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Techni cal m“ﬂ sent invention relates generally to signals read
froma data m and, nore particularly, to a system and net hod

for estimating arm™dilitude of a simoma aa &@2@9@ medi um
provided in a disk drive system Background Art 10 Wit A sk drive
syst em manuf act uri ng |ndustry, rmch attentl on |s presently bel ng focused on
t he perfor maiVARIABLE GALN)|A FER VEIRH] UTENRERA % CCOMBENSKTT QN &

read/ wite head Changes mb eratin 8 cteristijcs of a read
transducer, for exanple, e head 15
perfornance degradati on or |rrpend| ng failure of the head. Changes in the
anplitude of a readback signal obtained froma particular read/wite head,
for exanpl LeSRBACIhdIEakS a possible problemwith the read el ement of that
readigwite head tid PagsORen:houAdiohOk <T5RER! Gerldiall 1P d Wigihidierath
anplitude characteristics of a readback signal “obtai ned using a partl cul ar
read/ write e dEta skeraag peeiiBeandsinppre satblearhf ediq td wem
oper ating cgpsli f e sduc I r

head. A gi ant ﬁlé?&/@( fg?aﬁé S@SF&?H QH % lé?zgl;al%nq’eéjr?ogn (‘gﬁdolna ous nanner
by way of exadgliae, stBragsy m@umwr@au@a@knm gn@iskodru%er%mterg anpl i tude
over tinme. The nature and conplexity of nobst read channel designs, however,
generally preclude in-situ determ nation of readback signal

characteri ﬁa@sg_mmdeterm ning, with a high degree of accuracy

readfack si gna' er{ & 1A ALk Egkéém%aﬁﬁ 4’(\_’\{§ff§g "'@%Q&’ 15@1 m

a typical read c ann eS|gn, a variable gairn anpli
enpl oyed asattenybdn sbetpaeiseditlan heing ~foeysed 08 Ameemrmtrmmtmd

anal o pr v o 2 Rt listhe e (R PR e e B R TR T

of the VGAlmsadppl Whapasedr dprithe eoparebting ghwiracteniat @A oAl Bhotepd

attenpts h "S%er 0. gnal s f ASEP: Of
estimati ngaefl eI%arrp i't'u of EHQ%jback éfg%%l :gn?;%put ?% &F] P%%i t% head

at t eifpt ed |mﬁ¢@mm¢ o axirgidbiongnere ingggetindr faddngeed § a@h@r sheadt
adversely & aGer t

| ssued U. SaéE Et} gt 5, 631, 8%@%%{%%?@3%“:&&&5‘?&1: éﬁéydﬁ%tg%ﬂ%?s?o%é% an
AGC | oop cd?%%ﬁ'—%c‘fl@aaranr%?ﬁlf‘éélt%h Ineafd i vefca‘bp@rwps‘-en n™@N;. chRdiceket tky
di ode used jfs&s e %Jr%?ﬂ"emVWﬂtﬁg%hE' reyhite] Qe CFMRAA! YeabPWRE 88 hOa&he
VGA out put 7s ph SI cal l'y adj acent pair of Shottky diodes used in a

cl anpi ng 15 ci rctft Regupbeant onIFfédr\/Gﬁoéut BlitmP A8 surhrf t RePitRE 18H0t ¥R

di odeg Operﬁﬁdﬁlﬁlﬂ% Shdtd A et NOF 1S §ONHI FLOASacNEIgn LK ShBatnkgenbingel t

need in the drive system manufacturing community for an apparatus and
met hod for ¥R GHIRE tTRAMWI I Fadecdd AVEBabHER KuaY gREPVEBE at BRUIRFE oRF 20

a data st or@aetﬂ@%ﬂegwltt@/ ankl %egﬁﬁiﬁé 8bnALELBRCYE t-H?zerr%a@('t%Eﬁsaucer
Jparticular need for such an apparatus and method that may be inpl emented

in-situ a reERVEPRMMR . hf‘her%‘? Bht £ nead onf gl ant | MR (ER) aW%?ﬂ%?er

needs. that is operating in an anomalous manner, by way of example,

25 may produce readback signals of decreasing amplitude over time.
The nature and complexity of most read channel designs,
however, generally preclude in-situ determination of readback
signal characteristics, such as determining, with a high degree
of accuracy, readback signal amplitude for a particular

30 read/write head over time.

In a typical read channel design, a variable gain
amplifier (VGA) is often employed as the gain element of an
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Di scl osure of Invention ' 25 The present invention is directed to an
apparatus and nethod for estimating an anplitude of a reﬁﬁ&amém
obtai ned froma data storage nmediumand input to a gain i AU
anplifier. A nmethod according to a first enbodi nent of the present 30

i nventi on iantomasdcsgadhngombrolt (ARC)silgmg whatichnisutiped b tdpilans itheer

in respons .a.readback_ si.gn applied tq an Jnput  of. the ifier. A
differ enceed?l%ar%luqees %ﬁogﬁ%gﬁa%i Eﬁgpéﬁﬁeﬁré?é‘rﬁe%t i% t&}?e aoﬁﬁ%)%r Sfic&he
bet ween t h&cipl i Ther AGGt pobps gkl fiasd the efjeirence SheNWEA Byceppandaig on
signal 2 AMENDED SHEET 3 AU G 2003 associ ated w a tenperature

coef fi ci entapé)frogr’?ﬂ!fai'E‘Fi EPnéﬁ? PLINR LR & &ﬁ%estﬁﬁrg)f‘@ug]il gg%ﬁ'emﬁﬁﬁ daveve
of the anplydendaagt tb?ué@amccb’oﬁﬁma|siigfil_aﬂ.rsod’@%eﬁuﬂgbﬁést@ﬂ SHrmeisialg on
signal. The _esti rraie signal _is rggresent ative of readback signal_ 5

anpl i t ude, Shfer PR EBdEstGhat&a8PgRkl FhEnal FadiPitkdet@qirbeal ¥R/ t $Uudkat

of the diffaarengs &d JiaplanénaPobakl WhANROSi ditoidat eftbetAtudef R e
signal. The estinmate signal is produced either by adding the estimte

h
si gnal to tHeet@irer dbaricadviegval o figat & r?gjqu@%tqurﬂfteél@%lsjfm t he
10 di ffereng®SiaRf oA iR, according to a second enbodi ment of the
present invention involves sensing an output signal at an output of the
amplli®ier in redpeivss b S Feddddcld S3gndd1laps Mo itteuam iatp@l .of (2hdlay
anplifier. iyf tyer, j lnd i i sentaf | a
di fference %ﬁ&efgﬁ'st g%ﬁp%ﬁﬁgééﬁoﬁt&g&% %#d%gigéﬁfeaﬁc?s%rﬁﬁA
conpensat i @pranptals asdocivitiah wet Schoebper silode coetdi dinene ofefansndd er

gain is ge , e Al C i i i ¢ t .S |3 & An
estimate sirwr%%%%n icatLﬁve; of the a%i | tﬂucge; C(?)t%‘lﬁ{lgéed r%a?b%lg(%g Osﬁse na .iss
produced ughygicedlyorgdrsanton Brinaaf Shwdtdw iddapesspgadl insa clamping

r epri@sent at . r g | i (=Y ti
has 1?nagnicltl\£ce@{e%u?va Z%Jti t§% Fﬂgt qro 'Ptr‘llgg’g;tf':‘lwe&%esﬁggn i Scrll%ﬁ: gr%t;s%do arity

opposi t e t IfEtodsfs tHReh {9 dindrie Sihar Diserma ki eordieh@edi nent, the
conpensati on si GAalyJT8 NAME A YR &y T relatedy %fﬁf@%ﬁ‘d&gﬁ,

and is preferably proportional to absolute tenperature. Cenerating
conpensat i G EPAFuRBHI f wwemeni kol SR gafer aPPagakusi r andc dnplerrdt i kor

si gnal haviqig S-BUNJ Ueke PARPPI £1883b1T 8 2RSEAIACE 3] FrRIPRAAR ANtrom
generating a second conpensation signal having a magni'tude independent of

t enpalt at ur @ davea f $EQ¥agpdmedivRdWaShpanbdghofiegirgRalc REF @Sl eche%s v

used to cangglstLIPYattuRIbel Abed 88 Ns@ed 0! Apdvatiad iAld GNSLHIY theat
difference signal. The estinmate signal may be a binary 35 estjmate signal.

The differ e HniFPhefepéedppiiedity & TARENERWIEET  The AlS SRt

control inpftvadtide papfifiertis@s@sah® ctmériheade, the anplifier output
signal with the reference signal so as to nmaintain the signal output from

the gain nodifying anplifier at a predeterm ned anplitude. The reference

si gnal may @@mg@@&eﬂtgﬁ{;gﬁ%na preest abl i shed readback si gnal
‘anmpl i tude to be nmaintai ned at, the output of_ the in nmodifying anplifier. A
Circent for estiR®i RESIFnpHrienRfet ésré]éét%"&'% i hapn app%raq;%s and

method for estimating an amplitude of a readback signal

obtained from a data storage medium and input to a gain
modifying amplifier.

