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B This invention relates in general to data

Fecordlng dISk drives, 5 ' and nore particularly to magnetic recording
rotary actuator disk drives that use dual -el enent read/wite
t ransducers. Disk drives, also called disk files, are
i nformati on st or A8-923-038 :devi ces that usela rotatable disk with
concentric data tracks 10 - containing the information, a head or
transducer for reading and/or wWr i pisROpRi®E @ onto the vari ous
tracks, and an actuator connected to a carrier for the head for
movi ng the head to t'he desired track and ~ maintaining it over the
track centerline during read or wite operations. There are

typically a pluralitywnod b éltsons @pRitabeth foherdDto data $B&ERIng UDYS adids,
stacked on_a hub that is rot§ted bg a disk drive
5 and more particularly to6 magnetic recording rotary actuator disk drives

that use dual—element read/write transducers.

Disk drives, also called disk files, are information storage

devices that use a rotatable disk with concentric data tracks

10 containing the information, a head or transducer for reading and/or
writing data onto the various. tracks, and an actuator connected to a
carrier for the head for moving the head to the desired track and
maint;ining it-over the track centerline during read or write
operations. There are typically a plurality of disks separated by

15 spacer rings and stacked on a hub that is rotated by a disk drive
motor. A housing supporta the drive motor and head actuator and ;
surrounds the head and disk to provide a substantidlly sealed

envirpﬁment fof the head-disk interface.

20 ' In conventional magnetic recording disk drives, the head carrier
is an air-bearing slider that rides on a bearing of air above the.disk
surface when'fﬁe digk is rotating at its operational speed. The slider
is maintained next to the disk surface by a suspension that connects
the slider to the actuator. The slider flies'over the_g;sk surface as

25 '~ a consequence of a balance of the spring force from ghé suspension and

the air pressure generated by the velocity of the rotating disk.

In contrast to conventional air-bearing disk drives, liquid-
bearing disk drives have been proposed that use a head carrier that is
30 at least partially supported by a liquid film-on the disk. In one type
of liquid-bearing disk drive, as described in IBM'B pendxng
application, U.S. Serial No. 264,604, filed October 31, 988, and
published May 9, 1990, as European published appl;cation EP-A-367510,
and in US-A-5,097,368, a relatively thick, continuously recirculating

35 liquid film is maintained on the disk surface and the head carrier is



nmotar. A housing supports the drive notor and head actuator and
surrounds the head and disk to provide a substantially seal ed

envi ronment for the head- di sk interface. 20 I n conventi onal
magnetic recordi pg disyeadrives, the head carpier is an air-bearing
slider that rides on a ear| ng of air above the disk surface when

the disk is rotating at its gwlatlonal speed. The slider
mai nt ai ned next meéntaRBed|is |CoBtHAR L CORFaGE SRSt (fAlm wBPMERT §i"‘ is

the slider to thgealhyatOolss Abkthas!dpafitihd bfeadVeh o baridioh StlthaQ€qan-25
a consequence of a balance of the spring force fromthe suspension and

the air pressur ®egEferdeE By At ‘\?é‘i”ﬁ'&f‘l " FF AP A ot pafoRAds ke Toshiba

In contrast to GaawWRRA+s)DOZ, 803 asbRmbd g WSl EHub¥ @A, ailri 444 Utquid bearing
beari ng disk drives have beenb'{)?xg osed . that use a head carrjer that ,is 30

at |east pParti al®PPPoEhpFEPRead S JREP £8 11h BREICPRIELR FRREITE iiBe
of |iquid-beari agréliaskvelyithin ldfuileSiln &eenhd BidKBM s pendi ng
application, U S Serial No. 2.64,604, filed October 31, 1988, and
published May 9, 1990, as European published application EP-A-367510,
and in US-A-5, 097, 368 vatk elistbedeing idal Ciquic-oedringlatsd yrives) rwoelmst ng 35
liquid filmis malntalned, pletdgedis s LRGS0 ths NSad GARlar s
10 carriers in a nonlinear, generally arcuate path across the disk
surfaces. Typically, there are tﬁo head carriers per disk, one for
each of the "top" and "bottom" disk surfaces, that are attached to the
actuator so that the carriers move in unison on the opposite surfaces
of the disk. Because the rotary actuator moves in an arcuate path, the
15 heads are not aligned perpendicular to the data tracks, bﬁt are skewed
' relative to the tracks, the amount of skew varying with the radial

position.

In the conventional disk drive, a single inductive read/write

20 head performs both read and write functions on the disk.  With this
type of single-element head, the skew createa.by the use of a rotary
actuator does not present any special problem of head alignment with
the data tracks on the disk. However, recent IBM disk drives use dual-
element head;, i.e., an inductive element for writing 2hd a

25 magnetorgsiative (MR) element for reading. Because .the two elements
are spaced from one another in a direction perpe;dicular to the
trailing end of the carrier, a rotary actuator is not able to maintain
both elements in simultaneous alignment with the data tracks due to the .
inherent nonlinear path across the disk surface. To compensate for

30 this, dual-element heads are fabricated with the read and write
elements offset from one another in a direction parallel to the
trailing end of the carrier, the amount of offset being determined by
the average skew of the heads. However, since the misalignment of the
two e;ements due to the skew, as seen from the top surface of the disk,

35 is the mirror image of the misalignment of the elements as seen from



AND 93- 038 2 ' mai nt ai ' R, ‘
gontact with the i qU| d filmwhen the disk is Tats sigoEt HAS SEEN ||
normal operating speed. In a variation of the |iquid- | REPEACER] g
disk drive, as described in US-A-4,901, 185 assigned to Toshirba—

and US-A-5,202, 88%°#35%ned to IBM a conbinéd air and liquid bearing 5
"supports the head carrier, which is in contact or partial contact with

a relatively thithelBofjtind sizdthce olﬂ ﬁbedid'ks lehe he?.]d with offset read Jum ke f

ai r-bearing and liguid- earl ves, the onmmon form
of actuator is A TOLSTY acti 1-tﬁ’h lfe ROk BT meaa?f thgymirzor %ﬁ?er Pers in a
nonl i near, generﬁbIqeaara@mietqmwtthatheob&theudas« The result $&ithaiCeso

Typi cal ly, ther | ong.f o ach of
(e “top! and - Bariam? qrafies Spkds Bk, B lcathiltug " el B, the, pop sureSES

act uat or do t hatoftthe &isksjandthepykher fog ihe diotesm Qﬂwéaqspp@smeedism-f atiis

complicates the head manufacturing process and disk drive assembly

process.

This invention is directed to the provision of a rotary actuator
10 disk drive that uses identical dual-element read/write transducers for
all disk surfaces and that has both elements effectively aligned with
the data tracks.

aAccordingly the inverntion provides a magnetic recording disk

15 drive comprising: a rotatably mounted magnetic recording disk having
first and second surfaces; a first carrier maintained near the first
su;face of the disk.and having a trailing end; a first read/write head
supported on the trailing end of the first carrier and including a
first write element and a first magnetoresisti.ve sensor h'av:l.ng its

20 geometric center aligned with the geometric center of the first write
element; a second carrier maintained near the‘second surface of the
disk and having a trailing end; a second read/write head supported on
the trailing end of the second carrier and including a second write
element and a.second magnetoresistive sensor -having itawbeometric

25 " center aligned with the geometric center of the second write eIeﬁent; a
rotary actuator connected to the first and second carriers for moving
the carriers in unison across the first and secqnd disk surfaces,
respectively; characterised by a current source electrically coupled to-
the first and second magnetoresistive sensors for magnetically shifting

