WO 01/20599 1 PCT/ GB00/ 03445 16 FEB 2004 RATI O METHOD FOR MEASUREMENT OF MR
" READ HEA BI.—B? §g’5‘3\NCE The present invention generally relates to conputer
storage devicés 5 andin particular to magnetic read heads P/ G¥ifet4ar
storage devices. Still nore particularly, the present invention relates to
an inproved nethod for determ ning MR redd head resistance 15 %Bmter
storage devices. 10 Manufacturers today go to great |engths (E re that
their products are of high quality, and that their operational '

characteristics arRTAPbEFSS thor Qs FhMBmObr O UCE SLor . which gual ity and
reliability are of utnost inportance are di g%rl ve?fgn\%h?uésrfsgf‘ﬁg% del y

utilised within conputers and other devices for data storage. A disk
drive, which is a 35 type of magnetic recordi ng device, can store vast

amounts of dat apfhat..g he..quickl y accessed. One conponent of a disk

drive is a magneti%_?r%%sagg%%goge?%}err%%ﬁf 5693§esatﬁe%1 PURAT Ireragnmevices
el €ct r omagfi6t R RISTAERIAhEP Tagner bs elepd powidsi tnewn2dtd:0 stheagdi akvicest ead
and write statn. mddeghaeapachilyy, disk ebyor URLLSy: MLCIL 81 & %t%g'ggn ctvggay,

have nul tip isks.and nultiple heads to read and wite d e type of
hi gh perfor rl'trg%%ef%rreg%;reéf“ﬁrgu%g% F%adgg’ﬁﬁ FECOSTREES R \OMPNRT Is6atkgel n or der

to optinm S&VEEES-MR head' s operating point for optimum performance, it is
i mportant to first know the resistance across the M 25 head. 30 MR read

hegds are al so W%%gaci;t” r(thrget__r conmon storage devices, such as tape drives.
The MR read head reaistance 1°6Yof° iSpBfIaniers e 5RyervRIe dddt hesid

appl i cat i BNO9YFE ade mf tage aelves, add skadr teEs, cpathrabBET Shath@eristics
measur eneate dpdihesé€adnbead hess BE& d $og! impar.tant in order. to
ensure that the maximm oweru%d' ,s?%gat i on 8? ‘?ﬁghﬁf&l?g St *e &ag)éiblté'd?rﬁy

knowi ng the Tesi St ance or-t R&Sr RENES nBP TS Wideterntilised within

computers and other devices for data storage. A disk drive, which is a
15 | type of magnetic recording device, can store vast amounts of data that can

be guickly accessed.

One component of a disk drive is a magnetic transducer, referred teo
as a head, which is an electromagnetic device that is closely positioned
20 to the disk to read and write data. Bigh capacity disk drive units, which
are commen today, have multiple disks and multiple heads to read and write
data. Ome type.of hich performance recording head is a magneto resistive
{MR) head. In order to optimise the MR head's operating point for optimum

performance, it is important to first know the resistance across the MR
25 head.

MR read heads are also used in other common storage devices, such as
tape drives. The MR read head resistance is of importance for any MR read

head application, including tape drives, disk drives, and others.

30
The measurement of the read head resistance is alse important in
order to ensure that the maximum power dissipation of the head is not
exceeded. By knowing the resistance of the read head, more bias current
can be allowed to flow through the head without exceeding the maximum
35 power dissipation allowed in the head. More bias current means more head

cutput, which can be very helpful in overcoming many system problems

related to noise generated by the writing process.

Another advantage of measuring the head resistance to gather

40 information relating to head wear over the life of the head while it is



can be allowed to flow through the head w thout exceeding the maxi mum 35
power dissipation allowed in the head- Modre bias current nmeans nore head
out put, which can be very hel pful in overcom ng many system probl ens

rel ated tovoangesgenerated by the witing process. Another aq,\éa}ﬂ%ﬁﬂﬁs&f
measuring the head resistance to gather 40 information relating to eaa
wear over the life of the head while it is WD 01/20599 PCT/ GB00O/ 03445 2 16

FE B 2004 installed. This is possible becadse of the change in @gggimé
resistance as a function of wear. Finally, Electrostatic D scharge P SD)
failures can be determ ned because a failed head will have a very high
resi st ance > Triet &5pr oBets Hasriredhle dbeassammiatiesinshadGe Yaldieebased Jnen.

statisti cakuslatian batwsmnuf acturi,n Latj Qe d.the hij sensitivity of
the system,to resistance variati ghgal\ég#%aétfgggp]?igﬁ ene \r/]vlL‘Egﬁ5 ERE S S prOheR.
Therefore, Tt 15 USelTTI*¥°6 Aefsdre H9ie vikl $puncevety ddoh heddtinrea di sk
drive using a system such as controlling the biasing current applied to MR
10 heads within NRGNEL ' ive_to provide optim sed bias current for
each head/ dj sk/ (?%gnnel = lginéeﬁteg%otﬁbfﬁsa ToR. TS SEREST MAES PR REHOPER L Ur e,
an opti ni sBYF Bi%AS “BUrEd P memefRdtening iversattient aamedhartd gat saredt o dyhes
di sk surfatlee Dsrteng:eaehssthsequeniachsnd QBT <1 OPRLALLON L he, st.or ed

oach.
val ues arerid.anskerrgad .to om access nenory which is accesse(f auriong
execution of each he% ltsswu%egﬁlch%m?‘aeﬁﬁuf% thﬁpb?%]/‘séa‘b‘fea§fc%ﬁ‘ﬁheh’éaq An a disk

accor dance®¥iih “FRBI Ght¥af Fedughl are ceattdidiag tibeebi MRnbeadre2 Ppeid @bl &M
With this beisosthhis 4 hagnddie MRy @sied ARCH-IBASULETRIL 4 TUSL e

. . - for
acconpl i shed;at LRgs Sybagsenhl y_|evel . before the unit Ts “inst ar et "Rt ne
di sk encl osure. eFofmexa?}%%%n@t QHBSP IR HESBur ement  nust be conpl et ed

at the MR head wafer level, the slider assenbly |level, or by inconvenient
probi ng net hods »at tie iheastShaskAsseob| Yn( EHSAM; Leysl; .25 L(l%fa;lterfotrhg C%C}'Jgg.ﬁ; or

has been assenbled, Lust_before it is merged into .t%e I SK énclosure).
After the MR head, %@ug%grﬂﬁﬁe tcﬁ’ebi“f RfelSg:s%urﬁé%ed’urﬁﬁg@Pﬁ%rs%is?ﬁ?ewtt he

dilssk encl oEUFE, "PhPFELAPhAlE BforedevaVReseaxt arensieirred to random access

memory which is accessed during execution of each head switch command to

apply a bias current in accordance with the optimised value to the active
MR head.

