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Bescri ption MyerFdissdATA READI NG APPARATUS AND METHOD USI NG | Negskabs97io7¢¥3D
MAGNETORESI STI VE HEADS Technical Field 5 The present invention
relates to readi ng magnetic data, and nore particularly to apparatus and
met hods using both el ectromagnetic andygdBgpgheigsi stive heads. Background
Art Conputers typically include one or-nore nenory 10 st orage devi ces
such as direct access storage devices or DASDs haV|ng nmedi a upon which data

can be witt MAGNETIC OATH READING APPARATUS AND MEWEK)
di sk drive ugl L0 S nagnetlc recordlng surfaces.
di sk i's rotatres i t—and a transducer head assenbly is 15
noved rel ative to the disk axis to align the head with data storage regions

or bands on &%$¥g%$£%%g&¥$%%. The transducer head is supported by an air
bearing head ts closely above the disk surface_so that data
is witBen or read witHhR BE9SPRE inyendiomnrekakes h&ohRAGRY t BagBRERC

surface. 20 gatH)eand poret papt 1818l gatbaspreth®aml diethody LedRg both
typically |ncludes both custo & data and servop geﬁe% on information. In a

conmon i mpl e MARRd Jfagneteresistiv 8rt disks are rotated

si mul t aneousl y and a. nunber of ganged head assenblies are noved across the
rotating d|s£é%i c s by a servo notor. Servo positioning

i nformation transducer head assenblies to provide feedback
i nformati on used i n op&fAMPHLEHe tRIGR N orinclusiajeonsy 8| gROTRe MemoOry

transdyger headsrald MAAESS SHIHE 2423 rake’ EGEeEQCEEbQBéeOHeW!éeQ' ékes}msﬁbe

disk drive unit therefore inclu

a assSe, | es rea t
Coryo T ourt | DV Mestiay HoRR WAL Bh e Ha GRD b gt RenANd Ero paieh data
di sk. In thegasbe teald.dr Aveidely ussd OASEGly anddskt d¢ive unit including

rigid disks with magnetic recording surfaces. A disk is
rotéted-at a high speed, and a transducer head assembly is
.15 . moved relative to the disk axis to align the head with data
sStorage regions or bands on the disk surface. The transducer.
head is supported by an air bearing head slider and floats -
closely above the disk surface so that data is written or read
withdut physical contact between the head and the disk surface.
20 The information magnetically stored on a disk surface typically
includes both customer data and servo position information.
In a common implementation, a number of parallel, -
spaced apart disks are rotated simultaneously and a number of
ganged head assemblies are moved across the rotating disk
25 surfaces by a servo motor. Servo positioning information is
read by the transducer head assemblies to provide feedback
information used in operating the servo motor in order to align
the transducer heads with addressable data storage locations
on the disks. The disk drive unit therefore includes head
30 assemblies that read both servo position information and stored
data as well as writing data to the disk.
In the past, disk drive units used electromagnetic
transducer assemblies for writing and for reading data. A
typical electromagnetic transducer was an inductive head with
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transducer assenblies for witing and for reading data. A typical

el ectromagneti c transducer was an inductive head with -1- WO 97/ 41550
PCT/ US97/ O MR AM45# ndi ng and spaced apart netal pol e pieces R HP 024
magnetic gap for either witing data to a disk surface or reading data from

the disk surface. As conputer data storage densities and operating speeds
have i ncr dadnding and mppred Atk netd ek pieges fa@ing a magnehic ;)

Imr)]gg: Bore;.t@fi}lﬁ Of'@gm nﬁitﬁehela&iidta@ gs‘m%aatu}s €a tdi sk f éhﬁ‘lfaaés$ﬁuﬁ‘bhgﬁng data
ing, |leads and, cl osel y.spage . b
trend towafr’Ef%B}Jh% ‘ﬂhgﬁéf‘d?ggf:?ti v%st?gﬂgéﬁgg'r ﬁag.ﬁgg&esrag'eoﬁre%s 2%(?1{3{}1&
tSL o: eﬂ d:;jaratmgaspee(lji& haveadmetmeassed | @betendmagaet ichhead: dessiignss
at have r e A f [ | d :
A mghet of B 81 VS IWHE"T I SHR1EAT HeAERd WA TSGR e R R
read zone minjapuradsthis fikln qanstrietior interperabingsmadinding, deads
filmindugijyeciSadiy Bpaic¥@ e variations in the magnetoresistive

material resulting fromth et fl f t di, sk ' .
relatively |arge si gﬂQPr%Tfe}Pgta ggnlt %aFrgédr E&?ﬁr gpﬁllggng‘%g\ﬁ‘lﬁggg:aeﬁg%fd
reads dgt ta;ﬁngiaﬁéefent rl;feah%s_al diot anceeatidng t hestrbsdd axi datat hhsedzeme

pr opgse 0 CO ne a | 4 N ' | S
headd nt o SREPRErESEak LR efS NS | Bppdact LA EnsRINEIGCHeR Ve
witing datecogniseddask suktedcfandrendinggmaanetically reearfisdydata-o
read datafﬂﬂaﬁﬁé!ﬁlr@%@stﬁ% héd @' Bt QRes! B0BmAIE s&hsér thal. def RNt

4,504, 880 "di scroses an I ntegrated nmagnetic_head assenbly 25 I ncl udi an
i nducti ve ami eEfeabiveemaad AN PR gHBPOLDSES s NPIBEQWET hEREN I porlgq..n
the assently pblet sladPheNof 4 hehin film inductive head. Resistance

15 variations in the magnetoresistive material resulting from the
magnetic flux from the disk provide a relatively large signal
amplitude that is relatively constant as the head reads data
at different radial distances from the disk axis.

It has been proposed to combine a thin film inductive

20 head and a magnetoresistive head into a single head assembly
wherein the inductive head is used for writing data to the disk
surface and the magnetoresistive head is used to read data and
servo position information £from 'the disk. U.S. patent
4,504,880 discloses an intégrated magnetic head assembly

25 including an inductive write subassembly and a magnetoresistive
read subassembly. In the assembly of that patent, the
magnetoresistive material is located in the gap between pole
pieces of the inductive head.

In conventional use of head assemblies having .

