VW001/ 20599 PCT/ GBOD/ 43445 1 RATI O METHOD FOR MEASUREMENT OP MR READ SHAD
RESI STANCE {,[;b@l,msgsent invention generally relates to corpuicGEs/aSH4Sr age
devices 5 and in particular to nagnetic read heads in conputer storage
devices. Still nore particularly, the present invention relates to an

i nproved nethod for determ ning MR read head resistance in conputer
storage devices. 10 Manufacturers today go to great |lengths to ensure that
their  products are sgfrdicod Wdk kst 5 (#a5h axkb Shaidrpid
characteristics are optinmsed. one group of products for which quality and
reliability are of utnost inportance are disk drives, which are wdely
utilised within conputers and other devices for data storage. A disk
drive, which is andpreype DiveRHighQicheraly GeIlitag tdeyindetexC idrade) Aericast
amountgs of  dgfgsd ga;tng@ﬁr Qﬁmggueeh! kﬁcf;&meﬁ% céagat&omgsyheﬂ ed. di sk

drive is a tic transd ad, I S.an

el ot r onagneRiidL dECT GATRHE b SRTIFah ST PSR A B0 8 PhARER (o r ead
and wite dawsrhodifgh detgradning My seaddhdadereghstiance iR eopehes sfopsasn t oday,
have mul ti pl @evdesks and nultiple heads to read and wite data. One type of
hi gh performance recording head is a magneto resistive (IVR) head. I n order

to optlmsethe head' s opera t|n p0|nt for_opti num p mance, it iIs
i nportant to fi rsl\atin %Smeﬁ’ b %ﬁ AL AR S TV ™M\R read

heads are al®@@ingeEdayenohthe: qE%ir*ﬁ’bn ang Fhafgehelevoreaationyic hha&*@ctqraf;@car i ves.
The MR read macptittdedi ame yricsp OF dxoPaich afteesnicl qaamitiRoiesdiatiesy are
appl i cation, of ua&aadlﬁgms@a@e dbd @S ativik, %iaaeae 19t R Srea I el
neasur enent of the re %Fr esistance 13 a g y horder to
ensure t hat ?W@uﬁflaﬁgrﬁtﬁﬁr v’d’egsfﬁa‘% & 8fagtehé1\ Hgg‘d vehd’?‘“’ extdeded. By
knowi¥g t he ¥@8i <% Brnett reqeadingadervhendcameiwrenyags Fgrrtenet dakm it &1 owed
to flow throvghuidkdy eacksesit hout exceedi ng t he maxi num 35 power dissipation
gllomed Lnltpﬁlh?adovg?gg bi as Cﬁrrenttgﬁ?nfogféﬁshead outp?g ng?ich can
e ver e
gener a%/ed bs t he W |‘f°mﬁ°@{enl °gegg ;’;%\ SVher g VARt age 6 frdike ﬁlé’ufeferret% head
resi stance t® ga ke3dr which is an electromagnetic device that is closely posz.t:.oned
20 to the disk to read and write data. High capacity disk drive units, which
are common today, have multiple disks and multiple heads to read and write
data. One type of high 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 also 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 excesding the maximum
35 powexr dissipation allowed in the head. More bkias current means more head

output, 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



40 information relating to head wear over the life of the.head while it is
WO 01/ 2059 ;22089¢B00/ 03445 2 installed.. This is possi por/dpemessgs of the
change in head resistance as a function of wear. Finally, Electrostatic

Di scharge (ESD) failures can be deternened because a failed head will have
a very high resistance. 5 One approach has been to assune a resistance *
val ue based upon statistical data, but manufacturing variations and the
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optim sed bias current for each head/di sk/channel conponent conbi nati on.
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which is acceStaq dur rer?és‘éas?&u‘?afbﬁl@?s EAR (PRt B RFPT H"i?bﬁh%ﬂpltr@a‘”appl y a
bi as cur r eFherrirTge difr HaNeRtUhi tchmedrure (Fhe jesietance 96 daghtleed dot a \aisk MR head.
20 One prodtigmusiihd) at byt e pREW A8 NcdnSrdadg the bB/lehQSdu&Eéﬂcﬁpmé’@ Wb agent

Musfo be ackRapl4iehed a%ghtﬁcsa&téﬂséz‘i@|% $x%¥§<!le o W2L& BIS URLLo $or

installed in the re. For exa e resi stance measar enent
nust be corrpcf’e?eaa JtSE{% "W% ﬁ%‘%"%%‘?’“ﬁ“&%?" the slider assenmbly |evel,

or by inconveni ent probing nethods at the HeadStackAssenbly (HSA) |evel 25
(after the act Ut tire héree beaunefaseuds], ath aptdmjsdt bef Qir@edt £6:5 cABY g4k i Nt O

the di sk enslaosdti@ineaAfdaCserbe YR HCAK ARleyal, Oﬁuﬂﬂ? egﬁ&% su,égh al.e nerged
t oggt her V\égv}gm the. disk &nclfﬁsu Sanld hea]t: erm n%I S are not
ou

