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15 Backaround of Invention

Disc drives, including magnetic disc drives, optical disc drives and magneto-
optical disc drives, are widely used for storing information. A typical disc drive has
one or more discs or platters which are affixed to a spindle and rotated at high speed
past a read/write head suspended above the discs on an actuator arm. The spindle

20 is turned by a spindle drive motor. The motor generally includes a shaft having a
thrust plate on one end, and a rotating hub having a sleeve and a recess into which
the shaft with the thrust plate is inserted. Magnets on the hub interact with a stator
to cause rotation of the hub relative to the shaft.

In the past, conventional spindle motors frequently used conventional ball

25 bearings between the hub and the shaft and the thrust plate. However, over the
years the demand for increased storage capacity and smaller disc drives has led to
the read/write head being placed increasingly close to the disc. Currently, read/write
heads are often suspended no more than a few millionths of an inch above the disc.
This proximity requires that the disc rotate substantially in a single plane. Even a

30  slight wobble or run-out in disc rotation can cause the disc to strike the read/write
head, damaging the disc drive and resulting in loss of data. Because this rotational
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met hod o orm ng grooves by pressing a Ing a over the surface
of a wob&bvestetheordtatimy andriedenemmibess.n. Furthies, iproeed shotk trésistaace arsd

1P oL o MO by T S 2B 5, SR e oF BB B "
fluigl dinterace Besd imMpart¥fiadn®ifg EFRERNEPUse bBRFAY SMEH HRYSY 6 Redifleend®t Or S
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resul ti gt bk ARSI S neiP bt al g $nd depth, on a high-speed basis.
One generally known method for producing the dynamic pressure-generating
grooves is described in U.S. Pat. No. 5,758,421, to Asada, (ASADA), hereby
20 incorporated by reference. ASADA teaches a method of forming grooves by
pressing and rolling a ball over the surface of a workpiece to form a groove therein.
The diameter of the ball is typically about 1 mm, and it is made of a material such as
carbide which is harder than that of the workpiece. This approach and the resulting
fluid dynamic bearing, while a tremendous improvement over spindle motors using a
25  ball bearing, is not completely satisfactory. One problem with the above method is
the displacement of material in the workpiece, resulting in ridges or spikes along the
edges of the grooves. Removing these ridges, for example by polishing or
deburring, is often a time consuming and therefore a costly process. Moreover, to
avoid lowering yields, great care must be taken not to damage the surface of the
30 workpiece.



edges of the grooves. Renoving these ridges, for exanple by polishing or
deburring, is often a tinme consum ng and therefore a costly process.
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fixture that noves the workpiece incrementally in the direction in which a
pattern! epﬁ&e&g\rétéoq ‘Efe‘{"ﬁcgé'e?%r nmed. The netal -renoving tool forms the
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t he chiseling action. Nbreover, because each groove or i L
removing tool and a fixture that moves the workpieceé incrementally in the direction in
which a pattern of grooves is to be formed. The metal-removing tool forms the
grooves by carrying out a short chiseling movement each time the workpiece is
moved. This approach, while an improvement over the earlier one in that it does not
20 produce ridges that must be removed, is also not compietely satisfactory. For one
thing, this approach like that taught by ASADA is typically not suitable for use with
harder metals, which in addition to being more difficult to machine are often brittle
and can be damaged by the chiseling action. Moreover, because each groove or
portion of a groove must be individually formed and the workpiece then moved, the
25 process tends to be very time consuming and therefore cosily. Furthermore, the
equipment necessary for this approach is itself expensive and the metal-removing
tool is subject to wear and requires frequent replacement.
Another method for producing the grooves involves a conventional etching
process as described in U.S. Pat. No. 5,914,832, to Teshima (TESHIMA), hereby
30 incorporated by reference. TESHIMA teaches a process in which the workpiece is

covered with a patterned etch resistant coating prior to etiching so that only the
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that must be frequently replaced. i is further desirable that the apparatus and

method not use an etch resistant material during manufacture that could

20 contaminate the workpiece leading to the failure of the bearing and destruction of the
disc drive.

