far from the disk surface at a height adversely
affecting resolution.

Although conventional catamaran sliders are
helpful in controlling flying height, they are very
sensitive to the skew angle §. Even with moderate skew
angles in the range of 10 to 15 degrees, flying height
from a conventional catamaran slider is adversely
influenced. 1Increasing the skew angle § at a fixed
tangential velocity causes the air pressure distribution
beneath the rails 32 and 34 to become distorted. This
influences the net forces and torque acting upon the
slider 30 and results in decreased flying height.

Figure 2d is a bottom view of the rail 32 with the
wind 16 at a 0 skew angle. The air bearing surface 38
has an effective area 40 at the 0 skew angle, which is
equal to the area of the air bearing surface 38. Figure
2e illustrates the wind 16 applied to the rail 32 at a
skew angle § greater than 0. The air bearing surface 38
now has a smaller effective area 41. As the skew angle
@ increases, the effective surface area of the rails 32
and 34 decreases. The decrease of the effective surface
area as the skew angle ¢ increasés is caused by side
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hei ght causes the pressure to increase near the md- sections of the air
beari ng surfaces 78 and 80, which causes an increase in flying height.
However, the edge steps 76 counter-act this effect. Since the edge steps 76
cause the air pressure to bl-eed off near the m d- sections, an increase in
crown height has a negligible effect on the air pressure near the

m d- sections. Therefore, the hour gl ass shﬁpes reduce the flying height

sensitivity to crown height variations. The hour
leakage. The air that leaks out of the sides of the
rails 32 and 34 is not available to generate pressure
under the rails. This causes a lot of pressure beneath
the rails 32 and 34 resulting in a lower flying height
at a greater skew angle. To prevent the slider 30 from
ultimately contacting the disk surface at large skew
angles, the slider’s average flying height must be
appropriately increased. Resolution is therefore
sacrificed. Further, the pressurisation of one rail may
differ from the pressurisation of the other rail at a

~skew angle #. This difference causes the slider 30
roll. In other words, the rail 32 will fly at a
different height from the rail 34 while the slider 30
flys at a skew angle 4.

As disk drives become more compact for applica-
tions in smaller and more portable equipment, rotary
actuators are increasingly employed. Further, the
designer is motivated to use a shorter actuator pivot
arm to make the disk drive even more compact. However,
these actuators create rather large skew angles # and
consequently make flying height control more difficult.
Rotary actuators cause the geometric orientation between
the longitudinal axis 20 (shown in Figure 1) and the
disk rotation tangent, to change as the arm 12 moves the
slider 10 along the arc 18. '

One approach to reducing sensitivity of the flying
characteristics to varying skew angles is to provide
edge blends extending along the length of each rail. As
early as 1982, designers applied these blends to reduce
wear caused bf contact between each rail and the disk
surface. The edge blends also reduce sensitivity of the
flying characteristics to varying skew angles created by
rotary actuators. For example, the pressurisation
distribution on each rail remained nearly constant
relative to the slider’s pivot point over varying skew
angles. The benefits to flying characteristics became
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10 < glass shapes al so reduce flying height sensitivity to | ow frequency
di sk wavi ness, since the disk waviness effect pressure on the air bearing
surfaces 78 and 80 simlar to crow height variations. Figure 7 to 10 are
greatly enlarged sectional views of a rail, such as the rail 74, taken
along the lines 7 - 7 of Figure 6 and illustrate alternative edge step
enbodi nents. Figure 7 illustrates an enbodi nent in which the edge step 76
are "true" steps. Figure 8 5

known in 1982 when the edge blends were used in combination with rotary actuators in 5
1/4 inch disk drives, such as the WREN family manufactured by IMPRIMIS
Technology, Inc.

U.S. Patent No. 4,693,996 discloses a similar approach. This patent shows
transverse pressurisation contours (TPC) on each rail that extend from the leading edges
to the trailing edges. The TPCs provide a pressurisation region across one side edge of
each rail and a depressurisation region across the opposite side edge such that the
pressure distributions across the air bearing surfaces are substantially unaltered over
varying skew angles.

Patent Abstracts of Japan, vol. 9, no. 250 (p-394)(1973) 8th October 1993,
(Fujitsu K.K.), discloses an air bearing head for supporting an electro-magnetic
transducer. The slider comprises a slider body and first and second rails, each forming
an air bearing surface. A portion of the inside and outside edges of each rail converge
together towards a central region of the air bearing surface thereby forming intermediate
surfaces recessed from the bearing.

It is an object of the present invention to provide an air bearing disk head slider,
whiqh reduces the effect of skew angle on flying height over a rotating disk.

