- 1- €OL WRE LUBRI CANT FOR USE I N MAGNETI C DI SK DRI'\}E{S’BWG?OJND OF THE
| NVENTI ON 1. Field of the Invention. This invention relates inh general
to disk drives, and in particular to use of specific nDIecuL§Vj§pight oils
for lubricating the coil wire during the wnding of coils whi'ch™are used in
di sk drive conponents in order subsequently to reduce the occurrence of
stiction during operation of the disk drive and inprove drive perfornmance.
2. Description of Related Art. Moving nagnetic storage devices,
especially magnetic disk drives, are the nenory device of choice. This is
due to their expanded-non-vaGiU WBRFENOBRIGANTERRAIPENNI /1ty conmbi ned with
a relatively | ow cost. MAGNETIC DISK DRIVES

BACKGROUND OF THE INVENTION

1. Field of the Invention.

This invention relates in general to disk drives, and in particular to use of
specific molecular weight oils for lubricating the coil wire during the winding of
coils which are used in disk drive components in order subsequently to reduce
the occurrence of stiction during operation of the disk drive and improve drive

performance.

2. Description of Related Ad.

- Moving magnetic storage devices, especially magnetic disk drives, are
the memory device of choice. This is due to their expanded néﬁ-vo!atile memory
storage capability combined with a relatively low cost.

Magnetic disk drives are information storage devices which utilizé at [east
one rotatable magnetic media disk having concentric data tracks deﬁned for
storing data, a magnetic recording head or transducer for reading. data from
and/or writing data to the various data tracks, a slider for supporting the
transducer adjacent the data tracks typically in a flying mode above the storage
media, a suspension assembly for resiliently supporting the slider and the
transducer over the data tracks, and a positioning actuator coupled to the
transducer/slider/suspension combination for moving the transducer across the

media to the desired data track and maintaining the transducer over the data



Magnetic disk drives are information storage devices which utilize at |east
one rotatable magnetic nedia di sk having concentric data tracks defined for
storing data, a magnetic recording head or transducer for reading data from
and/or witing data to the various data tracks, a slider for supporting the
transducer adjacent the data tracks typically in a flying node above the
storage nedia, a suspension assenbly for resiliently supporting the slider
and the transducer over the data tracks, and a positioning actuator coupled
to the transducer/slider/suspension conbination for noving the transducer
across the nedia to the desired data track and maintaining the transducer

over the data -2- track center line dzu_ring a read or a wite operation.
The transducer is attached "

track center line during a read or a write operation. The transducer is attached
to or is formed integrally with the slider which supports the transducer above the
data surface of the storage disk by a cushion of air, referred to as an air:' bearing,
generated by the rotating disk.

Alternatively, the transducer may operate in contact with the surface of
the disk. Thus the suspension provides desired slider loading and dimensional
stability between the slider and an actuator arm which couples the
transducer/slider/suspension éssembly to the actuator. The actuator positions
the transducer over the correct track according to the data desired on a read
operation or to the correct track for placement of the data during a write
operation. The actuator is controlled to position the transducer over the desired
data track by shifting the combination assembly across the surface of the disk in
a direction generally transverse to the data tracks. The actuator may include a
single arm extending from a pivot point, or alternatively a plurality of arms
arranged in a comb-like fashion extending from a pivot point. A rotary voice coil
motor (vem) is attached to the rear portion of the actuator arm or arms to power
movement of the actuator over the disks.

The vem located at the rear portion of the actuator arm is comprised of a
top plate spaced above a bottom plate with a magnet or pair of magnets
therebetween. The vem further includes an electrically conductive coil disposed
within the rearward extension of the actuator arm and between the top and

bottom plates, while overlying the magnet in a plane parallel to the magnet. In



to or is formed integrally with the slider which supports the transducer
above the data surface of the storage disk by a cushion of air, referred to
as an air bearing, generated by the rotating disk. Aternatively, the
transducer may operate in contact with the surface of the disk. Thus the
suspensi on provi des desired slider |oading and di nensional stability
between the slider and an actuator arm which coupl es the
transducer/slider/suspensi on assenbly to the actuator. The actuator
positions the transducer over the correct track according to the data
desired on a read operation or to the correct track for placenent of the
data during a wite operation. The actuager is controlled to position the
transducer over the desired data track by shifting the conbination assenbly
across the surface of the disk in a direction generally transverse to the

data trac b?)eriﬁ%,%}r%tcﬁaﬂﬁ‘é thRsUgHitheeotil didl iptetaBlsaXitieiHE Magheaafdidi Vot
point, or alternatively a plurality of arnms arranged in a conb-like fashion

extendi ng g4 ihdiel Yo £t fotate il 8bthatt?'aff &t8lihd its pivot and thus

positioning the transducer as desired.

The magnetic media disk or disks in the disk drive are mounted to a
spindle. The spindle is attached to a spindie motor which rotates the sﬁindle
and the disks to provide readiwrite access to the various portions on the
concentric tracks on the disks. The spindle motor contains conductive cojls in
the spindle motor windings.

These electrically conductive coils are typically wound from an insulated
wire. The wire may, in addition, have a bond coat to help facilitate the shaping
or forming of the coil. In either case, a film of oil coating is often 'applied to keep
the wire from sticking to itself prior to winding of the wire into a coil. When the
wire is wound into the coil, oil may be trapped between and/or in the layér_s of
winding as well as being found on the outer surfaces of the coil. As power is
sgpplied to the coil during operation, the coil be.comes hot and the oil coating in
and on the coil volatilizes to generate a vapor inside the drive. The vapor
migrates from the actuator or spindle motor assembly and condenses upon the
surface of the disk where the temperature is significantly cooler than in the
actuator or spindle motor assembly. This presents problems for normal operation
of the disk drive because this vapor phase transport provides means for the

lubricant to exit the coil and contaminate the disk drive.



notor (vcn) is attached to the rear portion of the actuator armor arnms to
power novenent of the actuator over the disks. The vcmlocated at the rear
portion of the actuator armis conprised of a top plate spaced above a
bottom plate with a nagnet or pair of nagnets therebetween. The vcm further
I ncludes an electrically conductive coil disposed within the rearward
extensi on of ,the actuator arm and between the top and bottom plates, while
overlying the nagnet in a plane parallel to the magnet In -3- operation,
current passes through the coil and interacts with the magnetic field of
the magnet so as to rotate the actuator armaround its pivot and thus
positioning the transducer as desired. _4_
To accommodate the current capacity requirements of disk drives as well

as meeting the size constraints of laptop or notebook markets, disks are being

stacked very closely together with the expectation they can be written tc; and

read from within these very small spacings. Accordingly, extremely smooth

surfaces exist on both the disk surface and the magnetic recording face of the

slider attached to the load arm of the actuator. These extremely smooth

surfaces are necessary to support the low fly height associated with high gensity

recording. However, with the condensation of the lubricant coating from the coil

onto the disk surface, the surface becomes chemically contaminated, causing

the problem of stiction in the drive. Stiction occurs as two very smooth surfaces

stick to each other and effectively prevent the removal of one fro;fi the other.

The stiction forces may be sufficient to prevent the rotation of the disk; but if the

disk can be rotated, damage almost certainly will occur to the surface of the disk

or slider due to the fact that the slider is in contact with and stuck to the disk

surface as the disk moves relative to the slider.

