SPINDLE FORCE ACTUATOR Related U.S. Patent Application [0001]This application is a
continuation-in-part of co-pending, commonly-owned U.S. Patent Application Number 13/363,713, filed
on February 1, 2012, by Leuthold et al., and entitled "Electric Field Measurement Apparatus," assigned
to the same assignee, which is incorporated herein by reference in its entirety. Background [0002]In
magnetic recording media, as used in hard disk storage devices, information is written to and read

from magnetic elements that represgr'yI ngﬁ%?@@é)@gﬁ.@ ,dﬂrf) se the amount of information that

can be stored within a given area, the size an ance between these magnetic elements may be
reduced so that they may be more densely positioned. At the same time, in order to increase

productiogeglena8drlaeieaas predrsion cost, the speed at which disks are written to and read
from when preparing the disks for use by an end-user may be increased. Thus, accurate location

information as a function of time of the spin axis of the disks is useful. [0003]One way to increase disk
productido®oi)me Anis dppiastionrizdaciooicostiihby-parees g peadipge dahwoislytbemksks rotate.
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displacements of a rotating object while in motion.
Background

[0002] In magnetic recording media, as used in hard disk storage devices,
information is written to and read from magnetic elements that represent digital bits.
In order to increase the amount of information that can be stored within a given area,
the size and distance between these magnetic elements may be reduced so that
they may be more densely positioned. At the same time, in order to increase
production volume and decrease production cost, the speed at which disks are
written to and read from when preparing the disks for use by an end-user may be
increased. Thus, accurate location information as a function of time of the spin axis

of the disks is useful.

[0003] One way to increase disk production volume and decrease production cost
is by increasing the speed at which the disks rotate. Accordingly, more magnetic
elements may be accessed within a certain amount of time, thereby yielding more
completed disks within the same amount of time. Another way to increase disk
production volume and decrease production cost is by performing the same
operations on more disks simultaneously, thereby requiring less manufacturing

equipment.
Summary

[0004] An apparatus includes a circuit, a code modulator, and an actuator. The

circuit may be operable to detect displacements of a rotating object while in motion.



The circuit may further be operable to detect a position of the displacements. According to one
embodiment, the circuit is further operable to generate a signal associated with the position and the
displacements. The code modulator may be operable to generate a modulated signal based on the
position and the displacements. The actuator may be operable to apply a force to the rotating object.

The forcerRiayiRguiaggy Rt Bepaesisieaebeiel PestidpionRé Brapiesieai] The present

invention js illustrated by way of example, and not by way of limitation, in the figures of the
accompaf§FYURAIHGE e sPcAImeNik R R ES AUrSaRPRIRR G IigfRF AR 006] Figure 1
shows anagpaiErtviphatis gowatidispinaame aigpritemends otakneoakiesb uREEPIHaPeeWIth one

embodiment. [0007]Figure 2 shows a circuit for determining the displacement of a rotating object

based orPRFGARSHOIGHRiADHNaYREh N YhRSE PLBGREIHNADTIAE embodiment.
[0008]Figlisp 3 sérpveiatanTa e BRIAIOE Pasy betbiaiebi a6 PR s ondt torth < rolsthgebiect.

The force may be based on the modulated signal.
Brief Description of Drawings

[0005] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements.

[0006] Figure 1 shows an apparatus for adjusting displacement motion of a

rotating object in accordance with one embodiment.

[0007]  Figure 2 shows a circuit for determining the displacement of a rotating
object based on information provided by displacement sensors in accordance with

one embodiment.

[0008]  Figure 3 shows an exemplary code modulator in accordance with one

embodiment.
[0009]  Figure 4 shows an actuator in accordance with one embodiment.

[0010] Figure 5 shows a more detailed actuator in accordance with one

embodiment.

[0011] Figure 6 shows an exemplary diagram of the displacement force and the

adjustment force in accordance with one embodiment.
[0012] Figure 7 shows a system in accordance with one embodiment.

[0013] Figure 8 shows an exemplary flow diagram in accordance with one

embodiment.



[0009]Figure 4 shows an actuator in accordance with one embodiment. [0010]Figure 5 shows a more
detailed actuator in accordance with one embodiment. [0011]Figure 6 shows an exemplary diagram of
the displacement force and the adjustment force in accordance with one embodiment. [0012]Figure 7
shows a system in accordance with one embodiment. [0013]Figure 8 shows an exemplary flow
diagram ppeagpedanescyistiene embodiment. Detailed Description [0014]Reference will now be made
in detail to embodiments, examples of which

[0014] Reference will now be made in detail to embodiments, examples of which

are illustrated in the accompanying drawings. While the embodiments will be

described in conjunction with the drawings, it will be understood that they are not

intended to limit the embodiments. On the contrary, the embodiments are intended

to cover alternatives, modifications and equivalents. Furthermore, in the following

detailed description, numerous specific details are set forth in order to provide a

thorough understanding. However, it will be recognized by one of ordinary skill in the

art that the embodiments may be practiced without these specific details. In other

instances, well-known methods, procedures, components, and circuits have not

been described in detail as not to unnecessarily obscure aspects of the

embodiments.

[0015]  For expository purposes, the terms “axially” or “axial direction” refer to a
direction along a centerline axis length of a shaft and “radially” or “radial direction”
refer to a direction perpendicular to the centerline axis. The term “horizontal” as
used herein refers to a plane parallel to the plane or surface of an object, regardless
of its orientation. The term “vertical” refers to a direction perpendicular to the
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below,” “bottom,
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horizontal as just defined. Terms such as “above, top,” “side,”

” ” o« ” o«

“higher,” “lower,” “upper,” “over,” and “under” are referred to with respect to the

horizontal plane.

[0016] In general, increasing the speed at which the disks rotate or performing
the same operations on more disks simultaneously require more energy, which in
turn increases the noise and vibration in the disks’ environment. The interferences
caused by rapid disk rotation and other interferences may cause random radial
displacement or eccentricity of the rotating disk, resulting in non-repetitive run-out.
As a result, in combination with the increasingly small size and proximate positions
of the magnetic elements, the non-repetitive run-out may interfere with the accurate
writing and reading of information stored on the disks, during their various
manufacturing phases. In order to improve performance, amplitude of error motions,

e.g., non-repetitive run-out, should be reduced.



are illustrated in the accompanying drawings. While the embodiments will be described in conjunction
with the drawings, it will be understood that they are not intended to limit the embodiments. On the
contrary, the embodiments are intended to cover alternatives, modifications and equivalents.
Furthermore, in the following detailed description, numerous specific details are set forth in order to
provide @0arAUgh RBARTNASINICE AEVREVE Wil bR RFiARSH i PBScRRIsiNABLBldthe art that
the embodiments may be practiced without these specific details. In other instances, well-known

methods SIRRLERIEL ESAPBFR MO I RN QS HiRRARR BLERRRIRSIFLE FPtRliRg QRIRGE B9
unnecesspitdRbEBIER, aFRpEGSHi2BE anBeinnts. 4GAshlToreeynesiievn g eineseayhe terms "axially”

or "axial direction" refer to a direction alon? a centerline axis length of a shaft and "radially” or "radial
]

directionRSAVE TSRS ISP il et ipisenieairnmRasanaItaIsdE@sed herein
refers to @RlRRpIRIR)StEe RRiRsEINRS Y RIABhiRsiIesAITRIR O by esRm@sianaT he term