30 the magnetic centers of the first and second ﬁagnetoresistive sensors
in opposite directions from their respective geometric centers, a
sensing end of the second read transducer having a fixed position
relative to a sensing end of the second write transducer that is

substantially identical to the fixed position of a gsensing end of the

ThlS Sheet Has Been R,
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of the disk. Because the rotary actuator noves in an arcuate path, the 15
heads are not aligned perpendicular to the data tracks, hut are ck%gz_____‘.
relative to the tracks, the anount of skew varying Wi t h tﬂ_fﬁsrsa@paIHASBEEN H'
posi tion. In the conventional disk driye, ﬁ;_:ﬁgd,@gn N
i nductive read/ wMf% @328 head perforns $oth read a
on the disk. Wth this type of single-elenent head, the skew
created by the $estofeadl tunaduger relative tQot wersbug eBref tbé fresentteany

speci al problemf head alignment with the data tracks on the

di sk. However, recent |BM disk drives use dual - el ement heads,
I.e., an |nduct|ve el enment for witing and a 25 magnet or esi stive (M)

el ement for reading. In Bﬁfﬁuﬁﬁ ath:ﬁ:ahwacﬂaeaeaisi drive can beagrrgvi%ga q from one
another in a direction perpendicular to the trailing end of the

carrier, & rotabjesaferpipeiially fdantigeldnad-qignent dinfuctive write/hot h el ement s

i N Si Ml t aNEOUS nadrie@oRDEL1%b triad ROarbababr € Sk Uge ©6p ah® bottom aiex | Nherent
~nonlinear path across the di sk surface. To conpensate for 30 this,

dual - el ement he&tETa5P% { H5r FRRAPLeTR AFF CHRPOF4PIaFHP tiaiting ends of the
el enent s of f set néddDBapReranntsher ai Mandeslich@CtieOgecRddrat |Rhtdr® dfhehe read

and write elements are aligned without any mechanical offset. In a
10 preferred form, the sense current for the magnetoresistive elements is
provided with opposite polarity to the elements on the top and bottom
disk surfaces to shift the magnetic centers of the top and bottom read
elements in opposite directions relative to their geometric centers.
The amount and direction of the magnetic shift ‘is such that the read
15 elements are effectively offset from their :es:pecti.ve write c.alements so
that the skew caused by the rotary actuator has minimal affect:on
alignment of the read and write elements with the data tracks.
An embodiment of the invention will now be degcribed, by way of
20 example only, with reference to the accompanying drawings, wherein:

’
-

Fig. 1 is a block diagram of a rotary actuator magnetic recording
disk drive;

25 Fig. 2 is a sectional view of a dual-element read/write maghnetic

recording head usable with the disk drive of Fig. 1;

Fig. 3 is a geometrical drawing illustrating the problem of head
skew in a rotary actuator disk drive having a dual-element read/write
30 head; I

Fig. 4 is a geometrical drawing showing the prior art rotary
actuator disk drive having two different dual element read/write heads

for respective top and bottom disk surfaces to avoid the problem of

-
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35 head skew;



traifin'g end of the carrier, the anount of offset being determ ned by
whe average skew of the heads However, since the msali gnment of the

two el ements due to the skew, as seen fromthe top surface of the disk, 35
is the mrror |matgM of the m sal i gnnment of the el enents as seen from
REPLACEMENT SHEETAM9-93-038 -3-  the
bottom surface of the disk, the head with offset read and wite el enents
associ ated with the tefg.sarifsase iflisicrdtdod be the rshift SATBRE mafnetite chde
associated with t tQ ..The resul t two different types
of heads nust be f?%)??%ft (fig%énggﬁ?f he cur',’e"sﬁ’% aég@ o°%He disks and the
other for the bottom surfaces of the disk. This conplicates the head

manuf acturing pr Ocessr?gnds q.'l§\¥5t@£¢e\éetl?e5§z%m:¥d ?Qcctﬁisdgl connection between a
Summary of the Invention IS an Object o e invention to

amel i or at e Sone orcurRenrk s9HZ%R]RthteR) @94 BPtiomdMRpsenegragh provide tiig goyadchg t O
one aspect of thQiidd¢edH bt abdifikCor S£AlbEik BFREbt0dBled rLACHHLMY &'oﬁku%“ ve
of the type having a wite transducer for witing data on the disk an
separate read t r SABUREPeMSr reading data fromthe disk, the disk drive

conpri si ng: at Ieast one data d| sk; _ a notor connected to the
disk for rotating the_ di first carrier for supporting a wite
transducer and a readaﬁélhgﬂh‘@ef’ ‘Pﬂ"é‘ prheeitically ji8rFigavli-ng a di sk si de and
a trailingoend; a second carrier for support| ng a wite transducer
and a read transducer, the econd rier k side and a_trailing
end; a rotary aeft °c§3ﬁ‘r’t’é‘§f' 85"5‘ "1"19‘-? n]& YOI Tr tf ers for

si mul t aneousl y mnevifaged,his ﬁurmwpnlaeepﬂnmas geate-bedtbg( bgr updleapiakh acr oss
one surface of t Q&-.oii' §.k’ 'rl%ngagnetic recording media on each disk surface 11, 12 is
in the form of an annular pattern of concentric data tracks (not

15 shown) .

A head carrier 13 is positicned on the top surface 11 of disk 10.

Carrier 13 is an air-bearing slider having an air-bearing surface or
disk side 20 and a ti'aili.ng end 22. The head carrier 13 supports a

20 dual-element read/write transducer 21 'on its trdiling end 22 for
reading and writing data to the magnetic medi:a: on disk surface 1I. 1In
the preferred embodiment, the carrier 13 is a three-rail, air-bearing
slider of the type described in US-A-4,894,740, with the transducer 21
being locatect on the trailing end of the center rail. Qarrier 13 is

25 attached to an actuator arm 14 by means of a suspens.ton' 1s. The °
suspension 15 provides a slight spring force that biases the carrier 13
against the disk surface 1ll. A second carrier 17, also supporting a
.dual-e;ement read/write transducer, is positioned on the bottom
surface 12 of disk 10 and is attached to an actuator arm 18 by means of

30 "a suspension 19.

_ Actuator arms 14, 18 are attached to a rotary actuator 27. The
actuator 27 is typically a voice coil motor (VCM) that comprises a coll .
movable within a fixed magnetic field, the direction and velocity of

35 the coil movements being controlled by the motor current signals



theisecond carrier in a generally arcuate path across the opposite surface
of the disk so the transducers nmay access data on their associated disk
surfaces; a first wite transducer attached to the trailing end of
the first carrier and having a sensing end oriented toward the di sk side of
the first carrierdM9-93-038 5 fj (st read transdfcer attached to the trailing
end of the first carrier and having a sensing end oriented toward the disk
side of the firssupphiediiy a donercleasitngp.crxk ede difsR foi khtdst athet ramasgiucer

being in a fixed posjti relatlve, Lo . the, s ing _end.of the fir wite
transducer and h%té\%l"?fﬁ’ri ?Qm??'agsnelﬁ ?:a_%'gn sefa'sﬁlp?? &R ¥iaf§'fat8ipra§ét_i on from
Its geonetric cesrdddakly in and guis guen dheyri tewpéativis dirkesurdsdeactiodiz eo ttdhat

trailing end of 4. Gas0nde GaLidaRlo A ihy RWbMIaleAENR 1410 80Y T LENLEA tOVar d

t he disk side of the second carrier; second read transducer
attached t® the suftdesrnperpdabs ipidesixsdorribe apsd ox regrddéthvi ng a sensing end
oriented toward the disk side of the second carrier, the sensing end of the
second read transducer having a fixed position relative to the sensing end
of the second wite tIpafiedRRagentinaal rypesefhatzapearing Jiakadnivec he rotatient| xed

position of the dd tfd aifBagedekaiadalf QEr B8N0 BeRidth kid 3hiMEr taQatike first
wite transducer senmgﬁqéend, t he sensing end of the second read transducer

havi ng its nagnelsseci@Eed S1ek APTREY | Fhen e PP FAUE TUBTPTP3 GRTES ER%yeonet ri C
center thad is ofpesd bpring aéd of ithe! sudpéRidd aMa sippertaMtenéareied BEE and
-4 - magnetic shift of the first_ and s%éond read.transducer sensing_ ends

fromtheir respettfFRaY BBHETPT FURSHEE 18P Y 3 SR aEPERPY 3t he C22F8*™ and

means for suppordgadingt erifiploperatnsh.act uat or. Accordi ng to anot her
aspect of the invention there is disclosed a nmagnetic recording disk drive
conpri si ng: a magnetic recording di sk having top and bottom surfaces;
a notor connected t o Théoadiosk dogponeotsbf rihetdisk dtorage system are controlled

