. ., - .
- 1"1"” SYSTEM AND METHOD FOR DETERM NI NG WHEN HARD DI SK S « mqu\l !
DRI VE PONER AMPLI FI ER | S SATURATED BACKGROUND OF THE
I NVENTI ON = 1. Field of the Invention The present invefumc _
relates generally to conputer hard di sk drives, and nore particul ar ytg
systens and net hods for determ ning which of two coil current val ues
(estimated and saturated) to use in a head position nodel. 2.
Description of the Related Art Gbnput er hard di sk drives include
rotatabl e di sks on which data is stored in concentric data tracks. Data
is transferred between the disks and a conputer that is external to the
hard di sk drive SYSTEMANDIMETHODZFOR DETERMININGWVHEN JHARD WASK  The
heads are closely spaced DRIVEIF@WERKSMPALIFIERISSSATURATED act uat or arns
whi ch in turn are noved by a voice-coil notor (VCM to nove the heads
radially relative to the disks. Wth this structure, as the disks rotate
past the hé\?ds, t he heads cBACKGREIENDI QRIHBUNVENTION opri ate data
track. X El ectrical current is supplied to the VCM by a power
anmplifier. The anpunt of current supplied depends on the distance through
whi ch the Heags nMugtel®@fTRY Tdventiod)i S di stance is known to a microprocessor
I nsi de .the hard disk drive; consequently. the current that is to be
request ed from t heThepeasemtripVéntionrelates generally tocwniputerttard diskairives.candgsore.

It will be appreciated that the m graqpr.oc or. .must, .preci sel y..control .the
pos\th i oni ng b arpﬁ@aﬂgéggysttgnﬁi Q@P’ieﬁ’gﬁg f?ra%%%ngw&g%&; Bf Ig’s‘?\& CHITERTYAINGS + o

thereby opti fisa@ateRCamidafuratedyd &2 iHal BeddSpdsltRRShegéled to and from the
hard di sk dri(/gg. aAccgrdi nerly.)l\éyhe rrlovemantsp of the heads mnust be nodell ed.
to enable the mcroprocessor to derive an accurate estimate of the
position of tPe heﬁds

esc'rithEoOnmo;' Phee Related Art

Computer hard disk drives include rotatable disks on which data is stored in
concentric data tracks. Data is transferred between the disks and a computer that is.
external to the hard disk drive via read and write heads within the hard disk drive.
The heads are closely spaced from the disks, and are attached to actuator arms which
in turn are moved by a voice coil motor (VCM) to move the heads radially relative
to the disks. With this structure, as the disks rotate past the heads, the heads can be

_ positioned over an appropriate data track.

Electrical current is supplied to the VCM by a power amplifier. The amount
of current supplied depends on the distance through which thé heads must be moved.
This distance is known to a microprocessor inside the hard disk drive; consequently.
the current that is to be requested from the power amplifier is determined by the
MiCroprocessor. |

It will be appreciated that the microprocessor must précisely control the
positioning of the heads to facilitate rapid and accurate head placement, to théreb_v
optimize the rate at which data is transferred to and from the hard disk drive.
Accordinglv. the movement of the heads must be modelled. to enable the
microprocessor to derive an accurate estimate of the position of the heads. From the

above discussion. it will be further appreciated that the modelling process accounts for



above discussion. it will be further appreciated that the nodeling process

accounts for the current supplied to the VCM because the
operation of the VCM and. hence. the position of the heads, depends on the
amount of current supplied to the VCM It happens that the nodelling

process cannot sinply assunme that the requested current is the current
actually supplied to the VCM by the power, anplifier. This is because the
power anplifier can be driven into saturation, in which case the anplifier
will output only a saturation current which is |ess than the requested

currenit. Recognizing this, existing hard disk drive syst se. two nodel s
fgr predicti ﬁ@e }ﬁéfléﬁgﬁpaﬁlé‘ﬁjel ‘f‘?i(t:he n‘é@&l '  pecayse :"}P‘Fe%i?erml f befk}?yEf\/gaﬁ’%tk&‘?ﬂ%dg’Fo
be used when rp\%?i?ioﬁ%?ﬁe'ﬂgﬁs' P%}f'erntdﬁ%nncﬁé atidbhl 8f Echre %ggﬁie?ﬁfouﬂh@t\?@hfﬂodel to

be used ot he se. Essenti al e saturation node cul ates the
saturati on curr entlt happens det el muddlling pfozesspranaot sumply dssemetbdtithe esquested

resi stance, and head, vel oci t nd repl ace ested currept input. to
the |inear mSHEEDSSithe F\"l“é’eréts‘% éﬁpgg?cﬁfoaﬁ’?éaé%gg &9 power ampﬁﬁgrc o?g‘isriﬁl Y,
it is inport %,%ﬁ;ﬁ@ ; k:Sn SHLWK; de ot he
appropriate %E%I%%Q(?a e us éfﬁ&l’ﬁg&ggta ﬁr@ﬁ)ildéé\g%gli'alrﬁlt% n’o?”gﬁlg%\%g?e tgrgrf)1 if}ﬁgxr'.
however, is mdil owpesoaly lay satorssibanturrdnnswhiell, isi tess ahaw dhy refudsteslichrrent.
factors as tenperature.. Thys, the precjse saturation point of the poyer
anpl i1 er | dREFPERIFISE Shis: SFing e Hisk e matiems 5 i Moels & prediedigend of
head movenen lzﬁ:@ﬂmﬂ‘i ﬂrﬁ?\g{, a linear n%}f‘el W{l iOifi&i Mo Be AIseS | whdn ' $Bwar
aturate o di

power anplifrer Is s t rectly nmeasure its output current,
digitize it, amplifiehismot satpeated, iahd hgatiihmed mgdeltbdd used othetwisel Hesentifilly, ke

actual current is less than the requested current, the power anpljfier is
saturated. USFUFaRoR-mefisl calpplates dhesptutation gurpeat aff?rvewﬁ YALPY OB 2aPER T ed

anal og-to-di thﬁ' 5 t gt é@ﬁé %@9‘{ | |
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by the preseitpussitignBaecar dhodel ovidsthe estitraed daturatiet eumenti ng when t he power
anplifier is saturated _based.on the difference hetween the, requested head
vel ocity and the MP%?@M»H&%@R%%&M?PM%?IF R%imniﬁ{eaéﬂwwﬁmm

to do so. Wigg ;& b5GhbMEe BEdd] (cin 'Wal (888 Fhe saturation point of a power amplifier.