One approach considered in addressing the problem of stiction has been

to use a higher resistance caoil, or to adjust coil performance by continually

checking the temperature or a temperature estimation and not driving the coil at

temperatures which would cause outgassing of the lubricant. These approaches

however are problematic in that they negatively effect the performance of the

drive. For example, seek rates in the actuator would be affected by lowering the



.The magnetic nmedia disk or disks in the disk drive are nmounted to a
spindle. The spindle is attached to a spindle nmotor which rotates the
spindle and the disks to provide read/wite access to the various portions
on the concentric tracks on the disks. The spindl e notor contains
conductive coils in the spindle notor wi ndings. These electrically
conductive coils are typically wound froman insulated wire. The wire may,
in addition, have a bond coat to help facilitate the shaping or form ng of
the coil. In either case, a filmof oil coating is often applied to keep
the wire fromsticking to itself prior-to winding of the wire into a coil
Wien the wire is wound into the coil, oisk may be trapped between and/or in
the layers of winding as well as being found on the outer surfaces of the
coil. As power is supplied to the coil during operation, the coil becones

hot and 1perfeiakeaibi i ball, Biedirddighel RPWR!Rlthe SaRRIE RS ffdHthdt Vapor

i nside the drive. The vapor migrates romt actua or spin

assendly godp¢aRABRSES iHMY HE coil temperature.

it therefore can be seen that there is a need for providing a coil V\;ire for
use in disk d_rive components such as the actuator assembly or spindle motor
which is free of lubricants that will outgas during operation and contaminate the
surface of the disks in the drive.

Another consideration in coil selection is the manufacturability of ttle coil.
One common method of coil winding involves unspooling of the wire off one end
of a non-rotating flanged spool, through a series of tensioner pulleys onto a
spinning mandrel. The wire stops and starts moving rapidly, and is heated just
before arriving at the mandrel using a hot air jet. The temperaturg at this point
could exceed 450 degrees Celsius. The dimensional requirements and number
of turns and layers of the coil, and precise stacking of the wire on itself place
high demands on the wire quality, frictional characteristics and bond coat
pgrformance. It can therefore be further seen that there is a need to provide a
conductive coil for a hard disk drive wherein the oils used to lubricate the wires
that create the coil maintain low friction in the spooling, despooling and coiling
winding operations. It can also be seen that there is a need to eliminate the

problems of stiction in operating a disk drive assembly.



surface of the disk where the tenperature is significantly cooler than in
the actuator or spindle notor assenbly. This presents problens for normal
operation of the disk drive because this vapor phase transport provides
means for the lubricant to exit the coil and contam nate the disk drive.
-4 - To acconmpdate the current capacity requirenents of disk drives as
wel | as neetjng the size constraints of |aptop or notebook markets, disks
are being stacked very closely together with the expectation they can be
witten to and read fromw thin these very small spacings. Accordingly,
extrenely snooth surfaces exist on both the disk surface and the magnetic

recording face of the slider attached tg-the |oad armof the actuator.
These extrenely snooth

SUMMARY OF THE INVENTION

_ To overcome the limitations of the background art described above, and
to overcome other limitations that will become apparent upon reading a;id
understanding the present specification, the present invention discloses an
improved coil wire and method of manufacturing coil assemblies which are
adapted for use in hard disk drives. It is one aspect of the invention to provide
an improved coil for use in an actuator assembly that is freé of the molecglar
weight hydrocarbon range based lubricants which contribute to stiction problems
during disk drive operation. it is a further object of the invention to provide
conductive wire coil assemblies for use in various disk drive components, such
as spindle motor windings, having lubricants that will not contribute to stiction
prablems in operation of the disk drive. It is a further object of the invention to
provide an improved coil wire that will maintain low friction in the spooling,
despooling and coil winding operations.

In order to accomplish the objects of the present invention, in a preferred
embodiment a coil assembly is provided wherein a high molecular weight
hydrocarbon based lubricant is used to coat the coil wire in the assembly.

The coil wire is comprised of an electrical conduqtor enclosed by an insulating
layer. An adhesive bond coat may overlay the insulating layer to aid in the
forming and shaping of the coil. A lubricant layer overlies either the insulator or
alternatively the bond coat to prevent the coil wire from sticking to itself during

the spooling and despooling operations prior to coil winding. The preferred



.surfaces are necessary to support the low fly height associated with high
density recordi ng. However, with the condensation of the lubricant coating
fromthe coil onto the disk surface, the surface beconmes chemcally
cont am nat ed, causing the problemof stiction in the drive. Stiction occurs
as two very snooth surfaces stick to each other and effectively prevent the
renoval of one fromthe other. The stiction forces nay be sufficient to
prevent the rotation of the disk; but if the disk can be rotated, danage

al nost certainly will occur to the surface of the disk or slider due to the
fact -that the slider is in contact wwth and stuck to the disk surface as
the disk noves relative to the slider. Ope approach considered in
addressing the problem of stiction has been to use a hi gher resistance
coil, or to adjust coil performance by continually checking the tenperature
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In one embodiment, the lubricant is preferably a high molecular weight;
hydrocarbon based lubricant having molecular weight of greater than or equal
to 700.

In operation of the disk drive, as power is supplied to the coil, the coil
becomes hot. However, due to the high molecular weight of the Iubricant.
selected, the oil does not volatilize but rather remains intact as a coating dn the
cail.

. In an alternative embodiment, a very low molecular weight hydrocarbon
based lubricant is used to coat the coil wire in the coil assembly. The coil wire is
comprised of an electrical conductor enclosed by an insulating layer. An
adhesive bond coat may overlay the insulating layer to aid in the forming and
shaping of the coil. A lubricant layer overlies the bond coat to prevent the coil
w}re from sticking to itself during the spooling and despooling operations prior to
coil winding. The lubricant is alternatively a low molecular weight hydrocarbon
based lubricant having a molecular weight of 226. In operation of the disk drive,
current passes through the coil and the coil becomes hot. In this alternative
embodiment, the oil comprising the lubricant layer of the coil has either been
completely volatilized in the manufacturing process or any residual material will
be completely volatilized and thus there is no subsequent condensation on the

surface of the disk, and therefore, no contamination.



drive. For exanple, seek rates in the actuator would be affected by

| owering the -5- performance of the coil, or desired higher RPMs of the
spindl e notor might not be obtainable by limting the coil tenperature. It
therefore can be seen that there is a need for providing a coil wire for
use in disk drive conponents such as the actuator assenbly or spindl e notor

which is free of lubricants that will outgas during operation and
contam nate the surface of the disks in the drive. Another consideration in
coil selection is the manufacturability of the coil. One comon mnet hod of

coil wi nding involves unspooling of the wire off one end of a non-rotating
flanged spool, through a series of tensigner pulleys onto a

Although the preferred embodiment of the present invention is shown and
described in connection with the coil found in the actuator assembly, it will be
appreciated by those skilled in the art that the wire coils and methods of;
manufacturing the same described herein are also applicable to other coil
windings found within a disk drive, such as within the spindie motors, solenoids,
etc. Additionally, the results obtained have been achieved by correction of the
stiction problems of a specific head/disk interface. Those skilled in the art would
appreciate that adjusting the molecular weights of the lubricant for different
interfaces or for different operational results could be done without departing
from the spirit or scope of the invention.

These and various other advantages and features of novglty which
characterize the invention are pointed out with particularity in the claims
annexed hereto and form a part hereof. However, for a better understaﬁc_iing of
the invention, its advantages, and the objects obtained by its use, reference
sr)ould be made to the drawings which form a further part hereof, and to
accompanying descriptive matter, in which there is illustrated and described

specific examples of an apparatus in accordance with the invention.



spinning mandrel. The wire stops and starts noving rapidly, and is heated
just before arriving at the mandrel using a hot air jet. The tenperature at
this point could exceed 450 degrees Cel sius. The di nmensional requirenents
and nunber of turns and |layers of the coil, and precise stacking of the
wire on itself place high demands on the wire quality, frictiona
characteristics and bond coat performance. It can therefore be further seen
that there is a need to provide a conductive coil for a hard disk drive
wherein the oils used to lubricate the wires that create the coil maintain
low friction in the spooling, despooling and coiling w nding operations. It
can al so be seen that there is a need togelimnate the problens of stiction
in operating a disk drive assenbly. -6 -

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference numbers rébresent
corresponding parts throughout:

Fig. 1 illustrates a perspective view of a disk drive in accordance with the
present invention, showing the inside of the disk drive;

Fig. 2 illustrates a perspective view of a disk drive in accordance with the
present invention, showing the inside of the disk drive with the top plate of the
voice coil motor removed;

Fig. 3a illustrates an isometric view of a single actuator arm/suspension
assembly in accordance with the present invention;

Fig. 3b illustrates an isometric view of a comb actuator arm assembly;

