
ELECTROSTATIC DISCHARGE APPARATUS  FOR HUB AND SPINDLE
ASSEMBLIES  Technical Field [0001] The present
invention relates generally to hub and spindle for
disk drive memory  storage devices, and more
particularly to an electrostatic discharge apparatus
providing for  electrical charge transfer between
static and moving parts for such hub and spindle
assemblies.  Backaround Art [0002] Disc drive memory
systems have been used in computers for many years for
storage  of digital information. Information is
recorded on concentric memory tracks of a magnetic
disc  medium, the actual information being stored in
the form of magnetic transitions within the  medium.
The discs themselves are mounted on a hub that is
rotatably mounted on a fixed  spindle. The information
is accessed by means of read/write heads generally
located on a  pivoting arm that moves radially over
the surface of the disc. The read/write heads or
transducers must be accurately aligned with the
storage tracks on the disc to ensure proper  reading
and writing of information. [0003] During operation,
the discs are rotated at very high speeds within an
enclosed  housing by means of an electric motor
generally located inside the hub that supports the
discs.  One type of motor in common use is known as an
in-hub or in-spindle motor. Such in-spindle  motors
typically have a spindle mounted by means of ball or
fluid dynamic bearing systems to a  fixed motor shaft
(spindle) disposed in the center of the hub.
Generally, such motors include a  stator formed in a
base of the assembly, comprising a plurality of teeth
arranged in a circle. Each  of the teeth support coils
or windings that may be sequentially energized to
polarize the stator. A plurality of permanent magnets
are disposed in alternating polarity on an inside rim
of the  hub, adjacent the stators. As the coils
disposed on the stators are sequentially energized in
alternating polarity, the magnetic attraction and
repulsion of each stator to the adjacent magnets
cause the hub to rotate, thereby rotating the disc and
passing the information storage tracks  across the
head. 1 



[0004] Motors used in disc storage systems can use hub
and spindle assemblies having ball  bearings, and/or
fluid dynamic bearings. For both types of bearings, a
lubricating fluid can be  in a liquid or gaseous
state. The use of fluid dynamic bearing assemblies in
such drive systems  has become preferred due to
desirable reductions in drive size and noise
generation as compared  to conventional ball bearing
drive systems. In fluid dynamic bearings, a
lubricating fluid  functions as the bearing surface
between a spindle and a hub. Such bearings are of the
journal  and thrust types. Journal bearings fix the
radial position of a hub as it rotates around a
spindle.  Thrust bearings constrain the axial position
of the hub as it rotates. [0005] As the demand for
higher performance from drive systems increases, in
terms of  more revolutions per minute for a spinning
disc, as well as lower power consumption for drive
motors, the use of lower viscosity lubricating fluids
and/or gasses in bearings becomes attractive  to
further reduce friction and rotational drag. It is
well known that thin film head and disc  interfaces
are highly sensitive to damage from electrostatic
discharge that can result from  triboelectric charge
build-up. Thus it is desirable for a conductive path
to be established  between a thin film head and a disc
surface to prevent such charge build-up. For ball
bearing  based disk storage systems, the charge can
get transferred either through the ball-raceway
interface of the bearing or a ferrofluidic seal of the
spindle motor. For fluid dynamic bearings  where the
fluid is a liquid, electrical charge can get
transferred from the head-disc interface to  the
ground through the spindle motor fluid dynamic
bearing, if the bearing gap is reasonably  small.
However if a the fluid is a gas, such charge transfer
can be substantially blocked.  Therefore, it is
desirable to establish another conductive path between
spindle and hub.  Ferrofluid seals, wherein a
ferrofluid containing metallic particle is
positionally constrained by  magnetic forces can be
used, however such ferrofluids tend to outgas and
otherwise contaminate  a disc drive, degrading
reliability. It is desirable to provide a conductive
seal for a bearing  assembly for a disc storage system
that can prevent electrical charge buildup between the
thin  film head and the disc, that has a long
operational life but does not suffer from the
contamination and magnetic field confinement
requirements of ferrofluidic seals. Summary of the
Invention 



