13 APR 2005 I N-SI TU PRESSURE SENSOR BASED ON READ HEAD RESI STANCE
BACKGROUND OF THE INVENTION 1. Field of the Invention . This inventi3nAPR 2005
relates in gerpRr ' i r

. detection of {iﬁeﬂalﬁegé&lﬁg@ﬁﬁhéﬁlgsQﬁﬁﬂ?ﬁ%ﬁ@%@'@p@%@%ﬁgg at ed
Art Hard disk drives are magnetic storage devices that contain at |east one
rotatable magnetic disk, a magnetic recording head for readi ng data and/ or
witing data, a slider for supporting the magnetic recording head in
proximty to the disk, a siBYeRGRAHINEGHIHE INWENTEON i ently supporting
and biasing the slider against the disk, and a positioning actuator

coupl ed t o tiieldréreRe Biveatdead/ sl i der/ suspensi on assenbly for noving the
recordi ng head over the surface of the disk. In sonme of the conventional
magneti c di sk [.LV . ider. ride: i i.r..above the disk
surface when th@ugdlms%%mflérpr?%%g% ﬁln%ene{f? ?fﬁtgaggg?ﬁ%oaﬁglﬂérﬁiﬁcﬁé 198 i ng of
air is affected by the atnospheric pressure wwthin the hard disk drive and
can vary d@fféﬁﬂ?ﬁéﬂ@@@%@%ﬁg\aﬁﬁlﬁ]@ %% ronment conditions. For exanple,

t he devel opnment of the laptop has resulted in the use of conputers in

hi gher and |ower pressure |ocations. Hard disk drives may be placed in
service where they are subjected to pressure, tenperature, and humdity

changes. A Deeripti@ssfRelatedertti ft capacity of the slider is reduced, which
reduces the air bearing height between the head and disk. This action

i ner cases the GRARGES: @fved A datbit Roreatvideaafie cMthitiit ichsPone rotatable

‘magnetic disk, a magnetic recording head for reading data and/or writing data, a slider for
supporting the magnetic recording head in proximity to the disk, a suspengion assembly
fér resiliently supporting and biasing the siider against th{s disk, and a I;osiﬁoning
actuator coupled to the recording head/slider/suspension aslsembly for moving the
recording head over the surface of the disk. In some of the conventional magnetic di:sk
drives, the slider rides on a bearing of air above thé disk surface when the disk is rotating
at its operational speed. The bearing of air is affected by the atmospheric pressure within
. the hard disk drive énd can vary depending on the operating environment conditions. F or
example, thie development of the laptop has resulted in the use of computers in higher and
lower pressure locations. Hard disk drives may be placed in service where they are
 subjected to pressure, temperature, and humidity changes. At low pressure the lift
capacity of the slider is reduced, which reduces the air bearing height between the head

and disk. This action increases the chances of a hard drive head crash, which is a

catastrophical event for the disk drive because it renders it useless.
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catastrophi cal event for the disk drive because it renders it usel ESﬁ APR 2008
13 APR 2005 Prior attenpts were nade to conpensate for changes in t é
operating at NoS{dremphLFere BadelRofdblehsate e RBARES iISGRIPERLAZ\ENbgherits ed
to detect changes in different parameters arising fromenvironnental

changes tq_the h . disk . dri : t m@% di ed the
use of di fpfésfgrﬁt afs)g)ﬁso SS%Slaggf%c?éé}a??g%n%sggF}O\/?{igﬁ#ént ?Lﬁigg?%{grgters. The
detected information is_ used for adj;ﬂu ting.the .rotational elgl of .t he

di sk and/ PRIBRHES SOFINgTIRENKEARMERY c%’??%‘géﬂ[‘}’es@é@aﬁkéﬂﬁ ?ﬁg il‘éfhee' s
Patent No. 6,067,203 disclosed a nethod that involved using a dedicated
pressure $eOKIGH6H disclostek the nsnof differappsensens igdefeeiol Frient enviroasywtad in a hard
disk drive to control the rotational velocity of the disk to one of the

appr opr i atfrgh&ersetrhe HefdsredahRination ised forhdjusth fusoetionalypess of el eaches
a predefined threshold. There are several disadvantages associated with

usi ng "a degdij,cat.ed at ' r ks q i i

practi ced ST B, AufBAREHE eadYoRay o SR RLratiln ARichel NG
conponent cost. requires internal .space, for uptin i ncreases.ri sk of
conponent GF»%SW:%Q%‘%S%IH%F%%“‘QG&&%‘% Yedelfsé‘bgtﬁ?#}%at%‘??rgﬁﬁ“ﬁ SISO i s needed
is adisk drive wwth a pressure sensoring capability that does not have
any of t haletiictingVznepegatingoftmopphesic pagssuigiia R hard digs dnymto qeaitrohthegataianalonal

pressure sensor. 2
velocity of the disk to one of the appropriate discrete disk velocities when the

atmospheric pressure reaches a predefined threshold.

