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Field of the Invention This invention relates generalty to
the field of disc drive storage devices, 5 and nore particularly, but
not by way of limtation, to the paranetrile configuration of a disc
drive inrelation to the tenperature of the drive. Background of
the linvention Hard di sc drlves enable users of conputer

systems to store and retrgg n a fast and
efficient manner. In a tym%ﬁ% a are magnetically
stored on one or nore discs 't%q ant hi gh

speed and accessed by a rotary actuator asserrbly having a plurality of
read/wite heads that fly adjacent the surfaces of the discs.
The position oFieldef the dnvention cont r ol | ed by a closed |oop, digital servo

circuit. A preanp r circuit e rrents that_ are used
by the 15 heada'?% !ﬁ’?g‘PP glates ge ‘Eﬁ @F%@Y&O isg an&?)éﬁoaﬂgemvma,
anplifiesgrea ticularly, b ; ead
oper at i on? A (rj%ar§1d§1 ﬁael%%%rn%e g‘%g‘ﬁ# ntzlb?é%lg&tﬁﬁ% ﬂm(? I'rcul are oper ably
connected to ténfigneation ofadlistr drier inaietation to the tempesifure of e drive. dat a

bet ween the discs.and a host conputer in which the disc drive is nounted.
. Disc drive nanufacturers typically produce a | arge number of nominally 20

i dentical driv ually optim zed during the manufacturing
process throu e ] aneters that affect the operation of

various disc  Hatll di¢edivésetiable, usEsdf cdmpube spSteRiTo Btk SHd Mfiewd CUI L,
the servo circuit and the read/wite channel. Such paraneters are

wel | known andvasypmeants of dpte|in adastand efficient mannenr Ireatypical idise drive, the

Py cono B0t Pésta 366 ettty HBIR BlgheE e S ptiEh 5 roiteRs  gonstans
par amet ers andhigh speed and décsisé® bl hirs@isy SEHAEY hdtem i 4 ﬁtﬁ% etx\égl (MR)

heads, read bias current.. Such - paraneters are used e the
disc drive to madbvmtgd@adsmmﬂgeg}acqntdlctwrfaces of thedisanisf er rates that occur.

N espect 10 therhagilingl of B2 AR cBherdfibd Ty b Mostflop, digital sorvo 20 0022

circuit. A preamp and driver circuit generates write currents that are used by the

15 head to magnetize the disc during a write operation and amplifies read signals

| detected By the head during a read 'operzlttion. A read/write channel and interface -
circuit are operably connected to the preamp and driver circuit to transfer the
data between the discs and a host computer in which the disc drive is mounted.

) Disc drive manufacturers typically produce a large number of nominally

20 identical drives which are individually optimized during the manufacturing
| pfdéess through the setting of parameters that affect the operatiori of various disc
d_ﬁve circuits, such as the preamp and driver circuit, the servo circuit and the
i'ead/writé channel. Such parameters are well known and typically include write
"current write precompensation; servo gain, data and servo level detection

25 ; -thresholds transversal equalizer tap weights, adaptive filtering parameters and,
in d;sc__: drives employing magneto-resistive (MR) heads, read bias current. Such
para_nieiers are used to enable the disc drive to accommodate changes in data

transfer rates that occur with respect to the radii on the discs at which the data



- 2- are stored, noise levels, electrical and nechanical offsets and
the like, all of whi ch generally affect the gperatio I ve.
Accor di ngl YO BB ar-aneters are often set to an initial val gg%&{#gﬁ(&gél sc
drive operation and then optim zed using predefined acceptance criteria
(for 5 - exanple, neasured read error rate). Disc drives are often
further provided with t he capab?‘t ity of continually nonitoring drive

performance and adjusting certain paranmet ers adaptively during
operation to argistared,-naigs leMelpa ¢lesizical apd mechanical pffsetsrangd ibe like, all of

One of the nost.siagnifi,capt variabl. cting disc drive performamceiS'is
10 t enper a‘fvh}cgg%ae@by&&teg}etgegsgra@%hﬁfégcfé’}vgc,[ romechani cal devi ces which
i ncl ude ot AkSorifhglPthé ParaiiBtedd Seoffnthet tLarPRitia valueAERBise

Al t hough such notors are designed to operate efficiently, heat will
nevert hel ess dxivejeperaticreandathen optimized using predefined acegpéanae exitepiagforan

oper at i 3 ¢ enfARlGn BOGHIS Fest AL, S et b AR PR PiAeg i ror
15 pr ocesgr tjagl\s,\ﬁq,'iﬁﬁﬁg, Lo bdrfdtria | r nce
characteristi gigép%}ﬁ i (t: a elha lgh%;(?gﬁ:%% by g%eaﬁgiéidjﬁsﬁﬁ?e&ﬁpﬁéir}gt ure.
At t enpt s havephaaeternddaptivelyrduringioperation to maimtaincopsimmen fevelsvafr i ati ons in

tenperature in magnetic recording devices such as disc drives. For exanple,
Uni ted StatesPSHPERANCRO. 3, 723,980 entitl ed TEMPERATURE 20 COVPENSATI ON

SYSTEM FOR A MAGNE I%ﬂgﬁ\g@x : o o/3 to
Gabor conpensat es p&‘rgd\?arl at’i on F%M-gan%%brlgﬁﬁrf%dtﬁil&& wﬂégﬁoéﬁaé%grts to

mai nt ai roa s uksphgeritupd. | Diseririves arel comipiextlecteo-adhinicdl deviges which inclader | ar
materials in simlar locations within a drive. United States Patent No.
5,408, 365 ent maters trEviaRIhadiscrnd the\actator pasepply URdthopgh such mptorsiayenT

i scloses o GBI SRR EceRiaty, e TN G Mheles be seperpieg R G ™!

el ement in copeelop¥faldd Gvef &6 ektehdid pedidd oftilhe} wisich EatisibRtafially Ricrdase
tenperature , of the media, enabli ng.addpust ments in wite current
(22

magni t ude accéhelopryating temperature gf ithedriw. a bies fiarthes. indudsoneormers i t | ed
AuguthG_ 2 l R%bgqéys%rg%%sg@%&%&%ﬂ{'}cﬁi@ b e iahce G ERY

PCT/ US98/ 10058yhich are also affected by changes in temperature, -3- to
Aranovsky discloses a wite dri'ver control circuit in a nagnetic storage
devi ce t hat Awtempts bavesbdehimdderin theapijer anh ta bempensate foovariagions ével to

"5‘1‘3 C? hmgoggfliec e _tergﬂquaélge ne rrn%tgxlljeru% rggoqdﬁlrgod:eglscgs \sllilacrhl afastc{igcngri\crie%r Ilpoq' éxgr%p%?er ation
| United States Patent No. 3,723,980 entittled TEMPERATURE

20 COMPENSATION SYSTEM FOR A MAGNETIC DISK MEMORY UNIT
issued March 27, 1973 to Gabor compensates for variations in temperature
through efforts to maintain a substantially uniform temperature and by using
similar materials in similar locatiém within a drive. United States Patent No.
5,408,365 entitled RECORDING DEVICE WITH TEMPERATURE-

25 DEPENDENT WRITE CURRENT CONTROL issued April 18, 1995 to Van.
Doorn et al. discloses a inagnetic tape device wherein a magneto-resistive head
eiement in contact with a recording tape media is used to monitor the temperature
of the media, enabling adjusunenis in write current magnitude accordingly.
United States Patent No. 5,550,502 entitled CONTROL CIRCUIT AND

30  METHOD FOR THIN FILM HEAD WRITE DRIVER issued August 27, 1996



States Patent No. 5,455,717 entitled RECORDI NG DEVICE WTH 5 :
TEMPERATURE- DE NT WRI TE- CURRENT CONTROL issued . 995
to Van Doo‘P'RgéE%?F 'di scl oses a conpensation circuit for OEE?R?S%?)[EWS%I l'ing
the anplitude of the wite current in relation to tenperature variations
wist hin a drive. Wil e operable, these and other prior art
references are generally limted 10 ™o the optim zation of wite current

| evel s and are not readi|ly adaptable for . . optim zation of other
t gnperat ur e smamvskymci?ﬁéﬁ awgite gsiven cauirol cheuis ina gnagnetic storagerfleviqer i or

art approache ical | ' : | . i zat. through the

I mpl enent at i Oﬁ-nawﬁ)gg%lsﬁf qﬁgﬁmkﬁg%ﬂll Eh%yﬁﬁ%\&ﬂ%g%?&ﬁﬂl&%%ﬁﬁboﬁ?{eor s the
tenperature temperatuffandliftoctss variaiods agting tie dpeeativn dfahé deviee!t tdr di ngly,
whi ch general ly i ncreases 15 t he cost and conpl eméé of the drive.