Fig. 4 is a cross-sectional view of a spindle motor having coil windings as
taught by the present invention;

Fig. 5a is a cross-sectional view of one embodiment of the coil wire in
accordance with the present invention; |

Fig. 5b is a cross-sectional view of an alternative embodiment of the coil
wire in accordance with the present invention:

Fig. 6 is a cross-sectional view taken along lines 6-6 of Fig. 3a of the coil
winding in accordance with the present invention;

Fig. 7 is a graphical representation of the reduction of stiction problems in

disk drives incorporating the present invention;



SUMVARY OF THE | NVENTI ON To overcone the limtations of the background art
descri bed above, and to overcone other limtations that will becone
apparent upon readi ng and understandi ng the present specification, the
present invention discloses an inproved coil wire and nethod of

manuf acturing coil assenblies which are adapted for use in hard disk
drives. It is one aspect of the invention to provide an inproved coil for
use in an actuator assenbly that is free of the nol ecul ar wei ght

hydr ocar bon range based | ubricants which contribute to stiction problens
during disk drive operation. It is a further object of the invention to
provide conductive wire coil assenblies fqr use in various disk drive
conponents, such as spindle nmotor wi ndings, having |ubricants that will not
contribute to stiction problens in operatlon of the disk drive. is a
further object of t t will
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oper ati ons.
P lubricant of the present invention,

Fig. 9 is a graph showing a second thermal gravemetric analysis—of a
preferred lubricant of the present invention; and
Fig. 10 is a chart comparison of oil volatility of various oils over a range of

temperatures.



In order to acconplish the objects of the present invention, in a preferred
enbodi ment a coil assenbly is provided wherein a high nolecular weight

hydr ocar bon based lubricant is used to coat the coil wire in the assenbly.
The coil wire is conprised of an electrical conductor enclosed by an

insul ating layer. An adhesive bond coat may overlay the insulating layer to
aid in the formng and shaping of the coil. A lubricant [ayer overlies
either the insulator or alternatively the bond coat to prevent the coi

wire fromsticking to itself during the spooling and despooling operations

prior to coil winding. The preferred -7- enbodinent is a |ubricant which
experiences less than or equal to 10%weight loss at 2 to 2 [err] tines the
operating tenperature of the coil in degrees Cel sius.

DETAILED DESCRIPTION OF THE INVENTION

- This invention is described in a preferred embodiment in the following
description with reference to the Figures, in which like numbers represeLnt the
same or similar elements. While this invention is desbribed in terms of the best
mode for achieving this invention's objectives. it will be appreciated by those
skilled in the art that variations may be éccomplished in view of these teachings
without deviating from the spirit or scope of the invention. )

Fig. 1 shows a disk drive system designated by the general reference
number 10. The lid 12 of the disk drive is shown exploded and in phantom. In
operation, the lid would be disposed atop of housing 30.

The disk drive comprises one or more magnetic disks 14. The disks 14
may be conventional particulate or thin film recording disks, which are capable
of storing digital data in concentric tracks. In a preferred embodiment, both sides
of the disks 14 are available for storage, and it will be recognized by one .of
ordinary skill in the art that the disk drive 10 may include any numbe'r_of such
disks 14.

The disks 14 are mounted to a spindle 32. The spindle 32 is attached to
a spindle motor (shown and described in connection with Fig. 4) which rotates
the spindle 32 and the disks 14 to provide read/write access to the various

portions of the concentric tracks on the disks 14.



I'n one enbodi nent, the lubricant is preferably a high nol ecul ar wei ght
hydr ocar bon based | ubri cant having nol ecul ar wei ght of greater than or
equal to 700. In operation of the disk drive, as power is supplied to the

coil, the coil beconmes hot. However, due to the high nolecul ar weight of
the lubricant selected, the oil does not volatilize but rather remains
I ntact as a,coating on the coil. In an alternative enbodinent, a very | ow

nol ecul ar wei ght hydrocarbon based | ubricant is used to coat the coil wre
in the coil assenbly. The coil wire is conprised of an electrical conductor
encl osed by an insulating |layer. An adhesive bond coat may overlay the
insulating layer to aid in the form ng-gpnd shaping of the coil. A |ubricant
| ayer overlies the bond coat to prevent the coil wire fromsticking to
itself during the spooling and despooling operations prior to coil w nding.

The Tubricant g &lihgtdiaddserinly 36, MVabBir@aNEAwiItM e dIPlesant irRentioANs

indicated by the dashed lines in Fig. 1. The actuator assembly 16 includes a
positioner arm 22, and a suspension assembly 24. The suspension ass;embly
24 includes a read/write head 26 at its distal end. Although only one read write
head 26 of the suspension assembly is shown, it will be recognized that the disk
drive 10 has one read/write head 26 for each side of each disk 14 included in |
the drive 10. The positioner arm 22 further comprises a pivot 38 around which
the positioner arm 22 pivots.

The disk drive 10 further includes read/write chip 34. As is well kriown in
the art, the readfwrite chip 34 cooperate with the read/write heads 26 to read
from or write to the disks 14. A flexible printed circuit member 36 carries digital
signals between the chip 34 and the actuator assembly 16. One or more
electrical conductors 64 are routed along the pivot arm 22 and suspension 24 to
carry electrical signals to and from the read/write head 26. A separate fiexible
pr‘_‘inted circuit member 24 interfaces with the chip 34 and associated drive
electronics (not shown).

A vem top plate 20 is part of the actuator assembly 16. One of the
functions of the actuator assembly 16 is to move the positioner arm 22 around
pivot 38. The specific operation will be detailed below.

Referring now to Fig. 2, a perspective view of the disk drive is shown with
vem top plate 20 removed to reveal the details of the remainder of the actuator

assembly 16. The actuator assembly 16 further comprises a vcm bottom plate



based | ubricant having a nol ecul ar wei ght of 226. In operation of the disk
drive, current passes through the coil and the coil becones hot. In this
alternative enbodi nent, the oil conprising the |ubricant |ayer of the coi
has either been conpletely volatilized in the manufacturing process or any
residual material will be conpletely volatilized and thus there is no
subsequent condensation on the surface of the disk, and therefore, no

cont am nati on. -8- Although the preferred enbodi nent of the present

i nvention is shown and described in connection with the coil found in the
actuator assenbly, it wll be appreciated by those-skilled in the art that
the wire coils and nethods of manufactufjgng the same described herein are
al so applicable to other coi

40 and a magnet 42. It is understood that magnet 42 may be a single magnet or
a pair of magnets. In operation, the vcm top plate 20 is spaced above the vem
bottom plate 40 and magnet 42 with spacers 48 and 50 (see Fig. 1). In ;:he
preferred embodiment, the spacers 48 and 50 are magnetic stand-offs. The vcm
top plate 20 is positioned above the vcm bottom plate 40 and the magnet 42 by
mating the standoffs 48 and 50 with openings 52 and 54 in the vem bottom plate
40 respectively. The actuator assembly 16 further includes a conductive coil 46.
The conductive coil 46 has portions 60 and 62 which overlie the magnet 42 in a
plane parallel'to the magnet 42.

The vem bottom plate 40, the .magnet 42 and the vem top plate 20, in
combination with the conductive coil 46, substantially make up a voice coil motor
(vem) which acts to position the actuator assembly 16, as is well known in the
art. Specifically, current passing through the coil portions 60 and 62 interact
with the magnetic field of the magnet 42, to rotate the positioner arm 22 and
suspension assembly 24 around the pivot 38, thus positioning the read/write
head 26 as desired. Also shown in Fig. 2 is a latching mechanism 44, known in
the art, which serves to secure the position of the actuator assembly 16 when
the drive 10 is not in operation.