20 One problem with this approach is that the MR resistance measurement

mast Dbe accomplished at the subassembly level, before the unit is
installed in the disk enclosure. For example, the resistance measurement
must be completed at the MR head wafer level, the slider assembly level,
or by inconvenient probing methods at the HeacStackhssembly (HSR) level
25 {(aftexr the actuator has been assembled and just hefore it is merged into
the disk enclecsure). After the MR head, éctuatcr and the like are merged
togethexr within the disk enclosure, the terminals of the MR head are not
available for measurement without removing the unit from its enclosure,
and it is impractical to extend the terminals beyond the disk enclosure
30 because such extension can severely degrade the disk unit's file
performance. Furthermore, MR resistance measurements made according to

this method are time consuming and require special probes and fixtures to
gain access to the MR resistance node.

For manufacturing purposes, it would be useful to protect the
magneto resistive recording heads against electrostatic discharge (ESD)
with a shorting mechanism such as a solderball. In order to maximise ESD
Protection, the solderball should not be removed until the latest possible
moment, which is just before the head is merged into the disk enclosure.

40 However, using conventional techniques the MR resistance cannot be read



- avai l able for measurement wi thout renoving the unit fromits enclosure,
-and it is inpractical to extend the term nals beyond the disk englosure. .30
because sﬁtﬁ‘ﬂgge%?taénsi on can severely degrade the disk unﬁ?vsﬁﬁffggﬂ% 001
performance. Furthernore, MR resistance neasurenents nade according to

this nethod are tine consumng and require special probes and {fg Rfpipgs to
gain access to the MR resistance node 35 For manufacturing purposes, it
"woul d be useful to protect the nagneto resistive recording heads agai nst

el ectrostatic discharge (ESD) wth a shorting nechani smsuch as a

sol der bal kptdln the degrortoc Hepviifi 2ae ESER H5PeTTht Aih MCRRET 1SS 889 FESE SEHGE! B*Thot
be renpved. ufitsisk i dnatesie poSsSidkliee HIBNBRIN, indHadhed SintdSthd@fieke t he head
is nerged into the disk enclosure 40 However, using conventional techniques
the MR re§TStdNce cannot be read SI0990082 New Page; 2 July 2001 16 FEB
2004 until the short circuit has been renoved, and neasuring the resistance
can be difficuhitaehceatse rdredt dei ve RaséPednsilrseal 4 edsten Fotrheeadugkng
encl Osureth%thy'eEQQtﬁct%t g8 f%@ﬁ'étol\lges%tzgéyl_&%gi_ @U@ﬁk@ﬁeﬁ c8r YL QMESOr .
measuri ng e resistance of ~a magnetQ resistive conpri.si ircuitry
for genePHSHR§* AR a&ﬂjagglfsatﬁ;ée bbllﬁg cure léﬁtén:ctln maagr?gg%ée%g?%lsvies? ??/cg head
connect edcewnesskedctd Fel gotigedy wecehee FiPgsPiddr FEMERtt HéehPads CUFF &t

pr oduci ngpfodiradg Vo lHeagevatrgs sacirhes magnedaret e sisstipvivehbadd . Honeserr, a

probl em r enBing, rLdbihRat i RELE dhgrstid ke 8110@SHddY:ibl i y0bsi HMuredueing
systemati ¢ errors I n the generation OfontQtet yrrent. . In a first aspect, the
d

t he
present i BTSN proviaed A°rethiod AR

ef'ermning the resistance of a
magnet o resistive head, conprising the steps of: passing a reference
current throughnaarifrer engect patet prgener atvent o gfevigirser wedthageforst ori ng

the refergnca.MaliR0%e. PASSERS-A0s adindshaly eestitlikenteaalr ot i8: AGREL O

resistive_head to produce a_bead voltage. .varwing_the adjustab t
it thesHERI b0 Hge s & Saptrants arran: dataret ARt atL PR LS SRHELN

and det er Ai TREFGSPHE VPAERET aRERF 9P Fhfe FEREIGMEE 0’ T E8FST IRFES ARG FOIRSERR!®
adj ust abl enxctentenircaigt & hechead reeli ttdge. hdddetermbbyse thienhigieétaog:esi sti ve
head is CGE&JﬂEErgﬁktd&jﬁﬁ%ﬂilgaé&%rent until the head voltage ig substantially

equal to the reference voltage; and determining the resistance of the

magneto resistive head from the adjustable current and the head voltage.

Preferably, the magneto resistive head is configured to read data

from a magnetic tape.

Preferably, the magnetc resistive head is configured to read data

from a magnetic disk.
Preferably, the reference voltage is stored in a2 computer memory.

A method of the first aspect preferably further comprises, after the

varying step, a step of storing the value of the adjustable current.

In a second aspect, the present invention provides a system for
measuring the resistance of a magneto resistive head, comprising:
circuitry for gemerating an adjustable bias current; a magneto resistive
head connected to selectively receive the bias current, the bias current
producing a head voltage across the magneto resistive head; a reference
load connected to selectively receive the bias current, the bias current
producing a reference voltage across the reference load; and circuitry for
measuring the reference voltage and the head voltage, wherein the
reference voltage is used to determine the resistance of the magneto

resistive head, based on the bias current and the head voltage.

AMENDED gpg-
IPEA/ER



- froma magnetic tape. Preferably, the magneto resistive head is configured
to read data froma nmagnetic disk. Preferably, the reference voltage is
stored in ¥CE8RMA er nenory. A nethod of the first aspeciew PE&S erabl ¥, 20
further conprises, after the varying step, a step of storing the val'ue o
the adjustable current. In a second aspect, the present invention provides
a systemfor neasuring the resistance of 3% magneto resistive head,§ Fgp 200
conprising: «circuitry for generating an adjustable bias current; a magneio
resistive head connected to selectively receive the bias current, the bias
current produGira@gefadigade Vol 88 aGr neto resistive head; a
refer encecorL%aicLegan&cEagl} o sel ectta't?vgﬁ/ jg%gg%%ggt%neag?%sst%h?r%‘rﬁs, “THET6i as
current produci ng a re &t Sc 8RR 58" 4CPBss the reference | oad; and
circuitry for neasuring the reference voltage and the head vol t age,
wherein the reference voltage is used to determ ne the resistance of the
magneto resistive head, based on the bias current and the head vol t age.
AVENDED SHP, - P EA/El" -1" SJ0990082 3a New Page: 2 July 2001 16 FEB 2004
Preferably, the circuitry for generating an adjustable bias current
conprises a digital-to-anal og converter. AMENDED SHEET WD 07/ 20599 4

PCT/ GB00/ 03445 16 FEB 2004 A system of the second aspect preferably further
conprises a switch connected between the magneto resistive head and the
circuitry for generating an adjustable bias current.