"vertical" refers tg a direction perpendicular to the horizontal as just defined. Terms such as "above,"
"below,” BBRGM FESE, AFEiHBOWRIGRNE RYRIET SUSSAnamb G IUERG e ddriNG8 referred to with

respect tgr-éapdesiesntldiasinalOpdfdaiganeny foeceasas thrednesthagavaiapltrigisks rotate or
performing the same ogeration on more disks simulta_nemljz,rl}l/l| require more enerﬁ;é/g which in turn

increase ST ALRIS 2RRAHPSITIE FUHE T SISTRHVIRIAHRNR! $HE e HOWRKES YalICHS by rapid disk
rotation i, SitEIrdoiRIfEsABGAS yENaAges dandpberashal theinaeattstisticeceemgchyeidhedotating
disk, resulting in pon-repetitjve ryn-out. rﬁzﬁﬁ resil(t, in co gina ion with tgﬁ 'n,crea}sin ly small size and
proximat@BHE TR S G AR G REAE EIE AR S 5 AL RS EToh WA FREHERIRRN the
accurate writing and reading of information stored on the disks, during their various manufacturing

h . tol ' | O - [t -out,
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modes. Ap@éea)artbetrﬁtma mamwéﬁnﬁw@@ti@é@@mgy afrtbtataygt@bjeﬂ;tate@.mtfimntﬂgqnotO(,
characterfeed gs &i0anGHAMO o & odHRASFIFE WS LOKIEN B IALASSREREST andnotion.

etc., at a given frequency. Resonance Is the tendency of a system to oscillate at a greater amplitude at
some freqlitherRintexisatogydrs. aitewated byonereasing systdamperiogdaréedemgies. At these

frequencigs, ViR %HQWW%MH%%?}MQE 9{8‘?&%'éf%éﬂ@ﬂ‘ﬁ’&rﬁﬁﬁi'lﬂt%r%ca“se the

system stores vibrational’energy. However, various physical conditions may change the number and

the chararaetistizsaie ties rispingatreRiotieerabyredaripe lRrivintPEQok ererayTRigraddmtheast two
addltlona$¥r‘gggﬁso\[%p%iﬁ]g] mﬂ%ﬁ%mm%gﬂé%%geﬁiﬁ %ﬁ@%&%@%&%@ﬂwﬁ@%ﬂmam

modes), that store the majority o rational energy of the system that contribute to non-repetitive
run-out, avifensetbpadiage ehangeaththevernrpyalas Qanpsedrteamadivedepimareiementbe
attenuated by increasing the dampening force. Damper burns the energy from motion and applies the
force at tBe ri?lLt moment in order to compensate for displacement, thereby reducing the vibrational

energy s the VRIS SRR RtPe HOSF T REEUNG I BLHD 1 aHE R SOMB AN plitude and

widsnj thﬁdﬁb’ﬁ&t@b@mﬁ&ﬁﬁf@dﬂm@@%@émﬂg@ tﬁ@cﬁﬂcﬂﬂiiva@rbmmgsﬁ@ﬁft%gcgﬁ%kﬁw various
embodiments, non-repetitive ryn-out may have two dominant modes. It is apprecjated that suppressing
the two dRAT ISR T R SBERPA LABD AR AP RE 1D bR SEOD At e RESRRLl to b

the scopén@thit aressnéavepieopreptimsanioer, e, bresofe Wohieaol modesiaminpat modes may

be suppressed, if desired. .
ubp suppreésed, Iﬁ‘ esired.

[0020] Force may be expressed as:

F=W.m+W.C+Wk Eqn. (1)

where the first term is related to the force related to mass, the second term is related
to the dampening force, and the third term is related to the bearing force. Thus, in

various embodiments, the performance of a system may be improved by altering



[0020]Force may be expressed as: F =+ VV.0 + W.KEqgn. (1) where the first term is related to the force
related to mass, the second term is related to the dampening force, and the third term is related to the
bearing force. Thus, in various embodiments, the performance of a system may be improved by
altering various terms of the force equation (1) above. However, in some embodiments described

herein, sysiieouPesiaiganefsrideduationad PHIeve0 gy kAt presebbammErsSystem by
increasing the dampening force (e.g., W.0 in equation (1)). The two biggest modes contributing to

non-repegBueribadonérsin, apstdnilisesiinmuiteomnaiiitruinamavad mptemsmgatgasaaed as: W() =

X(t) + jy(HEgn. (2). [0021]Angular motion may be defined in an analogous way as rotation about the X

and/or Y gxdsg\nfroetie psesming therdasime trodansse fieg RIRsityeay WINCE disetpsivant occurs is

determined, e.g., W. Accordingly, reducing or minimizing the area defined by Eqn. (2) attenuates the
two biggeshympHe Iwe HijGest imdtrisaceatibuting dovnaiediisstitinairgrritibetampy-repetitive

run-outs. In order to identify where the two biggest modes occur, one may identify the frequencies at

which thejireeguh ®ith, dWRitFRsIHEITiRER OSSO MEHYIE xpraesdingest modes. Once the frequencies
are identified, the area as defined by Eqn. (2) may be reduced to attenuate the biggest modes

contributing to non-repetitive run-outs. Taking a Fourier transform of Eqn. (2) may be expressed as:
Fourier(x(t) + jy(t)) 4 V\(;V u@x(ﬁ) _@Jg?zl]grequencies of W(]l‘?g}gt&}e two biggest mode occur as defined
.TO0 Referr igure

by Eqgn. (3) may be determine ing now to , an apparatus for adjusting
displacement motion of a rotating object in accordance with one embodiment is shown. According to
one embodiment, the rotating object is a spindle, however various embodiments may include any

rotating dBfeRL] The MSHRATIO R0 MaY ReARNgSEhahrINARIYS WRY AR ErtaEap @LowiEIe 30, and
an actuatRighiflol SRR IRCEHESH Hord dher ARse HREQTL AT eRMBdis e iR iRt anipHIEReIN is merely
exemplar and not intended to limit the _scodpe of the present invention. For example, the embodiments
describedigglaggment occurs is determined, e.g., W. Accordingly, reducing or minimizing the

area defined by Eqn. (2) attenuates the two biggest modes contained in that area, in

X and Y direction, that contribute to non-repetitive run-outs. In order to identify where

the two biggest modes occur, one may identify the frequencies at which they occur,

e.g., two frequencies corresponding to the two biggest modes. Once the frequencies

are identified, the area as defined by Eqn. (2) may be reduced to attenuate the

biggest modes contributing to non-repetitive run-outs. Taking a Fourier transform of

Eqgn. (2) may be expressed as:

Fourier(x(t) + jy(t)) = W(f) Eqn. (3)

and frequencies of W(f) that the two biggest mode occur as defined by Eqgn. (3) may

be determined.