There are several disadvantages associated with using a dedicated atmospheric
pressufe sensér in a hard disk drive practiced m prjor art. "The dedicatéd pressure sensor
adds to the component cost, requires internal space for mounting, increases risk of
componenf failure, and adds additional electronic circuitry. What is needed is a disk
drive with a pressure sensoring capability that does not have any of the disadvantages of '

prior art disk drives that use a conventional pressure sensor.



13 APR 2005 3 SUMVARY According to a first aspect of the invention, there
i's provided a storage device, conprising: a storage medi um operati nb3 i ARR 2805
internal environnment; 5 a notor drive for noving the storage nmedium a
transducer nmounted to access the storage gedium and a control unit,

coupled to receive a tenperature dependent signal fromthe transducer

i ndi cative of a pressure of the internal environnent in which the storage
device is operating, wherein the contSUMMARY s configured to determ ne

the pressure base c%@rdﬁx{lgto '}%rstt G 3 W lng egg cLe %ﬁ%{d?% a cgrrﬁge aalzi{;ﬁg a

second aspect of ft nt1on, ere 'S p
system conppmprisigg: a housi ng; a nagnetic storage mediumwi th a data
surface of concentrkc data ,.tracks , 15 positioned, in the housing; a notor

drive for rotatind SIREHREHE QPeRinE iy an ek VEoRNEMer i ncl udi ng a

read/wike transdueRitorBiiY Bt AedidgthoRBFAL kel ationship wi th the data
surface when the nmagnetic storage nediumis rotating; an actuator assenbly

coupl ed to the sl iadensduser moumedifd accpssdhe storngagiedaing antli der

a control unit, coupled to receive a temperature dependent signal from the
transducer indicative of a pressure of the internal environment in which the storage device
is operating, wherein the control unit is configured to determine the pressure based on the

10 temperature dependent signal.

According to a second aspect of the invention, there is provided a magnetic disk
drive system, comprising:

a housing;

a magnetic storage medium with a data surface of concentric data tracks

15 positioned in the housing;

a motor drive for rotating the magnetic storage medium;

a slider including a read/write transducer maintained in operative relationship
with the data surface when the magnetic storage medium is rotating;

an actuator assembly coupled to the slider for pivotally positioning said slider

20  relative to the magnetic storage medium to selected tracks on the data surface; and

a control unit for controlling the operations of the motor drive and actuator
assembly and processing data read from the written to the data surface, said control unit
coupled to receive a temperature dependent signal from the transducer indicative of a
pressure in the housing and configured to determine the pressure based on the temperature

25 dependent signal,

According to a third aspect of the invention, there is provided, for a storage
device comprising a storage medium and a transducer mounted to access the storage
medium, a method of determining pressure of an internal environment of the storage
device comprising the steps of:

30 providing a temperature dependent signal from the transducer indicative of a
pressure of the internal environment in which the storage device is operating; and

determining the pressure based on the temperature dependent signal.

[RALIBQJ2461.doc:MIC



20 relative to the magnetic storage nediumto selected tracks on the data
surface; and a control unit for controlling the operations of the nofdrAPR 2005
drive and actuator assenbly and processing data read fromthe witten to
the data surface, said control unit coupggd to receive a tenperature
dependent signal fromthe transducer indicative of a pressure in the

housi ng and configured to determ ne the pressure based on the tenperature
25 dependent si gngll'he mmotmlvﬁgldncsedwttblowdrcamp;amtatdﬁasttdmelldna/terthe drawblableysf | S

provi ded, f e evi c I Si age .nedi ym and a

t ransducer %e %f@ %ftat%’aé%pg@gtt g%%%ﬁ%{ﬁ@fﬁﬁ? erisics, Hmagaiticr baditag
pressure of ammmeenmlopeﬁﬁhgowie Gh ﬁtthn@Io@édiQ;fbraQ@\ﬂnﬁe RNBAS Saiieifte
steps of., 30 prow ding a tenperature dependent S|g fromthe transducer

i ndi cative &mbed l%?résgﬁr@e%?m {yention meﬁﬁlfef’eﬁ\‘?l In wressurevii & hardhdisls tivgge

dependent o) oRF el MtorBERRHT MARelHBIP AR HhRaRagetsie, i BB A
i nvention seelhsonsblpovmstsohﬁwem tlet MR deetd aempératuad, einterive }d&@%@%ﬂ @fterndl he
prior art by i,n in thernal hrac eristics of a magnetic
head to det® %?Pi% t?’ﬂ%erﬁtb’é?’ é?”lqﬁg"epﬁ’@@sé‘ﬁq‘ Blveﬁeg’ RIS g léﬁagrt&'@Bel@HW at pn
one parti culgien c@m@dgn@?era&&e present invention rreasur es the internal

pressure of a hard disk drive, 5 based on the thernoresistive
characteristic of a nagnetoresistive (MR) head. A

