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Conventional magnetic disk drives are information storage devices

5 which utilize at least one rotatable magnetic media disk with concentric
data tracks, a read/write transducer for reading the data from or writing
the data to the various tracks, an air bearing slider for holding the
transducer adjacent to the track generally in a flying mode above the
mgdia, a suspensioh for resiliently holding the slider and the transducer

10 over the data tracks, and a positioning actuator cohnected to the

transducer/suspension combination for moving the transducer across the
media to the desired data track and maintaining the transducer over the

data track during a read or a write operation.

The suspension is required to maintain the transducer and the
15 slider adjacent to the data surface of the disk with a low controlled -
loading force. The actuator positions the transducer over the correct
track according to the data desired on a read operétion or to the correct
track for placement of the data during a write operation.' The actuator
positions the transducer over the correct track by shifting the

20 transducer/suspension combination generally transverse to the track.

The air bearing slider supports the transducer above the disk with
a cushion of air that is generated by the rotating disk. Because the
recording density of a magnetic disk drive is limited by the height of
this air cushion between the transducer and the media, a goal of air
25 bearing slider design is to "fly" the slider as close as possible to the

magnetic media while avoiding physical impact with the media.

Alternatively, the transducer may operate in-contact with the disk.
Voo -Touching.the'media presents unique problems in wear and, during operation
\ of the disk file, the possibility~of a catastrophic impact between the
E \ _ " 30 transducer and an asperity on the media. To minimize these problems, it .
1 : has been recognized that the:loading force on the suspension system must
z be reduced to a low level. A:variety of mechanisms have been disclosed
\ - which attempt to implement such a contact recording disk file.

Structured to work in a perpendicular recording environment, these

35 devices permit the head and suspension to be. easily gpnufactured. u.s.
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15 slider adjacent to the data surface of the disk with a |ow controlled

| oading force. The actuator positions the transducer over the correct track
aceording to the data desired on a read operation or to the correct track
for placenent of the data during a wite operation. The actuator positions
t he transducersagrez-othe correct track by s@fting the 20

t ransducer/ suspensi-on conbi nation generally transverse to the track. The
air bearing slider supports the transducer above the disk with a cushion of
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referred to as "reed" dev1ces because of their rough similarity in shape
to a reed for a musical instrument. In a preferred embodiment, Hamilton
‘discloses an elongated, dielectric flexure body of aluminum oxide having
10 a magnetic pdie=structure and helical coil integrally formed at one end
of the flexure body with embedded copper conductor leads runniﬁg the
length of the flexure body to provide elgctricél connection for the
transducer. The integral structure is fabricated:utilizing conventional

vapor deposition and photolithography techniques.

15 As noted above, contact recording permits higher recording
densities unaffected by variations in flying height. The rate at which
such recorded data can be read from or written to the magnetic recording
device is inherently limited by the rate at which the magnetic media
spins. ﬁigher rotation rates are desirable since they result in faster

20 access to data. Unfortunately, high spin rates in combination with the
low static load of a contact recording transducer/suspension assembly can
cause the transducer to lose contact with the magnetic media. This
phenomena is known as "lift-off" of the transducer from the media. The
linear speed at which the lift-off occurs is known as the lift-off

.25 wvelocity. For a given disk rotation rate, the lift-off problem is more
severe at the outer radius of the disk where the highest relative linear

velocity between the media and the transducer is experienced.

This lift-off problem is typically addressed by increasing the
static load on the suspension assembly and thereby increasing the force
30 that maintains the transducer in contact with the media. This solution
~ has the undesirable effect of increasing the wear caused by the sliding
contact of the transducer and the disk surface. High wear rates limit
the useful life of the magnetic disk drive and, if high enough, may
render the device impractical. Furthermore, increased suspension loading
35 increases the likelihood that contact with a disk asperity will damage
the transducer/suspension assembly. In addition, increased static load on
the suspension increases the stiction force bethen the transducer and
the media at zero velocity. Oveuﬁgm1ng this force during the start of
i—.
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.30 transducer and an asperity on the media. To
It has been recogni zed that the | oading force on tj
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increasing the suspension loading force.

5 In accordance with the present inQention, there is now-provideé a
data étorage device comprising: a housing; at least one rigid data
storage disk rotatably mounted in said housing; an actuator arm
positioned in said housing in proximity to said data storage disk; a
susbension aésembly shaped to have a pad portion and having a first end

10 and a second end, said pad portion located on said first end of said
suspension assembly and positioned fof contact with said data storage
disk, said second end of said suspension assembly coupled to said
actuator arm; a transducer, located at said first end of said suspension
assembly, for reading and writing data on said data storage disk; and

15 means for rotating said data storage disk in said housing to move a point
on said disk in a direction from said first end of said suspension
:assembly to said second end of said suspension assembly so as to subject
said suspension assembly to compressive forces when said pad portion is
iin contact with said data storage disc.

20

' .In a preferred embodiment of the present invention there is
provided an apparatué in which the lift-off problem is solved by mounting
the transducer/suspension assembly such that the rotation of the disk
creates an additional dynamic loading to counteract the lift-off forces

25 generéted by rotation of the disk. - As the rotation rate”of the disk is
increased and lift-off forces grow, so do ithe offsetting dynamic loads
created by the transducer/suspension assembly. Optionally, the cross
section of the transducer/suspension assembly may be modified to further
improve this dynamic loading effect. '

30 Viewing a second aspect of the presenht invention, there is now
provided a disk drive assembly comprising:1 a housing; at least one rigid
media disk mounted in said housing; an acthator arm positioned in said
housing in proximity to said media disk; ai transducer and suspension
assembly coupled to said actuator arm and positioned to place said

35 assembly in contact with said media disk; and means for rotating said
media disk in said housing to subject said:transducer and suspension

assembly to compressive forces during rotation of said media disk.
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transducer/suspen5|on assenbl i es of thls gener al forn1are somet i mes
referred to as "reed" devices because of their rf I n shape to
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since they re access to fortunat
rates in conbfRRiird? W Aing eforce on the assembly. In addition, the assemb y is
mounted such that above the media contact point the upper surface of the

transducer/suspension assembly forms a small angle with respect to the
disk surface. As this angle is increased the dynamic loading increases---

10 for a given rotation rate.