Figs. 3a and 3b are enlarged, explqded views of the positioner arm 22
and suspension assembly 24, showing the conductive coil 46 disposed between
a pair rearward extensions 56 and 58 of the positioner arm 22. Fig. 3a shows a

single positioner arm 22 extending from pivot 38, while Fig. 3b shows a comb 40



wi ndings found within a disk drive, such as within the spindle notors,

sol enoids, etc. Additionally, the results obtained have been achieved by
correction of the stiction problens of a specific head/disk interface.
Those skilled in the art would appreciate that adjusting the nolecul ar

wei ghts of the lubricant for different interfaces or for different
operational results could be done without departing fromthe spirit or
scope of the invention. These and various ot her advantages and features of
novel ty which characterize the invention are pointed out with particularity
in the clains annexed hereto and forma part hereof-. However, for a better
under standing of the invention, its advantages, and the objects obtained by
its use, reference should be made to the drawi ngs which forma further part
hereof , and to acconpanyi ng descriptive matter, in which there is
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58 allow for balancing the positioning arm 22 around pivot 38, as is known and
desired in disk drive actuator assemblies. Conductive coil 46 may be sc;cured
between the rearward extensions 56 and 58 of the positioning arm 22 by an
adhesive or epoxy bond 66 between the conductive coil 46 and inner sides of
the rearward extensions 56 and 58. Alternatively, the conductive coil 46 may be
positioned between rearward extension 56 and 58 by plastic over-molding as is
known in the art.

Fig. 4 is a cross-sectional view of a spindle motor assembly 102 taken
along lines 4-4 of Fig. 1, incorporating coil wires 78 disclosed by the present
invention. Specifically, Fig. 4 shows spindle 32 about which is mounted disks 14
separated by spacer rings 108. Spindle includes spindle hub 116 bearing
sleeve 120, mounted by means of bearings 110 and 116 to stator shaft 32.
Stator shaft 32 is rigidly mounted to base 122 and provides the axis about which
th,ga spindle assembly rotates. Stator shaft 32 supports a stack of stator plates
104 and 106, having circular cutouts about their periphery. Conductive wires 78
are wound through the cutouts forming stator coils. Magnets 124 mounted to
base 122 control switching of the current supplied to the stator coils as is known
in the electric motor arts.

With reference now to Figs. 5a and 5b, the coil wire 78 in accordance
with the present invention is shown and described. Fig. 5a is a cross sectional

view of a preferred embodiment of the actuator coil wire 78 according to the



BRI EF DESCRI PTI ON OF THE DRAW NGS Referring now to the draw ngs in which

| i ke reference nunbers represent corresponding parts throughout: Fig. 1
illustrates a perspective view of a disk drive in accordance with the
present invention, showing the inside of the disk drive; Fig. 2 illustrates
a perspective view of a disk drive in accordance with the present

I nvention, show ng the inside of the disk drive with the top plate of the

voice coil motor renoved; Fig. 3a illustrates an isonetric view of a single
actuator arm suspension assenbly in accordance with the present invention;
Fig. 3b illustrates an isonetric view of a conb actuator arm assenbly; Fig.

4 is a cross-sectional view of a spindle;gmtor having coil w ndings as

present invention. In a preferred embodiment, coil wire 78 is comprised of a
conductive core 80. Conductive core 80 is a highly conductive metal such as
copper or aluminum. The conductive core 80 is selected to meet the sp;ciﬁc
operating parameters and acceptable resistance for a particular application.

Overlying the conductive core 80 is an insulation layer 82. Insulation
layer 82 is simply a temperature resistant covering such as a polyurethane or a
polyesterimide resin which is provided to keep the conductive core 80 from
shorting.

Overlying the insulation layer 82 is an adhesive bond coat 84. As
previously mentioned, bond coat 84 is an adhesive coating applied over the wire
used to form coil 46 to facilitate the shaping and winding of the actuator coil 46.
One-example of a bond coat 84 used is a polyamide adhesive resin.

Applied over bond coat 84 is a lubricant layer 86. The lubricant layer 86
is applied to keep the coil wire 78 from sticking to itself prior to the wire 78
being wound into the coil 46. In a preferred embodiment, the lubricant layer 86
is comprised of a high molecular weight hydrocarbon based lubricant. In a
preferred embodiment, this lubricant is a low volativity oil, where the volatility
range by thermogravemetric analysis (TGA) shows negligible weight loss below
250 degree celsius. The chemical composition is pure saturated branched chain
hydrocarbon. With regard to the lubricant’s viscosity, the only requirement is
that the lubricant be capable of being applied to give a thin film using

conventional application means such as oiler pads. One example of a suitable



taught by the present invention; Fig. 5a is a cross-sectional view of one
enbodi nent of the coil wire in accordance with the present invention; Fig.
5b is a cross-sectional view of an alternative enbodi nent of the coil wre
in accordance with the present invention; Fig. 6 is a cross-sectional view
taken along lines 6-6 of Fig. 3a of the coil winding in accordance with the
present invention, Fig. 7 is a graphical representation of the reduction of
stiction problenms in disk drives incorporating the present invention;

-10- Fig. 8 is a graph showing a thermal gravenetric analysis of a
preferred

—16-
lubricant is polyalphaolefin oil, 176F manufactured by the Nye Lubricant
Company in New Bedford, MA. This lubricant is successfully used on the coil
wire because so little of it, if any, comes off from the coil 46 when the cc;il 46
gets hot in the disk drive 10.

When the disk drive 10 is being operated, current is passed through the
actuator coil 46 in order to position the read/write head over the desired position.
on the surface 28 of the disk 14. As current passes through the coil 46, the coil
46 gets hot. It is known in the art that temperatures in the coil 46 will easily
exceed 100 degrees Celsius during operation of high performance drives. As
the temperature in the coil 46 increases, due to the high molecular weight of the
hydrocarbon based lubricant, the lubricant layer 86 is not volatilized and
accordingly does subsequently condense on the surface 28 of the disk 14 where
the temperature in the disk drive 10 is substantially cooler.

In an alternative embodiment, the lubricant layer 86 is comprised of a
hydrocarbon based lubricant having a very low molecular weight. In this
alternative embodiment, the lubricant layer 86 is has a molecular weight equal to
or less than 226. This low molecular weight lubricant preferably has a volatility
range by thermogravemetric analysis (TGA) of 95 percent weight loss by 130
degrees Celsius. Alternatively, this lubricant may have a volatility range by
thermogravemetric analysis of 94 percent weight loss by 1456 degrees Celsius.
The chemical composition of the lubricant is pure saturated branched chain

hydrocarbon. One example of a suitable lubricant for the alternative embodiment



lubricant of the present invention; Fig. 9 is a graph showi ng a second
thermal gravenetric analysis of a preferred |ubricant of the present
invention; and Fig. 10 is a chart conparison of oil volatility of various
oils over a range of tenperatures. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
This invention is described in a preferred enbodinment in the foll ow ng
description with reference to the Figures, in which |ike nunbers represent
the sanme or simlar elements. Wiile this invention is described in terns of

t he best node for achieving this invention's objectives, it wll be
appreci ated by those skilled in the art that variations may be acconpli shed
i n view of these teachings -17-

is polyalphaolefin oil 167A manufactured by the Nye Lubricant Company in New
Bedford, MA.

In the alternative embodiment during disk drive 10 operation, as \:vith the
preferred embodiment, current is paésed through the coil 46 in order to position
the read/write head 26 over the desired position on the surface 28 of the disk 14.
As current passes through the coil 46, the temperature in the coil increases and
the coil 46 gets hot. Again, it is a common operating condition for the
temperature in the coil 46 to exceed 100 degrees Celsius. However, as the
temperature in the coil 46 increases, due to the low molecular weight of the
hydrocarbon based |ubricant in this embodiment, the lubricant layer 86 has
either completely volatilized prior to coil winding or any remaining lubricant now
is completely volatilized, completely evaporates, and accordingly does not
condense on the surface 28 of the disk 14 where the temperature in the dr_ive 10
iIs cooler.

Fig. 5b is a cross-sectional view of an alternative embodiment of the coil
wire 78 of the present invent'ion. in the embodiment shown in Fig:. Sb, there is
no adhesive bond coat 84 overlying the insulating layer 82 covering the
conductive core 80. Instead, the lubricant layer 86 is applied directly over the
insulating layer 82, to prevent friction of the wire 78 in the spooling and
despooling operations.