[RALIBQ]2461.doc:MIC



rel ati onship exists between the MR head tenperature, internal pressure3 ﬁnd
internal operating tenperature, with the pressure inversely dependeﬂt ARR 2005
head tenperature at a given operating tenperature. [R 1LIBQ 2461 . doc:

M C 13 APR 2005 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a sinplified
schemat i ¢/ IBRIEF DESCRIPTION OFPIBSRAWANEIS St or age system that

i ncor porates the pressure neasurenent concept; Fi.g. 2 is a schematic
sectional view of a (GW) giant magnetoresisitive head in relation to a
disk in a systemincorporating the present invention; Fig. 3 is a graph of
GWR head tenperature versus file base tenperature at three different

i nternal pressuridg; 1 isiapimplified schgmatie/blogk diagean hea oogneticatisiosiotags Weesin
nmeasurenents fromthe thernoresistive characteristic of the GWR head in
accor dance thittihcdrperafes dmemtssureraedsufeienfBshcBpESSUr € Neasurenents using a
pressure sensor. 4 13 APR 2005 DETAI LED DESCRI PI TI ON OF THE PREFERRED

EMBODI MENT  Thi Sy td j i i ef.erred enpbodi.ment in the
fol | owi ng descriq:)lg'ir%ﬁmvgc ?ﬂnétg‘%ﬁg%a!espﬁgl oét{hr@}%él t'lﬂw{%?ﬂsé%‘fe A ¢ his
i nvention i escribed.in eros of the pest nopde of achieving thi

v o SR B Rl Pkt ©1 "0 11

~ Fig. 3 is a graph of GMR head temperature versus file base temperature at three

different internal pressures;

Fig. 4 is a graph showing the correlation between measurements from the
thermoresistive characteristic of the GMR head in accordance with the present invention

and pressure measurements using a pressure sensor.



.those skilled in the art that variation may be acconplished in view of
these teachings without deviating fromthe spirit or scope of the 13 APR 2005

i nvention. Fig. dethhUsh HHQSRPIFIOR|OF T8tk SRAEERRIED Bivasbpigaram of a

magneti c di sk storage Systern enbodyi ng the present rnvention. The magnetic

di sk storage system conprises at ,.least. onge rotatabl e I.c_di sk 22
which is suppork m@ﬁntémslﬁidﬁ%ﬂ”ge@é“ ﬁHBEf%?@?B@D@VGE‘! mcng%)rlger‘f@% mot or 30,
and at |east one slider 24 positioned in close proximty to the nmagnetic

di sk 22 atdetdmptidh skithsrefdrenves 86the follerving ﬁﬁums@,d*’gﬂe Bug mvenan malesenbieddnt or m
of 'an annul ar pattern of concentric data tracks (not shown). Each slider

24 cont ai RELRMT 1A besiRiode BREAREVIAg B iR eBdortn dbjestivadst ActiBdetappreciansi by oner
arm 32 by nmeans of an integrated suspension assenbly 28. Each positioner

arm 32 is at hed . ERAE shown in
Fig. 1 may Sgégll@gi%glcgagﬁ@g%%gb?éé%. Asorpﬁgﬂﬁfigﬁ%ég& %%t at egcj t S'e sl i der
24 is controlled to nove across the di SF surfaﬁe 36 by the actuator 42 so
that the Yithestdeviatingfrom aespint e5%PRNP! PSMAYBAS of the di sk surface 36
where desired data is recorded or read. The slider 24 flies, inclose

proxi mty over Rigd dlosmtenysitpified sehempatic Weck dipgpyoinmagnadicrdigicsipragg 48
formed between the magnetic heads 34 and the rotating disk surface 36. The
i Nt egr at edyauBRSAIIIYhgaEE pristnt iddenpibny THe magnstid dibk soprgersysttmraenprists ath

bi ases the slider 24 against the disk surface 36 and controls flexibility
in slight 1ea‘£€§]ﬁé &M add xﬁ’&géﬁ@(ﬁsﬁ 0 k1BMis Rup SdHcaRM M dle 06 aﬁ@eotﬁﬂewzra 24
relative to the rotatl ng of

I sk surface 36." Line 50 provides feedbac

changes | %istlchdg'{vréolﬁgt%ir %,i a\xllidta¥le%];t gnr%esliagraﬁ godsiﬁo%e&%l £05 &Q)Q(ﬁmty to the

magnetic disk 22 at the disk surface 36. Data is stored on each disk 22 in the form of an