however, is not necessarily constant. Instead, it can vary with such factors as

temperature. Thus, the precise saturation point of the power amplifier ideally is
periodically determined, so that the correct model of head movement can be used.
One way to determine precisely when a power amplifier is $aturated is to
directly measure its output current, digitize it, and then compare it to the requested
current value. If the actual current is less than the requested current. the power
amplifier is saturated. Unfortunately, this requires that relatively expensive dedicated
analog-to-digital converters (ADCs) be incorporated into the hard disk drive.
Recognizing the above problem, U.S. Pat. No. 4,914,644, owned by the present
-'assignee, discloses a method for determining when the power amplifier is saturated
based on the difference between the requested head velocity and the estimated head
velocity. without requiring dedicated ADCs to do so. While effective for its intended
purpose. it happens that the "644 model might not detect unexpected power amplifier
saturation. particularly during head deceleration. The present invention. however,

recognizes that it is possible to provide an accurate and precise determination of when



purpoée. It happens that the 644 nodel m ght not detect unexpected power
anplifier saturation. particularly during head decel eration. The present

i nvention. however. recognizes that it is possible to provide an accurate
and preci se determ nation of when a power amplifier is
saturated, and to provide information to the head position nodel to inprove
S predlctlve abilities. This information can take the formof an estimte
of the current actually supplied to t he-3oi ce coil, or sinply as know edge
that the requested current is larger than the avallable current.
Accordingly, it is an object of-the present invention to provide a system
for determ m p@w@ﬂmnplaﬁqrciwsaztumn@ iahd eo pravide inforpuation th siredhehidspositidnvmoile
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cost - effectlve easy to use s determ Ri ng power "anpliftier
in a hard dnsa:k{u&i;tddvmrresxt $slangartthah the available current. SUMWARY COF THE
| NVENTI ON rqcessor for jinprovin head posi tion nodel .in a
hard di sk drive |‘ﬁE‘F é Yedﬁfiﬁ‘beJE 'fhﬁrprﬁ"@f‘g’r’%eﬂ?%t Bidea sysieey for
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head positio to | rrpr t he accuracy t he m)de ction.
based on t heAfigther objecnof sheepreséxttrmvaardm isubaproyidet h systemr fopr ingereving the

di [ 1 dert ak k h t hat . lif t d,
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val ue ower anplifier

combi nation W or nom nal resistance of the :
sat urati on rdesdraiiging evien 4 pewpoamplifiemin 4 hand. dislodrive s sgurated. seeks. during
each servo sanple a saturation current is determ ned based on the
saturation resistance. The current that is requested

SUMMARY OF THE INVENTION .

A microprocessor for improving a head position model in a hard disk drive

includes computer code for determining when the power ampiliﬁer of the disk drive
is saturated, and providing information to the head position model to improve the
accuracy of the model’s prediction, based on the determining step. More particularly.
the microprocessor periodically undertakes a seek such that the power amplifier is
saturated, and the distance through which the heads of the drive actually move is
compared to the distance predicted by the model to thereby generate, in combination
with a value for nominal resistance of the power amplifier, a saturation resistance of
the power amplifier. For scbsequent seeks, during each servo sample a saturation
current is determined based on the saturation resistance. The current that is requested
to undertake the seek is then compared to the saturation current. and the requested
current is used in the model to predict head movement when the requested current is
less than the saturated current. Otherwise, the saturated current is input to the model.

In another aspect of this invention. a microprocessor is disclosed for inputting
information to a head movement estimation model in a hard disk drive that includes
at least one data storage disk and at least one head juxtaposed with the disk. Also.

the hard disk drive includes an actuator that is connected to the head and a power



tto undertake the seek is then conpared to the saturation current. and the
requested current is used in the nodel to predict head novenent when the
requested current is less than the saturated current. O herw se, the
saturated current is input to the nodel. I n anot her aspect of this
invention, a mcroprocessor is disclosed for inputting information to a
head novenent estimation nodel in a hard disk drive that includes at |east
one data storage disk and at |east one héad juxtaposed with the disk. Al so.
the hard di sk drive includes an actuator that is connected to the head and

a power -4- anplifier
coupl ed to tamphifietadupled @rthe aetugtoz ftigerieheiziag thaauatbo tomoee tiechdadadlative
relative to the disk. As disclosed in detail below the

m cropr ocefssé?ﬂien‘éiﬁlﬁrdes a data storage device including a conputer usable
medi-um having co cﬁ%clb‘feﬁ% Qefaf] %1&7?.%@{:{%8%%1%%&&*1&;&& %Ea*ﬁéra&?ﬁeﬂ@@’er
anplifier is saturdated. 1n accordance€ w the present 1 nvention, €

conput er usakictudifgea RRaiftdrn asablte SnedimpUhaving ecdaiiter eeslte nesies nfeans for
causing the power_anplifier to nove the actuator in a calibration seek such

that the powdpteEmining Mapthes the-payres earplifiy issatiaitfyde coaadanes vt BEPTREARS
,‘132.-‘” mne a prRlich Sile ‘@oﬁgog&g%%legt%ﬁg nlEahE Mdés%oxﬁél@er%%&%ﬂ«?%@e Baks
itionally, conmputer readabl é code neans are provi ded for defern ning an

actual di st afigecauisingethel powee apiplifitpto irivve ¢hd adtlidtbr th acakbraiioneewieuch that
conput er readabl e code neans deternmine a saturatiopn current, based on the
predi cated difi BOWE smplifien iSapmartedartlso. ompwarsadable cedriasres deweminsanhs
ecei ve a 1 CQUERES SRHIICE DY H3A nfRREt AE P SlbhRaRE L he T east of i the
saturation ctrrent, an he “request éd current. n a preferred

enbodi nent, the nmAdditsadlessanputet sradible sodd1meand aveqirovided for derbrnininggar he
ratio of the actual and predicted distances. I\/.bregé)referably, t he di sk

i ncl udes . gr agcalddistarce ofahead: movamento farothe sealibrajed seel.nMorepvenceqmputer

di stance of : g3y 'lgg . CO t . .

m cr opr ocessge?dagbelgle%}grﬁn nes%n%lﬁée saygfaaﬁ%%u@u&rﬁéni %SF%gﬁgh %é%%hcaalteds% TPt i on

vol tage and andsgtudlalistRuscinddtdhpitércreadid clde ifeains Weklvetdregudstodasiirienieand

conmbi nation, the'saturation current is used during at
cause the model to use the least of: the saturation current, and the requested current.

In a preferred embodiment, the microprocessor determines the saturation
current using the ratio of the actual and predicted distances. More preferably, the disk
includes gray code data, and the microprocessor determines the actual distance of head
movement using the gray code data. Then, the microprocessor determines the
saturation current using a nominal saturation voltage and a nominal power amplifier
resistance. With this inventive combination, the saturation current is used during at
least some decelerations of the head. The microprocessor is disclosed in combination
with the hard disk drive. and in further combination with a computer that is

_electrically connected to the hard disk drive.

In another aspect. a computer-implemented method is disclosed for selecting
a head movement estimation model in 2 hard disk drive which includes at least one
head and a power amplifier for causing the head to move. In accordance with the
principles disclosed herein. the method includes saturating the power amplifier to

cause the head to move an actual distance. and determining a predicted distance.



l.east some decel erations of the head. The m croprocessor is disclosed in
conbination with the hard disk drive, and in further conmbination with a
conputer that is electrically connected to the hard disk drive. In
anothher aspect. a computer-inplenented nethod is disclosed for selecting a
head nmovenent estimation nodel in a hard disk drive which includes at |east
one head and a power anplifier for causing the head to nove. In accordance
with the principles disclosed herein. the-nmethod includes saturating the
power anplifier to cause the head to nove an actual distance. and

determ ning a predicted distance. Then. based on the predicted
di stance and tha. %%&éaabn Qhéb?é@l?&ed td'ik@arfék‘ ra'harthe \iRtud® distarie! Bt iiechiangdined
to predict head novenent In still another aspect, a program device

i ncl udes a codqwtmneqaamgnwuhmtprcdngehctd\moeerth is readable by a digital
processi ng appar at nd a pr eF%&am means ,on t he 1P 0 ram stora e devi ce.