A method according to a first embodiment of the present

30 invention involves sensing an output signal at an output of the

amplifier in response to a readback signal applied to an input

of the amplifier. A difference signal is produced which is

representative of a difference between the amplifier output

signal and a vreference signal. A compensation signal

2
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obtained froma data storage nedi um i ncl udes ‘a gain nodi fying anplifier

having a signal input that receives the readback 10 sigpal, Sk I
output, and control inputs that receive an anplifier co‘h%rﬁﬁeiw. The

control inputs of the anBI ifier are coupled to a capacitor, and the
anplifier cstRacdates) YRak AstevBpEatyre tIRefiddsdentiore mwldifiayn sy theer

| ncl udes & GAMUON haY| M IHS S ihaA0UBlAL A VB AN dnel NI G ¢ he

anplifier via respective resistive el'enents. A digital-to-analog circul

(DAC) has dipueadbagk edonslt he poogiteed osingithe conpensatdion esignal.
conpensat i i rGui.t .S C to.t I I, J NpUWts perat es .a
conpensat i 8¢1hés:i ge(r;sa J.tmgst:eocgggéng ?% E%Pg%%?lﬁ&ggﬁoggoejfﬁ%%@f g%al
anpl i§ier cuplithiet enfieerxegin e dompersaimadre siggalalcavsess @ chergs tiude
vol t age acros ‘“ﬁ r,es' sti \ﬁe 3If1 ﬂl\l/ENBEQ SHEET 13 AU G 2003 WD.00/,49613
PCT/ LS00/ 0L W Esfip: 50 AhRyi o oFRE Pt HEREFEGEs S R AR oRp IR 1 The
out put of tdwpeoiwparishat efidthe diffukrencapbégnitd .an Thepwstdimate J3AfRallhe
logic circuit produces, at.its_output an _estjjmte signal indicative of_.the
anpl i t ude olfst%@ (ﬁ’r?acﬁltf’ﬁﬁarbfn aéal@gpo@% teossce]tgﬁﬁ%al & Eyaéf €8I tHfes
at the respiictierendypyisgmfl tde avpiciiong the eatinmitie Signdl fm Btha
bi na Si gn(gjr The anpljfier, tenperature conpensation circuit, and

conp‘fr;\ at or ’ée’?%rr%{b‘?%/ FedR2hn equival ent tenperature profile, and are

preferably provigdegktabd LBRild tskStdetichd B o yAtiHe present
conpensation circult ,conprises a current enerator and a rragnl tude control.

The t enper AV CORERYRLVER EFPPELRY FRPHRUCdgRal 86 BReCRIRDLF feErtherne
gai n nodi f yinen iy finerespBR¥eC@BPA | BEadba | Ailriy Vaigblaingd ifd ein (Mt
The tenperature conpensation circuit nmay generate a,first 15 conpensatjon
signal havitly BbfagRPLdddSpropdt tbhERTERFaLSHIRRE LEnpEratGre Gerkt at e
a serpnd corpeRsatheat sTENalE havdiner & drehi hetige éndenenadanl idfi drerpermitir e.
The first coppensation signal na have%f]q}PB;)]Iearlty opposite that of the
second conpeh$adt orPRG grial . THHRF $R¢ &t tond %orf%ﬁ?%%ﬁ?%% gritEah
may be sel egddorelatdes od tho aC deapkrbeiper edeilf £ ¢iadmett astt gahpl itk Podain t Vs
variations in the amlifier, cggtrol Si na%]}?A readhack signal applitud
estimati ng FERATCDF WRE SR S8Rt © W@%ﬁ?’i‘ The B4 5l BnEHEERF nS 397 sk
drive syst emm 0fsBiaddt@USiQMREr ihypeat ote daf aclsd AT 1SY3é eth . t1d ddwdisdor e

su y of the esent invention is, not intended to describe_gach ..

emboth frent BHIRAE BFGRITER HERBH BRE  FRIRSRRATON FeORERon. TAAVERTHBRES and
at It i’:li lr)lment SSi@:@@et:’mrrepgfése@tm!i&recglﬂgfeém?am@@tancﬁ;]mm]fﬂﬁda_e \ifmdﬂél:m?)na
Wi econme_apparent .and_appreci at e referring to the follawing detaile
50 descr i prFoh SHANAEE i TUADPEh LT SRt HTe Corhy o TAe
drawi ngs. BdiéfebPescei psignadf &ndwi agspélamieyl éppasiop perspecdfvethe ew

of a disk d&£¥§e§¥gégné¥gﬁglits upper housing cover renoved; 4

25 In either embodiment, the compensation signal may have a
magnitude which is related to temperature, and 1s préferably
proportional to absolute temperature. Generating the
compensation signal may further involve generating a first
compensation signal having a magnitude proportional to absolute

30 temperature and generating a second compensation signal having
a magnitude independent of temperature. The first and second
compensation signals may be selectively used to cancel
temperature related gain and polarity variations in the

difference signal. The estimate signal may be a binary
35 estimate signal. The difference signal may be applied to a
3
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13 AU G 2003 WD 001 49613 PCT/-US00/ 03382 Figure 2 is a side plan view of a ~
. disk dri.ve systemconprising a plurality of data storage disks; Figure 3 is
a flow di agram depi cting several processes perforned wi qu rAHGjQUQ st or age

system when estinmati,ng the | i tude of, a readback signal obtained froma
data st or af®HeR umiPrYccs d:ﬁg% \ﬁ"\Pﬁ'Jt%rpr PAci PP ed vf egReLpbEaERt the

invention; gt £ i sudphtoek @A am el thead «Faiple Ci{enhlr kol N udi ng
circuitry for estimating the anplitude of a readback 10 signal in
accor dance RS SHR dF hent L oPutREt pLEgEnthiengmim eedidine smpbifier ock

diagram of AN APRiaREt crieRld T LAE. AMd U Oforficd caUBALK Hlnabe 1N
accordance with a known technique; 15 Figure 6 is a ?oc I agram of® an
apparat us frAPESISHER e 198 anpreestebdfishedeatiaallacdi @iggnaln awpdi tadee
vvithanen‘qui : : pLes j i : Ri.gure.%.J.s. a_cj i

di agram of an H%g{aarlg{t&tégggr 525?}?%&8{“.9&/”@9% hé;f]atrrr%]?qat} e%cc)) léi)ﬁ'egdéééégg%’ﬁm

i n accordance 2@ witdcudotfoer estrbnatipgt anfandle prds erft ai readback. sYhak

the inventi i s to varj nodi fications, and alternative, forns,
specifics t%aelg}e%gaeﬁfas aom%w&g%%%ﬁn%#“&a%qﬂeu % t%eg%ljrlévﬁ‘?ng%hé%ﬂg
will be desompbiflien dewanly kersighal ownphtt itchdi® becendessttied, rbadesek ,
t hat, t he 25 jntTtion LS. N imt the inven%i on t% th Q__articu] ar

% Ps Y

t to.l
enbotl ment s> dE&ET bad>+eRe hé’u%gﬁlttr‘arai;} t RePFROEntPBH et ctVer
all nodifi capldnt erequontabénsdgnabd aThercatitmels fmbht oo the natapeistepe
of the invention as,defined by the appende | ai ms.. 30, Best Mbde_ f oy
Carrying OREE nEoRRLE EBne) PApRETEER odiih Ches AL S D TorCNE O F | S597ak ed
enbodi ment sis referedcas die cmsecivot he acconpanying drawi ngs which forma
part hereof, and.,.n which,js_.sh b of ' illustration, various
Prbodi ments i WHEHCLREL by ERFEBRT mpcaudts a worbas ks hav iy hputs
15 coupled to the control inputs of the amplifier via respective
resistive elements. A digital-to-analog circuit (DAC) has
outputs coupled to the comparator inputs. A temperature
compensation’ circuit is coupled to the comparator inputs and
generates a compensation signal associated with a temperature
20 coefficient of amplifier gain. The temperature compensation

signal causes a change in voltage across the resistive
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WO 00/ 49613 PCTI US00/ 03382 be practiced. It is to be und rfostélﬁgﬁ gggaaot her v
enbodi nents may be utilized, and structural and functional g y be L
made w t hoWWO 8496t% i ng from t he scope of the present inventiRET/USGH/0882ad
and general _ternms, a system and nethodol o in 5 accordance with the
princi pl eseLMERE Spr esent OPAGe FETSH I3 diiddes &Re laPulr furdsd nr | BRe of
the anplityde,at 88 LABULORPIRAILAIO Al AW MBI 48 dh LAREQ! ak Aul 0OP-
An input signal estinmation approach according to the ‘present 1nvention
provi des f&ReabBtratBry e¥iereivgiiheormddasucdd oftaroukiput a0 geet imade
not wi t hst andi t rESe, i af i ' |.i inp

si gnal . Te%gggtluggﬁomexe:t%ﬁyﬁé %Irngg?ggge %I;e\ﬁgghlléaé@gancg{ar% r%ﬁ Hh
coef bi ci enreapsnerated aquivalenapi of ovohtadesablte e resgedtfive Emphioyed

in the ACC_|.o [ sed to praoduce a erat ur Q nsat i Qn_si gnal ich
i s added t3°t ﬁ}ge léorblR?fd%%% T oloqusﬁ gﬁ%ﬁgaor&ag%tgglagf %@g{) ?’\?er%ybgﬁﬁfy f f/lgng\'[[]'