The present invention provides a slider having side rails, in which an air bearing
surface of each side rail decreases in width away from a leading end of the surface
towards a narrowed surface portion and then increases in width after the narrowed

surface portion towards a trailing end of the surface.

According to the present invention, there is provided an air-bearing disk head

slider for supporting an electro-magnetic transducer proximate a rotating magnetic disk,

said slider comprising:

a slider body having a leading edge, a trailing edge and first and second edges

therebetween; and
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Il lustrates an alternative enbodi nent in which the edge steps 76 are
chanfered. Figure 9 illustrates an 20 alternative enbodi nent in which
the edge steps 76 are wi de, shallow chanfers between the air bearing
surface 80 and the inside and outside edge6s of the rail 74. Figure 10

Il lustrates another alternative enbodi nment” in which the edge steps 76 are
shal | ow edge blends. It 25 shoul d be understood that any of these
enbodi ments, or a conbination of them my be used within the scope of the

first and second side rails disposed on the side of the slider which is opposed to
the disk, extending respectively adjacent said first and said second side edges, each of
said side rails forming an air bearing surface with an inside edge and an outside edge
extending between the leading edge and the trailing edge wherein

a portion of the inside and outside edges converge together toward a central
region of the air bearing surfaces to form intermediate surfaces, characterised in that the
intermediate surfaces are raised above the slider body and are recessed from the air

. bearing surfaces to form shallow steps which, when the slider is in use, accumulate
addmonal pressure on the rails if the slider flys at a skew angle.

In one embodiment, the first and second side rails form an hour glass
configuration in a catamaran slider, which includes a recessed area disposed between the
side rails and extending from the leading edge to the trailing edge.

In another embodiment, the side rails form an hour glass configuration.in a
negative pressure air bearing (NPAB) slider, which includes a cross rail extending
between the side rails. During operation, the cross rail creates a negative pressure area
between the cross rail and the trailing edge of the slider.

In either embodiment, the side tails are preferably arranged to project by about 10

‘ to 30 microns from the slider body.

Advantageously, the narrowed surface portion is spaced from the leading edge by
about one third the length of the slider as measured from the leading edge to the trailing
edge. |

Preferably, the leading and trailing ends of each air bearing surface may have
substantially the same width. and the narrowed su;face portion may have a width which
is substantially equal to one half the width of the ieading and trailing ends.

The first and second side rails may include edge steps along their edges and/or

chamfers and/or edge blends.
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present. invention. Figure 11 illustrates an hour glass slider simlar to
the slider 70 shown in Figure 6, but having a cross- 30 rail. Sliders
having cross-rails are typically called negative pressure air bearing
(NPAB) sliders, as opposed to catamaran sliders which do not have
cross-rails. An hour glass NPAB slider 110 includes rails 112 and 114
having air bearing surfaces 116 and 118 respectively. A cross-rail 120
extends between the rails 112 and 114. 6a

The invention is described further, by way of example, with reference to the

accompanying drawings, in which:

Figure 1 is a top plan view of an air bearing slider supported above a rotating
disk; |
Figure 2a is a perspective view of a head gimbal assembly having a conventional

catamaran slider;
Figure 2b is an end view of the head gimbal assembly taken along, the line

2B - 2B of Figure 2a;
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15 In the preferred enbodi nent, the cross-rail 120 is positioned closer to
the | eadi ng edge 121 than the trailing edge 123. During operation, the
cross rail 120 creates a 5 negative pressure area 122, which

counter-acts the
7

Figure 2c is bottom plan view of a conventional
catamaran air bearing slider of Figures 2a and 2b;

Figure 2d is a bottom plan view of a conventional
catamaran rail illustrating an effective air bearing
surface area at a 0 skew angle;

Figure 2e is a bottom plan view of a conventional
catamaran rail illustrating an effective air bearing
surface area at a skew angle §#;

Figure 3 is a perspective view of an hour glass
catamaran slider in accordance with the present
invention as viewed from a trailing edge therebf;

Figure 4 is a bottom plan view of an hour glass
rail illustrating an effective air bearing surface area
at a 0 skew angle; _

'Figure 5 is a bottom plan view of the hour glass rail
illustrating an effective air bearing surface area at a
skew angle #;

Figure 6 is a perspective view of another embodi-
ment of slider in accordance with the present invention
having hour glass rails formed with shallow edge steps;

Figure 7 is an enlarged sectional view taken along
the line 7 - 7 of Figure 6;

Figure 8 is an enlarged sectional view similar to
Figure 7 but having a modified hour glass rail having
chamfered edged steps; '