The program neans f“rﬁf'll or FSPECtct PORRMAF YRS 1Sl GBS PR SOraset al
t t
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of a power anplifier in a ding a head frovenent
esti mati on nogtegranil hseorageratelving. stHps pmgrhmdmeaamsnclgdtdmnqtmmﬁonsmphmhl ae of

the drive to m)vethe ac or .of the,drive in call rati on such.t hat
the power anpf*efytaple; §y§g d*‘%’@dproﬁfﬁsg@véﬁ’?aﬂl‘tﬁ% 6@ %&@Snf% ng

a predicted dighaRca %%’fmﬂm BP ¥Rt d;tngglﬁe?qn%ham afsﬁchrﬁéeiﬁclm 2 head |

determ ning an actual di stance of" h venment for the calibrated seek.
sat ur ati on cunoemtent sstirhatiordmbdelnilibesk neathed steps 1ﬂ¢bdd§rcedsmg thet mbvmram;ﬂxfmnd

tual di st d head t d ct ed
det ermi nat | SPp%asae e GV aTe b tn o e Give e cafbrdifouLert SHelt et e e
a hard disk dy eE”i%' G ated. C'M&‘éb{r%}f Qhe Qﬁ&ﬁé&txhélﬂdé’s ae&ﬁﬁlmﬁepar Pe&dtRl i ve

of the dlffere ce between a requested’ coil current and the actual “coil
current. Ac aimmeetuf thead omivement for thesiafjbertedasedk candpdetersiningtan agtuah distdnot d.

Each servo sanple, the m croproc 0 he_out of t.h ar af or,
and decr ease!thad F%‘E]‘(?@?PEJO’EWF ‘é’ﬁf’ qﬁ%‘{e g ‘élfét'ﬂ ﬁ‘HE?”ttiIBSlh %F“W‘PS‘?.
the threshol gyused on the predicted distance and actual distance, and head movement is predicted
in response to the determination of the saturation current. |
In an alternate embodiment, a hard disk drive includes a circuit for generating
a signal representative of the difference between a requested coil current and the
actual coil current. A comparator receives this signal and compares it to a threshold.
Each servo sample, the microprocessor reads the output of the comparator, and
decreases the requested current used by the head position model when the threshold
is exceeded. The signal can represent the voltage across the coil.
In another aspect of the alternate embodiment, a hard disk drive includes at
least one data storage disk and at least one head juxtaposed with the disk. Also, the
‘hard disk drive includes an actuator connected to the head and a power amplifier
coupled to the actuator for energizing the actuator to move the head relative to the
disk. A microprocessor in the hard disk drive determines a requested current of the
power amplifier. The drive includes a circuit for generating a feedback signal
representative of a power amplifier input signal. e.g.. the requested current. and a
power amplifier output signal. e.g.. the acfual current output by the power amplifier.

A comparator receives the feedback signal and compares it to a threshold. Computer



i's exceeded. The signal can represent the voltage across the coil.

I n anot her aspect of the alternate enbodi nent, a hard disk drive includes
at | east one data storage disk and at | east one head juxtaposed with the
di sk. Also, the hard disk drive includes an actuator connected to the head
and a power anplifier coupled to the actuator for energizing the actuator
to nove the head relative to the disk. A mcroprocessor in the hard disk
drive determ nes a requested current of-6-he power anplifier. The drive
includes a circuit for generating a feedback signal representative of a
power anplifier input signal. e.g.. the requested current. and a power
anplifier oOutR¥AblStERAhean aSsoctaf] WRith HR miHIpréddsseidepttasdihe rbiieRR¥R irrent

amplifier. A conmparator receives the feedback signal and conpares it to a
t hreshol d. Cohputher feedback signal exceeds the threshold. In one embodiment, the input gud

readabl e code neans associ at W th € m.cyropyogessor. decrease.t.he
request ed cufFBRY S‘WF@% I ?pﬁﬁsef“:g’ﬁ o} S%lfgsteggcﬁéﬁenéygiﬁ‘ggit FHapy hcrlg"seﬁg Pf .th RO%He
embodi nent . AElAED HspedtfleB P Bhothé b adinen! gRafput iRl aRputetdRls RpFdsent
and actual output current of the power arrpllfl er, respectively; in another

enbodi ment, thRevoltage acressithsipqyver aipjier.s represent the vol tage across the

power anplifier. | n_anot aspect of e alternate .enbadi.ne a
nmet hod is discl osgh ap%tperegf%eﬁf)iogﬁh&?@w&eoméam&w,r &ni® dalsp(g\ﬁ%lf’se%t for _
anpl i fier inestabidhigdhs buhit Mfrent BFa PoivePEmpRfELHEShirdQisk @dve. OfhIfReoAL | Ng
a feedback signal based on a difference signhal across the power anplifier,

and conpar i nigchuides thestepscif genepating adeedbatk signdl| basedhon aglifferenge pignek across

anplifier current is d eased when t eedback si.gnal,, ex ds, t he
hreshol d. © e Fwes Ralpiiel G copitnnat e LA Ham 2 oBARE, A rifisted
structure ansoveiainilift cuteht BASEreRRIUMLD the FQMbhEk 5ighal éxaedistthe thieshold.
acconpanyi ng drawi ngs, in which like reference nunerals refer to |ike

parts, and in whi The details of the present inventiGBRbEWh FSESARI SrPCTRE ERd TPETARAWARGS
iF Ingg:]te i énl. .S Fesp teo gxll(decriétgg& fanrrxle efrergcget‘o t %ra%cgrlmszzlx(ny%g' Hream%gé[, tgne fc?lslﬁ@reference
numerals refer to like parts, and in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of the hard disk drive of the present invention;

Figure 2A is a flow chart showing the preferred method for determining the
saturation resistance of the power amplifier of the hard disk drive shown in Figure 1;

Figure 2B is a flow chart showing the method for selecting the appropriate
current value to use in the estimation model, based on the results of the process shown
in Figure 2A;

Figure 3 is a block diagram of an alternate hard disk drive which incrementally
decreases the requested current based on the difference between the requested current
and the actual current output by the power amplifier;

Figure 4 is a flow chart showing the logic of the hard disk drive shown in

Figure 3;



Figure 2A is a flow chart showing the preferred method for determning the
saturation resistance of the power anplifier of the hard disk drive shown

in Figure 1; Figure 2B is a flow chart showi ng the nethod for
sel ecting the appropriate current value to use in the estinmation nodel,
based on the results of the process shown in Figure 2A Figure 3 is