30 magnetoresistive read heads and inductive write heads, the head
assembly registers with information storage tracks including
data "segments where data is stored interspersed with servo
information segments where servo information is stored. In a
data read operation, the magnetoresistive head altermately

35 reads servo information and data. In a data write operation,

the magnetoresistive head reads servo information and the

inductive head writes data. A control such as an on board or
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magnetoresi stive material is located in the gap between pole pieces of the
i nducti ve heagyp éimi€snventi onal use of head assenblies having 3gcTns97/07024
magnet or esi stive read heads and inductive wite heads, the head assenbly
registers with informati on storage tracks including data segnents where

data is stor Gldie ERPISAIvIBLE SPAUAroRE PERORORNEBERER Y S EBLC s¥althin
I'n a t he h

information i s stored. ata read ogperation, .agnet oresi stive hea
al ternat el y dhe heag gsseghly PrEWPRR: daha Ard SATYO ipformahionfupctions.
operation, the magnet orxsthbuyR daasgnetdfestsrvenheadnhasnaavdntges for
i nducti ve heaxd

97/ 41550 eavg:iﬁge SdQ@é?' exa QMU 1398&r§§e§2{1%%§8%3%@541¥ gﬁ%géeg[l}as

provi de$ synclisgdvantages nf hmtsignalo proMidead hy ahsabgoetoresdsiive head

bet ween dat a I, ) 1. i f ] é&éﬂb ts | StJ

head has advan a%gaf\tgr‘} é}ggglﬁﬁtgtggtt aHP%%!R%ﬁ%%M% nt egra%c‘add ﬁga&%@eéﬁ&%s

system has 5 the @iskdiradiaos andris &8 Grot prass Rl bip fakeyfuldr advantage

i ok 1 adi s, oy P e o el 2 TRe, mtow
isk radius, and it is not, i u V.

procedure at W%ﬁﬁ’é?s’cﬁ%%‘g? eadrprayldes, A iFRe s r e & (3% B0t SYMIRLFR

a signap t hatird sthet cyos®t iraak l@irectiohheamt othusr agsérdor doiiesxr bty is
t hus servo Iiﬁgcg_r' (s d e T ar . i .

magnet or esi st1ve E}#e%%d'rrdkggéi ?ggggvcveg?la@l yﬁ(agt{s?ﬁflgmn'g%&ég%% %%f‘%t%‘rﬁﬁ pgad
servo irregumakeas edts gwseepeible Kandsmaps. media edefscdsal apdovialegebyoa

nmagnet or esi stiM@aifdrildies sdch Vs Cé‘i‘éyepﬁﬁ’ﬁésiﬁﬁspy a preanplifier to
provi de an out put” signal usef u? to a cOn’ggter. \ prear’rgl i fier mpdul e (the
SSI 32R1540 - MR Pred§ reagssionplpirehded oy gragngtorepiRfive head

15  is typically processed by a preamplifier to provide an output
signal useful to a computer. A preamplifier module (the SSI
32R1540 MR Preamp) was disclosed during an IDEMA

- Head/Technology Symposium on February 2, 1994 by T. Ward of
Silicon Systems. That module included@ a preamplifier with
20 vol_tage sensitive amplifiers for magnetoresistive head signals
with corresponding bias and a coupling capacitor between the
- first stage emitters. The circuit also included preamplifiers
to read the signals from inductive heads that could be used in
place of the signal from the @ magnetoresistive head
25 . preamplifiers to read servo information.

-Disclosure of Invention _ _
The object of the present invention is to provide
improved apparatus and methods for reading magnetically
recorded ir_xformation in which disadvantages of conventional

30 head assemblies are overcome.
In brief, in accordance with the present invention,
there is provided a data storage device including a housing.
A magnetic data storage medium including an information storage
region is contained in the housing. A magnetically recorded
35 stream of information is on the information storage region.
A transducer head assembly is contained in the housing. An

-3-



Head/ Technol ogy Synposi um on February 2, 1994 by T. Ward of Silicon
Syst ens. That _nodul e incl uded a prearrpl ifier wth 20 voI tage sen
anplifi e?‘??"&’%gnet oresi stive head signals with correspd{d/¥78784
coupl i ng capaC|tor between the first stage-emtters. The ci rcwt al so
I ncl uded ea lifiers to read the signals frominductive heads.that

be used?® igr compectednir themtrapsduceshcherdsassepmblnefar
pr eanpl- nidvemg t cheeatirags@iocen§ tigad | @8selbag! Oﬁdlﬁtﬂrd nisnithen @leaobj ect

of the
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Wi 5h t henpbeatliddVeRbraBe [F&SfohS Predbdqd-ghdlfldfest
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i 9§¥é&§1y

i nf or madRGAUSES a’bé“?%ﬁ’%ﬂr?%l%%\’ﬁl head ﬁn@hémmqvomqwm i Baad

r ecor deguperimpdiserb foef simbDEaBEOAS régmfmémmrﬁmtherhﬁf@hﬁaeléﬁgl on.
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In brief, in accordance with another aspect of the
present invention: there is provided a method for reading from
a magnetic medium having a storage region including a stream
of recorded information. The method includes positioning a
magnetoresistive head in registration with the storage region
and superimposing an - electromagnetic fhead' with the
magnetoresistive head in registration with the storage region.
The object of the invention is achieved by reading the
information stream simultaneously with both the
magnetoresistive head and the electromagnetié'head. An output
signal is provided by combining the signals from both the
magnetoresistive head and the electromagnetic head.

Advantages of the present invention include the
ability to optimize performance at different radial positions
of a magnetic disk; to optimize performance for both data and
servo reading functions; to decrease the susceptibility of a
head assembly to surface defects; to reduce difficulties with
asymmetry and instability; to read servo information with both
off track capability and servo linearity; to improve banding
capability during data reading operations near the outer disk
radius; and to overcome disadvantages of maQnetic data reading
apparatus and methods used in the past.
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10 storage region. The data storage device is characterized and the

cbj ect of thegl l,on achi eved by the preanplifier includingpg 4
processi ng rree‘g#l)sr}\ﬁtiggr*si mul t aneousl y processing signals read by bot E ’mtoﬁ‘e
I n

magnet oresi stive head and the electromagnetic head. 15

brief, in acggsggnﬁgs\gr&g ﬁg&t Eefr E&%Q&"Hr sof the present invention there is

provi ded a . - eti ¢ medi um having a_storage
region including a str&he @resent dbaventipratiogethemavie hshe @k sand
posi tioni ng g¢HBRINSHIRISldNE IPdhtdgés Ghal ' BbEONbE Uhdd® tTdcd aon CEhen
20 and super i osmg ..an el ect‘r;virragn ti.c .head th t he .,
magnet or esi sEPLAOWARG ARtRILPY: ASBFEHPHAPR PhdRg &egd:empg& Bh. canEying et
-of Ithesi nvthéomnkéﬁadHéﬁwEQMﬁM' i titee dnﬂa‘vgirnweh,i cyéherem: eam

si mul t aneousl y ot t et oresi stisve . t . _
el ectromagnetic hg;g An %ﬁlt%@aﬁgfynggﬁﬁﬁgklfi‘sgbpo u 31@%%0 |en‘|r$rgl?'?|%1
signal s fronvbewh ofie amgiatar egiontagee ddsk afdlehcembedyingnghthkei @rrRsent

Advant ages oj_n{,gﬁ Fgﬁgent i nvention include the ability to optim ze
performance at |F erent radial positions of, a magnetic disk; to optim ze
performance for bBEZR-dat 4SaAdPestly sshematdsiand sdmplified @lan ctiaw of

the suggepti phbi Bxtafl storage AdskTEiNd ofswiacd defects; to reduce

difficulties with y try and instabilify; .to read_servg inforpation.wth
both of f track ca83§i~| i Py %:%d by GRS ¢ FaFB‘ePgﬁﬁerrﬁgﬁdi ¥yew of "a

capabil ity durangddeeax headi agsembilgt 0ofntheecdata hetorage disk 8ble of HIGs;
and to over cppe di sadvant ages of magnetic data readi ng apparatus and

met hods used fn the past. -4- WD 97/ 41550 ) X _
PCT/ US97/ 07024 Br F&E-DAséfi ptyeeably @ FgRd cross sectional view of part

15 of the transducer head assembly of FIG. 3;

FIG. 5 is a plan view of a fragment of a surface of a
rigid disk of the disk file of FIG. 1;
~ FIG. 6 is a schematic diagram of a preamplifier circuit

_ for the transducer head assembly; .