15 in operation by control signals generated by control unit 29, such as
access :control signals: and internal clock signals. Typically, the
control unit 29 comprises logic control circuits, storage means, and a
micropiocessor, for ex%mple. The control unit 29 generates control
signals to control various gystem operations, such as drive motor

20 control signals on line 23 and track position arfd-seek control signals
on line 28. The control signals on line 28 é;qvide the desired current
profiles to optimally move and position the carriers 13, 17 to the
deagired data track on the respective disk surfaces 11, 12. Read and
write signals'are communicated to and from the read/wrtge heads, such

25 as head 21, by means of the read/write channel 25. Bec;use the

read/write head 21 is a dual-element head that includes an MR sensor or

element for reading data, a current source (not shown) is used to apply

a sense current to the MR sensor, and the read/write channel 25

includes MR signal amplification and detection circuitry.

30 ’

It will be understood that the above description of a typical

magnetic recording disk drive, and the accompanying illustration of
Fig. 1, is meant to be representative of many types of rotary actuator
disk drives. For example, disk drives may contain a number of disks

35. and rotary actuators, and each actuator may support a number of head



a top carrier maintained near the top surface of the disk and having a
trailing end; a first read/wite head supported on the trailing end of
tthe top carrier and including a first wite elenment and a first

-magnet oresi stive sensor having its geonetric center aligned with the
georretric center®§ro3M38first wite el enent;? a bottomcarrier

mai nt ai ned near the bottom surface of the disk and having a trailing end;

a second read/ weadreedieadtorepee) tthel mAsdntCinvemtiibs 1§ atssl apflibdiee bt bener
carrier and inclLudin econd wite elenent and a secopd nagnet sistive
sensor havi ng it'L’?eae%rrgjfsﬁ‘l gﬁcvg?\'t e',"r’éhaf’“l5 gcﬁ'é'ff"%vi?h"efﬁ'émﬁtggér]rez r?‘%i‘%geﬁg‘%‘r of the
second wite el ériyre,; wherein therheiad ropreic Uit wrged dntre contdett @itbthehd gpsiand
bot t om carri ersf Qb PYA Nda (R pddaElshsl N UNI sSON across the top and bottom
di sk surfaces, respectively; and a current source electrically
coupled t& the first and second magnetoresistive sensors, the sense current

in the first magnet i@girghd \iBw RN, PLLRD rbdd/G8BEMaLd ¥1 lehfnedddB oMl 16C1 | ON
as the magnetic nonment of the first nagnetoresistive sensor and the sense

current in the 32d8rrohdRASEEERLVITR tecddertrife Fg fidng aaking| yn thee

opposi te direct iQRchirel N@nEBIBLRS h6adTBERPRLseR  sepitats 26QN End1REIRET QrGSiusbi Ve
sensor, whereby the nmagnetic centers of the first and second -

magnet or esi st i vECBEHSTFS CAFL OMRATnERY ERATEYS SPHer FWECY ALBRRTSsi (TR IRt i ons
from theio respemhbaesdasn®ithic 8RNt Bidactive head comprising pole tips 40, 42Bri ef

Description of th W ngs n enbodi nent .of the inyention will now
be descri bed, béf"&agfg?e ExEmpte Sﬁ‘ﬁ?’,’ '&F‘E%g‘?"efér"%rﬁ'ﬁ d?f)k £HE AR SBnifEnyi ng
drawi ngs, wher etarrier 13. The gopgeri @ids H60gakinh ag rthdéninductiveOirity hasd aaé Or

magnetic recor dislp ansgecqg.énva?;view bet:weFei gi':he2 ilg Qecsegc 0I O&ql Av%ﬁ:}-’:\a/tgén a .
dual -el enent read/w'ite nmagnetic recordi ng cad h e disk drive

usabl'é W't
“of Fig. 1 ~ shiBld) 503is deppsifeednest rn caxlided £4kmi Bxgwa loh e rtxrailigg tend 32robl em
of head sew in.g. [0l 88y 2kd YhREsWL 581e00ielE 4?%3%‘9.4&9‘%'5 SLEBYR
read/ wite head, Fig. 4 1s a geongetrica raw ng showi ng the prior

art rotary actushigtd.di %k shiqlge 43a\A0ngre aprceld apantciron dhe [MRcgengen 524 ead/ Wit e

Eeags L OF I eSpegiN ol Hea el 1B Wb eI Ke Suf hatEEarl 6 BYQiebh the b Ob! em of
ead skew shields. The MR sensor 52 has a sensing end 58 on the disk side 20 of

carrier 13. The MR sensor film 52 has electrical leads attached to its

20 ends, such as lead 60 shown in Fig. 2. sSince Fig.- 2 is a sectional
view showing the interior of the read/write t;éad 21, the opposite half
of sensor f£ilm 52 and its associated electrical lead is not shown. The
electrical leads are connected to the current source to supply a sense
current through MR sensor 52 that is used to detect cha:_zges in

25 resistance corresponding to changes in magnetic flux from the magnetic
recording disk. The MR sensor 52 and the coils 46 of the write
transducer are electriéally connected to the circuitry making up the
read/write channel 25 (Fig. 1). As shown in Fig. 2, the geometric
centers of the sensing ends of the write and read transducers, i.e.,

30 write gap 44 and MR sensing end 58, lie in the same plane S7 that is
generally perpendicular to both trailing end 22 and disk side 20 of

carrier 13.

Fig. 3 is a geometrical drawing showing how the skew caused by a

35 rotary actuator results in misalignment of the read and write elements



AMD- B3- 038 5 _ Fig. 5is an

kI lustration of the shift of the nmagnetic center fromthe
deonetric center in a current biased MR sensor; Fig. 6
illustrates the preferred electrical connection between a 5

current source anghstegpoasnd bottom MR sensors ¢ o provide the correct
direction and anpbunt of effective offset of the read el enents fromthe

it I :
L, BT e et gl Sl SR B

11 and "bottoni #¢tation 70 and a 5mif=abelsta #@%Uﬁ?poﬂh%@%a“ﬁ)ﬂﬂl 27 bag e

rotat ed by a di ng %r J:élgota,t:.on 74 and £'QE£¥:a§ aJQgimgneWafi%C% illa&lﬂ;sfn?d' a on
each di sk surface 'S formof an annul ar pattern of
concentric data F‘F%R‘S t(t?lgpometrg_gl centers ﬁgmsh read element 77 and write pA head

carrier 13sis pC__’éiéme@Qﬁ. OBnd R8ad @RerHt f73CR11cks Un SbctktelPatn 79 across the

surface 11 of disk 10 as the actuator 27 pivots about axis 74. If is
apparent from Fig. 3 that because the read and write elements 77, 78
are spaced apart a distance y in a direction along arm axis 76, they
are located at different radii, R; and R, respectively', from the

10 cehte; 70 of disk 10. The arm axis 76, and the read and write
elements 77, 78 along it, are skewed by an angle 8 relative to a
tahgent 80 to the data track 72. As a result, if the read element 77
is aligned with data track 72 as shown in Fig. 3, the write element 78
will be misaligned with the data track. The actuator 27 would be