~a block diagramof an alternate hard di sk drive which increnentally
decreases the requested current based onthe difference between the
requested current and the actual current output by the power anplifier;
Fiure 4 is a flow chart showing the logic of the hard disk drive shown in

Fi gure 3; . . . t A1l A
Figure 5 is a bl ocI:I%g‘érleasng%% b()lPCI§/é1 agéar%tqrge%eta g[)télre%g.% eémﬁf'fr E“Si %lﬁl\ grnlv\se“l\}\ﬁpch
i ncr enent al | indemepalesietiasdsabiel esfuested vinremtbabed enl tihn volmpevrésaghe aocil of's
the coil of the power applifier; and Figure 6 is a flow chart

showi ng t he Itgypewsr ampbilign; @@ddi sk drive shown in Figure 5. DETAI LED
DESCRI PTI ON OF THE:;PREF EVBER: NENT & : r THCIE Qi
Figure 1, a hard iIE‘EiEdézgjéquls s%{}m, gergfetrhgll%mﬁ%n}%?ggl%?h%%pé%"19m
includes a d@igurbys 12 with which an associ ated conputer 14, such as a
personal conputer made by International Business Machi nes Corporation,

Armonk. New York, is in communication in accordance with principles
hard di sk dri ve Do ARGED DESERDN OF THE FREFERRES ABOPRUENTS (he
m croprocessor 16 Refetringdnitiallyes Bigueso b liard disk algive de shovers generally dssignated
D0, Tar T of il PYRRDy InEbieE i DB i PROHCat BRQOIe Sopuer 19, Sehce 1
al so shows t hajoohlec e nalie By thfertdionBCBUSRSss AldEihes'@bipordtfynd monk.
New York, is in communication in accordance with principles well-known in the art
for transferring data between the computer 14 and the hard disk drive 10. As shown,
the hard disk drive 10 includes a microprocessor 16 and.one Or more program storage
devices, such as a programmable read-only memory (PROM) 18 and a random access
memory (RAM) 20, all of which devices communicate with the data bus 12.

Figure 1 also shows that the hard disk drive 10 includes plural data storage
disks 22 that are connected to a rotatable spindle 24. Read/write heads 26 are closely
juxtaposed with respective disks 22 as shown for transferring data to and from the
disks 22. Each head 26 is attached to a respective arm 28, and the arms 28 are
attached to a voice coil motor (VCM) 30 which moves the arms 28 radially across the
disks 22. Together, the VCM 30 and arms 28 establish respective actuators for
moving the heads 26.

A power amplifier 32 is electrically connected to the VCM 30. The power
amplifier 32 supplies electrical current to the VCM 30 to activate the VCM 30 and
thereby move the heads 26 relative to the disks 22 in accordance with well-known
principles. To establish the amount of current that the power amplifier 32 outputs to
the VCM 30. the microprocessor 16 first determines the amount of current (referred
to herein as "requested current”) that is Appropriate for moving the heads 26 to the

desired data track on the disks 22. Then. the microprocessor outputs a signal



di sks 22 that are connected to a rotatable spindle 24. Read/wite heads 26
are closely juxtaposed with respective disks 22 as shown for transferring
data to and fromthe disks 22. Each head 26 is attached to a respective arm
28,- and the arns 28 are attached to a voice coil notor (VCM 30 which noves
the arnms 28 radially across the disks 22. Together, the VCM 30 and arns 28
establ i sh respective actuators for noving the heads 26. A power
anplifier 32 is electrically connected & the VCM 30. The power anplifier

32 supplies electrical current to the VCM 30 to activate the VCM 30 and

t hereby nove the heads 26 relative to the disks 22 in accordance with

vel | - known pepRséate: ofTHe ?@/@A@éd SitrdrtCan@TRid Rignal isCohvaRd frdiatdifing rpanar
anplifier 32 out{)qots to CM 30. the m croprocessor 16 first determ nes
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appropri ate f bng S 26 t e desi ed dat a t.he di.sks
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to analog format by a digital to anal og converter (DAC) 34 and sent to the
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converters (shbh. 38 that digitize the Si gnal fromthe anplifi er/dermdul at or
36 and send the digitized signal to the data bus 12 as shown. In
accordance wth theamomttc with ethei present haventiog, oﬂlﬁvbardodmml@demcludes a

saturation nodul e 40 I,C n,b exec ted b rocessor, such as
mi cr opr oces SBHrAHeR fuodulg ?}ﬁe ﬁ Xe itgguﬁab?epf‘?‘l’gﬁp&ctsu ﬁ T'E?gse
i nstructi 0“~°mi'i!?dbr6&§éd¥ﬁ6 ﬁ@is&i&@@%b@m ht@r—%ﬁ?&u%%@u&ﬁ;ﬁh%e 1ﬂ§tn!1dhdn|§e

RAM 20, or in fllash nmenory of the hard di sk drive ) Al ternatively,
the instr ucmayngsmhyfdleexampialmehe EROM it 28 ﬂmmg»e mléha B&Mi20, oa indiasht er

readabl e nedi ung)ry &Cttﬂe cfldlsﬁr@weelr di skette. O, the instructions may

Alternatively, the instructions may be contained on a data storage device with
a computer readable medium, such as a computer diskette. Or, the instructions may
be stored on a DASD array, magnetic tape, conventional hard disk drive, electronic
read-only memory, optical storage device, or other appropriate data storage device.
In an illustrative embodiment of the invention, the computer-executable instructions
may be lines of compiled C™ language code.

Figures 2A and 2B illustrate the logical structure of such instructions as
embodied in a computer program. Those skilled in the art will appreciate that the
figures illustrate the structures of computer program code elements that function
according to this invention. Manifestly. the invention is practiced in its essential
embodiment by a machine component that renders the computer program code
elements in a form that instructs a digital processing apparatus (that is, a computer or
microprocessor) to perform a sequence of function steps corresponding to those shown
in the Figures. The machine component is shown in Figure 1 as a combination of
program code elements A-D in computer readable form that are embodied in a

computer-usable data medium 41 on the PROM 18. As mentioned above. however.



bé stored on a DASD array, nmagnetic tape, conventional hard disk drive,
el.ectronic read-only nenory, optical storage device, or other appropriate
data storage device. In an illustrative enbodi ment of the invention, the
conput er - execut abl e instructions may be lines of conmpiled CJerr] |anguage
code. Figures 2A and 2B illustrate the |l ogical structure of such

I nstructions as enbodied in a conputer program Those skilled in the art
will appreciate that the figures illustrdte the structures of conputer
program code el enents that function according to this invention.