[0022] Referring now to Figure 1, an apparatus for adjusting displacement motion
of a rotating object in accordance with one embodiment is shown. According to one
embodiment, the rotating object is a spindle, however various embodiments may
include any rotating object. The apparatus 100 may include a sensor board 110, a
converter 120, a filter 130, and an actuator 140. It is appreciated that the description
of a spindle in the embodiments herein is merely exemplary and not intended to limit

the scope of the present invention. For example, the embodiments described herein



are equally applicable to other rotating objects such as a rotor, motor, gyroscope, etc. [0023]In one
embodiment, the sensor board 110 detects displacement of the spindle. For example, the sensor
board 110 may detect displacement of the spindle in the X-Y direction when the spindle is in motion.
The sensor board 110 outputs this information as bit stream. The sensor board 110 may also

determingrheqesijoapelitrrio atfeofdhringing|ectsiswppseciatetbinadhs sepericbpard 110 may
utilize pressure and flow such as a microphone, it may utilize a magnetic field for sensing such as a
Hall sens%tﬁ-it may utilize an electric field such as charge coupling, or it may utilize optics such as
optonics or laser, to name a few. However, in the described embodiments, a rotating electrical field is

used to ine the pasition of.the spin axis of the sping| converter ay receive the
informati r:(%s ociaﬁﬁeg'% v%t%rﬁ]Bé) é@p%gi’eﬁe:ﬁtg of %Qggrﬁl%ﬂe?grg%g {%@%ﬁ% g#%?p’ﬁ?s?t%ér? to he electrical
field, as dpiedtanEdhyxde siensoe seasbd bOaFlifthe maye] ehect disaee h20tndihespinalmformation
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the spindigfowhatiois asatibisirgams bhe selinshiebsardot b ardyldB ordstentitirecteefpedbmekafignal to

filter out gfationary info IQN.: ehy 0 i It Skr ini I hanging portion of
the signa?ﬁ%rk%\ ﬁlt¥ é re%rmﬁgggsr?gﬁy;éd ﬁdﬁt%ﬁ%%#eg ggt;)ll‘é%ie%tggfg t[??egsgpgrirl%rﬂe).{drrhqea%paeﬂra lon of the
sensor bpaedsLre and flesvceusie@eral atorodbsndhddiayrdiiee devldnetic fistd2(dosesding: filter 130
may recejye infarmati [ ith.: [ eF e_Rositi f ting. electrical
ol Thol e o0 e S T L e A B e 30 e spnde.
The filterm3ag uitizeraptinsitsntbr@atptonicial teste instamerefew. JdiveyeFdn ékample, the filter

130 may a far i ' T I [ inelude
format e ) e B R ot the
force, whilh spittaxjscoflthef shindtguator 140 to activate, whether an even or odd winding is to be used
by the actuator, etc. Alternatively, the force pulse code modulation may include information regarding

the location where a force is applied to the spindle that generates the two dominant modes, the

magnitud@%f e fofbE ROVRINSEARMRIEREFY BN REPA BRI ASS AT Iated R BSith the force
pulse codpspiadeinban shnaduspirdlieased Bk RalBIhANe iafasM i eRe @B ctibstRerndd or even

windings are to be used, in order to increase dampening force and reduce the system vibration. As

such, thedgéﬁﬁglmeih@’afaﬁl ReNsehieeartd pArditiesBSienae SrRNErRRJ2PADRY fiRELNMdle in order
to companssiedeoi redisRirreRedmhine, spidietdfiereilpaspyierti apmharsiate skamrmping force.

In this embodiment, the actuator 140 utilizes a magnetic field such_as electromagnetic force. However,

in other dRfHEAMEHEY, 1170 JansBIeE® iredhanl s '9nal LRt coRfaias SiRrmalian feea@iMGmay utilize
an electrip §HEbian e leanasldiantame sHape of the spindle, which is stationary. As

a result, the sensor board 110 may utilize the feedback signal to filter out stationary
information, thereby outputting a bit stream containing only the changing portion of

the signal. The bit stream generated contains the displacement of the spindle. The

operation of the sensor board 110 and the converter 120 is described in greater

detail in Figure 2.

[0025]  The filter 130 may receive information associated with the displacement
and the position of the rotating electrical field. The filter 130 may determine the
instantaneous velocity of a non-repetitive run-out of the spindle. The filter 130 may
transmit information related to the instantaneous velocity. For example, the filter 130
may send a force pulse code modulation signal. The force pulse code modulation
may include information regarding the location where a force is to be applied to the
spindle, the magnitude of the force, which winding coils of the actuator 140 to

activate, whether an even or odd winding is to be used by the actuator, etc.

6



[0027]Figure 2 is a schematic diagram of a circuit 200 that may be used to determine the displacement
of a rotating disk based on information provided by displacement sensors, according to an
embodiment of the present invention. Circuit 200 includes electrical ground nodes 204 and switches
201, 202, and 203. Circuit 200 further includes electrodes 205-207, capacitors 208 and 210, a sigma

delta conxgeRAlAIyniRERIRTe’3disa esatateddidtisnthiayiifdlleckdHndior 8hgHeig ateck signal,
e.g., cl)l, clgz, c1)3, or cl)4, goes hi?h, the switch corresponding to that clock signal may close, i.e.,

thereby JRERTI OIS ALRERS i5ddR thmerintigdbetRrReaes bR MRdBRebrresponding

to that clegsddgnelenax gman daF2k-fessedas. 205 may include biasing electrodes 205 and
electrodes 206 may include sampling electrodes 206. The sampling electrodes 206 may correspond to

or may be coupled with a first sensing ring and a second sensing ring (not shown). Electrodes 207
may incld66Zklatind leécatrordsr2Bi0tpenarajescaréwpserid aroomaydsevatiufhedovite pdleating ring (not
shown). Accordi Lhe ¢ i r to the c itor e tween the
first s.ens?régg8 %r%g%n%ag%gon (%%%{sr?r%gp %é]%%h%ﬂbﬁﬁ%ﬁ%ﬁ glll?&%e&%s gi@?&r‘?ﬁhﬂ%\g@%@ggcsfodes 207.
Additiona\czpaditiie gs aneciochisUsedyvér wrtrioinheetics danspeninggfotoe sexbretiseading ring, the

R T T e e e e

czaluse% tmm)a.QtMproMﬁhaQeﬂlyeasmedd?a' ma)ﬂdw,teignaimﬂl)sélJ‘,GJQMMBidippﬁ@wm?ﬁm fafrt.lsg nezx(; E;isiné;

edge. . S . i an

210 are S A M e A SRR R T M EARA I8 2 e

created @cthetbiabitywibces devagmtindialtsadibasiaiatitplegnetic tdrae difpreveriin the electric

field. Theo‘ﬁ‘?é\”é’#ﬂ{o%l% Y ‘Eﬁﬁté%'t&?ofﬁtﬂpﬁﬂagﬁﬁ&%’k%%ﬁr%'("az‘?i SRV @ssecitgdvith control
the 1/rev bloc

electrodes used to sample ah electrical charge, a generates a stationary signal
associate witheyleitilizsn bfietdecifisdirld suckiappietoelapelicicananecariavlier 211. [0031]Once
signal c1)1 goes high, switches 201 may close. As a result, biasing electrodes 205 and sensing
electrodes 206 are shorted to the ground nodes 204. At the same time, the bias is set, which results in

a chargel?9R&ler aEigYER IR E‘&?)%i@@gr?@@,%i&ﬁqgigg%ﬁé‘@ftﬂ}‘ﬁkb@abﬁ%%% 208 and 210.

determine the displacement of a rotating disk based on information provided by
displacement sensors, according to an embodiment of the present invention. Circuit
200 includes electrical ground nodes 204 and switches 201, 202, and 203. Circuit
200 further includes electrodes 205-207, capacitors 208 and 210, a sigma delta

converter 214, integrator 212, a controller 211 and a 1/rev block 216.