émiular péttern of concentric data tracks _(uot shown). Ead'h slider 24 contains one or.
more magnetic heads 34 and is attached to a positioner arm 32 by means of an integrated
susp'eﬁsion assembly 28. Each positioner arm 32 is attached to an actuator 42 means.
The actuator means as shown in Fig. 1 may be a voice coil motor (VCM). As the disk 22
rotates, the slider 24 is controlled to move across the disk surface 36 by the actuator 42 so
that the slider 24 may access different portions of the disk surface 36 where desired data
is recorded or read. The slider 24 flies in close proximity over the rotating disk surface
36, riding on an air bearing 48 formed between the magnetic heads 34 and the rotating
disk surface 36. The integrated suspension assembiy 28 provides a slight spring force
‘which biases the slider 24 against the disk surface 36 and controls flexibility in slight
vertical as well as roll and pitch movements of the slider 24 relative to the rotating_disk

surface 36. Line 50 provides feedback of changes in thermoresistivity of the head 34,



representing head tenperature, to the control unit 46. The various 13 APR 2005
conponents of the magnetic disk storage systemare controlled in operation
by control ig{zﬁ,lg F?etrQQret?Y th REnEEIRIIAI6. UTtid vadibus sorepogsitdef tie not or
signal s o'fcpﬁselsne gl,egﬁe&gﬁ p05|t‘ioon and seek control signals on line 44. The
control unit also determnes the i Al al ki B biskate@pive
based on MASIGHEINEHIELE §X;§e[n§7a{ﬁcolnﬁéﬁ%@%&ﬁﬁ@g?@g@ggﬁkg%ﬁ%g t he pr%sent
invention as discussed bel ow. Read and Wf;l']téffeof% ngAs are co Ei cattr dto
and from tregoetrélomitvadechas dsiyeRelALSIgRalH0 DA RPRARORL ARG X APT t he
conponents of the magnetic disk storage systemare enclosed in housing 45.
Fig. 2 ilkipsdis 84 Bhe a4 STHE toNAI] unitalsooketeampres thomteshaltahreprassuke ai0e dishR
read/wite” head 21, and slider 13. MR head technology is one of the

B e e T e AR bh Ao BERAR) HdhERerd Rrhcbirdthany i dakprdems byention d

di sk driv ecause of I1ts"high sensitivity. The slider 13 contains

awite head 70 and.a read, head .60 . i nafd -along the
shiel d 6238 Wﬁ‘@%qu%el%wg/gﬁ@ﬁ%ﬂ gnﬁeo?g%%ﬂé%%gﬁﬂ%ﬁc%t atﬂﬂeﬂl (J]JI | mE Tﬁfg MR
read head 60 is comonly referred to as a "s%ri pe" of rrag? toresisitive

mat eri al beads 3¢ dylmesas ofia D@Pvﬁé@&dﬂqﬁ@e@po’%‘ﬂ? gis cOmpargns dn%v°“§§80nd
shield 63. The wite head 70 has-an inductive coil 73 and a recording gap
75. The rgeR&rale sysm/de esclosetiinbddusigg $vl e tip 76 and shield 63. The MR
read head end 61 and the recording gap 75 are oriented towards the disk

surface 11 for p[£aq|AGARG #biidiangiewl 6f QRetiad dDhe divk 1, GNIBaradigriexi st s
bet ween the I\/RFi;ggagywrite head 21 and the rotating surface of the disk 11.

., The gener.al, onek 81100, ofyrk e, MBKRAMME bheoheRPrabrbs rélri@ehe Lhal
descri pedﬁ?aﬁmu?%‘ig‘b%ef@%tk%hg PBobit e obC o e pretirt g e ek Shock
D?t ectl O”te'gﬁgﬁggi%? used in high track density hard disk dn'.ves today because of its high

sensitivity. The slider 13 contains a write head 70.andl a:MR read héad 60 formed asa
thin film head along the shield 62, which is a substrate for the deposition of the film. The
MR read head 60 is commonly referred to as a “stripe” of magnetoresisitive material and
'is located betweeﬂ the deposition shield 62 and a second shield 63. The write head 70
has an inductive coil 73 and a recording gap 75. The recording gap 75 is defined by pole
tip 76 and shield 63. The MR read head end 61 and the recording gap 75 are oriented
towards the disk surface 11 for reading and writing. In operation, an air bearing exists
between the MR read/write head 21 and the rotating surface of the disk 11.
" The general operation of the MR read/write head 21 is similar to that described in

U.S. patent no. 5,777,815, entitled “Disk Drive with Shock Detection Based on
Thermoresistive Signal from Magnetoresisitive Head” which is fully incorporated herghl

by reference. Generally, the resistance of the MR read head 60 varies with changes in the



