ELECTROSTATI C DI SCHARGE APPARATUS FOR HUB AND SPI NDLE
ASSEMBLI ES Technical Field [0001] The present
invention relates generally to hub and spindle for

di sk drive nmenory storage devices, and nore
particularly to an el ectrostatic di scharge apparatus
providing for electrical charge transfer between
static and noving parts for such hub and spindle
assenblies. Backaround Art [0002] Disc drive nenory
systens have been used in conmputers for many years for
storage of digital information. Information is
recorded on concentric nenory tracks of a nagnetic
diso  medi um EPRETROSTARIC RISGHARCEAPBSRATUS or ed i n
the form of mMagrOR BUBBNDESHINDLE ASSEMEBLIERE nedi um
The di scs thenselves are nounted on a hub that is
rotatably nmounted on a fixed spindle. The information
is accessed by neans of read/wite heads generally
TeohdtabHeldn a pivoting armthat noves radially over
the surface of the disc. The read/wite heads or
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encl osed housing by neans of an el ectric notor

Brekeoal Ayt | ocated i nside the hub that supports the
discs. One type of notor in conmopn use i s known as an
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assi n i nformati on storage._ track acr.oss the
n%é%typl allty have a spindle mounted by meansgof ball or ﬂmsd 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.




[0004] Motors used in disc storage systens can use hub

and spindl e assenblies having ball bearings, and/or

fluid dynam c bearings. For both types of bearings, a

| ubricating fluid can be in a liquid or gaseous

state. The use of fluid dynam c bearing assenblies in

such drive systens has becone preferred due to

desirabl e reductions in drive size and noi se

generation as conpared to conventional ball bearing

drive systenms. In fluid dynam c bearings, a
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! li]()\{)ﬁglt 'O Iln 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
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[ 0006] An enbodi nent of the invention is an

el ectrostatic discharge apparatus for use wth a hub
and spindl e bearing assenbly for a disc drive storage
system conprising: a capsule 2 fornmed at least in

part froman electrically conductive material that can
be placed in electrical comunication with the hub

and defining a chanber configured to hold an
electrically conductive fluid and defining at |east

one capillary channel in fluid comunication with a
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[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
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t he hub about the spindle. The capsul e can have

addi tional features as discussed in connection wth

t he above enbodi ments. [0010] A further enbodi ment of
the invention is a nethod of preventing build up of

el ectrostatic charge within an a disc drive storage
systemthat includes a spindle and hub bearing
assenbly, the nethod conprising: electrically
contacting a nmeniscus in fluid communication wth a
conductive fluid contained within a capillary channe
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[0019] Figure 8 is a perspective, assembled view of the embodiment of Figure 7.

Detailed Description of the Invention

[0020] 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



enbodi nent of the invention. 100191 Figure 8 is a
perspective, assenbled view of the enbodi nent of
Figure 7. Detailed Description of the Invention
[ 00201 The follow ng description is presented to
enabl e 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 exanples. Various
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plv?ary seal s help confine liquid |ubricant
[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.
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to areas intended for lubrication and al so provide a

reservoir of liquid lubricant that conpensates for

| osses due to evaporation, spillage and the Iike.

[0023) Capillary seals are often used to retain

lubricating fluid (e.g., oil) at hydrodynam c bearing

surfaces of disc drive notors and to provide a

reservoir of lubricating liquid sufficient to

mai ntai n | ubrication of hydrodynam c bearing surfaces

t hroughout an expected lifetinme of the disc drive.
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flhidi212 farh exlinber, aangdlinpedmeter of axmular 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.



(liquid and/or gas phase) that is pressurized by fluid
dynam c bearings (FDBs). If a gas phase fluid is

used, spindle 202 and hub 203 can be substantially
electrically isolated due to a lower electrica
conductivity of the gas phase fluid conpared with a
liquid phase fluid, leading to a differential charge
bui Il d-up on spindle 202 and hub 203. Such a charge

buil d-up can lead to electrostatic discharge (ESD)
between a read/wite thin-filmhead (not shown) and a
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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.



enbodi nents, the tops of raised sections 41A through
41H are coplanar with outer perineter lip 43. First
menber 210B can be made of any nechanically acceptabl e
material with adequate electrical conductivity, that
Is also conpatible with a conductive fluid to be used.
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wel ding; (ii) adhesives; (iii) soldering; (iv) press
fitting wiwth appropriate nmechani cal nodifications;

(v) and rivets, screws, self-tapping screws, or nuts

and bolts with appropriate flange and hole

nodi fications. Likew se, first nmenber 210B can be

coupl ed to second nenber 210A using an externa

cl anp. Annul ar conductive capillary seal 201 can be
simlarly coupled to hub 203 using a variety of

simlar techniques that are well known to one of
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[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



hydr ocar bon, an ester or a conbination of base

| ubricants, M neral based hydrocarbons are preferably

highly refined (highly purified). [0035] Preferred

addi tives include organic polyners, such as a

commercially available solution of a quarternized

pol yneric am noam de ester, a nitrilo polyner,

chl orobenzene and ethylene dichloride in aromatic and

al i phati c hydrocarbons. The aromatic and aliphatic

hydr ocar bons have a 40-70% concentrati on as conpared
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[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
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[0039] In alternative enbodi ments, the lubricant can

i ncl ude numerous other blends or additives for

i mprovi ng performance factors such as oxi dati on,
corrosion, wear and viscosity, as discussed in
greater detail in U S. application Ser. No.