A disk drive having features of the present invention comprises a-

housing with at least one rigid data storage disk mounted in the housing.
An actuator arm is positioned in the housing in proximity to the disk.
Coupled to the actuator is a suspension assembly shaped to have a pad

15 portion. The pad portion is positioned in contact with the data storage
disk. A transducer, located near the pad, reads and writes data on the
storage disk. Means are provided for rotating the disk such that a point
on the rotating disk moves in the general direction from the pad toward
the point where the suspension is coupled to the actuator. This places

20 the suspension in compression and greatly increases the rate at which the
'disk can be rotated without causing the transducer/susﬁension assembly to
1ift-off. |

This invention thus provides a contact recording
transducer/suspension assembly which maintains contact with a storage
25 disk even at high rotation rates without the deleterious effects of
increasing the suspension's static load. Further features and
advantages of the invention will become apparent from the following

specification and the accompanying drawings.

A preferred embodiment of the present invention will now be

30 described with reference to the accompanying drawings in which:

FIG. 1 is a schematic diagram of a disk drive system according to
the present invention;

_ FIG. 2 is a top view of a magnetic recording mechanism with a
rotary actuator and employing a reed transducer/suspension assembly in
35 accordance with the present invention;
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| ow static | oad of a contact recording transducer/suspensi on assemly—ean
cause the transducer to |l ose contact wth the magnetic nedia. This
phehonena is known as "lift-off" of the transducer fromthe nedia. The

| i near -speed at which the [ift-off occurs is known as the lift-off 25
velocity. Fogagaggioyen di sk rotation rateg the lift-off problemis nore
severe at the outer radius of the disk where the highest rel ative ‘linear
vel ocity between the nedia and the transducer is experienced. This |ift-off
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|npract|ca rore, rnerea suspen3|on In§ 35 increases the
| i kel i hood that contact with a disk asperity wl I damage

FIG. 4B is a cross-sectional view of a reed transducer/ suspension
assembly in contact with a media disk;

FIG. 5 is a cross-sectional view of one embodiment of a reed
transducer/suspension assembly in contact with a media disk and mounted

10 in accordance with the present invention; and

FIG. 6 is a cross-sectional view taken along section line A-B of
FIG. 2 of- an alternate embodiment of the reed transducer/ suspension

assembly of the present invention.

With reference to FIG. 1; a schematic diagfam of a magnetic

15 recording disk drive is illustrated and is designated by the general
reference number 10, System 10 comprises a disk spindle assembly 12 and
a head actuator assembly 14. Spindle assembly 12 and head actuator
assembly 14 are located within a sealed housiﬁg 16 to prevent
particulate contamination. Spindle assembly 12 comprises a plurality of

20 magnetic recording disks 20 which are mounted to a spindle 22. Spindle
22 is rotated by an in-hub electrical motor which is not illustrated.
Head actuator assembly 14 comprises a voice coil motor 30 which moves an
actuator arm assewmbly 32 relative to the disks 20. Assembly 32 has a
plurality of actuator arms 34, each of which is positioned in a space

25 Dbetween two adjacent disks 20. Each actuator arm 34 has a pair of
read/write heads 36. One head reads the disk positioned above the
actuator arm 34 and the other reads the disk positioned below the

actuator arm 34.

In operation, spindle 22 is rotated by the in-hub motor and motor
30 30 moves the actuator arms 34 between the disks 20 to the desired track
location. One of the read/write transducers 36 then reads or writes data

on the desired track.

Referring now to FIG. 2, a data recording disk file useful for

practicing the present invention is illustrated. The disk file includes



t he transducer/suspension assenbly. In addition, increased static |oad on
t he suspension increases the stiction force between the transducer and the
medi a at zero velocity. Overcoming this force during the start of 3

di sk rotati on can danage the di sk and the transducer/suspension assenbly.
For the foreggidig,lqagsons, there is a need for an apparatus that addresses
the lift-off problemcreated at high rotation rates w thout increasing the
suspensi on | oadi ng force. SUVWARY. OF THE | NVENTI ON Accordi ng to one aspect

of the inventyqn,LOer g, g 2N | ded, 2.t %&%{%%8 Ja%rr‘%d!a%kas%%'fi’at e%%?%‘k”b' y
conprising: a housrng, at [east one rl%td ata _storage #isk rotatably
mount ed i n safd aRd s Fiye means 46 for rotating the disk 44.  The rotary actuator 42

moves a reed assembly 48 in an arcuate path over the disk 44. The rotary

actuator 42 includes a voice coil motor, which comprises a coil 50

5 movable within the magnetic field of a fixed permanent magnet assembly
$2. An actuator arm 54 is attached to the movable coil 50. The other
end of the actuator arm 54 is attached to the combination transducer-

suspension assembly 48.

Referring now to FIG. 3, one embodiment of a suspension/ transducer

10 reed assembly useful for practicing the present invention is illustrated.
The combination suspension/ transducer-slider structure 130 comprises an
elongated generally recténgular_body of a dielectric material such as
aluminum oxide (A1203) or silicon dioxide (Sioz), for example, having a
relatively uniform thickness along most of its length forming a

15 suspension section 137 and a somewhat greater thickness at one end, the -
left end as illustrated, wherein a magnetic read/write transducer or head
140 is formed élong with a slider on a lower side thereof. The term
slider refers to the side of the assembly which is generélly parallel to
and adjacent the media surface in both winchester-type disk files and

20 contact recording applications.