aval | abl e mBasur ement fenovfng © tr°r’6"’?ﬁ PT?cé?ﬁﬂ osure,

and it is TSFacEiSals aﬁc%?)?teérfé‘r%’r?eei‘%cﬁlh’r%a?% eb@yémﬁ BWitcHi epmandcFosur e 30
because suzPlexd bims owrrgah iscampedapce ogrindbe tdpeindisek vinid t6 thel Ltive

per f or mancer nkx4d.t hernore, MR resistance neasurenents nade according to

this method are tinme consum ng and require special probes and fixtures to.
gai [} access to the MR resjstance node.. 35 For manufacturing purposes, it

woll’d be usef ulPEPFPHTREIY Fiis MRRJAMMIF SRt the IRy kaedPiinAg ThesrtsTertai nst

el ect r ost ausE kB serapifeshed SP) the subassenbly 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 HeadStackAssembly (HSA) level

25 (after the actuator has been assembled and just before it is merged into
the disk enclosure). After the MR head, actuator and the like are merged
together 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 terxminals beyond the disk enclosure

30 because such extension can severely degrade the disk unit's file
performance. Furthermore, MR resistance measurements made accoxrding to
this method are time consuming and require special probes and fixtures to
gain access to the MR resistance node.

35 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




with a shorting nechani smsuch as a solderball. In order to maxim se ESD
protection, wikngodeslerball should not be renpbved until thepdBEE®iozfa9ssi bl e
nonent, which is just before the head is nmerged into the disk enclosure. 40
However, using conventional techniques the MR resistance cannot be read W
®@UJ20599 PCT/ GBOO' 03445 3 until the short circuit has been renoved, and
measuring the resistance can be difficult once the disk drive has been

i nst a{! ed i ntﬁ;t&h&hdiéi%ftr:] %gséf&s lifag-l'{egnlﬂm_gvetii. (2l 306Gy thD &Pt SIQN can

i nvention pr . 0 or.. .ermning the resistance of a nmagneto
resistive heg%"l, q%%ﬁ%r‘ﬁ%cge Fife ™% 'g’blé'eorga? ’f?ggsll Rftas? dPe7 ERT & ®r r ent

t hrough a r ef BSAEESt oad to generate a reference voltage; storing the

ref erence voltage; passing an adjustable current through a magneto

resistisve head to prodica asheed uolhads: 1QeH43LYIH00:LDS 20idshaRle current
until the heagd 0, the refAerer]ce vol t age;

|. e.l s substantiall equal to :
and det ermi ni neé"\ét ltél%r%eg%l%trg?\lc%a%cfe ?%5 'Xar?ﬁe@ T TPEP 0 e RIS he
adj ust abl e cufrBAtCTaRISEHY maglenrare syerecPrrbraghif yeferprceniepdet® spmshntd | Ve
head i s configuetsreber relidgdatbioritd the Rt areibgRoitiage i PR InErR\ &tjablapie t he
Magnet 0 I esi Skdr¥énth eRlubiS aCRAINEEAILE st Rre! R GALAuld AMAAaRYRES, C di sk. 20
Prefergbly, ths L%f gﬂeeggeusg Il'%a els sttoéen%‘r_l n g cg uter nmenory._ A nmethod
of the first a?ﬁge t preferaply Turther ¢ i 88 voiFi9s, 15 ﬁ‘ébs':@%l‘?’/‘??‘]ﬁg step,
a step of stofTAY hEevatiFEense YRE2%8d] anst dspenising tha resiBtagregoss shbond
aspect, the pragsesst resiseivel Bradpioni he Sacjusipble Ruf@ht aBB B Meag dllEage.
resi stance of a magneto resistive head, conprising: <circuitry for

generating an adj bigs current; .a magneto. resistive head connected
to selectivel re::%;%e f Hé %‘e TIEETT & 1sc¥‘%e£| a¢ EUFFEIET 55 BRTcPHE a head

t I'as “current,
vol t ag€ acr os¥oP i #HHEt 5*F%esi stive head; a reference 30 |oad connected to
sel ectively receive the bias current, the bias current ‘producing a

reference volt age raefe@ssiy, Nehel @igREQN 61l 0AR nBA i o b&FWil Y d0keadBASUN I NG
the referencesynl aag.e0d i f}e head vol tage, wherein the reference voltage

is used to determne the resistance of the nagneto resistive head, based
on"the bias current and the head voltage. 35
20 Preferably, the reference voltage is stored in a 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.

25 In a second aspect, the present invention provides a system for
measuring the resistance of a magneto resistive head, comprising:
circuitry for generating 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

30 load comnected 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.