Fig. 6 is a cross-sectional view of an actuator coil 46, taken along lines

6-6 of Fig. 3a. As seen with reference to Fig. 6, the wire 78 is wound many times



w t hout deviating fromthe spirit or scope of the invention. Fig. 1 shows a
di sk drive system desi gnated by the general reference nunber 10. The lid 12
of the disk drive is shown exploded and in phantom In operation, the lid
woul d be di sposed atop of housing 30. The disk drive conprises one or nore
magneti c di sks 14. The disks 14 may be conventional particulate or thin
filmrecording disks, which are capable of storing digital data in
concentric tracks. In a preferred enbodi ment, both sides of the disks 14
are available for storage, and it will be recognized by one of ordinary
skill in the art that the disk drive 10 may i nclude any nunber -of such

di sks 14. The disks 14 are nounted to agpindle 32. The spindle 32 is
attached to a spindle notor (shown and described in connection with Fig. 4)
which rotates the spindle 32 and the disks 14 to provide read/wite access

to the varGHamRAE HdRstor toli b, HORGRHrétBod itk ite BfbsklRclbA 6% tHd spindle
motor windings would be quite similar to that shown in Fig. 6. Reference numeral
68 indicates the interspatial spacings between the coil windings where {he
lubricant 86 is trapped during manufacturing.

Fig. 7 illustrates the reduction in stiction problems during disk drive
operation as the result of the present invention. The bar chart of Fig. 7
represents the results of environmentally accelerated friction tests (EAFT), as
described by R.Koka, Mircocontamination published Sept./Oct. 1993, pages
41-48, where the x-axis represents the different hydrocarbon molecular weight
based lubricants which were tested and the y-axis indicates a normalized
measure of the start friction (stiction) forces between a head stack and a disk.
The stiction forces were measured in grams per head, and the disks were also
inspected for visible haze on the surface upon completion of the tests. On the
graph in Fig. 7, a pass fail rate of the lubricants is indicated by the stiction force
quat1.

{t can be seen in Fig. 7 that the coils having the lubricants with a
molecuiar weight of 170 or below, and that coils having the lubricants with a
molecular weight of 562 and greater experienced a superior reduction in stiction
over the lubricants commonly used in the prior art. The stiction forces exhibited
by the 310 and 450 based lubricants would cause severe damage to the

head/disk interface.



-12- An actuator assenbly 16, in accordance with the present invention is
indi cated by the dashed lines in Fig. 1. The actuator assembly 16 includes
a positioner arm 22, and a suspension assenbly 24. The suspension assenbly
24 includes a read/wite head 26 at its distal end. A though only one read
wite head 26 of the suspension assenbly is shown, it will be recognized
that the disk drive 10 has one read/wite head 26 for each side of each

di sk 14 included in the drive 10. The positioner arm 22 further conprises a
pi vot 38 around which the positioner arm 22 pivots. The disk drive 10
further includes read/wite chip 34. As is well known in the art, the
read/ wite chip 34 cooperate with the read/ wite heads 26 to read

Fig. 8 shows the results of thermal gravimetric analysis (TGA) done in
connection with the present invention. This technique is a thermal analytical
technique that measures the weight loss of a given sample when subjected to
heat. In the graph shown, TGA was used to compare the thermal stability of the
coil wire lubricants having high molecular weight, in the range of 702 or higher,
verses the thermal stability of the prior art spooling oils, having a mixture of
molecular weights, ranging from 310 to 450. Here, using an isothermal method,
where each of the oils were maintained at 120 degrees Celsius for 10 hours in
air, the weight change was measured over time. The results show that the
standard oil lost more than 90% of its initial weight over the 10 hour period, while
the higher molecular weight lubricant exhibited essentially no we,ilght change.

Fig. 9 shows a the results of a second TGA method used to measure the
weight loss of the lubricants when subjected to heat. In this method, the
temperature was increased from 30 degrees Celsius to 500 degrees Celsius at
10 degrees Celsius per minute in air. The results showed that the weight
change of the preferred lubricant did not occur until the temperature reached
230 degrees Celsius, with the maximum rate of change occurring at 340 degrees
Celsius. It is understood by those knowledgeable in disk drive technology, that
operating a drive with spindle and actuator coils heated to these extreme

temperatures would cause numerous probiems other than vapor phase transport

of disk contaminants.



fromor wite to the disks 14. A flexible printed circuit nmenber 36 carries
digital signals between the chip 34 and the actuator assenbly 16. One or
nore el ectrical conductors 64 are routed al ong the pivot arm 22 and
suspension 24 to carry electrical signals to and fromthe read/wite head
26. A separate flexible printed circuit nenber 24 interfaces with the chip
34 and associrated drive electronics (not shown). A vcmtop plate 20 is part
of the actuator assenbly 16. One of the functions of the actuator assenbly
16 is to nove the positioner arm 22 around pivot 38. The specific operation
wi'll be detailed below. Referring nowto Fig. 2, a perspective view of the
di sk drive is shown with vcmtop plate 20orenoved to reveal the details of
t he remai nder of the actuator assenbly 16. The actuator assenbly 16 further
conprises a vcm bottom pl ate
Fig. 10 is also a graph showing the comparison of lubricant volatility over

an increasing temperature range. The period of most rapid weight loss verses

temperature for each of the lubricants tested is indicated in the graph by the bold

portions of each of the lines. Again, it is seen that the low volatility lubricant

experiences negligible weight loss below 250 degrees Celsius, while the high

volatility lubricant experiences a 95 percent weight loss before 130 degrees

Celsius; both of which are particularly suited in manufacturing actuator coils and

stator coils for use in disk drive systems. It can be seen from the graph in Fig. 10

that the preferred lubricants are those that experienced less than or equal to

10% weight loss at 2 to 2 ¥ times the operating temperature of the coil.

- While the preferred embodiments of the present inventiogj have been
illustrated herein in detail, it should be apparent that modifications and
adaptations to those embodiments may occur to those skilled in the art without

departing from the scope of the present invention as set forth in the following

claims.



-13- 40 and a magnet 42. It is understood that magnet 42 may be a single
magnet or a pair of magnets. In operation, the vcmtop m,lsg 20 I s spaced
above the vcm bottom plate 40 and magnet 42 with spacer %Ré,s&ed
Fig. 1). In the preferred enbodi nent, the spacers 48 an

stand-offs. The VHM S positioned above th ate
40 and the magnet ,Em,lm @ﬂt standoffs 48 and 50 vmth open| ng 52 and
54 in the vcm bottom %l ateM ectively. The actuator assenbly 16
further includes a conductlve coil 46. The conductive coil 46 has portions
60 and 62 which overlie the magnet 42 in a plane parallel to the magnet 42.
The vcm bottom pl ate 40, the nagnet 42 &id the vcmtop plate 20, in

conbination with the conductive coil 46, substantially make up a voice coil
notor (vcn) which acts to position the actuator assepbly . l6—as—S é\ﬁll

known i n tGleAIMS THIS SHEET HAS BE
REPLACED
- We claim:
1. An actuator assembly for a disk drive comprising:

an actuator arm having a forward portion for attachment to a suspension
assembly, a pivot point and rearward portion including a pair of rearward legs
extending in a direction bpposite the forward portion; and

an actuator coil disposed between the pair of rearward legs of the _
rearward portion, the actuator coil including an electrical conductor, an
insulating layer overlying the el_ectrical conductor, and a lubricating layer
overlying the insulating layer, the lubricating layer being a hydrocarbon based oil
that will loose 10 percent of its weight orless at 2 to 2 Y2 times ep operating

temperature of the coil.

2. The actuator assembly of claim 1, wherein the lubricant layer is a
pure saturated branched chain hydrocarbon having a molecular weight equal to

or greater than seven hundred.

3. The actuator assembly of claim 2, wherein the high molecular

weight is in the range of 492 or greater.