Thernoresi stive Signal from Magnetoresisitive Head" which is fully
i ncorporated herein by reference. CGenerally, the resistance.of the rAﬂ@ﬂ][lS

i ncorpor at ed her rence ance.
" ecor ded ompReith i LB cobfel e gt B Edpen: BPATERLR: %@‘???chgi o

unit 46 for determ ning the resistance changes jn the reag ead 60. The MR
read head Gentrodmpisridtior determsningdhe resistansarimess wahp &sadhsAd 6Ghi ch i s
greater than the hard disk.drive internal anbient operating tenperature
(Ta), because offhe MRIreadieat ic0gemperseue ) istae a comenad wermpriraire whichns
supplied to the MR read head 60. The tenperature TS is determ ned by the

el ect 11 cal popety.fl 63 haal s dveiHRriRaibasht bpadiSPtentitarklod T Beoake of

conduct anc rom read head 60 to.its surroundings inside of the
hard disk drive. The pressure in.the. i ' e er mal
conduct anc&oulf ﬁ%ﬂ%ﬁéﬁi@ﬁ% 8°Wésé”d"§éfg fcg)lgr £ ’gﬂeﬁgﬁgédot\éﬁ'g?ﬁg@garﬁ%%gﬁ Fﬁg

anmbi ent operating tenperature Ta is held constant, an.inverse relationship
exi sts bet Wmth@'ﬁﬂsﬁé‘&@lﬂﬂﬁéhﬁ&%ﬁlﬁ‘i‘ﬁcﬁgoé’ﬁﬂ&?ﬁPwaéﬂB’&ﬁ\did%‘gé‘ﬁ’rd 84
within the drive housing, resulting from changes in the thermnal

conduct i vi hyd fie thérenadconducaince franythe MBitreasd hyad €0 to ge sumroundingsangids ef thee Ta,
the MR sensor tenperature TS will decrease as the internal air pressure 84

i ncreases, phasHbilt ik, f T Brakuld aBERAdidisk dib/ersal affsondie thevnalcondbetameact
relationship etween tenperature T, and the internal air pressure may be

calibrated,. The fluyctuati ot &y, Lot ondi ng
1 uct uat i oRS™ ﬁ‘et}ﬂgr eraga ‘h%ﬁ%@%ﬁéﬁaﬁ@%&%a}?@ﬁ?S’gérraﬁ’?ge to

n__de atl on te%pérg&cb'laas_ig kxlelgei‘:orslétgrﬁ?zlm {nrvgrrs?e i gtionship exists between the MR head

temperature Tsand internal air pressure 84 within the drive housing, resulting from
'changes in the thermél co'nductivity ofthe air. Fér exam';)lc, ata given opcr';lting
temﬁerahlre T., the MR sensor temperature T; will decrease as the internal air pressure 34
increases, resulting from an increase in thermal conductivity. The exact relationship
between temperature T and the internal air pressure may be calibrated.

The fluctuations in temperature T result in corresponding fluctuations in the MR
read head 60 resistance, which gives rise to modulation of the baseline signal from the
MR read head 60 at constant bias current. Unlike the readback data signal from the MR
read ﬁead 60, which is due to the magnetoresisitive-effect, this baseline signal modulation
is due to a thermoresistive effect. Thus the signal from the MR read head 60 includes |
both a magn'etoresisitive signal and a thermoresistive signal.

In accordance with the present invention, the thermoresistive signal from the MR

read head 60 is used to detect internal air pressure 84 in the hard disk drive. The



MR read head 60 at constant bias current. Unlike the readback data si??al
fromthe MR read head 60, which is due to the nagnetoresisitiveeffecty APR 2005

this basel @%ﬁ%%@bﬁ%&;@é%g@%%rﬁﬂ%e&@6@isﬁ%§%tﬁ8ﬁ@§h§é 50 &f bihting Nus

t he signal I ncl udes a magnetoresisitive

signal and a.thernoresistive sigpal, In accordance with t resent

i nventi on, IQ%%WEPW@FQP‘F?/@CTSA{%Z%HW p?%t%gﬁwo%iwggﬁ%mﬁ%esused to
detect internal air pressure 84 in the hard disk drive. The 7 1 13 APR 2005
t her nor esi #itemel sricsguad based om prheden@minedahbratioB datasofrelatingrioggheadiheed 50 t o
an operating logic function "in the controller 46, shown in Fig. 1. The
control uniferfh@redfitRicE] AR enal phésQir8ahd ﬂft@rﬁsltﬂéﬂrdmgﬁénp&aﬁfr@.d%péﬂﬂiﬁgﬂn the

calibration data correlating T, or read head thernoresistance, internal

R R L

calibration corr , contr uni t I rst

tenperature T, based on the thernoresi.stive signal .before. applLying the
cal i brat i ods Baged-ondhe tegparesisiy¢ B‘gﬁﬁlﬁ’(ﬁ r‘ftlé‘?pijﬁ %‘éalg’ﬁ"f%ﬂnn f%)%pa(ﬁ%?f er ent
hard drives to account for variation in the internal pressure sensitivity

of differ entlilvRioredaa heyds obtainathfes diffeserd hardedraves ity pepopphior yarigien inbe ude
correspondi ng sensor tenperature T,  at various internal air pressure and

operating §:@8Ral prlesdife densitivithiof different VIR rexd Headd 6@ Theserseparntei dalibfatiokri g. 3
shows the rel ationship between the MR read head tenperature, internal

The. | nt or na g BB e e i e
'\_/Rr ' eaq he%gerta?m ?errﬁa};[elrjzitgre T, which are stored in the control unit 46.