Mani festly. the invention is practiced in its essential enbodinent by a
machi ne conpeaeninetiatan alsel diesfouhe i gamitoadu@on dednes: @tdemedmnientpe.i andaofi or m
that instructs a digital processing apparatus (that is, a conputer or

m cr opr ocess GFAENERC SEPP%‘F%déS?‘éequence of function steps corresponding to

those shown in t heud, Gt ffe e IRUN Nhe RYIL BN R present HReALONaf LABbEied iRS 2

conbi nation of program code el énents A-D71 n conputer readable formthat
are enbodi ed thensauatiop uhehded8daa biaseenneGommettingnatt deeisRROMab&ndAd2, it is
ment i oned above.

however. . . . I - .
Tor ' ouch’ meatermingn vehetheryit is g do ipEromR & eAIPERLIADY Segky Eos Sxammis i lngic
tape. and on I,C i [ s feg Ik t | 2A,
the | ogic of cgﬂﬁg&%%eas%a%&%eﬁﬁéﬁkg?igggga? 88 %ﬁ?ﬁg eg%f nga}git%}lgﬁgglge 40
can be seen. Comré¥hémiy istinteoi coinductdi ealibratiotPseek thedogietrrovasrie blodkedher it

is time to performa caljbration seek. For example, the |qgig can cause a
calibration BedRm® dﬁ%éeﬂ‘érf@r H@'gorﬁlﬂlgcﬁﬂ"é rpgon é"?éﬁ*,&%ﬁ&“ggt%na‘éeemﬂé.a
When it is tj | ' b Qi 44
o per f or m t FAeaSyF BREHEL it fhlcBlBihPd BiRtas % i PREE DLyt
moved a cal i bnidihg drackli withthe trhclonbeing iden¢ified iy nmehnst afr gray godesamrkother triek
disk to a predeterm ned endi ngl.t rack, with the_tracks being identifled by
means of gr alleRBiEag datagt Hus calibration distance 5 ffigisnkto ensute powsrAmplifisy 32

di stance is gyffisghent to ensure power anplifier 32 saturation.

Next, at block 46, the predicted distance X, of head 26 movement during the
calibration seek is determined, as is the actual distance X, of head 26 movement
during the seek. To determine the predicted distance X, the microprocessor 16 uses
a head movement model in accordance with principles well-known in the art. On the
other hand, to determine the actual distance X, of head movement, the microprocessor
16 determines the distance actually traveled by the heads 26 by calculating the
distance between the starting point of one of the heads 26 relative to the respective
disk 22 prior to the seek and the end point of the head 26 relative to the disk 22 at
the termination of the seek. To ascertain these points, the microprocessor 16 uses so-
called gray code or track identifying data that is contained on a servo portion of the
‘associated disk 22 and that is sensed by the head 26.

From block 46, the logic proceeds to block 48 to determine the actual
resistance R, of the power amplifier 32 using the ratio of the distances calculated at

block 46 as follows:

R, = R, (X/X,)). wherein R, = nominal saturation resistance of the

power amplifier 32.



Next, “at bl ock 46, the predicted distance Xp of head 26 novenent during the
calibration seek is determned, as is the actual distance Xm of head 26
novenent during the seek. To determ ne the predicted di stance Xp, the

m croprocessor 16 uses a head novenent nodel in accordance with principles
wel | -known in the art. On the other hand, to determ ne the actual distance
X[err] of head novenent, the m croprocessor 16 determ nes the distance
actually travel ed by the heads 26 by cal-t@d ati ng the di stance between the
starting point of one of the heads 26 relative to the respective disk 22
prior to the seek and the end point of the head 26 relative to the disk 22
at the term nati onaofloéifs2 &H@l@aluggf ﬁﬁ:%i&a@kéhs&aﬁﬁé@(c@ﬂdﬂ&r&edt TRe process then

m croprocessor 16 uses so- g code or track ident {aq%l ng data t hat

i s contained IQWSabz@é;rto(depxsm d;amgn R do apadicthameyt epliiration that is
sensed by the hea m bl ock e C_PEQC eds .1 o bl ock 48
to determ ne the c‘gﬂrgl 2Pe§P%‘f’% g{@cgqs fl}?é \%‘? rg’l#ﬁ?l e pg;ftlggz}lnae
ratio of the @bglannas tﬁ@é&l‘ﬁl'a%foﬁ@eéﬁ Phéselep é:@tx@ﬁalfs@éﬁ%ur ever¥r servo s@fnﬁﬂé] =

Rlerr] (X X[err]) wherein nom nal saturat| on resistance o
power anpl i filsr, e3ery time the heads pass over servo information on a data track. In accordan}_:g-

or ocess. t nn THLRETEB RS W hE RoRrlES A il b DR 6 or S

calibration &E@Kard disk drivé1QUhe na&o'gkmsso& he deteRffss Kdinto hfoverEe hkalsers, f or
operational seeks subsequent to the calibration seek. These operational

seeks occur endrig scedmm sahpla@es a r@;uesm@@nyemn fromt the proversampkiBernd thatdsvo
informati on on a da h = kngwn when
e conput or PBePEARILEERTh APRARERL At R P IR HRrREOR Sietl Lot fhe vl
the m croproGgsidier 36 lg%@hmﬂgg%srfg%ﬁ@ move the.heads 26, and in so doing
cal cul ates a réquested current fromthe power anplifier 32 that is

appropriate therefor. Accordingly, at block 53 the saturation current
I[err] of the powgr _ '

sat

{V, + Kv}/R,, wherein V, = nominal saturation voltage of the
power amplifier 32 and Kv = nominal counter electromotive force

(emf) of the power amplifier 32.

Then, at decision diamond 54 in Figure 2B the logic determines whether the
saturated current I, is greater than the requested current I.,. If it is, the logic moves
to block 56 to cause the microprocessor 16 to use a linear model of power amplifier
current to estimate or predict head 26 movement, i.e., to use the requested current I,
in the head position linear model. Otherwise, the logic moves to block 38 to cause
the microprocessor 16 to use a saturaﬁon model of power amplifier current to estimate
or predict head 26 movement, i.e., to use the saturation current I, in thé linear model.

With the above inventive steps, the present invention uses the appropriate value (I,
or [,) for current during seeks, including during head decelerations.

Figures 3-6 show alternate embodiments wherein the saturation current of the
power amplifier is not determined directly. but instead wherein the current requested
of the power amplifier is incrementally decreased when the logic infers power
amplifier saturation based on a power anipliﬁer input signal and a power amplifier

output signal. In the embodiment shown in Figure 3. a hard disk drive. generally



anplifier 32 is determned as foll ows: I[err]= {Vo Kv}/Rerr],

wherein V[err] = nomnal saturation voltage of the power anplifier
32 and Kv = nonminal counter electronotive force (enf) of the power
anplifier 32. Then, at decision dianond 54 in Figure 2B the logic

determnes whether the saturated current I[err] is greater than the
requested current I[err]. If it is, the logic noves to block 56 to cause
the m croprocessor 16 to use a linear nmpdel of power anplifier current to
estimate or predict head 26 novenent, izd-, to use the requested current
I[err] in the head position linear nodel. Qtherw se, the |ogic noves to

bl ock 58 to cause the m croprocessor 16 to use a saturation nodel of power
anplifier cudcmnatztdo6(bss Shewre that xspneﬁll asseriiohrtspstsieatienitto the bard disk drgee t he

saturation c nodel . .Wth the above inventive
steps, the pmég |‘{"|?éf+{r?& g‘e efﬁ@mﬁ’d‘ﬁr%‘ﬁ?ﬁ’tﬁr’é value (I[err] or I[err])
for current duringhReeksd ourpif! sicHalofrem M?Gw’@ﬁ‘aﬂx gerl6erat iseised by a circuit.
Figures 3-6 show alternate errbodl ment s erein the saturation current of

t he power angtderallyrddsignated e tMore specifigally ¢he inpptisignalge dbaipower amplifiers2