t enmper at ure var fhti camplifces, ont&fekabprgai compenaatévhodecieotitp vdndh
an input si gnal estimati ?n TTE hoglol ogy _accor.di toéhe resent inv i on

i s enpl oyeG°TR* 52 4P EKPHPIGE2 st‘;é’t A% KE a?r?&%"ia{}%é“of PREREK R Yt €20
obt ai ned fanth ardatpreforapey mpdiowhdery dre accunadc?] yI@ssubstedteEst iTd | ng
t he éeadba K si?nal anpl i tude f.or a%]%iver% read/wite head on a repeated
bast® provFEEREFJTUEHTHRHTAT IR | TF BF Lo FAAEES- 597 tthe Wiptitt lﬁpégerator
characterighiics mdgmii thedsl dorayssiuc erran dlembelredd: xeh aduned ertd A it rdi rAbi By
way of exan‘gl e, a_r}‘glilituagle measurenent s which result in reduced %gﬂi ude
val ues ass® Yhednhemal &R ot §lhcer Thee 98y Hi BRALY YLRM ®F
i npendi ng hayl segpeisthe veanadueeigaituehgldsses: ofvaeyj ations in relative
readback signal anplitude may be used as part, of a predictive failure 30.
anal ysi s strat egye f bP R LY R &SRRV GON, ST &t YiFes IgHeIatf fe first
appreci at edohpért sd ticdreasi dia 1t hevaerpr2a e gaifi thed baeloskgoahl anpl dbssiaute
esti mat es advant ageousl I nproves the abil iéy to det Ieag_rt, undesi ragsl e changes
in read trofERGERFPFEaE T3t fdr ManeRd SREPERSAEAODs St et AFHAF of
properly igenddd e 3hdehefleriedOtEnpe raeatet.r arpdugerst 6comden €446 4003
WO 00/ 49613, PCT/ USO0/ 03382 I n an enbodi nent in which_ the anplitude of a
readback sFHHERRLI SMEY HRAVRI ft AR PR Ya FPRESEHS | Shed aRpl i tRRle, & tback
si gnal anptbipéles Bstdrivedidaic r aid riirehk bha peesadt cofivenbhelon Wi @lhls
includes a varjiable gain anplifier and 5 tenperature conpensatjon ,

i T80 {1y MRS SHT O R W UTA i GRS PR A W (1%0A 2 § o o (30
read channgblgkhieyi tvyridbeoaspl ihuden®f ammpieadack cwingirall mBYghalesti mat ed
with a high dﬁgre of, accurac% ,evgn wher.e the sigpal obtai ngg fromth
storage nedfAAPaRd SHER2Y AHHE TUPFasEs 1gEH TEFRET | 0148y R e

anpl i tude inavémticoniaysUsh iagp lduerdited dadawdilss aidrgrestaat Wi nthrious
vari ations fl%/ @ei ght ¥ari %ti ons, preagplti fier gain variations, and the
like. Accu?BReFyt¥REFnBEi AGCRhE CRMGI9S Fd€ '6™Sx r eadback si gnal provi des for
the%Siet ecti OESOTh%/L%é'\ﬁe damdmw_ J.QlﬂQiJﬂ'lﬁﬂﬂe ohazges iiaﬁv!éﬁadohlr aBsAvc efntended

per f or mancg and/.or undesirabl e, changes in read ¢ nel cireuitr

e f or mancko  ASRGEitin PoCEhEMARANRIE GhaSHeRd paFe ] UParF Lo pYgdher
anddﬁ, L he@feé?nit I iz?lgﬁ%ﬁgiﬁﬂ. ? piﬂ;shndlaig\ét@hﬁga} %rﬂt%%m'z%ﬂﬂsr} Mﬁ@étﬁ%le with
readback signal anplitude estinmation methodol ogy o e presen

i nventi on afoBE iGARIRIRIR edndShEtARERDEr Afe *'sti‘/%t &RvoBtige. §”§§stbescfﬂ5%1 in
Fig. 2, typbsatdnt iditd WiRsdiated By eefiegrdndata sher 8gel6wsks ddcadliah
are_stacked coaxi gI,I\é1 in a tandem spa%e relationshi g agg r ot at, ab&&‘t a
spi 7l e notBFCEEPALOR r T4t i vel §1RFgh LPEEE ofiT ot GPPAHICRLOPs Ydpict &5
in Fig. 1 aeachpahgkngdddirawtiypscal ly formatted to include a plurality of
spaced concentric tracks 50, with each track being partitioned into a
series of sectors 52 which, in turn, axe further divided into individual

i nfornmati opritel gsscOprobnMBEe DHanikgysdi sks 24 may alternatively be

formatted TO T nclude : , . ) .
Figure 1 is a top perspective view of a disk drive system

with its upper housing cover removed;



30 a spiraled track configuration. An actuator 30 typi ca] ByAMGIm a

. hunber of interleaved actuator arns 28 with each arm having one or nore
“transducery@doqugss ! i der assenblies 35 nmounted to a | oad beemiRBebNk:
transferring information to and fromthe data storage di sks 24. 35 The
slider 35 is t)E}jjgm}e;yzdeisé gag@i&% alml_a?r @d)eﬁand):e lai ;diillg arivﬁL?syr‘:sLt@l 2003
WO 001 49613 PCT/ US00/ 03382 body that |ifts the transducer 27 o t he

surf ace oFW@lcﬁlﬂgﬂéé’qwg%t%?cﬁa%iﬁm’éa%t Skt ation increases and
causes the transdices 37ilk0 NoVEw aRON¥GraNeddbskt2AgoRederaill fiaddkes
produced by high speed rotation of the disk 24. A conformal 5 |ubricant may
al ternati P@lrf-%netffsﬂé§§élnor@ 1Pt skoFapeacy tem oWheRuestiratiindanhe
dyngm c f ainphij@hdeetyeen Tr'%‘éd%'a'c@lersi%%aélndoﬁ'&@iﬁ’é&kfﬁé’:ﬁf aCQatdh sﬂ!ﬁ:age
actuator 30 is typically nmounted to & stationary actuator shaft 32 and
rotates oReHashdnt 3ZCEydapEe tWetho e udrdncdpdes2goint BhandrrAent the
stack of datartliyage disks 24. A coil assenbly 36, nounted to a coil frame
34 of the actuator 30, generally rotates within a gap 44 defined between

t he upper!l and [FGWBIremfnaés @sbi@cke,diacram o vtad pberngdntcimmyHciry
structure; 1S|NG : u r ; B rs SIee e
surface oflﬁtéfllgagglgaaé%gﬁégggfd?éﬁse%l%'%glgsﬁhr%%%ﬁgr&e% typ%c%\élﬁ{/aém
colPri sessagpélly - gimas@cagngsinge owWithl t apnaeibetiment DO fotidre erragerdd by
a power sgggleyl g@nand adapted for rotating the data storage di sks 24. The
coil asse :1»: and the upper and | ower magnet assenblies 40 and 20 42 of
t he permanent Fagoee St risctaukd o8& diematam i0f egop@rateah do s tdotatsing

Voi ce coi 3Q. res [ tr. i gnal 8 d a _seLV

pr ocessorEgg?gﬁhégggrd%o%gpo%c\égs?tgf%a%gpcs&%ﬂ% gﬂ)t ﬁ%c |r(r2{e$g)t(i:|eeor‘i£§rllld an%nnq Tide
of controkectrviemte ;supplied to the voice coil motor 39. The actuator voice

coi Lk 25 notor duyc i rc t o] oll, f ﬂnjﬁ 4
vvh!é% cont rol cf‘;ﬁr%L g‘r%tgs%oﬁgvgr%?%g#dé&%eifﬁmoﬁofg%g néﬁ%fg%ggée f?%v\%%tnm{[ e (,ggil
assenbl y 8Bei nambkiprdserncle eof meartpet i cifgnelld pr oduwced dapaehewpeh nwrent
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transfer o

hereinbelow. It is to be understood, however, that the
25 intention is not to limit the invention to the particular
embodiments described. On the contrary, the invention is

intended to cover all modifications, equivalents, and
alternatives falling within the scope of the invention as

defined by the appended claims.