[0006] An embodiment of the invention is an
electrostatic discharge apparatus for use  with a hub
and spindle bearing assembly for a disc drive storage
system comprising: a capsule  2 formed at least in
part from an electrically conductive material that can
be placed in electrical  communication with the hub
and defining a chamber configured to hold an
electrically  conductive fluid and defining at least
one capillary channel in fluid communication with a
first  opening formed in the capsule, the first
opening configured to permit rotation about the
spindle,  and to permit a meniscus formed by the
conductive fluid proximate to the opening to
electrically  contact the spindle during rotation of
the hub about the spindle. In a further embodiment,
the  capsule, further comprises a second opening in
the capsule configured to fill the chamber with  the
electrically conductive fluid. [0007] In some
embodiments, the at least one capillary channel can
radially configured,  while in other embodiments, the
at least one capillary channel can be configured as a
spiral. In  either of these two types of embodiments,
the at least one capillary channel can be configured
to  narrow toward the first opening, and the at least
one capillary channel can contain a conductive  fluid,
for example an electrically non-conductive lubricant
and an electrically conductive, non- metallic,
non-magnetic additive. [0008] In some embodiments the
capsule can be configured as at least a partial
annulus  having an open center, wherein the first
opening defines the open center of the at least a
partial  annulus. In further embodiments, at least of
portion of the capsule can be integrated with the
hub. [0009) For another embodiment of the invention, a
disc drive storage system can comprise: a  spindle; a
hub rotatably mounted on the spindle; and a capsule
formed at least in part from an  electrically
conductive material that can be placed in electrical
communication with the hub and  defining a chamber
configured to hold an electrically conductive fluid
and defining at least one  capillary channel in fluid
communication with a first opening formed in the
capsule, the first  opening configured to permit
rotation about the spindle, and to permit a meniscus
formed by the  conductive fluid proximate to the
opening to electrically contact the spindle during
rotation of  



the hub about the spindle. The capsule can have
additional features as discussed in connection  with
the above embodiments. [0010] A further embodiment of
the invention is a method of preventing build up of
electrostatic charge within an a disc drive storage
system that includes a spindle and hub bearing
assembly, the method comprising: electrically
contacting a meniscus in fluid communication  with a
conductive fluid contained within a capillary channel
defined within a capsule, formed at 3 least in part of
an electrically conductive material, wherein the
capsule is in electrical contact  with the hub. In a
yet further embodiment, the capsule can electrically
contact the hub, and the  meniscus can electrically
contact the spindle as the spindle while the hub
rotates about the  spindle. In addition embodiments,
conductive fluid comprises an electrically
non-conductive  lubricant and an electrically
conductive, non-metallic, non-magnetic additive. Brief
Description of the Drawings 100111 For a fuller
understanding of aspects and examples disclosed
herein, reference is  made to the accompanying
drawings in the following description. [00121 Figure 1
illustrates a plan view of an exemplary disc drive.
100131 Figure 2 illustrates a cross sectional view of
a disc drive according to an embodiment  of the
invention. [0014] Figures 3A and 3B show top and
bottom perspective views of a conductive capillary
seal according to an embodiment of the invention.
[00151 Figures 4A and 4B show top and bottom views,
respectively, of a first member of a  conductive
capillary seal according to an embodiment of the
invention. Figure 4C is a cross- sectional view of the
first member. [0016] Figures 5A and 5B show top and
bottom views, respectively, of a second member of  a
conductive capillary seal according to an embodiment
of the invention. Figure 5C is a cross- sectional view
of the second member. [0017] Figure 6 is detailed
cross-sectional view of an embodiment of the
invention.  [0018] Figure 7 is an exploded view of a
conductive capillary seal according to a further  