The Togi o i mearets el ShER I PEmenh bl B RO o s e R sl

i nput  si gnal byad idud ewaEnta¥Rdridesn deuérauﬁceswmm ahrreﬂtrsehﬁﬁq PriReRHle¥ER 0w
in Figure 3. a hard disk drive. general deS|gnated 60. is

shown t hat i thejant. aﬂtlso,eths@mpt&burrresd%taf tgﬁmmrcmnphﬁﬁrtd?ets Isensgd diysan ebitpyte 10

h Fi th | tp
i gnal s f r or b sRoL A 1 18 08 P o Bed B are semt o o soBBespEPf, e
desi gnat ed 6dibullblop 76 BaGuts £ALAM reprBRniafRLbf fie @iffbrehee bdteBOUR wARIhiser

62
Lreq and L

This difference signal is then sent to a comparator 72, which compares it to
a threshold value. When the difference signal exceeds the threshold value, the
comparator outputs an indication or a signal to a rhicroprocessor 74 indicating that the
power amplifier 62 is saturated. Otherwise, the comparator outputs an indication or
a signal to the microprocessor 74 indicating that the power amplifier 62 is not
saturated.
~ Figure 4 shows the logic of the hard disk drive 60 shown in Figure 3. As
mentioned above, at block ’}6 the subtractor 70 determines the difference between the
two currents [, and I, and at decision diamond 78 the comparator 72 determines
whether the difference is greater than the threshold value. If the difference between
the two currents 1, and I, is greater than the threshold value, the logic moves to
block 80 to decrease the requested current by a predetermined increment Al. Then.
the process moves to block 82 to use the new requested current I, evéry servo sample
as input to the model for predicting head movement during the seek. From block 82.
the process moves to block 83 to await the next seek request. On the other hand. if.
at decision diamond 78. it is determined that the difference between the two currents
I, and

Figures 5 and 6 show that instead of using current to undertake the inferential

is less than the threshold value. the logic moves to block 82.

fiit-e43

logic discussed above in relation 1o Figure 4. the voltage across a power amplitier can



fromfhe DAC, which it will be recalled represents the requested current
I[err] is sensed by an input current sensor 66 in accordance wth current
sensing principles knowmn in the art. Also, the output current I[err] of the
power anplifier 62 is sensed by an output current sensor 68, and the two
currents I[err] and I[err] are sent to a subtractor 70. The subtractor 70
outputs a signal representative of the difference between the two currents
I[err] and I[err] This differene@-signal is then sent to a
conparator 72, which conpares it to a threshold value. Wen the difference
signal exceeds the threshold value, the conparator outputs an indication or
a signal to BeWb&d OSPREESIY! a fard Bk @iveNgerdeRaly ddiRrrRfie4, a8Bhéh BhatG2id S
saturated. Otherwi se, the conparator outputs an indication or a signal to

t he m cr opr oglksswntigurespatitc identicpl tthahe hard digondrivedfishpwarindligure howith the

sat ur at ed. . Figure 4 sho t he | ogi.c_of .t he hard dis ri 60 shown
o aure 3. Flowing eRiseEgts s HPAT abd SpipGliiendt shBCa BRI ABinS 8y BroRaRRE L
t he di f f er enpg ak@icuR eFenhelyt Jighbifed B3 Mbletspedifieallly, |the voagdirals tHepbweON
di anond 78 the conparator 72 determ nes whether the difference is greater

t han the thr ampbfier §Gisusensedsby auoltigersenson 98 ip dheeizenit 8% The veliagessenson 9er r ]
and I[err] is greater than the threshol d,value, the |ogic ves bl ock 80
o desrease PHEUFRTERIIAPEITTEIG Gy h8 oHEah baPH P AR (85 r 11
Then. the process THRRVAStdse st ks fénlRnt'fla bipariter $EURRICR Cotarét thl#r ]
every servo sanple as |n§§1t€‘to t he nodel for gredl cting head novenent

during the sthegshold | ngle voltagesignebexce ¢ thrgshyld wrlug3the somparaton he
next seek reguest. On the aother hand. if. .at decisi di.anpnd ,78.. it IS
ot er mned ¢ PABUBHE T FRIBRE S BATAL P pimiSiopboeetitr b BuREERE el botfr

I s | ess t hanaghpRfiéh86 39 9Attratd. USthdrivsel @R onipitaor 192 Altpats aBZindication or a
Figures 5 and show that instead of using current to undertake the

inferential $igodldo thesminrepracesson/24 indicatihg thad thetpovwer gmpdifier 86 henetsiatuagied.

across a power anplifier .can . . . e . :

"2 Be' used.  SHIEA PoshaRG the Ingie pf e baret fisk driys 84 shoym dn Figwe La A%,

i s shown t hafnehoned adobve, hqﬁmd 94 theSoMagd Sens6e90 Hédimines tHeevdifape adiosk e | ve
e

power amplifier 86, and at decision diamond 98 the comparator 92 determines whether

10 shown in Figure 1, wt

the voltage is greater than the threshold value. If the voltage across the power
amplifier 86 is greater than the.threshold value, the logic moves to block 100 to
decrease the requested current by a predetermined increment Al. Then, the process
moves to block 101 to use, each servo sample, the new requested current I, as input
to the model to estimate head movement, and thence to block 102 to await the next
seek request. On the other hand, if, at decision diamond 98, it is determined that the
voltage across the power amplifier 86 is less than the threshold value, the logic moves
to block 102.

B While the particular SYSTEM AND METHOD FOR DETERMINING WHEN
HARD DISK DRIVE POWER AMPLIFIER IS SATURATED as herein shown and
described in detail is fully capable of attaining the above-described objects of the
invention, it is to be understood that it is the presently preferred embodiment of the
present invention and is thus representative of the subject matter which is broadiv
contemplated by the present invention. thét the scope of the present invention fully

encompasses other embodiments which may become obvious to those skilled in the



follow ng exceptions. |Input and output signals froma power anplifier 86
are sensed by a circuit, generally designated 88. Mre specifically, the
vol tage across the power anplifier 86 is sensed by a voltage sensor 90 in
the circuit 88. The voltage sensor 90 outputs a signal representative of

t he vol tage across the power anplifier 86. This voltage signal is
then sent to a conparator 92, which conpares it to a threshold val ue. Wen
the vol tage signal exceeds the thresholdjyalue, the conparator 92 outputs
an indication or a signal to a mcroprocessor 94 indicating that the power
anplifier 86 is saturated. O herwi se, the conparator 92 outputs an

indication or a signal_ to the_m croprocess 1.0 C AL kD Ge 1iRGted EndaRe!
anplifier 86 4% aﬁétthﬁﬁéh%uﬁ%?@é&f%e present E}V&}gén %%dﬁgl\%@hégl ggli ¢ of ‘the hard

di sk drive 84 _sho [ j ; nmenti oned above, at block 96 the

vol t age senso?tﬁgromgréttger %ﬁégg{@%ﬁglﬁ'l tage across the power anplifier 86, and
at deci sion dianond 98 the conparator 92 determ nes whether the voltage is
greater than the threshold value. If the voltage across the power anplifier
86 is greater than the threshold value, the logic noves to block 100 to
decrease the requested current by a predeterm ned increment [err]l. Then,
the process noves to block 101 to use, each servo sanple, the new requested
current I[err] as input to the nodel to estimate head novenent, and thence
to block 102 to await the next seek request. On the other hand, if, at
decision dianond 98, it is determ ned that the voltage across the power
anplifier 86 is less than the threshold value, the logic noves to bl ock