30 Best Mode for Carrying Out the Invention

‘ In the following description of the illustrated
embodiments, references are made to the accompanying drawings
which form a part hereof, and in which is shown by way of
illustration, various embodiments in which the invention may



5 data to and fromthe data storage di sks 24. AIthoughthe ser « -
processor 56 and disk drive controller 58 are depicted as éﬁa
devices in W@oo/dss13t i s understood that the functionality ofpdﬂms@mgm
processor 56 and disk drive controller 58 may be enbodied in a single

muf ti - pur pobe Prawtdcesbor, Itwhishte yipe candegrstesedt Shah e thetu b odipentst
cost. Turni n er S t ro dla ramform
vari ous pro@g sgé\l %gliaged th S%Flﬁg {égggf%g ﬁgpﬁg |n %?ﬁﬁsi e 2% a
si gnal reaohn&denwathlam‘a demzagmmaﬁdbmrrtha scope daf ceha pheaan’errhmleneﬂdbnof

t he present 15 i yen i on sho n Fig. 3, . a readback signal,is .
obt ai ned 150 frofn‘rPa é)[a‘dd S?Ibq a%een?ﬁ%flntﬁﬁwsdwade%yfﬁelg 88? mftsc&%fgél%%tjel?n
In thbs enbadcmﬁ&ncalwﬁthécatgﬂee ;gﬁm#pmalslégetrﬁé\,ﬁésezst emir@:yeﬂomnprbelde
automatic gain contro Q a read chan oses

regul ating tfe the| 3¢S AE)? PQaHEa@R ?’B‘HQ ty e?r% dllilPI‘t‘B $henal
signal procgssigiy gatBmakic tdaan egsheisnnehccTha dgpdbagkh sigpak iSfignal
applied 152 to a signal input of the VGA. A control signal is produced 154
using the VR b‘&%bh@nsﬁi@’l’é@a%@o&olréﬁégeﬁ%et@* Jret SeRbr bReeR bl ¢y e BPvides
preestabl i shed amplutddery Tagtmwé £Re ShEpak tLidet kAN aRphh Qtt%lt&m,

control inputs of the VGA which ty |caII¥ results in an adj us?ment to

gai nl &f thenWtWE%%%aﬁh%@rﬁsﬁﬁéﬁ PE Henbprhiens1ss mecﬁmléllr@#‘%ﬁéﬂfto
a tenper at UEEeCQ.%fHd&'§D?nQi th@eh{ rgaufle EBmPRe s Megt prbhg JEgnigyde
or value of the conpensation sig 30 is proportionally rel ated to

absol ut e t epEEht ar emwﬁéaéaﬁgeﬁgaffbﬁl%m@n%ﬁscpglageé vagat rde wain ok a
ori ginal  COphE Qb3 0RA} Gu§ UG 15 Byl [ ClneORdcol 1 sbgnak. uE to
modi fied control signal Is used to produce 160 an estimate signal which is
an accur at eP¥e@res ent tRMRAT jfureheoanphpe bisen o3 gl rdadBacks 3sldggnte . tie

I 1 uG 2 61 0403382 t [

equi VAl ent T VAl hS o e Rl TV of cont ol S rana? b hagbe TS Tapr
sui tabl e foVaélabw@t?féﬁc‘tﬁpQP 86CoLepnt gmbRds. For exanple, the nodified
control signal mgy b, aBn@RAlAdne! AiAlwndel WRE eabLERIS hona es'%ﬁ%vtl%a
digital signal representative of the anal og nodified contTo

readback siTglErodehPeYudecesapugetioi fhacermeeinventine pisi ﬁ@lPéJOégerfll’t he
present i nventy 0oy agGOUA S sk eheMPEAL Wk 1k ghleedoyard atd Oy d i ¢ fsqog\{{é‘i
control signal due to the terrperature coefficient of the VGA galn.

Ref e i ng rMtadnerg. fxom har edpsai | FHRT29E ednedi vl tm9Y70b1eor agsninAie g
the anpl i t@@t%aéeaeadbﬁgklﬁéﬂfﬁég eRkai e un &1 §3h %&r&ha:,gﬁlcﬁ@d'f%‘ i
accordance w th an enbodi nent he present 1nvention. circurtry 70

i |l ustrat eddiVieri gead i e heregpat éd nanraated heapéad Wﬁrﬂﬁs efee&t rtd cs
of the 15 sysdiem desstiBedopr enbaysl Vi ike rafpeetube Ehtackeddtdcd lof S
understood that the circuitry 70 Sshown in Fig.” 4, as well as other circuit
enbodi nent s? JFeefet hoa6RBgREs aBE4eF| bé@dh@h@ﬂelwﬁyr%ltﬁp’l -enented in a

wi deyyari ety of ﬂﬁt@a_\;t@f'&ea@a% e%pqa@ueémﬁéagap@ﬁe%sswm% &re%qﬁsts'ﬂg
systens in 20 general” ' gure depi cts a nunber of conponents that
process i nf’?ﬁ%?@)rﬁ@bh@%e derliugsd apFoai atedt vl k of agMRdreRA7 ¥ ragisdpaste
read el enerirof & y%%.%‘ﬂﬂf y teideachtilve Ther i NERRERKEAY SiNA]grobt giened g om
the surface of di$§ ically 25 represent data or servo information
stored therebRnSBUCeHay | PNFdEOBERRrOFypeyiationsorifatTohatTHe nefashmak on
stored on disknZ3 hiphARWGR Iky Bd MO ﬁ]aexr?gcgﬁté Cpf:éé@%'tg'v‘énsfa%ﬁe

series of concentric or serpentine tracks. /wite hea

i nclile a MRyREYsiesisdtateqWHPr df@deltamdvcuce s i Bar vagdetypes stllﬁe

(GWR) read t, ds o] t Of, £r

{ransducer 3t Dr (T SToae S or ot B ot af hod 8, Wi ladey 261 adoagk

i nf or mat i onSigmal tamlx‘@m wsttigatesdadvaneggeoes ljeimnroyeiscdhe edui lity

el enent . apt i int e

read/ wri tehﬁ% hRHe?%gS?%eCQ% ?%aﬁadp %a& f‘gaﬁéé{lEQQ%‘tfea@( c%sannel
performance, and increases the accuracy of properly identifying

35 a poor performing read transducer.
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30 a spiraled track configuration.
An actuator 30 typically includes a number of interleaved
actuator arms 28 with each arm having one or more transducer
27 and slider assemblies 35 mounted to a load beam 25 for
transferring information to and from the data storage disks 24.

35 The slider 35 is typically designed as an aerodynamic lifting
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motor 39 produces a torquing force on the actuator coil frame

34 when control currents of varying direction and magnitude
flow in the coil assembly 36 in the presence of a magnetic
field produced by the permanent magnet structure 38. The
torquing forces imparted on the actuator coil frame 34 cause
30 corresponding rotational movement of the actuator arms 28 in
directions dependent on the polarity of the control currents
flowing in the coil assembly 36. The servo processor 56, which
cooperates with read channel electronics 57, regulates the
actuator voice coil motor 39 to move the actuator arms 28 and

35 transducers 27 to prescribed track 50 and sector 52 locations
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using the VGA output signal and a reference signal

representative of a preestablished amplitude. The control
25 signal is then applied to the control inputs of the VGA which
typically results in an adjustment to the gain of the VGA.

A compensation signal is generated 156 which is related
to a temperature coefficient of the VGA gain. In one
embodiment, the magnitude or value of the compensation signal

30 is proportionally related to absolute temperature. The
compensation signal is used together with the original control
signal to produce 158 a modified control signal. The modified
control signal is used to produce 160 an estimate signal which
is an accurate representation of the amplitude of the readback

35 signal.
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conpensated f the production of a tenperature co at ed
modi fi ed) M@Aecont raly émrﬂamplez@xted mracﬁncwndiamc*eamehy 16ftﬁetpr istroirEineg  of
t he presen ti T, g o,Fi g h
r eadback s% %ﬁg ???ud%%gés?l nstg 8|Er c%ll’(?ﬂl lﬁ{rﬁo‘ia%scéorﬂaé; ﬁ teé:r{(ﬁ@ in
entZdi rrentg@merhé present invention. In accordance with this enbodinent, a
VGA control sig 34s i o] i 2 or‘g;g&sa I nal
116 for pur posegilg}l%st? rrg;éﬁﬁgttsﬂegaﬂngwtégdg}ofQ%m?%gggggk SI r%%ﬁsélée}d
to the i nptRfamwnabioVGALIg08ls| Aepavetichiram, aad@barpéhgaaggndsisgnaﬁ PEG NG
produced Wi g e ASSEhEREd oW [ Ad SR WieagOghli Cimil ahrbhfia¥dhn
gain. 25 The conpensation signal 116 1s applied to a summ ng devi ce
whi ch adds&ls@ib@ﬂéct@btﬁén@élrrpémat i blbe sigraliacel 6 afo/ Biem t H v@s(pé@ratlrld{
signal, V-Xelrestdd s &P e'za.s_l%cgn%omglt&bﬁds\é%efaorﬁr{@}e&agnshtl%%g
VESX. The modi f1 ed VGA control signa Sx~ 119 is input to DC
105 di gi tiFRelUdR FERRY i EPSD ANEeTmAELoR gnBhe VEERIMATIoRNGtored @y
the digitigeg sjgnab %}@ﬂ:m Qut pHE %&ZmoéfAﬁggﬂgélcThfaﬁs%%ng %‘ﬂ ded
at ADC output 117 is a errper ture conpensated I nary esti nmat
anpl i t ude ¥/rieR kRIS ighar Sepbertine tmcks\putmelcretﬁd/\vmtmgleam

VO 001 49613) 13,9V iGcl4icte REThAJPOPIOS3B% ive (MR) read element, a giant

30 magnetoresistive (GMR) read element, a thin-film read element,
or other type of read transducer. It is understood that data
storage disk 73 may store optical information, and that
read/write head 71 may include an optical read element.