[0028] When a clock signal, e.g., @1, ®2, ®3, or P4, goes high, the switch
corresponding to that clock signal may close, i.e., thereby shorting the connection.
Conversely, when a clock signal goes low, the switch corresponding to that clock

signal may open.

[0029] Electrodes 205 may include biasing electrodes 205 and electrodes 206
may include sampling electrodes 206. The sampling electrodes 206 may correspond
to or may be coupled with a first sensing ring and a second sensing ring (not shown).
Electrodes 207 may include floating electrodes 207 that may correspond to or may
be coupled with a floating ring (not shown). Accordingly, the capacitor 209 may
correspond to the capacitor assembly formed between the first sensing ring, the
second sensing ring, the biasing electrodes 205, and the floating electrodes 207.

Additional capacitive components between each of the first sensing ring, the second



[0032]Once signal c1)4 goes high, a sigma-delta converter 214 may acquire the sign of the resulting
charge on an integrator 212 for further processing. In various embodiments, the integrator 212 may be
an operational transconductance amplifier with input and output terminals linked by capacitors 208 and
210. The integrator 212 may integrate a previously stored value in the sigma-delta converter 214 with

a currentieMAAGUHRY, (ALIBIaSH §leksctRsdivécznatashvalye flodiinGiemareaka covarendil4. Signal

c1)2 may go high and cause the switches 202 to close. Accordingly, the charge levels on the sample
and hold RiforCdaAbtbe digrEGeset as a result of the short. [0033]0nce signal c1)1 goes low
the switches 201 may open, and once the signal 03 goes high the switches 203 may close. As a result,

the biasi nti the hiasi lectro 20 nsi lectrodes 206.are_set. At this time,
the biasiEg%@ftroﬁg%%gﬁg%is@éﬁgﬁi a%ég{ﬁacraicéh? §C ?Clltle%v to%egnré%(s’tl%’e%%?%clégld rotation.
The contedédetradén8p coeticd ubed dtatioatl ppgitmanataly aleitte sairfieltimss sajm@dithdsasing
electrod , the. rates astation ignal associ it trical field
reflectingér\&qu zgg%%%higgé{r? %ﬁﬁﬁ@%@@mﬁw %%Iﬁé%%ég%%&?ﬁ%\%% hen signal
c1)3 goe2l@dwracermynir( tnsequihidys 203 capasaimse 208 areh2 Aecralrayipethtolflasing electrodes
205 float . ' ich. | I nitiat tc le.
0035l S R S A S e R TR B PO ey,
the capabiyoliizeoiasing etetinod eaéedandiatieratidwirtbeitispimeinert 20@ modth 20 witlsianipde the
next elecyric {i r r biasi rpde - i ent of an
object wit l%CTﬁle)dfé é@tﬁf‘ ﬁ?e(fgrﬁ %%llc%/rs?gAarﬁgggo?&% %%v,ﬁgﬁ%ﬁegf aaé%?{ﬁgygzgﬁe]%& gsgf %&It, biasing
electroddiebasantisted inij e lcontooleslatodes cmask tbtedivate Appetedtnanighante sadéngme, signal
1)4 goes ' i ' ] Ng: iment, once signal
01 goes A%A%\)rgvﬁacﬁ%@%%%%%%g{ ﬁsgzrigaﬁ S%TP i%géi%%%gﬁc%ﬁéﬁsq%%%gﬂn%qsﬁ%@ng electrodes 206
are shortegflesting ghewstthpedysz®spTidieshodiagcanyaien@ thanges the potential of the biasing
electrodes 205 and sensing electrodes 206, which results in a charge transfer across the floating

capacitors 209, which is sampled by the capacitors 208 and 210. o
[0031]  Once signal ®1goes high, switches 201 may close. As a result, biasing

electrodes 205 and sensing electrodes 206 are shorted to the ground nodes 204. At
the same time, the bias is set, which results in a charge transfer across the floating

capacitors 209, which is sampled by the capacitors 208 and 210.

[0032] Once signal ®4 goes high, a sigma-delta converter 214 may acquire the
sign of the resulting charge on an integrator 212 for further processing. In various
embodiments, the integrator 212 may be an operational transconductance amplifier
with input and output terminals linked by capacitors 208 and 210. The integrator 212
may integrate a previously stored value in the sigma-delta converter 214 with a
currently measured value and store the integrated value in the sigma-delta converter
214. Signal ®2 may go high and cause the switches 202 to close. Accordingly, the
charge levels on the sample and hold capacitors 208 and 210 are reset as a result of
the short.

[0033] Once signal ®1 goes low the switches 201 may open, and once the signal
@3 goes high the switches 203 may close. As a result, the biasing potentials on the
biasing electrodes 205 and sensing electrodes 206 are set. At this time, the biasing
electrodes 205 may be biased to rotate the electric field to the next electric field

rotation. The controller 211 may control the rotational position of the electrical field



[0037]In one embodiment, when signal 1)4 goes high, a sigma-delta converter 214 may acquire the
sign of the resulting charge on an integrator 212 for further processing. In various embodiments, the
integrator 212 may be an operational transconductance amplifier with input and output terminals linked
by capacitors 208 and 210. The integrator 212 may integrate a previously stored value in the

sigma-de}igseertetstitl finsii  Qetroded s WRE wRugRVbibere2ne jurerated yalue in the
sigma-delta converter 214. Once signal ¢1)2 goes high, the switches 202 may close. Accordingly, the

charge |BHOHRM S IGRRIASSARANIIVELD SISOFiCab B deplesting Hhsshapg RELOR SPIRE'Short.