20 FIG. 7 is a graph showing allocation of the relative gains
of amplifier stages of the preamplifier circuit of FIG. 5
during reading of servo position information; and

FIG. 8 is a graph showing allocation of the relative gains
of amplifier stages of the preamplifier circuit of FIG. 6
25 during reading of data information. '

Best Mode for Carrying Out the Invention _
Having reference now to the drawings, in FIG. 1 there

is illustrated a data storage disk file generally designated
as 10 including a rigid magnetic disk drive unit 12 and an

30 interface control unit generally designated as 14. Unit 12 is
illustrated in simplified and diagrammatic form sufficient for
an understanding of the preserit invention. The utility of the
present invention is not restricted to the details of a
particular drive unit construction. '

35 The disk drive unit 12 includes a stack 16 of disks
18 each having at least one magnetic surface 20. The disks 18
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The present invention together with the above and ot her objects and
advant ages WﬁﬁgbeSt be understood fromthe follow ng detail ed description
of the b¥¥@IHHIE of carrying out 5 the invention ill ustPEXgS9HNOTOAdhe
drawi ngs, wherein: FIG 1 is a partly schematic and sinplified el evati onal
view of a data storage disk file enbodying the present invention; FIG 2 is
a part| P& HeaeRFedaparaildsli ficccope aanotbarowithin a heodsings28r &g di sk
file of Jinaldin&bds 2oist foh ol an AONEEY AL Vel S5 1
transducer_h dnggenbl of t%&al@gggt%éa e dlﬁy?lafs}slorxdﬁvéq{dl%ﬁoé 4 1is
a great 13f ¥ Cro%%f%EEQ? | O @AFBf Magpetis disks suxfacenRddiser
h;aad as ymad f nom ErCwidt HerGtob the d@igkasurifawe20a by agﬁsﬁtre%boﬁdd%@f ace
of z@a rig ' ' [ : .. Fl 6.1 schemati c di agram
of “a prg%(r%pr%qsdli:eér)]‘I céér%%%éé(%@wtie%r%?%%srfﬂggdgggéeﬁm’f‘%é radial” g g
7 is a GONReNSNWARress oche i votatingediskasuvéagei @0.of anplifier stages
of the preanplifiea@hr e¥hh G ug b g di sitiQn
i nformatj_on; and FI_aG 8‘;'i'§l ga{glfggh hs%o(?/jvi %gggﬁnf)ggat%%nf%)f ﬁfskr"ll\éﬁre[eq)aéﬁavg gai ns
of anpl ELEHUTE P0G I0heagrdgdobyt pBraERr i t Bre pas §228re gangedg
r eadi ng't@lf:;eftaiér i fbor rﬁtn;:\ﬂrtaéﬁﬁﬁj}s “@dﬁoﬁﬁ%l gﬁwlémeim; Od_boh!ﬂel d ntggﬁ bg@ .

i ng ref.erenc ow to the dr nas,..i ; ere is.j sirated a data
ls_‘? ragesg’llglkd%% %ey‘geng)rn Eill eg?émgﬁg'[déal‘%f hoal ﬁf#ﬁﬁﬁﬁ&naﬁ géj’aer%@néPi c
di sk dr pizofgili movementnbg0a head eifive senvooimotort 3 ntmelhvdingsagnat ed
as 14. ce {5 Bbl Usd ity SWwihi e di RPge-gi #9 ﬁg@%i r
suffici gﬁi fogg%in u%berstﬁfé}glﬂ(% J'E"r.l!’irghpraélgelnt mﬁ%%tl&% . hgar&?i %f? of
the pre@&8EMPdVent PEAVEsShghalesappiied @ the vdcs (c9idf 39 gansecther

drive UairinsCBB! kBCiméWe in unison to position the transducer head
15 assemblies 28 in registration with information storage tracks
on the disk surfaces 20 where information is written or read.
The disk drive unit 12 is cbntrolled' in operation by
signals provided by the control unit 14, including motor
_ control signals on line 26A and head position control signals
20 on 1line 38A. In a typical arrangement, control unit 14
provides an interface with a computer that provides data read
and write commands, and data signal the transducer head
assemblies over corresponding lines 28A, one of which is seen
in FIG. 1. Servo position information is recorded on the disk
25 surfaces 20, and the transducer head assemblies 28 read this
servo information to provide a servo position signal to the
control unit 14. This information is employed by the control
unit 14 to provide position control signals on line 38A. The
purpose of this position feedback system is to assure accurate
30 and continuous positioning of the transducer head assemblies
28 so that data is written to and read from precise locations

on the disk surfaces 20. ' ' .
In FIG. 5 there is seen a fragment of one disk
surface 20. A portioh of a single one of numerous information
35 storage tracks 24 is indicated schematically and not to scale.
The track 24 includes data storage segments 24A interspersed
with and separated by servo segments 24B. Each disk surface
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35" ' The disk drive unit 12 includes a stack 16 of disks 18 each

having at le PINgssgegneti c surface 20. The disks 18 VO 97 i nin97/07024
PCT/ US97/ 07024 "are nounted parallel to one another within a housing 22 for
si mul t aneous rotation on and by an integrated spindle and notor assenbly

26. | nfor mt%@”lﬁgejﬁg‘é@ 'EBQL'EE).I&& J(%%fuéf aE?a@Qs' 84, e@%cfﬂ' Q’Hé?l.rud!ﬂét&i‘tﬁo

the di sk surtace a corres transducér head ‘assenb
novabl e in asb§¥ﬂgﬁa§9ﬁ§‘e&tlsaai4 WE@ﬁﬁoﬂ‘éﬂY—oﬁéF odata k@‘?’é’f‘ﬁ%?ﬁgtwgﬂgh “the

3 gr face 28 bEéﬁBrbllaﬁﬁdlﬁC%ﬁ h&?dbéggfﬂ’@tﬁn%nﬁsrté@ﬂnt ﬁnh@]ps@grﬁémalarm;par@g
carrie an_a € arns are oget her .for_simu neo

pi votal nove ﬂ?rQBSf}t BYsuSSSMP 16SImelt; ndI%g “%eﬁfe HYFeEs i o%%y'é%

extensi dn 36idfovmationpavre prevecorded.by a head drive servo notor 38

i ncluding a voice coil %%e?t‘i‘i ?Wgtg\n ﬁ.ngn b”}a‘?@;ai rr@ﬂg?% 38d &4

assenbly. Drive si nals to the voice coi e armns
move in uni sBHMPdi é?rﬁtlm*]eailflaMCé‘P Beaders poruierahofesons pf the

regi strationgphhBaubber "hkha@n akgempeikbkackg.on tmedlégséxmbiﬁcesa 20i yhedre
information |sS wrlttea or read. The dj sk drive ntrol.led in

oper at | on byl BFEHERESH, SRAAE SRR TR LNe: A diductive Bead pmkiint fon,
controloQsi gnpirefenabilyea%mmMOheddlmdsJSJ Qa toenitt rnlstm.gﬂw,s izfcorpaxatede

wth a compubbPeffop? FREREEREE, AL Backllc mby BS UL U F dore
the transducéetae&edaéeécmh-pésoovef bbermm@mgrlhm asgemble 29 beyond

s seen in Fi:ﬁatlhe%i'ﬁ‘i E%Shhﬁﬁ%s'tﬁh&&%t 't?fé pr dstirft deflr ik idye, di sk 25
surfaces 20, and the transducer I es 28 read this s

asse
i nformation to provide Hesérs(?&“'ﬁaé’l giBoPrn§ Yhgs Ag aiE Li%g S?ﬁé\d BLi6RTE s
infornpion 43 ehat oybdaby dbeve anidodresponding rotating disk surface 20.