The information signal induced in the read transducer of

35 read/write head 71 is typically communicated to pre-
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As can further be seen in Fig. 6, ADC 105 is integrated on éh énfmié:
.Substrate 112 as that on which VGA 103 resides. In this c011 W t t he
conpensation signal generating circuitry 114, which wll ed bel ow
in great er‘% ??135 with reference to Fig. 7, is contained %(ﬁle/ﬁﬁ@log% chip

112 as at Iy si ghal . g r tr 14,
VGA 103, G:?]%szbgf%ggeg’nég%%wﬁ@%em Gens £9%tnoehar R Lee ﬁbf}
have an eqoivahthtox enpadube Ltz pr’-llh‘a LPéJ medilgni/2i eapl i&ddeanthgereedbazéd

t hrough in I ating C GUl

VGA 103, ng&i\%fc qjg%ﬁ%ﬁ %9%%%%021{‘ sub E’lt%i atetflggggntg(héf tﬂ:%ggg%& %y to
track or athe-triavoudiet VEAngai ot erfpermtiliievbiibctrangeas rEesledmpAdEedt i ng
for the te rature coeffjcient _associ ated tht ai,nk Vv otroI

S gl r el AEFBREKD 1T T he FORBNBLSATAY T | Hie vt pHRRELE o oSt fe
present i nveadiback aslvama agamisi thdeh @stdses ilke cdeeuiacys50f Thedbsalbatynal

anpl i tude esti tes |cu ar ref,erence

TP ust rar R @ b A TPy Fygel BPLeTAERRE! ) TN i A6 et &P ¥adbREPSEgnal
in accor dam@@egtéblappt mﬁtegﬁb@dummth@h tthe pleageBhahAe¥enti DO. id80ndhed
circuitry 1d icted in Fig. i ncl ydes \VGA 103, un|t¥B§aln vol ta

butfer cir TSRS (GRS G100 6] T Ee)'5 eoht FORPPRERES 158PL SALAVD

DAG 336 COé&ﬁ&BRﬁyé& DONEE&H &k&%ﬁ'lr%ll%%[pl@;c%(tmrsatOBuéB4coﬂﬁ6néﬁﬂBeﬁ§S/Ubé
conpensation circuitry 130. Control ogl c 138 ma be)bl ntegral to the disk

drive 25 c%‘Pl‘tIPBPfjert%S Qe G oEgt 181AmgRtS g‘éli”rF apad t epPmeaRation,

coupl ed tppoPale EHor estetiPite 128aMback RAidnf AMpifiafimel2dst ARat®S in
previ ously di scussed, data gal n gapacitor 134 stores a voQ Itage which is

represent a?t‘?%r%?ni:ﬁewll%‘dt RaRR&PCIPVER Odntth§ PERGRAF, 10YGNLIOBuf fers 121

are preferably wnii¥c82HBndE YPR BHES @fnfaodaﬂ@nr&aymﬁsﬁeafegumdmg sgyrce
followers or emtter followers. Tenperature conpensation circuitry. Z30 may

be 19t egr ateel TRadhar e g cﬁmﬁ}ﬁtﬂﬂdegéisﬁlﬁ‘éitﬂé}ﬁecb%]?‘flé?r& ?EUFPFW@?@

A ternativelyari£5DEr ghyheaRpIRensal (9BAG1 NEUhEYn189 aafﬁap@d%oseﬁarﬁte
fromthe VGA 103 or unity gain voltage buffer 17

WO
001 49613 PRIFWS0]H3[EOUgh Qg OF T9de PHETG |F9n%‘é‘?tr9%l7t4ageAbUPFéPble
circuitry d20s dMbi{rDAC I3G0in LRI A 122, azhda Eeﬂ’ﬁeéxﬁfzyiﬁléﬁnﬁﬁﬂ,ﬁﬁ&;l on
circuitry 130 ar referab:lrg Browded on a co n ICﬁﬁBtrategr ChIE
10 and SoRCTR | BRRE SSaanbsTBBLBr Ui AESPORSENEOSCEBENDh FEISaDSt  VERY of
lnL@?razl %Dap%mﬁ@éﬁﬁ ek QBlt@a§éb§bh@'§r©€LCEllgn%e.@al’ aw}&efvem veelgowﬁplé@
substrate a gain capacitor is iC not necessar
provi ded ex® &t AR PUH cfﬂﬁﬁﬁé“l Cﬁ%&h% X‘6n %m 3 ﬁéFéPghfrom
t he comonyh{zis Uhsd divd €k é—ﬂgrl%(l@%ﬁ:%l @@n@hnﬁeadbacgnﬁlﬂaae&elay theaaaadtaack
signal anpljtude estinmating Ci rcwtry é3 depicted jn té’ue enbqQdi meF
Fig. 7 is pteratipIHperfo i HTEur Fen@hfodET 2R HERY ¢ &F i QRVRE Bﬁamt he
g:orrpensatlaﬂrﬁugﬂay aa@@h@ca@eby;rthh@rteersn@rrﬁluro@rm@pemsaveon circuitry 130
is current ha a e that, is related to tenperature. on
e i ment, the grp@ﬁ? BYOFC F imenty &a&h gﬁt IRaNRGE &2 Pglrﬂ‘éﬁllﬁﬁt %‘g
pr opo][ti onmhb%rt;;ltgld@ ek tthéibxfsﬁdfoaa%}t feﬁr:t)@ﬁd %IL lugeceyﬁé’dl llf)ﬁomlm aﬁ@aguamze with
a preferred embodi is o i fie 1 e X ts
' gain 20 thhar&TE rrf%“%%e vﬁﬁaccﬁjag'&e sd&Pétni g %H%? raftc% %Pé}pﬁg S
proportionaé traypbee Uherfnemmédt ugte. 80D anvg gbO((iiermntOl-ﬁeth/ g& t1 gex an
t enperature co ensatjon_cjrcui r t egr gt i,0
currents tfEPo% IEe’f)Fo%]B?Y' C{ﬁ zig’eé’%tp’orjléb888 (t?'gF eqt'rp&h&t frgmglized
proglioiced Wahpl it V&S 483 iandregy he %ﬁa@oms@dadmatuaew@thcuhéeabmmmamnf or
enpl oymen\/%gy_gt he_te eratur conpensation circuitry 130. In operation, a

nodi fi ed Bt 78I dgr?é['IF @EST is subtracted fromthe buffered VGA

control signal, 1N~3eccoraficéppl tigdHeo cqqrmﬁrtatc@hﬂ@@sttmok%hoh&%ﬁf Flﬁ
conparator 129. The 30 nodified VGA caontr ol gr} VST, re sent e

differenti &t ol V5§e gRABr SRk oBUTLEE; s@Q)r 9?9‘339 S r‘Pt ZBPQ@d by

N bit DAC 38gnand whecherRer ak-ahems @FReNAIMY otel BY mbafelaandﬁanrs 77
gger ature corrpensatl on circuitry 130 selectively produces _a fi %st

ensati bA ¥(gnal® w.rcRU¥EO§@ﬁp@#a@éaBSGéﬁﬁeﬁgat@ﬂln of VGA 7 The
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35 so as to track the VGA gain/tenperature relationship, and_a 18 !
001 49613 1..3 AU G 2' 003 PCT/ US00/ 03382 second conpensat i or] 3i &b, 2008 ch

i's a non-terRpehakdsi$ conpensated signal (i.e., tenperature HﬂTelgﬁ
signal). Pr ?guc?fng t hese two conpensation signals advant ageously %“ea?o?résts

ei ther posi gale ontgsk i Mef SanmEmshidNite $ Oab@aﬁéfgéﬁ.ﬁdcaﬁa&tlc& fau t dved
shown in Fig. 7, a coppensation chkgal }n; roduced by current generator_ Z26

of the tenpér8ftVe BiPeRRRFHP%iG%ui L eétag\eeo%@%%e&’eenreen?%wek%

nmay be adj U&E?stogﬁbﬁnggpé&?td@mlﬁ uge atet PepeaBBeRaRiv@N Qﬂ?ﬂegrated
produced by curren enerator 126 he conpensation _signal 10 produced g

current genéP‘éP@PtEESG%F Fenirpdsiveliadesr r et yﬁ-éﬂalbeoﬁpﬁrr%@aﬁ'ﬁ% tha
curr et rts' gpgmd%%mldng e £die 0!l 1 ¥i0fa tbesé/Gﬁg@@%&olen&Jm ené/ e

~In s e conpensation signal Ts ‘produced magni t ude and
polarity SUERPrREENVEST Vies ofdde B GBPA8BEEd to/ from the VGA control si gnal

to 15 achieve th% desi4 £4 EBHEPMa% @PerS¥QT f@a&o{nﬁ?e}ﬁmﬂc@% g{l‘nﬁg:)%'s %in

i nputs 127 and 1 of conpar at or are equi val en
this point vbleelgeagbudfervailency Aa tenmswrstatred npot sFJJQZ7 4129a amltage

estimate o ggalvafents o Bhadede0L.80.0uL BULS 0T ageal poll adle L3k, Bt |

signal 132 1| era ure conp sate rnary
nodi 10 ed V@roumdedl aSZI gaml:,nptE;S‘bf a.mitl}s mmm&m@e rhlpféeentsatl orimfls he
anpl i tude of

control | ogl ggbﬁ%ﬁer@n?%ae Q§5§%5§8un¥“é‘%gt ﬁg Qs < %Cg gr aff4

digital -to- mayl bgI seﬂleetueel&mlmm thb theshopnti anuglth amin cwltade
Cutput N DI buPRC 198 o hEng WL, Y e AuSHECES SLUE IO R L AP 4¥RF,

counter, rnary coun Bi nary - up/
of count er . syatepepagerartioaont r ol Iog| c 138 30 sends bi nary codes to N—b|t