As the result of the above problems, electrochemical machining of grooves in

a fluid dynamic bearing has been developed. A broad description of ECM is as

follows. ECM is a process of removing material metal without the use of mechanical

25 orthermal energy. Basically, electrical energy is combined with a chemical to form a

reaction of reverse electroplating. To carry out the method, direct current is passed

between the work piece which serves as an anode and the electrode, which typically

carries the pattern to be formed and serves as the cathode, the current being

passed through, a conductive electrolyte which is between the two surfaces. At the

30 anode surface, electrons are removed by current flow, and the metallic bonds of the

molecular structure at the surface are broken. These atoms go into solution, with
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20 In known designs, the gap is varied to yield a predetermined mass flow, and
the position of the electrode relative to the workpiece is adjusted mechanically to
establish the gap. This takes up to thirty seconds in time, which translates directly
into manufacturing costs. The present invention provides a solution to this and other
problems, and offers other advantages over the prior art.

25 The present invention provides a solution to these and other problems, and
offers other advantages over the prior art.

Disclosure of Invention

The present invention relates to method and apparatus for electrochemically
30 etching grooves in a surface of a conical bearing to be used to form a fluid dynamic

bearing.
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15 along the Z-axis. The electrode includes, on a face which will be aligned across a
machining gap from the workpiece a pattern of grooves which are to be defined on
the workpiece; the pattern comprises conductive elements so that the necessary
current flow between the workpiece and the electrode can be established. As the
electrolyte is pumped into or through the machining gap between the workpiece and
20 the dynamic electrode at a constant static pressure, the dynamic electrode reacts to
the pressure by moving toward or away from the workpiece to establish the a certain
gap width to create the necessary groove depth and definition. The force acting on
the electrode slide assembily is the controlling factor for establishing the machining
gap as the elecirode and dynamic support move in response to the constant static

25  pressure of pumped electrolyte.

Since the electrolyte is pumped at a constant pressure, the electrode will
reach an equilibrium portion along the Z-axis with the electrode pattern facing the
conical surface, thereby controlling the machining gap.

In a preferred form, the electrode slide assembly is intended to be near

30 frictionless in the direction of movements relative to the conical element (the Z-axis).
The slide assembly is further designed to have a very high force versus
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Figure 2 is a vertical sectional view of a hub utilized in a spindle motor in the

disc drive of Fig. 1 showing a dual conical bearing which is of a type which may
usefully be formed by the present invention;
Figure 3 is a vertical sectional schematic useful in illustrating the process of
20 this invention.
Figure 4 is a vertical sectional view of apparatus invention which may be used
to implement the method of the present invention.
Figure 5 illustrates a method of calculating the gap used in carrying out the
invention.
25
Detailed Description of Invention

Fig. 1 is an exploded perspective view a magnetic disc drive for which a
spindle motor having a fluid dynamic bearing manufactured by the method and
apparatus of the present invention is particularly useful. Referring to Fig. 1, a disc

30 drive 100 typically includes a housing 105 having a base 110 sealed to a cover 115
by a seal 120. The disc drive 100 has a spindle 130 to which are attached a number
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i ncl udeg4@ Jnents Hidgs 483 AtaWidtsePioBadénsl 10 sealed to a cover 115 by a seal
120. The disc drqévg 100 has a spi nd(?ne 130 to which are attached a nunmber 7

WO 03/ 041901 FRCT2 is@E2vas®20 settiatia adevt 38 anahubngumortwbbg dutd comicaleahdhi t h a
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suspensi on arm assenbly 150. In operation, spindle notor rotates 5 the

di scs 19bich farmyihe pydepdynemic heariag drhieh tsupposssthedsiwion etatien.s s on

arm  well-known in this technology, a shaft (not shown) is inserted within the sleeve and

15 has dual male conical surfaces which face the conical regions 210, 212 in the sleeve
at the upper and lower ends of the bearing region. The shaft would further include a
smooth center section which would cooperate with the journal bearings defined by
the grooved regions 214, 216. As is well-known in this field of fluid dynamic
bearings, fluid will fill the gap between the stationary shaft and the inner grooved

20 surfaces of the sleeve. As the sleeve rotates, under the impetus of interaction
between magnets mounted on an inner surface of the hub which cooperate with
windings supported from the base of the hub, pressure is built up in each of the
grooved regions. In this way, the shaft easily supports the hub for constant high
speed rotation.