As mentioned above, the reed structure 130 will lift-off from the
disk surface if the rotational velocity of the disk is high enough. In
this case a hydrodynamic air bearing will form between the disk surface
and the slider. As shown in FIG. 3, the slider comprises a shébea

25 protrusion 133 formed on the lower side of the reed assembly body 131.
The surface of the shaped protrusion 133 is coated with a wear layer 135
of suitable material, such as diamond-like carbon, to minimize wear and
damage when the reed assembly contacts the media surface. Although
protrusion 133 as shown in the figures comprises a simple structure,

30 other embodiments of the reed structure can include a multiple-stepped
protrusion which allows the wear layer 135 to continue to provide wear
protection to the slider surface even after the magnetic yoke poletips
have been exposed, either by wear or by a post-fabrication lapping
process intended to reduce the magﬁetic separation between the head and

35 the disk surface caused by the thickness of the wear-resistance layer in

the pole tip region.



an actuator armpositioned in said housing in proxinity to sai d data
e

st orage disk; a suspension assenbly shaped to havg

a distal and a proximal end, said distal end of s§ ng a
smal |, non-zero angle of less than five degrees w { urface
of said data gg405A98, di sk, said pad portign |ocated on 5a =stal _édnd of

sai d suspensi on assenbly and positioned for contact with said data st or age
di sk, said proxinal end of said suspension assenbly coupled to said
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assenbly, for rea t orage di and nmeans
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air generaged %3‘%‘9 ot ation., of said.data storage disk Inpinges on said

di
smal | angl 1%t af “°&hd'% ?ppszli?a 1%rl'f'spenm on assenbly, said pad

portion is in contact wth sald data storage disk. This invention thus
provi des’a cont actin 60 embdagméntanihe Uomblsit$4e meé O AseBBBNDEY comprises a

body 131 of A1203 having a length of 9 to 12 millimeters (mm), a width of
0.5 mm and a thickness of 35 microns for that portion of the body 131
forming suspension sgction 137 and a thickness of 42 to 50 microns for

10 the read/write head-section 133. The reed assembly 130 is fabricated
utilizing well-known deposition and'photolithography techniques on a base
substrate and is described in greater detail in US Patent application
Serial No. 08/002,290 entitled "Integral Transducer-Suspension Assemblies
for Longitudinal Recording" filed on January 8th, 1993 and hereby |

15 incorporated bf reference.

A detailed description of another contact recording mechénisﬁ
useful for practiciﬁg‘the present invention can be found in Us Patent
application Serial No. 07/932,826 entitled "Integrated Transducer-
Suspension Structure for Longitudinal Recording" filed on August 19th,

20 1992 and hereby incorporated by reference.

Referring now to FIG. 4A, the reed structure 130 of FIG. 3 is
illustrated in its unloaded conventional mounting position above magnetic
recording disk 200. The distance between the surface of the disk 200 and
the bottom of the actuator 160 is exaggerated:in the figure and is

25 designated by reference D1. This distance is approximately 1 millimeter
or greater. The direction of rotation of the idisk media is indicated and
" designated by vector V1. The reed structure {130 is typically coupled to
actuator assembly 160 by adhesive bonding to inclined surface 162. '
Inclined surface 162 forms an angle Al with respect to the top surface of
30 actuator 160. This angle is exaggerated in the figure and is
approximately 5 degrees.

In operation of the disk file, actuator {60 would be lowered toward
disk 200 to bring pad 133 into contact with dilsk 200. The compliance of
reed structure 130, being approximately .5 Newtons/meter, is such that

35 reed 130 can bend and a11§w pad 133 to become parallel to the surface of

disk 200. \
' This Sheet Has B
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whi ch” mai ntains contact with a storage disk even at high rotation rates

w thout the deleterious effects of increasing the suspension's static |oad.
Furt her features and advantages of the invention will becone apparent from
the foll ow ng specification and the acconpanyi ng draw ngs. DESCRI PTI ON
OF PREFERRED EAM3GBRIMINTS A preferred enbodg ment of the present invention

wi Il now be described with reference to the acconpanying draw ngs in which:
FIG 1 is a schematic diagramof a disk drive system according to the

present inventi 0”1TJ:xJn§: Qo scoaTItGop4BV| aw pf.s85 L1 Gof BEQE gglsrrechanl srﬁ

with a rotary,actuator and enpl o ree tran ucer/ suspensi on assenbly
i n accor dancelldUehratag iy é%%ﬁ?“‘ieﬁﬁ’é’ﬁflr gRunting position in contact with a

magnetic recording disk 200. The distance between the surface of the
disk 200 and the bottom of the actuator 160 is exaggerated in the figure

5 and is designated by reference D2. This distance is approximately .5
millimeters. Thé degree of curvature of reed 130 is also exaggerated.
The direction of rotation of the disk media is indicated and designated
by vector V2. The reed structure 130 is positioned so that pad 133 is
in contact with the disk 200 and an area 135 above the pad 133 is

10 generally parallel to the surface of disk 200. The static loading on
reed 135, given the difference between D1 and D2 and the compliance of
reed 130, is approximately 20 milligrams.

In operation the disk 200 fotates in the indicated direction and
the pad 133 with an imbedded read/writé transducer remaihs in contact
15 with the disk 200. As discussed above, the structure of FIG. 4B has the
problem of the reed structure 130 iifting off from the surface of the
disk at high disk rotation rates. &ir near the surface of the disk is
moved by frictional forces in the same direction as the disk rotation.
The air flow generated creates a lifting force on reed 130 and eventually
20 this lift overcomes the static loading on the transducer/suspension
assembly. If the rotation rate-.of disk 200 is increased to the point
where the linear velocity of the disk reaches approximately 4 m/s at the
point of contact, the lift-off forces overcome the static loading force
and pad 133 separates from disk 200. At this point pad 133 becomes an
25 air bearing surface. ' ' '

Referring now to FIG. 5, the reed structure 130 of FIG. 3 is
illustrated as mounted in accordance with one embodiment of the present
invention in contact with a magnetic recording disk 200. The distance
between the surface of the disk 200 and the bottom of the actuator 160

30 is exaggerated in the figure and is designated by reference letter D3.
This distance is greater than D2 and is approximately .6 millimeters.
The direction of rotation of the disk media is indicated and designated
by vector V3. The reed structure 130 is coupled to actuator assembly
160, typically by adhesive bonding, and positioned so that pad 133 is in

35 contact with the disk 200 and an area 135 above the pad 133 forms an
angle A3 with respect to the surface of the disk.