Figure 9 is an enlarged sectional view similar to
Figure 7 but showing modified hour glass rail having
chamfered edges;

Figure 10 is an enlarged sectional view similar to
Figure 7 but showing modified hour glass rail having
30 shallow edge blends; and

Figure 11 is a perspective view of another
embodiment of hour glass slider in accordance with the
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present invention.
Figure 3 is a perspective view of an hour glass

catamaran slider 50,
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positive pressure built along the air bearing surfaces 116 and 118 and

I ncreases slider stability and stiffness. The negative pressure area 122 is
created between the rails 112 and 114 and between the cross-rail 120 and
the trailing edge 123. - The slider 110 further includes edge steps 125. The
cross-rail 120 and edge steps 125 nay. be etched to approximately O m crons
to 2.0 mcrons below the air bearing surfagges 116 and 118. The edge steps

125 are

v as viewed from a trailing edge 52 thereof.
The slider 50 includes a pair of projecting rails 42 and
44 having air bearing surfaces 46 and 48, respectively.
The rails 42 and 44 extend from a leading edge 51 to the
trailing edge 52. The slider 50 is a modified catamaran
slider. The side rails 42 and 44 are not rectangular as
are the rails 32 and 34 shown in Figure 2a. Instead,
the rails 42 and 44 decrease in width from the leading
edge 51 to breaks 56 and 60, and increase in width from
- the breaks 56 and 60 to the trailing edge 52. In other
‘10 words, the rails 42 and 44 generally have "hour glass"
configurations. Each air bearing surface 46 and 48 has
a width measured at the leading edge 51 that is approxi-
mately equal to a width measured at the trailing edge
52. The rails 42 and 44 are formed such that the air

15 bearing surfaces 46 and 48 have widths at the breaks 56
and 60 which are substantially equal to one half of the
widths measured at the leading edge 51 and the trailing

edge 52.
It should be understood that in any of the
20 embodiments shown in the Figures, the present invention

does not require that the inside and ocutside edges of
the air bearing surfaces be straight: the edges may be
curved from the leading edge of the slider to the
trailing edge. _

25 The slider 50 is secured to an actuator arm in any
known manner. For example, the slider 50 may be secured
to the actuator arm 12 shown in Figures 1, 2a and 2b.

As the disk 14 rotates, air flow between the slider 50
and the disk 14 pressurises the air bearing surfaces 46

30 and 48 and lifts the slider 50 several micro-inches

(some micro—-centimetres) above the surface of the disk

- 14. In a preferred embodiment, the slider 50 flys about
8 micro-inches (20.32 micro-centimetres) above the disk
surface when a disk 14 rotates at about 1000 inches per
second (about 2540 cms per second). To provide faster

This ig ke raplacement shoet

2 2 SEP 1998

Tiaten



relatively shallow compared to the negative pressure area 122, which is
etched to about 10 microns below the air bearing surfaces 116 and 118. The
edge steps 125 are drawn out of scale and actually look simlar to the edge
steps 76 shown in Figure 8. To naxinise the slider stiffness, the edge

steps 125 are applied to each rail, such that they termnate prior
to the leading and trailing edges 142 and fﬁ This maxi mses the air

beari ng surface area that devel ops positive pressure
take off when the disk begins to rotate, the rails 42

and 44 include leading edge tapers 62 and 64. The
tapers 62 and 64 provide faster take off by smoothing
pressure transitions between ambient air and pressurised
air beneath the rails 42 and 44. Faster take off
decreases the length of time that the slider 50 slides
on the disk surface before it begins to fly and thereby
decreases wear on both the slider 50 and the disk 14.

The hour glass rails 42 and 44 are formed by
etching with an ion beam. This forming process is known
as ion milling. Figure 3 -:illustrates a "deep".etch in
which the rails 42 and 44 project out from recessed
areas 54 by about 25 microns. Virtually no air pressure
builds up on the recessed areas 54. Alternatively, the
rails 42 and 44 may be formed with a laser or a similar
etching technique.