15 required to move the head carrier to read and write data on the same
track. This is undesirable. t

i ' i
To solve this problem, the read and write elements in the

previously described IBM disk drives are offset from one another by the

20 average amount of skew across the data tracks. "THis is illustrated by
the geometrical drawing of Fig. 4 that depict‘:; a portion of disk™10
having a top surface 11 and a bottom surface 12. A head carrier 90
having a read element 91 and a write element 92 located on its trailing
end 93 is located on top disk surface 11. A head carri:.er 94 having a

25 read element 95 and a write element 96 located on its trailing -end 97
is located on bottom disk surface 12. In actuality, carriers 90, 94
would be located precisely over one another on opposite sides of
di_.sk 10, but are shown spaced apart for ease of illustration. Thus,
both carriers 90 and 94 are located along the arm axis 76 of rotary

30 actuator 27 with their respective trailing ends 93, 97 being generally
perpendicular to arm axis 74. The carriers 90, 94 are also located on
data track 72, which can be conaidered a straight line in the very
short region near the read and write elements. BAs shown, the read and
write elements 91, 92 on carrier 90 and the read and write elements 95,

35 96 on carrier 94 are all aligned with the data track 72. Thus, unlike



Carrier 13 is an air-bearing slider having an air-bearing surface or .
disk side 20 and a trailing end 22. The head carrier 13 supports a 20
Yual -el ement read/wite transducer 21 on its trailing end 22 for
reading and witing data to the magnetic nedia on disk surface 11. In
the preferred enP¥iP#e338, the carrier 13 is & three-rail, air-bearing
slider of the type described in US-A-4,894,740, wth the transducer 21
bei ng | ocat ed orné henfsrgatées.ag oenfhgofs,t hﬁiﬁ&[ﬂaﬁé ngaké +h&Bhhd. erno%svdrs 12S
attached to an ac‘s/ﬁl uat or ans 8 ensi on 15.

suspensi on 15 pPBATIEY aﬁc éﬂﬁ %ﬁr?’ﬁ‘ﬁkf‘ +‘¥‘§°"tth hoEh Fae ’Fﬁ‘é%l"f"f‘"é“r 13
agai nst the di sleleuméaae aliiuaJAemﬂmhembﬁ laC¥otdry, aa:lus&xsuppm hédegsdry
dual -el enent re te.tra ositio ed ttom
surface 12 of d%giw&b Q ?t (IEes §’f°§' Eil:i uat ’r‘ﬁ"?g”nﬁ“r?éé%lst%f

30 a ssuspettse c:naﬂ;ang end of the carrier- Thud&cbuahmie:alsms thel gednetaie
at tached o a r QLiole A6 HALOL1oRdue. I11Gaa wrte erencns! HA! Qfeed] dhdo b¥PIcal Y 2
voi ce coil notor at conprises a col novab hin a

fixed magneti c fapethgr byhe ddstance idoparahiilyed mi!-iftgoénd 9335 This offdet coi |
novenent s bei ng 4eQRhEolik & 8Y vl B R 2wikdlf F €Nt signal s

= y*tans;

10 where y is. the spacing distance between the read and write elements in
' a direction perpendicular to the trailing end 93 and 8 is the skew

;ngle. Similarly, on carrier 94, the geometric centers of read element
95 and write element 96 are also offset from one anofher by the -
distance d parallel to trailing end 97. However, because carrier 94 is

15 located on the bottom side 12 of disk 10, the location of its read and
write elements is requi.;.red to be essentially a mirror image of the
location of the read and write elements on carrier 90. This means that
two different ca.rr.i.ers, with different part numbers, must be
manufactured and then tracked through the disk drive assembly process

20 to assure their assembly on the proper actuator arm.

The present invention is intended to solve this problem. In this
embodiment, the invention is i.mplémented in a rotary actuator disk
drive as described in Figs. 1-3, i.e., one in which all‘-*oxf the head

25 carriers 13 and dua.i—element heads 21 are substantially :Ldentical.- on
each carrier, regardless of whether it is to be used on the top 11 or
bottom 12 surface of the disk 10, the geometric centers of the read
element sensing end 58 and write gap 44 lie in the same plane 57
generally perpendicular to both the disk side 20 and trailing end 22 of

30. the carrier. The offset of the read and writ; elements that is
required to maintain track alignment of both elements is accomplished
magnetically by proper electrical connection of the read elements in

the manner to be described and shown in Figs. 5 and 6.



AMD- 8937038 6 supplied by a control

29. As the disk 10 rotates, the rotary actuator 27 noves the
carriers 13, 17 in a generally arcuate path radially in and o
over their respective disk surfaces 11, 12 so that the read/wite
transducers nmay 2REE5%W fferent portions of® he disk 5 sur f aces
where data is desired to be read or recorded. In the

conventi.-onal

associ ated di sk surtace.

e
he air ar | us “‘counte

di sk generat es agana;&%qgiﬂgk%t%gmotﬁg&f QLT84 “gsié&g,ﬁcegg 58,90 th

slight spring fotiske mfle §jects aaqrdas ildntsaridvs Fpping task ver Bage rilefroaf dhiand
stightly avay fraghldie dlebk 194d 260 ebihafe.S b ena 4R IEANLIAL 6 GoRS! ant

spaci ng during operation.

e various conponents of th

di sk stor a"ge sy Slegtricel deqdsr ¢f],| €} that are electrically connected to a current

10

15

20

25

30

35

source 102. The MR sensor 52 has a geometric center 104 that is
aligned w;th the geometric center of the write gap 44 (Fig. 2) so that

the read and write elements are not physically offset from one another.

The MR sensor 52 possesses a magnetic moment in the -
direction 106. The direction of this moment is caused by current
biasing of the sensor from sense current I, having the direction 108.
Current biasing of the MR sensor is typically done by use of an

adjacent conductor f£film (shunt biasing) or an adjacent soft magnetic

. film (soft bias). The current through the adjacent conductor or soft

bias film creates a magnetic moment in the f£film that:causes the
magnetic moment of the MR sensor to have a direction other than

parallel to the direction of current. i f

Referring now to the bottom portion of Fig. S, the signal
strength 8 from MR sensor 52 is graphed as a‘function of positiofi X
along the sensor length. The center 110 of this signal profile is the
magnetic center of MR sensor 52 and is shifted a distance m from the
geometric ceﬁter 104. The direction of this magnetic ghift (to the
right in Fig. $5) is determined by the direction 108 of the sense ’
current I.. This shift can be understood primarily by considering the
effect of the magnetic field lines 100 near the two ends of the MR
sensor 52. The field lines 100 propagate best into the MR sensor 52
only when they are perpendicular to the moment direction 106. At the
end near lead 61, the field lines 100 enter the MR sensor and propagate
in a direction away from the sensor 52. There is thus a relatively
small contribution to 8 at this end of the sensor 52. Conversely, at
the end near lead 60, the field lines 100 propagate in the direction of
the sensor 52 so that the signal strength 8 is much higher. The result

ig a ghift m in the signal profile to the right of geometric

unit

ut

type of Fags sbhépictegialiisk tdp ipsrioh h@ad QamiédN3 with MR rea@f the

e



I n operation by control signals generated by control unit 29, such as.
access control signals and internal clock signals. Typically, the
eontrol unit 29 conprises logic control circuits, storage neans, and a
m croprocessor, for exanple. The control unit 29 generates control
signal s to cont ramb-93a03sous system operationsi such as .drive notor 20
control 'signals on line 23 and track position and seek control signals

on line 28. The.gGoat hgd. StHRA %ﬂ&k&dﬁ%@%ﬂ&&%@% Uag Qs&ussai eHe T ent

profiles to optlna |y nove and position the carriefs to the
desired data trehtigt ghvenid Reekpdbelpst GFs‘J@%‘t}F#‘heweaﬂP‘-lz. Read and
wite signals are communi cated to and fromthe read/ wite heads, such 25
as head 21, by neans of the read/wite channel 25. Because the

read/wite head 21 iS4n¢f ShfaPORREENECHERdof HBIT FRIPPRIER grcavred BsHe or

el ement fgr reagiuvig odadctt fle Wiksiiy, SAUEK @n CAAT 185 ReWdEN uysf.wed to apply
a sense current _to the MR sensor, and the re d/wite channel

i ncl udes MR si g‘f'fﬁ?"%lﬁof’ | FaPTBR °é‘ﬁﬁe'ﬁe ety BT LR HFeSrion et The sense
It will be UI’ldetﬁtﬁ:i:ér&dwi]haéautsbe:mbﬁgﬁeﬁe&mﬁ.ﬂpbld'fntlﬁfmasér}qak(ﬂ| to be in