embodiment of the invention. 100191 Figure 8 is a
perspective, assembled view of the embodiment of
Figure 7.  Detailed Description of the Invention
[00201 The following description is presented to
enable a person of ordinary skill in the art  to make
and use various aspects of the inventions.
Descriptions of specific materials,  techniques, and
applications are provided only as examples. Various
modifications to the  examples described herein will
be readily apparent to those skilled in the art, and
the general  principles defined herein may be applied
to other examples and applications without departing 4
from the spirit and scope of the inventions. For
example, aspects and examples may be  employed in a
variety of motors, including motors for use in disc
storage drives. Motors for disc  storage drives may be
designed and may operate in a number of ways. The
exemplary motors  and other exemplary subject matter
provided herein are for illustrating various aspects
and are  not intended to limit the range of motors and
devices in which such examples and aspects may  be
applied. 100211 Turning briefly to FIG. 1, a plan view
of an exemplary magnetic disc drive storage  system is
illustrated. In this example, the storage system 10
includes a housing base 12 having  spindle motor 14
which rotatably carries storage discs 16. An armature
assembly 18 moves  transducers 20 across the surface
of the discs 16. The environment in which discs 16
rotate may  be sealed by seal 22 and cover 24. In
operation, discs 16 rotate at high speed while
transducers  20 are positioned at any one of a
radially differentiated track on the surface of the
discs 16. This  allows transducers 20 to read and
write magnetically encoded information on the surfaces
of  discs 16 at selected locations. Discs 16 may
rotate at many thousand RPM. 100221 To provide for
rotation of discs 16, spindle motor 14 typically
includes at least one  rotatable portion. The at least
one rotatable portion in turn typically interfaces
with one or more  non-rotating surfaces, that may form
journal and/or thrust hydrodynamic bearings.
Hydrodynamic bearings often incorporate liquid
lubricants, such as oil between the rotatable
portion(s) and fixed portion(s) of spindle motor 14.
Capillary seals help confine liquid lubricant  



to areas intended for lubrication and also provide a
reservoir of liquid lubricant that compensates  for
losses due to evaporation, spillage and the like.
[0023) Capillary seals are often used to retain
lubricating fluid (e.g., oil) at hydrodynamic  bearing
surfaces of disc drive motors and to provide a
reservoir of lubricating liquid sufficient to
maintain lubrication of hydrodynamic bearing surfaces
throughout an expected lifetime of the  disc drive.
[0024) Typical capillary seals are formed between
radially opposing surfaces of coaxially  disposed
relatively rotating members of a disc drive motor,
e.g., between an outer surface of a  fixed shaft and
an inner surface of a rotating hub disposed around the
shaft. Typically, either the  shaft or the hub is
machined so that the radially opposing surfaces taper
with respect to each  other and thereby form a
capillary seal with an annular type cross-section that
tapers in cross- sectional area from a vent opening to
the hydrodynamic bearing. 5 [0025J Such capillary
seals often have a relatively large cross-sectional
area exposed to an  ambient environment, and thus may
be prone to losing fluid due to operational shock
and/or  evaporation. Accordingly, capillary seals and
reservoirs using capillary forces that may have
benefits including a reduction in a cross-sectional
area exposed to an ambient environment and  an
increase in shock resistance of the seals and
reservoirs are desired. 100261 U.S. Application Serial
No. 11/126,932, filed May 10, 2005, and entitled
COLUMN  CAPILLARY SEAL FOR FDB MOTORS, discusses
column capillary seals and is hereby  incorporated
herein in its entirety by reference. [00271 Figure 2
illustrates a cross-sectional diagram of a disc drive
motor according to an  embodiment of the invention.
Hub 203 rotates about fixed spindle 202 that is
mounted to base  201. Disc 204 is coupled to hub 203,
as is annular conductive capillary seal assembly shown
as  capsule 210. Permanent magnets 206A and 20613 are
coupled to an inner rim of hub 203, as  shown, and
cause hub 203 to rotate responsive to alternating
magnetic fields from stator magnets  207A and 207B
that are coupled to base 201. According to some
embodiments, thrust and  journal bearing surface
interfaces between hub 203 and spindle 202 are
lubricated by a fluid  