Fig. 3 shows the relationship between the MR read head temperature, internal
operating tempcrziture, and internal pressure OBMCd fro'l‘n calibration.. The internal
operating temperature is represented on the abscissa and the MR read head'temperature
(ot in the alternative, any signal that represents the read head temperature, such as the
thermoresistance of the MR read head) is represented on the ordinate. Thg MR read head
temperature 1s tﬁe temperature above the internal operating temperature. The behavior of
MR read head temperature versus operating temperature at three selected pressures were
plo&ed. The internal hard drive pressure was set using 2 manometer during the
experiment and labeled on the graph next to the slope of each series of data points. For
example, in one group of data points the internal preésure was set to 0.8 atm and MR
head temperature measurements were recorded for an internal operating temperature in

the range of approximately 43°C t0 47°C. A line of best fit was determined by linear

regression, and the slope was calculated to be 0.46, as shown in the graph. MR head



(or inthe alternative, any signal that represents the read head 13 APR 2005
tenperature, such as the thernoresistiance of the MR read head) is

repr esent e, St o Ao diRionh MO fedunedd o S AIPEIAL Y by erd Blotted on

tenperatu nternal operating tenperature. T ehavl or of

read head tenperature versus operating tenperature at three selected

pr essur esthfegraph Fidothe é‘iﬁ'ﬁqg@"i’ ﬁtSBP'ﬁ%ﬂ C%Hgﬁﬁg%{] 9 @‘5 pﬁ?gg%%er&%lsprg%sprqjsi ng a
manoneter during the experinment and |abel ed on the graph next to the slope
of each sEkirepolatiomiaftthe pesiths san providesrasistien viljenias agﬁwsaldmfmalavr«;ﬁ@w s
the internal pressure was set to 0.8 atmand NM head tenperature

MEasur enepiiged6dydnl WOhaRbhb¥in diithe Rraphnalccofiigly,ithe irtempkpressurecirbe t he
range of approxi'mately 43' C to 47C. ine of best fit was -determ ned by

Al
l i near regression, and the. . . in
t he graph.g’iﬁdﬁéé%@owg&ggl%%@@?o enp gﬁ?k@s}ﬁ??}&){m ﬂ?ﬁ%ﬁlg &%\r‘#grnal
pressures of 0.5 atmand 1.0 atmwere plotted on the graph and the results
show a si Figngls correlation to the previ ous internal pressure.
Extrapol ation of the results can provide correlation values for additional
i nternal pressiig 4 shawsdlse taredatipn: hesw edly RIESSYIRPRSIFETAGNSS §PBIFhmapmsefeti ngl y,
the internal pressure can be derived fromknow ng the internal operating
t enper at Upgd aMR reRididaa tidiotdsastive siznals tTheaharimgnesistivEeisignallissioavertdde an
correl ati on between pressure neasurenents froma nmanoneter and a MR read
head ther PG 8leA! préSud mﬁéanémg%a&mEn&& it8 i@k SotRling FresRiY RfkpRst 0 an
equi val ent "pressure value and 1s tracked along with the correspondi ng
pressure rﬁ%amdhlg%anometer for approximately 300 minutes, with the operating temperature of

the hard disk drive held constant. Relative changes in the MR read head resistance are

4 MRR
MRR

also plotted on the graph and are expressed as a ratio:

where A MRR is the change in the MR read head resistance above the MRR read head
baée resistance (MRR). The pressure readings from the manometer follow the MR read
head resistance changes consistently within a raﬁge of approximately 12 KPa. With the
internal opefating temperature known, the MR read head resistance signal can be used
measure the internal pressure in the hard disk drive.