Thus, there i StatesdRatant NoalS.455cH 7 entitledREGQRQRPING PEVIGE WITHwher eby di sc
drive perfor n ' I | NG, ariations in the
te_rrperatare g&meﬁwmgéW él\ghgp -laﬁﬁ?andent di sc
drive _ ORitbRFB! $995 to VaLDoorn ePdllTHéclose atcﬁﬁlgb WGeBh!cRCuit for

The present invention provides an apparatus and thod for optim zing

t he oper at i onebntpeling theramypditade of thé¢ writel cirrenttih relatibn toetempedturecvatiziensient
parametric conf i gurat,ion. In accordance with a preferred
embodi nent, t W&} CTES ve conprises a 25 t enper at ure sensor -whi ch

provi des an i ndi cafy rAldaQnal ' -di drive
and a paranetric Cm&g@egﬁqﬁnﬁge%?gio%ﬁ er??gigwg%%ger%ce_s Ege %eél%ael%yaltl%lﬁtéﬁ :
sensor Vi ch ialthet optinsizativalof siritd cparentievels and are not eeddilytddapdblcfoflr i ve to
optim ze . disc drive performance. The paraneters are arranged as a
plurality of pmtBNatian of other lempegature sERYIELGHPHAMEETS- 0 MPIBOVRr athiess arst

pr edef med operga{e&, %pﬂ' afteaB'BleJa@ﬁe'ﬁ rt?pif:ﬂ{}gﬁain write curreﬁ@%p%g{iéaa%ﬁ?through the

PCT/ US98/ 1005

The paranet ri gmpRAfenttion of edditibnat ¢irtuipg thadionthousKEMBHIAS thé) &nyResmtd onal
tenperature of the disc drive, identifies the operational tenperature range
in whi ©f thendriveang adiustsoibe write curment: asaprdingly.r which |gensraliy dndreasesnent s
t he par ter t éet or. estot?ln(rai .ng to the identified operational

t enper at'or e r Apfy0st and Complexity Of the drVeE, o1y y 't he parametric configuration
circuit conprises apuoNheRis a continual he&Pfor MpHsRtheh if ¥ ﬁt‘i"wﬁeli‘é’of@iﬁéat'on
of the disc drive. The paraneters can be any nunber of cornventi onal
par anet er s t ygirivelpeyforraante lsgn b¢ seadily ioptimized inpespongeto variations in the

temperature of a disc drive for a wide range of temperature-dependent disc drive

pararneters.

20 Summary of the Invention
The present invention provides an apparatus and method for optimizing
the operational performance of a disc drive through temperature dependent
‘parametric configuration. |
In accordance with a preferred embodiment, the disc drive comprises a
25 temperature sensor which provides an indication of operational temperature of the
- disc drive and a parametric configuration circuit responsive to the temperature
sensor which identifies selected parameters for use by the disc drive to optimize
disc drive performance. The parameters are arranged as a plurality of parameter

sets corresponding to a plurality of predefined operational temperature ranges.



performance of various disc drive circuits, such as head preanp and driver
circuits, read/wite channels and servo control circuits. In a preferred 10
enbodi mentwowks7ar aneters include wite current, prewite EERUSAYZA0S6N,
read bias current, servo gain, data and servo detection thresholds,
adaptive filter levels ' and transversal equalizer tap weights.

These and various other features as wedd as advantages which characterize
the present invention will be apparent froma reading of the follow ng
detailed 15 desThid pira@stritubnfigiatibs viradit pbdodicaiCinaisueestthe vpagtional

Brief Description of the Draw ngs FIG 1 shows a top plan *
view of a di swmcrme@éﬂmdlsﬁzd@mnﬂemﬁ@é theappezational tempefature HOge & er r ed

mbodi ment of t
Funct | onal bi BEERARESRae SRerionaltemperapure fpliy nd ipplghers BisFhrfifcter
connected to s%th@ﬁésgaam 6 the ideMificdopeRftiofhbentipeiat@eirangRunt ed.

FIG 3 provides a flow chart for a TEMPERATURE PENDE - PARAMETRI C
CONFI GURATI ON r out Preferablyy ﬂmrpmwcmneﬁmnmmcmbmmes acontrol of FIG 2

T hen e Broeisds e %h SFHIed CoreaODOP Bl Gt Pl i b o,
Bef ore di scus f tighigs ent
i nventi on, éﬂ\kl{] ﬁflh'%g &gggﬁnhts galﬁa}%?&%lr%|tgélIE§g,d§?§ﬁ;’|bde]§@aaﬂ?éssctb I ve storage

device in performaince bf vdrious résealrivei circaits,i such as hessbpredmprand girives | y

racticed. Referring Fl G WO 98/ 57
BCT, US98/ 100586ircuits, tead/write channels and Servo contro c%'cults In a preferred

shown t%fe' n @ﬁo&nfeﬁp the gé}afﬁbé focl e‘%rﬁﬁ gqfaeme i%acg, néatm;g'eagfck 102

on vari ods cbnponen fsc am ve e mou A top

cover 104 bias chbni\vserivo gahr, fdaal andtsémwietéomshlmkhom& pdapdivesfitértlevélbe
base deck 102 to form an ; environmental ly controlled, internal

housi ng for t Aed Grasyersal equalizerdap giglgh¥s.i onal 5 nmanner , A

spindl e notor (sho genar

nore discs 108 at ?ﬂgon%%a‘ﬁk ?ill gﬂ‘e%g%eéééfi 3§§$%&§e9%@1€%c rﬁ? r ead
from -t giRCirescnd divefiesn $ilbbe dppadént tffiim dlrea:cﬁnéestﬁerfouu@mgt ddailege of an
‘actuat or assenbly 110, which rotates about. a bearing shaft assenbly

112 posilSi onedesctiptionand ajyeview of thejassecjated drawings.act uat or assenbly 110
includes a plurality of actuator arns 114 whi ch extend toward the

di scs 108, with one or more flexures 116 extending fromthe actuator
arnms 114. l\/bu' ol pumeof each of the fl exures

FIG. 1 shows a top plan view of a disc drive constructed in accordance
with a preferred embodiment of the present invention.
FIG. 2 provides a functional block diagram of the disc drive of FIG. 1
20 operably connected to a host computer in which the disc drive is mounted.
FIG. 3 provides a flow chart for a TEMPERATURE DEPENDENT
PARAMETRIC CONFIGURATION routine, performed by the control processor
of FIG. 2 in conjunction with programming and information stored in the DRAM

and flash memory devices shown in FIG. 2..

25 Detailed Description
Before discussing the operatibn of a preferred embodiment of the present
invention, it will be useful to first briefly describe a disc drive storage device in

which the present invention can be advantageously practiced. Referring to FIG.



116 is a head 118 which includes a slider assenbly (not separately

desi gnat ed designed to fly in close proximty to th di ng
surface of‘*’?ﬁé’sg‘ggoci ated 15 di sc 108 during -operation o%ﬁééggﬁg@g%dri ve
100. When the disc drive 100 is not in use, the heads 118
are brought to rest upon Iandigg zones 120 near the inner dianeter
of the discs 108 and the actuator ™~ assenbly 110 is secured using a
conventional latch arrapgenent, such as nated at 122, 20

The,radi al pobi ol thereithis afonplanvigw of adise deve 330 bARSE gtboen dedke M0 pn
voi ee coil m&ﬁfchérggé@n%%%ﬂq%ﬂgg& m%?ﬁisl’.’%ﬁ/ealoﬁ%é r&u%ﬁteﬁéagﬁgﬁg%\k\%hlfo?ﬁ

~act uat or as a pernanent na
establ i shes asHEEN®I partial cutaway Fishio) coopaatedwithahe bhde dedf 102 th Tomn agd. As

wi |l be recognized, a second . magnetic flux path is disposed above
t he per manentenvizgnmentalig coptrelleds dntewnal beusing for the disswlrivedn agonyertianabf
clarity. _The controlled application of current to the coil 126

causes ﬁagnet‘?‘ém?q’i_teraction between the permanent nagnet 128 and the coil
126 so that the coplsphgfie HOIGS(showR gERIAIRN 8€108) i pEdVidedtlo! rofafO¥ie bPT €Nt 2
rel ati onship. As the coil 126 noves, the actuator assenbly 110 pivots about
t he bmare digcssHF at aacanstapt highispeeth dUséreddte artswiitién &0 endcraaddorho nove

gg,—;) agggriogggackss(%g &%xeg%at%]:i) Eurxl %l'xedéiggsslojSot%'rough the use 0 a1£19 éa%c/:tg.;tgl2 gssembly