25 The pressure generating grooves on the inner surface of the sleeve can
easily be seen Fig. 2. They include, in the example, two sets of grooves 230, 232
for the upper cone and a corresponding set 234, 236 for the lower cone. This
particular design also utilizes two journal bearings 240, 242 to further stabilize the
shaft. Obviously, the present invention, which is directed especially to a method and

30 apparatus for making these grooves rather than the design of the grooves
themselves, is not limited to making this particular combination of grooved designs.



assenbly 150 noves and positions the read/ wite heads over one of a several
radi al |y spaced tracks (not shown). This allows the read/wite heads 145 to
read anawarmieldnagneti cally encoded information to the negmaiSoz3isedi a on
the surfaces 140 of the discs 135 at selected locations. 10 Fig. 2 is a
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bearing 200 for rotation about a shaft (not shown). The hub 201 is
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the inner grooved 20, surfaces of the sleeve. As the sleeve rotates, under
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t he hubipahpgifescooperate with w ndi ngs supported fromthe base of the hub,
pressure is built up in each of the grooved regions. In this way, the
shal® easi | yGéugspthis,sit ishextamelyohardotiosmake ahiei withpéired eteciodes.thabwithe

D scononigNtEs o R R iR ek o itk Woby s bardsl! G106, 0 asb 257
for thedigRpre ieqiRantiling t6 e asowady o ebdve? ddpthe 3B ohsidetifg fluRMEYn&ANRE-
This particular desi %n al so utilizes two journal bearl:mr;gs 240, 242 to

f urt her bearings, ithe imperaserof theoaceusacy pf gronvesrisdbat aifiwicdynasmic hearislg i s
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t hi 85 pabéiwadnawhivhndilapdr onfilef ogfloivisdmditaiped.to Brid@ AH&HKIOBUshion an
PCT/ US02/ 35820 For. ex l. e, the apparatus and net hod descri bed could be
used t Oarg,tﬁagthrh@ecflum. B t6tm tl[?e dyﬁgmlc cushion, at least one of the surfaces, in

this case the interior surface of the hub and sleeve, is provided with grooves which

induce fluid flow in the interfacial region and generate a localized region of dynamic

high pressure. The grooves are separated by raised lands or ribs and have a depth

20  generally of about 0.009 to 0.015 mm. It is readily apparent that it can be extremely
difficult to form grooves having these small dimensions that are relatively closely
packed on a surface. To this end, the work piece, which in this case is the hub of
Fig. 2, is placed in the grooving device shown in Fig. 3. The apparatus for forming
grooves using ECM is shown especially in Fig. 3.

25 The system shown in Figure 4 provides an accurate, repeatable method of
forming the workpiece of Fig. 2. The workpiece is located on the base 404, which
includes an electrolyte inlet 401 and supporting plenum 403. The workpiece rests
on the plenum 403 so that the electrolyte does not flow or leak away. The
electrolyte is supplied at constant pressure for the reasons explained below. The

30 slide electrode assembly 410 can be used to carry out the ECM process. The slide

electrode assembly in this embodiment comprises a static portion 412 and a



grooves inside a single cone or a single cone cooperating wwth a single
journal bearing or dual cones cooperating with one or nore journal
beari ngs.wBbuswin®py each of the conical bearings coul d hareTarse2/sss2mor e
sets of grooves. The principles of 5 the present invention are to be
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the work piece, which in this case is the hub Fig. 2, is placed 1'n the
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wor ki e6A the toP @htiesl efevtidiR Qﬁfeeaéémmblzmalhhas RChredafibrted ieret 6 !be the nl et
401 and supporting plenum 403. The workpi ece rests on the plenum 403 so