08/ 737,431, entitled "Disc Drive Spindle Mtor Having
Hydro Bearing Wth Optim zed Lubricant Viscosity,"

U S. application Set. No. 08/737,438, entitled

"M niature Disc Drive Spindl e Mdtor Having Hydro
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mechani cally and el ectrically coupled to a hub, and in
fluid and electrical communication with a spindle,
alternatively, a radially configured conductive
capillary seal can be nechanically and electrically
coupled to a spindle, and in fluid and el ectrica
communi cation wth a hub. A potential drawback of the
| atter enmbodi nent is reduced seal assenbly area,
possibly resulting in reduced conductive fluid storage
capacity. A potential advantage of the Ilatter

enbodi nent is that the conductive fluid stored in the
capillary channels woul d not be subjected to
centrifugal forces by the rotating hub. [0042] Various
notor and capillary seal aspects have been illustrated
and described herein. In sone figures, rotating shaft
desi gns 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.
Al so, it would be understood that certain conponents
have been separately identified herein, but such
identification does not inply that such
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conmponents nmust be separately formed from ot her
conponents. Simlarly, conponents 10 identified
herein may be subdivided into sub-conponents in other
designs. Additionally, features such as recirculation
channel s, bearing surfaces, punping grooves, and the
i ke may be disposed additionally or differently than
presented in aspects herein. [0043] O her

nodi fications and variations would al so be apparent to
those of ordinary skill in the art fromthe exenplary
aspects presented. By exanglaims vari ous exenpl ary

nmet hods and systens descri bed herein nay be used

al oné or Anelectoositin dischorge wppatatug forugeugithfa lub dndispimelgibearing

%5%51 gﬁﬁlcaplllary seal systens and nethods.
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precedence over any such contradictory materia

spindlens 1. An el ectrostatic discharge apparatus for

use with a hub and spindle bearing assenbly
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rica conductive nmater
conifigured to fill th dhambér wath ﬂ@m*mwmuyapﬁld@mwﬂpﬁ the hub and
defining a chanber configured to hold an electrically
Conehct e ot S P PR BB e
cordigned i n t he capsul e, the flrst openi ng conflgured to
permt rotation about the spindle, and to permt a

meni scus_formed b nduct i fluid te t

e BponTHrops Shelath o TPt At ot opt Ll Bl dyppifgeed
a$ o$partll on of the hub about the spindle. 2. The

apparatus of claim1l, further conprising a second
opening in the capsule configured to fill the chamber

wi t -t heTl8 @E%ri“}‘%%flclaiﬂ‘ &ohetri the R lepst gnecapillary 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 1, in which at least of portion of the capsule is integrated

with the hub.
12



3. The apparatus of claim 1, wherein the at |east one
capillary channel is radially configured. 4. The
apparatus of claim11, wherein the at |east one
capillary channel is configured as a spiral. 5. The
apparatus of claim1l1, wherein the at |east one
capillary channel is configured to narrow toward the
first opening. 6. The apparatus of claim1l, wherein

the at | east one capillary channel contains a
conductive fluid. 7. The apparatus of claim 6, mhereln
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onductive n
DO IRTR & onfS s ltbeaf B0 b Ron R dnBib e orifamiy ohghe aipos
paftiel apyas-at us of claimt, in which at |east of portion
of the capsule is integrated wth the hub. 12 9. The
apparatus of claiml1, in which the capsule is
conf tGur &Y ‘%‘sd“é(f’s‘?’é%t’s?’s‘%mﬁ%?ﬂ’}s‘éﬁ annul us havi ng an
open center, and the first opening defines the open
centggﬁ&ﬁethe at least a partial annulus. 10. A disc
drive storfage systemconprising: a spindle; a hub
rotatably nmounted on the spindle; a capsule forned at
| easi hubirotp@bly nfonmed aunhesdpidley i cal | y conductive materi al
configured to be placed in electrical comunication
wi th the hub and defining a chanber configured to hold
an el formgdialleasbin et frrman pleginicrlly prndersire matpripl eanfigured to be
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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



configured. 13. The system of claim 10, wherein the at

| east one capillary channel is configured as a

spiral. 14. The apparatus of claim 10, wherein the at

| east one capillary channel is configured to narrow

toward the first opening. 15. The apparatus of claim
10, wherein the at |east one capillary channe

contains a conductive fluid. 13 16. The system of.
clai m 15, wherein the conductive fluid conprises an

el ectrically non-conductive lubricant and an

el ecti6.i céalheyyseandieiin V§ wh&@iﬂ-tmi&;bx’rﬂubﬂu@ ﬂuimammmm dléetrically
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t he hub. 18 The apparatus of claim 10, in which the
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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.
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