Figures 4 and 5 are bottom plan views of the hour
glass rail 42 in Figure 3 and illustrate effective air
bearing surface areas at a 0 skew angle and a skew angle
@. For simplicity of illustration and analysis, the
effective areas of positive pressure are indicated
generally by the numerals 61 and 63. 1In Figure 4, the
rail 42 is shown at a 0 skew angle with respect the wind
16. 1In this instance, the effective area 61 develops
25 positive pressure along the entire length of the rail

42, and triangular area 65, 66, 67 and 68 develop some
additional positive pressure. Figure 5 illustrates the
rail 42 at a skew angle § with respect to the wind, and
the resulting effective area 63 is substantially equal
30 to the effective area 61. As a result, pressurisation
and flying height of the rails 42 and 44 are more
constant over varying skew angles than the conventional
catamaran slider 30 (shown in Figures 2a to 2e). Tri-
angular areas 69 and 71 formed at varying skew angles g
also develop some positive pressure but tend to balance
with the areas 65, 66, 67 and 68. Since the slider 50
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near - t he ends
pressure area

of the rails 112 and 114 whil e maxi m sing the negative
122 near the centre of the 25 slider 110. As a result,

the counter-action between the positive and negative pressure is maxi m sed
to inprove the slider stiffness. The shall ow edge steps 125 -accumul ate
addi tional pressure. Wen the slider 110 fhys at a skew angle [err], 30

t he additi onal
effect of the
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pressure that accumul ates on the edge steps 125 reduces the

skew angle on fly
has less variation in flying height, the average flying

height may be reduced in order to obtain greater
resolution on the individual bit positions on the disk
14 without risk of the slider 50 contacting the disk
surface at high skew angles.

Figure 6 is a perspective view of an alternative
slider 70. The slider 70 has hour glass rails 72 and 74
with etches that form "shallow"” edge steps or blends 76.
The edge steps 76 form inside and outside surfaces that
are recessed from air bearing surfaces 78 and 80 by
about 0 microns to 2.0 microns. The edge stepé 76 are . - (=
positioned along each rail, between leading edges 86 and
trailing edges 88, to form the hour glass shapes of the
air bearing surfaces 78 and 80. When the slider 70 flys
at a skew angle § (shown in Figure 5), the recessed
surfaces accumulate additional pressure that prevents
the slider 70 from losing flying height. This results
in a more even flying height for varying skew angles 4.

In addition to flying height another critical
flying characteristic is roll. At varying skew angles,
sliders tend to roll about their longitudinal axes.

Roll is caused by shifts in the pressure distributions
across the air bearing surfaces 78 and 80 relative to (
the slider pivot point. To reduce roll and to obtain
overall optimum flying characteristics, the dimensions
of the air bearing surfaces 78 and 80 and the edge steps
76 must be adjusted to minimise shifts in pressure
distribution. For example, the edge steps 76 on the
inner and outer edges of each rail may be formed
asymmetrically, with the inside surfaces wider, or
having a larger indentation, than the outside surfaces.
It should be known that the recessed inside and outside
surfaces may be formed with different diﬁensiéns and may
vary from one rail to the other.

In Figure 6, breaks 82 and 84 are positioned
closer to the leading edges 86 than to the trailing
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hei ght .by reducing shifts in the pressure distributions across the air
bearing surface areas 116 and 118. The result is a nore constant fly hei ght
for varying skew angles 0. The slider 110 is also relatively |nsen5|t|ve
16 to crown height variation and di sk wavi ness (see the
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edges 88. The breaks 82 and 84 preferably are spaced
from the leading edges 86 by approximately one third the
length of the slider 70. Positioning of the breaks 82
and 84 may be varied in alternative embodiments (not
shown) to vary flying characteristics, such as pitch.
Pitch is measured by an angle between the disk surface
and a plane generally defined by the air bearing
surfaces 78 and 80. _

When the slider has a positive pitch, the leading
edges 86 typically fly at greater distances from the
disk surface than the trailing edges 88. Incréasing the
pitch angle provides for faster take off when the disk
begins to rotate. Positive pitch also reduces the risk
of a "head crash". When the leading edges 86 fly at
greater distances from the disk surface than the
trailing edges 88, the air bearing surfaces 78 and 80
tend to resist a negative pitch in which the leading
edges 86 will crash into the disk surface. However, too
large a positive pitch adversely affects stiffness or
stability of the trailing edges 88. A small positive
pitch increases the stiffness of the trailing edges 88.
Since transducers, such as the transducers 35 and 37
(shown in Figure 2b) are typically positioned on the
trailing edges 88, increased stability will increase
performance of read and write operations. If the slider
70 flys with too small a positive pitch, a bump may
cause the slider to rotate into a negative pitch and
crash into the disk surface.