RNt ¢ o0t et B PSRAPAS, S A LN
This is because the direction 106 of the magnet:.c moment will now be
10 . down and to the right (instead of up and to the right in Fig. 5), and
the field lines 100 will now turn to the right (instead of to the left
iﬁ Fig. 5) so that the effect of the field lines 100 near the ends of
MR sensor 52 will be reversed from that previously described for
Fig. 5.
15
‘In the present embodiment, the carriers and their supported dual-—
element heads are physically identical for both the top and bottom disk
surfaces, but the polarities of the sense currents are reversed between
the top and bottom read elements. The result is that by appropriate
20 selection of the spacing y between the read and write elements on the
carriers and the value of I,, the magnetic ar;i:ft m can be used to~
provide the effective offset 4 required to maintain both the read and
write elements aligned with the data track. The reversal of polarities
between top and bottom read elements causes the magnetie- shifts to be
25 in the opposite directions for the top and bottom carriers, thus

allowing the heads to be effectively tie mirror images of one another.

Fig. 6 shows one embodiment for groviding electrical connection
to top 120 and bottom 122 read elements. Each of the substantially
30 identical MR sensors 120, 122 is electrically connected through a
switch 124 to a current source 126 that is coupled to the read
preamplifier 128 of ﬁhe read/write cha=nel. When the switch is in the
position shown in Fig. 6, sense curren: flows in the direction from
lead 130 through top MR senscr 120 to lead 132. When the switch 124 is

35 in the other position, sense current flows in the direction from



di sk drives. For exanple, disk drivés may contain a nunber of disks 35
and rotary actuators, and each actuator may support a nunber of head

“AWB- 93- 038 7 carriers. Mreover, the
present invention is also applicable to other types of disk
drives, such asawgeBeuse or near-contact recefdi ng disk drives,

wherein the head carrier is urged into contact with the disk

during read an Xg '15?&‘38%{@ is&ggﬂx MR aensor 122 to lead 134. eLPJc ﬁ%mﬁ‘?él@ﬁﬁg Fig.

2, the read/ wite héa ornmed on carri
sectional vi ewitaotn hhmmﬁieetdieedtlibrmszmhe rego OB theors 120. 122,stheuct ure.

The basi ¢ head SOl SR3eo PO Bh8ace A0 A0k (e Rl UL B8 1n gososice ! OF M

over each other sharl conmbDn € he wite
transducer i s ditdwthpors Ii-lmthe rkmcm sendoesrd TERAllevanfoghofke top and (Pothgh

that defigne a $enSiD0PRY Rleibailf 18R4T O chitCoflySknesbsls:20 votn B8

supported dual-element head needs to be manufactured.

The following approximate values of various parameters in an
actual disk drive can be used to illustrate an implementation of the
10 present inventi.on.. For a 3.5-inch _diak drive, the average value of
skew is approximately 10 degrees and the magnetic shift m is
approximately 0.5 microne. Since the gpacing ¥y between the elements is
approximately 3 microns, which may be increased or decreased by '
appréximately 1 micron by changing the head design, the mechanical
15 ‘off'se'c d required to comperlxsate for skew is also approximately
.. 0.5' microns. Thus, by controlling the direction of current I, to be in

tfie opposite directions in the top and bottom carriers, the dual- i

element heads can be made identical on the top and bottom carriers and
the magnetic shift m used to provide the required offset of the

20 elements. :
While the preferred embodiments of the present invention have
been illustrated in detail, it should be apparent that modifications
and improvements may be made to the invention.wi.thout departing from

© 25 the scope of the invention as described in the following claims-



-

-shield 50 is dep05|te an axil

caryier 13. The copp g up the inductive wite head are
shown in sectional v meﬂﬁlmﬁl ol e pieces 40, 42.

carrier 13. The inductive pole piece 42 also serves asl|la secB&BL
shield. MR shi eM49s93®3850 are spaced apart f3omthe MR ¢
which is located in the mddle of gap material 56 between the tvvo

shi el ds. The MR sensor 52 has a sensing 8 on the disk side 20 of
carrier 13. The MR sensor film52 has electrical |eads attached to its
ends, such as lead 60 shown in Fig. 2. Since Fig. 2 is a sectional

vi ew showi ng the i rﬂ%bﬁgtigfret,bfdigeaﬂéw&g‘% b&adiddg: t he opposite hal f
of sensor filmb52 and its associated electrical Iead is not shown. The
el ectrical |eads are connected to the current source to supply a sense
current ghrough MR $¢B8&apDy shiifed mghstd fetolifh ?‘&Rst@"&i‘@ﬂﬁévin@ £i%8t and
resi stance correspondi to chan es in magnetic Tlux fromthe magnetic
recordi ng di sk. The’W‘géﬁ§fﬂ°952( and2dhe coils 46 of the wite
transducer are electrically connected to the ci rcwtry maki ng up the
read/ wite channel 25 (Fig. 1). As shown in Fig. 2, the geonetric

centers of the sens? ﬁcf,yr%"n&%“df‘ 32) meairtaingdoneazathe; firgs AvEdrce, of the

disk and having a trailing end;

10 _
a first read/write head supported on the trailing end of the
£irst carrier and including a first write element and a first
magnetoresistive sensor having its geometric center aligned with
the geometric center of the first write element;

15
a second carrier:(17) maintained near the second surface of the

disk and having a trailing end; i

a second read/write head supported on the trailing end of the
20 second carrier and including a second wrife-element and a second
magnetoresistive sensor having its geoﬁétric center aligned with

the geometric center of the second write element;

a rotary actuator (27) connected to the first and"second carriers
25 for moving the carriers in unison across the first and second

disk surfaces, respectively; characterised by

a current source (126) electrically coupled to the first
and seéond magnetoresistive sensors for magnetically

30 shifting the magnetic centers of the first and second
magnetoresistive sensors in opposite directions from their

respective geometric centers,

a sensing end of the sacond read transducer having a fixed

35 position relative to a sensing end of the second write

“This Sheet Has Been RT
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30 * wite gap 44

S
20 of

showi ng how t he skew caused by a 35

carrier

lie in the sane. plane 57 that _

general |y mm'mﬂm”mrbot h tral l'ing end 122 ;and sl _,\@lqéﬁg\j‘gi

m sal i gnment of 2M¥@3r@8d and wite el enentsi4

3is a geome REBakaghaw n

r ot ar y act uat of=festfari-fr o]

AMD- 93- 038

8 in a dual -el enent read/wite transducer. The disk 10 has a
center of r ot atdapbaucdr Ahdt A st Midbbak 1403 A deh@iekl €8- thEheidat ary
actuator 27 has an’ axis of rotation 74 and a central armaxis 76.