An inductive head assembly 44 and a magnetoresistive head
assembly 46 are supportéd by the slider 42. The inductive head
assembly 44 is fabricated by a thin film process, and includes
a generally planar coil 48, the outline of which is seen in

20 FIG. 3. The coil 48 includes a number of turns 50, part of one
of which is seen in FIG. 4, enclosed within a layer 52 of .
insulating material. The coil 48 loops through a pair of pole
pieces 54 and 56 and a back gap closure 58. A pair of
additional insulating layers 60 and 62 cover the coil 48.

25 The pole pieces 54 and b6 are separated by an
inductive transducing gap 64. The gap 64 contains a pair of
insulating gap layers 66 and 68. Between the layers 66 and 68
are disposed components of the magnetoresistive head assembly
46 including conductors 72 and a magnetoresistive sensor stripe

30 74. The pole pieces 54 and 56 serve as the shields for the
magnetoresistive sensor 74. Because the magnetoresistive
sensor 74 is located generally in the center of the inductive
gap 64, the inductive head assembly 44 and the magnetoresistive
head assembly 46 are superimposed and register simultaneously

35 with information magnetically stored along a track 24 of a disk
surface 20.

In accordance with the present invention, the
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unit 14 to provide position control signals on line 38A. The purpose of
this p05|t|on f eedback systemis to assure accurate 30 and conti nuous
posi tioniMY M BPe transducer head assenblies 28 so that JBEHUSEIN24 ten to
and read from precise | ocations on the dISk surfaces 20. In FIG 5 there is

seen a fraﬂnent of one_disk surface 20. A portion of a single one of
numer ousiRARGER¥E dhead assemhlge 44 aard 2Bhes magneteresiehivetihwady and

not to sg@sembIPedr K edch Nebadeasaamdl1yt PR & oQaEat inZ%nb@:%rStR?rsed
w th and se&)aé Eed b servo segrrent %iZ4B Each .di sk surface -6-

97/ 41550° 2'and 8ervo on from a SEFEAFRZP 20 IT]Fﬁ:-I udes
a | arge Guni®r af aqrwmm dbagramclofli ray deitrcisttor & SagRMing@4/4 wher e

cuS OTerpAApILRIEE| 9 {ASPUBRIBR AN "Alad b hd IE NG "R AN

read. T nment s A are se ara e Servo se

servo 5 asseppLies:44mnd 6 ek ne i thehead agsemblies A8 irg axder),
there i &6 hauﬁleneswﬁ%rév@ai Be&% %mh n@htho r%l‘hg p&ééf&@ioﬁé Fionp! the

t d . bl t t ed
mgnet or K QU0 oF FAERES, VEARER 24 bi il AL 10CAHIamS SOISF dde

di scl osatlisk 18S. patent 4,504,880, incorporated herein by reference. That

p nt may be con e r ak crd p sducer
hglﬁa?g assenbly 28 E@%n% %ﬁe%uldﬁ oihﬁggrgggandlfn}ggg%e prggf?&tﬁn
i nvent i Btagg S faantthe megnﬁ&pmégsmm hepdagengoncidl. sBiss curents?

that fl qeds @ﬂQVﬁaén‘éQUr%%B%'ﬂ'v@ dENF67 N94 dii 8K prEViRER 30y AN chRFemlt Ve
head assenb%;/ﬁ %ﬁ and a magnet oresi stive head assenbly 46 ‘are su orted by

the sli @4 GomRatSE Heagerdesnvirhysthe F&BFPEat@d ]B?t'& Ridfilm
process pasitivel sdpply voltage terminal 88 and a point of ground

15 potential. The voltage across the sensor 74 is read by a
differential pair of transistors 90 and' 92 having their
emitters AC c-wupled by a capacitor 94 to provide for the DC
offset of the voltage across the magnetoresistive sensor 74.
The gain of this first preampllfler stage 84 is set by a pair

20 .of commonly controlled bias current sources 96 and 98. The

- current sources 96 and 98 are connected respectively between
the emitters of the transistors 90 and 92 and a“negative-power
supply terminal 100. Two separate current sources 96 and 98
are used to permit a DC voltage across the coupling capacitor

25 94. )

' A second preamplifier stage 102 for the inductive
head 46 includes a pair'of transistors 104 and 106 having their
bases connected to the thin film inductive coil 48 to amplify
the output signal from the inductive head 46. A pair of

30 resistors 108 and 110 connected between ground and the bases
of the transistors 104 and 106'prpvide base current for the
transistors and maintain the DC level of the coil 48 near
ground potential. The gain of this second preampiifier stage
is set by a bias current source 112 connected between the

35 negative voltage terminal 100 and the emitters of the
transistors 104 and 106.

The signals from both the first and second ampllfler
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a g‘enerailly pl anar coil 48, the outline of which is seen in 20 FIG 3.

The coil 48 de“% a nunber of turns 50, part of one of whi clpdrruseeTo2l N
FIG 4, enclosed wthin a layer 52 of insulating material. The coil 48

| oops through a pair of pole pieces 54 and 56 and a back gap closure 58.

A pair of adgdi ta'g@éalad %%z\%f@y@éﬁbﬁ&e&%&% ieaheocal hoﬁﬁon%mra
The pol e pieces 54 and 56 are s ar.at ed an i1 nductive transduci n%*p )
t

The gap 64 c@fPdiifder pgtages % UP&FllHG:‘&Qp 3 afBSEORE SGanBECtRs:
| ayers 66 andr@hsrstalsposed amiponentmvaing henarngneiamasl ebnnechedd to a

7. The pol 6 SRRt FENAAE Eerfifdl TaTI TEEC fahy SERaRELSLOER 900

magnet obesi stainde. $84sagsies thoomghe thansagherorldh sande throuwgh74 | éoad
B R

assenbly 44 an e magnetoresi stiv ad_asse are superi

regi ster si mrrtr&\%ﬁ?r@aswmltlﬁ ﬁﬁﬂoﬁnﬁ??@ﬁ%’gﬁféﬁcﬁ‘#y méhﬁl 5?1555
track 24 of and fdécﬁiﬁé aE€agdls 88 anaondanageniparallnelpras amie i anéthépNand

the -7-
PCT/ USD7/ 070DRH AEE e SREAPE. 23S hea SO EE PRaTRadAror TERSPPORLHYE,2Aa
assenblly 46 afegaddivehepteampddifier?8outputisedgnalsonater tthe oedd eddiorsandf

servo i nfor Rl Wlidh sgilééoéyrisfé aﬁa ﬁh%;@ copnebred WA ofll fgEEM

of a circ processing re
si gnal s fromfmmtrhelreamgémmtemmsmse% b26one o Cixowddd SULpRS | 838