Pitch much be accurately controlled to achieve
optimum flying characteristics. The pitch angle is
adjusted by varying the pressure gradients along the air
bearing surfaces 78 and 80. The breaks 82 and 84 may be
positioned closer to either the leading edges 86 or the
trailing edges 88 to vary pressure distribution along
the air bearing surfaces 78 and 80. Typical pitch
angles range from about 100 micro-radians to about 300
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di scussi on above with reference to Figure 6). Figure 11 illustrates an
alternative rail geonetry that nay be used with or wthout the cross-rai
120. 5 El ongat ed breaks 126 and 128 divide the air bearing surfaces
116 and 118 into three portions. The air bearing surface 116 is divided
into a forward surface 130, a central surfare 132, and a rearward surface
134. Simlarly, the air bearing surface 118 is divided into a 10

forward surface 136, a central surface 138, and a
micro-radians.

As the disk 14 drags air (wind 16) beneath the
rail 72 and'74, skin friction along the air bearing
surfaces 78 and 80 causes the air pressure to increase.
The breaks 82 and 84 divide the air bearing surface 78
and 80 into forward surfaces and rearward surfaces. The
forward surfaces are adjacent the leading edges 86 and
rearward surfaces are adjacent the trailing edges 88.
Positioned between the forward and rearward surfaces are
central surfaces, which are adjacent the breaks 82 and
84. Since the central surfaces have narrower air €
bearing surfaces than the forward surfaces, a portion of
the air pressure bleeds off at the breaks 82 and 84. _
This portion is not available to pressurise the rearward
air bearing surfaces. This results in greater air
pressure towards the leading edges 86 and less air
pressure towards the trailing edges 88, which causes the
slider 70 to increase pitch angle. To reduce the pitch
angle, the breaks 82 and 84 are positioned closer to the
leading edges 86 than to the trailing edges 88. The
resulting pressure distribution reduces the pressure on
the forward air bearing surface areas and thereby
reduces the pitch angle.

Since the air pressure bleeds off near the breaks {
in the hour glass rails, the average flying height of an
hour -glass catamaran slider (with breaks) drops from
that of a catamaran slider of the same width.

Therefbre, the air bearing surfaces 78 and 80 are formed
to be wider near the leading and trailing edges 86 and
88 than the air bearing surfaces 38 and 39 of the
conventional catamaran slider 30 shown in Figure 2c.

The edge steps 76 do not fully extend from the breaks 82
and 84 to the leading and trailing edges 86 and 88 but
terminate prior to the leading and trailing edges.
Terminating the edge steps 76 prior to the leading and
trailing edges 86 and 88 maximises the width of the air
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rearward surface 140. The breaks 126 and 128 are spaced ( fromthe

| eadi ng edges 142 by about approximtely one third the length of the slider
110. As aresult, the forward surfaces 130 and 136 are snuller than the
rearward surface$ 134 and 140.- The central surfaces 132 and 138 have
general ly rectangul ar shapes. The negative pressure area 122 created by the
cross-bar 120 reduces flying height senstividy to tangential disk velocity

As the disk rotates, the air

bearing surfaces 78 and 80 near the leading and trailing
edges. The wider surfaces build up more air pressure
and prevent the slider 70 from flying too close to the
disk surface. The wider air bearing surfaces 78 and 80
also create more room to secure transducers on the
trailing edges 88, such as the transducers 35 and 37
shown in Figure 2b.

Typically, a gimbal spring connects the slider 70
to an actuator arm, such as the arm 12 shown in Figure
2a. The gimbal spring includes a dimple that provides a
pivot about which the slider 70 can pitch and roll while
following the topography of the disk surface. The hour
glass shape of each rail improves pitch stiffness of the
air bearing about the point at which the dimple contacts
the slider. Because the air pressure bleeds off near
the breaks 82 and 84, the "area elements" of the air
bearing surfaces 78 and 80 having vertical stiffness
(formed by positive pressure) are concentrated near the
leading and trailing edges 86 and 88 of the slider 70,
remote from the pivot point. Thus, the vertical
stiffness of each area element is "multiplied" by a
longer moment arm to give a higher pitch stiffness.

Creating the hour glass shapes by applying the
edge steps 76 to each rail such that they terminate
prior to the leading and trailing edges 86 and 88 also
improves, or reduces, flying height sensitivity to crown
height variations. The air bearing surfaces 78 and 80
are not perfectly flat from the leading edges 86 to the
trailing edges 88, but are slightly convex. There are
two causes for the convex shape. First, manufacturing
30 errors in the process of securing the slider 70 to the
| gimbal cause deformation of the slider. Second,

designers intentionally "round" the air bearing surfaces
78 and 80 to reduce wear on the surfaces. The crown
height is a measure of the degree of roundness and can
vary from one slider to the next. An increase in crown
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20 . velocity beneath the air bearing surfaces is greater at the outer
radi us of the disk than at the inner radius. Therefore, the positive
pressure built along the air bearing surface is greater at the outer radius
than at the.inner radius. However, "the negative pressure also increases at
the outer radius. The increase in negativel@ressure counter-acts the

I ncrease in positive pressure to reduce changes to flying hei ght caused by

changes in air velqcity.
height causes the pressure to increase near the mid-

sections of the air bearing surfaces 78 and 80, which

causes an increase in flying height. However, the edge

steps 76 counter-act this effect. Since the edge steps

76 cause the air pressure to bleed off near the mid-

sections, an increase in crown height has a negligible

effect on the air pressure near the mid-sections.