Arm axis 76 passes
el enment 77 and wite
arcuate path 79 across the

27 pivots about axis 74. It is appar ent
the readsand waite gl GRRMSve 6s iRimed in claim 1 wherein the first and second

10

15

20

25

30

carriers are air-bearing sliders.

positiqmph dgPensien gah REtthe FAFet SMEFIEEIRATh r ead

5 relativd €6MNbenbSng edd18¢ (B8 CkiSLENBIHe ¥rank@idegs an
surf ace 11 of disk 10 as the actuator.

fromFig. 3 that because

3. A disk drive as claimed in claim 1 or claim 2 whérein the

geometric centers of the sensing ends of the associated read and write

transducers on each of the carriers lie in a plane generally

perpendicular to the trailing end of the associated carrier.

4. A disk drive as claimed in any preceding claim wherein the first

and second write transducers are inductive write elements.

S. A disk drive as claimed in claim 4 wherein the sensing ends of

the inductive write elements are write gaps, and wherein the sensing

end of each of the write gaps is spaced from its associated

magnetoresistive read element in a direction generally perpendicular to

the traiiing end of its associated carrier.

-
-

6. A disk drive as claimed in any preceding claim comprising means

coupled to the magnetoresistive read elements for processing the

signals representing data detected from the disk by thewread elements.

7. A disk drive as claimed in any preceding claim comprising means

coupled to the first magnetoresistive.réad element for generating a

sense current, and means coupled to the second magnetoresistive read

element for generating a sense current in a direction opposite to that

of the first sense current.

8. A disk drive as claimed in any preceding claim wherein the first

and second write elements are spaced from the first and second read

elements, respectively, a predetermined distance and in a direction

-

\
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are. spaced apart a di ﬁmmmﬁ' ection along arm axi's 76, they
hare | ocated at differ l"" m m,and [err] respectively fromthe 10 .
~center- 70 of disk 10. *Thé arm®xiss #6, and the read and T HAS BEEN 5‘
el ements 77, 78 along it, are skewed by an angle [err] re aTH‘§e“’TE§ CED |
tangent 80 to tMO-B038track 72. As a resulds if the readel emefl |
Is aligned wwth data track 72 as shown in Fig. 3, the wite elenent 78

Wil be msali gafeaiiyl Bedpafastalar t6amk. trImng%aaToe lthd ToadPibzd, BR14 15
required to nove the head carrier to read and wite data on the same

track. This i E-SfRERrSiipehAdstance being related to thy awgynf-of MRERSHIHBRETE- ( he
read and write el enments in the : previ ously described | BM di sk
drives are offget frgomone verage anount of skew
across the dati tr e aca 'rs&??%%r"flf 3§£"Fa?£e8h€b§m having a vHES JESREtY R al
drawi ng ef Fi gfoxlwiirdhg dnpa @nStie ADEK b a Qfepalas& rfd transducer PV ik@giiagt Op
surface 11 and_ a bott fac ead carrier 90 havi ng a
read el ement 99%% §ng' g& Fe &l g“r?eﬁf%%’%’Sc"&?‘%’d‘“b‘W its trailing end
93 is located on top disk surface 11. A head carrier 94 having a 25

read el ement -95 and talgggttgneeldaetrgeg;s %6 | ocated on its trailing-end 97

10 a motor connected to the disk for rotating the disk;

a first carrier for supporting a write transducer and a read
transdpcer, the first carrier having a disk side and a trailing
end; .
- 15
a agcond carrier for supporting a write transducer and a read;
transducer, the second carrier having a disk side and a trailing ;

end;

20 a rotary actuator connected to the first and 'second carriers for
| simultaneously moving the first carrieérin a generally arcuate
path across one surface of the disk, and the second carrier in a
genérally arcuate path aéross the opposite surface of the disk so
the transducers may access data on their associatpd disk

T 25 surfaces; : . -

a first write transducer attached to the trailing end of the
first carrier and having a sensing end oriented toward the disk
side of the first carrier;
30 -
a first read transducer attached to the trailing end of the first
carrier and having a sensing end oriented toward the disk side of
the first carrier, the sensing end of the first read transducer
being in a fixed position relative to the sensing end of the

35 first write transducer;

This Sheet Has Been R
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I s+ ocated on bottom Wjiﬂmsurface 12. In actuality, carriers 90, 94
ci

vvoul d be located pre el ﬂ "m ther on opposite sides of
*di sk 10, but are sho ease of illustr Q@SJFIEE’TSHASBEEN \]
both carriers 90 and 94 are Iocat ed al ong the armaxis 16'0 g}ng

actuator 27 witfyeldieipgg respective trailing gnds 93, 97 Hei gl fy—=""
perpendicular to armaxis 74. The carriers 90, 94 are also | ocated on

data track 72, which can be considered a strai line in-the ver

"short region near th&es@dovrAhe SRAPsce atheshed gﬂs"-hg 0513 pae t?édr%eaﬂx%nd

wite elements 91, o) camiibi nd Hivaklal BsiREhabsleibdd oR@r@mat &iafld, 35
96 on carrier 94 are all aligned with the data track 72. Thus, unlike
AMD- 93- 038 side of the second cargier; the configuration of Fig.

3, radii [err] and [err] are the sane. However, in: order to
acconplish this track alignment for both the read and wr

el ementsBin a dual PRt TRESF2BIUGeT G'F%ﬁcﬁe%('f?tﬁ‘?o"r“i}‘tngl‘?dn‘éfcég%ar y

second carrier and having a sensing end oriented toward the disk
side of the second carrier, the sensing end of the second read
transducer having a fixed position relative to the sensing end of
the second write transducer that is substantially identical to

10 the fixed pésition of the first read transducer sensing end
;elative to the first write transducer sensing end; and

means for supporting the motor and actuator.

I
Has Been RTlaced
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t hatt the el enments be offset fromone another in a direction parallel to 5
lhe trailing end of the carrier. Thus, on carrier 90, the geonetric
%enters of read el ement 91 and wite el enent 92 are offset from one

another by a distance d parallel to trailing end 93. T

di stance is gi \aee-d3yoide fol |l ow ng: 17 1 E’ETHASBEEN

d = ytane; 10 where y is the spacing distance betlween | ]
wite elements in a direction perpendicular to the trailing end 93
and Jerr] is the skew . angle. Simlarly, on carrier 94, the
geonetric centers of read el enent Abstrf2% and wite el enent 96 are al so
of fset from one anot her by the distance d parallel to trailing end
97. However, because carrier 94 is 15 | ocated on the bottom side 12
of disk 10, the location of its read apIBK DRIVE wite . elenents is required
to be esgsentially a mrror inmage of the | ocation of the read and
wite-elements on carrier 90. This neans that two different

carriers, wth dif Reratary Bgrratonrdiek friyn gpeesheubstantially pdangicalt deadc and
then tracked tJl'éQé{S;hJ&%‘étQeS&;QEIAA&@cﬁ&JI’QL%ep{e%ea-%nsa%gers for B2eR SRl ©

their assenbly on the proper actuator arm pr esent
i nvention is itoperndekrttom bl surfraces pr Bhdrenis he) reqiisement that thenhea#l nent

the invention J;g,l R BN EHida 1§ oefled! Yo Wndal ke Chdkents, as is

10 typically the case in rotary actuator disk drives due to the head-to-
track skew caused by the inherent nonlinear path of the heads across
thé data tracks. The transdu&:ers are supported on the trailling ends of
the heaa carriers in such a manner that the gecmetric centers of the
read and write elements aré aligned without any mechanical offset. The

15 gense current f_or the magnetoresistive elements is provi.ded: with
opposite polari.ty: to the elements on the top and bottom digk surfaces
to ghift the magnetic centers of the top and bottom read elements in ;
opposite directions relative to. their geometric centers. The amount
and direction of the magnetic shift :Lg such that the read elements are

20 effectively offset .from their respective write €lements so that the
skew caused by the rotary actuator has minim:a]i effect on alignmenit of

the read and write elements with the data tracks.