(liquid and/or gas phase) that is pressurized by fluid
dynamic bearings (FDBs). If a gas phase  fluid is
used, spindle 202 and hub 203 can be substantially
electrically isolated due to a lower  electrical
conductivity of the gas phase fluid compared with a
liquid phase fluid, leading to a  differential charge
build-up on spindle 202 and hub 203. Such a charge
build-up can lead to  electrostatic discharge (ESD)
between a read/write thin-film head (not shown) and a
proximate  surface of disc 204. Such ESD can damage
the read/write thin-film head and/or the proximate
surface of disc 204. In order to prevent such charge
buildup, annular conductive capillary seal  210 is
provided according to an embodiment of the invention.
Annular conductive capillary seal  210 is comprised of
coupled first and second members 2108 and 21 OA,
respectively. First  member 210E is electrically and
mechanically coupled to hub 203. A meniscus of
conductive  fluid 212 from an inner, annular perimeter
of annular conductive capillary seal 210, is in fluid
and electrical contact with proximate surfaces of
spindle 202. Because disc 204 is mechanically  and
electrically coupled to hub 203; and because spindle
202 is mechanically and electrically  coupled to base
201, which can be electrically coupled to the
read/write, thin-film head, charge  build-up between a
surface of disc 204 and a read/write thin-film head
can be reduced. 6 [00281 Figures 3A and 3B provide top
and bottom perspective views, respectively, of
annular conductive capillary seal, respectively.
Central annular hole 301 passes through the seal
assembly, and is defined by an inner annular surface
of the annular conductive capillary seal. A  meniscus
of conductive fluid can form on the inner annular
surface. Hole 302 is in the second  member 210A of the
annular conductive capillary seal 210, and is used to
fill the seal with  conductive fluid. [00291 Referring
now to Figure 4, Figure 4A shows atop view of first
member 210B, Figure  4B illustrates a bottom view of
first member 210B, and Figure 4C illustrates a
cross-sectional  view of first member 210B. 301B is
the central, annular hole portion of first member
210B.  Outer perimeter lip 43 partly defines an
internal cavity 42 to contain conductive fluid. Raised
sections 41A through 41H define a radial sequence of
capillary channels in internal cavity 42  that taper
to central annular hole 301B, to provide a supply of
conductive fluid. In some  



embodiments, the tops of raised sections 41A through
41H are coplanar with outer perimeter lip  43. First
member 210B can be made of any mechanically acceptable
material with adequate  electrical conductivity, that
is also compatible with a conductive fluid to be used.
For example,  first member 210B can be made of metal,
metal alloys, conductive polymers, or conductive
composite materials as are well known to one of
ordinary skill in the art. Outer perimeter lip 43  and
raised sections 41 A through 41 H can be formed in the
upper surface of first member 210E  using a variety of
techniques that are well known to one of ordinary
skill in the art, for example  without exclusion: (i)
machining; (ii) stamping; (iii) chemical etching; (iv)
molding; (v)  electrodeposition; and (vi) various
laser or mechanical ablation techniques. Although
eight  raised sections 41 have been shown in Figure 4A
to define 8 capillary channels in cavity 42,  other
number of raised sections can also be used in other
embodiments of the invention. In  further embodiments,
as discussed below, non-radial geometries for the
capillary channels may  also be used. Although first
and second members 210B and 210A have been illustrated
for a  capsule 210 in full annular configuration,
other embodiments include angularly constrained,
partial annular configurations, as long as at least
one capillary channel is contained therein. In  some
embodiments, the angularly constrained annulus segment
can more resemble a "wiper"  configuration, providing
a meniscus contact with an angularly restricted region
of the spindle at  any given time. 7 [00301 Figure 5
illustrates various aspects of second member 210A
according to aspects of  the embodiments. Figure 5A
shows a top view, Figure 5B shows a bottom view, and
Figure 5C  shows a cross-sectional view. The surface
of Figure 513, that mates with the top of first member
210B is substantially planar, such that outer
perimeter lip 43 and raised sections 41A through  41H
of first member 210B form substantially fluid-tight
seals with the bottom surface of second  member 210a.
Filling hole 302 extends through second member 210A
and can used for fluid  access to cavity 42 of first
member 2108, when assembled with second member 210A.
[00311 First member 210B can be coupled to second
member 210A using a variety of  techniques well known
to one of ordinary skill in the art, for example
without exclusion: (i)  