A flex assenb ' IR : ' 0 . ] ths for
the aotuator L0 RleB et SBoltid it Senfif} 115 BositiOMCRhIRE: B 10, |
assenbl y0110 dises 1Q8.ohe attuator aSSembly £10 axheleb b \phirdlity ofcdogiesr anprildt ed

circuit board 132 to, whi gh’ hlf)%d W res (not shown) are connected, the

head wires bePhiFhextend towardths dites 108e withiqng s mepe flexuucs HOEXding exur es
116 to the he - ' L Gl pcally
i ncl udes ci rcui r%‘éggtr“-gcowgllllﬁhgk{)ﬁgg‘g\?f@é%&] é?xﬁ%fﬁkg%@ﬁ;é%%e&me% to the

heads 118 dur ilgisa hedd B 8owhichtinclodesrudslider assemibly tiob Geparately desipagdted) gnal s
generated by the heads 118 during a read operation. The flex .
assenbl y t er niesigned tadlyainglese prodimdbt torthe couesposdingfustice of therassenigted he

base 10 degk ( ' r ey ele hrcuit board (not shown)
nount ed 1?0 thg'sﬁépggﬁﬁ%ng O%Elsa%f’gio@é(ﬁeo?éé ﬁ%ﬁ%l@d& drive 100. _
Referring now to FNfhen’he disevdtive 0 ot i el titChdads 2k 8 RtOBioughtdrasp of
the disc drive 100 of FIG 1, generally show ng the main functional

circuits upon {gndisg zones 12Q pepsrthe dmer Hiamgtercofthe discy 108 andi thsi actuster boar d

and used-to contr .15 operation of t isc drive 100

The disc dri varaey s shruren PEa SotbpSiorl uch SoteeliR 8ot o o nost
conmputer 140 hgsi%qyt&{]attm_di sc drive 100 is nounted in a conventi onal
manner .

=)

di sc drive control processor 142 provides top |evel
control 20f the operheirediabposition of the heads 118 is controlled through the use of a

voice coil motor (VCM) 124, which includes a coil 126 attached to the actuator
assembly 110 as well as a permanent magnet 128 which establishes a magnetic
field in which the coil 126 is immersed. As will be recognized, a second
magnetic flux path is disposed above the permanent magnet 128, but has not been

25 shown for purposes of ciarity. The controlled application of current to the coil
126 causes magnetic interaction between the permanent magnet 128 and the coil
126 so that the coil 126 moves in accordance with the well known Lorentz
relationship. As the coil 126 moves, the actuator assembly 110 pivots about the

_ bearing shaft assembly 112 and the heads 118 are caused to move across the
30 ~ surfaces of the discs 108.



the disc drive 100. Programm ng and information utilized by the control 20
processor are provided in both volatile and non-vol atile nenory devi ces,

i ncl udi ngwD eBys7328 c. r andom access nenory (DRAM devi ce 144 PEAAUSESAGEH
menory device 146. It will be recognized, however, that the nmenory device
structure can vary dependi ng upon the requirenents of a particul ar :
application. The contents of 46he DRAM 144 are | oaded periodically -
during the operation of 25 the disc drive 100, such as during powerup.

An interface circu fied asseinbBl 180eproviddatie reyhisies eletpicalsdvmnedtionpatiisfor .
tenporary buffering of data between the host conputer 140 and the discs 108
and shesaciuatorcanserpblysld Orwhilesallowyring pivatal mavemest efthe ggpteri on of the .
di sc drive 100 during data tyapnsfer operatdons.. Generald uring a
data wiite opSiemiinAt0athe Sfkdfer, hé e BhockBEY 140 Mifioctiy Beiplid ity ¢
witten to the.gH 51 h0Fhith hbad wited 838 5hown) are contec] hédwad wires being

PCT/ US98/ 10056 -7-

li mted § RLL)roated atongdhe acmator aimmi ldoandsth¢ BEQ)res Adi6 v thecheads & Eht The

Sa” PO e GRSl G Y o B BRRORRS Tl e 1 ne

di sc 108. . g% athi fd i o ﬁé{iﬂ%i es a
read bi as curcrugr?%] t b?ﬁde&%ﬂ ea%glgg.llgﬁgan‘gﬂnool to}s t ;?35%15?61 e across a
magnet o- r esi sead sighdlRpexdratod by thd heads 118 duting heeall dpeBationhi The flexi es wi t h

respect to the selective magneti zation of the disc 108. The vol t age
i s preanpl i fiassemably deranipates,shs Hexibragket 134 ifor-communigatignfhrqughdhe base ¢ e
read/ wigde c [ Vi e same
Lo the Bhrr orRRIpp10E A e ARG MARPRS HChD A AR ToubiP <P
host 10 C Odifie 1bfthe Uide. driver100ef erence, disc drive read and wite
operations are discussed in greater detail in United States Patent
No. 5,276,662 ent iReferring mw p9FIGE 2, shown therein is

e
MANAGENVENT APPARAT. hS§U ry.4 21994 to Shaver: . et al.,
assigned to tﬁg A ﬁg"ﬁelém o?f Ftlﬁéi’ E&egﬁw;s?‘g\s&' é‘?ﬁ tl}%r{gaelﬁtf}?%cﬁ&g%%&tcu‘fé A
servo circui twhieh ae@Risidehfon the disdriveqitiméd titcitbaad A48 usdd BUBRIBPHEO ,
i nformati on which is read by the head 118 and provided to the servo circuit

156 15  byperetjonodf the dispdsixad08s i ver 154. The servo information

i ndi he relatjVve. .. nsPOSiti h -
solecreq track on The Sise drive 400 Bioba i K. 218 18 BErbly odtiobeh R TSN 1 © °
information, gofinstbd P40 i WHigh tHY ASEERRY 100"Rim&Ha i £&tiveRtichal thannert he

application of current to the coil- 126 in order to adjust the position of
t he hAatiscl difve condroli pericessdr 142 pravides taph tevebenntnol of theroperationpafr at i on

f closed loog, . .. digital .such. ag , 154 |
i scussed i n Ddisnsiiveat L hosBamining and fabofRic Seitd 57 e Brrda b D1 sC
DRI VE VipgH | “’E’@gd&tigr mmd in both %ﬁ'ﬁﬁ'\émdt xﬁoé#%iaﬁi@‘ﬁ%ﬁ?&& dbficed. 993 to Duffy

et al., assig st gnee of 25 ‘present 1 nventi on.
-~ - including a dynamic random access memory (DRAM) device 144 and a flash

memory device 146. It will be recognized, however, that the memory device
structure can vary depending upon the requirements of a particular application.
The contents of the DRAM 144 are loaded periodically during the operation of
25 the disc drive 100, such as during powerup.
' An interface circuit 150 includé_s a data buffer (not shown) for the
temporary. buffering_ of data between the host computer 140 and the discs 108 and
a sequencer (also not shown) that directs the operation of the disc drive 100
during data transfer operations. Generally, during a data write operation a '
30 read/write channel 152 encodes data to be written to the disc 108 with run-length



A spindle circuit 158 is provided to control the rotation of the discs 108
t hrough back el ectronmagnetic force (benf) conmutation of th ' tor
106. For a‘88i91845§%?§| "di scussion of typical spindle circuits, %gyei}%)il?oesgo

St at es Patent No. 5,631,999 entitled ADAPTI VE COVPENSATI ON' FOR HARD
30 DI SC DRI VE SPI NDLE MOTOR MANUFACTURI NG TOLERANCES, i ssued WO
98/ 57323 ==

PCT/ US98/ 10056 . ) ] - 8- May
20, 1997 to Diipited (RLL) 384 grrercemeqtion cadey i) #1d WHEE GREEht i nvent i on.

Contsi nui i th j Qi t
moasure the t EeEapdy o8 pid HRGEE S ale SR BY artidriver B 54 1,
preferably nogiresnp)3o dee hdad 118tirorder tokeletivelly fagnktize ehel 818ci108pr oxi ni ty

to the 5 heads 118, although the tenperature can be nounted el sewhere,
such as on t h®uring a data a¢adcopgratipn, theinrearap d 54 eppliesiagad) bias surteabitnthehousi ng

the other_ disc dri . ect.roni cs Q i G. 2 e, output. from
t he terrpér at u&‘_@a‘gﬁgﬂ?‘l @ggltﬁ)rgqg vélEage a%rosgﬁﬁ%e{éé%?g?\éﬁ ngg}eéﬂﬂ‘? Ohich is
converted to %h&héa@'ll@?%&b’va%ﬁs e 128pdcPto the selectivhl Mhitizaddf Sree t er
162, so that the control processor 142 can obtain a digital 10

i ndi cati on of 10Be Theryoitage isrpreanplified bii the peamp 1390 provide a read signal td n t he
practice of a preferred nboegi nt, .the control cessor 14

ety et 4b% eanlbute Pameb 455 poish JSois ob Sionkl 56 AR rey den e SR e en
operational tegpel I ﬂ]géf : i ) néfet £ 1 I ned as a
t enperat ure 01?t Iesgﬁt rg)ri;% egarcggis lt?g?’u@%f‘zdgg‘]légﬁmanbl fabngth%iﬂsag'{jefi ned as
a 15 = 1enpercainputer 140wdRor réferahce ndibeidiivg yead nd rwijit€ operitidhg everdistussedd hot
is defined as a erature %bove 45l err] C. O her tenperature

t h
ranges can red@igreateraetail E‘brﬁpiéqileﬁ?tes atent Noy, 3470102 eptitigd DIpe DRIVE

Each paraneter ' f . by the
read/ wite chevlvrﬁg#[ @@?@ﬁ@ﬁ@éﬁ%ﬁ%‘gw@@@@m@%r eferably
20 opt i N zgshed Jamngy 4y 1994 © Shaver, Fn @R, hssigirdead the dxsigabs of thel ve 100 is

oper at ed in_an environnmental chanber over a range of tenperature
extremes. | n desentinventiothppr oach, the parameters are selected as the disc

drive 100.is operat i t RN, A ' S.