5 A systemof the second aspect preferably further conprises circuitry to
store the reference voltage. A system of the second aspect preferably
further conprises a conparator connected to receive the reference voltage

and the heago 0180460l t age. A system of the second aspect pref eg,@?)l?ﬁ&{,)dg‘hger

conprises at leas one additional nagneto resistive read head. system
of the second aspect preferably further conprises a nultiplexor circuit
connected to receive the head voltage and the reference vol tageﬁ FEQB mftem
of the second aspect preferably further conprises a voltage 20 diVi
circuit to reproduce the reference voltage. In a third aspect, the present

invention provi déssestragrétie setoragefaceatr siatBaYy CRIMRALS | digpr f L6 046 RY
medi um for pRGNRLEEAdheeSt el A A S ANAl ; eto, resistive el enent
connected to read from and 25 wrgglt.et to ft él%eg%rg i AY r?g i UhCUahty i rcui t
for determ RTHY IR FesfitHRces fir6se /Bt magnet o resi stive el enent,
“having: a circuitry for generating an adjustable bias current which is

sel ectively passed u he. magneto resistive el enent to produce a head
vol tage across t%es%%ﬁ‘etgg th%e%csotnlgvaé@éalcen%’hetf;erﬁb%ffé?%ec"e PHEH SEENREe sy
to sel ecti VET y'PER iRife rehRre3ge bidsagurrent, the bias current producing a
reference voltage across the reference load; and circuitry for neasuring
the reference volt G%Eangf ttplg head voltage, wherein the reference voltage
is used to determimne the  reSi T ARCeFFE F STEghRty PEshst icoereiserent
based on t H&E"BRESTCUrCPEREctaddie tilkeeheadby otdfagencd5chnage ayat & atad he

t hiyd aspecigitkBe. circuitry for generating an adjustable bias current
preferably conprises a digital-to-analog converter. WO 01/ 20599

PCT/ GB00O/ 03445 5 16 FEB 2004 A systemof the third aspect preferably
further conprise’ ¥s§airteh the ormvent edrbet weeiet AENHYREI EOGH:SkeY&athaads
and the ci raisl t8§:di®khal magneto resistive reag head.

15 A system of the second aspect preferably further comprises a

multiplexor circuit connected to receive the head voltage and the

reference voltage.

A system of the second aspect preferably further comprises a voitage

20 divider circuit to reproduce the reference voltage.

In a third aspect, the present invention provides a magnetic
storage/read system comprising: a recording medium for magnetically
storing a signal; a magneto resistive element connected to read from and

25 write to the recording medium; and a circuit for determining the
resistance across the magneto resistive element, having: a circuitry for
generating an adjustable bias current which is selectively passed through
the magneto resistive element to produce a head voltage across the magneto
resistive element; a reference load connected to selectively receive the
30 bias current, the bias current producing a reference voltage across the
reference load; and circuitry for measuring the reference voltage and the

head wvoltage, wherein the reference voltage is used to determine the

resistance of the magneto resistive element, based on the bias current and :
the head voltage.
35

In a system of the third aspect, the circuitry for generating an

adjustable bias current preferably comprises a digital-to-analog

converter.



generating an adjustable bias current. 5 A systemof the third aspect
preferably further conprises circuitry to store the reference voltage. A
syst em ofwoh@2¢3%9r d aspect preferably further conprises a Bomsdi0805
connected to receive the reference voltage and the head |10 voltage; 15 A
system of the third aspect preferably furéher conprises at |eas}bFeBgls
addi ti onal magneto resistive read head. A systemof the third aspect
preferably further conprises a nmnultiplexor circuit connected to receive
t he head voltage and the reference voltage. A systemof the third aspect
preferably furth&¥StOhpfi S&s "B AoPFRYE PO APt e EPFE HAPEOSFofr 6‘8%6 t he
r ef er ence cvahéagad. bétweanf it hdlgraspecdsisthes preesemia ithy enitricontpy deirdes a

di sk drive _unit ;. OgPrﬁﬁﬁéﬁlilé1%22t2§4JéiE unit; a spindle drive controller
coupled td the ¢ nirolfer unit; a plurality of stacked magnetic disks
rotatably nmounted 25 on a spindle coupled to a spindle notor, said spindle
nmotsor el ectri cal Isystenupl @@ tritdhassdingherd=vve manhedlddbriads lcerstitene
magneto r Sis&%%?théM%%epead el.ectrically coupled to the controller unit;

5 ce voltage. .
an actuat 6F @riVe “"tontrorter " toupled to the controller unit; an actuator

shaft rotatably coupled to an actuator notor, said actuator notor coupled

to the actuator, 3Qseén ve aNtEold GEpedn pReidiabey ASSaEDIAbmpouUptLd to the
actuator shaft, co risiqg a conb uni.t hagigﬁ a Huralig% g; qgtgator ar s
and a hub SSERYAHTY “EBGEF &8 P or THaVRctTar B "SHAE V1 5R8° &1 GPRITSY of head
sugpensi orvelassenbl i es each coupled to one of said plurality of actuator
arns, each head suspension assenbly conprising an lit head, and an arm

el ectronics 35 unit sit ag§d #nchosetﬁroxént%X to sgid act uat or SfenQIy,
conprising a cbitFot™ Ghi t°% 6P SUBBPST g T 8- HEastrelBRt™ 1WEBra®sl §naft$®%and a
measur enerne gddiguirtal mphrgrentedh anivhineadahehdar m el ectronics unit,
conprising a circuitry for generating an adjustable bias current which is

sehectively  passed through the ragnelo Lesistive slement Lo, produce a head
vol't age . 40 acrosg e ead;, ar erence l.oad connecte (0] SE|€CtIV€|y
recej ve tmmltiplexcr circuit connected to receive the head voltage and the

reference voltage.

2 system of the third aspect preferably further comprises a voltage

20 divider circuit to reproduce the reference vocltage.