SA9-9£—041 5 FIG 3 is a cross-sectional view of

one,  enbodi nent of a reed transducer/suspension assenbly useful in
practicing the present invention; FIG 4A is a cross-sectional view of a
reed transducer/ suspension 5 assenbly in an unl oaded position above a
medi a di sk; Flsme-9¥B8o4s a cross-sectional vgew of a reed transducer/
suspensi on assenbly in contact wwth a nedia disk; FIG 5 is a
cross-sectional view of one enbodi nent of a reed transducer/suspensi on

assenbly in cont actmvwetla@mqemeadgwﬁoap&ta@y% able lﬁdleazeacaa%aqeﬁeanw th

the present in entlo IS a cross-sectional view taken. al on
Sectljon li ne % éL an 1mbedded read/wrgte transducer remafhs &n contact 9

with the disk 200. In contrast to the prior art apparatus, the dynamic
loading on a reed assembly mounted in accordance with.the present

5 invention increases as the rotational rate increases. This is caused by
air flow directed against the top surface of the reed structure 130 in
combination with a pressure differential created in the area below the
reed 130. Therefore, the dynamic load urging the reed 130 towards the
disk increases as the rotational speed of the disk increases. This

10 counteracts the fendenéy of pad area 133 to become an air bearing surface
at high rotation rates. The magnitude of the dynamic loading is strongly
dependent upon the angle A3 formed between the disk surface and the top
surface of the reed 130.at a point above the contact point. The larger
this angle, the larger the dynamic force urging the reed 130 toward the

15 disk. For example, when A3 is .5 dégreés, the lift-off velocity of reed
130 is approximately 8 meters/second. ‘ When A3 has a value of one degree,
the lift-off Veloc1ty exceeds 10 meters/second. This angle is controlled
by varying the difference between the unloaded height of the actuator, D1
and the loaded height, D3. However, the bottom surface of pad area 133

20 must be substantially pérallel to the disk 200 surface even though reed
130 is tilted at an angle with respect to the disk surface. There are
several alternatives for achieving this result.  One.alternative is to
lap the pad area so as to duplicate the angle A3 on the bottom surface.
Alternatively, the angle could be formed by photolithographic techniques

25 during ;?e fabrication of the reed 130.

Referring now to FIG. 6, the cross-section of an alternative
embodiment of the reed structure 48 of FIG. 3 is illustrated. The cross-
section displayed is taken along section line A-B of FIG 2. In this
embodiment, the cross section of reed structure 130 is modified so as to

30 form a taper. 1In the case where the reed 48 is composed of a dielectric

material such as aluminum oxide (Al.0_) or silicon dioxide (SiOz), the

taper could be produced by lapplng,zgilnding, or etching techniques as
are known in the art. The reed 48 of FIG. 6 is oriented so that bottom
surface 310 is adjacent to the disk surface during operation of the disk
35 file. The purpose of the shaped cross-section is to maintain a constant
dynamic load as the actuator moves from the outside diameter of the disk
to the inside diameter. When the actuator arm 94 is accessing an ipside
data track, the relative velocity of the disk surface is lower at éﬁe

contact point. This results in less of a dynamic load on a reed assembly



FIG 2 of an alternate enbodi nent of the reed transducer/ suspension
assenbly of the present invention. Wth reference to FIG 1, a schematic

di agram of a magnetic 15 recording disk drive is illustrated and is
designated by the general reference nunber 10. System 10 conprises a disk
spindl e assenbly 12 and a head actuator assenbly 14. Spindl e assenbly 12
and head act usa%B2-d@4tenbly 14-are located Mithin a seal ed housing 16 to
prevent particul dte contam nation. Spindle assenbly 12 conprises a
plurality of 20 nmagnetic recording disks 20 which are nounted to a spindle
22. Spindl e Waint&d rataicedddnye arith rthiahreedrgcinventilonrpTberafhi<h the tapsr

I1lustrated. HeaQsdf toaleed 4%85@@;!% dfe GO NEN bR/ dhaY QyhGnicOLdadnBivREd 39

whi ch noves an, agt uat or arma ; el t e nbl
32 has a pl ur &% t%§7 o¥3hg °é’f’ﬁa‘°1“5 ace A%tlonaﬁi ( 91’%15@ sé@%&? clg'glr?e&glsﬁ a y

space 25 bet mﬂdt%n@dijhac]@ngﬂ‘d%I@eZGedléi’cFP 88%’(11‘&??)1”‘% ayichleadingaf of
~read/ writ e sheaglsiod6 diaketerficad reads the disk positi oned above the

Although the present invention has been described in considerable
detail with reference to certain preferred versions thereof, other
versions are possible} For example, the preseht invention could have
benefits when used with any integrated transducer/suspension assembly

10 designed for low static load contact recording. Similarly, although the

invention has been described in the context of rotary actuators, it
would be apparent to one skilled in the art that the present invention
would have benefits in a disk file that utilized linear actuators and
positiohed reed assemblies perpendicular to the actuator's line of

;iS travel.