Al t er nat &/el y, a po‘S&Féﬁoi %ggflsg(?ﬂlﬁgﬁlqlﬁq/ppg;m&#gf fﬁggl\éﬁl gg# hﬁ?'g%l{ gé}igges 100
are sel ected offhriiatibn ¥hich isFeabbyieieid 218 ahd pfovideddd!th@ser¥d circuitM36ues,
each indicative of paranetric change relative to nom nal values obtained

when t he. di sc bt wep of theqprearap dtiver: 134. sThe serva informationsindicates ehgpealativier e

h ... 20 C f , f. the di dri 00 i
Cherntod at t HROSi ol he hida 118 R R pBle o3 elkeR skalf ol &€ afR afE} 1> ' °
paranetric val dsB 6 ﬂiérs‘ér\l‘bsﬁfbrfxﬁﬁoﬁ,h@d@iilm §iPhal pmcessor,(nét?(giB%ﬁEHﬁtl?olﬁange

and the delta-values are added to the baseline paranetric val ues to
establ i s20t he tharapphtationof carréntrtotheecaibl2b imordanto ddjus theaposition affthes .

head 118 to a desired relation. The construction and operation of closed loop,

digital servo systems such as 154 are generally discussed in United States Patent
No. 5,262,907 entitled HARD DISC DRIVE WITH IMPROVED SERVO
SYSTEM, issued November 16, 1993 to Duffy et al., assigned to the assignee of
25 ~ the present invention.
_ A spindle circuit 158 is provided to control the rotation of the discs 108
- through back electromagnetic force (bemf) commutation of the spindle motor
106. For additional discussion of typical spindle circuits, see United States
Patent No. 5,631,999 entitled ADAPTIVE COMPENSATION FOR HARD
30  DISC DRIVE SPINDLE MOTOR MANUFACTURING TOLERANCES, issued
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The pref erywehgpaganet ers which are optimzed and uti'lized i pcCasds/As086e
with a preferred enbodinment® are listed in Table |I. bel ow.

CaLD : AVBI ENT HOT PARAVMETER

T<15[err]C 15[err]Clerr] T[err] 48Rerr]C T<45[err]C

Wite Current [[err] | [err] 5 Prewite Conp.
PCl err] : :

[err] May 2°’|1f3? r?fbmsmore, assigned lto[ té)r@(ﬁgsxgnee of the pfé%?i\!} OlﬁbGégfur?n .
Klerr]. Continuing with FIG. 3, a tetiperanire (#€fnp) s¢nsor 160 is proDided to
Threshol d TDI TD3,

T
Servo Thr eshomgasure the temnsratyre of the disc drivé %(5] The temperature sensoris Tyerr] 10

Adaptive Filt r
Tap Wi ght s ‘f)i'eferably mouft%ﬁx{slde the interior of the E{R? dgv]e 100 in proximity twtf b

MR Asymgtry heads 118, althodﬁ'ﬁ[tﬁé femperature can be Ihﬁﬁlted elsewhere, such as olffBe
VGA Gain Klerr]

Klerr] K[ e
Servo Bandwi ddisc drive prungmrqmt board (not shown) hqumgrqle other disc drive B[ er r ] 15

TR L cgfeponcs oy R R S 8 iRk p G I s d7°

generation; fuLbhjdehempétamee Hghd ek & cdnlerted to di 1tﬂrf8ﬁh%9chn@ﬁﬁig%of or
pur poses of i ITustration and It will be readily understood t hat

the practice cligitdléAfDremvertemladaso dhatitee eantrol pracessor 162 ¢am obfain & digital
par L] ol B e Jpdicaidh SIS istperar of e BRE S8 fiof! 21 1Y, Nowever, each of

In the practice of a preferred embodiment, the control processor 142

initially establishes three parameter sets corresponding to three different
operational temperature ranges: cold, ambient and hot. Cold is defined as a
temperature of less than 15 degrees Celsius (°C), .ambient is defined as a
15 temperétm‘e between (and including) 15°C and 45°C, and hot is defined as a
temperature above 45°C. Other temperature ranges can readily be established,
however, as desired.
Each parameter set comprises values for selected parameters used by the
read/write channel 152 and the servo circuit 156. The values are preferably
20 optimized during dynamic burn-in (DBI) wherein the disc drive 100 is operated
in an environmental chamber over a range of temperature extremes. In one
approach, the parameters are selected as the disc drive 100 is operated within
each of the above defined ranges. Alternatively, a population of nominally
identical disc drives 100 are selected and evaluated to establish a series of delta-
25 values, each indicative of parametric change relative to nominal values obtained
when the disc drive is operated at a selected room-ambient temperature (such as
20°C). Thereafter, each of the disc drives 100 is operated at the ambient
temperature to establish baseline parametric values that are used for the ambient
temperature range and the delta-values are added to the baseline parametric |
30 values to establish the parameter sets for the cold and hot temperature ranges.



briefly described as foll ows. Beginning wwth wite current
this para t he magni tude of the current pas?égnfsbﬁrﬁélﬁ
wite el e%ﬁ?ﬁlg? %he’ head 118 during a wite operation. di sc
drive 100 is contenpl ated as enpl oyi ng zone based recording (ZBR) 25 -
such as described in United States Patgnt No. 4,799,102 entitled METHOD AND
APPARATUS FOR RECORDI NG DATA issued January 17, 1989 to Bremmer et

al.. assigned to hg, aeglane Of ohheREESRL bytoA thd hinsts ol " o7 ont

PCT/*JS98/ 1005 -10-
rred embodlment are listed in Table L. below,
current is sel%tcl:ltagee each zone of tracks on the discs 108 (each zone

havi ng t he same nunber of data sectors per track). Moreover, wite

current is tye.i..ca&l A VSt SWEAEE FV> IR A oY eaeh—hea-d#d-l—sx;—eenda#nau-gn— as

di scussed in {,opendl ng Unitpd COLD Statpes RMNBIENTo. P, 687,88F enti i}l ed
NT

SELECTI ON OF me%b {ACRCAPRE VE TOPM Mok ZE THE

Z

OCCURRENCE OF ! -SSHed—Noyerher—i1—180] to
Kassab, wﬁ@c\ﬁmﬁi tofthe as‘@i ghee pf the{vpz'r esent mvent[wn
Accor di ngl Y, -re—t-er-rm [cl r—fronrtatte—t descrrbes—afet—of—mwt+te—cyrrent

val ues f@& eagPRrévaritd Gomp.eagh of P8e zonep whenPChe temperat uPE,T of tlhe
disc 10 dfiveIT00 15 TE$sS thnan I5[errjc (as _neasure ature
sensor 160). |ReadBiasSinilajly, tfa term|[err] Igescri bxs a sdaond set| of
write current fyalues .for eratiop of t di sc ﬁurlve 0 1n tHe

range of 15[ e SEROLPHRT] err] 450 efri C andlt he t | [er P2 desqri bes

a third set of. i ﬁr' 1aent val u for operati of the disc.drive at] a
tenperature T idilar t® s ard nrm/L&'fbd in Table 1°P3f or edch of

15 the par irggw-pgé%m@d Ts The-lﬂext patamet erpin Tablle I.,
prewite conp ' it B P———t-S—a— ARG Ud:"f:“.,':stiLr.hnt
applied {® thé A{hrapﬁVdﬂEll&i' echh fI UR trans t| on tlﬁz © the Hiscs 108 in

or der to m ni fze—percervedtrrmrg—shrHtsTrmthe—subseggent

det ection of tlITaptWeightsti ong duri Ngma read oper &4pon. Fqr ref ance,
prewite 20 conpensation 1S discussedfin Unjred Stafes Patent No.
5,047, 876 ent il tMBcAsymmetry ADAPTI MRiPREVWRI TE_ COWENSATI @N_APPMBATUS, ifssued
Sept enber ' . 1991 fo Holsinger, 4ssigned to thg assignee of tjhe

pr esent inventj\é(ﬁlA]&iln li\'Eré’rvo gdin jis™YWe overlal | Yo of t
servo circuit fi cal | adj ust ed duri ng th peratijn of
the dl SC drlv :éwggldﬁd |n npmslrnl ’)E r"?r“0¥ rv‘nnd % SO\

| oop. Servo gain adj ust rrents are discussed, for exarrpl e, in United
States PEent No. 4,965,501 entitled SERahie& RCUIT,