Therefore, the hour glass shapes reduce the flying

height sensitivity to crown height variations. The hour
glass shapes also reduce flying height sensitivity to )
low frequency disk waviness, since the disk waviness ( _
effect pressure on the air bearing surfaces 78 and 80
similar to crown height variations.

Figure 7 to 10 are greatly enlarged sectional
views of a rail, such as the rail 74, taken along the
lines 7 -~ 7 of Figure 6 and illustrate alternative edge
step embodiments. Figure 7 illustrates an embodiment in
which the edge step 76 are "true" steps. Figﬁre 8
illustrates an alternative embodiment in which the edge
steps 76 are chamfered. Figure 9 illustrates an
alternative embodiment in which the edge steps 76 are
wide, shallow chamfers between the air bearing surface
80 and the inside and outside edges of the rail 74. (
Figure 10 illustrates another alternative embodiment in
which the edge steps 76 are shallow edge blends. It
should be understood that any of these embodiments, or a
combination of them, may be used within the scope of the
present invention.

Figure 11 illustrates an hour glass slider similar
to the slider 70 shown in Figure 6, but having a cross-
30 rail. Sliders having cross-rails are typically called

negative pressure air bearing (NPAB) sliders, as opposed
to catamaran sliders which do not have crosé-rails. An
hour glass NPAB slider 110 includes rails 112 and 114
having air bearing surfaces 116 and 118 respectively. A
cross-rail 120 extends between the rails 112 and 114.
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The hour gl ass air bearing.surfaces 116 and 118 further reduce changes in
flyi ng hei ght caused by changes in air velocity. At higher air speeds,

i ncreases in positive pressure are greater than increases in negative
pressure. Since the air bearing surfaces 116 and 118 are narrower at the
central surfaces 132 and 138 the positive pressure bleeds off into the
negative pressure cavity 122 to reduce i nck8ases in positive

In the preferred embodiment, the cross-rail 120 is
positioned closer to the leading edge 121 than the
trailing edge 123.

During operation, the cross rail 120 creates a
negative pressure area 122, which counter-acts the
positive pressure built along the air bearing surfaces
116 and 118 and increases slider stability and
stiffness. The negative pressure area 122 is created
between the rails 112 and 114 and between the cross-rail
120 and the trailing edge 123.

The slider 110 further includes edge steps 125.
The cross-rail 120 and edge steps 125 may be etched to
approximately 0 microns to 2.0 microns below the air
bearing surfaces 116 and 118. The edge steps 125 are
relatively shallow compared to the negative preséure
area 122, which is etched to about 10 microns below the
air bearing surfaces 116 and 118. The edge steps 125
are drawn out of scale and actually look similar to the
edge steps 76 shown in Figure 8. To maximise the slider
stiffness, the edge steps 125 are applied to each rail,
such that they terminate prior to the leading and
trailing edges 142 and 124. This maximises the air
bearing surface area that develops positive pressure
near the ends of the rails 112 and 114 while maximising
the negative pressure area 122 near the centre of the
25 slider 110. As a result, the counter-action between the

positive and negative pressure is maximised to improve
the slider stiffness.

The shallow edge steps 125 accumulate additional
pressure. When the slider 110 flys at a skew angle 4,

30 the additional pressure that accumulates on the edge
steps 125 reduces the effect of the skew angle on fly
height by reducing shifts in the pfessure distributions
across the air bearing surface areas 116 and 118. The
result is a more constant fly height for varying skew
angles @. The slider 110 is also relatively insensitive
This is the replacement sheet
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17 pressure.

The positive pressure is even further reduced since the area

of .greatest negative pressure, the central region of the negative pressure
area 122 is adjacent the central surfaces 132 and 138. Therefore, 5 _
the negative pressure area 122 draws nore air off the central surfaces 132

and 138 to further reduce increases 16
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to crown height variation and disk waviness (see the
discussion above with reference to Figure 6).