welding; (ii) adhesives; (iii) soldering; (iv) press
fitting with appropriate mechanical  modifications;
(v) and rivets, screws, self-tapping screws, or nuts
and bolts with appropriate  flange and hole
modifications. Likewise, first member 210B can be
coupled to second member  210A using an external
clamp. Annular conductive capillary seal 201 can be
similarly coupled  to hub 203 using a variety of
similar techniques that are well known to one of
ordinary skill in  the art. [00321 Figure 6
illustrates a close-up detail of the embodiment shown
in Figure 2. In some  embodiments, the perimeter of
the inner annular hole of annular conductive capillary
seal 210  that provides meniscus 212 can be configured
as an axially narrowed section to help confine the
axial extent of meniscus 212's contact with spindle
202. The can reduce the dissipation of the  conducting
fluid that forms the meniscus and also reduce
contamination of the bearing assembly  by the fluid.
[00331 Figure 7 illustrates a further embodiment of
the annular conductive capillary seal.  second member
210A is as described above in connection with previous
embodiments. First  member 710 has a outer perimeter
lip 73 and a central annular hole 301b, as described
above in  connection with other embodiments. However
raised sections 71 are formed in spiral patterns to
produce spirally shaped capillary channels. An
advantage of this embodiment is that longer,  spirally
shaped capillary channels can be formed in the same
diameter annular conductive  capillary seal assembly,
than can radially shaped capillary channels. This can
provide for longer  conductive fluid supply lifetimes,
at lower conductive fluid supply rates. Although four
spirally  shaped capillary channels are illustrated in
Figure 7, other embodiments can other numbers of
spirally shaped capillary channels. 8 [0034] According
to an embodiment of the present invention, the
conductive fluid comprises  an electrically
non-conductive lubricant and an electrically
conductive, non-metallic, non- magnetic additive which
improves electrical conductivity of the lubricant
without sacrificing  desirable lubricating properties
such as viscosity, anti-oxidation, anti-corrosion and
anti-wear  performance. Preferred base lubricants
include a mineral based hydrocarbon, a synthetic  