[0038]1t isvaRip s RigB ARt Wit SN Gletiesgss @usthe switches 201 may open, and once signal
c1)3 goes high, switches 203 may close. As a result, the biasing potentials on the biasing electrodes

205 and sensing electrodes 206 are set. At this time, the biasing electrodes 205 may be biased to
rotate thd @&diric fidithen ignad d8lgoe lfimlcbratetagaif)0B30 s\liteh aigPaB a2 gusetbto once again in
the next ¢l CYC it r t . rdi th itorg 208 and 210
are caus§§ %)% 'flc%‘é!tgg fﬁ%@‘§Ygamge§%%ﬁd%%%?r@?o%%%%ﬁ@?@é@%%§ %‘?&t\llr%gﬁ?ﬁegﬁé%tﬁe ock cycle.
[0040]1t ipmpivesiatedkticat@2AT8sing @ldc@teddlse208xhalptieaysdel to create 32 electric field positions.
For each electric field position, the circuit may complete one clock cycle. As a result, an electric field
may be created for each of the 32 positions and the electric field may be sampled for each of the 32

positions| 386821 ]In YvRROEEHSTReANaRE Watnsiangl Rhoererowathaswikahes AldtpRYregisters

to store gppiye G%H§§HG@HH}B {RecaspRATIODIY HiRiteotdedield Jeof t%%%ﬂ'%llﬁ\ﬁhﬁéetﬁée 32 electric
field positions, the sri%ga-delta converter 214 may include 32 registers to store an electric field strength

value that@RRFSEErSBnched QiRivamnie Gﬁﬁéﬁé‘%ﬁ%@&ﬁf@ié?ﬂﬁf&? frediedihy Hdd has

ComIO|et%ﬁé&’lﬁgl&é@t@%@Q@@@mg'l@rédWB%ttﬁ%VQi%%eﬂﬁ@r\‘lan'ﬂ%?liBB]’&ﬁWﬁh%C{ﬁBa converter may
be overwritten by the average value of the previously stored measurement and the current

measureRleAtIaEeldcQNeasionl{BararfmiIQVr SUERNSSRIbhBR%PBBR c YR 3/ BeWv&igsinBled.

electrodes 205 and sensing electrodes 206 are caused to float. Approximately at the

same time, signal ®4 goes low in preparation for its next rising edge.

[0036] According to one embodiment, once signal ®1 goes high, switches 201
may close. As a result, biasing electrodes 205 and sensing electrodes 206 are
shorted to the ground nodes 204. This shorting to ground changes the potential of
the biasing electrodes 205 and sensing electrodes 206, which results in a charge
transfer across the floating capacitors 209, which is sampled by the capacitors 208
and 210.

[0037] In one embodiment, when signal ®4 goes high, a sigma-delta converter
214 may acquire the sign of the resulting charge on an integrator 212 for further
processing. In various embodiments, the integrator 212 may be an operational
transconductance amplifier with input and output terminals linked by capacitors 208
and 210. The integrator 212 may integrate a previously stored value in the sigma-
delta converter 214 with a currently measured value and store the integrated value in
the sigma-delta converter 214. Once signal ®2 goes high, the switches 202 may
close. Accordingly, the charge levels on the sample and hold capacitors 208 and

210 are reset as a result of the short.



[0042]Accordingly, the sensors along with the converter may determine whether displacement of
spindle has occurred. Moreover, the sensors and the converter may determine the position of the
displacements and their magnitude. The determined information may be transmitted to the filter, e.g.,
filter 130. According to one embodiment, the filter 130 may be a code modulator as described with

respect tooigare 31{RD4BPREERITEDASNOICEIgINiaB dRN QXEEMBIA YO SR ifBREYIALRS iAaccordance with

one embodiment is shown, According to one embodiment, a decimation filter 302 of the code

modulatd?Pfth RAGRRSESIINS Sh9aesduahe SWIEN 2R SURY S sl A mETR UhdNefurther
receives giRgngporis £aethebiipithgesestrtedyitb3hm gestemg diee wiurlacropaite $6e

decimation filter 302 reduces the number of samples and filters out the noise. The instantaneous
velocitiehNSHIS: Hie QiBrioarleciiadsrddrnguhs Kigirddrddnte ibeslafiEs el @ode

modulatah 3Kt EetsrivvAcH D RstIRibthis instance, e.g., signal F1 and signal F2, each associated with
a dominant mode. Accordingly, it is appreciated that if one desires to remove three dominant modes,
the code modulator 300 outputs three signals. In various embodiments, the code modulator 300 may
output arfp@dnber \birsigraigmebfsgoeasliloyvtorzre agaitbir ibledesited onbaysldnthetheitengsodiments,

he desi incl | ' =y i f
the code SRS Craai TG e T ARGl B R B 2 T R AL ©
actuator 900€ragacvreadugviite pray iomd ctiinkeoy ¢eshotvinitiing cheattexd @fosiagyinldude a plurality of

stator teeth406. The gap between the teeth 406 and the rotor may range between 0.1 mm to 1.0 mm,

according to one embodiment. [0045]Windings 402 and 404 may be wrapped around each tooth to
form a re e cBil%ﬁ@ﬁf@?l@tﬁﬂd@&%@@%ﬂﬁwfﬂﬁ@é‘?ﬁ@éd’%&@ﬁﬂ?&’oﬁ%@%@ KEFPEIRIRDII 404 is

odd. Eveg|aggiofdiarsosirifed MoreHh dissiirrieidsosiaanctie g r‘ﬁ@;@@@ﬂ?ﬁﬁ@é @gated by a

current flowing in the winding of each res&)ective coil. Other coils associated with other teeth may also

be eitherdaEkdPYEIRn AR @ RS Hlne?ISEWMARIGIIEY L ARG hEEGREN OGP APSHORE 404

respectivghy tiveuerid ik RPSFisdeshihplddisoralterepransy3Phaliayas. coils to have the same
number of windings and it is further appreciated that it is not necessary for all odd coils to have the

same number of windings. For example, one even coil may have 10 windings whereas another even
coil may [e041] 2 windioge Asbodimtrds)uhesigoiavatiacodderteis 24Adribg moberratitipldings for

each as described, herein are exemplary and not intended to limit the scope of t esent invention.
oot [ELHERBSIBI AT SR IR ARER 1 BRI (s pecticfoR 5t

example, if there are 32 electric field positions, the sigma-delta converter 214 may
include 32 registers to store an electric field strength value that corresponds to each
position. In various embodiments, when the electric field has completed one full
revolution and begins a next revolution, the values in the sigma-delta converter may
be overwritten by the average value of the previously stored measurement and the
current measurement. As a result, the measurements of each position of an object

may be oversampled.

[0042]  Accordingly, the sensors along with the converter may determine whether
displacement of spindle has occurred. Moreover, the sensors and the converter may
determine the position of the displacements and their magnitude. The determined
information may be transmitted to the filter, e.g., filter 130. According to one
embodiment, the filter 130 may be a code modulator as described with respect to

Figure 3.

[0043] Referring now to Figure 3, an exemplary code modulator in accordance

with one embodiment is shown. According to one embodiment, a decimation filter
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indicates odd/even coils. In this embodiment, the even coils are wound clockwise whereas the odd
coils are wound counterclockwise. It is appreciated that the direction of winding described herein is
exemplary and not intended to limit the scope of the present invention. Signals F1 and F2 depict the
two signal forces applied by the actuator to the spindle in order to compensate and adjust the

measuredePsplaserpeat MEJaIINBE0 toedivee alBALIEdmanisciated Wigh gignahieiee &L and F2

are snapshots in time and that they change over time as displacement changes and as the spindle

spins. FotigRiGrpmRepbasd it irher srprier 2 Ansitionfl s RledinicefigidearsrofiedMiBppreciated

that the sigealsditioanst the dispacin ereMpRBLaRAARPEMEERB 0P tBgureasheasLdisRipsement, etc.,
the position and magnitude of the signals F1 and F2 may change. It is appreciated that signals F1 and