Sheet Has Been Reﬁaced
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‘as described in Figs. 1-3, i.e., one in which all of the head 25
& Frlers 13 and dual - el enent heads 21 are substantially identical. On
each carrier, regardless of whether it is to be used on the top 11 or
bot.t om 12 surface of the disk 10, the geonetric centers of the read
el ement sensing end 58 and wite gap 44 lie in the sanme plane 57
general l'y perpendicular to both the disk 3/ 20 and trailing end 22 of 30
the carrier. The offset of the read and e elenents that is
required to maintain track alignment of both elenments is acconplished
magnetically by proper electrical connection of the read elenents in
the manner to be described and shown in Figs. 5 and 6. - B

AMB- 93- 038 , 10 Fig. 5 depicts in
its top portion head carrier 13 with MR read sensor 52 and di sk
10 with top surface 11. The sensing.end 58 on the di sk side 20 of

carrier 13 is shown facing disk surface 11 from which

13 _22
READ /WRITE 21
——"1  CHANNEL ' 20
CONTROL i }
UNIT 25 !
14155 1 4
POSITION CONTROL =r‘)‘| 1
|
T VoM = § __~10
28 12
f 277 S 1917
29 23
MOTOR CONTROL ( DRIVE
MOTOR | _ g

e 7



magnetic field lines 100 emanate. The ends of MR sensor 52 have 5

el ectrical leads 60, 61 that are electrically connected to a current
source 102. The MR sensor 52 has a geonetric center 104 that is
aligned with the geonetric center of the wite gap 44 (Fig. 2) so that
the read and wite elenents are not physically offset from one another.

10 The MR sensor 52 possesses @ fgagnetic nonment in the
direction 106. The direction of this noment 1s caused by current
bi asing of the sensor fromsense current |, having the direction 108.

Current biasing of the MR sensor is typically done by use of an

adj acent conductor film (shunt biasing) or an adjacent soft nagnetic 15
film(soft bias). The current through the adjacent conductor or soft
bias filmcreates a magnetic nmonment in the filmthat causes the

magneti c nonent of the MR sensor to have a direction other than

parallel to the direction of current. 20 Referring now to the
bottom portion of Fig. 5, the signal strength 8 from MR sensor 52
is graphed as a function of position X al ong the sensor |ength.

The center 110 of this signal profile is the




magnetic center of MR sensor 52 and is shifted a distance mfromthe
geonetric center 104. The direction of this magnetic shift (to the 25
right in Fig. 5) is determned by the direction 108 of 'the sense

current I[err]. This shift can be understood primarily by considering the
effect of the magnetic field Iines 100 near the two ends of the MR

sensor 52. The field lines 100 propagate bgﬁf into the MR sensor 52

only when they are perpendicular to the noifent direction 106. At the 30
end near lead 61, the field lines 100 enter the MR sensor and propagate
in a direction away fromthe sensor 52. There is thus a relatively

small contribution to S at this end of the sensor 52. Conversely, at

the end near lead 60, the field |ines 100 propagate in the direction of
the sensor 52 so that the signal strength S is much higher. The result 35
is ashift min the signal profile to the right of geonetric

AMB- 93- 038 11 '
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centier 104. If the direction 108 of current I[err] were reversed, the
shift mwould be to the left of geonmetric center 104.

'Si nce the nonent direction 106 in MR sensor 52 is caused by the 5

shunt or soft filmbiasing, which in turn is caused by the

direction 108 of sense current I[err], a change in direction of the sense
current will cause the magnetic shift mof,{he MR sensor 52 to be in

t he opposite direction (to the left of géb tric center 104 in Fig. 5).
This is because the direction 106 of _hgqpagnetic nonent will now be 10
down and to the right (instead of up fgnd to the right in Fig. 5), and

the field ines 100 will now Turn to fhe right (instead of to the left

in Fig. 5) so that the effect of the 7ﬁﬂTT+¢ng§ 100 near the ends, of

MR sensor 52 will be reversed fromthht previousgy described for

Fig. 5. 15 I n the prepent enbodi ment, the carriersZghd
their supported dual - el enen} heads are physkcally ¥#dentical for
both the top and bottom di sk surfaces, but theypaglarities of the

sense currents are reversed between he top and>bottom read

el ements. The result is that by ap
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20 ¥ selection of the spacing y between the read and wite elenents on

the carriers and the value of I[err], the magnetic shift mcan be
used to provi de the effective offset d required to maintain both
the read and wite elenents aligned with the data track. The
reversal of polarities bet ween top and bottomread el enents causes
the magnetic shifts to be 25 in the pﬁosite directions for the top
and bottomcarriers, thus allomﬁnépt e heads to be effectively the
mrror images of one another. 102 Fig. 6 shows one enbodi nent
for providing electrical connection { to top 120 and bottom 122 read
el ements. Each of the Substantially 30 i dentical MR sensors 120, 122
is electricafly connected through I SWwtich IZZ 10 a curreny source
126 that is Ooupled to the read preanplifier 128 of the re@d/wite
cha nel. Wiep the switch is in the position shown in Fig. & sense
current flows in the direction from | ead 130 t hrough top sensor
120 to lead 132. Wen the switch 124 is["384 in the other positifon,

sense current flows in the direction fram

13 61 106 5(2 6{0
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AMD~93- 038 12 | ead 136 through bottom MR

sensor 122 to lead 134. Since the current . Is in the opposite
directions in the two MR sensors 120, 122, the magnetic shift m
to produce the required offset d will be in opposite di rections
in the two MR sensors. This allows both the top and bottom 5 sensors
to be physically identical so that only ohbbcarrier with its

supported dual -el emrent head needs to be manufact ured. The
foll owi ng approxi mate val ues of various paranmeters in an act ual

di sk drive can be used to illustrate an inplenentation 'of the 10

present invention. For a 3.5-inch disk drive, the average val ue of
skew i s approxi mtely 10 degrees and the nagnetic shift mis
approximately 0.5 microns. Since the spacing y between the elenents is
approximately 3 m crons, which may be increased or decreased by
approximately 1 mcron by changi ng the head design, the nechanical 15
offset 4 required to conpensate for skew is al so approxi mately '

128

130
)
132
)

120 —1
122 —



0.5 microns. Thus, by controlling the direction of current I[err] to be in
thhe .opposite directions in the top and bottomcarriers, lhe_dual

et enent heads can be made identical on the top and bott carrt,

the magnetic shift mused to provide the required of fset] of * t N UTQH& * i
el enent s. VWil e the preferred enbodi rren"s ~0f the pre t i
I nvention have been illustrated7in detail, it shoul Mp At
that nodifications and i nprovenents may be made to the | nNVentiom
wi t hout departing from 25 t he scope of the invention as described in
the follow ng clains.

-13- DISK DRIVE CLAI M5B~ 1. A data

recording disk drive of the type having @ wite transducer for witing data
on the disk and a separate read transducer for reading data fromthe disk,

t he di SkAqﬁ'ﬁieACT

A rotai'j actuator disk drive uses substantially identical dual-element inductive
write/magnetoresistive read transducers for both the top and bottom disk surfaces (11, 12).
- There is no requirement that the read elemenfs be méchanically offset from the write
elements. as is typically the case in rotary actuator disk drives due to the head-to-track skew
caused by the inherent nonlinear path of the heads (21) acrdss the data tracks. The
transducers are supported on the trailing ends of the head carriers (13, 17) in such a manner
that the geometric centers of the read and write.elements are aligned without any mechaﬁical
offset. The sensé current for the magneiorésistive elements is provided with opposite
polarity to the elements on the top and bottom 'disk surfaces to shift the magnetic centers of

the top and bottom read elements in opposite directions relative to their geometric centers.