35

Preferably, the circuitry for generating an adjustable bias current
comprises a digital-to-analog converter.
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Preferably, the circuitry for generating an adjustable bias current

conpri seswe oiie@d al -t o- anal og converter. This Sheet HaspBreBoiRBpsaced :
111211121 21122122112, il 111 WO 01/ 20599 PCT/ GB00/ 03445 4 A system of the
second aspect preferably further conpriges a switch connected between the
magneto resistive head and the circuitry for generating an adjustable bia$
current. 5 A system of the second aspect preferably further conprises
circuitry to gfgyfteh 65f 8LRNE syt G erd 1SV ALEMROtaddSseif s WIdLasPECt
preferably furttggrbegor%)rLsegaaetcogggrta‘t’ggleac nne =gdc,tro recei ve t he
reference Vo tage and the head 10 Voltage. A System of the Seécond aspect
pr ef er abl yIePEFatRRY @oMPIRFEPee Hiag gx¥¥entone additi onal magneto resistive
read head. 15 A system of the second aspect preferably further conprises a
mul i pl exor Ci iCHydren WHEKRd 86bdn@ deBE& YPedeRo1RCAG U tagR 8 ciNBityy

reference tycolsgaxgetheAr%%% 100 9fltg€eq second aspect preferably further
conprises a vocftage Fvider Tircuit to reproduce the reference voltage.

In a third aspect, the present invention provides a nagnetic storage/read
system conpri simgystanreic chel secpristiparn bosfemaigiyefuathést yomliors ag a signal; a
nmagnet 0 r egdnphda¢r AlofAidiba GRNAREIWRI thd rERAEndd 051aARE a4 dieifelat O the
reci%rdl ng pedium and a circuit for determning the resistance across the

magnet o resistive el ement, havi ng: a circuitry for generating an

adj ustabl e bias current which is selectively passed through the nmagneto
resi stive el enensystenprindpdor secrndezrpesn Prefpaakior eshehcommygaet ot Yeest Sti ve
el ement; aodechdtielsiRl| madetcOnaactod tanasda@ct i vely receive the 30 bias
current, the bias current producing a reference voltage across the
reference load;_and circuitry for_ neasuri ng the_reference voltage and the

hedd® vol tage, Wh&YET théRT SPEPERRRCOPFEFEPY O¥EhST GoMEEThPne t he

T esi st ancemgftiplexonwdrnetis ¢aaneckef ke réashentthe haad yobtage rndbthes current and
t he head voddepgf-e Eitage. ' ' o

A system of the second aspect preferably further comprises a voltage
20 divider circuit to reproduce the reference voltage.

In a third aspect, the present invention provides a magnetic
storage/read system comprising: a recording mediﬁm for magnetically
storing a sigmal; 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 éelectively passed through
the magneto resistive element to produce a head voltage across the magneto
resistive element; a reference load comnected 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 voltage, wherein the reference voltage is uéed 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.



In a systemof_the third aspect, the circuitry for generati

ng an

adj ust abl e kg% /s0e69 €nt preferably conprises a digital -t opppripesloads
converter. 'WD 01/20599 PC r/ GOO 03445 5 A systemof the third aspect

preferably ftizither conprises a switch gonnected between

t he magneto

resi stive head and the circuitry for generating an adjustable bias

current. 5 A systemof the third aspect preferably further

conpri ses

or et orabl y 1 ur ok e PEE TR K Etor RIS HELS) somient, & TS

preferably further npris conpar

ref erence vol°PRRfECEhietHsen [TBe Faonsyo\xsEiatue baad 7ad &he cRreHEYY KPFd aspect
preferably fgrtdretirgonpribesakie bisasdurr@nte addi ti onal magneto resistive
read head. 15 A systemof the third aspect preferably further conprises a

L pherer 11Ul slnesad Ao sheve At e ol e g e

ref erence voltage m of aspec

conprises a \¥81% ﬁ%thQ(feﬂ?’i?P%leﬁaﬁ%uit to reproduce the reference voltage.
In a fourth aspect, the present invention provides a disk drive unit

SO A e e st s e g sy L L
controller u . [ I Oor _stac nagneti c Il SKS T ata nount e
e@%&c\ﬁjaﬁ?teo% ?on%ectex. to rece:rlﬁﬁ %ge regaran%epl F%e ﬁB d:Pe &eg%t

0 a spindle

on a spi ndl or, “sal

rically

couplé to tHEIEEthIe drive controller; at |east one magneto resistive
(MR) head electrically coupled to the controller unit; an actuator drive

control | er coupl el dyetdu6s GROLhOId S4peldPigrerdQpRC EURLOY

'Lesr Qé Q_LQQJ y

coupled to a@n@%ﬁ@i%al@i#@to §§é‘i%ta?ir%h%aé§<}0£eagot or coupled to the actuator

30 drive controller; an actuator asse
conprising a conb unit having a plurality of actuator arns

coupled to the actuator shaft,

and a hub

assenb¥y coupl ed 2cYetrn et tthattbirds hefert ramthrab)y fuxahérdt yomfrikead suspensi on
assenbl i es eaGiripnaiplk el rtd t0RRnEIted AoUrdetvdkhd Vel vaiGhy@As BELNE, each

head suspensigf..a3sefBly,conprising an MR head, and an arm
unit situated in close proximty to said actuator assenbly,

el ectronics 35
conprising a

control unit for supplying a nmeasurenent enable signal; and a measurenent
: A system of the third aspect preferably further comprises a voltage

20 divider circuit to reproduce the reference voltage.