4. The actuator assembly of claim 2, further comprising a bond coat

positioned between the insulating layer and the lubricating layer.



art. Specifically, current passing through the coil portions 60 and 62
interact with the nagnetic field of the magnet 42, to rotate the positioner
arm 22 and suspensi on assenbly 24 around the pivot 38, thus positioning the
read/ wite hea \mi\ so shown in Fig. 2 is a |latching nmechani sm
44, known in t mu es to secure the position of the actuator
assenbly 16 wherx e d-rl\Pe 10 is not in operation. Figs. 3a and 3b are
enl arged, expl oded views of the positioner arm 22 and suspension assenbly
24, showi ng the conductive coil 46 di sposed between a pair rearward
extensions 56 and 58 of the positioner arm22. Fig- 3a Flows a single

positioner arm 22 extending frompivot_g8, while Fig. 3 mkg)\g/ﬁEgT ﬁﬂg‘%&%"
- 14- REPLACED

5. An actuator assembly for a disk drive comprising:

. an actuator coil disposed between the pair of rearward legs of the
rearward portion, the actuator coil including an electrical conductor, an
insulating layer overlyirig the electrical conductor, and a lubricating layer
overlying the insulating layer, the lubricating layer being a hydrocarbon based oil
having a low molecular weight.

6. The actuator assembly of claim 6, wherein the low molecular

weight is in the range of 226 or lower.

7. The actuator assembly of claim 6, wherein the low rjxolecular

weight is in the range of 170 or lower.

8. A coil wire for use in conductive coils for components in disk drives
comprising:
a conductive core; This Sheet Has Been Rep

an detoroverying h conuctve ot (TN

an adhesive bond coating overlying the insulator; and
a lubricant layer covering the bond coat, the lubricant layer comprising a

hydrocarbon based oil having a molecular weight in the range of 492 or greater.



of positioner arns 22 extending from pivot 38. The rearward extensions 56
and 58 allow for balancing the positioning arm 22 around pivot 38, as is

known and desired i ' | ve actuator assenblies. Conductive coil 46 may
be secured between gﬂ(l@ggﬁlﬁ“ﬂ”t&ﬂﬂny ons 56 and 58 of the positioning arm
22 by an adhesive or '« L o6bet ween the conductive coil 46 and inner
sides of the rearward extensions 56 and 58. Alternativel :
coil 46 may be positioned between rearward extension 56 pR#SSEH
over-nolding as is known in the art. Fig. 4 is a cross-gecti oOgp
spindl e notor assenbly 102 taken alohg |lines 4-4 of Fig. ~t
coil wires 78 disclosed by the present 7id¥%ention. Specifically, Fig. 4
shows spindl e 32 about which is nounted di sks 14 separated by spacer rings
108. Spindle includes spindl e hub 116 bearing sl eeve 120, nounted by neans
of bearings 11¢-and 1h%cpd vdtaebelaih &, wezein Shatubricamaidyedds comprigied! of
nmounted to base 122 and provi des the axis about which
a hydrocarbon based oil having a molecular weight in the range of 702 or

conducti ve

greater.

10. A coil wire for use in conductive coils for components in disk drives
comprising: -

a conductive core;

an insulator overlying the conductive core;

an adhesive bond coating overlying the insulator; and

a lubricant layer covering the bond coat, the lubricant layer comprising a

hydrocarbon based oil having a molecular weight in the range of 170 or lower.

11. A method for manufacturing coils for use in magnetic disk drives

from an insulated conductive wire comprising the steps of;
applying an adhesive bondcoat over the insulated conductive wire; and

lubricating the conductive wire with a hydrocarbon based oil having a

molecular weight in the range of 492 or greater.

12, The method of claim 12, wherein the hydrocarbon based oil is in

the range of 702 or greater.

et Has Been Replaced

"



‘the spindle assenbly rotates. Stator shaft 32 supports a stack of stator
pl ates 104 and 106, having circular cutouts about their periphery.
Conductive wires 78 are wound through the cutouts form ng stator coils.
Magnet s 124 nount Emﬂ\“‘&m“M‘mﬂntrol swi t ching of the current supplied
to the stator cmT the electric notor arts. Wth reference
now to Figs. 5a and 50, the"coil wire 78 in accordance with the present

i nvention is shown and described. Fig. 5a is a cross sectional view of a
preferred enbodi nent of the actuator coil wire 78 according to the -15-
present invention.-In-a preferred enbodi nent, coil wire 78 aYas ) g IS Ciommeyn
a conductive core 80. Conductive core 862¢#s a highly cong ﬁéﬁ?%ﬁ%gﬁg gﬁf&’n
as

13. A method for manufacturing coils for use in magnetic disk drives
from an insulated conductive wire comprising the steps of:

applying an adhesive bondcoat over the insulated conductive wir:a; and

lubricating the conductive wire with a hydrocarbon based oil having a

molecular weight in the range of 170 or lower.

14. A high performance magnetic storage system, comprising: _

a housing,

at least one magnetic storage disk disposed within the housing, said disk
having a data surface of concentric data tracks;

a spindle coupled to the disk, the spindle having an axis qf rotation;

a spindle motor coupled to the spindle for rotating the spindle and disk
about the axis of rotation, sa_id spindle motor comprising stator windings for
powering movement of the spindle;

a slider maintained in an operative relationship with the data surface of
the disk when the disk is rotating;

a transducer attached to the slider for reading data from and writing data
to the data surface; and

an actuator for moving the slider generally radially relative to the disk to
allow the transducer to access the data tracks, the actuator including a

conductive actuator coil for powering movement of slider relative to the disk,

eet Has Been Replaced

BTV




copper or alum num The conductive core 80 is selected to neet the specific
operating paraneters and acceptable resistance for a particular
application. Overlying the conductive core 80 is an insulation | ayer 82.
Insulation layer 82 is sinply a tenperature resistant covering such as a
pol yur et hane or a polyesterimde resin which is provided to keep the
conductive core 80 fromshorting. Overlying the insulation |ayer 82 is an
adhesi ve bond coat 84. As previously nentioned, bond coat 84 is an adhesive
coating applied over the wire used to formcoil 46 to facilitate the
shapi hg and w nding of the actuator coil 46. One exanple of a bond coat 84
used is a polyam de adhesive resin. Apppsed over bond coat 84 is a

| ubricant |ayer 86. The lubricant layer 86 is applied to keep the coil wire
78 fromsticking to itself prior to the wire 78 being wound into the coi

46. In a pref ewhedeinndndisiRBE wikiif E‘H’Eélﬁ% fndl@%ﬁftoﬁgnd SakPEB ir5§4qof 2

hi gh nol ecul ar wei ght hydrocar bon ase ricant.
actuator are free of lubricants that will volatilize and loose more than 1 0% of

their total weight at 2 to 2 ¥ times the temperature in the coils in degree:s

Celsius.

REPLACED

iy Mgy

This Sheet Has B
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preferred enbodinent, this lubricant is a low volativity oil, where the
vol atility range by thernogravenetric analysis (TGA) shows negligible

wei ght | oss bel ow 250 degree cel sius. The chem cal conposition is pure
saturated branched chain hydrocarbon. Wth regard to the lubricant's
viscosity, the only requirenent is that the lubricant be capable of being
applied to give a thin filmusing converfional application means such as

e, o o Rt R R e

Thi s | ubr paggntrAeTsuccessfully used on the coil wre because so little of
it, if any, comes off fromthe coil 46 when the coil 46 gets hot in the

di sk drive 10. A coil assembly for disk drive components is presented which includes a coil
winding free of lubricants that cause stiction problems during the operation of the disk
drive assembly. An actuator coil and spindle motor winding are disclosed which include
a conductor (80), an insulating layer (82) over the conductor, a bond coat (84) overlying
the insulating layer (82), and a lubricant coating (86) on the insulating layer. The
lubricant coating is a hydrocarbon based oil having a molecular weight within ranges that
will not volatilize and condense on the surface of the disks in the drive.