F2 may 2RSS Gt TIHRIG A4 REsipiSss. TO84BHAMANRGUSOVPIRCHIGEE 3¢ Aot HERtIRRPactuator

500 in acgry dansig s oaﬂ@mbqsﬂmﬁetdﬁ@@m&b@am@m 590 saaynilufrcr Bowality of teeth,
two of which are shown 510 and 512. Each tooth may have a corresponding coil winding associated

with it, e.QUIRHRIMYP 58NS LS IRANGA1F S5 HRAWIHIANY sienad Ssei SRD\VABSRGIES 10. 1t is

appreciatgrihag greindnedings shavsbraMmGRE RS HFeemtbl@wRMar Jee idusiratian mirreees it is
presumed that coil winding 506 is even and wound in I&ckwise direction and cgil win,diir%%j 508 is odd

and woultd if £ BURRLHCDERG R dNFrERHENEE Aiak BHLQLHPHE: WG SPRRS-BB ¥BUBKY to a switch.
For exampiehsithitdingS86dvay dururaopBOOendy it Riaapchoalbeineinggb@imay be coupled to

switch 504. The other side of the cqil winding.may be coupled to a voltage signal source, e.g., Vm.
(0040]1 ICBEF BRI VLR Py AR GHEg e S AT S STEBG PR LER et t
thes&;:] coihw'ml ngSydifieRg mww;lcﬂ@é\ai' r@témﬁﬁnmn_ bT@de_l%ng-mir\ﬁmrf?fdykse_’&ﬁ% - Vm for ;
another one. It is also appreciated that the winding, e,9., clockwise or counterclockwise direction an
odd or eﬁﬁ%lﬁ&iﬁéﬁea%orﬁg?éw Qﬁ&%%ﬁ&%&o@ lﬂ@ﬁ%iﬁée scope of the present
invention. [0050]It is appreciated that the gate of each switch, e.g., gate of switches 502 and 504, may

be counlpadadne Sl fg n3NG! FARLSBRAERasoRNS R NG A Bl 5 appreciated

that the received signals m e pulse“width modulation signa e colls of the actuator
perform esnhodivignilseshain mdwikaioaterid@lsrepping udesspbiisétioaisiaitantegib4ials F1 and

F2 exceeiua e 0K/ SHIEDE SIO3AN R FIAF:RAUTRAMB I R RIer othgteby

causing the ctrrent t rough the coil windings. Flo rrent causes an electrical field and
thereforeag¢orcinthie Bneppipdinentpindle. The applied force compensates and adjusts for the
measured displacements and dampens, which reduces non-repetitive run-outs.

[0045] Windings 402 and 404 may be wrapped around each tooth to form a
respective coil each. It is appreciated that in this embodiment, coil 402 is even and
coil 404 is odd. Even and odd are referred to as the direction of the magnetic field or
magnetic flux created by a current flowing in the winding of each respective coil.
Other coils associated with other teeth may also be either odd or even and the
number of windings for each may be equal to either coil 402 or 404 respectively.
However, it is appreciated that it is not necessary for all even coils to have the same
number of windings and it is further appreciated that it is not necessary for all odd
coils to have the same number of windings. For example, one even coil may have 10
windings whereas another even coil may have 12 windings. As such, the number of
even or odd coils, and the number of windings for each as described herein are

exemplary and not intended to limit the scope of the present invention.

[0046] In this embodiment, the actuator 400 is a 2 X 5 phase coils where 2
indicates odd/even coils. In this embodiment, the even coils are wound clockwise

whereas the odd coils are wound counterclockwise. It is appreciated that the

11



[0051]Referring now to Figure 6, an exemplary top view diagram of the displacement force and the
adjustment force in accordance with one embodiment is shown. In this example, two dominant forces
contributing to non-repetitive run-outs are shown as nrrol 610 and nrro2 620. In one embodiment, the
forces 630 and 640 to be applied to the spindle in order to compensate and adjust for displacements

and non-geRetibedtiiRditRER SiBeadiern 18 BieMpRdrpad dHeRintkR\elo iinsiepiyreciated that in

various embodiments the forces 630 and 640 maﬁgnot necessarily be perpendicular to the
i

non-repetiB?Re @ HgoEsadmgntior: Sigralmbiderided 8epicieMisignst %8S o dampen the
two domiggplicaasie héndetsdititanaee KpmaArPiaGated tbaldhp snsars baticadcelatien forces varies if

the number of dominant modes to be dampened is varied. For example, if three dominant modes are
to be dafpRaRIGAS ISPIERMA BIIRLeBRERUFIY T also be three. [0052]Referring now to

Figure 7, a system 700 in accordance with one embodiment is shown. System 700 includes a motor

and reso 0, jour | t INg-43 r optional oards
750760 (00A fn 0L op e bty Do S oS i S o B ARk may
be coupldiey chargpénaver Tineerastdispratsrpelivies vy est sted , ah dhebspiotiiérspihe. smindle. As a
result, th d i C 1] ' . itati ' | hearing 720 and
the thrus%ﬁpgarjﬁ%’ ﬁég g@% ﬂ}eta&%eg ogr}(/aS uce% év?r:ﬁaggggexc z?‘%(r? éaﬁ ﬁgﬁ%zéﬁﬁ%%r&mgouts. The
sensor baapraeiotaddingtdheosignalsrisbranoard shoyaoordesxeinpthabend. deresdintgobdhal 740 may
include t ' Nk, as gescri S cl ilter board
(not shov%ﬁ?%‘ggtgﬁ?@rgag%g%% r%ré?/ éééth@%rgﬁe%?{%ﬁr%ﬁﬁﬁﬁggﬁ@?%ézﬁ%%%Jﬁ}gt)gngi#npb%(% gnent or it
may be imegyratehgethihisteppcasiate dizainsignalzd-ih amdiha meaydeeipudse. vidto mipdulatiome

embodi % e filter board is a separate board and not integrated within either of the sensor board
740 or the actuator assembly 770. The filter board operates similar to that of the filter 130 or the code
modulator 300. [0054]The actuator assembly 770 operates similar to that of actuator 140, 400, or 500,

as descrifgrshgpoverdfeerrUrIar BSSRIIREYS! Ahnisrsdbeairde Healia 00 iheaseBreamaard 740 and
the filter board and applies an appropriate force at an appropriate position to compensate for the

measurel AR EMBREMRNLIR- AN AWR.rd PERTRIAIRE AR BRYrisiiiee amiuiaihpehtf§H increased.
[0055]It isyapBfesHaERCatitas HoWSTPEaHI B Y 2 rERe e foRM @ﬁfyw sUBTRENATERJ 28ipnd 760 may

also be used to measure displacements, etc., for various sections of the rotating body and for more

accu rate%@Q@&MEW{;@r[tit‘?Qaﬁﬁl‘%%i%@eﬁotﬁm&ié%N% oeish1ah ¥8PeiBds 750
and 760 soepsosatistbe Mleitienal 580saibepsie deicanth 6P ERInaRRjeishaiviansy babasensor
board 748i even. However, for illustration purposes it is presumed that coil winding 506 is

even and wound in clockwise direction and coil winding 508 is odd and wound in a

counterclockwise direction. One side of each coil winding may be coupled to a

switch. For example, coil winding 506 may be coupled to switch 502 and coil winding

508 may be coupled to switch 504. The other side of the coil winding may be

coupled to a voltage signal source, e.g., Vwu.