actuator arm 34 and the other reads the di sk positioned bel ow the actuator
arm34. In operation, spindle 22 is rotated by the in-hub notor and notor
30 30 nopves the actuator arns 34 between the disks 7 ; fack
| ocation. One of the read/wite transducers 36 then reddt SHERF HASBEER: A on
the desired tgack, Referring nowto FIG (2)1 a data rdgor di REPUACEDs | | e
useful for practicing the present inventi Fi Is illustrated. "The disk fiTe

i ncl udes SA9- 92- 041 6 a housing 40 in which
is mounted a rotary actuator 42, an assoeci ated disk 44 and a drive neans 46

o oL e Skt The oL st 2 mves S AN AN

1. .A data storage device comprising:
a housing;

at least one rigid data storage disk rotatably mounted in said

5 housing;

an actuator arm positioned in said housing in proximity to said
data storage disk;

a suspension assembly shaped to have a pad portion and having a
first end and a second end, said pad portion located on said first end of
10 said suspension assembly and positioned for contact with said data ~
storage disk, said second end of said suspension assembly coupled to said

actuator arm;

a transducer, located at said first end of said suspension

assembly, for reading and writing data on said data storage disk; and

15 means for rotating said data storage disk in said housing to move a
peoint on said disk in a direction from said first end of said suspension
assembly to said second end of said suspension assembly so as to subject
said suspension assembly to compressive forces when said pad portion is

in contact with said data storage disc.

20 2. A data storage device according to claim 1 wherein said actuator
arm is a rotary actuator arm and said suspension assembly has a
transverse taper thereby creating a force urging said pad portion toward
said data storage disc as air flows over said suspension assembly during

rotation of said data storage disk.

25 3, A data storage device according to claim 1 wherein said first end
of said suspension forms an angle of less than 5 degrees with respect to

the surface of said rigid data storage disk.

4. The data storage device according to claim 3 wherein said small

"angle is less than 2 degrees. .
= l y " -
" This Sheet Has Been Repiaced ~
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actuator 42 includes a-voice ¢oil notor, which conprises a coil 50 5
novabl e-wi thin the mag l ﬂmglxed per menep—hagaet assenply 52.
An” actuator arm54 is gmﬁg m“‘m““ u vabl e coil 5@ THieestdiaiasBeR1 | t he
actuator arm54 is att to the tonbination tranSHucer REFEAGES! On
assenbly 48. Referring nowto FIG 3, one enbodi nent - OfRb
transducer 1627&2d°Yssenbly useful for priticing the present i nvention is
illustrated. The conbi nation suspension/ transducer-slider structure 130
conprises an elongated generally rectangul ar body of a dielectric materi al
such as al unifaum 3xdade gtatfger d§vdfeactyrding diol ¢ladm Idivbstiedr thSingpes £py | f or
exanpl e, havirBgatang &loai iR MyUdteh OdsTh t fHir 6K 2§ FngRb HHA0p AW Hbr tbn itb@ardesyiiyh

formng a 15d§k§8€&salg9q:?1§ﬁca:[sl ?ﬂr }ﬁ%ﬁa&%rasa%‘aﬁgﬁéimgﬁ%%& V\%I teﬁlfss at one

end, the left en erein a I'cC rea ansducer
or head 140 FSt¥3Pmed saidndptai tteragesfitker on a | ower side thereof. The term
slider refers to the side of the assenbly which is generally parallel to -

ﬁﬁ‘f‘iﬂ‘iiiiﬁi’i"m rin




and adj acent the nedia surface in both mnnchester type disk files and 20
contact recording applications. As nentioned above, t
witl lift-off fromthe disk surface if the rotationa
i's high enough. In this case a hydrodynam c air beari g ‘

the disk surface and the slider. As shown in FIG 3, the slider conprlses a
igzlipe_(il_hZS pr]?§H’QU§2-?Q1133 formed on the | ower side of th

e surface of the shaped protrusion 133 is coated

135 of suitable material, sEch gs di anond-1|i ke carbon, t%ipsgee%@ﬁeeh%ﬂced
damage when the reed assenbly contacts mﬁemn@dia sufface
protrusion 133 as shown in the figures conprises a sinple s
ot her enbodi nents of the reed structure can include a nultiple- stepped

protrusi on which all ows the WBEFATING MAGNETEC SFORMGR{NENLE t 0 provi de wear
protection to the slider surface even after.- the magneti c yoke poletips have

been- exposed, eithgy, @ésWEn@nt?&ﬁ Aoests bahakcatiaibappi ng

transducer/suspension assembly over a magnetic recprdlng disk such that

5 the rotation of the disk creates an additional dynamic loading to
counteract the lift-off forces generated by rotation of the disk. BAs the
rotation rate ef.the disk is increased and lift-eff forces grow, so do
the offsetting dynamic loads created by the transducer/suspension
assembly. Optionally, the cross section of the transducer/suspension

10 assembly is modified to further improve this dynamic loading effect.

The present invention mounts the transducer/suspension assembly in
a contact recoding disk file so as to place the assembly in compression
once disk rotation is initiated. The assembly is mounted so that the
frictional force between the assembly and the disk "pushes" the assemblj
15 against its mounting instead of applying a "pulling" force on the '
assembly.



process intended to reduce t he magneti c separation between the head and 35
the, di-gk surface caused by.the thickness of the wear-resistance |ayer in
. th& pole tip region. 7 The read/wite head 140 is fornmed integrally with

- “the suspension section 137 to provide the conbination reed assenbly 130.
- The read/write head 140 conprises a ring- type head utilized in horizontal

recordi ng applications, but can alternatively conprise a probe-type head
for perpendicul ar recording appllcatlons %n one enftiodifient, the: :
.combi nation reed assenbly 130 conpri ses d/ ody 131 of: Al[err]O[err] haV|ng
a length of 9 to 12.mllineters (m), a wdth of 0.5mm and a thickness of
35 mcrons for that portion of the body 131 form ng suspension section 137
and a thickness of 42 to 50 mcrons for the read/ wite head section 133.
The reed
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assenbly 130 is fabricated utilizing well-known deposition and

phot ol it hography techni ques on a base substrate. A detailed description of
anot her contact recordi ng nmechani smuseful for practicing the present

i nvention can be found in US Patent No. 5,486,963 entitled "Integrated
Transducer - Suspensi on Structure for Longitudinal Recording"” filed on August
. 19th 1992 and hereby incorporated-by reference. Referring now to Fig. 4A