Fig. 5a

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Replaced




y%en the disk drive 10 is being operated, current is passed through the
‘actuator coil 46 in order to position the read/ wite head over the desired
position on the surface 28 of the disk 14. As current passes through the
coil 46, the coil 46 gets hot. It is known in the art that tenperatures in
the coil 46 will easily exceed 100 degrees Cel sius during operation of high

performance drives. As the tenperature E?%bhe coil 46 increases, due to the
ased lubricant, the |ubricant

hi gh nol ecul arlQwei ght of the hy car bon
| ayer 86 is notyvolatilized andgggbqigingly does subsequently condense on
t he surface 28‘BK\the di sk 14 where e tenperature in the disk drive 10 is
substantially cooNer. In alternative embodi nent, the l[ubricant |ayer 86
is conprised of a hydrocarbon based Iubrlcgﬂt having a very | ow nol ecul ar
weight. In this alterpdative enbodi nent, the\lubricant [ayer 86 is has a

nmol ecul ar wei ght equal to or less than 226. This | ow nol ecul ar wei ght

| ubricant preferab¥y has a volatility range by ernogravenetric anal ysi s

(TGA) of 95 percgeént weight |loss by 130 .
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degrees Celsius. Alternatively, this lubricant may have a volatility range
by thernogravenetric analysis of 94 percent weight |oss by 145 degrees

Cel sius. The chem cal conposition of the lubricant is pure saturated
branched chain hydrocarbon. One exanple of a suitable lubricant for the

al ternative enbodi nent -17- is polyal phaolefin oil 1 67A manufactured by
the Nye Lubricant Conpany in New Bedford/1®%A In the alternative enbodi nent
during disk drive 10 operation, as with the preferred enbodi nent, current
is passed through the coil 46 in order to position the read/wite head 26
over the desired position on the surface 28 of the disk 14. As current
passes through the coil 46, the tenperature in the coil increases and

FIG. 2



the coil 46 gets hot. Again, it is a common operating condition for the
tenperature in the coil 46 to exceed 100 degrees Cel sius. However, as the
tenperature in the coil 46 increases, due to the | ow nol ecul ar wei ght of

t he hydrocarbon based |ubricant in this enbodi ment, the |ubricant |ayer 86
has either conpletely volatilized prior to coil wnding or any renaining

| ubricant now is conpletely volatilized,  ;gonpletely evaporates, and
accordingly does not condense on the surface 28 of the disk 14 where the
tenperature in the drive 10 is cooler. Fig. 5b is a cross-sectional view of
an alternative enbedi mrent of the coil wire 78 of the present invention. In
t he enbodi nent shown in Fig. 5b, there is no adhesive bond coat 84
overlying the insulating | ayer 82 covering the conductive core 80. I|nstead,
the lubricant layer 86 is applied directly over the insulating |ayer 82, to
prevent friction of the wwre 78 in the spooling and despooling operations.

r40




Fig. 6 is a cross-sectional

view of an actuator coil 46, taken along |ines

6-6 of Fig. 3a. As seen with reference to Fig. 6, the wire 78 is wound many
times -18- to formthe actuator coil 46. It
section of the spindle notor windings would be quite simlar to that shown

in Fig. 6. Reference nuneral

i's understood that the cross

68 indicates the interspatial spacings between

the coil w ndings where the |ubricant f#ids t rapped during manufacturing.
C

Fig. 7 illustrates the reduction in st
operation as the result of the present

on problens during disk drive
i nvention. The bar chart of Fig. 7

represents the results of environnentally accelerated friction tests
(EAFT), as described by R Koka, Mrcocontam nation published Sept./Cct.

1993, pages
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41-48, where the x-axis represents the different hydrocarbon nol ecul ar

‘wei ght based | ubricants which were tested and the y-axis indicates a
normal i zed neasure of the start friction (stiction) forces between a head
stack and a disk. The stiction forces were neasured in granms per head, and
the di sks were al so inspected for visible haze on the surface upon

conpl etion of the tests. On the graph igyfig. 7, a pass fail rate of the

| ubricants is indicated by the stiction force line at 1. It can be seen in
Fig. 7 that the coils having the lubricants with a nnlegflar wei ght of 170
or below, and that coils having the lubricants with a npl ecul.ar?6mei ght of
562 and greater experienced a superior reduction in sti '/!%ver t he

| ubricants conmonly used in the prior art. The sticti Ces exhi bited by
the 310 and 450 based lubricants woul d @duse € to the head/di sk
i nterface. 6

46




-19 - Fig. 8 shows the results of thermal gravinetric analysis (TGA) done
-in connection with the present invention. This technique is a thernal

anal ytical technique that nmeasures the weight |oss of a given sanpl e when
subjected to heat. In the graph shown, TGA was used to conpare the thernal
stability of the coil wire lubricants having high nolecular weight, in the
range of 702 or higher, verses the t her%di® st abi lity of the prior art
spooling oils, having a m xture of nolecular weights, ranging from310 to
450. Here, using an isothermal nethod, where each of the oils were

o¥ A0 Apyks in air, the weight change
was neasured over tine. The resy (1.,43"«:{&
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Fig. 9 shows a the results of a second TGA nethod used to neasure the

wei ght |l oss of the lubricants when subjected to heat. In this nmethod, the
tenperature was increased from 30 degrees Cel sius to 500 degrees Cel sius at
10 degrees Celsius per mnute in air. The results showed that the weight
change of the preferred lubricant did not occur until the tenperature
reached 230 degrees Celsius, with the Xigrum rat e of change occurring at
340 degrees Celsius. It is understood by those know edgeable in disk drive
t echnol ogy—+that—operating a drive with spindle and actuator coils heated
to these extrenme tenperatures woul d cause nunerous probl ens other than
vapor phase transport of di sk contam nants. - 20-

Normalized
Stiction Forces

3.0

EAFT

Series: A

2.5

2.0

1.5

1.0 H

170 310 450 562
Moleculor Weight

FIG. 7



Fig. 10 is also a graph show ng the conparison of |ubricant volatility over
an increasing tenperature range. The period of nobst rapid weight |oss
verses tenperature for each of the lubricants tested is indicated in the
graph by the bold portions of each of the lines. Again, it is seen that the
|l ow vol atility lubricant experiences negligible weight |oss bel ow 250
degrees Celsius, while the high volatilit |lldbl’i cant experiences a 95
percent weight |oss before 130 degrees Cel'sius; both of which are
particularly suited in manufacturing actuator coiis and stator coils for
use in disk drive systens. It can be seen fromthe graph in Fig. 10 that
the preferred lubricants are those that experienced | ess than or equal to
10% weight loss at 2 to 2 [err] ti mes tlbgg,,_o\@?r;at_i_ﬂg tenperature of the
coil. While the preferred enbodi nents of "t"he™ pr esen]t i nventi on have been
illustrated herern imdet&!l, B shaulddge apparent that mwdifigations and

aqapt ations t 0. t hQSE: Blnuth'.rTer]tlS IWYI |01C|C!L||r1 1 t1 PI 1t1h|q51$| Iskll |I 1| leIdIJIIrJ]_IEI h;?*%rt H
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cl ai ns. 21 CLAIMS W claim 1. An actuator assenbly for a disk drive
conprising: an actuator arm having a forward portion for attachnment to a
suspensi on assenbly. a pivot point and rearward portion including a pair of
rearward | egs extending in a direction opposite the forward portion; and an
actuator coil disposed between the pair of rearward |l egs of the rearward
portion, the actuator coil including ag,gpectrical conductor, an insulating
| ayer overlying the electrical conductor, and a lubricating layer overlying
<o
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| ubricating | ayer being a hydrocarbon based oil that wll |ose 10 percent
of its weight or less at 2 to 2 [err] times the tenperature of the coil. 2.
The actuator assenbly of claim 1, wherein the lubricant layer is a pure
saturated branched chai n hydrocarbon having a nol ecul ar wei ght equal to or

greater than seven hundred. 3. The actuator assenbly of claim2, wherein
the high nolecular weight is in the range of 492 or greater. 4. The
actuator assenbly of claim2, further conprising a bond coat positioned
between the insulating |ayer and the |uBf¥éfting layer. 5. An actuator

assenbly for a disk drive conprising: an actuator coil disposed between the

pair of rearyard Tegs of the rearward portion, the actuator coi [ ipckudi ng
an electrical conductor, an insulating |layer overlying the elec;rigal
conductor, amd a lubricating |ayer overlying the insulating |aygr,[Fthe
lubricating layer being a hydrocarbon based oil having a | ow nofecgl ar
wei ght . 2
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Descriptionatpagedissedipagedf. cllaim 5, wherein the Iow nol ecul‘a
D@]ﬁlq%e ofgig&ﬁldrtfl@g “f? The actuator assenbly of cla

i

A0
{

)rqua &1, alo YR &ht ig in the range of 170 or | ower.