In a fou?th aspect, the present invention provides a disk drive unit
comprising: a controller unit; a spindle drive controller coupled to the
controller unit; a plurality of stacked magnetic disks rotatably mounted

25 on a spindle coupled to a spindle motor, szid spindle motor electrically
coupled to the spindle drive controller; at least one magneto resistive
(MR) head electrically coupled to the controller unit; an actuator drive
controller coupled to the controller unit: an actuator shaft rotatably
coupled to an actuator motor, said actuator motor coupled to the actuator

30 drive controcller; an actuator assembly coupled to the actuator shaft,
comprising a comb unit having a plurality of actuator axms and a hub
assembly coupled to the actuator shaft, and a plurality of head suspension
assemblies each coupled to cme of said plurality of actuztor arms, each
head suspension assembly comprising an MR head, and an arm electronics

35 unit situated in close proximity to said actuator assembly, comprising a
control unit for supplving a measurement enable signal; and a measurement
circuit implemented within said arm electronics unit, comprising a
circuitry for generating an adjustable bias current which is selectively
passed through the magneto resistive element to produce a head voltage

40 across the MR head; a reference load connected to selectively receive the



WD 01/ 20599 5 6 PCT/ GB00/ 03445 16 EE B 2004 bias current, the bias current
produci ng a reference voltage across the reference |load; and circuitry for
measuring the reference voltage and the head voltage, wherein the
reference Wb 0HZ®EI9s used to determ ne the resistance of theﬁ%ﬁg fPRaas

[

based on the bias current and the head voltage. A preferred e rrent “of
the present invention will now be described, by way of exanple EEB W04 h
reference to the acconpanying draw ngs in which: 10 Figure 1 depicts M
read head nmeasurenent circuit in accordance with a preferred enbodi nent of
t he present_Jinvention; Figure 2 is an MR read head circuit in accordance
with a prefRiTed T ERboditheniast ceeentnpeaicons alGeFiguke Boxtaph GEcSods Rhock
di agram of wefdateacHrOeeEsSkny cayaﬁﬁmyl @or\/,\l{yagﬁlrjangpggg g%&grenecrébgc di ment_qf the

present inuenty o b nt e nd 20 Figure epi Ct $°HRE A AT y
di sk storage Eiev:acl:gg‘%/en g%clérlé‘ang% Wi Fﬁenci ﬁ?%‘faéﬁer &8l ‘@ﬁﬁo@? fehermgiet He

i nventi on. rH'FéSﬁPEﬁF%ﬁfeéh@r?ﬁ?odiﬁﬂ@ntbam@IcundeBe aiaethodehd Hld oML HRes volta e.
measur enent  of the MR read head resistance using a ratio technique. th
reference now tg urg a bl ock diagramof a MR read head maasurerrent
system 25 accor di rﬁg ST HE PPeEHITEAE S IPFRESAT | Envehoiwn Wil trhiwsbe

enbodi nent f€&cFibyit byurrentt BAGHIEOchS,, promi dede fdiceSES tiyRd. i e, rg; ;‘ﬁ
going to amraRinkdé as, ggner.ator 120, which biases either the se ect d"head
via pins 140/142/ 144 or the calibration resistor pin 146. On switch bl ocks
130/ 132/ 134/ 136 are, preferably, |large FET devices used to "steer"” the 30
bi &8i ng current Tinaeselegtieds headeys acpiinseabd0lddr/ 144 0L the géidagééun

resi stor Viaappkferh4dB. edilSiiGLE scribed _above will hereilnafter
referenced col lectively as the F9§° Front “BREE o8l e or AFE.

Figure 2 is an MR read head circuit in accordance with a preferred
embodiment of the invention;
15

Figure 3 depicts a block diagram of a data brocessing system in

which a preferred embodiment of the Present invention may be implemented;

and

20 Figure 4 depicts an exemplary disk storage device in accordance with
& preferred embodiment of the invention.

The preferred embodiment includes a method to allow the measurement
of the MR read head resistance using a ratio technique. With reference
now to Figure 1, a block diagram of a MR read head measurement system
25 according te the preferred embodiment is shown. In this embodiment, a 7

bit current DAC 110 is provided for setting the current going to an on
bias generator 12¢, which biasgs either the selected head via pins
140/142/144 or the calibration resistor pin 146. On switch biocks
130/132/134/136 are, pPreferably, large FET devices used to "steer" the
30 biasing current teo a selected head via Pins 140/142/144 or the calibration
resistor via pin 146. “The elements described above will herginafter be

referenced collectively as the hnalog Front-End module or AFE.

A 4 to 1 analog MUX 150 is used to connect one of the inputs of the
35 comparator 170 tc one of the MR read heads via pins 140/142/144 or the

calibration resistor pin 146. The rail-to-rail comparator 170 is used to

compare a reference voltage with the voltage generated at the MR read head

bias pins 140/142/144 or with the ICAL calibration resistor pin 146



A4 to 1 analog M DC 150 is used to connect one of the inputs of the

. conparator 170 to one of the MR read heads via pins 140/ 142/ 144 or the

cal i brati oMOne39vor pin 146. The rail-to-rail conparator 1HCT/GBUBEdIZ O
conpare a reference voltage with the voltage generated at the MR read head
bi as pins 140/142/144 or with the |CAL cal{bration resistor pin g¢fp Qﬁf
01/ 20599 PCT/OBOO 03445 7 1 6 FE8 2004 A voltage divider 160 is used
generate, in this enbodinent, 15 different reference voltages from an

i nput reference_voltage enerated of f chip. 5 In normal operation MR read
heads are attachettGEpi F2940/ A2t 9 4ped %@GFEFF"’H@ t & $Pét exfedytsiteniht s,
t he nunberaoffcheadsredetenhedoMysevaryom aASirphoVe feBefi JUEBr e bELe RQEABss
circuit copfi pguratl on for the read head is a resistor 210/212/214
connected to ‘the nodul e pin 240/ 242/244 (corresponding to pins 140/ 142/ 144)
in series with the MR read head 10 220/ 222/ 224 which in turn is in series

Wi th anot her reshSﬁd}Ena23£ye2§2i:£34m £QneciRdato e&ﬁ:%}% tb rbltn*%elpéﬁfqgfr{&d
enbodi rrent a acitor 260/262/264 is also connected fromthe MR read

head bi as p‘fcr?l IRPYAL™ Ee%?l&ﬁnﬁ“s PR IREPYT 558539 AT A RES A YEE f r om
t he | CAL pth spt@ntie Figersd2. 15 eTherqrlekérqudd nwtfigdrdgonneasuhe ntpadheeddR

read el emeqy o Qgéﬁt%QcﬁlOMQﬁpﬁ.d %oﬁmeab&ﬁthsln%uﬂ hi;s JRIAQY, 4ised a ratio
of the cur{ent qylre vol t age val ue across a known

resi st ance ccfﬁﬁ%%? 4™t tpﬁ IJC’RIfl?ﬁ ﬁ“é? Yhée’ﬂﬁ VAT ¥ 3Red BH@P nodul e
wiltth respeed?/2a2{3rd whigh énttymquF ried skoies gbth tshetsaneeyvoitbage @eresmz4t he