hydrocarbon, an ester or a combination of base
lubricants, Mineral based hydrocarbons are  preferably
highly refined (highly purified). [0035] Preferred
additives include organic polymers, such as a
commercially available  solution of a quarternized
polymeric aminoamide ester, a nitrilo polymer,
chlorobenzene and  ethylene dichloride in aromatic and
aliphatic hydrocarbons. The aromatic and aliphatic
hydrocarbons have a 40-70% concentration as compared
to the remaining elements of the  additive solution.
One example of such a commercially available solution
is Tolad 511 from  Petrolite Corporation, U.S.A.
Another example of a suitable commercially available
organic  polymer includes a solution of a solvent
(toluene, isopropyl alcohol, and other aromatic
solvents  C9-C16), dodecyl, benzene and sulfonic acid.
Other commercially available solutions can also  be
used. Since the additives are non-metallic and
non-magnetic, the additives do not adversely  effect
wear and viscosity performance. Other non-metallic
additive solutions can also be used. (0036] The
concentration of the additive in the lubricant can be
varied to achieve a desired  conductivity. However,
the concentration is preferably kept low such that the
overall viscosity of  the lubricant is not changed. In
a preferred embodiment, the concentration of the
additive is 100- 5000 ppm in the lubricant, and the
treated lubricant has a resistance of less than 50
M.OMEGA..  For example, 1000 ppm (i.e. 0.1 %) of an
organic polymer in a mineral based hydrocarbon has
been found to give suitable performance. This is a
much lower concentration than a typical  ferrofluid
lubricant in which the ferromagnetic particles have a
concentration in the lubricant of  up to 4%. [0037]
Additional examples are discussed in U.S. 5,940,246,
DISC DRIVE HYDRO  BEARING LUBRICANT WITH ELECTRICALLY
CONDUCTIVE NON-METALLIC  ADDITIVE (Aug. 17, 1999)
which is hereby incorporated by reference in its
entirety. [0038] The conductive fluid of the present
invention therefore provides an electrically
conductive path for discharging electrostatic charge
from the disc surface while providing  9 greatly
improved wear performance over conductive lubricants
that include metallic or magnetic  additives. 



[0039] In alternative embodiments, the lubricant can
include numerous other blends or  additives for
improving performance factors such as oxidation,
corrosion, wear and viscosity, as  discussed in
greater detail in U.S. application Ser. No.
08/737,431, entitled "Disc Drive Spindle  Motor Having
Hydro Bearing With Optimized Lubricant Viscosity,"
U.S. application Set. No.  08/737,438, entitled
"Miniature Disc Drive Spindle Motor Having Hydro
Bearing With High  Shear-Strength Viscosity Index
Improved Lubricant," and U.S. application Ser. No.
08/737,439,  entitled "Disc Drive Spindle Motor Having
Hydro Bearing With Lubricant Optimized With Disc
Drive Compatible Additives," which were filed on Oct.
25, 1996, claim priority from U.S.  Provisional
application Ser. No. 60/008,124 and are hereby
incorporated by reference. [0040] Although the present
invention has been described with reference to
preferred  embodiments, workers skilled in the art
will recognize that changes may be made in form and
detail without departing from the spirit and scope of
the invention. The specific structures,  lubricants,
and additives provided herein are examples only. Other
base lubricants and non- metallic or nonmagnetic
conductivity enhancing additives can also be used in
accordance with  the present invention. [0041] Also,
although the conductive capillary seal has been
described as having an annular  configuration that is
mechanically and electrically coupled to a hub, and in
fluid and electrical  communication with a spindle,
alternatively, a radially configured conductive
capillary seal can  be mechanically and electrically
coupled to a spindle, and in fluid and electrical
communication  with a hub. A potential drawback of the
latter embodiment is reduced seal assembly area,
possibly resulting in reduced conductive fluid storage
capacity. A potential advantage of the  latter
embodiment is that the conductive fluid stored in the
capillary channels would not be  subjected to
centrifugal forces by the rotating hub. [0042] Various
motor and capillary seal aspects have been illustrated
and described herein.  In some figures, rotating shaft
designs have been presented while in others, fixed
shaft designs  have been presented. One of ordinary
skill in the art would understand that teachings
related to  each may be adapted to the other design.
Also, it would be understood that certain components
have been separately identified herein, but such
identification does not imply that such 