[0049] It is appreciated that even though the same voltage signal source is shown
being coupled to these coil windings, different voltage signal source may be coupled,
e.g., Vm for one and - Vy for another one. It is also appreciated that the winding, e.g.,
clockwise or counterclockwise direction and odd or even coil windings, are merely

exemplary and not intended to limit the scope of the present invention.

[0050] Itis appreciated that the gate of each switch, e.g., gate of switches 502
and 504, may be coupled to the signal, e.g., signal F1 and signal F2, received from

the modulator. It is appreciated that the received signals may be pulse width

12



[0056]Referring now to Figure 8, an exemplary flow diagram 800 in accordance with one embodiment
is shown. At step 810, displacements of a rotating object, e.g., spindle, is determined. For example, a
sensor board as described above may be used. At step 820, position at which the detected
displacements occur is determined. According to one embodiment, a sigma delta circuitry may be

used. [00RAHI5tRM ERshahedRatastanen e/ el sfapsosiatrionvR HaprRQRliap ebinsugeplacements

is determined. According to one embodiment, a filter board or a code maodulator, as described above,

may be 4D ARQAUAERH MISTOrSIEPRIRG: U IREPARESIAREEEYINGdRRySIARDIBE Jat&idd. The signal
may be genesaiRegRy §echteireoRsrHoEitsis: PO AP BRE SlesETHRAIABOVE 16 e Y80plenay be a

pulse width modulation signal. [0058]At step 850, an actuator device receives the generated signal.

The gendPGEPKIGAYPIBLER) CH' e Bnliitranairie SOl yHariGRith Yk AcaiatBRHERMSSESTUMINg

the switchaserstaitspfisrRsSdRe tarersrtodlayrddieug isthp iy eptirsesinathés)Toidp prédator, e.g.,
appropriate winding coil. At step 860, the current that flows through the appropriate tooth of the

actuator JURESRMRRENSRERRAPRMUSIR e PEasHRS HISRIBF e iR ABARRMBRSIs applied to

the rotatinghiebi¢st 6s 5O EEptiterebyreomensating for the measured displacements and
dampening the system. [0059]The foregoing description, for purpose of explanation, has been

described with reference to specific embodiments. However, the illustrative discussions above are not
intended 12054 exhdrtafbveng twiint friguneéhtoneasammplarydep fiemsidigeimseanf.tvMany modifications

and Va”?aégaﬁaéé%%%ﬁ%@ﬂsé%MW@%%}%&H%& 1R N9ZcHBBh SN B &Se mbodirAthRRParatus

comprising:
shown. In this example, two dominant forces contributing to non-repetitive run-outs

are shown as nrro1 610 and nrro2 620. In one embodiment, the forces 630 and 640
to be applied to the spindle in order to compensate and adjust for displacements and
non-repetitive run-outs are perpendicular to the nrro1 and nrro2. However, it is
appreciated that in various embodiments the forces 630 and 640 may not
necessarily be perpendicular to the non-repetitive run-outs (as shown). The
cancellation forces 630 and 640 may be used to dampen the two dominant modes,
in this instance. It is appreciated that the number of cancelation forces varies if the
number of dominant modes to be dampened is varied. For example, if three
dominant modes are to be dampened then the number of forces applied may be also

be three.

[0052] Referring now to Figure 7, a system 700 in accordance with one
embodiment is shown. System 700 includes a motor and resolver 710, journal
bearing 720, thrust bearing 730, sensor board 740, optional sensor boards 750-760,
and an actuator assembly 770. According to one embodiment, rotor/payload disk-
stack may be coupled to the spindle. The motor and resolver 710 rotates, thereby
rotating the spindle. As a result, the payload or the disk stack may experience
windage excitation. The journal bearing 720 and the thrust bearing 730 may be used
to reduce windage excitation and non-repetitive run-outs. The sensor board 740 is
similar to the sensor board 110, 200 described above. The sensor board 740 may

include the sigma delta component, as described above.
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a plurality of sensors operable to detect displacements of a spindle in motion; a converter coupled to
said plurality of sensors, wherein said converter is 5operable to determine respective positions of said
displacements; a filter operable to determine instantaneous velocity associated with said positions
of said displacements and further operable to determine a first force based on said instantaneous

velocity; 3]  SHRi/UALY PBRGMIRde APtk ARRAANG SIS BATTHEPIMEE bYART e P&
10second force substantially counteracts said first force and said displacements. 2. The apparatus

of Claim DiGaEIeM WERHIIRRENSPE985EFS 14 A dleRRsaraRe i eRbap ILaMRYRRIUe e Al Fsensor, a
charge couplingarReAEAiafIhadBiETTEN ancthdhenapndraliig. oA&deiny wherein said actuator is

selected from the 15?roup consistingcof an air jet, a piezo element, and an electroma net(.s%j 4. The
ﬁé@ da

apparatu€BPeeRl Wi ilier 04 ﬁ:été?%aéﬁf%IQEMB%EHY&W%H&VH&'H&H nd even
coils wouR@ eloskurisant umIBieFRoskiser assémblye7anarnesieh Glsin bpuhekrinagap between

said actuator and said pluraliéis of sensors ranges between 0.1 mm to 1.0 mm. 206.The apparatus of

Claim 1, iPHBR%RTIRG PrerafigPardheserde spgstator S00.

[0054] The actuator assembly 770 operates similar to that of actuator 140, 400, or
500, as described above. The actuator assembly 770 uses the information from the
sensor board 740 and the filter board and applies an appropriate force at an
appropriate position to compensate for the measured displacements. As such, non-

repetitive run-outs are reduced and dampening is increased.

[0055] It is appreciated that in this exemplary embodiment, additional sensor
boards 750 and 760 may also be used to measure displacements, etc., for various
sections of the rotating body and for more accurate measurement. However, it is
appreciated that the use of the additional sensor boards 750 and 760 is optional. The
additional sensor boards 750 and 760 may operate similar to that of sensor board
740.

[0056] Referring now to Figure 8, an exemplary flow diagram 800 in accordance
with one embodiment is shown. At step 810, displacements of a rotating object, e.g.,
spindle, is determined. For example, a sensor board as described above may be
used. At step 820, position at which the detected displacements occur is determined.

According to one embodiment, a sigma delta circuitry may be used.

[0057] At step 830, the instantaneous velocity associated with the position of the
displacements is determined. According to one embodiment, a filter board or a code
modulator, as described above, may be used. At step 840, a signal based on the
instantaneous velocity may be generated. The signal may be generated by the filter
board or a code modulator, as described above. The signal may be a pulse width

modulation signal.
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at least 32 sensors. 7.The apparatus of Claim 1, wherein said filter comprises a decimation filter.
8. The apparatus of Claim 1 further comprising: a plurality of switches, wherein each switch of said
plurality of switches is associated with a coil winding associated with a tooth of said actuator, and
wherein switches of said plurality of switches turn on and off responsive to said first force to 5 generate

said secqpddgice. At st@pdBDaBRAiUStEF Gl CobREiN TR IGrRIMBSIESIGPRIPITIRS @ sigma delta
component. 10. An apparatus comprising: a circuit operable to detect displacements of a rotating

/ . ] displ
object, wHERSREAS NG daitRedHe R 25 /tidhe suditoRS arsariaird Wt RSHAPvherein said

circuit  device. Turning the switches on/off causes the current to flow through the
appropriate tooth(s) of the actuator, e.g., appropriate winding coil. At step 860, the
current that flows through the appropriate tooth of the actuator generates an
electrical field and a force resulting thereof. The generated force is applied to the
rotating object, e.g., spindle, thereby compensating for the measured displacements

and dampening the system.