t hat theoRlrding degios ige esiaRishingwihs m@mnmﬂamﬁelatlueetﬁ rtbe yeenstant
suppl i edya rOSQ’A%Hadl}ﬂ@hgjﬁHg SurkO" Fsﬁﬁqpfo‘ﬁ%ﬁ?%nﬁféﬂl'@%& Eggﬂp*?é‘#e?é(lﬂeﬁﬁﬁé% sl de

el ectrode "assenbl used to'carry ou Focess e sli
mass instead of a spring in this system, because spring force changes as a function

of displacement. Alternatives to a constant mass acting on the slide 416 assembly
20 may be apparent to a person of skill in this field and are within the scope of this
invention.

When the position of the slide assembly 416 will reach equilibrium with regard
to the cross-sectional flow area, hence controlling the machining gap. As noted
above, the slide assembly 416 is intended to be near frictionless in the z-axis

25 direction 440 so that the gap dimension 420 is preferably established by the
pumping pressure of the electrolyte versus the defined space of the gap; and the
mass or force 432 which biases the slide assembly toward the gap.

Considering the operational diagram of Fig. 3, the Figure shows, in schematic
form, the operational concept herein. Specifically, the Figure 3 shows the workpiece

30 300 having an opening for the shaft and bearing cones which will be inserted later to
complete the bearing assembly. The dynamic element 310 is also shown,

10



el ectrode assenbly in this enbodi nent conprises a static portion 412 and a
9 WO 03/041901 PCT/ US02/ 35820 dynam c el enment 414 which includes a

conduct i vwoaBmerode 416 having a pattern on a surface 4P8TWSOTBSS2G t 0 be
defined on the surface of the workpi eces 400, 402. The dynamic elenent is

bi ased u £ e mass
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440 away. from king surface 428 to establish a pre-defined ﬁ){ilp 420.
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machi ning gap re punping pressure. It
is 10Tpotheaeiech'ostameslldbat it is preferable to use a mass instead of a
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pressure of the electrolyte versus the defined space of the gap; and the
make adjustment.

The force F is preferably established by air pressure from an air supply
source 350 against the distal end of the dynamic element 310. This same air
pressure, in the gap 360 between the dynamic element and the static element (see

20 Fig. 4) prevents electrolyte from entering the gap, establishing at least in part, the
self-sealing effect.

Fig. 5 is used to illustrate the results of a regression equation used to
calculate the gap under certain operating conditions. The equation is:

The regression equation for predicting machining gap:

25 G = 19.8175 - 0.505(P) + 0.322(Q) + 0.0049(P?%) - 0.0009(Q% -

0.0013(P)(Q) 6= 1.15 pM R® = 97%
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mass or force 432 which biases the slide assenbly toward the gap.

Consi dering the operational diagramof Fig. 3, the Figure shows, in
schemat i cwofoaom9eot he operati onal concept herein. Specifi cacysor/sss2di gure 3
shows the workpiece 30 300 having an opening for the shaft and bearing
cones whi ch WHeke be inserted Iater to conplete the bearing assenbly. The
dynam c elenent 310 is al so shown, 10 WO 03/041901 PCT/ US02/ 35820

posi tioned aGapg6)irmmigaps312 fromthe surface 314 to be defined. The
static el enl‘gnt 412@]:"}1(%%5 aerostatic slide is defined to provide a high
force versus re&sgla d ratio in the x and y axis of the dynam c el enent
so that the mRIKIANINn ubildsaealkl@adingshe slide remains accurately aligned
relative to the surfaces to be 5 grooved 428 and 430. It is preferred that
the3slide asédrgsnbaeonyeriastioacualdlovheate wilh hiseaqation: at a hi gh pressure
(about 100 ) W th_ 1A S | radial clearance (0.002 to 0.003nm