In a fourth 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, said spindle motor

electrically

coupled to the spindle drive comtroller; 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 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 to one of said plurality of actuator arms, each

head suspension assembly comprising anm MR head, and an arm electronics

35 unit situated in close proximity to said actuator assewbly,

control unit for supplying a measurement enable signal; and

comprising a

a measurement

circuit implemented within said arm electromics 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 comnected to selectively receive the



circuit inplenmented within said armelectronics unit, conprising a
circuitrywbeirz@enerati ng an adj ustabl e bias current whipdur/cBoomsdsscti vel y
passed t hrough the magneto resistive el enent to produce a head voltage 40
across the MR head; a reference |oad cainected to selectively receive the
wo 01/ 205599 PCTI GBOO 03445 6 bias current, the bias current producing a *
reference voltage across the reference load; and circuitry for neasuring

the referegngs deldmddandnghbh@rrliRag-0s0LiR08 refRhel Roifige r£REELLREE VOl tage
is used to getermnethe r.e3|§ta ce o thg on the .bias

X ence 1 ; circui or mef suri I}:/Be h::%ggf Q asve an
current and the hesa vort ages -5 ACprerer? el “eRssaTent "ot PR r 8¥ent
i nvent i on RERR|VoRERTeh herRin: P eferpre gt tage dR 4ASH Cnittprmitet FhRer ef erence to
t he acconpasystagce G atbierngFs hean, Whase  onl theFbipy eudrede ping tthe Nidal esdrdyead
meagurenent circuit in accordance with a preferred enbodi nent of the

present invent |Aont'efglfl%§][§ 24l AN eMRS ead head circui {4 0 aggordance with a

preferred enbodinme e nvent | on® 5" ilaﬂerné;i? Hepll ¢T's a bl ock di agram

of a data ¥PEEPESi BY Y stle AT IR ¥H it referresd te e ACRBWRRYMYt he present
I nvent i on dyayidge imphighented; and 20 Figure 4 depicts an exenplary disk
storage device in accordance with a preferred enbodi nent of the invention.

Theggpreferred ‘%EP-P:@ L, G EES gLhod Lo allow, the measyrement, of the
MRTead head resfstance using a ratio technique. Wth reference. NOw to
Fi gure 1, %PBFSEReH PERCATINGT o5 EMRPF &Rt HEXER 835 ur enent  syst em 25 accor di ng

to the preferred enbodinent is shown. In this enbodinent, a 7 bit current
DAC 110 is prowiged ak SeMkiRgatHeaa GieaaRt i)abdgaliean @ phéRsSrgener at or

120, which,hj kther i thg.salected head via pins 140/ 142/ 144 or the
cal i brat i or@%%??gtf' (;%rE %l n"146. ©h switch bl ocks 130/ 132/ 134/ 136 are,

pré"lserably, | arge PET devices used to "steer"” the 30 biasing current to a
sel ect ed head VFigune Adlepidys]al Dledk] dgpgrameLicaldabs arPemgsingesystemrinyi a pin
146. The eolmBEnR! pretestdd bpdaskay oftld prest Natdmiod Ray bel Riptakated;

col lectivelyy as the Anal og Front-End nodul e or AFE.

20 Figure 4 depicts an exemplary disk storage device in accordance with
a 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 to the preferred embodiment is shown. In this embodiment, a 7
bit current DAC 110 is provided for setting the current going to an on
biag generator 120, which biases either the selected head via pins

- 140/142/144 or the calibration resistor pin 146. On switch blocks
130/132/134/136 are, preferably, large FET devices used to "steer" the

30 biasing current to a selected head via pins 140/142/144 or the calibration
resistor via pin 146. The elements described above will hereinafter be

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

A 4 to 1 analog MUX 150 is wused to connect one of the inputs of the
35 comparator 170 to one of the MR read heads via pins 140/142/144 or the
calibration resistor pin 146. The rail-to-rail comwparator 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.




A 4 to 1 analog MJX 150 is used to connect one of the inputs of the 35
conparator 1@ difesesie of the MR read heads via pins 140/ 14zhdd6bemsass he
calibration resistor pin 146. The rail-to-rail conparator 170 is used to
conpare a reference voltage with the voltgge generated at the MR read head
bi as pins 140/ 142/ 144 or with the I CAL calibration resistor pin 146. WO
01120599 PCT/ GBOO/ 03445 7 A voltage divider 160 is used to generate, in

t hi s enbodi nment, f feren vol tages fr n_.i nput reference
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of heads attodhed nay vary. As shown in Figure 2, the normal circuit
configuration for the read head is a resistor 210/ 212/ 214 connected to the

modul e gpi n 240/ 24 n t insl /4/144 |nser S wWth
the MR°read head %?rg’%ﬁ% %efgg%% dge Gr=id ‘]’heéefr"l B)g“ ST ﬁ“ner
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capaci tor 26@¥E282WR064 Fisyre|2s ccheomyesl etirdulvebhiguidRice dor hbacrebd agadi N
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connect ed t oppReteCAR growndef ImhtheAPFeferuvdl ofpodiment, Endhpadimedt|2@omsjzes
respect to the aJ&urcfoeﬂécté@Qbeﬁ ete MR a8l haliNG 25 AR MO)130£ 4964 QSSunhe MR