102. Wil e the particul ar SYSTEM AND METHOD FOR DETERM NI NG VWHEN
HARD DI SK DRI VE PONER AMPLI FI ER | S SATURATED as herein shown and descri bed
in detail is fully capable of attaining the above-described objects of the

invention, it is to be understood that it is the presently preferred

enbodi ment of the present invention and is thus representative of the
subject matter which is broadly contenplated by the present invention, that
t he scope of the present invention fully enconpasses ot her enbodi nents

whi ch may becone obvious to those skilled in the
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art, *and that the scope of the present invention is accordingly to be

limted by ngx-hi—ng,_ol_her_t_han_t he appended cl ai ns.

CLAI M5 n1croprocessor for inputting data to a head novenent
esti.mation nD ung I jﬂlﬂ drive including at |east one data storage
di sk and at aposed with the disk, the hard disk drive
al so |ncIud|ng an actua or’ connected to the head and a power anplifier
coupled to the actuator for energizing thg actuator to nove the head
relative to the disk, the m croprocessor conprising: a data
storage device |nclud|ng a conput er usabl e nmedi um havi ng conput er

usabl e code neans for determ ni ng whet hg:r Aﬂﬁ@ povver anplifier is
saturated, the conputer usable code nea } ?

conput er readabl e gode '?P%ﬂéro{pgf eé“s%k'ffblnﬁxphﬁ&gf)%rtoad'fﬁédd hfvement estunatxon
to nove the act uator in ation seék such that the power anplifier

d s sat ur at ed; model in a hard disk drive mcludmgw;téq:ast onel dbtacstorage diskaard fbleast one
eterm ning a predicted e o ead t f

cal i brat edgs eB?%dJumeosed with the disk, the ha&%i‘ﬁ%p’é‘?’e F‘%& P@H‘é‘éﬁ%‘é £l gaf‘%&%d
determining a t p';&p {zih® thel &t8uat
cal i brated see[bk@lg Hééé and a power amphﬁefi b&i utﬁ)e?&raggggobﬂgygg%g Zrlr%a‘rf]hs f ora or

det er mi ni ng atcsmbue e head relative to the dlskcﬂmmqprmw eamprisdngr edi cat ed
di stance and actual distance;

ut
code neans for receiving %a?eséﬂ}'@%‘? davics ipghding a computer g nw%agﬁﬁ%@ee'
I esser of the sat UgghhRr GiBiEBhde ARand 17 deReiBiihe dvifedicr &é power amplifier is

saturated, the computer usable code means having:

computer readable code means for causing the power amplifier
to move the actuator in a calibration seek such that the power amplifier
is saturated; ' .

computer readable cqde means for determining a predicated
distance of head movement for the calibrated seek;

computer readable code means for determining an actual
distance of head movement for the calibrated seék;

computer readable code means for determining a saturation
current, based on the predicated distance and actual distance; and

computer readable code means for receiving a requested current

and using the least of: the saturation current, and the requested current.

2. The microprocessor of Claim 1, wherein the microprocessor determines

.. the saturation current using the ratio of the distances.

3. The microprocessor of Claim 2, wherein the disk includes data
identifving tracks. and the microprocessor determines the actual distance of head

movement using the data.

i ﬁ‘iilT Hili i Till
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2. "The nicroprocessor—of-Caim 1, wherein the m croprocessor determ nes

the saturati ur sing the ratio of the distances. 3.
The m croproaaﬂﬁru i j L wherein the disk includes data identifying
tracks. and t ' determ nes the actual distance of head

novenent using the data. - 15-
4, The m croprocessor of Caim3, wherein the m croprocessor determ nes
the saturation current using a nomnal sgjuration voltage and a nom nal
power anplifier resistance. S. The m croprocessor of any of

claims 1 to 4, wherein the saturation current is used during at |east sone

decel erations of tjhe h . 6. Jhe . :
Claims 1 1o 5, I borbi ARTISHRPHH GIabS G ORatHockiuoP Blefthiney,
m croprocessglie 3mirdtidhdcthiredt chiny & gondalsat@miof voltagemand a momihhh@ower
conbination with a conputer electrically connected to the hard di sk drive.
8. A compamplifienpasisinsted nethod for determining a current value for a
head nmovenent estimation nodel in a hard disk drive including at |east one
head and a power anplifier for causing the head to nove, the nethod

conprising the stegps 0ofThe microprocessor of Claim 1, wherein the saturation current is used

during at least some decelerations of the head.

6. The microprocessor of Claim 5, in combination with the hard disk

drive.

7. The hard disk drive of Claim 6, in further combination with a computer

electrically connected to the hard disk drive.

8. A computér-impleémented method for determining a current value for
a head movement estimation model in a hard disk drive including at least one head
and a power amplifier for causing the head to move, the method comprising the steps
of:
saturating the power amplifier to cause the head to move an actual
distance;
determining a predicted distance; and
based on the predicted distance and the actual distance, determining the
current value and using the current value to predict head movement using the

head movement estimation model.

9. The computer-implemented method of Claim 8. wherein the current
value is determined by determining a saturation current based on the predicted

distance and actual distance.

This Sheet Has Been Replaced ‘ THIS SHEET HAS BEEN
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saturating the power anplifier to cause the head to nove an act ual

di st ance: rmning a predicted distance; and
based on thHIHIHQH““Hﬂ"WEﬂﬁnce and the actual distance, determning the
current val ue and usimgsthe current value to predict head novenent using
t he head novenent estimation nodel. 9. The
conputer-inplenented nethod of Claim8. wherein the current value is
determ ned by determ ning a saturation curgent based on the predicted

di stance and actual distance.