Figure 11 illustrates an alternative rail geometry
that may be used with or without the cross-rail 120.
Elongated breaks 126 and 128 divide the air bearing
surfaces 116 and 118 into three portions. The air
bearing surface 116 is divided into a forward surface
130, a central surface 132, and a rearward surface 134.
Similarly, the air bearing surface 118 is divided into a
forward surface 136, a central surface 138, and a
rearward surface 140. The breaks 126 and 128 are spaced
from the leading edges 142 by about approximately one
third the length of the slider 110. As a result, the
forward surfaces 130 and 136 are smaller than the
rearward surfaces 134 and 140. The central surfaces 132
and 138 have generally rectangular shapes.

The negative pressure area 122 created by the
cross-bar 120 reduces flying height senstivity to
tangential disk velocity. As the disk rotates, the air
velocity beneath the air bearing surfaces is greater at
the outer radius of the disk than at the inner radius.
Therefore, the positive pressure built along the air
bearing surface is greater at the outer radius than at
the inner radius. However, the negative pressure also
increases at the outer radius. The increase in negative
pressure counter-acts the increase in positive pressure
to reduce changes to flying height caused by changes in
air velocity.

The hour glass air bearing surfaces 116 and 118
further reduce changes in flying height caused by
changes in air velocity. At higher air speeds, increases
in positive pressure are greater than increases in
negative pressure. Since the air bearing surfaces 116
and 118 are narrower at the central surfaces 132 and 138
the positive pressure bleeds off into the negative
pressure cavity 122 to reduce increases in positive
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in posjtive pressure. As a result, changes in positive and negative
pressure remain substantially equal over varying tangential disk

vel ocities. The slider having hour glass rails according to 10 t he
present invention provides a near constant gir beari ng surface area and
pressure distribution while flying at vary}ng skew angl es and di sk
velocities. As a result, the slider having hour glass rails has inproved

flying charactgrighhes. overne pd¥itivé pressure is even further
reduced since the area of greatest negative pressure,
the central region of the negative pressure area 122 is
adjacent the central surfaces 132 and 138. Therefore,
the negative pressure area 122 draws more air off the

> central surfaces 132 and 138 to further reduce increases
in positive pressure. As a result, changes in positive
and negative pressure remain substantially equal over
varying tangential disk velocities. '

The slider having hour glass rails according to

10 the present invention provides a near constant air
bearing surface area and pressure distribution while
flying at varying skew angles and disk velocities. As a
result, the slider having hour glass rails has improved
flying characteristics over the prior art.
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18 CLAINB
18
CLAIMS
1. An air-bearing disk head slider for supporting an electro-magnetic transducer

proximate a rotating magnetic disk, said slider comprising:

a slider body (50,70,110) having a leading edge (51,121), a trailing edge
(52,123) and first and_' second edges therebetween; and

first and second side rails (42,44; 72,74; 112,114) disposed on the side of the
slider which is opposed to the disk, extending respectively adjacent said first and said
second side edges, each of said side rails forming an air bearing surface (46,48; 78, 80;
116,118) with an inside edge and an outside edge extending between the leading edge
and the trailing edge wherein

a portion of the inside and outside edges converge together toward a central
region of the air bearing surfaces to form intermediate surfaces (76, 125), characterised in
that the intermediate surfaces are raised above the slider body and are recessed from the
air bearing surfaces to form shallow steps which, when the slider is in use, accumulate
additional pressure on the rails if the slider flys at a skew angle.
2. A slider according to claim 1 characterised in that the air bearing surface of each
of the first and second side rails has a forward surface portion (130,136) extending from
the leading end thereof to the narrowed surface portion and a rearward surface portion
(134,140) extending from the trailing end thereof to the narrowed surface portion, and in
that the forward surface portion has a smaller area than the rearward surface portion.
3. A slider according to claim 1 or 2 characterised in that the narrowed surface
portion of the air bearing surface of each of the first and second side rails is spaced from
the leading end thereof by about one third of the lgngth between the leading and the
trailing ends thereof.

4, A slider according to any of claims | to 3 characterised in that the narrowed

surface portion has a substantially rectangular shape.

* c L M S *
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1. An air-bearing disk head slider for supporting an el ectromagnetic
transducer proximate a rotating nagnetic disk, said slider conprising: a
slider body (50, 70,110) having a | eading edge (51,121), a trailing edge

" (52,123) and .first and second edges therebetween; and first and second side
rails (42,44; 72,74; 112,114) disposed on the side of the slider which is
opposed to the disk, extending respectively adjacent said first and said
second side edges, each of said side rails formng an air bearing surface
(46,48; 78, 80; 116,118) with an inside adgge and an outsi de edge extending
bet ween the | eading edge and the trailing edge wherein

5. A slider according to any of claims 1 to 4
characterised in that the air bearing surface of each of
the first and second side rails has substantially the
same width adjacent the leading and trailing ends
thereof, and in that the narrowed surface portion has a
width which is substantially half said width adjacent
the leading and trailing ends. _

6. A slider according to any preceding claim
characterised in that said converging inside and outside
edge portions extend substantially the full length
between the leading and trailing ends of the air bearing
surface of each of the first and second side rails.