DAC 6 til 24
e T e R LS
oS d rbs

ontgrol signal, VEST gmghe Ruffe ed cothroI 35 volt a8 ignal , VCI-~, .

ot ng t hi & BB SERECAEREAPAr or RE33ShED=10%  OES ORPHBRESSE S0 hyspesigs

PCT/ lU?OOlO?c’Sﬁ?ph&sl npf enenitted gsing \anItraagi; t bafidkrzes b- amessitng atet attkart as
ernati,ve.10.,a_nore ex a S urate b r.a

Chr ashol d R PsFENTFET S fea et PACE Y TR ST &F THRITIAS e

enbazid nent s88f airltk raseatoos, has artmeeﬂspur ersemp]eeldfcnb tthnea pimposes odf the

|11 ustrati onoand. desgrigpli on Iyl nofd nigndad loobe exhaustivg.ord Go

limt the inAv ion othe pr eci For M di st r exanple
readback sigsatoappkdt tde respentitivegioputai bn':‘ycompalratplrewnt i nvention may

process readbacky sl goals.Lp YRLEags.Me. 5,20, 100 FELELNALIKR,! @ 10PGf 810
in current node. ny nodrtications an atrons~axe possible 1’ I'i g of
t he above tBACh8&g.ahd comparanded2t bat tbenscopé at shewnnientflign be for

"m%§d not 0¥ LS 88t BLLed HPRS  LPELRaOK! sEGRAT ARY 11 B AT ARG

her
procedure in accordance with the principles of the present

invention, which will be discussed in detail hereinbelow with
further reference to Figs. 4, 6, and 7. These connections are
typically changed to provide for other functionality during

30 other modes of disk drive system operation.
As was briefly discussed hereinabove, many disk drive
systems employ read channels that use an automatic gain control
(AGC) loop to regulate the amplitude of the readback signal
introduced into the signal processing path of the read channel.
35 Regulating the readback signal amplitude at a preestablished

12



20 - Cains 1~ 3 AU G 2003 1. [CANCELLED] 1 2. A nethod qf estimating an

~aﬁplitude of a 2 readback signal obtained froma data st r&gﬁU&bQﬂOﬁtand

. input 3 to_a gain nodifying anplifier (103), the nethod coqprisiﬁg: 4
sensi ng anOUMP3si gnai (111) at an output of the 5 anpli AU ponse

BT, SR AR S gt il

pr oduci ng erence 8 Tepresen iVE™O ference
bet ween t heaifdhanne]l ahlbpact@risghas dnd &or ebeudaceusiigralvax i) i orld,

generating..a co nsation signal (116) associated 11 with.a tenperature
doer 11 ¢l el BE R anpH 1 er ot Preatpiorfr b darhvah Febi R o b rte
(119) usingxde 13 conpensation signal such that the estimate signal has a

14 gnitude equivalent to that of the difference sigpal, the 15 estimate
Si ggl i ndi cat i Ve FFCAHERLGRHM S AV 1nleneRta 1QPgngNChyRs: et

produci ng defis csdd Tt ¢i%1. 082 aCoBRAbEER 866hRd 14 trRecdommensatdronghanal
to the difference S|%nal or subtrac ng 18 _the co egg tion signal fromthe
di fferencdld §Haid VETiabIRe IRAPHBEPOELEPEN&PZcl a2 O MNGHHGNE n 2

the conpensatsOns sh@Nehe Namp B RGN dfidend ek h@FatR tegRaNALE @n bukpulhe
met hod of either claim?2 or claim8, wherein 2 the cqnpensatiaon signal has
a magni t udd prdpdFhi 6RAI aRA FaResIitge thenpepdbars. s195a TRt dio

ei yler cl @l PrédYrap13isRed, WA BbRe2efEBCEALhAT 109, COMRENSA RN I
further conprises generating 3 a first conpénsation signal having '

a
nmagni t ude SICEPREREAL] 10D 4 Abssirere Sigrpér af ukke ARPE el 2E¢ Mp & ididmd
conpensat i SsSlhanals hayh it | ndemat o t AT
AVENDED ST S e T e R e B i Ry oy
first 2 coHfderancen dgitgrardnhstuepnl Bhpt gasppssifesenrst séonade IWécamd 3

conpensat it@p He@RBhckls{gnadNorRtibed at ehbhsnrshei M2 O wERI B, Wigrein
2 the estimate signal 1s converted to a binary estimate signal 3 (117) . 1

8. 1R nmet hGF WIT ek Inli 17g Sn T2 fesa@sadie SisyralVEbtERHEPLt r ShvBAHat Yestror age
3 10 a gaijly IR kkNgo A | fd2ryiel03haubbsrgRi14, SENSi & 28 YtiHdrsdghal
(111) at 5 anplifier In response to the readback signal 5 an input of the
anpl | fi er CTarRRFEeRRE ofha Vil ardmritntnputhqoamebipresi Ag: the e the
(110) applgigmhati0 af ri&%@uebneoﬁpgkgisr:emg $5088hitA13ntl%h §HAPASAMHALI Ve
of a difference befween the anplifier output 9 'sigr~.al and a reference
signal i 10®in refejenccasingad ééfpensation signal (116) associated 11 with
a penmperature aRefd ¢henhedh rbRecafphtf 18V 9abR. tWeekeb@bheK R gnal is
conpensation signal is_a current signal: and
fixed, it would appear straightforward to use the VGA control
signal, Vi, to estimate the amplitude of the readback signal
applied to the input 110 of VGA 102. However, ‘this conclusion
would erroneously assume that the gain of VGA 102 is a function
25 only of the VGA control voltage, Vcp,. In reality, however, it
is understood in the art that the gain of a typical integrated
VGA 102 is dependant on temperature. For example, temperature
will wvary in any given channel component depending on data
rate, mode of operation, and the environment within which the
30 particular system is operated. Thus, for a given channel
component, the same VGA control voltage will produce a
different VGA gain as the temperature varies.
Further, the effects of temperature on the AGC loop may
cause the loop to lock with different values of VGA control

35 signal input, even where the amplitude of the readback signal

13



13 produci ng an estimate signal (119) using the 14 conpensaty I such
that the estimate signal has a 15 magni tude equivalent to ?&mg 2@@3 ‘

di fference the 16 estimate signal indicative of the i tude of
t he readb ﬁ?‘%’f% 3S| gnal. 1 ~ 9. The nethod of either clai m%é"@hﬁ%
wherein 2 é’p?ﬁ@@lﬁt 4de ehetl 'i?xp‘{a%”ﬁeﬁ@ %Eoﬁmﬁ' 9 is adichsh g%'dle b0 e é‘e

nmet hod of either claim?2 or claim@8, further 2 conprising ing t
differ enceslsigt»alwxbl aabsmtacfﬂedmmhe Jaim Hedween |df1|fé|erentasead channel

equi l i brat i u Si I h ren Si

AVENDED sﬁﬁ%ﬁmfe? Jrﬂﬂloogﬁg %Té‘ e (%#O%P $8p3E %185 \ei\lhlerrgeu%ﬁht%zﬁ‘
reference @ififgnahti sVGAprmBmt afcaJwaeS)f ba tpreeest dﬂﬂflf&hl‘@dltl’ eadbdclclsamgmsl 3
anpl i t ude. A citgcuit £ estinmati.ng an.,anp ud t readba

si gnal obt%?ﬂ%éeﬁrom 'ghaﬁFa A FCIGe ﬁ%ﬁngn tthr?e EF‘F@B?P%%&F&W&%

gai n rmdl fyongranpldfgmwal ( Talueayi NY.a ,Si gnal reddyrdk 8ighgnalanpl tiide and
contr ol ‘P is that receive an 6 anplifier control signal, the signal input
of the anp/#+P8F* 7 receiving the readback signal; 8 a conparator (82)

having i ~put5 cosghedqgtest heve beshr devielppesl afo tehex ianept & fi1es aﬁ;ﬁ:utude
respective resistiye 10 e] enents; lladlg(s_\al-to analog circ (DAC_? (88)
havi ng outPutd HeR SF IR SRS & MRS V& £qnd a"‘t%ﬂ%a

conpgnsat iwn.Gi r cpi uird9)s couphsdrhe ekt thebtepRABLY rdrPESEm bh@ such
terrper ature corrpensatl on circuit 15 generati ng a Cco ensati on SI

associ at eC YR El AEHP ARRIAAEDL6  COKHY (TECERE IR SanpPIEVEE  gWhal %\lﬁdl%‘?ﬂ?sﬁ ng

a change ithyddwadesel o PSS otﬁqzéitgﬁr%tt'wf% ®erBRt SR andrd8dpadk | #Tifal
circuit (90) having an input coupled to the o%ut 19 of the conparator and

an out put FeERBHEPG0 i MU GORIRAISRSS 26WHEN JFioR adirad FOHFATY at

the | ogic degHiE Q%teo%eﬁzﬂel?étﬁ%' PR r3eqRAL 'c!h@“ €RE1 ¥eaaf éh'&%n%’lpkﬁdwde
of the readback 22 signal. in response to egw val ency of voltages at the