The parameters listed in Table I. are well known and are typically
employed in disc drives of the present generation; further, these parameters are
.pr'ovidéd merely for purposes of illustration and it will be readily understood that
the practice of the present invention is not limited to use of these particular

20 parameters. For. purposes of clarity, however, each of these parameters will be
briefly des_criﬁé_d as follows. |

Beginning with write current, this parameter is the magnitude of the
ciirrent passed through a write element of the head 11‘8 dﬁrihg a write operation.
The disc drive 100 is contemplated as employing zone based recording (ZBR)

25 such as described in United States Patent No. 4,799,102 entitted METHOD AND
" APPARATUS FOR RECORDING DATA issued January 17, 1989 to Bremmer

et al., assigned to the assignee of the present invention, so that a different write



i ssued Cctober 23, 1990 to Hashi nbto. Data and servo threshol ds are
conventional readback signal detection |levels used to decode control
i nf or mat i orw0 98/57323 and data from data and servo fiel'ds on threTvussskeosaf

the discs 108. The adaptive 30 filter paranmeter conprises inputs. used to
control filtering applied by the read WD 98/ 57323 )
PCT/ US98/ 10056 -10- -11-

channel portion of the read/wite channel 152. The tap wei ght paraneter

conprises tap wakdlls ylbciabfodeach Rneldfanmke bfidhe EREA 0F Raclt zéfehdving the
comonl y used in read channels enploying partial response, maxinmm -

| i kel i hood ( PReAme number of(flatacsecions percizank) o Mereoksr, Agitencutrent is dygieallyat i on i s
conpensation applied.to 5 adback. si.gnal s,.from nmagnet o-resj stive (M
heggs in or dergﬁgnggqjg%reeach h_eac{/&ﬁ%§ﬂ?§ﬁabg?’r?sp‘8§quﬁ?‘?¢e‘_ngﬁﬂe‘?pé@% n\'115‘51p_ea_f<s z)f
the readback ssafalr&tenvm.@;%slv,?ss enﬁﬂea(rﬁLﬁagfmr@WUﬁmuﬁvaﬁp“ m ze

the gain of variable gain anplifiers an response
char act er st i cEURRENT ItN ADISCA DRIVE'TO MINIMIZE THE OBGURRENGCE OF

di scussi ons of S ters, see United States Patent No. 10
5,422, 760 ent i F‘ﬁgﬁﬁﬁi@ﬂmlﬁ@uﬁm é@@ﬂb%&hww to KasgaborDI NG AND
PRM." SAMPLI NG H'hP s%ﬁhn . ADAPTI VE EQUALI ZATI ON,

i ssued June 6,%%%%%%§ a ng ni ‘e’%ml(m' .St at es Pat ent No.
4,907,109 entitled Necoidigly,BhSerRl,YErony FAGWI L. describetAVetNE vEEQWERE

OFFSET AND GAI N ADJUSTMENT MEANS, 15 I ssued March 6, 1990 to Seni o and
United States Mapesforgach headdfor sanh qfithe zpres when the tenapavamreRrifahe disoNNEL

o M nunig et SIVE 890 i tss thar T5 VR el B e SmpbRBME e D) o & g

of the present Simitahi,ithé term Iy, describes a secOHfid S&IUf v tualRal Galudd fr Par anet er
sets listed in Table |. are optim zed 20 during disc drive

manuf act uri ng QR¢rAHOR Bf therdiscodrive KO inrthe sanigeroft18EEsTaAS C and the termMiby£
particularly, id . rapeters, are | ected to.paxj.mze disc drive
per f or mance (sgg nﬁgs %ﬁd geﬁrpgg"‘fﬁfg“ﬁtétr‘fai‘fﬁgﬁﬁggerﬂﬂ%ofﬁ‘g ddﬁ"s‘i"“ﬁ?r*}t\?e 100
I's ope tetipilatiid TiaBorA8P R Sirkifarl i8R Akl fRevided i ThIES. fc{%@aéﬁ g? ure
ranges (that is, bel ow 15[ err] C, at and between 15[ err]|C an

45[ err] Cland adteparaspierslisgd. |t will be 25 recogni zed that other
I di £f t ber of rapges, can be
t enper at ur e ranges,g.gls wel | as a di aﬁézn nurn n

readi |y enployed, depemif AT I, | uiqrg\ﬁgtﬁgormengpt&rw;gre@ .
roc drive 100 ORI timing Affkueh &plINGHE iifind bt Sich bk udich {
control proces therdises2l 08Hprorderaophinimizh peRBived timpiag shiftscin thesubseguent i tten to
guard tracks n%tecr:]t?c;nng% tlhg n'lﬁsei%o%l dt&rri]x?g e(xj irc;.sa(c:l (%rei-slti%n.l 0lg-;)or reference, prewrite
20 compensation is discussed in United States Patent No. 5,047,876 entitled
ADAPTIVE PREWRITE COMPENSATION APPARATUS, issued September

10, 1991 to Holsinger, assigned to the assignee of the present invention.

Servo gain is the overall gain of the servo circuit 156 and is typically
adjusted during the operation of the disc drive 100 to maintain optimal
25 performance of the servo loop. Servo gain adjustments are discussed, for
example, in United States Patent No. 4,965,501 entitled SERVO CIRCUIT,
_'issued October 23, 1990 to Hashimoto. Data and servo thresholds are
.conVentional readback signal detection levels used to decode control information
and data from data and servo fields on the tracks of the discs 108. The adaptive
30 filter parameter comprises inputs used to control filtering appiied by the read
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store user Qagt%f'?%d subsequent |y | oaded i nto DRAM 144 upon ﬁgn?’{ ?slllzog.ﬁlon
alternatively the paraneters can be stored in the flash nenory 146. 1t Wil l-
be recogni zed that inproved di ?ni drive performance will generally be
attai ned t hrough t he establishm fllf of paraneter sets for a greater

nunber of tenperat re D e ent pa t r as |l gqng as sufficient
Nemory space Qfdﬂ paane afg’é-Bﬁ’“? ]l5§ 512#%'@2 WEIEHiRAIAREICYi sc dri ve

100 ko utiliz t§ﬁ§ wn
therein is a f%lo h% C %irgp we[1$hts\([a¥u§€ |uﬁ%d% ﬁg#%%ﬂ%%@@ﬁﬁﬁ&ﬁ?
PARAMVETRI C CONsbdiREht Chinrels émysloying partial wespoinse, ampeiminar lkelihood {PRIML)
parameter sets of Table |. have been identified.  The 10 routine of FIG

3 is general | yletestipn sechaigues, e MR AsyBgleR-ROvRpessasion s camppRsatipn applied to

autine 1% corfeedibl St from At eSO e Bl B o S a0

ot her HoMAREY 8 kmrvetaha tﬁéﬂea@sémﬁréadva@k& Is. VGA Gain
The routine begins at b:bgc erein the disc drlve&%(l)o first enters a

15 spi nup m@r&mvaanﬂwxdﬂgvmsmptmae thesgain of variable gaincanaplifieps andi thehe

di 108 t | |t [
o under ot aod FERRAnseEpRctEristics of thel Qof ARPE s, Rl Ak e 4BEEE: | oo ar o
performed dur '&&lﬁ&l@ﬁﬂ‘oﬁﬁgseaﬁld"&hép ;ga"‘rh’xﬁ@ters see Umt@& Stdt€s PAtkAt S zati on and

self-test of various disc drive sys Once the spinup operation
is conpl #ded, 5,422,360 entledDIRIC DRIVEIMETHOEKUSING ZONED BIATA of the 20

o TV O R oRRE IS DRI ING Bada MR SRS picmiar ©
| d, anbi i Rih k
22 WI I ? bleeptecogm zeXE F%UA(}JWH &gijlﬁgggib%ﬁmi ‘fw‘ﬁ@ﬁéﬁg‘ﬁyb‘%‘é‘g‘% nCI nz'?ﬁe

col d t enper at uStates Pagat Not d(907c109entited MAGNETIC DISC DRIVESYSTHEM start,
dependi ng upon_the enV|ronnent In_which the disc drive 100 is 25

oper at ed. HAVI AUT%’EI&JQFHSEZfAMAéNMUSW rMEéMﬁaopri ate
t t ith
hetempds at ur B S 1090 to SenBREA AR Sheck paly, RIS o iRl

the respecti veCOMNMUNICATION CHANNEL WH'H ADWPTIVE ANALOGS2 and the servo
circuit 156 are Slig Iled‘ﬁgmth t he aaproprlate paraneters by the 30

control proces¥BA ALIZER; issued danuary)7 1987 toYlinukinet &y that er nal

JI[DIC'rI'r? [J898 / 1005\(;9&818 OPWRIER is assigned to the assignee of the present invention.