- the reed structure 130 of Fig. 3 is iLIusZ? ted in its unl oaded

- conventional nounting position above nmagn c recording disk 200. The

di stance between the surface of the disk 200 and the bottom of the actuator
160 is exaggerated.in the figure and is designated by reference DL. This
di stance is approximately 1nm or greater. The direction of rotation of the
disk nmedia is indicated and designated by vector V1. The reed structure 130
is typi.cally coupled to actuator assenbly 160 by adhesive bonding to
inclined surface 162. Inclined surface 162 forns an angle Al with respect .
to the top surface of actuator 16Q. This angle is exaggerated jn the figure
and is approximately § degrees. '




In operation of the disk file, actuator 160 woul d be | owered toward di sk
200. The conpliance of reed structure 130, being approximtely .5
Newt ons/ nmeter, is such that reed 130 can bend and all ow pad 133 to becone
parallel to the surface of disk 200. SA9- 92- 041

8 Turning nowto FIG 4B, the reed structure 130 of FIG 3 is illustrated
inits conventional nounting position in contact with a magnetic recording
di sk 200. The distance between the surféhéﬁof t he di sk 200 and the bottom
of the actuator 160 is exaggerated in the figure 5 and is designated by
reference D2. This distance is approximately .5 millinmeters. The degree of
curvature of reed 130 is al so exaggerated. The direction of rotation of the
di sk nmedia is indicated and designated by vector V2.  The reed structure
130 is positioned 'so that pad 133 is '
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in contact with the disk 200 and an area 135 above the pad 133 is 10
general:ly parallel to the surface of disk 200. The static |oading on reed
135, given the difference between D1 and D2 and t he conpliance of reed 130,
is approximately 20 mlligrans. In operation the disk 200 rotates in the -
i ndicated direction and the pad 133 with an inbedded read/wite transducer
remains in contact 15 with the disk 200. As di scussed above, the structure
of FIG 4B has the problem of the reed: st4_ ure 130 lifting off fromthe
surface of the disk at high disk rotation es. Air near the surface of
the disk is noved by frictional forces in the sanme direction as the disk
rotation. The air flow generated creates a lifting force on reed 130 and
eventually 20 this. lift overcones the static |oading on the

transducer/ suspensi on assenbly. |If the rotation rate of disk 200 is
increased to the point where the |inear velocity of the disk reaches
approximately 4 nis at the point of contact ‘the lift-off forces overcone .
the static |oading force

160

AN

162

///////////////////////////////

DISK VELOCITY 200

FIG 44



and pad 133 separates fromdi sk 200. At this point pad 133 becones an 25
air bearing surface. Referring nowto FIG 5, the reed structure 130 of
FIG 3 is illustrated as mounted in accordance w th one enbodi nent of the
present invention in contact with a nmagnetic recording disk 200. The

di stance between the surface of the disk 200 and the bottom of the actuator
160 30 is exaggerated in the figure and is designated by reference.letter .

D3. This distance is greater than D2 and i & /@pproximately .6 millinmeters.
The direction of rotation of the disk nmedia is indicated and desi gnated by
vect or V3. The reed structure 130 is coupled to actuator assenbly 160,
typi cally by adhesive bonding, and positioned so that pad 133 is in 35
contact with the di-sk 200 and an area 135 above the pad 133 forns an angle

A3 with respect to the surface of the disk.
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9 In operatlon t he di sk 200 rotates
TP{ TS 3=witk- a redde ad/ wite
e AS BERRO| MEB! ¥B] pri or

‘SA9- 92- 041
in the I ndicated direction and
transducer renmins in contac

art apparatus, the dynamic e»-._ R.""/é aCkBed asjsefb[y MO ea—- cor dance
with the present 5 invention increasés as the rofa |g}$& at e irjcrleases.
This is caused by air flow directed agai 3t the tjod s 1996tre. reed
structure 130 in conbination with a pressure difflerental—created ifn the

area below the reed 130. Therefore, the dynam c}l oad urgi ng the reed 130
towards the disk increases as the rotational speed o eases.

This 10 counteracts the ROTETINGMAGNEHCSTORAGHDERICBE an air bearing
surface at high rotation rates. The magni tude of the dynamic loading is

strongly dependent upon the angle A3 forned between the di sk surface and
the top s&ﬁg.f\ﬁ&ﬁf the reed 130 at a point above the contact point. The
| ar ger

The present invention mounts a contact recording transducer/suspension assembly
over a magnetic recording disk (20) such that the rotation of the disk (20) creates an
additional dynamic loading to counteract the lift-off forces generated by rotation of the disk
(20). As the rotation rate of the disk (20) is increased and lift-off forces grow, so do the
offsetting dynamic loads created by the transducer/suspension assembly (32). Optionally,
the cross section of the transducer/suspension assembly (32) is modified to further improve

this dynamic loading effect.