In summary, the present invention provides a method of deriving internal pressure
information from a thermoresistance signal under the condition that the internal operating
temperature is known. The internal pressure of the hard disk drive can be measured
regardless of whether the MR head is operating over the disk surface or parked in a
landing zone. By having the ability to measure the internal pressure with the MR head

parked, problems such as variations in the air bearing height can be addressed before the



fromthe manoneter for approxinmately 300 m nutes, with the operating 13 2005
tenperature of the hard disk drive held constant- Rel ative changes in tAﬁ%
MR read hgad;Les] ¢ i isR re@hififg B 2 hb&sh16 Rardhiivar idh. aMithcy;
expressed shggcfg}%%g?gﬂﬁﬁ%&&ﬂglr%e%s&m I'S %he ?hange in the MR read hé‘;d

resi stance above, the read, head, base resistance ) ressure

readi ngs W%V?W%%QW Wﬁrﬁ%rwgloeﬁgﬁh@(ﬁ(w@% %’Pgﬁg%‘gc ‘Anges
consistently within a range of approximately 12 KPa. Wth the internal

oper at i nginventien & alseappiivable to hthenformsaad siosge ynalsiig wWhhdhs infamal pigssuse used
neasure the internal pressure in the hard disk drive. In summary, the

present i pHd dteriiifdd H6m Pdevideagalsié ofiarcasiring therhmresistappeessur e
information"froma thernoresi stance signal under the condition that the

internal operati . ggigw- ' Qy‘%}: en deger ; r&brtde hard
di sk drive can bgq’rlrueltgﬁér) reéfv;regﬁ%‘gg 0 V\A?ggcﬁig?&?hhe' hggﬁﬂ?? operating
over the disk surface or parked in.a .landing zone. hayi ng .{;h ility
to neasur e CEPOARERL? Hh?CCBF‘gé‘%‘?J&’E'W&m“tW Rgxgatet&{.ﬁ%sé:dn\ffb? %‘S*lgfr%]%?{%h as

variations in the air bearing height can be addressed before the 9 13 APR
2005 MR heatbusaakfications end whprevements may beraade withayt depasting fronhihe spen<d
~drive crash. Al though the invention has been described with reference to a
hard drive wiilkpaitRitkeciadentidne Adcosdingliothe idischissbinapptidrcialid be tonsidéred f or s
of storage units in which the internal pressure nay be determned froma

devi ce capab},g.ff .dTRastHva%nk Heitearis s sPedn®Pas specified in the appended claims.

10



Whil e the present invention has been described with, respect to the
preferred enbodinents in accordance therewith, it wll be apparent 1t30APR 2005
those in the skilled art that variougyngeidications and inprovenments nay
be nmade wi thout departing fromthe scope and spirit of the invention.

Accor di ngl\gf t he disclosed invention is to be considered nerely as
illustratiVe@dElinited in scope only as specified in the appended cl ai ns.
10 13 APR 2005 CLAIMS W Claim 1. A storage device, conprising: a storage
medi um operati ng i n Arstiragedevade, eomprIgngent; a notor drive for noving the
storage-nedi um a transducer nounted to access the storage nedium and a

control unit, CHOHBEE ntedivkepérdfing i @nipesradl eneirslepengdent signal fromthe
transducer indicative of a pressure of the internal environnent in which

t he storage deyi i S 109, b helifign.control unit is configured to
determ ne the pq"g(égc’ﬁrdglvgg(glre%Bh%gt“?#ets{ag?rgler at Ure dependent signal. 2. A
storage device as in claiml, wherein: the trgyscjucar has a

t her nor esi st i vet EHEAeH dpquared:to atcﬁ%gstr'iéerﬁ%"?ﬁ?ﬁ’re W 58fident signal represents

t her nor esi stance of the transducer, and .
' a control unit, coupled to receive a temperature dependent signal from the

transducer indicative of a pressure of the internal environment in which the storage
device is operating, wherein the control unit is configured to determine the pressure based

on the temperature dependent signal.

{

2. A storage device as in claim 1, wherein:
the transducer has a thermoresistive characteristic,

the temperature dependent signal represents thermoresistance of the transducer,

and

the control unit is configured to determine the ﬁressure based on the
thermbresistivé signal.
i
3. A storage device as in claim 2, wherein the control unit is configured to
determine the pressure based on calibration data that correlates thermoresistance of the

transducer, temperatufe of the internal environment, and pressure of the internal

environment.

11



the control unit is configured to determ ne the pressure based on thg

t hernoresi stive signal. 3. A storage device as in claim2, wherein {HAeAPR 2005
control unit is confjgured deter the sur B d on.cali.bration
data that corrétatesd 9 °§F§%E WW@' ﬁe Féﬁﬁ@gﬁFﬂr% of
the internal environnent, and pressure of the |nternal envrronnent 11 13
APR 2005 déterminstthe pgaesmrebaxad ascalihrationidatathatgosredates teperatureodthainit i s
configured to determ ne the pressure based on calibration data that

corr el at esh&iReY, i atdfe e ittbMABEHSRIImehE HRE HRdsWire ofthd Meerhalt er nal

envi ronment, and pressure of the internal environnment. 5. A storage device
as in claim erern t hernoresi stance of the transducer is dependent in
part on héﬁwﬂarg pation to the internal environnent of the storage device.
6. A storage device as in claim1l, wherein the control unit is configured
to control one or nore operating paraneters of the storage device based on
the pressure. 7. A storage device as in claim1l, wherein the storage device
is a magnetic disk dkstoeageydeviomas gn claim Bowhersinitheimoeresistanee of the transdudker ei n
the transducer is a magnetoresistive transducer. 9. A storage device as in
claim8, ywWegRhder: kep&®bh heit ditifatidRRG tHRSnferid] *Avironment of the storage device.