MR read he&dm@egedl 253 gQ&mEV\'O ﬂ'! Qﬁe rﬁ%‘f%i’ﬁds emlé:odﬁ%f&ﬁ{ erlcgaﬁ/ac&lﬂ:g'g%ﬁ\éQEyfleﬁﬁ
applledtoth m nus I n ‘rail-to-rail" arator 170 usSin e

0
vol tage diVi §er® b‘f%‘(’:’ﬁcrl%bfrﬂ'ﬁ thep%%llieasehﬁal’?p’ﬁ%asoPl’F k?e”é?)?ﬁféﬂét'b‘? IFPRITs A
connect ed,raPpstey GP iheldot oorheRbedfabnEhWUXCALQint D6t he drGAbd pi n 146 of
t he AFE m)dul e. The on bias current generator 120 is attached to the | CAL

146 it IDAC 110 is used to
PER ror the Sromne e FRe etk o s bR e b Hadee e (ame Bt ot A ance

ext er nal C%ﬂqusr%ﬂ|q§ﬁc¥{gﬂdsbqﬁow This method used a ratio of the current
regquired to give a fixed voltage value across a known resistance connected

to the ICAL pin of the AFE (Analog Front End) module with respect to the
currxent required to yield the same voltage across the MR read head and its

20 two bias resistors.

A reference voltage value is applied to the minus inpuﬁ of the
"rail-to-rail" comparator 170 using the Qoltage divider block 160. The
positive input of the comparator 170 is connected, by way of the 4 to 1
25 analog MUX 150, to the ICAL pin 146 of the AFE module. The on bias
current generator 120 is attached to the ICAL pin 146 using On Switcﬁ
block 136. Now the 7 it IDAC 110 is used to control the amount of "on
bias" current that is flowing through the external calibration resister
250. Each time the current is changed the code controlling the
ap measurement process must delay an amount of time to allow the voltage
developed across the ICAL pin to ground to settle, which in the preferred
embodiment is a minimum of 1 millisecond, and then check to see if the bit
of the read only register connected to the ocutput of the comparator 170 is
a one or a zero. If the bit is a one it means the voltage develcped
35 across the resistor connected to the ICAL pin 146 is larger than the
" reference voltage connected to the minus input of the comparator 170, If
the bit is a zero it means the voltage developed across the resistor is
less than the reference voltage. According to this methed, these
comparisons are used to determine the amount of current reguired to get

40 the ICAL resistor veltage as close to the reference voltage value as



250. Each tinme the current is changed the code controlling the 30

measur enment process nust delay an anount of tinme to allow the voltage

devel oped across the ICAL pin to ground to settle, which in the preferred
enbodi ment WGstE208Ni nrum of 1 ml'lisecond, and then check to seer/Gchoddigssoit
of the read only register connected to the output of the conparator 170 is
a one or a zero. 'If the bit is a one it ngans the voltage devdl bpedi2Bé
across the resistor connected to the ICAL pin 146 is |larger than the
reference voltage connected to the mnus input of the conparator 170. I|f
the bit is a zero it _peans the voltage devel oped across the resistor is

| ess than tHESF8ter enfe® VEPCattieackGEdPrif sForefrredethed, IIfAseis stored
conpari sonstcar éatesedhst0o determ ne the amount of current required to get 40
the ICAL resistor voltage as close to the reference voltage value as WO

01/ 20599 8 PCT/ G% 300103445 16FEB2004 possible. This |IDAC val ue, hereinafter
referred to as | TEAPCsiGivet drmttk of ohel gemyaraser IMfeiposit taendcapal wof wines
conpar at or thé04i o NOVLENNBOL €bo, Dyo WRY @fi, Smidie 4.t : ot O
the HBL+, B2+, or HB3+ pins 140{142/144 of 'the A e g{ﬂrﬁg"%’ A
current is attachéd to the Sand Prif uSPRg ton® SitEERSAL 30/ 413 /5E38  PiNoRs e 7
bit | DAC 1P9-Fsitrded??63@dA%+ ol Nohetheamvuint IDAC 100 bi as'tdCts r@Atrdinakei S

fl ow ng t hzaught tdre »extigRal -.hi-28: 88l 84 QRS A 14. 230/23 34_and
2541 10 are conn‘é%gggé t}%égéBﬁe ﬂ%ﬁ?g{or%lﬁ%%

MR read el nt, 220/ 4_that 10
pi ns 240/ 2%%%?51 75t 2%@1%%4‘&23%@? 284 Rt ¥R Teaf eimeps BiPRgaRAthebatode
cortfr ol | i nG*EhecmEas et civeHEL pr GBRSS ornNEBt+ deha e sanzayeuat onfarkl Headie . ald-ew

the vol t agesslevelopash@ar 95 Sciidigea WrkeLaal biaS - Hesi 427 5. and MR read
el ement to seftle, which in ?H—ﬁe%',e ref erredcen%g?&i %‘éérltstthfsm%asrﬁrnei“?r’htmp(%?“iss
mllisecond, and tHef CHEER" 1B SE& 18 i Wheroiveletoe Kevekmedontspseetfist er
connect ed EFtEHRobiputresistdnes scdnPareddDelésera 0Aesatia, z8fies 44 thhe bit

is a one ibreeansd bodlhtage s deyelipReda¢rpss sthe..ext ernal. ki as fesi sste?rs

and=-MR read.e n | araer than the reference voltage connected td the
- gas i npugfo#ﬁﬁnﬁék gf%he Ye oniy reg}_ster connecred to the goutput of the

comparator is a one or a zero. If the bit is a one it means the voltage
developed across the external bias resistors and MR read element are
larger than the reference voltage connected to the minus input of the
comparator. If the bit is a zero it means the voltage developed is less
29 than the reference voltage. The goal is to determine the amount of

current required to get the voltage developed across the bias resistors
210/212/214, 230/232/234 and the MR read element 220/222/224 as close to
the reference voltage as possible. Store the value of current that just

changes the comparator output from zero to one. Call this wvalue IMRHKEAD.