28 in order b%oﬂﬁ*@ie%Veah”péQtiﬁﬁtS%i\@lﬂ‘d tthalta § gadhdde ORRY abifONEompSAknts
|nformation Sl QA% iy \ich the Shaneiorasis2ide 98sdrha! BRa%tSkpdBent s

15 originating with the inductive head assembly 44.
In accordance with the invention there is provided
a gain control 130 that regulates the gain of amplifier stages
84 and 102 by controlling the operating level of the bias
current sources 96, 98 and 112. The gain control 130' includes
20 a feedback control 132 for requlating the aggregate gain of the
preamplifier 82, a mode control 134 for operating the
preamplifier 82 either for servo or data operations and a head
shift control 136 for overriding normal operation in the case
of a data recovery procedure including a head shift operation.
25 _ The feedback control 132 adjusts the bias current
sources 96, 98 and 112 to maintain a constant, or at least a
maximum, DC current flow through the load resistors 122 and
- 124. The DC output level of the preamplifier output is
detected at the input of the amplifier 126 and returned by a
30 line 138 to the gain control 130. Variables such as thermal
resistance changes are compensated for and the overall gain of
the stages 84, 102 and 114 is maintained at a desired constant

level. _ : _

The mode control 134 optimizes operation of the
35 preamplifier in accordance with the radial position of the head
assembly 28 and in accordance with whether the head assembly
is in registration with a data sector 24A or a servo sector 24B

-9_



10 The preanplifier 82 includes a first preanplifier stage 84
for the nagnetoresistive head sensor 74. Bias current for the

magnet or METIHY sensor 74 is provided by a current sour cETEVIMMREted i n
series with the sensor 74 .between a positive supply voltage term nal 88 and
a point gf grqound 15 The vol tage across the sensor 74 is

otenti al
read by®%% & FSrAAe aﬁ‘ri‘)‘g Sﬁf t PRRs P18 SORFIYY 130 iy i GRARSREEIhYt t er s
AC couphedaty dbumpbddt oo a4centpadypdeckssinke Ui of o) of42 hendoisage

Lif
St hge ouppTER 81ER “Lifes “Wifforar A 4 ToPhehBbRisen: ambi ERIBL.  cos
96 and 9Beratrjencuvritht dada cardoGeav dsand e segmesdisedands pdaa vveiyh
besweenraheaqnhbtaar ﬁd&flttJ.% § h#bHnataoh . 90raRdCBE m PobegRhiy e

supply ermg \F/ig egarate [ rren% sources 96, and 98 are_use to
pernit 2epeRPBAE gEhgc £a BReTragp ?ﬁﬁ hbeciP andsincorporated tato
preanpl theetoatagd it @4 (e maydusd i vemdes Of Adm i £lsé UEiEBe a1 Qi 1 Of
transistors 104 a d 106 vi ng _their gases conneﬁb%df_.t gaﬁhe thin_fil

i nducti ve coil 48 FRARY ERE VEULBEPTIRGASR ¢ nd3ipi 9 T’?%%d 46.
A pair 6irse andr @@Kﬂ sanoBi Sielr 180agesn8dt addbdidReds @rldowated ime

bages o t
t?gnm s# ES %%: %ttﬂaé{tﬁ tﬁei %ﬁ evel 01?’*% ﬁgléc)gﬁfd%l r%g tJgj{f*:k(;)un po}tlent i al .
The gai heéﬂ ﬂﬁ%‘@dﬁn@%l"é’&#pl‘?h? efligkasuriacect2Gy o TheaakipgakioRour ce

112 COﬂiﬂéEh@d einvaee seen33in FIGUaVi whereliéw@ecohetiibigionlF e the
emtters, thetr sistors,104 an 06 Thgign.als féomgo(t:lh heflrst
hea 6 ndicate

and secﬁ?ﬂnaﬁpl i{q L1g. MAGNGEOLRAS is 1

PCT/ USO86D¥68241ine and the contribution of the signal from the

15 inductive head 44 is indicated by a broken 1line. The total,
‘or 100 percent, is the sum of the two at any radial position.
The vertical axis represents the percentages of signal
contribution and ‘the horizontal axis répresénts the radial
position of the head assembly 28 over the disk surface 20.

20 At the inner diameter (ID) of the disk surface, the
gain of the amplifier stage 84 contributes somewhat more than
half of the total gain of the first and secdnd'stages 84 and
102. Conversely the gain of the amplifier stage 102
contributes somewhat less than half. The contributions are

25 ‘equal at a location roughly one-fifth of the way from the INNER
DIAMETER. At the outer diameter (OD) of the surface 20, the
gain of the amplifiér stage 102 constitutes nearly all of the
total, while the contribution of the stage 84 is relatively
small. These relative contributions result from bias current

30 levels set by regulation of current sources 96, 98 and 112 by
the gain control 130. '

In reading servo sectors 24B, the combination of the
inductive and magnetdresistive signals provides a cross track
profile that has a consistent high central amplitude due to the

35 magnetoresistive sensor 74. Sensitivity at a lower amplitude
is provided beyond the magnetoresistive gap width by addition
of signal from the inductive head. The resulting center
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stages 84 and 102 are conbined and supplied to a common third anplifier
stage 114 i nchygofgassp CASCODE connected pair of transistors 1l6peftsdyidezs
havi ng their bases connected to a reference voltage term nal 120. Current
fromtransistors 90 5 and 104 passes through transistor 116 and through

a | oad resistppadéd, fé'lé@ﬂ%ei{zqmdé‘%étfs&rtsllﬁtlﬁf @r%:.a.lédléfﬁd%&ﬁ@éebﬁéoﬂmh
transistor 118 aad a | oad

or :]:i fir and_secaond s
and 102 are pafaftep ts(?ra’r% i‘-h'b? hE? h?lhl%oﬁﬁ‘d qeﬁlr r1 esFRFt L"Terg1
stage 114. Theopbinedveigmallds weldgatuieedr fanpavEragingt pyersiegases band

the coll ector§n§% ?ﬁS@E@E I’%Q,"al ﬁbors 116 and 118 are connected to one or
I'catlo

nore further n sta 126. A circuit output 128 provides an
output shgnal that is nEes gpa inqoﬂpbaemgomagimtfr@nvﬂaww&gments 243,

nmagnet or esi st{Ng E@E&Qrggfnaﬁfl ERETONESE Sarl® seccﬁ{d Ginit i M dtadde 84 and
I nducti ve head

sse ccord nce wt ention,ther
provi ded a gat C%ﬁlﬁlc#/O @Jﬁﬁd erp&j\ﬂa%?nt ﬁg‘ gﬁ?ﬁlB}[ %%}H?Brogt'%}b%éméﬁ
and 102 by coassemblyg28hevepertdid rdidlevairfdcée h20 bi as'heuaaeotas:dmmetﬂﬁ;d