As mentioned above, the parameter sets listed in Table 1. are optimized
20 during disc drive manufacturing using conventional optimization techniques.
More particularly, during DBI the parameters are selected to maximize disc drive
performance (such as read error rate performance) when the disc drive 100 is
operated within each of the identified contiguous temperature ranges (that is,
below 15°C, at and between 15°C and 45°C and above 45°C). It will be
25 recognized that other temperature ranges, as well as a different number of
ranges, can be readily employed, depending upon the requirements of a given
application.
Each set of parameters is stored within the disc drive 100 in a manner to
provide subsequent access by the control processor 142. For example, the

30  parameters can be written to guard tracks not normally used by the disc drive 100



- 13- to measure el apsed tine (EP), block 208, at the conpletion of

t he operation of bl ock 210. The tim ng operation can be perforned
by the como gd/s7pz30cessor 142 directly, or additi onalPCGIaisy84dp0s6
har dwar e (not shown) can be utilized for this pur pose. 5

Continuing wwth FIG 3, the routine passes to decision block 210, ‘whi ch
checks whether the el apsed tine (EP) -13- |l ess than or equal to 10 m nutes.

I'f so, the routine passes to block 212 wherein the control processor
142 begins a 19Redre user datdAndubsdquemty RadayintdDRAM! 51¢, ugohaniialigationt bl ock
212 is only associated with the routine of FIG "3, so that the -.-

control procedtcoatively; fequcuneterssan pestored imthg fiash memogynddht ilowall beanner to
control the operat.i of, the disc drive 100 duri t he . _del ay of

bl ock 212 oreoaied qust pravef i v perfopmativ i geogtaliy e ppaingss

measures the the EdiablRhmERCOrPabdindter 3665 FP QY predieSARMbErOf tBhp&nad4. and

determ nes whether a change in tenperature range has occurred,”as shown by
deci si ons bl ocdepgddent parameters, as long asssufficientahemopy dpase amiprocessingt he
appropri ate par ter ,set i ed in the read/ wite channel

[ . .1 npl
152 and the sEPYRIIB] q;gq}§fw1tlingb§heé!§sciqm/;eg@p§an%%meme Sa{e. bl ock 218, after
whi ch the routine R@Eﬁ{{)ﬁ@n&@f&ﬁ@. Hehbwh HerBhOs ﬁgﬁi&vﬂ chart illustrating a

Al ternatively, when ange In te€nperaturé ra as occurred, the

routine TEMEERA YURESBPEBENDEN T PARAMETRICCBRORFIGURAKTION dagtirki, on
bl ock 210. 20 Thus, after the disc drive 100 has been
initialized, Whishiiepgréermedrance the parameter satvek EableAckavg hepnidentifisd. (e fir st

the i dPqr i AP Br ERGOPE ddbetall represonmariyBE pRbiaRilind SORE] L rech G100 O
circuitry is pefebed4e(RIG. 2)anditlifariyhe coard ssérel42 @IGhQY9iThe

other timng schemes can be readily inplenented, checking the tenperature
25 every rautine és ¢antemplated jag g ttop [Bvel routing run in capiimstion Witheotbern e t hat

opti mal Lameters arg.continual utilized by the disc drive 100
at a tinme MEﬁox}vg{?gqq%gqu);mes OFthe%?ﬁcaé}B’@ fé)k[?anges in tenperature often occur;
that is, as the driTie rbifiike bepins dt'bloBI 208 Swherein the disc/dive 100 fifsiétias A t er
disc drive initialization. Continuing wwth FIG 3, after

ten nmi nddes hspisupbpgratieh diringswhich theodise drig®is powerned uphind thei disgs 08careout i ne

;F)):é?_/s 8;91‘8; E?Ogggcle érgtgd Pcl a? (r:xgmlzn]é 'of)gtat?é 2 lsfpe2 0 Tt %ﬂ)eelupxderstood tl}aigglege'/ 57323t he

control pr 0CCEHRS nfihia® ifitiglizatlo tolitings BXR! R¥foribd Ulfng Bk BB AR vl tsfién 10

m nut e del ay, t g tenperature of the disc drive 100°is checked, decl sion

bl ock aothe initidlizdtionaod selfitesp ob varims discAdriveedystenisn eBnagtthe kpinup  change

' the operation is completed, the control processor 142 checks the temperéture of the

20 disc drive 100 by way of the temperature sensor 160 and the A/D 162 (FIG. 2) to
determine whether the disc drive 100 is operating in the cold, ambient or hot
temperature ranges, as itidicated by block 204. As will be recognized, the disc
drive 100 will usually begin in the cold temperature range after being initialized
from a cold start, depending upon the environment in which the disc drive 100 is

25 operated. |

. The routine of FIG. 3 next loads the appropriate parameter set through the

operation of block 206 in accordance with the temperéture range determined by
block 204. - More particularly, the respective elements of the read/write channel
152 and the servo circuit 156 are supplied with the appropriate parameiers by the

30 control processor 142. The control processor 142 next initiates an internal timer



tenperature range of the disc drive 100 has occurred. If so, the

appropriate 5 par aneter set is |oaded by bl ock 226 and t€ i n
returns ba®O ¥ Bt ock 220 for another 10 .m nute del a &@gﬁgﬁfgp%the
routi ne passes directly back to bl ock 220 wi t hout a change in the
paranmeter set. Thus, after the first 10,_m nutes of disc drive

operation, the control processor 142 sﬂl}éequently checks the tenperature of
the disc drive 100 every 10 m n(ti:vtlags and iopl epents the agtp]}ropri ate set of
1Q par amet@rmeaspresAansed Sime: -thl°€¥|39g2‘§ the, cempletipn of thepperationffer at ur e
range of di 1 : | t hat
the routine ofbl?‘f‘gjf% vII\?l F Itﬂ{clg%t% P#l%go%ﬁ IH)G g%rg%rng:ldnlg the c'oﬁuSPﬁi%?g%gg{)ﬁiefgi sc
drive is deactdivetlgof eddidonad @oantpolidrdwaid (not siiovwaf)eat ®d utidided &r this
operation). Further, although the values for nost of the paraneters of
Table I. 15 purpese.general |y establi shed during disc drive manufacturing,
the parangter sets gan. . . eadi | v .updated durin e Lon, and

t hese upggt ed par an_@?'étr‘mg%g ?‘t@aﬁﬁoé”%e r&ﬁnn@g?ﬁ:%g) ?_lstl‘%égﬁfgétlg’rwggﬂloo
for future utilietRd WhBthePthe®Pipst® time (EP) is less than or eqddlithA0%hinufes! €50,
preferred enbodi nent the tenperature i1s neasured on'a periodic

basis, it is cthetrontieapasses: thddoek 212 whereinsthe centrelrpratesson K42 bedgins mans vel y)

20 gt o 1o e B S5 By B FRGEaEE Bl i BT
with the paranghid of FIG. 3, s @i tibtolirbPhrobsshi falhiicolls i bpbishi fh 1pdat ed

accordi ngly, dependi ng upon er changeS 1 n the oOperati onal

t enper at d0e r acgreventiornal enatinsictocrontrel thevopetation of the disc deiee 400 ddring/tieccover ,
it is contenpl ated that %st eresi s techniques are preferably 25 appl i ed

so as to prevefielarghbloskal2c Haprsabe delavissrmplgted ihgcontrol Rivsessex L%
ranges by the ﬂieﬁéxégsrs %%?ﬁ%g?&;aﬁfe;@ g? thefcg&: EFRIE a8 s?&@ﬁ%g%é@%‘gmc %Hﬁl be

advant ageousl| y us I SC dri1ve does no m'cold to
ambi ent detettfiines whetheipehaigerie tahpetfued fange has beagiedd a§ shdvn by S[err] C
+ 5[err] C) and the disc drive 100 does not change from anbi ent
back to col d ufesisionblaskgdfat ure of 10[err]Cis 30 reached (i.e.,
1oferr] Cps 59 AS B SthUdlaBPONS ocBhSd, b8 TBSIcBHHHaPRHALAY s vo

PCT/ US98/ 10056 implemented in the read/write channel 152 and the servo circuit 1567as indicated
val ues as well as the nunber of tenperature ranges can be readily sel ected,

dependi ng upon by fiockekii$, efterwhirhdhe rouging setuapspack 4o deeision block 210.