read head andekidor 289 10,38 tQr A er.e Joltage value is
applied to thee m ﬁﬁs ?nlpu?'éL of oﬁng&lea 2 ‘ﬁ 8- #cgi. s ncr}grgrpar?t‘%’gg‘lm using the

vol tage divider block 160. The positive input of the conparator 170 is
conneédfed, by wayTesf preferred petho® FonnmmhagitdXhd 36, rdad dlleeentCAsiptancd 46 of
t he APE nodulvelueThe aaBchib&s beTow, I @fts g.eﬂeaasgaa al 28k iloScBthachadnt 0 the | CAL

pin 146 usi nQe&ﬁrSWtBClee Qg:kedngoqta %J%{% cxos i L }lngérgr%%%tlaéceuse

control the amoynt of baLl as" _current | 'OW N rou hc?"ﬁ%‘:ted
external caliBr 5%Lr%’§‘| % &pe A%d“@ﬁ&ﬁ‘f’?ﬁ'@“‘?’h@%? r"f%‘r;l’f1 regpqsﬁamélep t he
code control Icpﬁ’ffnt Heeagirede@syired fietre f9me c@3tagrLstrogke ithy Mareatiiead aaft dtisne t o
al | ow2t he voltivagaas devaiteped across the 1 CAL pin to ground to settle, which
in the preferred

A reference voltage value is applied to the minus input of the

"rail-to-rxail" comparator 170 using the voltage 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 1208 is attached to the ICAL pin 146 using On Switch
block 136. Now the 7 bit IDAC 110 is used to control the amount of "on
bias" current that is flowing through the external calibration resistor
250. Each time the current is changed the code controlling the

30 .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 output of the comparator 170 is
a one or a zero. If the bit is a one it means the voltage developed

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 method, these
comparisons are used to determine the amount of current required to get

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



enmbodinment is a mnimumof 1 mllisecond, and then check to see if the bit
of the remsdonsusy regi ster connected to the output of theCuGBas#&sor 170 is
a one or a zero. If the bit is a one it nmeans the vol tage devel oped 35
across the resistor connected to the 1@AL pin 146 is larger than the

ref erence voltage connected to the mnus input of the conparator 170. If ~
the bit is a zero it neans the voltage devel oped across the resistor is

| ess than psmbnef EFRIC EoACOVLIREE heAEGRECUNGeferdd LS aBBIMAT, ikNASEea
conparisons_are used to determne the anmobunt of current required to get 40
the | CAL resistor voltage as close to the reference voltage value as WO
0180599 PCT/ GB00/ 03445 S possible. This I DAC value, hereinafter referred
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m | | i secongtremal dileree@oks tand I@erdda elfembite tbidetole, t i cheadenl y regi ster

connect ed ptrgféxl}@d %Mne,m‘ 1; f;emumm%rfaé ng.llz§e@ongnean9rth@nzc@£9k tbfsdene bit
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the anount;.fer chld B rLAGNALLYo1R %Lnﬁéaeeyql,t@q%%y%ap@df6&1&088 t he
bi as resistors 210/%11%;‘2%4 S Joyrand) poanelte

220/ 222/ 28"8E ¢ Gse fe Pt FFERLS VWIPE gt% vest3 Ss%"ﬁﬂ%"egﬁs E%sst he val ue
of 28urrentthf“h§thej TrEETench it EAger h&he crphrist B 98 e FhOAMPBEPR 0 one. Cal |

t hi s val uecukrhMEAEIuirédbto 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 value IMRHEAD.

25
If the value 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:
R}{;AL * IICAL ' . VREF
30 Raiasur * IMRHEAD = Vyer
opRicu #CAL
f RBIASMR * IMRHEAD
35 The above relation is true because for each case the value of 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
resistance of the bias resistors and MR read element, so the eguation can
be solved for RBIASMR:

40




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

resi stance %Iﬂ&% bias resistors and MR read el enent is p@f-,t;ﬁ@g{,;@g
RBI ASMR, then TAL * 11CAL ViS 30 RBIASMR * | NRHE4D - p RCAAL *

|1 CAL orRBIASM e * | MRHEAD 35 The above rglation is true because for each
case the value of current was selected to yield the sane vol tage val ue.

Al'l the val ues above are known, except for RBIASMR which represents the
sum of the value of the resistance of the bias resistors and MR read

el ement, so thg equatRiom*d&ML be sol ved for RBIASMR 40 W 01/20599 .