98 and 112. I 0 f egd kq CO 3
regul ating thée]gaggrgsg%%g %‘gl%ljéo”f hebg'g@%ra?gf FI&S ? Qﬁ& %Ié con r%ljb%:ff
for opek@ti ngthak Qlﬁﬁﬁp‘lem:l enam asintral fmpm@lﬁwrauat usegdefori dataamnd

head shift cogtroh +aSahifk. f%e:ﬁatgf{ﬁeppfé %y RBnk8n} PRaC LN a1 al

data recovery procedure | eration
The feedback "c’éﬂ?’f‘o‘l’c’ﬁ?sﬁlﬁﬂj &E‘t §cFﬁ€dBP§§ U&Fpeﬁﬂgﬁt}ﬁc%oyéd%bé’n&hﬂfft‘b

mai ntain a copgant, or at |east a maxi num DC current flow through the

outpuL 15 detected ar tRET RGTAEPoRELABNE pRiatls e AR Sureace
line 1385 to tFNNBRI MIAMRTER 130. weldriavess kailth aawn héprratheesimlan@élTER
changes are GoPReRpERSd RQS( ‘é Tf*i‘irs%v%fﬁllﬂaéf‘ ﬁaé@%étﬁgeﬁséé avd 5
114 is maintalned at a eS| re constant ["evel
gain of the amplifier stage 102 is set to zero. As the head
assembly 28 approaches the OUTER DIAMETER of the surface 20,
the gain of the amplifier stage 102 is increased. At the OUTER
20 " DIAMETER, the contribution of the amplifier stage 102 is
slightly more than half. o
_ The magnetoresistive head 46 is effective in reading
data when it is not near the OUTER DIAMETER of the disk surface
20. However, the magnetoresistive head 46 provides a signal
25 dependent on flux and independent of speed, while the inductive
head. assembly 44 provides a signal with an amplitude that
increases with increased speed of head travel over the disk
surface. Approaching the disk surface OUTER DIAMETER, the
tracks 24 and the data segments 24A are longer and relative
30 head speed increases. Using the inductive signal in these
regioris in addition to the magnetoresistive signal permits
efficient banding of data, i.e., increasing the frequency of
data along the track segments 24A to maintain constant linear
density with increasing disk velocity at larger radii.
35 Although the curves in FIG. 7 are generally indicated
as linear, other gain allocation approaches may be used.
Similarly, the nonlinear curves seen in parts of FIG. 8 may be
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The node control 134 optim zes operation of the 35 preamplifier in’
accordance with the radial position of the head assembly 28 and in

accor dan®O ¥4 het her the head assenmbly is in registratiRFTUSYR7®R4dat a
sector 24A or a servo sector 24B -9- WD 97/ 41550

PCT/ US97/ 07024 of a storage track 24. The gain control 130 is connected by
. a dat a pneamen ®ar Pentliaieasn deSsisigedhi t InCRAfitdpnanaltbovahplthed with

L l mdng icrefamt Ean ﬁ-msynchr aﬁazea ara&lel thﬁtQﬁﬁbﬁE' Ony Wsttféﬁiakanéeéoaer V(():P
ana sei

nts nd_-al osition .nforpation. The U
142 for c&’ aaeoﬁﬁsgr anﬁﬁﬁa ataFﬁroﬂ%é"Qﬂ%'k the egibn%\nﬂay
i ncor poaabemtleﬂ arn matepxuablradnal 1di stamegs beoreaspendiing tbeaf dbealo.
Fog reagl iy gain of the first and second
arr%l ifier ngli ??e\sgbgifm di%éqlﬁtﬁ h@%ca{ﬂdel n 10 proportions that vary
dependi ng on the rdher atantagesifion feom @@mbmiygzehevamnaésdofk
surface t3@ maahatwe%q%tel% aRNedaaeribe AELAs! &6 Fal:@] 4l Wn@h@ h88ro

contribution qQ fromthe nmagnetoresistiv S |ng| cated

by a soﬁieﬂlsllltﬁé’%i’dﬁs n’%oﬂfrFBﬁt FagnstorReistdys lﬁafﬁfn%%erﬁ%dersl A8uct i ve
head ;14suscepﬂu1m1ee¢d3>ralatumy |Smeel 1 mddid defecos. 10upplanentihg theh
s 0 r i r t he
pg?cent EB% ;ﬂ%{l %ttg@ganéa sq:qvﬁé[ r| |loﬁ£§ndggﬁe¥ﬁ&ﬂ:ggjﬁte a$§gﬁ?s r@%gésg%t s the
radi al pgg takol ity t 9 Hdwd la%%@rrbsﬁemlweuothelargkesmcae defeeds

At the bapgusd aretdle Willerohrbheod| §En§i‘£§§§€¥ bpernal :[h&‘&cf:f'@eaﬁaéaf | er
stage 84 contri by es sonmewhat nore than half the total galn of the first

and sec8fd stRAAARACRY s asymmesTi & Daghetpresighive gutPRheSIgRRLi fi er
stage 182 improvidditas saidiwhathd essammdtani ¢l findddeieonsighalions are

15 There are situations where ﬁhe off track sensing
capability of the magnetoresistive head 46 is of paramount
importance. 1In a data recovery procedure when attemptinq to
recover from a data read failure, one step in the procedure may
involve shifting the head assembly 28 in the radial diréction

20 by a fraction of one track width. In this prbcedure, the wide
read gap of the inductive head can cause problems due to side
interference. The gain control 130 therefore includes.a head
shift control 136 that operates in response to data recovery
procedure instructions received frbm:the'CPU 142 and bus 140

25 to decrease the gain'of'the inductive signal to zero and to
control the gain of the magnetoresistive amplifier stage 84 to
provide all of the gain. _ '

Whiie the présent invention has been described with
reference to the details of the embodiments of the invention

30 shown in the drawing, these details are not intended to 1limit
the scope of the invention as claimed in the appended claims.
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25 eqdal at a location roughly one-fifth of the way fromthe | NNER
DI'AMETER. At tig oi#is8y di anmeter (OD) of the surface 20, the gai pcpiushingrezs

anplifier stage 102 constitutes nearly all of the total, whitTe the
contribution of the stage 84 is relatively small. These rel at

contributions result frombias current 3Qiaimgvel s set by reH!ﬂ“”"'l I“H"Il'"l“l
current sources 96, 98 and 112 by the gain control 130:.

sectors 24B, "the conbi nation of the inductive and nagnet oreS| stive si gnal s
provides a cross track profile that has a consistent high central anplitude

due to the 35 gnet t I t (s .
anplitu IS provi ‘gygaha \égﬁagg ?’é‘éest Y ?dgfﬁ' \ﬂt cftlﬁ %@'dal W of
signal fZomthe i nduct i heusdnd. meamBe resulting center WO 97/ 41550

PCT/ USde 07024 | oaded, gel g 'dfﬁa’t-)ﬁ.d"" C@aégnSbEb\fhbé prnggdi@nl Slﬁe‘irﬁg geouasn

for :readi ng servo data reliably and |1 near| For. exanple, the co
si gnal |4s ml%nm@ﬁlﬁ’ﬁrsﬁﬁé\aﬂ@l £§9408r C inggndnyedd ﬁqu?é-f}%d'@ﬁﬂﬂﬁg