Accordingly, in,viewof the for LN i scussion it. will be, ypnderstood
that the prese%t]t-e_%gﬁ{yi’ eﬂfg’\ﬁ?’gg%e %‘ntgﬁ’BB’& Fﬁgnggr‘msr?ﬁf%ﬁi’#g‘?r ni zi ng
the 5 OpesFAIP Passed BonPAEGIA6S bRick 216 bask Y deedsidiP blokk 230.100) through

t enperat ure dependent paranetric configuration. A plurality of

par anet er20set s cor r &hpsnaftardghe disc drive {160 hapbeanainitiajized, the taageratore is
contiguous operational tenperature ranges of the disc . drive are
initially. est aﬁﬁ?@‘ﬁa&mﬁﬁE‘ﬂb‘ﬁfg’éﬁ'ﬁttﬁﬁﬁwﬁ@‘f‘“@&di‘@@% fhange dn theymer at ure
sensor (160) i gpbmfdndltempéraftide saige of IRAGYE Brivd $00 WML i thidperitid, Ve
(at 214, 10 222), which is provided to a paranetric conpensation

circuit (142). thehdisc drive circuitry is updated with the appropriate parameter set. Although

other timing schemes can be readily implemented, checking the temperature
25  every minute for the first 10 minutes will generally ensure that optimal
pa_rameters are contiﬁuallﬁ utilized by the disc drive 100 at a time when relatively.
lar_gé changes in temperature often occur; that is, as the drive heats up during the
first few minutes after disc drive initialization.
Continuing with FIG. 3, after ten minutes have elapsed sincé disc drive
30 _initializ_ation, the routine passes from decision block 210 to block 220, wherein



operational tenperature range in which the neasured tenperature falls is
identified, and the disc drive utilizes the paraneter set corresponding to

t he wOooesta2Bi ed operational tenperature range (at 216pCcPAU898/A0&6 and
226) . Thus, the appropriate paraneter set is |oaded each tine that
the disc drive determ nes that 15 t he measured tenperature of the disc
drive has changed from one operational -14- tenperature range to another .
operational tenperature range. For purposes of the appended
clai ms, the teys cdnidol prdcessét bhtelea LIAfARE oldy. At the comPidiolaf dhearie and

sof tware inplenmentations. It wll be clear that the present -

i nvention is waihutadehiye thettemperatire of the discodriv0100 is checkedd degisian diock
as, t hose inherent ein, WiJle a

ti d I t tl
rent oned a5 vl o e SaulRCSE A hgd ERSBET Heeet o o
nuner ous Chang?&n@)(mp@\rlﬁgﬁfm&ﬁ& Aive 160?2;%‘&&& 19¢iSdo, Wg@ﬁw‘ﬁﬁet o those

skilled in the art and are enconpas In the spirit e I nvention
di scl osed 5and garaedtemsetlisi loadedebyalpeln22filamd the reutine returns back to block 220

16 dains 1. A nmethod . for qptim.zi ng operatiaqnal performnce
of a disc drivdor Wi@fﬁ%éﬁﬁ%dﬁ% the routing aagSS? @mqﬂmaﬁlg tfablfﬂslsr?gﬁry
tenperature to i 11 t z ey .
plurality of teV?_1 0?'?1 Sﬁsehsg%v{kl ﬁ@é‘%ﬁ%ﬁ?% .ys’ex er}t@@%@{t(}ﬁ@%ﬁe&o&g&s&y

t enper at ur e an@riyesspefitidn] theRonROILFrocasetcl 420dtibséquienidy chaeks ! tetnpeiture of

tenperatures which sequentially extend above the boundary tenperature,
(b) operating tthediss deivelPQevei 10amingtes sgd dmplsments: the appropeaissetofir e whi ch

Varying phl oo APy dR seroriPe ijinab AR ol Sictad ST RS he B

circuitry of thfe dise@riei100; (c) selecting a first set of the
paraneter val ues selectively varied during step (b) which

achi eves a desired |listontdmplpied fhat heatoufine dHFIG.n2 avilh wontimmecingit suehi time t he
first set . of .t he parapeter, val ues stared for, subsequent use
by’ the- sel ect et e fisg e s GeachPaB Rnkbring'h pFersaf? oF SyspddmBSE b e vnan
the disc drive ciap%rﬁﬂﬁﬁ.aﬁﬁhm 'altﬁod@\’thé‘galﬁ& for most of the param@RR’ G TAIEL.
tenperature equal to any selected tenperature fromthe first

t enper at ui® zonare generally established duringhdisa deive madufacturing, thegpapametersats caml ues

whi ch achi eve g desired | ev of , erational perfornmance by
the drive, the%‘e’?ﬁﬂ’&y Y atgﬁeéqrﬁg operation and these “Pag?gwt‘?faq%ﬁe‘?nﬁeor ed for
subsequent use e lede 406 %4y RRire ubitibsidnt &Y d8fired. t he
di sc drive Meng%‘ﬁgﬁitgghgri veei S ope@g%reéal v%i&wg’ hgv?{% an operati onal

t enperat ure equal t oAtthyughaihehd pretfarsmipembddimentfthe anpesatarecisnneaseredanad ur e
zone; (e) peasuri ng a first (t)éoerat | onal

drive and | oadi PRYIOiGPAss, dilg copfgmplated that the temp%ggfpgéa% ﬁ;‘gf"%];ﬂl{[eg‘g@g%égset s
of the pahgmet efe ¥Rhueen h'kelelted'dpBhinbRal'stized 6IHR @ic irfve, such as during idle
periods, at the beginniﬁg of a seek operation, etc., with the parametric
conﬁgufation of the disc drive being updated accordingly, depending upon
whether changes in the operational temperature range of the disc drive have been
~ detected. Moreover, it is contemplated that hysteresis techniques are preferably
25 applied so as to prevent continual changes between two adjacent temperature
ranges by the disc drive 100. Thus, for example a +-5°C band can be
advantageously used so that the disc drive does not change from cold to ambient
until a temperature of 20°C is reached (i.e., 15°C + 5°C) and the disc drive 100
does not change from ambient back to cold until a temperature of 10°C is
30 reached (i.e., 15°C - 5°C). As provided above, other temperature boundary -



zone in which the first operational tenperature falls; (f) selecting

a time intQjyadsAeyPrising an increment of el apsed t.i ne; PCT/U#Q)IOO 6 '
initiating a timer which provides an indication of the passage of eac
successive tine interval ; and (h) at the concl usion of -
each successive time interval, |oading;¢he appropriate set of the

paraneter values fromthe first and second set of the paraneter val ues

correspondi ng _t zane in which an exj sti oper at i onal
t enper at ur e ofvaf‘}?é Qg FJscglr%%%é&f@?rl 03?“?3?}3315%@;?? fAbre {Fﬂaﬂ&ts&sﬁg ,
conclrrently depending u onthel?@cilﬁfé_h{é_ﬁﬁ&Eﬁéib&lgﬁc})‘lﬁaﬁéﬂ.ve- _ o2 The
met hod of claim 1, further conprising a Step of: (i) prior to step
(d), operating the Adcorditglyyin viewlof theafaregping) dispessioni ibwdll be engersiodr e

*C L M S :Y-ﬁ . . . Which falls \githt'hnthe second
tenperat ure zdA¥ W BreseRtdRYeniion providesianArpptatus and method for optimizingtheret er

val ues utgliz ; foriahcbrel | | N the disc drive.

3. The5 met ﬁg)gp%lf()h?&ae? m 1, vvﬂoef(r%l etlﬁﬁ"t glﬁggp&?% 5%39(%)&%0?1%1(3”% 1 5es St eps of:
(h) (i) identi fdepemyleat parametrict configirationia Ay plurality W patameter sets correkporidihg
conbi ni ng the teereragture bg‘%ndary Lncrement with the boundary tenperature
to to a pluraliyt of predefined contigioys operatiana) teraperatuze rangespbtheatise han

(e boundary RRS2AHERY cpolped, Dirios ot o ki bt e

fromthe first e se &l ues
only after thesensdr160)ds apsd totpefiodicallye fiesuaé ﬁfe&eﬁ@ﬂﬁhﬁe%tl@‘&%@?ﬁhﬁﬁ,
e

i ncreased boundary tenperature; and = (h)(iii) combining
t enper at I e bodZRdawhich iz provided topparamesrip compensgtiorepipenitld2y The

obtain a decre . [ rature .l ess than.the boundary .tenperature,
o GERedboR B PR W G el AR s o 21
first set of tidentifidQaRd e disc drive utilizes the paraAdttiSset S0tr¥spdhlifrly thliffe €X1 StI NG
operational tenperature is equal to or less than the

decreased bounidertifiedcyperationalrtemperature range (at216, 218h224mid226) o Thusathe 1,
wherein the boundary tenperature of .ste a) i.s _chgracterized as a first
boundary t enpetPRICREE B{%Emﬁﬁﬁfeéilﬁpoﬁﬂ%& F\"g:pgﬂi%ie that ftﬁéﬁs‘b detemmigesthat of -
(i) ideni$fyi Nge feafe Wgﬁr |I.st
boundary terrpergfﬁtljre . dfﬁ@&{agaggtyg,g? %@géff‘ﬁﬁ?%%%‘fﬁiﬁre zone
conpri sing a peoperaiurg rarigette apethest apeeational temperature range.