PCT/ GB0O/ 03445 4% R CMRAEAD CAL Rte' = IMRHEAD it should be noted that the
above equation is a ratio of the generated "on 5 bias" current for both

condi ti ons. Iblam%nsmtt@eyﬁy%emleﬁrier§ ratid bHRRIQRELALEPRRT the
curre g are elimnat eq:b;or ggtth I cuI at 2N, The tl}@tread head resi stance

can now be cattul e vedatse tHe Vart o’fs PHES BT PRE i P oT e " tonheated in
series with f-‘héhﬁéﬁﬂeﬁ%l%ewe |°Pr&eetmewa§e‘i feon sbe spifvdationr- t he MR
read elenent and RBIAS is the value of the bias resistors, then the

fol | owi ng equ?t i Oﬁxegiaﬁ/%@ad: Beavaddgr Lke RVYR! ndAlR cﬁ%ﬁ%&&eia\.@m edRra1ud ¢
Rags 15 Rm of t wo res:.Es<:orgusecfl\/Flf'§xétsenes w:.t-t htahe hea%e CQnCU| aEgd the MR

read head resrs ance can erm ne MaxXi mum bl as "current
whi chitan be™BHERR\ER 05 ¥osdFranee Of divet e readaelemapts and RBTRSK#H PR Jattfe ohead
resi stance akbeohsasomesistodecahet [tde civllanhg dausiiby gdveasotist sskuevald ue as t he
head resi st apggmEhhcr eases over the |ife of the head. Further, the head
resi stance can be used to deternmine the life of the

Rumugap = Ragasur —2 * Rpus
15

OVRMRHEAD=%—2 * Rpras
‘Once calculated, the MR read head resistance can be used to determine the
maximum bias current which can be allowed to flow through the head. Also,
20 " knowing the head resistance allows one to keep the current density a
v constant value as the head resistance increases over the life of the head.
Further, the head resistance can be used to determine the life of the

head, and to optimise the operation of the storage device, The preferred
embodiment, unlike in prior art techniques, uses a direct current approach

25 to the problem and adds little additional circuitry to 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 300 includes
processors 301 and 302, which in the exemplary embodiment are each
connected to level two (L2) caches 303 and 304, respectively, which are
comnected in turn to a system bus 306.

35

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



head, and to optim se the operation of the storage device: The preferred
enbodi nento o1podobke in prior art techniques, uses a dir aOT/GRO0NZME approach
25 to the problemand adds little additional circuitry to the chip. Wth
reference now to Figure 3, a block diagramof a data processing systemin_
whi ch a preferred enbodi nent of the present invention may be inplenented
I s depicted. Data processing system 300 may be, for exanple, 30 one of the
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Referring now to Figure 4, a magnetic disk drive direct-access

storage device (DASD) 400 according to a preferred embodiment of the
" present invention includes: a plurality of disks 401 with magnetic

25 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
assemblies 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 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 read head

35 408 is determined according to the preferred method.described above.

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

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



and system can be easily adapted for use on any programrabl e conputer 20
system or rmabwoedssnf systens, which utilise storage devi eex/oBot/s4dR read
heads. Referring nowto Figure 4, a magnetic disk drive direct-access
storage device (DASD) 400 according to a jweferred enbodi nent of the
present invention includes: a plurality of disks 401 with magnetic 25
recordi ng surfaces 402; a hub or spindle 403; a base 404; a bias supply
source contr Gleads kodli thed@by ifcbaddy d6ai@aPledlikd Yabio BEARSUSRGNELON
assenbl i es 4Q%: ¢ AnRIdr 2 bhah 9§ 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 amount of bias 30
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 35
408 is determ ned according to the preferred nethod descri bed above. The
anount of bias to be supplied to MR read heads 408 is determined by bias
supply source control circuit 405. Wen the resistance ratio is bel ow sone
desired ideal ratio, then the amount of bias supplied to MR 40 read heads
408 is increased in order to increase the sensitivity of MR 1 wo' bl/20599
PCT/ GBOO' 03445 11 heads 408, thereby increasing the signal-to-noise ratio
and inproving the performance of DASD 400. -------------- WO 01/ 20599

PCT/ GB00103445 212 12001 et et et 111 CLAIMs* CLMS 1. A
met hod for determ ning the resistance of a magneto resistive head,
conprising the steps of: 5 passing a reference current through a reference
| oad to generate a



reference voltage; storing the reference voltage; 10 passing an adjustable
current tywob@ughde®n nagneto resistive head to produce a pemndBaistdaEge; :
varying the adjustable current until the head voltage is 15 substantially
equal to the reference voltage; and detgrm ning t j t he
magneto resistive head fromthe adjustable current t age.
20 2. The nethod of claim 1, wherein the nmagneto relsmmumjmgﬁ |"§ﬂlh
configured to read data from a magnetdgamgpe. 3. Ther net ha I 1
wherein the nmagneto resistive head is configured to read data froma
magnetic disk. 25 4. The nethod of claim1l, wherein the reference voltage
is stored %-n a® PSRPUTEF IRERDHPing; therpasigtpnnsdobe BIMMPER Foesishivebpad,