bet ween thep@g}\% (ﬁﬁ""%f'gsﬁéﬁt(é)l? “and the static elenent 412. An additional
benefit of using Téuts havedemaorsteted ¢hatehiseetuation Iredsts tHeagap,tand thusbe
self-sealing, which wll keep the ECMelectrolyte out of critical areas in
10 t he Q0S¥ Ascytagyi Witk pPQut 97 eaGEEa%Qt i onal concept is that electrolyte is
supplied through the bottomof the workpiece; The force of the electrolyte
di spl aces the el ectrode upward until an equilibriumis reached; The

macl®i ni ng gap then becones a critical orifice; If P, Q and F are
accurately controlled the cross sectional flow area wll always be the 15
sane, hence the nmachining gap will automatically be established w thout the
need to nake adjustnent. The force F is preferably established by air
pressure froman air supply source 350 against the distal end of the
dynam c el enment 310. This sanme air pressure, in the gap 360 between the
dynam c el enent and the static elenent (see 20 Fig. 4) prevents electrolyte
fromentering the gap, establishing at least in part, the self-sealing
effect. Fig. 5is used to illustrate the results of a regression equation
used to

12



cal cul ate the gap under certain operating conditions. The equation is: The
regression equation for predicting nmachining gap: 25 G = 19. 18175 -

0. 505(P) wo®3®201) + 0.0049(P) - 0.0009(@2) - 0.0013(P)(®CTAISH2/35826 M R2 =
97% 11 WD 03/ 041901 PCT/ US02/ 35820 Where Gap (G in mcrons Pressure (P)
in PSI Jiovr (Scismvem:t | ess scale readings 5 (Q can be converted to actual
flowrate wth this equation: Flow (mM/mn) = 3.84 (Q-31.9 Tests have
denonstrated that this equation predicts the gap, and thus groove

'S cLA Vep: APP&RRlE 1t deBfbeititad SidfiparBiies 1R suifRes R e L T ace
of a casidrig (oML I A%uld Byharmid bearing konpridimparterhs dor Raldingater | i ng

a frame for holding the 5 cone about an axis and facing a npvable
el eét r cenBhaBl anaddn@ndni@cipg 8, mowable) elecirede mpeyatie aeﬁ@%w the axiadhe and

havi ng : v r T X ' . e of
the cordebdE BRI HoPaBOR AN & hrists afrvirifa SRop RBRUAHILERE,
rat e basmerinndéreuriagefodittee obn¢,he novabl e el ectrode and the inner surface of

the cone, ' 10 and a static fixture for orting.th | ect f
moverent  t ovFAUEIRI0! SIREJOIGoIR DREUMPRS 3L BTPRUSIENE PresaEn A ReMBeR: el

the. | e S 1 oo Bt o B A o el Gt h  he ol et ode
f1 ofs bet weeand lee statineiixtyner farcsuporting the redeciratler far movement toward and
away from the inner surface of the cone with minimal frictional resiriction, and a
force biasing the electrode surface toward the inner surface of the cone so that the
gap through which the electrode flows between the inner surface of the cone and the
surface of the elecirode is determined primarily by the static flow rate of the

15 electrolyte and the force bias of the electrode toward the inner surface of the cone.

2. Apparatus claimed in claim 1 wherein the static frame comprises an

aerostatic slide, the electrode moving along the axis toward and away from the inner

surface of the cone supported primarily by an air bearing in the gap between the
20 static frame and a dynamic element supporting the electrode.

3. Apparatus as claimed in claim 1 wherein the electrode is a conical electrode
and comprises a groove pattern on an outer surface thereof, the grooves to be
formed in the surface of the conical bearing being defined by the groove pattern.

25 |
4. Apparatus as claimed in claim 1 wherein the bias of the dynamic element and\{
electrode toward the conical surface is established by pressure against a distal end
of the dynamic element.