Fig. 1
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According to one aspect of the invention there is disclosed a data recording disk

drive of the type having a write transducer for writing data on the disk and a separate
read transducer for reading data from the disk, the disk drive comprising: "

at least one data disk;

a motor connected to the disk for rotating the disk;

a first carrier for supporting a write transducer and a read transducer, the first
carrier having a disk side and a trailing end;

a second carrier for supporting a write transducer and a read transducer, the
second carrier having a disk side and a trailing end;

a rotary actuator connected to the first and second carriers for simultaneously
moving the first carrier in a generally arcuate path across one surface of the disk, and
the second carrier in a generally arcuate path across the opposite surface of the disk so
the transducers may access data on their associated disk surfaces;

a first write transducer attached to the trailing end of the first carrier and having a
sensmg end oriented toward the disk side of the first carrier;

a first read transducer attached to the trailing end of the first carrier and having a
sensing end oriented toward the disk side of the first carrier, the sensing end of the first
read transducer being in a fixed position relative to the sensing end of the first write

transducer and having its magnetic center shifted in a first direction from its geometric
center;

a second write transducer attached to the trailing end of the second carrier and
having a sensing end oriented toward the disk side of the second carrier;

a second read transducer attached to the trailing end of the second carrier and
having a sensing end oriented toward the disk side of the second carrier, the sensing end
of the second read transducer having a fixed position relative to the sensing end of the
second write transducer that is substantially identical to the fixed position of the first
read transducer sensing end relative to the first write transducer sensing end, the sensing
end of the second read transducer having its magnetic center shifted in a second direction
from its geometric center that is opposite to said first direction, the amount of the
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recording disk drive comprising:

a magnetic recording disk having top and bottom surfaces;

a motor connected to the disk for rotating the disk;

a top carrier maintained near the top surface of the disk and having a trailing end;

a first read/write head supported on the trailing end of the top carrier and including
a first write element and a first magnetoresistive sensor having its geometric center
aligned with the geometric center of the first write element;

a bottom carrier maintained near the bottom surface of the disk and having a

BNt ET
OF%ﬂﬁRoﬁg !
hawi:ng..a..fixed. .

trailing end; .

a second read/write head supported on the trailing end of the bottom carrier and
including a second write element and a second magnetoresistive sensor having its
geometric center aligned with the geometric center of the second write element;
| a rotary actuator connected to the top and bottom carriers for moving the carriers
in unison across the top and bottom disk surfaces, respectively; and

a current source electrically coupled to the first and second magnetoresistive
sensors, the sense current in the first magnetoresistive sensor being in generally the same
direction as -the magnetic moment of the first magnetoresistive sensor and the sense

- current in the second magnetoresistive sensor being in generally the opposite direction as
the magnetic moment of the second magnetoresistive sensor, whereby the magnetic
centers of the first and second magnetoresistive sensors are magnetically shifted in
opposite directions from their respective geometric centers.

Brief Description of the Drawings

An embodiment of the invention will now be described, by way of example only,
with reference to the accompanying drawings, wherein:

Fig. 1 is a block diagram of a rotary actuator magnetic recording disk drive;

Fig. 2 is a sectional view of a dual-element read/write magnetic recording head
usable with the disk drive of Fig. 1;

Fig. 3 is a geometrical drawing illustrating the problem of head skew in a rotary
actuator disk drive having a dual-element read/write head;
| Fig. 4 is a geometrical drawing showing the prior art rotary actuator disk drive
having two different dual element read/write heads for respective top and bottom disk
surfaces to avoid the problem of head skew; |
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at least one data disk;

a motor connected to the disk for rotating the disk;

a first carrier for supporting a write transducer and a read transducer, the first
carrier having a disk side and a trailing end; | |

a second carrier for supporting a write transducer and a read transducer, the
second carrier having a disk side and a trailing end;

a rotary actuator connected to the first and second carriers for simultaneously
moving the first carrier in a generally arcuate path across one surface of the disk, and
the second carrier in a generally arcuate path alcross the opposite surface of the disk so
the transducers may access data on their associated disk surface.s;

a first write transducer attached to the trailing end of the first carrier and having a
sensing end oriented toward the disk side of the first carrier;

a first read transducer attached to the trailing end of the first carrier and having a
sensing end oriented toward the disk side of the first carrier, the sensing end of the first
read transducer being in a fixed position relative to the sensing end of the first write
transducer and having its magnetic center shifted in a first direction from its geometric
center; |

a second write transducer attached to the trailing end of the second carrier and
having a sensing end oriented toward the disk side of the second carrier;

a second read transducer attached to the trailing end of the second carrier and
having a sensing end oriented toward the disk side of the second carrier, the sensing end

of the second read transducer having a fixed position relative to the sensing end of the
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sense current. 10. A magnetic recording disk drive conprilf S8y
magnetic recording di sk having top and. ppttom surfaces; a not or
connected to the disk for rotating the disk; a top carrier naintained
near the top surface of the disk and having a trailing end; a first
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from its geometric center that is opposite to said first direction, the amount of the

magnetic shift of the first and second read transducer sensing ends from their respective

geometric centers being substantially the same; and

2.

means for supporting the motor and actuator.

The disk drive according to claim 1 wherein the first and second carriers are air-

bearing sliders.

3.

The disk drive according to claim 1 wherein the geometric center$ of the sensing

ends of the associated read and write transducers on each of the carriers lie in a plane

generally perpendicular to the trailing end of the associated carrier.

4.

The disk drive according to claim 1 wherein the first and second write transducers

are inductive write elements.

S.

The disk drive according to claim 1 wherein the first and second read transducers

are magnetoresistive read elements.

6.

The disk drive according to claim 5 further comprising means coupled to the

magnetoresistive read elements for processing the signals representing data detected from

the disk by the read elements.

7.

are

The disk drive according to claim 1 wherein the first and second write transducers

inductive write elements, and the first and second read transducers are

magnetoresistive read elements.

8.

The disk drive according to claim 7 wherein the sensing ends of the inductive write

elements are write gaps, and wherein the sensing end of each of the write gaps is spaced
from its associated magnetoresistive read element in a direction generally perpendicular

to the trailing end of its associated carrier.
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10. A magnetic recording disk drive comprising:

a magnetic recording disk having top and bottom surfaces;

a rﬁotor connected to the disk for rotating the disk;

a top carrier maintained near the top surface of the disk and having a trailing end;

a first read/write head supported on the trailing end. of the top carrier and including
a first write element and a first magnetoresistive sensor having its geometric center
aligned with the geometric center of the first write element;

a bottom carrier maintained near the bottom surface of the disk and having a
trailing end;

a sécond read/write head supported on the trailing end of the‘ bottom carrier and
including a second write element and a second magnetoresistive sensor having its
geometric center aligned with the geometric center of the second write element;

a rotary actuator connected to the top and bottom carriers for moving the carriers
in unison across the top and bottom disk surfaces, respectively; and

a current sdurce electrically coupled to the first and second magnetoresistive
sensors, the sense current in the first magnetoresistive sensor being in generally the same
direction as the magnetic moment of the first magnetoresistive sensor and the sense
current in the second magnetoresistive sensor being in generally the opposite direction as
the niagnetic moment of the second magnetoresisti\}e sensor, whereby the magnetic
centers of the first and second magnetoresistive sensors are magnetically shifted in
opposite directions from their .respective' geometric centers.

11. A disk drive according to claim 10 wherein the carriers are air-bearing sliders.
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approximate skew angle © and the predetermined spacing distance of the write elements

respectivel

from their respective magnetoresistive sensors is y, then the amount of the magnetic shift
m of the magnetic centers of the magnetoresistive sensors is given approximately by
m=y-tan ©.

14. A disk drive according to claim 13 wherein the current source is electrically
coupled to the first magnetoresistive sensor to generate sense current in a first direction
to shift the magnetic center of the first magnetoresistive sensor an amount m in a first
direction, and electrically coupled to the second magnetoresistive sensor to generate
sense current in a direction opposite to said first direction of sense current to shift the
magnetic center of the second magnetoresistive sensor substantially the same amount m :
in an opposite direction to said first direction of magnetic shift of said first

magnetoresistive sensor.