25
If the wvalue of ICAL resistor as defined as RICAL and the value of

the resistance of the bias resistors and MR read element is defined as

RBIASMR, then:
30 R,rc,”_ * IICAL _ VR_EF

RBMSMR*Ikﬂ%HEHI)—_Iﬁur
ormRica xHCAL |
Rpiasmr * IMRHEAD —

35 The above relation is true because for each case the value cof current was

selected to yield the same voltage value. All the values above are known,
except for RBIASMR, which represents the sum of the value of the

reslstance of the bias resistors and MR read element, so the egquaticn can

be solved for REIASME:



conparator. If the bit is a zero it neans the voltage devel oped is |ess 20
than the reference voltage. The goal is to deternine the anount of current
required to get the voltage devel oped across the bias resistors

210/ 212/ 2%y 01128699232/ 234 and the MR read el enent 220/ 222/ 222CIAGRHIOG3B5t 0
the reference voltage as possible- Store the value of current that just
changes the conparator output fromzero te one- Call this vM|5¢qwﬁﬁFAD 25

30 If the value of I CAL resistor as defined as RI CAL and t he val t he
resi stance of the bias resistors and MR read el enent is defined as RBI ASVR
then: RICAL * || CAL VREF R BIASMR * | MRHEAD VREF RICAL * IICAL or R

BI ASMR * | MRHEAD - R,35«7Jimmzabove relation is true because for each case

t he val ue o#h@ﬁﬂﬁeﬁfj@ﬁ@ﬁr““1ected to yield the sane voltage value. Al the
val ues above are known, except for RBIASMR, which represents the sum of

t he val ue of the resistance of the bias resistors and KR read el enent, so

t he equat iT6nseaid be »ledddraf orheRBPASNRIEDLANDIH 1Y 26599 okl CAE denkekr@AS "on

RBEASMR = i VRHEAR BL/ Gr&QQiqoe%’aﬁt%ﬂﬁ FE.\%QQQQ::& tth%boeu'lyd shecanted dhatst he
above equatlon is a ratio of the ener at ed i as" current. for both

condi ti ons™ nﬁﬁar‘\%mtnhaft SRRy 5?/%’[‘%@&5 %1Jé?1P8F%d l%irﬁ’“ e GBRSHACTSh of the

current are elininated fronlthe cal cul ati on. The MR read head resistance

can now be cal GiHeabRb-d@CRULSC { NG YA 8 an 0o BE éamu£§§é§LQE§u§é0@ﬂ§QIaqge
series with the head is known. |If 10 RVRHEAD is. the resjstance of the MR

read el enéht “ANFRRI ARG STETS FESRAIEGR Bt SoFhe® BRER PSsPADrS, “PREN t Fe

f alol owi ngReﬂq.&m GIs ghwe:gs:tsh:gnqealqjet]@)sf MR read element and RBIAS is the wvalue of
the bias resistors, then the following equation gives the wvalue of
RMRHEAD:

Rupueap = Roasmr —2 * Rpuas

15

OrRyrugap = %% -2 * Rpuas
Once calculated, the MR read head resistance can be used to determine the
maximom bias current which can be allowed to flow through the head. RAlso,
20 knowing the head resistance allows one to keep‘the current density a
constant value. as the head resistance increases over the life of the head.
Further, the head resistance can be used to determine the life ¢f the
head, and to optimise the cperation of the storage device. The preferred
embodiment, unlike in prior art technigues, uses a direct current approach

25 to the problem and adds little additional circuitry tc the chip.

With reference now to Figure 3, a block diagram of a data processing
system in which a preferred embodiment of the present invention may be
implemented is depicted. Data processing system 300 may be, for example,

30 one of the computers available from International Business Machines
Corporation of Armonk, New York. Data processing system 200 includes
Processers 301 and 302, which in the exemplary embodiment are each
connected to level two {L2) caches 303 and 304, respectively, which are
connected in turn to a system bus 306.

a5

Also connected to system bus 306 is system memory 308 and Primary
Host Bridge (PHB) 322. ©PHB 322 couples I/O bus 312 to system bus 306,
relaying and/or transforming data transactions from one bus to the other.

In the exemplary embodiment, data processing system 300 includes graphics



RVRHEAD : RVRHEAD=RBI ASMR - 2 * RBIAS 15 or RVRHEAD = RICAL * || CAL | MRHEAD
- 2 * RBIAS Once calculated, the MR read head resistance can be used to
determ ne the rmaxi mum bias current which can be allowed to flow through

t he head. - Al@mos9®20 knowi ng the head resistance allows one ta-Keemdne
current density a constant value. as the head resistance increases over the
life of the head. Further, the head resi §fance can be used to fgd_grm ne

the life of the head, and to optinise thé operation of the sto Bd8B4i ce.
The preferred enbodinent, unlike in prior art techniques, uses a direct
current approach 25 to the problem and adds little additional circuitry to
the chip. agpphey SREr epmctow t® IFogw= 332, aebkoeknedihagy amrefrated@bBrmation

processi ngorsﬁfsggrﬁ%' ﬁ'erﬂ' @Qr?p}mreﬁeéJﬁQEgmggl é@rzlltonoirofar{e rsescg:r—]t | nvent hon
may be "8!1 mented i s depi cted- Data processing system300 ey -be,for
exanpl e, 30*on¥9HEn h(’:"SH'p‘E&%‘r STIVRFabiRe CEEYS (erP ey enaloersxmesgﬂeto

Machi nes rEesipoivat resd dfeads monld kemsaYaykoiraha d@ﬁ;@@@Sﬁlsngw%t 859 3001 uge

i ngl udes LpLYLRSS d3 h in enbodi nent are
each connect ed thﬁaeijgrlﬁlmQQ Q% C%&%ésoﬁ(}%e L 30 re ré’?ﬁ%%tteidv&%/ 3Bnhi ch

are connéﬁ?‘éﬁc:‘i‘fnSftﬁ‘??rtdo"*ﬁc%%t:éﬁ?%d§58?06>r1€55 A3oteonitebted1Ro ystEm bus
306 is systemserphyedR8 andedd snBfy 32608t Byodge §8HB) 322. PHB 322
couples I/O bus 312 to system bus 306, relaying and/or transform ng data
transactions fromone bus to the other. |In the exenplary enbodi nent, data
processi ng systi&m SOTHIREY kit dgrephisbewy) i01F 85893 %Tb@bﬁﬂ&’dosézhaylﬂx

165E$2004tﬂ:€1¢ﬁir@bs3§.83fCQﬁﬂ&CﬂrﬁQgtﬂqel L BUS oA 1na Eﬁ&@é b1 45 8L Pﬂet 9{4 Ev el
i nformation. fQr.disnlay 320 Peripheral devices such as non-vo
storage 314, ~wiill 1nclude @ hard SRS dHisvBH Pt apd i ¥ &P A ng one or

nor e rragnE‘E"thlloé‘S| sﬁ‘?ﬁlénﬁ’éﬁweheéd@ rancededpboarstlpoia maghdevseeindifye whi ch

may incl udenma apswearbbondly MeHsSs (@niddfkbaldig: P thelikex A5 connect ed

via an a sound card and audio speakers, and numerous other opticnal components.

15 All such variations are believed to be within the spirit and scope of the
present invention. Data processing system 300 and the exemplary figures
below are provided solely as examples for the purposes of explanation and
are not intended to imply architectural limitations. In fact, this method
and system can be easily adapted for use on any programmable computer

20 system, or network of systems, which utilise storage devices with MR read
heads.