ggsﬂrgctgzﬁ %(fggq%lg;dgg@:gm I's for conponents in disk drives

cotdrest-tir L cdnt Ia{er conpri si TH

We claim:

1. Anacruator assembly for a disk drive comprising:

an actuator arm having a forward portion for attachment to a suspension assembly.
a pivot point and rearward portion including a pair of rearward legs extending in a
direction opposite the forward portion; and

an actuator coil disposed between the pair of rearward legs of the rearward
portion, the actuator coil including an electrical conductor, an insulating layer overlying
the electrical conductor, and a lubricating layer overlying the insulating layer, the
lubricating layer being a hydrocarbon based oil that will lose 10 percent of its Weight or

less at 2 to 2 %4 times the temperature of the coil.

2. The acmator assembly of claim 1, wherein the lubricant layer is a pure
saturated branched chain hydrocarbon having a molecular weight equal to or greater than

seven hundred.

3. The actuator assembly of claim 2, wherein the high molecular weight is in

the range of 492 or greater.

4.  The actuator assembly of claim 2, further comprising a bond coat positioned

between the insulating layer and the lubricating layer.

5. An actuator assembly for a disk drive comprising:

an acmator coil disposed between the pair of rearward legs of the rearward
portion, the actuator coil including an electrical conductor, an insulating layer overlying
the clectrical conductor, and a lubricating layer overlying the insulating layer, the

lubricating layer being a hydrocarbon based oil having a low molecular weight.

iinsul at or overlying the conductive core;

an adhgéﬁpggggﬁ&%%,ng?-@)@g Q%Fg’t he gmsul ator; and a lubricant | éyer
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hydr ocar bon based oil having a nol ecul ar weight in the range of 492 or
greater. 9. The coil wire of claim 8, wherein the lubricant |ayer is
conprised of a hydrocarbon based oil having a nol ecul ar weight in the range
of 702 or greater. 10. A coil wire for use in conductive coils for
conmponents in disk drives a conductive core; an insulator overlying the
conductive core; an adhesive bond coatiq& overlying the insulator; and a

| ubricant |ayer covering the bond coat, the | ubricant |ayer conprising a

hydrocarbon based Dhd adt@tbigs@mb®! FeubAr LORT he range of 170 or
lower. 11. A nethod for nanuf ac?rgr()?ng)@c?i’\le@e%@ ﬂ{tfrs}gs"i °lﬁ’gl8%e‘tv?‘§ht(ﬁs§ﬂﬂlﬁives
from an i nsongabE2E&ondweti ve wire conprising the steps of: applying an
adhesi ve bondcoat over the insul ated conductive wire; and

The actuator assembly of claim 5, wherein the low molecular weight is in the

range of 170 or lower.

8. A coil wire for use in conductive coils for components in disk drives
comprising:

a conductive core;

an insulator overlying the conductive core:

an adhesive bond coating overlying the insulator: and

a lubricant layer covering the bond coat, the lubricant layer comprising a

hydrocarbon based oil having a molecular weight in the range of 492 or greater.

9.  The coil wire of claim 8, wherein the lubricant layer is comprised of a

hydrocarbon based oil having a molecular weight in the range of 702 or greater.

10. A coil wire for use in conductive coils for components in disk drives

comprising:

~
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a conductive core;

an insulator overlying the conductive core;

an adhesive bond coating overlying the insulator; and

a lubricant layer covering the bond coat, the lubricant layer comprising a

hydrocarbon based oil having a molecular weight in the range of 170 or lower,

11. A method for manufacturing coils for use in magnetic disk drives from an

insulated conductive wire comprising the steps of:

applying an adhesive bondcoat over the insulated conductive wire; and

* C L M 5 *




23 lubricating the conductive wire with a hydrocarbon based oil having a
nol ecul ar weight in the range of 492 or greater. 12. The nmethod of claim
11, wherein the hydrocarbon based oil is in the range of 702 or greater.

13. A nmethod for manufacturing coils for use in magnetic disk drives from
an insul ated conductive wre conprising the steps of: applying an adhesive
bondcoat over the insul ated conductive wXxe; and |ubricating the conductive
wire with a hy%ie atrbo basgd oi | having a nol ecular weight in the range of
170 or | ower fica P‘?‘B’Frﬁﬁ’ﬁ%é‘”ﬂ’a@Mﬂﬁoéalbomrbas;d sil dddng aciaocblar ng,

a_housi ng; etic storage di sk disposed within the housing,
sai d di sk ‘ﬁ,g%lh{nm% rgrﬂg% JFHI%r greater.

12. The method of claim 11, wherein the hydrocarbon based oil is in the range of

702 or greater.

13. A method for manufacturing coils for use in magnetic disk drives from an
insulated conductive wire comprising the steps of:
applying an adhesive bondcoat over the insulated conductive wire; and

lubricating the conductive wire with a hydrocarbon based o0il having a molecular

weight in the range of 170 or lower.
* wer REPLACEHENT SHEE
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14. A high performance magnetic storage system, comprising;

a housing;

at least one magnetic storage disk disposed within the housing, said disk having a
dara surface of concentric data tracks;

a spindle coupled to the disk, the spindle having an axis of rotation,

a spindle motor coupled to the spindle for rotating the spindle and disk about the
axis of rotation, said spindle motor comprising stator windings for powering movement
of the spindle;

a slider maintained in an operative relationship with the data surface of the disk
when the disk is rotating;

a transducer attached to the slider for reading data from and writing data to the
data surface; and

an actuator for moving the slider generally radially relative to the disk to allow the
transducer to access the data tracks, the actuator including a conductive actuator coil for

powering movement of slider relative to the disk,

* [+ L M S *



data surface of concentric data tracks; a spindle coupled to the disk, the
spi ndl e having an axis of rotation; a spindle notor coupled to the spindle
for rotating the spindle and disk about the axis of rotation, said spindle
not or conprising stator w ndings for pOV\é‘H ng novenent of the spindle; a
slider maintai R@ekeidsAdsQRE" e.rela with the data surface of the
di sk when the disk ibs r(s)tg)?l\ﬁham $ ‘i YA saidtqoiltinsaidl dcdarorfaee
readi ng dafrae fof dubradadts\Wint futi 9 a,surface; and an actuator for
nmovi ng the slider generall yngad gﬁoi??rrbéﬁg’f‘g ‘”{ ohat H’é‘ﬁd‘foéil&lltzé aafl|lose trivee

t ransducer thgo 186 of sheih@ial atedait 2K, 2 § cl udi ng a conducti ve
act uat or C8I1| for powering novenent of /bﬁﬂﬁgﬁlﬁﬁé{ﬁgﬁa%e i therroilyin degrees
elsius.
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24 wherein said stator windings in said spindle notor and said coil in said
actuator are free of lubricants including a hydrocarbon based oil that wll
vol atilize and | ose nore than 10% of their total weight at 2 to 2 [err]
times the tenperature in the coils in degrees Cel sius.

25
COIL WIRE LUBRICANT FOR USE IN MAGNETIC DISK DRIVES
ABSTRACT '

A coil assembly for disk drive components is presented which includes a coil
winding free of lubricants that cause stiction problems during the operation of the disk
drive assembly. An actuator coil and spindle motor winding are disclosed which include
a conductor (80), an insulating layer (82) over the conductor, a bond coat (84) overlying
the insulating layer (82), and a lubricant coating (86) on the insulating layer. The
lubricant coating is a hydrocarbon based oil having a molecular weight within ranges that
will not volatilize and condense on the surface of the disks in the drive.

Fig. 5a
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