7. A slider according to any of claims 1 to 5 charac-
terised in that said converging inside and outside edge
portions extend less than the full length between the
leading and trailing ends of the air bearing surface of
each of the first and second side rails.

8. A slider according to any preceding claim charac-
terised ‘in that said converging inside and cutside edge
portions form edge steps.

9. A slider according to any preceding claim charac-
terised in that said converging inside and outside edge
portions comprise chamfers.

10. A slider according to any of claims 1 to 8 charac-
terised in that said converging inside and outside edge
portions comprise edge blends.

11. A slider according to any preceding claim charac-
terised in that said converging inside and outside edge
portions adjoin recessed inside and outside surfaces,
which are set back from the air bearing surfaces by
about 0 microns to 2.0 microns.

12. A slider according to claim 11 characterised in
that the recessed inside surfaces have different
dimensions from the recessed outside surfaces.

(3]
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a portion of the inside and outside edges converge together toward a
central region of the'air bearing surfaces to forminternedi ate surfaces
(76,125), characterised in that the internediate surfaces are raised above
the slider body and are recessed fromthe air bearing surfaces to form
shal | ow steps which, when the slider is {n use, accunul ate additi onal
pressure on the rails if the slider flys at a skew angle. 2. A slider
according to claim1l characterised in that the air -bearing surface of each
of the first and second sideTalls has~e<Jorward surface portion (130, 136)
extending fromthe | egéf'ng end thereof to The nwrred face portion and
a rearward surface p0Ortion (134, 140) ten épo 0 théjz%?Jjng end

t hereof to the“ng’rowed surface pfrt' : [ '

78
A\
-

. .
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that the forward surface portion has a smaller area than the rearward
surface portion. 3. :+ A slider according to claim1 or 2 characterised in
that the narrowed surface portion of the air bearing surface of each of the
first and second side rails-is spaced fromthe | eading end thereof by about
one third of the length between the | eading and the trailing ends thereof.
4. A slider according to any of clains | to 3 characterised in that the
narrowed surface portion has a substantially rectangul ar shape.

Fu. _25
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19 5. , A slider according to any of clains 1 to 4 characterised in that
the air bearing surface of each of the first and second side rails has
substantially the same width adjacent the | eading and trailing ends
thereof, "and in that the narrowed sy face portion has a width which is
substantially half said wdth adjacent the |eading and trailing ends.
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6. A slider according to any preceding claimcharacterised in that said

convergi ng inside and outside 10 edge portions extend substantially
the full length between the |eading and trailing ends of the air bearing
surface of each of the first and segpnd side rails. 7. A slider
according to any of clainms 1 to 5 charac- terised in that said converging
I nsi de and out si de edge portions extend less than the full |ength between
the 15 | eading and trailing ends of the air bearing surface of

g‘so 7
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each of the first and second side rails. 8. A slider according to any

preceding claimcharac-* terised in that said converging inside and outside

edge portions form edge steps. 9. A slider according to any preceding

claimcharac- terised in that said converging inside and outside edge

- portions conprise chanfers. 10. A slider according to any of clains 1 to
8 charac- terised in that said converging inside and outside edge

| /6
16 :
m" Rl
:
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25 _ portions conprise, edge blends. 11. A slider according to any
preceding claimcharat- terised in that said converging inside and outside
edge portions adjoin recessed inside and outside surfaces, which are set
back fromthe air bearing surfaces gy 30 about 0 mcrons to 2.0

m crons. 12. A slider according to claim11l characterised in that the
recessed inside surfaces have different dinensions fromthe recessed
out si de surfaces.
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The invention provides an air bearing disk head
slider for supporting an electro-magnetic transducer
proximate a rotating magnetic disk. The slider comprises
a slider body (50) having a leading edge (51), a
trailing edge (52), and first and second side edges
therebetween, and first and second side rails (42, 44)
extending adjacent the first and second side edges,
respectively. Each of the side rails forms an air
bearing surface (46, 48) having a narrowed surface
portion located between a leading end and a trailing end
of the rail. Each air bearing surface has inside and
outside edges, which converge towards the narrowed
surface portion.

[Figure 3]