conpri si ngrowpfitséng the steps/iofig step, 30 storing the value of the adjustable
curgent. 6. A systemfor neasuring the resistance of a magneto resistive
head, conprising:. 35 Cl LLry. for nerating.an _adj.ustabl e bias current;
a magnet o resi §'t9l ?svlgéhzgage%%{ﬁ%ee%?%rgn f %%g%ﬁggc ir\% rf n?%ég?%/gc’t%eé‘efﬁtgsa
current, t¥ESHPSS YO4FI%EAt produci ng a head vol tage across the magneto
resistive head; 40 This Sheet Has Been geplaced I III liii 711 1SI"'
11111 WO 01/ 20%88riRE theCBARL&R44MD1EE5e}1111111112220 12112 1HIT 11 1111 M5
a reference | oad connected to sel ectively receive the bias current, the

bi as current produci nagna reference voltage across the reference |oad; and
passing adjustable current through a magneto resistive head to

produce a head voltage;

varying the adjustable current until the head voltage is
1s substantially equal to the reference voltage; and

determining the resistance of the magneto resistive head from the
adjustable current and the head voltage.

20 2. The method of claim 1, wherein the magneto resistive head is

configured to read data from a magnetic tape.

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

25
4. The method of claim 1, wherein the reference voltage is stored in a

computer memory.

5. The method of claim 1, further comprising, after the varying step,
30 storing the value of the adjustable current.

6. A system for measuring the resistance of a magneto resistive head,

comprising:
35 circuitry for genmerating 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;

40 -
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5 circuitry for nmeasuring the reference voltage and the head vol t age,
wherei n t he wolewsce voltage is used to determ ne the resicaiGEImesas t he
magnet o resistive head, based on the bias current and the head voltage.
The system of claim6, wherein the circuiiyy for generat .lﬁ m

adj ustabl e bias current conprises a digital-to-anal og colllh Rll H["m}"(ml
systemof claim6, further conprising a switch connected betweén M"the

magnet o re5| st . Veahf‘éf@réﬂ%g i-hg csu&:ue& kY Jeegcﬁeaer@gcgm 2n adidstahle bias

current. SY; stem of .cl fu C|rCU|tryto store
t he reference vol%fagererfop iﬁmg féefrﬁr?ﬁc Y%i"tﬁgf% °’?°ﬁ?t BrreESTHre SiPRAY a
conmpar ator cdfflected to 20 receive the reference voltage and the head

vol tage. 11. The systemof claim®6, further conprising at |east one

addi ti enal mgnek@r&tﬁﬁfﬁ?éﬁ’ﬁe&sﬁ@ﬂmh@ﬁdreém voIte S¥af e alaf qlﬁ
further conprjsing a.u reftergncexv% ta(:le'rcwt ¢ tto receive t ead
vol tage and the reference vol S 11 %3’5?%%“6? % §F?ﬁs§an‘1‘eu?§ fres
conprising a “\?B’I“tt&g?sdﬁh"ﬁé}ea‘é’l éﬁﬁd on the PipR GUKeRt hé thefhend wodtagsl t age.
30 14. A magnetic storage/read system conprising: a recording medium for

magneti cal I'y st or irhg sest.semgmklan?@ awmgﬂ?ttﬁe rc?c§éu'§th>/§oﬁ|g§£@%§{f-m%°%{‘e(3t ed to
read f 1HOM an%d%éttagl shgurrer?tc om ri Qes add:. [Q Syl Surd eterm ning
the reési stance acr 0ss ﬁl ef'® 2 redi 3t ve aéf SHEWLCY IFRBYSFE®" 40 This Sheet
Has Breen Replaced 111111 V\D01/20599 ity rarri b vierr vier e il
PCT/ GB0OO/ 03445 L TM™ syitkm of claisud,t Fyrther coRnésaigi H@wiithatinheét2b R thdens
current whi chnk Smagseloegddivehy magsed éh@r&%tw%omﬁgaglﬂgeﬁh Sultd':p.\fsetaﬁi ement
to produce g;head voltage across the magneto resistive elemen

15
9. The system of claim 6, further comprising circuitry to store the
reference voltage.
10. The system of claim €, further comprising a comparator commected to
20 receive the reference voltage and the head voltage.
11. The system of claim &€, further comprising at least one additional
magneto resistive read head.
25 12, The system of claim 6, further comprising a multiplexor circuit
connected to receive the head voltage and the reference voltage.
13. The system of claim 6, further comprising a voltage divider cireuit
to reproduce the reference voltage.
30
14. A magnetic storage/read system comprising:
a recording medium for magnetically storing a signal;
35 a magneto resistive element connected to read from and write to the
recording medium; and
a circuit for determining the resistance across the magneto
resistive element, having:
40
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5 a reference | oad connected to selectively receive the bias, current, the
bi as currw;,magggduamﬂ zﬂmllmmmmtol tage across the yafcgwnsas! oad; and
circuitry for neas u e voltage and the head 10 voltage
wherein the reference Vol tagl i% used 440 deternine the resistance of the
magnet o resistive el ement, based on the bias current and the head voltage.
15. The system of claim 14 wherein the circuitry for generating an 15

adj ustabl e bias cury ‘éﬂcu‘i@i@%&:s%éné}agi&' ;ralaaf{xgt%ﬁl Q&sCQJP{:QzKé GhicnlBs The
system of claim.14, rther c bet ween t he