The present invention mounts the transducer/suspension assembly in a contact
recoding disk file.(20) so as to place the assembly (32) in compression once disk (20)
rotation is initiated. The assembly is mounted so that the frictional force between the
assembly (32) and the disk (20) "pushes" the assembly (32) against its mounting instead of
applylng a "pulling" force on the assembly.
Fig. 1

.: " This Sheet Has Been R,
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b

this angle, the larger the dynam c force urgin e e BT T
! b TREPLACEN %)

di sk. For exanple, when A3 is .5 degrees, the [N (S

is approxi mately 8 meters/second. When A3 has al uerof one dé
lift-off velocity exceeds 10 neters/second. Thils [angl£AUG BIPL T
varying the difference between the unl oaded heijght g‘fff‘he act ug

}

the | oadedjifieir8fition Bn ditMecthe KR At theirfigid

rd the 15
f reed 130

egltee, the

olil ed by

t

r, D1 and

1.33Fap tmist

be substantially parallel to the disk 200 surfgce even though redd 130 is

tilted at fafecditll eeadbhs) theepiecd ntel foreardbpparatoy trac addrekses dharift-effvigoblem

~alternatives for achieving this result. One alternative is to lap the pad

area so ascregsted aphighabtatibh eates glithovtGinareasihg thesuspension ddading forde.er nat i vel y,
the angle could be fornmed by phot ol itholgraﬁhi c techniques 25 during the

fabrication of the reed 130.8 S Y

an alternative enbodi nent of the reed strucfure 48 of FIG 3.is

illustrated. Areordingst9-ongaspechAf desipvention theres pEayidadeontart reenrding flisky g

of FIG2. In this . .
' drive assembly comprising:

~ a housing;
at least one rigid data storage disk rotatably mounted in said housing;

BNY¥ENTION t he cross-section of

an actuator arm positioned in said housing in proximity to said data storage disk;

a suspension assembly shaped to have a pad portion and having a distal and a

proximal end, said distal end of said suspension forming a small, non-zero angle of less

than five degrees with respect to the surface of said data storage disk, said pad portion

located on said distal end of said suspension assembly and positioned for contact with

actuator arm;

said data storage disk, said proximal end of said suspension assembly coupled to said

a transducer located at said distal end of said suspension assembly, for reading and

writing data on said data storage disk; and

means for rotating said data storage disk in said housing to move a point on said

disk in a direction substantially from said distal end of said suspension assembly to said

proximal end of said suspension assembly, such that when air generated by the rotation

of said data storage disk impinges on said small angle of said distal end of said

suspension assembly, said pad portion is in contact with said data storage disk.

This invention thus provides a contact recording transducer/suspension assembly

which maintains contact with a storage disk even at high rotation rates without the

deleterious effects of increasing the suspension's static load. Further features and

advantages of the invention will become apparent from the following specification and

the accompanying drawings.



enbodi ment, the cross section of reed structure 130 RIS VAN Is OF1iEE
forma taper. In the case where the reed 48 is conpogdeq of a dielectfik
mat erial such as al um num oxide (Al[err]O[err]) or sifli Coﬁi@%im( i
the taper could be produced by |apping, drinding, or feffcht'n c qyes
are known in the art. The reed 48 of FIG 6 is orient

il e Tha purpose of tRESCRISTION ICPRERERII £ipd A
? Kgaimngi l}lgagi g%‘eﬁ’ggeﬁ%g%ﬁ t?ﬁﬁ%‘?é%:%?%és?n%% §ﬁ accessl nge[genq?%cgilgggd%’g?at °

track, theréf@feﬁ&%‘(@th\éeio@&h dhydlg 8R%isPsSk wiiis:ace is lower at the contact
u I '

point. This results In les f a dynamic | oad on a reed assenbly
SA9- 92- 041 FIG. 1 is a schematic diagram of(a disk drive system according to the present

invention;
FIG. 2 is a top view of a magnetic recording mechanism with a rotary actuator and

employiﬁg a reed transducer/suspension assembly in accordance with the present

invention;



~Ther ef ore

mounted in accordance wth the present i nven
added to reed 48 so as tof{g '
fl ow ng over surface 300. ,
along the length of the r amcload
various dianmeters. Althoug as MM&I
considerable detail wth reference to certal n prefefred version er eof
ot her versions are possible. For exanple, the pre <
benefits when uswesk weadyvahye heiegr@tie dedrhan s siteges Piyusidnsieon ' y 10
designed fogediQ¥nSisdt t& prsmeceret @&tblseegﬁ %&g a»&nmy qraby 26k trlgguph ithe

I nvention h acpeg@ descri rotar ators, It would

be apparent £ one si?’i"f’ls a “’%%E%Y erf’ #15? ltlﬁEd 'rlehé)en?c’"l'g'?lven Sh™houl d have
benefits i naepidicakions} é’“tth%?t“ alberpatdgely ﬁemm%?cﬁwtob?styahd’epesﬁon oned reed
assenbl i es perpeatibuiset Aecomiihfepplidaaiars.s |ine of 15 travel.

i on.

In one embodiment, the combination reed assembly 130 comprises a
body 131 of A1203 having a length of 9 to 12 millimeters {mm), a width of
0.5 mm and a thickness of 35 microns for that portion of the body 131
forming suspension section 137 and a thickness of 42 to 50 microns for
the read/write head section 133. The reed assembly 130 is fabricated
utilizing well-known deposition and photolithography techniques on a base
substrate and is described in greater detail in US Patent application
Serial No.08/471,108 entitled “Integral Transducer-Suspension Assemblies
for Longitudinal Recording® filed on January 8th, 1993 and hereby .
incorporated by reference. '

A detailed description of another contact recording mechﬁnisﬁ
useful for practicing the present invention can be found in US Patent
application Serial No. 5,486,963 entitled "Integrated Transducer-
Suspension Structure for Longitudinal Recording" filed on Rugust 19th,
1992 and hereby incorporated by reference.

Referring now to FIG. 4A, the reed structure 130 of FIG. 3 is
illustrated in its unloaded conventional mounting position above magnetic
recording disk 200. The distance between the surface of the disk 200 and
the bottom of the actuator 160 is exaggerated-:in the figure and is
designated by reference D1. This distance is approximately 1 millimeter
or greater. The direction of rotation of the idisk media is indicated and
designated by vector V1, The reed structure j130 is typically coupled to
actuator assembly 160 by adhesive bonding to inclined surface 162.
Inclined surface 162 forms an angle Al with respect to the top surface of
actuator 160. This angle is exaggerated in thie figure and is

approximately 5 degrees.