resbect i veg@H i WHRRE of2KAB EBEParECOUNtE 13 0TPHENG ramReRFL W ai% eted

wher ei n t her et d Tdiliing VE@IMReARge ﬁ@m@.ngahbeat%ﬁcybtsulagdlm@@m}sor
have an 3 equi val ent te erature prof| The circuit of claim 12,

wherei n t HERRABRFEFELS X tikee nﬁéﬁﬁ%ﬁ'ﬁl bhecacsurecyand daashadtior

are provi d_@fb&apnaﬁpgpgﬁg@ ggtgh\g%tersate 23 AMENDED SHEET 13 AU G 2003 1
15. The circuit_of claim 12, wherein 'the tenperature 2 conpensation

circuit is intefpaletarie Ans vitd furtherTrelerengrt tor Fégai tn 14GA 102

wheg @i nt hej ArgH dvlrd eé@uﬁP@Hrtéeﬁﬁ &ﬁ@l@l@L@og@l@laerml iddrife AN u@m tifpe , DAC3
conprisesan N-bit current DAC The circuit of claim 12 wherei n

thel ogi ¢ G rRUFRE Hr ok utlea Bﬂﬁaﬁydéﬁal Faie segeaiterzA0et (The dqldtage
circuit3 uipyisl 18+tERE-LAifdi taftacl dalinl2, cabis idke t heokpNPQGRALUr €3 5

conpensation circuit conprises_a current generator (126) and3 a pagnitude
cont rol (1xze;;3resentat1ve of a VGA control signal, Vem, 1is applied to ADC
104. ADC 104 digitizes the data gain capacitor voltage and
25 stores digitized voltage values in a memory via ADC output 117.
The value of the digital signal provided at output 117 of ADC
104 is a non-temperature compensated, binary estimate of the
amplitude of the readback signal applied to the input 110 of
VGA 102.
30 VGA 102 is depicted as residing on an integrated circuit
(IC) substrate, or chip, physically distinct from that on which
ADC 104 resides. As such, VGA 102 may, and often does, have
a temperature that differs from that of ADC 104. It has been
found that comparator 108 produces differing digital control

35 codes for the same amplitude level of a readback signal input
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1.19. The circuit of claim12, wherein the control inputs 2 of the

amplifier are coupled to a capacitor (134), and the 3 anpl4 4i I
signal is stored in the capacitor. 1 ~ 20. The circuit of1caaﬁkui§mngﬁerein

t enper at urWOP0d¥iBensati on circuit generates a first conpenb@l/Ve0E8BYnal 3
havi ng a nmagni.tyde. proportional o absolute t erature and 4 generates a

second comSen 'oﬁBEi It%§Viﬁéa%n gﬁﬁfﬂﬂeag%inaﬁpéﬂﬁeﬁt HREHAHER ur e.
1 21. The dififetientoff rdmitnad0, o eteidhighel 12 7 sén Avie Do edbSdd £ Dintsi@nals has

a polarity opposite . that of the second 3 conpensation signal. 1 22. The
circuit o%/’eéjl) e Petei P4 he conpensation 2 signal is a current signal.

24 AMENDED SHEELich knpératuts reldted dtted-td Ori NOi gySELd | ainldul nthd he
circuit of claim2 12, conprising; a data storage disk (24); 4 a data

3
tramsfer REd Y33 itﬁcI-'Lt‘iGin]‘Jrz(j"jd:hr g@dﬁ?%ﬁyﬁ@%“%(?ﬁ V&upicst-nod dnkekd
channel ; aREH0 13N ¢ 3 SOEHY AU E el flhYE Imveeiy t%debﬁidﬁe“

the head and the disk; wherein the circuit estinmates an anplitude of a S
9 r eadbacKSshgehiengetai nél £rBnPe harRie al atast dgea i seneising femnperd e

transfer headcch 2 e dbes SYaEeRbOGR! abiceds WIRHRIN JdiR Al ilaucks

tenperature conpensation circu and corrpa.rat or ave an 3 equil v ent
t enper at uit®epr gfaqugaay 2f Tre sseadiadl o lgwa D3, ankkkiide t rstEmationer, 2

t egper at ur, nsat,l.Qn. gi £ gULL’ t r ' a gconmon
| CTBbet r 2PRTOTRGE hERCRE, LE o Blled YIRS L o e P e S0 v sosa
vari abl e @aidn matpl €verr reWGAL, dmd falesDADZdtoapipBesad Mesid/ waiteedieaOAC. 1
27. The SyiE%@?%& aim 23, wherein thelogic circuit2 producesa binary

sign

estimate ( SZY at thelogic circuit3 output. 1 28. The system of
cl ai m 23, wher &erfetrivd nige @geriat re F2A gworfpermad i disaugsed aipriisses JGA

Cir e SRR (PRI gy, U5 SN dd eost Bhe Bt e
capaci t or of13mituangatihe W¥ihpde fheffeonBlol shgnaksi Sugtbesd disadssed
CapaCitorabg§e6N§NP§EE§§EEH£io£ art approach involves using only the VGA
control voltage signal, Vg, for purposes of estimating the
amplitude of a readback signal applied to the input of VGA 76.
Such an approach, however, ignores temperature related factors
20 that cause the VGA control voltage signal, Ve, to change as
VGA gain changes as a function of temperature. It can be seen,
therefore, that a readback signal amplitude estimate that is
based solely on the VGA control voltage signal, Vg, wWill also
change as a function of temperature, notwithstanding that the
25 amplitude of the readback signal input to the VGA 76 is

unchanging.

A readback signal amplitude estimation approach consistent
with the principles of the present invention involves using the
VGA control wvoltage signal, Ve, in conjunction with an
30 estimate signal, Vg, which is developed across resistors, R,
to produce a temperature compensated estimate of the amplitude
of a readback signal applied to the input of VGA 76. A
temperature compensation current source 89 produces a current
such that a voltage, Vg, is developed across resistors, R.
35 The voltage, Vg, is developed across resistors, R, such that
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( e ( iment, GA control signal’ 133 is used in combination
20 with a compensation signal 116 for purposes of estimating the

amplitude of a readback signal applied to the input 110 of VGA
103. In particular, a compensation signal 116 is produced
which is associated with a temperature coefficient of the VGA
gain.

25 The compensation signal 116 is applied to a summing device
118 which adds/subtracts the compensation signal 116 to/from
the VGA control signal, Vep, 123 so as to produce a modified
VGA control signal 119, Vgew. The modified VGA control signal,
Vesrr 1189 is input to ADC 105. ADC 105 digitizes the modified

30 VGA control signal, Vg, 119 and provides the digitized signal
119 to an output 117 of ADC 105. The signal provided at ADC
output 117 is a temperature compensated, binary estimate of the
amplitude of the readback signal applied to the input 110 of
VGA 103.
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with reference to Fig. 7, is contained on the same chip 112 as
VGA 103. As such, the compensation signal generating circuitry
114, VvGA 103, and ADC 105, all of which reside on a common IC
substrate 112, have an equivalent temperature profile. A
significant advantage realized through integrating the
compensation signal generating circuitry 114, VGA 103, and ADC
105 on a common IC substrate 112 concerns the ability to track
or anti-track the VGA gain/temperature function as needed.
Accounting for the temperature coefficient associated with the
VGA gain/VGA control signal relationship in a manner consistent
with the principles of the present invention advantageously
increases the accuracy of readback signal amplitude estimates.
With particular reference to Fig. 7, there is illustrated
Circuitry 131 for estimating the amplitude of a readback signal
in accordance with another embodiment of the present invention.
The circuitry 131 depicted in Fig. 7 includes VGA 103, unity
gain voltage buffer circuitry 120, (shown in dashed lines),
control logic 138, an N-bit DAC 136 coupled to control logic
138, a comparator 124, and temperature compensation circuitry
130. Control logic 138 may be integral to the disk drive
controller 58 shown in Fig. 1. A data gain capacitor 134 is
coupled to a pair of resistors 122 via a pair of buffers 121.
As was previously discussed, data gain capacitor 134 stores a
voltage which is representative of the read channel’s VéA
control signal, Vep,. Buffers 121 are preferably unity gain
type buffers, and may be configured as source followers or
emitter followers.

Temperature compensation circuitry 130 may be integrated
within VGA 103 or unity gain voltage buffer circuitry 120.
Alternatively, temperature compensation circuitry 130 may be
separate from the VGA 103 or unity gain voltage buffer
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Yllo?&&lt%f:¥¥b. 7 is preferably performed in current mode. In this
configuration, the compensation signal produced by the
temperature compensation circuitry 130 is a current having a

15 value that is related to temperature. In one embodiment, the

compensation signal is a current having a value that is
proportionally related to absolute temperature.

VGA 103, in accordance with a preferred embodiment, is of
a modified Gilbert-cell design, and exhibits = gain

20 characteristics which are determined empirically to be
proportional to absolute temperature. In an embodiment in
which the temperature compensation circuitry 130 is integrated
within VGA 103, currents that are proportionally related to
absolute temperature are produced within VGA 103 and may be

25 copied by use of current mirrors for employment by the
temperature compensation circuitry 130.