16 10. - The conputer-inplenented nethod of Gaim8 or 9, wherein the
saturation curvent 10! deEShned HElaed el W1k, dhShA bR ardtation

nom nal saturation voI t age, power a i"er resi s
11. The conputtaitid deuremined asingeiehratio of therdystarices,| aami*ﬁm&l dacurafion irdhtztdte and

conprising the steps of : determ ni ng whet her the saturation
current is graaEBEnng W%%\ﬁ?ﬂféﬂ“&ﬁerent and sel ecting a lincar
nodel to estinmate head novenent when the saturation current is
11.  The computer-implemented method of Claim 10, further comprising the
steps of: '

determining whether the saturation current is greater than a requested
current; and

selecting a linear model to estimate head movement when the saturation
current is greater than the requested current, and otherwise selecting a

saturation model.
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great er than he reilmlasted current and ot herw se selecting a saturation

m)de |l mlu) " ” II -17- 12.
A progran1d a conput er program storage device
readabl e by a dlgltal processi ng apparatus: and a program neans on
the program storage device and including instructions executable by the
digital processing apparatus for perform ng nethod steps for determ ning
saturation of a power anplifier in a harg disk drive including a head
novenent estinmation nodel, at |east one head, at |east one disk rotatable
past the head, and an actuator connected to the head, the nethod steps
conpri si ng: causi ng.t he omer anpllfler to nove the actuator
in a calibration seek Apmgm%‘é%"‘feh%ﬁ PP 5ower anplifier is saturated;
determning a predj @@ﬁﬁﬁerdprésﬁﬂpﬁo&%e e dide RRRAEBIR My ataarauamoe@skinbr b&drus;
seek; determ ning an actual distancé, head anenent for

t he callbratemd seek; deternlnlng a saturation current,
based on the predicted di st ance act ua dlsta

d
redi ceng hend: miyBTEFAR HHEARS Cpame Prpgrapm, SOMge erem e frclpdifi dustructions
saturation cuke&iidble by the digithp- ‘pro oceléifg Pipparatid @6tV pefohing! Aleflol” stepd§oL N

the saturation current det er mi ned u3i the ratio of the distances.
14. The pr cigtesminiey lsatarati’on@ﬁ;m poweB amplifieriim at kard dlisk drive lincludingan head
{Jg,eg;' {K'eng & eent it 3058k TSt SNCRedd, 7988 TR HIE fothdblloat Hed

head, and an actuator connected to the head, the methiod steps comprising:

causing the power amplifier to move the actuator in a calibration seek
such that the power amplifier is saturated;

determining a predicated distance of head movement for the calibrated
seek; ' )

determining an actual distance, of head movement for the calibrated
seek;

determining a saturation current, based on the predicted distance and
actual distance; and '

predicting head movement in response to the determination of the

saturation current.

13. The program device of Claim 12, wherein the saturation current is

determined using the ratio of the distances.

14.  The program device of Claim 13, wherein the disk includes data
identifying tracks, and the actual distance of head movement is determined using the

data.



d - 18- 15. The
program de\rth“? uﬂﬂ ﬂllﬂﬂl wherein the saturation current is determ ned
using a no ol tage and a nom nal power anplifier

resi st ance. "The program devi ce of any of clains 12 to 15,
wherein the met hod steps further conprise: determ ni ng

whet her the saturation current is greater than a requested current:
and i nputting the requestgg.current to the head novenent
estimati on nodel when the saturation current is greater than the
requested current, and ot herw se using the saturation current.

7.~ The programige‘” Cﬁﬁo ogtdh BetRe 6f”cfa%b -g&gui""tﬁé‘se?cuﬁﬁfoﬂ ng,llr?é&'t is

drive. r-o I am devi cé and Isk drive co nati on

of O aiml7, deRehitel h@singmbaﬂﬁalogatWatlbn avclmgewirﬁir achemfnal cpdwer aomplidet ed
to the hard disk drive.
resistance.

16. The program device of Claim 1.2, wherein the method steps further
comprise:
determining whether the saturation current is greater than a requested
current; and
inputting the requested cutrent to the head movement estimation model
when the saturation current is greater than the requested current, and otherwise

~ using the saturation current.

17.  The program device of Claim 16, in combination with a hard disk

drive.

18.  The combination of Claim 17, in further combination with a computer

electrically connected to the hard disk drive.

This Sheet Has Been R:

| IIlI IIII illl IITiII

THIS SHEET HAS BEEN
REPLACED




®

-19. A hard disk drive includi ng at | east one data storage
di sk and at”lﬁmmll.ujmmuuxt aposed with the disk, the hard disk drive
al se includ onnected to the head and a power anplifier
coupl ed to the &ct'uat®or *f o energizing the actuator to nove the head

relative to the disk, the hard disk drive further including a
m cr opr ocessor for deternining a requested current of the power anplifier,

said drive conprising: a cipcuit for generating a feedback
signal representative of a power é l'ifier input signal and a power
anplifier output signal; a conpar ator recei ving the feedback

signal and conparin eshol d; ut er

readabl e code nean ass@cﬁ‘&@éﬁsx\/\ﬁ‘ﬂﬁe i’}%“dh‘iac?“olﬁi’%%sd&fa figrage disk aggnpleaﬂ
d th A t+h - | t
ecreasing t hg,d ﬁ%e%%‘)g%gﬁﬂ’ar g’”@l s’k l{a?(?‘ali%?( Jg&é ana 1n€ 86080 Jéﬁuatol—

t hr eshol d. rrve o aim 19, ereln t
circuit incl useseaed ol thadead emi;o)poweﬂmpmm cbopled ¢o ﬂmmammrpﬁorénmmim the

sensing the vol tage across t I ifier [ he feedbac SI gnal
in response t?‘?é‘i‘aé‘?foto move the ﬂ at“"FH@t deﬁ’gﬁlaaé d&%‘ %‘Fvﬁ%ﬁffﬁf 1pefuding

wherein the cj RS tedtc ‘ﬂ-Péhtt erC Yhi of
t he power anp ir§ an (g'zri;%ljpg'tees [ he™ fee%{ictg I gha ggi ng e d| g?%‘r.ice
bet ween t he rc&m;fmﬁxfgi current and the output current.

a circuit for generating a feedback signal representative of a power

-
-

amplifier input signal and a power amplifier output signal;

_a comparator receiving the feedback signal and comparing it to a
threshold; and

computer readable code means associated with the microprocessor for
decreasing the requested current when the feedback signal exceeds the

threshold.

20. The hard disk drive of Claim 19, wherein the circuit includes a voltage
sensor connected to the power amplifier for sensing the voltage across the amplifier

and generating the feedback signal in response thereto.

21.  The hard disk drive of Claim 19, wherein the circuit senses the
requested current and the output current of the power amplifier and generates the
feedback signal using the difference between the requested current and the output

current.
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22. A net hod fo establ i shi ng the output current of power anplifier in a

hard di sk d mu Ill"“ﬂ“ﬂ”m he steps of: generating a feedback
si gnal based AL gnal across the power anplifier;
conpari ng, with & corrpara of, the feedback signal to a threshold and

decreasing, with a processor, a requested power anplifier current when the
f eedback signal exceeds the threshol d. 23. The nmethod of Caim 22,
wherein the difference signal is the voltage across the power anplifier.
24. The method of Claim 22 or 23, wherein the difference signal is the
difference between the requested curent and the output current of the
power anplifier. .y e
22. A method for establishing the output current of a power amplifier in
a hard disk drive, comprising the steps of:

generating a feedback signal based on a difference signal across the

power amplifier;
comparing the feedback signal to a threshold; and
decreasing a requested power amplifier current when the feedback

signal exceeds the threshold.

23.  The method of Claim 22, wherein the difference signal is the voltage

across the power amplifier.

24, '_I'he method of Claim 22, wherein the difference signal is the difference

between the requested current and the output current of the power amplifier.
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