13



surface of the electrode is determned primarily by the static flow rate of
the 15 electrolyte and the force bias of the electrode toward the inner
surface oWotoh®sone. 2. Apparatus clainmed in claiml wheP€eTrusohassst atic
frame conprises an aerostatic slide, the electrode noving along the axis

t owar d gand -hgﬂpr #h r [ irl y by
an air 5(ta')leari ﬂg |r%{ug%ggr§%l et %e%&%?%zlgrglbaﬁé:cg rasglg@ggdangg%gg?%“

el enentpressper contginedewith ex taetidencl@singpaiatestist sha sdistehiensk of dhe | dynaniic
wherein the electrode is a conical electrode and conprises a groove
patterﬁ”%ﬂea outer surface thereof, the grooves to be forned in the
surface of the conical bearing being defined by the groove pattern. 25 4.
Apparatus as clainmed in claim1 wherein the bias of the dynanic el enent and
el ebtrdde t dwedayieshds cdaimegl insplaiged iferiher a@MpEsiBe ayseureesof elegiisalst a

di st al . of t ' 13 9 : 0 c .
Aopar at e dp. % APONET A6 Afk Bkplack: e decel fespebteley e siiont,

pr essurgstetil @irémﬁhg/\é fiked caebht eneberigsghatgdpessthat berate at whicknan &CMhe
dynamic elenent. 5 6. A device is clained in claim4 further conprising a
sour ce RiPCesSeds captad opbieAeiaamines psinaslly ikyatheo 9BRLeIMERp {biee Slefods

el ect r%ﬁabgmiggﬁé%r%%%eedfqﬁ% gbﬁ | potential creating a fixed current

rate across a rate at’ which an ECM process is carried out
isldetermned primarily by the gap between the el ectrode surface and the

I nner rface of the cqne. 10 7. paratus' claipned in claim3 whergin the
r adi al S}él ear’%ﬁ’ﬂ?éaﬁ’@( \f&i@ﬂ‘ephg' C %A%l &'@F?'Bethgnﬁéﬁec@é@ﬁ‘f Heg‘?’r%eri‘ stﬁﬁbout
0. 002 tfn3nf03Iiddand thé'BRAE Mdrfe iCARdTRI0OP t£0BOBIMmEoNpri sing a source of
air pressure applied to 15 the distal end of the dynamc slide which is

al so the source of air pressure which supports the dynam c el enent for

m)vemerg_ radAgﬁérXthhE%'ijrﬁQd m%laﬁlrha'} ic%m%rfaswgl’sohpcee of air pressure applied to

15 the distal end of the dynamic slide which is also the source of air pressure which
supports the dynamic element for movement radially through the static element, the
air pressure thereby making the aerostatic slide self-sealing to keep the ECM
electrolyte out of critical areas in the electro-static slide.

20 9. Apparatus’ claimed in claim 8 wherein the air pressure in the gap between the
dynamic element and the static element is sufficiently high to provide a high force
forces displayment ratio in the x and y axes relative to the axis along which the
dynamic element is moving so that the working surface electrode surface of the slide
remains accurately aligned relative to the surface to be grooved.

25
10.  Apparatus for electrochemically etching grooves in a surface of a conical work
piece comprising

means for fixedly supporting the work piece in the apparatus; and
means for biasing an electrode bearing a groove pattern to be etched in the

30 work piece along an axis and across a gap from the conical surface of the work

piece, and means for supplying electrolyte to the gap.
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air pressure thereby making the aerostatic slide self-sealing to keep the

ECM electrolyte out of critical areas in the electro-static slide. 20 9.

Appar at uswoaBairved in claim8 wherein the air pressure inPCRASgapSShet ween

the dynamic elenment and the static elenent is sufficiently high to provide

a high force forces displayment ratio in the x and y axes relative to the

axi s along which the dynamc elenent is noving so that the vvorkitgcg surface
Yy
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supporting the work piece in the apparatus; and neans for biasing an
el ectrode bearing a groove pattern to be etched in the 30 work piece al ong

an &xi sland Appaatusagligimeddinclaia tbwheseindbe magansor fixedisuppoping-he and

means f | yi e] ect Iﬂ-:?ﬁ /1,04 : k 1,.35820
11. App‘&b@ig&a@@gg%ﬁag fl:aﬁ]l%ltfgﬁ h\8lgm\bﬁ%r e 8 r@pi%ég(rr)%goég ?%r%Q&%ﬁ{/%@g& a