In operation, a modified VGA control signal, Vg, 1is
subtracted from the buffered VGA control signal, Vg, and
applied to comparator inputs 127, 129 of comparator 124. The

30 modified VGA control signal, Vgsr, represents the differential
voltage generated across resistors 122 by currents supplied by
N-bit DAC 136 and the temperature compensation circuitry 130.
The temperature compensation circuitry 130 selectively produces
a first compensation signal, which is temperature compensated

35 s0 as to track the VGA gain/temperature relationship, and a
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10@ compensation circuitry 130, A compensatlon control 128 may be
adjusted to change the magnitude of the compensation signal
produced by current generator 126. The compensation signal

10 produced by current generator 126 may be a positive current

signal or a negative current signal depending on the polarity
+ 0of the VGA control signal, Vepme. 'In short, the compensation
signal is produced to have a magnitude and polarity such that
Vegsr 1s added/subtracted to/from the VGA control signal to
15 achieve the desired cancellation, such that the voltage states
at inputs 127 and 129 of comparator 124 are equivalent (i.e.,
0 volts). At this point of voltage equivalency at comparator
inputs 127, 129, an estimate signal 132 is provided at an
output of control 1logic 138. Estimate signal 132 is a
20 temperature compensated binary signal produced using the
modified VGA control signal, Vg, and 1is an accurate
representation of the amplitude of the readback signal input

to VGA 103.
In one embodiment, control logic 138 is implemented as a
25 counter that drives an integral digital-to-analog converter
(DAC), which is shown in Fig. 7 as a current output N-bit DAC
136. The counter may be a successive-approximation type
counter, a binary counter, such as a binary up/down counter,
or other type of counter. In operation, control logic 138
30 sends binary codes to N-bit DAC 136 until comparator 124
changes state, thus indicating a zero volt potential across
inputs 127, 129 of comparator 124, In one embodiment, the
range of comparator 124 may be minimized by subtracting the
modified VGA control signal, Vg, from the buffered control
35 voltage signal, Vem,. Using this approach, comparator 124 may
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description of the various embodiments of the invention has

5 been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limit

the invention to the precise form disclosed. For example, the

readback signal amplitude estimating circuitry of the present
invention may process readback signals in voltage mode as an

10 alternative to operating in current mode. Many modifications
and variations are possible in light of the above teaching.

It is intended that the scope of the invention be limited not

by this detailed description, but rather by the claims appended

hereto.
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1. [CANCELLED]

2. A nethod of estimating an amplitude of a
readback signal obtained from a data storage medium and inpuf
to a gain modifying amplifier (103}, the method comprising:

sensing an output signal (111) at an output of the
amplifier in response to the readback signal (110) applied to
an input of the amplifier;

producing a difference . signal (113,115)
representative of a difference between the amplifier output
signal and a reference éignal (109);

generating a compensatioﬂ signal (116) associated
with a temperature coefficient of the amplifier gain; and

producing an estimate signal (119) using the
compensation signal such that the estimate signal has a
magnitude equivalent to that of the difference signal, the
estimate signal indicative of the amplitude of the readback
signal, wherein producing the estimate signal comprises adding
the compensation signal to the difference signal or subtracting

the compensation signal from the difference signal.

3. The method of either claim 2 or claim 8, wherein

the compensation signal has a magnitude related to temperature.

4, The method of either claim 2 or claim 8, wherein

the compensation signal has a magnitude proportional to
absolute temperature. - )

5. The method of either claim 2 or claim 8, wherein
generating the compensation signal further comprises generating
a first compensation signal having a magnitude proportional to
absolute temperature and generating a second compensation

signal having a magnitude independent of temperature.
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compensation signal.

7. The method of either claim 2 or claim 8, wherein

the estimate signal is converted to a binary estimate signal
(117) .

8. A method of estimating an amplitude of a
readback signal obtained from a data storage medium and input
to a gain modifying amplifier (}03), the method comprising:

sensing an output signal (111) at an output of the
amplifier in response to the readback signal (110) applied to
an input of the amplifier;

producing a difference signal (113,115)
representative of a difference between the amplifier output
signal and a reference signal (109);

generating a compensation signal (116) associated
with a temperature coefficient of the amplifier gain, wherein
the compensation signal is a current signal; and

producing an estimate signal ({(119) using the
compensation signal such that the estimate signal has a
magnitude equivalent to that of the difference signal, the

estimate signal indicative of the amplitude of the readback
signal.

9. The method of either claim 2 or claim 8, wherein
a magnitude of the compensation signal is adjustable.

10. The method of either claim 2 or claim 8, further
comprising applying the difference signal to a control input
of the amplifier so as to equilibrate the amplifier output
signal with the reference signal.

22

AMENDED SHEET

1
10b

' -§/1 &109658& ,()-S/173 &10%5& ()-S/!'3 &109R5& -S/..1234@rqg\ =
o6 k- SRR L FOSEedoBaS 5 BOLaT 1Y obposite that df Yhe Secend



81096& ()-S/!-3 &10965& ()-S/!3 &10YB5& ()- S @ _K4zX6g\ =
10! 1 L' 109mh& () - 3! XL' 109hh& ()-3!L' 109%hh& ()- 3L’ 109%hh& ()-3!!10%1,hﬁﬁé)-!1
0%h& () -*I opgr w\B7 101! 10 h 10 h 10 hf <10%

hé& L' 10%h& 3LAL" 1 h& 109 h& L' 10%h 9NVB7
10!§&lf&10%HH& (§)z| 09 %h?%d% i w gé@kk&tgf(kﬁ%rfgk

109&2( ) - YH@@#&K)Isﬂreﬁ£%éeﬁtaﬁiﬁéﬁufu& bkeSsY&ﬁ@&%ﬁeﬁ)rghﬁg%t%&éﬁbnbl
10% ()- 10H 1QH 10H 10%4& ()-),}?~]; 10

11 9P0% u&P- t@lﬂﬁ% u& ()-fy&10% u& ()- Sy&10% u& () - S! y&10%iu& ()- S y&10%

u& ()-S &bC 10!'T 11 3L% 0% () - F&YA 0% ()-"10%a& ()-Z 10-u
1 12. A circuit for estimating an amplitude of a
2 readback signal obtained from a data storage medium, the
3 circuit comprising:
4 a gain modifying amplifier (76) having a signal
5 input, a signal output, and control inputs that receive an
6 amplifier control signal, the signal input of the amplifier
7 receiving the readback signal;
8 1 a comparator (82) having inputs coupled to the .
) control inputs of the amplifier via respective resistive
10 elements;
11 a digital-to-analog circuit (DAC) (88) having outputs
12 coupled to the comparator inputs;
13 a temperature compensation circuit (89) coupled to
14 the comparator inputs, the temperature compensation circuit
15 generating a compensation signal associated with a temperature
16 coefficient of amplifier gain and causing a change in voltage
17 across the resistive elements; and
18 ' a logic circuit (90) having an input coupled to the output
19 of the comparator and an output coupled to an input of the DAC,
20 the logic circuit producing at the logic circuit output an
21 estimate signal indicative of the amplitude of the readback
22 signal in response to equivalency of voltages at the respective
23 inputs of the comparator.

13. The circuit of claim 12, wherein the amplifier,
temperature compensation circuit, and comparator have an
equivalent temperature profile.

1 14. The circuit of claim 12, wherein the amplifier,

(- . . . .
temperature compensation circuit, and comparator are provided
on a common IC substrate.
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compensatioh circuilt”is integral fo the amplifier.

16. The circuit of claim 12, wherein the amplifier
comprises a variable gain amplifier (VGA), and the DAC
comprises an N-bit current DAC.

17. The circuit of claim 12, wherein the logic circuit
produces a binary estimate signal (132) at the logic circuit
output.

18. 'The circuit of claim 12, wherein the temperature
compensation circuit comprises a current generator (126) and
a magnitude control (128).

19. The circuit of claim 12, wherein the control inputs
of the amplifier are coupled to a capacitor (134), and the

amplifier control signal is stored in the capacitor.

20. The circuit of claim 12, wherein temperature
compensation circuit generates a first compensation signal
having a magnitude proportional to absolute temperature and
generates a second compensation signal having a magnitude
independent of temperature.

21. The c¢ircuit of «claim 20, wherein the first

compensation signal has a polarity opposite that of the second
compensation signal.

22. The circuit of claim 12, wherein the compensation
signal is a current signal.
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2 12, comprising:

3 a data storage disk (24);

4 a data transfer head (35) including a read transducer

5 (27) coupled to a read channel; and

) an actuator (30) for providing relative movement

7 between the head and the disk;

8 wherein the circuit estimates an a{]nplitude of a

9 readback signal obtained from the data storage disk using the

10 data transfer head.

1 24, The system of claim 23, wherein the amplifier,
temperature compensation circuit, and comparator have an
equivalent temperature profile. |

1 25. The system of claim 23, wherein the amplifier,
temperature compensation circuit, and comparator are provided

3 on a common IC substrate.

26. The system of claim 23, wherein the amplifier
comprises a variable gain amplifier (VGA), and the DAC
comprises an N-bit current DAC.

27. The system of claim 23, wherein the logic circuit
produces a binary estimate signal (132) at the logic circuit
output.

28. The system of claim 23, wherein the temperature
compensation circuit comprises a current generator (126) and
a magnitude control (128).

29. The system of claim 23, wherein the control inputs
of the amplifier are coupled to a capacitor (134), and the
amplifier control signal is stored in the capacitor. '

/
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