components must be separately formed from other
components. Similarly, components  10 identified
herein may be subdivided into sub-components in other
designs. Additionally,  features such as recirculation
channels, bearing surfaces, pumping grooves, and the
like may be  disposed additionally or differently than
presented in aspects herein. [0043] Other
modifications and variations would also be apparent to
those of ordinary skill  in the art from the exemplary
aspects presented. By example, various exemplary
methods and  systems described herein may be used
alone or in combination with various fluid dynamic
bearing and capillary seal systems and methods.
Additionally, particular examples have been  discussed
and how these examples are thought to address certain
disadvantages in related art.  This discussion is not
meant, however, to restrict the various examples to
methods and/or  systems that actually address or solve
the disadvantages. [0044] To the extent that
publications and patents or patent applications
incorporated herein  by reference contradict the
disclosure contain in this specification, this
specification is intended  to supersede and/or take
precedence over any such contradictory material. 11
Claims  1. An electrostatic discharge apparatus for
use with a hub and spindle bearing  assembly
comprising: a capsule formed at least in part from an
electrically conductive material  configured to be
placed in electrical communication with the hub and
defining a chamber  configured to hold an electrically
conductive fluid and defining at least one capillary
channel in  fluid communication with a first opening
formed in the capsule, the first opening configured to
permit rotation about the spindle, and to permit a
meniscus formed by the conductive fluid  proximate to
the opening to electrically contact the spindle during
rotation of the hub about the  spindle. 2. The
apparatus of claim 1, further comprising a second
opening in the capsule  configured to fill the chamber
with the electrically conductive fluid. 



3. The apparatus of claim 1, wherein the at least one
capillary channel is radially  configured. 4. The
apparatus of claim 1, wherein the at least one
capillary channel is configured  as a spiral. 5. The
apparatus of claim 1, wherein the at least one
capillary channel is configured  to narrow toward the
first opening. 6. The apparatus of claim 1, wherein
the at least one capillary channel contains a
conductive fluid. 7. The apparatus of claim 6, wherein
the conductive fluid comprises an electrically
non-conductive lubricant and an electrically
conductive, non-metallic, non-magnetic additive.  8.
The apparatus of claim t, in which at least of portion
of the capsule is integrated  with the hub. 12 9. The
apparatus of claim 1, in which the capsule is
configured as at least a partial  annulus having an
open center, and the first opening defines the open
center of the at least a  partial annulus. 10. A disc
drive storage system comprising:  a spindle; a hub
rotatably mounted on the spindle; a capsule formed at
least in part from an electrically conductive material
configured to be  placed in electrical communication
with the hub and defining a chamber configured to hold
an  electrically conductive fluid and defining at
least one capillary channel in fluid communication
with a first opening formed in the capsule, the first
opening configured to permit rotation about  the
spindle, and to permit a meniscus formed by the
conductive fluid proximate to the first  opening to
electrically contact the spindle during rotation of
the hub about the spindle. 11. The system of claim 10,
further comprising a second opening in the capsule
configured to fill the chamber with the electrically
conductive fluid. 12. The system of claim 10, wherein
the at least one capillary channel is radially  



configured. 13. The system of claim 10, wherein the at
least one capillary channel is configured  as a
spiral. 14. The apparatus of claim 10, wherein the at
least one capillary channel is  configured to narrow
toward the first opening. 15. The apparatus of claim
10, wherein the at least one capillary channel
contains a  conductive fluid. 13 16. The system of
claim 15, wherein the conductive fluid comprises an
electrically  non-conductive lubricant and an
electrically conductive, non-metallic, non-magnetic
additive. 17. The system of claim 10, in which at
least of portion of the capsule is integrated  with
the hub. 18. The apparatus of claim 10, in which the
capsule is configured as at least a partial  annulus
having an open center, and the first opening defines
the open center of the at least a  partial annulus.
19. A method of preventing build up of electrostatic
charge within an a disc drive  storage system that
includes a spindle and hub bearing assembly, the
method comprising:  electrically contacting a meniscus
in fluid communication with a conductive fluid
contained within a capillary channel defined within a
capsule, formed at least in part of an  electrically
conductive material, wherein the capsule is in
electrical contact with the hub.  20. The method of
claim 19 further including: electrically contacting
the hub with the capsule and electrically contacting
the meniscus  with the spindle while the hub rotates
about the spindle. 21. The method of claim 20, wherein
the conductive fluid comprises an electrically
non-conductive lubricant and an electrically
conductive, non-metallic, non-magnetic additive.  14 