S 5 For readartm@@éam@ipy Rididd etréantofcONESHRa4bn dhsaid
t ot al gzén of , t secon Ilfler stages 84 and 102 is al so

vari ed pend’r’?lgoma{'ﬁgn gPﬁPgﬁoEFFF R?of the head assembly 28 over the

di sk surface 20. The al aocmansducerhead s demishye contdigkd 8in @aiphtiousing
FIGS. 7 and B%e'ﬁscan be seen 10 ~ that different gain control approaches
are used for data and servo reading. The preanplifier is synchronized wth
radi al :tack position iACkHBEPHaMAANG t ROBNGRERY JrovEadd phyramederer:fwead
For r adi@' poésééﬁﬁfyefbf nﬂwﬂni;r 881 8herdhsluest’ AeaalassembINVERDaANFER o
to well_ over gjla(figa di sk . QUTER DI AMETER, onIytheflrst anpllfler
stage sl is &3 atﬁgorage medium;

12 control means connected to said actuator means for
13 locating said transducer head assembly in registration with
14 said information storage region; | -
15 : said ',tfansducer head assembly including a
16 magnetoresistive head and an electromagnetic head; ,
17 _ said magnetoresistive head and said electﬁomagnetic
18 head being superimposed for simultaneous registration with said
19 information stream; _ '
20 and a preamplifier connected to said transducer head
21 assembly for processing signals read from said information
22 storage region; :
23 said data storage device being characterized by:
24 said preamplifier including signal processing means
25 for simultaneously processing signals read by both said
26 magnetoresistive head and said electromagnetic head.
1 2. A data storage device as claimed in claim 1, said
2 electromagnetic head comprising an inductive head with a coil
3 and a gap, and said magnetoresistive head having a
4 magnetoresistive sensor located in said gap.
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i i fi | ' t to zero. As the head assembly 28 -
gai n of ht hebgmasﬁéaqumm;mﬁmmgsurface 20, the gain of the anpli f:cer_
appr oache i _ . _ f
sfgge 102§Vs ?ﬁcreased.cAtLthé QUTER 20 DI AMETER, the cop¢&trubedidrgs)

e is sli y nore than half. The nagnetoresistive
the amplifier stage 102 is sllg,h;ga when it is not near the OUTER DI AVETER

' ' ' eadi n ot .
of L i sk surt acek SAtRo REIRTS Revhigmens: candmiod: o2t 6nPpOV kg
Sigfal Z9aSmegrAmskLve o ovi den MU PEOCEECa PinRHK cdfUok Shasaia
' i vgare assenbly 44 provides a s : !
:zg?g;;gg.md?g iﬁcreasgd_speed of head travel over the disk surface.

Approaching the di sk surface OUTER DI AMETER, the t;agk?ngfegggsthe ngﬁg
e e ooy SHCANSeo2hgb! Hevile ac#;ie‘?f%’?fg? tRe Chadmetorasi 35 i ve

: - - L0 these regions in a o , .
Siogal perits SuR oethd ogihed, b aapain af poter pasces, d SpUEQCY of
i oR4eFRE tfurtihergoompsiddAgt eHYHE HA fbfogﬁﬁﬁmmal&x{‘ee%qwg@e
in04ea5iggndb§K7velOCit%e?él:sr?ﬁ&}ggggh-a25lineaf ot her gain allocation

in FIG are ge ' . , ' f
gggngcLes may be used. Simlarly, the nonlinear curves seen in parts o

o b L 1 Y j . ! . . .

Elc,%( ugggfgﬂ,p;ﬁ% )J(%V\g;aja i s29rage Ag¥des, Psd'gifgd |J1]§;J gg g:omﬁggy
the curves 1n S3angl progessigg imeanss in iy aapitier dial

e el RamTE o kb SiephCBkabEa PR Ly T AL o

. o i data 5 " banding ScC | e
Q fer acumntaoet THRAP, SRS kP 1 A8Ld GAECS remagme i ead p b Ve
and i ndFALY qggggl4&&@ﬂ$AﬁbrThetnangownﬁﬂﬁﬁiﬂgﬁb¥ %%%Hcfﬁrsteand

magnet osewiond \sngIeErl 46 megers it

6. A data storage device as claimed in one of claims 1
to 5, said magnetic mediﬁm comprising a rotatable magnetic
disk, said information'Std:aqe region comprising a surface of
said disk, and said transducer head assembly including an air
bearing head slider supporting said magnetoresistive head and
said electromagnetic head over said disk surface.

AN D WN

7. A data storage device as claimed ih claim 6, further
comprising means responsive to the radial location of said
transducer head assembly On'said disk surface for varying the
gain of at least one of said first and second amplifier means.

B WN R

8. a data storage device as claimed in claim 6 or 7,
further comprising means responsive to the radial location of
said transducer head assembly on said disk surface for
allocating the relative gains of said first and second
amplifier means. '

O W N

[

9. A data storage device as claimed in one of claims 5
. to 8, said data storage device including means for disabling
3 said second amplifier means during a head shift recovery procedure.

N
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suscepti'ble to relatively small media def ec'tst lmmﬂ ﬂll MIIEO t he
rragnet or esi st pupoAdt8gl W th the inductive si A me por/uss7yo7ans

the head assembly to tol erate nedia defects because of the w der area of
sensitivity of the inductive head 44. In addition, the asymetric

_magnet orgsi sti vle o%% put asigeal sh&r;?ﬁar a\wiclév_a@d@I__-imgr.rteta:eWnisn,fraaiﬁh rdicc't.::laims k5
i nductive signal e g_are situations ere the r.ac
sensi ng Z£apabf? it f'uﬁftq%-%é?&r’@sgi’ﬁir&eaﬁ‘ggagﬁg T g\_e_spspcé?ré%ﬁﬁgé ed il
i nport arge. |fimstaandr secoady appddifderemgass.attenpting to recover froma
data read failure, one step in the procedure may involve shifting the head
assenbly 28 in the radial direction 20 by a fraction of one track w dth.
In this brocedure,1lne didatacgtorageoievhee agctaimedchy ¢kain A Lurther
probl emsy due ¢&msi§8ihgt eaf ef é8g8ack NepdEh N cormedted 3hétwsat oreaidcluminm
a head shift control 136 that operates in response to data reco erg .
procedurd® i nsMPREifHRE F&%‘i*"\/eﬂg rﬁﬁllahé?aél% Bty Meanero sajd gain
decreaseq t he gomtrol méansnihcludingimeahst for eregulalt ing coiné riodtd heyay rof

of the nmgnetQresi st agplitiser. st eQ\J of the gain.

Wi le t pre %ﬁ% ﬁ\l\;%ﬁflg%bhg‘g égén%gggﬁfg\%&&vﬁ%rd&éegésénce to the
details of the enbodi ments of the invention 30 shown in the draw ng,
these defails are 9ot iqt aRPgdstBrhiyl Bekiiees aePe1afinidle i) WY igH Aims 5
clainmed 1n the gﬁﬁended_ clains. -12- WO 97/ 41550 _,

PCT/ US974 07020 citdingSaid informationa gfream; dpgluddng; A2t FRIULRLS fnd
conbi nat3 Ona.é’lte;na?:igg sebousi §ggMiENLs, 3and said gaim ocoENRII C medais
storage o el | BEhYIn e dr ek RGN §hERETRS CBL AN QR Ubid
5 operating modes respectively in response to registration of

6 said head assembly with said data and servo segments.