For purposes of the appended claims, the term “circuit” will be understood

both hardware and software implementations. -
It will be clear that the present invention is well adapted to attain the ends
20 and advantages mentioned as well as those inherent therein. While a presently
preferred embodiment has been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those
skilled in the art and which are encompassed in the spirit of the invention
disclosed and as defined in the appended claims.



whi ch sequentially extend above the second boundary tenperature, wherein

t he second tenperature zone is bounded by the first and
second bounslemg/s7323 . t enper at ur es; T (j) selrenvuseg/18056hi r d
set of the pararret er val ues which achieves a desired . level

B]ar gﬁg[ Zﬁl o %&Lﬁg%ges?ofgddéyesut geq ent use by the sel ec
|e!segr[orer)2|t gdc\lrvnrcu' . Navi ng aﬁ g:oer ational tenperat urIlmmmIH:“Iﬁ"m mmceglrli’ﬂ?/e

to any selecte enperature fromthe third tenperature zone and wherein
step (h) further |oads the appropriate set of paraneters fromthe first,
second and third sets of the paraneter val ues. The net hod-
of claim6, wherein lLhe fAmsg @d)inrdmtlﬁummcmn@lpe;ﬁummmfadeg drivan 20

degrees Cel sius_and.the tsecofnd boundary tenperature is a val ue greater t han
20 degrees Cel SYohpr Tising steps o 6.

A disc drive, Conprlayeaabmhhg;]&pﬁmt bafimerdtORis! dopita
rotatable disc; a read/wite nnel whrch controls transfer of ata

between th# di sc and a hosf predefinede contiguous opérationsl ¢émpdraturk rangeds forethe s
nount abl e; a servo ci rcuritj WHECh controls position of a head; a tenperature
sensor which provi des an #8€MEY®H on of operational tenperature of the disc
drive; and a control eSS Fﬂiﬁﬁr s, the
read/ wi.te channel ﬁ’g Qﬁrﬁ&ﬁﬁﬁyn{ &?Edpéfar&ggﬁgﬁl\kh ﬁ?ﬁﬁggaﬁgg | evel

control of the disc @)n&mnfylhgﬂmmpamional temperginrecasg®in whichnhe arasredt ed
programi ng to: (a) identify a- boundary tenperature to establish a
first tenperature zone OP“aUOWWmPGTE‘EFFpW i#d a plurality of

temperat up 55 whi ch S@glﬁgﬂ'{g é Ee?régt Ot ondm tothe 1dennﬁedto})‘:er£ﬂ)wary

terrperatu € and a se re Zzone C

plurality of termeratureSterﬁpeeituﬁeeﬂugatsroethitya@ffemdoabovmetlmahewndaws
t enper at ur e; (b) performdata transfer operations while the

t enperature sensor indi calaadedpach time that the measuwiatemnetm@re af dhp disa dgive

el actively vary par anet cPUARPG B0 014 OFEARAG! Fhlberans wpes 1 8908e1  ana

the servo circuit; - operational temperature range.

15 2. The method of claim 1, wherein step (a) further comprises steps
of: _
(1) sequentially operating the disc drive at each of the operational
temperature ranges; and _
(ii) selecting the parameter set for each operational temperature range that

20 maximize the operational performance of the disc drive.

3. The method of claim 1, wherein step (b) further comprises steps
of: |
(i) initiating a timer indicative of elapséd time since a most recent
initialization of the disc drive; and
25 (ii) measuring the operational temperature of the disc drive after selected

increments of elapsed time.
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(c) select a first: set of the paraneter values selectively varied during

ot Tor nen22 255 | Mﬂ-ﬁﬂjﬂ HUEE 5 0 Channel “and « nECEEREIRSS o

the first set of the*pafankteée vfaJ tored for subsequent-
use when the disc drive is operated \Msl'gle - oan
oper ational tenperature equal to any sélected

the first tenperature sel ect, a

ne; d .
val ues sel ectivel yrwhi é’ﬁhea@ﬁﬂ’eéé’f&f%sli,rwrem the parameter sefsGAEp
operati onal Lt &F@ servo
circuit, the%g‘é%géntgﬁgéﬁd (i);%{ r%ﬁwglg?ane P%Ir(ﬁ{/a gles egc;lg%aﬁg?. subsequent use

when the disc drive is operated while having an operational tenperature
equal to any selected tenperature fromthe second tenperature zone;
(e) measure a firs? opeFhg msthed of claim, ki wiheseinsthe parameser s¢ts qamprisg | oad a

| ect ed i . d t f.th t
val vos i e arrmRers s Y Yervd Gieddit O B GHBSHRRS RS biritiE pBRARE T
operati ogal tS¥RAMASIH RalAWrite head relative to a surface of a magnetizable disc,

19 (f) select a tinme interval conprising an 1 ncrenent of
el apsed tine; (g) initiate a tinmer which provides an
i ndi cation of the gassage of ,each succgessive time

interval ; and disc drive, ePMBLiSIg. concl usi on of each successive
time interval, |°a€|tén¥q%rﬁ9férﬁﬂ§dr3ﬁ'ﬁcﬁ foWid indjcati i the
paranmeter values fromthe first and _sgcondessaentmg*ca%lﬂléogg?g#%?%arl

val ues correspondi.ng t otemperaterepfithe dise drivepandh whi ch an exi sting
operational tenperature of the disc drive falls, independently of
operations concur r&RRBNCHT PHHIBUIALNR QIcEIL FESRONgIvE @ the temperature spnsor  The

e g folaims. : 1 her
o ogr amibng tor 0 ARl sERREA BarABS 1L B et iy 10, o
(h)(ii) conbine the tenpptimizeddschirivedserforimante; W paratricters Afabgdadad ¥

tenperature to , . obtain an increased boundary tenperature
greater than the boundaPlrality9f paragmeter sets corresponding to a pluralifytoft he di sc

drive switches fromthe_fj - C O f 1h r.anet er .

val ues only after the eg%%ﬁ%@&%&%%nﬁg% P%féﬁn{?er?agg%ﬂg”}geaﬂﬂﬁe B?ra@?g_é‘fe_ds
the | ncegifigilatmcitbaitperRARANR ntaSired ik operational () (111)
conbi ne the tenperature boundary increnent with the boundary tenperature to

obtai n d5decreased bounttmperaturarfthe dise drives identifies the dpstativnal, t enper at ur e,

h he di ' | f h he fi
:gt of the paranet Ear at Eerr?pe%tﬁ?e rda{1|g¥ i \%ﬁchctﬁee Toeasured topgraaggﬁqgmﬁxgra&rg _ TSt

falls, and implements the parameter set corresponding to the

identified operational temperature range.

7. | The disc drive of claim 6, wherein the parametric configuration
20 circuit comprises a control processor which controls the operation of the disc
drive.
8. The disc drive of claim 6, further comprising:
a controllably positionable head adjacent a rotatable disc; and
a write current driver circuit operably connected to the head, wherein the
25 - parameters comprise values of write current magnitude, and

wherein the parametric configuration circuit instructs the write
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t han t he decre rature 8. The
di sc dri vews 9sz7aizm 8, vvherel erature of POIYISHBIINESG St ep
(a) is characterized as a fifst boundary terrperature and wherein the
control processor has further progranmng to: (i).identify a second
boundary tenpetatuse-greater than the-f8+st boundary tenperature to
est ﬁ%é‘;@;ﬁa t hizndéitdhperat ure zone conprising a plurality of tenperatures
LACED  S$equerhi e:lnbef e Wuﬁﬁib‘/ﬁhet\ﬁﬁlé ?F Wiile RRMBAATY
. he second enperature zone i s bounded.s-,
by the first and second magnmdcyssoelapérvaﬂuﬂlesgarameter set Cpirespoinding te théi r d
set of the paraneter val i ch achi.eves a desired | evel of operational
per f ormance by the di sc‘g d opREatiopal IGMperature range. ar anet er val ues st ored
for subsequent use by the selected electronic circuitry of
the disc drive when the disc drive is operated while having
an operational tenp®rat url&asmdiwéofdméeﬁuﬂieedompnsmg
tenperature fromthe third tenperature zone, and erein the

programmifig step (3 readfwuilechamnelzesponsive iorthe head \é’h?ét“%‘ﬁfeﬁhﬂﬁm ard from
the first, second and t The
di sc drive of claim 10, hﬁ' @rt&?ﬁﬁ?ﬁﬁc rg&h%%glre hep%h%g?rg%tihg pagagrgetyal ue

val ues only after the existi hg oaeraﬂoné‘%p‘erature I's equal to or |ess

| ess than 20 deWﬁEﬁigEﬁh&h@ﬁ'cﬁﬂﬁxshhetsmmd/\h%mﬁaﬁﬂél t¢UHRIAher e i s
a value greater than 20 degrees Cel si us.
parameter set corresponding to the identified operational
temperature range.
10 10.  The disc drive of claim 6, further comprising:

a servo control circuit responsive to the head which controls the position
of the head with respect to the disc, wherein the parametric
configuration circuit instructs the servo control circuit to utilize the

- parameter set corresponding to the identified operational

15 | temperature range.
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