6. A storage device as in claim 1, wherein the control unit is configured to

control one or more operating parameters of the storage device based on the pressure.

7. A storage device as in claim 1, wherein the storage device is a magnetic
disk drive system.
8. A storage device as in claim 7, wherein the transducer is a

magnetoresistive transducer.

S. A storage device as in claim 8, wherein the control unit applies a bias
current to the transducer, which fluctuates depending on thermoresistance of the

transducer.

10. A magnetic disk drive system, comprising:

12



current to the transducer, which fluctuates depending on thernoresistance

of the transducer. 10. A nmagnetic disk drive system conprising: 12 313”\"@?@5
2005 a housing;,a magnetic storage mediumwith a data surface of concen
data tracks pbHEf Hﬁ?\ed in the housing; a notor drive for rotating the
magnetic storage nmedium a slider including_a read/wite transducer

mai nt ai ned i n dpegastostorRge FradsHs K a data AUNare of senceRlNG date ARk t he

magneti c storage nmediumis rotating; an actuator assenbly coupled to the

slider f qgiosptioned ah the hpasingj oni ng said slider relative. to the magnetic
storage nediumto selected tracks on the data surface; and a control unit

for controlli @yg@%ﬁmﬁe%g@g Qbra@t meAi@Rd actuator assenbly

-and processing ten to the data surface, said control

unit coupled tq.receive a tenper.ature dependent signal fromthe t.ransducer
i ndi cative of %1?11‘{?1’&‘4 . ai%W%?%mFHﬁm%Bﬁif‘ga?%Ye&e BshPne t he
pressure based on the tenperature dependent signpal. 11. For a storage

devi ce cowith il data surfaco wdige the Blagnetimorage meARELSdPatitBunt ed to access the

storage nedium a nethod of determ ning pressure of an internal
envi ronnent of at ftusibroasagrablyssoupiedao nipy slsienfpr phtaltyepositidning said slider

relative.to the magnetic storage medium to selected tracks on the data surface; and
a control unit for controlling the operations of the motor drive and actuator
\ assembly and processing data read from and written to the data surface, said control unit
coupled to receive a temperature dependent signal from the transducer indicative of a

pressure in the houéing and configured to determine the pressure based on the

temperature dependent signal.

11.  For a storage device comprising a storage rﬁedium and a transducer
mounted to access thé storage medium, a method of determining pressure of an internal
environment of the storage device comprising the steps of:

providing a temperature dependent signal from the transducer indicative of a
pressure of the internal environment in which the storage device is operating; and

determining the pressure based on the temperature dependent signal.

12. A method as in claim 11, further comprising the step of providing

calibration data that correlates thermoresistance of the transducer, temperature of the

13



provi ding a tenperature dependent signal fromthe transducer indicative of
a pressure of the internal environment in which the storage device J PR 2005
operating; and_ determ ning the pressure based.on the tenperatyre dependent
ol gnal . | 1AnicmakeRTERABEN FACCIEROA B (RiETe SOARBRISE M Ha (6] O Cppining
providing calibration data that correl ates thernoresistance of the

t r ansducerstep duvgretiads pressnfe based v8 thScalibRetitgo®ta.i nt er nal envi ronment, and
pressure of the internal environment, wherein the determning step

determ nes pressure based on the calibration data. 13. A nethod as in claim
11, further conprising the step of providing calibration data that

correlates tenpgrature o he. t ransduc, f ot I. r nal

envi ronment , anﬁ{'pr eééﬂ?%oéfw H‘l‘éla’inlll? g’rlﬁépe}e%\%%{r%%? ,SPe\R/noeftbg?Vr'llH{uI%e _
determ ning step determ nes pressure based on the calibration data. 14. A
met hod as dalibratiah datathat earrelates EBIPSFAtWE 9§ thefgansduser Jemparsture 9 the 1ptesral

current to the transducer, wherein the determ ning step determ nes pressure
based on dnvitohmait, and piessurhef ticasternal erviromserdf Whartmdthbdeteiramimg step st ance
of the transducer. 14 -

determines pressure based on the calibration data.
" 14. A method as in claim 12, further comprising the step of applying a bias

current to the Uansducef, wherein the determining step determines pressure based on

fluctuations in the bias current as affected by thermoresistance of the transducer.

14