In operation of the disk file, actuator {160 would be lowered toward
disk 200 to bring pad 133 into contact with dikk 200. The compliance of
reed structure 130, being approximately .5 Newtons/meter, is such that
reed 130 can bend and allow pad 133 to become parallel to the surface of

_disk 200. :
eet Has Been Repla»ed
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CLAIM5 1. A contact recording disk drive assenbly -conprj
at | east one rigid data storage di sk rotatably mount ephuy
actuator armp housi ng |n proximty 19
di sk; a suspen(s)ﬂm“g ﬂﬁmmmﬂg’md to have a pad portilo
di stal and a proxi nta Len sal € di stal

smal |, non-zero angle of less than fiygg, ‘
of said data storage disk, said pad portlon | ocat ed onysaid distal

sai d suspansi an@ﬁsarfbéotdmgoulﬂoanwwgaﬁblwon@ei@mgct wi L Jata stor age
di sk, said proximal end of said suspension assenbly coupled to said

act uat or arm achdusmgsducer | ocated at said distal end of said suspension

assenbly, for reading and L .
at least one rigid data storage disk rotatably mounted in said housing;

*

an actuator arm positioned in said housing in proximity to said data storage disk;

a suspension assembly shaped to have a pad portion and having a distal and a
proximal end, said distal end of said suspension forming a small, non-zero angle of less
than five degrees with respect to the surface of said data storage disk, said pad portion
located on said distal end of said suspension assembly and positioned for contact with
said data storage disk, said proximal end of said suspension assembly coupled to said
actuator arm;

a transducer located at said distal end of said suspension assembly, for reading and
writing data on said data storage disk; and

meaps for rotating said data storage disk in said housing to move a point on said
disk in a direction substantially from said distal end of said suspension assembly to said
proximal end of said suspension assembly, such that when air generated by the rotation
of said data storage disk impinges on said small angle of said distal end of said
suspension assembly, said pad portion is in contact with said data storage disk.

2. A contact recording disk drive assembly according to claim 1, wherein said
actuator arm is a rotary actuator arm.

‘3. A contact recording disk d;ive assembly according to claim 1 wherein said small
angle is more than 0.5 and less than five degrees.

4. A contact recording disk drive assembly according to claim 1, wherein said small

angle is more than 0.5 and less than two degrees.
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witing data on said data storage disk; and means

di stal end of said suspension-assenbly, @gl d pad
said data storage disk. 2. A cont act ordi ng drsk—drrve—eas
according to claim 1, wherein said actuator arm-es=a..rotary act uat or..arm
3. . A contact record| ng disk drive assenbly according to clai m 1 wherein
said small angle is nore than 0.5 and. |l ess than five degrees. 4. A
contact recording di sk dROBATENGMAGNETIS STOBAGE PEVIQEL, wherein said
smal|l angle is nore than 0.5 and | ess than two degrees.

ABSTRACT

The present invention mounts a contact recording transducer/suspension assembly
over a magnetic recording disk (20) such that the rotation of the disk (20) creates an
additional dynamié loading to counteract the lift-off forcgs generated by rotation of the disk
(20). As the rotation rate of the disk (20) is increased and lift-off forces grow, so do the
offsetting dynamic loads created by the transducer/suspension assembly (32). Optionally,
the cross section of the transducer/suspension assembly (32) is modified to further improve

this dynamic loading effect.

The present invention mounts thé transducer/sﬁspension assembly in a contact
recoding disk file (20) so as to place the assembly (32) in compression once disk (20)
rotation is initiated. The assembly is mounted so that the frictional force between the
assembly (32) and the disk (20) "pushes” the assembly (32) against its mounting instead of
applying a "pulling" force on the assembly.

Fig. 1



SA9-92- 041 12 5. A datea

force urging said pad portion toward saig data stofag A RMER .‘-‘l ows
over said suspension assenbly during rotation of spifd data storagg di sk.
27 AUG 1997
The read/write head 140 is formed integrally with{thé-suspension sectior] 1§

type head utilized in horizontal recording applications, but can alternatively comprise a
probe;type head for perpendicular recording applications.

In one embodiment, the combination reed assembly 130 comprises a body 131
of Al150; having a length of 9 to 12 millimeters (mm), a width of 0.5mm and a thickness
of 35 microns for that portion of the body 131 forming suspension section 137 and a
thickness of 42 to 50 microns for the read/write head section 133. The reed
assembly 130 is fabricated utilizing well-known deposition and photolithography
techniques on a base substrate.

A de’tailed descripﬁon of another contact recording mechanism useful for practicing '
the present invention can be found in US Patent No. 5,486,963 entitled "Integrated
Transducer-Suspension Structure foii Longitudinal Recording" filed on August 19th 1992
and hereby incorporated by reference.

Referring now to Fig. 4A, the reed structure 130 of Fig. 3 is illustrated in its
uploaded conventional mounting position above magnetic recording disk 200. The
distance between the surface of the disk 200 and the bottom of the actuator 160 is
exaggerated in the figure and is designated by reference D1. This distance is
approximately 1mm or greater. The direction of rotation of the disk media is_indicated
and designated by vector V1. The reed structure 130 is typically coupled to actuator
assembly 160 by adhesive bonding to inclined surface 162.

Inclined surface 162 forms an angle Al with respect to the top surface of
actuator 160. This angle is exaggerated in the figure and is approximately 5 degrees.

In operation of the disk file, actuator 160 would be lowered toward disk 200. The
compliance of reed structure 130, being approximately .5 Newtons)meter, is such that

reed 130 can bend and allow pad 133 to become parallel to the surface of disk 200.