el ect r oinptgblet sletiredd afovapRPaioat ehaidxis, tthe efenislef teingiaxillpgnbvablelanct r ode
to thereby set the gap. 5 12. Apparatus a clajnmed in ¢laim1l wherejn the
means fRAVIRG x@ d3yriasey §8FYiINGgat HECOVRo PREPEL 4O chmAn £8s InNarr 8Wias Ofhihedi ng
t he V‘Dr\%B}kﬁﬁ@c@‘bOUt an axis and facing a novable el ectrode novabl e al ong
t he axis, e electrode being axially novable and having a surface

carldyi ng a groove pattern to fix on an inner surface of the workpiece. 10
13. Apparatus as clainmed.in claim1 erein, the neans for, applyin

el ect rofért e E‘EBW&?W%@SQ?%WGWB %@'%h%%ﬁ% the; @eBBSE n%%?}y'QB ?Jg?tf@)ét(?
static phRsaAsE & 'Rlufce tb@téa@&?olgiéewtﬁé Hifndd tdtea MReabLRitie! ?l‘és"sgtte rafed the
i nner surface of the cone, 15 14. Apparatus as clained in claim1ll wherein
t he meabstwieen thieasiriage of thamevabledklecitetpand éghaiingensudace ot theecansy
supporting the electrode for novenent toward and away

15 14. Apparatus as claimed in claim 11 wherein the means for biasing the electrode
comprise a static fixture for supporting the electrode for movement toward and away
from the inner surface of the cone with minimal frictional restriction, and a pressure
source biasing the electrode surface toward the inner surface of the cone so that the
gap through which the electrode flows between the inner surface of the cone and the

20 surface of the electrode is determined primarily by the static flow of the electrolyte
and the force bias of the electrode toward the inner surface of the cone.

15.  Apparatus a claimed in claim 14 wherein the means for fixedly supporting the
workpiece comprises a static frame for holding the workpiece about an axis and
25 facing a movable electrode movable along the axis, the electrode being axially
movable and having a surface carrying a groove pattern to fix on an inner surface of

the workpiece.
16. A method for electrochemically etching grooves in a surface of a conical
30 bearing to be utilized in a fluid dynamic bearing, comprising a frame for holding the

cone about an axis and facing a movable electrode movable along the axis, the

15



fromthe inner surface of the cone with mnimal frictional restriction, and
a pressure source biasing the electrode surface toward the inner surface

of the cowemwm4thnt the gap through which the el ectrode ficansobaiseeen t he
i nner surface of the cone and the 20 surface of the electrode is determ ned
primari i il f aeCeardi ' t he
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18. A method as claimed in claim 17 wherein the electrode is a conical electrode
and comprises a groove pattern on an outer surface thereof, the method including
20 forming the grooves on the surface of the conical bearing as defined by the groove
pattern, the method further providing an electrical potential applied to the workpiece
and electrode respectively, the electrical potential creating a fixed current rate
across the gap so that a rate at which an ECM process is carried out is determined
primarily by the gap between the electrode surface and he inner surface of the cone.

25
19. A method as claimed in claim 18 including the step of establishing the bias of
the dynamic element and electrode toward the conical surface by air pressure
against a distal end of the dynamic element.
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el ectrode. 18. A nethod as clainmed in claim 17 wherein the electrode is a
coni cal electrode and conprises a groove pattern on an outer surface

t her eof , wbasmetdhod i ncluding 20 form ng the grooves on traa/oz/ssee of the
coni cal bearing as. defined by the groove pattern, the nethod further
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respectively, the electrical potential creating a fixed current rate
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claim19 wherein the air pressure established in the gap between the
dynam c el enent and the static elenent sufficiently high to provide a high
force displaynent ratio in the x and y axes relative to the axis al ong
which the dynamic elenent is noving so that the working surface el ectrode
surface of the slide 5 remains accurately aligned relative to the surface
to be grooved. 17
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