Referring now to Figure 4, a magnetic disk drive direct-access

sStorage device (DASD) 400 accerding to a rreferred embodiment of the
Present invention includes: a rlurality of disks 401 with magnetic

25 recorcding surfaces 402; a hub or spindle 403; a base 404; a bias supply
source control circuit 405; a shaft 4D6; a Plurality of head suspension
assemblies 407; a plurality of MR read heads 408; a cover 405%; and a
circuit card 412. Bias supply source contrcl circuit 405 is any circuit or
apparatus that is capable of altering and setting the amount of bias

30 supplied to MR read heads 408 based on the resistance of MR read heads
408. Regardless of where bias supply source control circuit 405 is
located, bias supply source control circuit 405 allows a determination of
MR read head bias supply for each MR read head 408 based on the resistance

of each individual MR read head 408. The resistance of each MR rezd head

408 is determined according to the preferred method described above.

The amount of bias to be supplied to MR read heade 408 is determined
by bias supply source control circuit 405. When the resistance ratioc is
below some desired ideal ratio, then the amount of bias supplied to MR

40 read heads 408 is increased in corder to increase the sensitivity of MR



| ndustry Standard Architecture (1SA) bridge 321 to I/0O bus 312. PHB 322 is
al so connected to PCl slots 324 via 1/ 0 bus 312. The exenpl ary enbodi nent

shown in FEigur is provided solely for 10 the purposes of P t he
\Eéﬁbgaﬁﬂ;g pEXRER/Da0

i nvention se skilled in the art will recognise that nunerous
variations are possible, both in formand function. For instance, data
processi ng system 300 mi ght al so included conpact disk read-QQUXqumpry
(CD-ROM) or digital video disk (DVD) drive, a sound card and audi O
speakers, and nunerous other optional conponents. 15 Al such variations
are bel i eyedat adge wWidrBb ithheesSingl tnaiRdoS£0RR-06i dehear 1 @8&NMmd-BYERL LRA.
Dat a process'Q%]s¥st§nb§594%pd the exenplary figures 20 25 30 35 40 bel ow
are provi 888" %08y As~éxanpl es for the purposes of explanation and are
not intended to inply architectural limtations. In fact, this nethod and
system can be easily adapted for use on any programmabl e conputer system
or network of systens, which utilise storage devices with MR read heads.
Referring now to Figure 4, a magnetic disk drive direct-access storage
devi ce (DASD) 400 according to a preferred enbodi nent of the present
invention includes: a plurality of disks 401 with nmagnetic recording
surfaces 402; a hub or spindle 403; a base 404; a bias supply source
control circuit 405; a shaft 406; a plurality of head suspension
assenblies 407; a plurality of MR read heads 408; a cover 409; and a
circuit card 412. Bias supply source control circuit 405 is any circuit or
apparatus that is capable of altering and setting the anount of bias
supplied to MR read heads 408 based on the resistance of MR read heads
408. Regardl ess of where bias supply source control circuit 405 is

| ocat ed, bias supply source control circuit 405 allows a determ nation of
MR read head bias supply for each MR read head 408 based on the resistance



- of- each individual MR read head 408. The resistance of each MR read head

© 408 is detzgbygddgyed according to the preferred nethod desgé&d radeabp\aly Thea
anount of bias to be supplied to MR read heads 408 is determ ned by bias
supply source control circuit 405. Wen the resistance rati?dr@éﬁjﬁﬁ)eow sone
desired ideal ratio, then the anobunt of Bfas supplied to MR ads 408
is increased in order to increase the sensitivity of MR WO 01120599 11
PC3' | GB00/ 03445 16 FEB 2004 heads 408, thereby increasing the

signal -to-noise ratio and inproving the, Eggfor mance of DASD 400. SJ(990082
New Page: 2 July 2001 12 16 FEB 2004 CL,&IA 1. A nethod for determning the
resi stance of a magneto resistive head (408), conprising the steps o:

passi ng airef ereneghRUEbedetbhfiioligh ther eéet=ennees |Gad dagngenefedtietfive head

reference yolit agg.-StQhl NGt BeJLEer ence vol tage; passing an adjustable
current tr(lr ou)g'h am%agsne o} reesies%i ve head (408) to produce a head voltage;

varying the adjustable current until the head voltage is substantially
equal to the rekesbrre voidrgges camderdetbrongh agrefiegen@silobdnee gehetdte a
magnet o r esiStenke NAAg£A08) from the adjustable current and the head
~voltage. 2. The nethod of claim 1, wherein the magneto resistive head (408)
is configured to read data froma magnetic tape. 3. The nmethod of claiml,
wherei n the magheta E8f St4i¢EeHEad {4A98) is configured to. read data from
a magnetic disk. 4. The nmethod of claim1, wherein the reference voltage is

stored in a passing an adjustable current through a magneto resistive head {408)

to produce a head voltage;

varying the adjustable current until the head voltage is

substantially egual to the reference voltage; and

determining the resistance of the magneto resistive head (408B) from

the adjustable current and the head voltage.

2. The method of claim 1, wherein the magneto resistive head (408) is

configured to read data from a magnetic tape.

3. The method of claim 1, wherein the magneto resistive head (408} is
configured to. read data from a magnetic disk.

4. The method of ¢laim 1, wherein the reference voltage is stored in a

computer memory.

5. The method of ¢laim 1, further comprising, after the varying step,

storing the value of the adjustable current.

6. A system for measuring the resistance of a magneto resistive head
(408), comprising circuitry (405) for generating an adjustable bias
current and a magneto resistive head (408) comnected to selectively
receive the bias current, the bias current producing a head voltage across
the magneto resistive head {408); characterised in that said system

comprises:

a reference load connected to selectively receive the bias current,
the bias current producing a reference voltage across the reference load;

and
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~conputer nenory. 5. The nethod of claim1, further conprising, after the
_varying step, storing the value of the adjustable current. 6. A systemfor
measuri ng s¢ﬂ99wesﬁstance of a nmagneto resistive head (408) pagoOnpEr bslNQoo1
~circuitry '4051 for generating an adjustable bias current and a nmagneto
resistive head (408) connected to selectlvely receive the bias current,

the bias current producing a head voltage 3cross the nagneto1ﬁd§@qmmve
head (408); characterised in that said system conprises: a reference |oad
connected to selectively receive the bias current, the bias current

producing a ref siﬁaﬁ%ryoﬂ&raﬂ@as%&&ﬂ§Sthteh@ef’e‘%feﬁéé‘%‘ida doa @y é&@NBEPa??d*EET
004 circuitr