o caonne

nmagnet o resi stﬁ}gcﬁé’ﬁ BRTh hrl}é %ﬁ{‘]?gl’“?g’fe(?? tgféh%tl‘%{?ﬁsfﬁ“‘% “2d8Fabl e bi as
current. 20 172 b veitage paspPsg the mpguetofypsiskive cdapenitsi ng circuitry to
store the reference voltage. 18. The system of claim 14, further

corgrising a CO”paf@EQEerQQEHWQSJaerercte@tJ Seflevdil ech‘éiw?J %ﬁu}%lé(é)' tage and
t he head vol t age risin at | east

one addi ti onal g"z’ﬁﬁ’b ef'}be ?é%“y&‘ﬁ%‘ rpgg‘%]‘cﬁ’é%& feflf?r?tfe L8P of "°cl ai m 14,
further conpris$isgeneentifadi AExor circuit connected to recel ve the head
vol tage and the reference voltage. 21. The systemof claim 14, further

conprising a vol tagardmwefar%eragwihg dna £&Q£&Quc‘¢oﬁ£§ L&d ehEMegq Vol tage.
35.22. A disk dr|ve un}EEh roll er, uni 40 a I ndl e drive

cohlroller coup?&d%% 0" rgl%?r% rel“'fgrncfu ?tage'r%sgeé‘né%tdeﬁ%mlﬁeeé%BRepl aced

1111111111111111%1&%21%1#‘(]9@6(9?GSBBSti\N)(?iFH\ﬂj“:} bpped en theipg] 111 ¢ L M
s 15 a pl ural pirrent asd adkaeadagpheddec di sks rotatably nounted on a spindle’
coupled to a spindle notor, said spindle notor electrically coupled to the

15. The system of claim 14, wherein the circuitry for generating an
15 adjustable bias current comprises a digital-to-amalog converter.
16. The system of claim 14, further comprising a switch connected

between the magneto resistive head and the circuitry for generating an’
adjustable bias current.

20
17. The system of claim 14, further comprising circuitry to store the
reference voltage.
18. The systewm of claim 14, further comprising a comparator connected to
25 receive the reference voltage and the head voltage;
19. The system of claim 14, further comprising at least one additional
magneto resistive read head.
30 20. The system of claim 14, further comprising a multiplexor circuit
connected to receive the head voltage and the reference voltage.
21. The system of claim 14, further comprising a voltage divider circuit
to reproduce the reference voltage.
35
22. A disk drive unit comprising:
a controller unit;
40 a spindle drive controller coupled to the controller unit;
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spindle drive control east _one magneto resistive (M) head

el ectrical I ‘M’H '“Hr"' IME uni t; an act uat opcgigeigeasnt rol | er
‘coupled to tﬂe contro actuator shaft rotatably coupled to
an actuator nmotor, said actuator rmt or goupled to the actuator drive
controller; an act uat or assenbly coupled to the actuator shaft, conprising
1S a conb unit having a pI urality of act uator arm; and a hub assenbly

coupl ed to the actuat Ilty h ad s enS| on,

assenbl i es each cop&pfe&ti'o onﬁe‘?“:{éle fng 8T abﬁ o arme S Sach
head suspensPBedsisentipfrdlzontenp Frid ﬁgméhe NRt?Fea%FCt%”afh copoRed|tactiooni ¢s
uni t situat egibdlechdse conoolllex;y t o sai d actuator assenbly, conprising a
control unit for supplying a neasurenent enable signal; and 25 a

nmeasurenent circujt Ierrente within + tronjc %
‘to, the, .
COFYDI’:'%SI ng a ci I’Cll:JIJT or “gent g?aes?\sé:l‘éenqa Jus? ab &t :Tcggiycé? i Shieh is

30 sel ect|v§°9t’i?&§§'eﬁmtchrough t he magneto resistive el enent to produce a
head vol tage across the MR head; a reference |oad connected to selectively

receive the bias unGlkifRl, adife cbzkt%élié%féa%ﬂiedo{:&%&'daﬂtr%li&f e;ghce vol tage
across the 35 reference load; and circuitry for measuring the reference

vol tage and the head voltage, wherein the reference voltage is used to

det el®i ne the r &Bi3stwtcs FRLt FetavRelyearrPrlefh §8 FoPF R ThTEe  c §rE®nt and t he
head 40 voldcageor Totsr Shaed Hastideartuewradase cbhfxolldr;

an actuator assembly coupled to the actuator shaft, comprising

15 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 to one
of said plurality of actuator arms, each head suspension assembly
20 comprising an MR head, and

an arm electronics unit situated in close proximity to said actuator
‘assembly, comprising a control unit for supplying a measurement enable
signal; and
25
a measurement circuit implemented within said arm electronics unit,
comprising

a circuitry for generating an adjustable bias current which is
30 selectively passed through the magneto resistive element to produce
a head voltage across the MR head;

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

as reference load; and

cirxcuitry for measuring the reference voltage and the head
voltage, wherein the referemce voltage is used to determine the
resistance of the MR head, based on the bias current and the head
40 voltage.
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