[0059] The foregoing description, for purpose of explanation, has been described
with reference to specific embodiments. However, the illustrative discussions above
are not intended to be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible in view of the above

teachings.
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is further operable to generate a signal associated with said position and said displacements; a
code modulator operable to generate a modulated signal based on said position and said
displacements; and 15an actuator operable to apply a force to said rotating object, wherein said force
is based on said modulated signal. 11. The apparatus of Claim 10, wherein said modulated signal
compriseg/aderselpitsecede modulation signal. 12. The apparatus of Claim 10, wherein said
force substantially adjusts 20said displacements. 13. The apparatus of Claim 10, wherein said
circuit comprises a plurality of sensors and a sigma delta component. 14. The apparatus of Claim

10, wherein said| actuaﬁﬁ{ j g&lﬁ%{@gﬂ@gﬁ- f,gctuator and comprises odd and even coils wound
clockwise and countercloc ?ise. 15. eaépparatus of Claim 10, wherein a gap between said

actuator and sarl Pucaityofganbetwope@ilerdm deted diaplacements of a spindle in motion;
a converter coupled to said plurality of sensors, wherein said converter is
5 operable to determine respective positions of said displacements;

a filter operable to determine instantaneous velocity associated with said
positions of said displacements and further operable to determine a first force based
on said instantaneous velocity; and

an actuator operable to apply a second force to said spindle, wherein said

10 second force substantially counteracts said first force and said displacements.

2. The apparatus of Claim 1, wherein said plurality of sensors is selected
from the group consisting of a hall sensor, a charge coupling sensor, and a

microphone.

3. The apparatus of Claim 1, wherein said actuator is selected from the

15  group consisting of an air jet, a piezo element, and an electromagnet.

4. The apparatus of Claim 1, wherein said actuator is an electromagnet

actuator and comprises odd and even coils wound clockwise and counterclockwise.

5. The apparatus of Claim 1, wherein a gap between said actuator and

said plurality of sensors ranges between 0.1 mm to 1.0 mm.

20 6. The apparatus of Claim 1, wherein said plurality of sensors comprises

at least 32 sensors.

7. The apparatus of Claim 1, wherein said filter comprises a decimation

filter.
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16. The apparatus as described by Claim 10 further comprising: a plurality of switches, wherein each
switch of said plurality of switches is 5associated with a coil winding associated with a tooth of said
actuator, and wherein switches of said plurality of switches turn on and off responsive to said
modulated signal. 17. An apparatus comprising: a first plurality of teeth having a first plurality of

coil windings; 1@a secantRigfliytes ethdiavnaasecesshphyialy of coil windings; and a plurality of
switches, wherein each switch of said plurality of switches is associated with a tooth of said first

plurality of teetrPd?'H RS RVAIgheONBSSRIFARRCEr WdkeN Sf RaI RIHERU RTS8 DiBrality of
switches assasiiad with s2i6iflish i) Wsdibeiatéealitnrotieblrasit e awtilichor! salwhaality of

switches , . . : I
switches of said plurality of switches turn on and off responsive to said first force to

5 generate said second force.

9. The apparatus of Claim 1, wherein said converter comprises a sigma

delta component.

10.  An apparatus comprising:
a circuit operable to detect displacements of a rotating object, wherein said
10 circuit is operable to detect positions of said displacements, and wherein said circuit
is further operable to generate a signal associated with said position and said
displacements;
a code modulator operable to generate a modulated signal based on said
position and said displacements; and
15 an actuator operable to apply a force to said rotating object, wherein said

force is based on said modulated signal.

11.  The apparatus of Claim 10, wherein said modulated signal comprises a

force pulse code modulation signal.

12.  The apparatus of Claim 10, wherein said force substantially adjusts

20 said displacements.

13.  The apparatus of Claim 10, wherein said circuit comprises a plurality of

sensors and a sigma delta component.

14.  The apparatus of Claim 10, wherein said actuator is an electromagnet

actuator and comprises odd and even coils wound clockwise and counterclockwise.
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associated with said second plurality of teeth are operable to be turned on in response to a signal,
said signal is associated with a force, a position of displacement of a rotating object, and an
instantaneous velocity at said position of displacement, 20and said turning on of said switches is
operable to apply a cancelation force to said rotating object to substantially adjust for said

displacement. 15 18. Tihe apparaius of Claim 10, Wher&in a gap bemiédnss alraliy-ebeaite is an odd
coil winding in either clockwise or 25counterclockwise direction around said first plurality of teeth,

said secGRAHTEHiT BPEBRLRMARR N I cBIMVAdiyMMund said second plurality of teeth, and said

second plurality of coils is in clockwise direction if said first plurality of coils is in counterclockwise

direction or in counterclockwise direction if said first
16.  The apparatus as described by Claim 10 further comprising:

a plurality of switches, wherein each switch of said plurality of switches is
5 associated with a coil winding associated with a tooth of said actuator, and wherein
switches of said plurality of switches turn on and off responsive to said modulated

signal.

17.  An apparatus comprising:
a first plurality of teeth having a first plurality of coil windings;
10 a second plurality of teeth having a second plurality of coil windings; and
a plurality of switches, wherein
each switch of said plurality of switches is associated with a tooth of
said first plurality of teeth or a tooth of said second plurality of teeth,
at least one switch of said plurality of switches associated with said first
15 plurality of teeth and at least one switch of said plurality of switches
associated with said second plurality of teeth are operable to be turned on in
response to a signal,
said signal is associated with a force, a position of displacement of a
rotating object, and an instantaneous velocity at said position of displacement,
20 and
said turning on of said switches is operable to apply a cancelation force

to said rotating object to substantially adjust for said displacement.

18.  The apparatus of Claim 17, wherein
said first plurality of coils is an odd coil winding in either clockwise or
25 counterclockwise direction around said first plurality of teeth,
said second plurality of coils is an even coil winding around said second
plurality of teeth, and
said second plurality of coils is in clockwise direction if said first plurality of
coils is in counterclockwise direction or in counterclockwise direction if said first

30 plurality of coils of is in clockwise direction.
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30plurality of coils of is in clockwise direction. 19. The apparatus of Claim 17, wherein said
cancelation force is an electromagnetic force. 20. The apparatus Claim 17, wherein said signal
comprises a force pulse code modulation signal.

19.  The apparatus of Claim 17, wherein said cancelation force is an

electromagnetic force.

20. The apparatus Claim 17, wherein said signal comprises a force pulse

code modulation signal.
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