j pr- .%r 00 00 16FE

rensur i ng. (178 27 e RCE O T AP G hESThAq VHIHLES TRsHeRetdR of che
ref er ence WAEPRAG G stibesd head d‘étoér nmbseed me Fbsikpancerreht t4nd thagreetio

resi stive fwaadgé408), based on the bias current and the head voltage. 7.
The systemof claim®6, wherein the circuitry for generating an adj ust abl e
bi as current co ises a i tal -to-anal og converter (110). B. The system
of claimé’ furﬂie'ers YEBHDS ?Jrfd svﬁhtecﬁl‘cgﬁﬁe‘c‘tréﬁlb’@t Engenteﬁét:rfﬁgﬁét 0
resistive Weaatihﬂ%}uamtwn@ntcrcpmmey § griggeaiertat arrg cghcoravd usit alhe) bi as
current. 9. The systemof claim®6, further conprising circuitry to store

the reference wol l30een 10 clUiG 8YShethal ELALIG, {ULLhGl LOMRLIS 0O 2

conparator (170 ted 1O recei ve t &rence Vo age an

vol tage. 1f® TREPEPsTei LY e IM4Pmh B“Bf’u?’?"hérmc‘b‘ﬁﬁi“i‘%’f}hﬁc’étgqnéﬁ%‘fm@nén
addi ti onaladimatpiEicobiesicsrreet .read head (408). 12. The system of claim§6,
further conprising a multiplexor circuit

9. The system of claim 6, further comprising circuitry to store the

reference voltage.

10. The system of claim 6, further comprising a comparater (170)

connected to receive the reference voltage and the head voltage.

11, The system of claim 6, further comprising at least one additional

magneto resistive read head (408}.

12. The system of claim 6, further comprising a multiplexor circuit

(150) connected to receive the head voltage and the reference voltage.

13. The system of claim 6, further comprising a voltage divider circuit

{160} to reproduce the reference voltage.
14 . A magnetic storage/read system (400) comprising:
a recording medium (401) for magnetically storing a signal;

& magneto resistive element (40B) comnnected to read from and write

to the recording medium; and
a system as clazimed in claim 6.

15. The system of claim 14, whexein the circuitry for generating an

adjustable bias current comprises a digital-to-analog converter (110).

i6. The system of claim 14, further comprising a switch connected
between the magneto resistive head (408) and the circuitry for generating
an adjustable bias current.:
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(-150) connected to receive the head voltage and the reference voltage. 13.
The systemof claim®6, further conprising a voltage divider circuit (160)
to reprodgdesidigézr ef erence voltage. 14. A magnetic storage/fragad Zystlenzool
(400) conprising: a recording nmedium (401) for magnetically storing a
signal ; a magneto resistive element (408) connected to read fromand wite
to the recording nedium and a system as & aimed in claim6. 15. The system
of claim 14, wherein the circuitry for generating an adjustabl &Fﬁﬂm
current conprises a digital-to-analog converter (110). 16. The system of
claim 14, jburt Rgr SRR Sf RGa8n S, t Bl eeeANGEEEHs i REEVWRRA + 118 JTROBAL Qpe

r esi stlve h ad E401§é and the circuitry for generating an adjustable bias
current, £79510990082 New Page: 2 July 2001 14 16FEB2 17. The
syst em of cI aim14, further conprising circuitry to store the reference
vol tage. 18. Theesysteimn of cachai maldfurfeuet hempeONPRI 51 AgparL@Fpati ador (170)
connect ed el JcREE1 4P rbbg I LAL NGErufle! 9080 hudd enb dpdavilitage; 19. The
system of claim 14, further conprising at |éeast one additional ' nmagneto
resistive read head (408) . 20. The systemof claim 14, further conprising
a nul tipl @Xor Ehecuistem (db@laboidectuethen aoppeisiagt e Uesad onel dadieiandl t he
r ef er encemygletageesidtivd heagysdsamiofs)cl.ai m 14, further conprising a voltage
di vi der ci rcuit (160) to reproduce the reference voltage. 22. A disk drive
unit (400 risin a controller unit; a spindle drive controller

coupl ed t the E%rﬁylng‘Fe‘?f Gh7t™ 4 pTYEFaey tcymmlfslf‘acwerlﬁh@ﬁéﬁrccﬂcﬁcyk& (401)
rot at abl y (h¥intethepted tspieneiw (493kadoqiltede tapdatispiredbsrnet ol tagal d
spindle notor electrically coupled to the spindle drive controller;

21. The system of claim 14, further comprising a veltage divider circuit

{160) to reproduce the reference wvoltage.
22. A disk drive unit (400) comprising:

controller unit;

o

JH

spindle drive contreoller coupled to the controller unit;
a plurality of stacked magnetic disks (401) rotatably mounted on a
spindle (403) coupled to a spindle motor, said spindle motor electrically

coupled to the spindle drive controller;

at least one magnetc resistive (MR) head (40B) electrically coupled

to the contreller unit;
an actuator drive controller coupled to the controller unit;

an actuator shaft rotatably coupled to an actuator motor, said

actuator motor coupled teo the actuator drive controller;
an actuator assembly coupled to the actuator shaft, comprising

a comb unit having a plurality of actuator arms and a hub assembly

coupled to the actuator shaft, and

a plurality of head suspension assemblies each coupled toc one of
said plurality of actuator arms, each head suspension assembly

comprising an MR head (408), and

AMENDED SHEET
IDEA /5T



at | east one magneto resistive (MR) head (408) electrically coujné ?d to t he
- controller unit; an actuator drive controller coupled to the c

cunit; an FIO9RP B2 shaft r ot at ably coupled to an actuat orygot9 Sdl
actuator nmotor coupled to the actuator drive controller; an ai ‘udtorty 2002
assenbly coupled to the actuator shaft, conprising a conb uni t havi ng a
plurality of actuator arnms and a hub asse‘r?bl y coupled to the actuator
shaft, and a plurality of head suspensi on assenblies each coupled to one of -
said plurality of actuator arns, each head suspension assenbly conprising
an MR head (40&),-1, aa,ncgl,g&}orﬁl}_l EA/ EPa SJ(090082 1 6 FEB
2004 New Page. 1};4 QEB?;H:Z a?ﬁfaetfgc nr(‘):gl PES BIRTIMidt tatsed i actolasse
proximty to T d ac afb’r“g a SRy U0 APF | SPRYY oc emtaashremintt EfdbI e

suppl yi ngség‘??éasa’f“érrent enable signal; and a neasurenent circuit

i npl emented within said armelectronics unit, said nmeasurenment circuit

conprising a SXSEé%gdiﬁmgﬁéﬂcqgguié11%pf%men9ed within said arm electronics unit,

said measurement circuit comprising a system as claimed in claim s&.