1 13. Apparatus for reading data information and servo
2 information from tracks of a magnetic surface of a rotating
3 magnetic data storage disk, said apparatus cbmprising:

4 an integrated head assembly including a
5 magnetoresistive head and a superimposed electromagnetic head;
6 and |

7 amplifier means for simultaneously processing signals
8 from said magnetoresistive head and electromagnetic head.

14. The apparatus of claim 13, said amplifier means
including a first stage having an input connected to said
magnetoresistive head and having an output, a second stage
parallel to said first stage having an input connected to said
electromagnetic head and having an output, and a third stage
havirig an input connected to said outputs of first and second

N OO B W N e

stages .

15. The apparatus of claim 14, further compr_ising gain
control means for adjusting the gain of said first and second
3 stages independently of one another. '

N
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5 ded stream of information on said 6
I nformati on stora mﬂ Pf/lmnnm a transducer head assenbly

contalneﬁ“?ﬁmgéﬂh euse¢ Ng- act uaPST/HREZNN24
connected to said transducer head 10 assenbly for noving said transducer
head assenbly relative to 11 sai d_data_storage nedium 12

cohtrol neandbconTd@ apraratisy ektgheadm fRansafsdy gBIn conyeEnl fmeansd

transduanelhaaahgaaeeml rotcnamabatrim;l an m;t;heééte gamhdof né@idﬁfi?@t
grage nsducer

[ egi
i ABS° 9Pkend shages petyedf Batd FIRR ARG AerondgALadER ;17
sadd nagaeowdasnetwuehheadlandpsamdleheofrsaagdhead dSsemb hy are bet f'ge
eri S f Il ration with said 19 i nformati on
st?eanrggogﬁe ﬁhg%é@ié g §%£%§5%ﬂlfler connected to said transducer
head 21 assenbly for proce55|ng .signals read fromsaid information 22

stprage regi ey, 2&%he apparatus %&' CrRim QEQraﬁidjehtliécBQ'ﬂ\% means
ch racterlzed

| pr & S | nc ud 1 N S
R s thitRBaTbo Ehe Tejative, cRIR S M Basand, £ as AL TERES bot
sa3d 26to 1nagemeﬂngmradieifnnaht&mhsafdsaidcheaﬂa@msembuw%EEIétlve

A ggtghatﬂggggfﬁ x%@i %h ﬁ?dgﬂjl nclaiml, said 2 el ectromagnetic

head conprising _ Wth a coil 3 ~and a gap, and said
magnet oresi stive head having a 4 magnet or esi stive sensor |ocated in
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3 allocations for servo and data 1nformat1on respectlvely.
1 19. The apparatus of one of claims 15 to 18, said gain
2 control means including head shift control means for
3 discontinuing gain of said second stage 1n response to a head -
4 shift data recovery procedure.
1 20. A methodeor reading from a magnetic medium having
2 a storage region ineluding a stream of recorded information,
3 said method comprising:
4 positioning a magnetoresistive head in registration
5 with the storage region; ' |
6 superimposing an electromagnetic head with the
7 ' magnetoresistive head in registration.with'the storage region;
8 simultaneously reading the information stream with
9 both the magnetoresistive head and the electromagnetic head;
10 and : |
11 providing an output signal by combining the signals
12 from both the magnetoresistive head and the electromagnetic
13 head.
1 21. A method as claimed in claim 20 further comprising
2 preamplifying the signals from both the magnetoresistive head
3 and the electromagnetic head before said combining step. '
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assenbly including an air 5 bearing head sl i der supporting said
magret oresi stive head and 6 said el ectromagnetic head over said disk
surface.l1 2¥. AA methodt @sigectrimed atnclelade i3l clag m22. said
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dat a st ar age cembimedsdatai oatipun signml6 or 7, 2 further conprising
nmeans responsive to the radial location of 3 . said transducer head

assenbly on 'said disk surface for 4 allocating the relative
gains & said f24st Aamethedcasdchkaimednpni oner ofiegdgims 21 to 239 said
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PCT/ US94 070%krocedure.

25. A method as claimed in one of claims 21 to 24, said
preamplifying step including detecting whether the information
~stream being read is data or servo, and adjusting the relative
contribution of said signals from the magnetoresistive head and
the electromagnetic head depending on whether the information
stream being read is data or servo.

(<A TS B - SN VURN S B

-17-



1 10.
9 further co
second anplif
claim10 further

third 3 anpllfler
control neans incl uding neans

first, second, .thlrd
device as cl ai of c
i ncluding d ts and 3

A data storage

r|S| g th|rd anplifie
11

conprlslng a
means and said gain

deV|ce as claimed in one of clains 5 2
nmeans connected to said 3 and
A data storage device agcypgkhg
f eedback path connected between sald
means, and said galngé
for regula d
lLer neans

Sﬁgtrol
t he totaI gai n
dfa?g storag
HR% WY O mat i on jt
eanents a

rfeam

ainglfefnaEE%€TR§%

sai d
gain control neans 12 i n ijng. neans for set}ing,said ga rst
and second 5° Zkﬁepé |ng dﬁﬂ r €A |vegy In res % e to ?3§|< #?on of
6 sai d head R ijoaat a|? BT VO_Segng \
Appar at us for r} oroat | ;m;:;~n__;¢L._—-__“~L—fE==- fgom
tracks of a madfetEE=STrtacs gnetic nl!l qr e di sk,
sai d appar at us § 'H ead | °ssenb|y
including /& . ngsed el ect rfinllg whic
head; 6 anoNY. " taneously Hrigc$sSsi ng
signals 8 /MM sai d magng “]EE , omagneti c fjedd. 1
14. The appar.:-‘-“-ﬂ-r i Whh' l includiloia first

stage having a 5
havi ng an ouan.:,

a SECOI’] B

di stive heaflly

g8

an |nput connegyee

and a third st ,Lmtnwmmun 1 MY

and second 7
conpri sing ga
second 3

stages 1

:'E@“

means for adjusting t he gaieef*said
dently of i?e anot her . 7] :Zﬁ*

, Hewedlltirst staghl Bavi ng

o rm e em s mmsTrmmTy, |§H[ ead a d haV| ng [i ut put

WAL A SER N NV ATY L\\\\\‘\ ata k\‘-s‘i'\'t.tn"i’\-‘\‘u‘\‘\““\s\k&\\ul\ f I r St

26 15. gappagat us of claim 14, further
jrst and

26 38

7z 46/{/70 ‘72



WO 97/41550 | PCT/ US97/ 07024 1
16. The appakgadofa18ép Ccl ai m 15, said gain control neans 2 | Pet/tSH 789024
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(54) Title: MAGNETIC DATA READING APPARATUS AND METHOD USING INDUCTIVE AND MAGNETORESISTIVE HEADS

(57) Abstract

A rigid disk drive unit (12) includes head assemblies (28) having both inductive heads (44) and magnetoresistive heads (46). When
information is read from a disk surface (20), signals from the inductive head (44) and the magnetoresistive head (46) are combined to
provide an output signal, thereby to overcome disadvantages of using either signal alone, The relative contributions (MR, IND) of the
magnetoresistive and inductive signals are varied to optimize performance depending on the radial position of the head assembly (28) over
a magnetic disk (18) and upon whether the information being read is data (24A) or servo position information (24B). The inductive signal

is ignored during data recovery procedure head shift operations (136).




