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a read/wite shield-pairing technique for optimzing head surface wear. 10
Description of the Prior Art Business, science and entertai nnment
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| arge vol unmes of the data 15 being stored or transferred to nonvolatile

storage nedia, such as negnetyGy, 56 SaraBPA ety t ape cartridges, optical
di sk cartri dges, floppy diskettes, or floptical diskettes. Typically,

magnetic tape is the nost econonlcal means of storing or archiving the
data. Storage technology is continually pushed to increase storage

capaci t saarekastmorargens elivadprdont y. 20 | nprovenent in data storage densities
in magnetic storage nedia, for exanple, has resulted frominproved nmedi um
materials, inproved error correction techniques and decreased areal bit
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changes pefcaiphbors bEI fif2 BOideRk6t ance changes, which are processed to
provide digital signals. Data storage density can be increased because a
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03/ 0107 600 RMitERORADSE ¥EHstoring or archiving the data. Storage technology is
continually pushed to increase storage capacity and storage reliability.

20 Improvement in data storage densities in magnetic storage media, for
example, has resulted from imprbved medium materials, improved error
correction techniques and decreased areal bit sizes. The data capacity of
half-inch magnetic tape, for example, is now measured in tens of gigabytes
on 256 data tracks.

25

The improvement in magnetic medium data stofage‘capacity arises in
large part from improvements in the magnetic head assembly used for
reading and writing data on the magnetic storage medium. A major
improvement in transducer technology arrived with the magnetoresistive

30 (MR) sensor originally developed by the IBEM corporation. The MR sensor
transduces magnetic field changes in a MR stripe to resistance changes,
which are processed to provide digital signals. Data storage demnsity can
be increased because a MR sensor offers signal levels higher than those
available from conventional inductive read heads for a given bit area.

35 Moreover, the MR sensor output signal depends only on the instantaneous
magnetic field intensity in the storage medium and is independent of the
magnetic field time-rate-of-change arising from relative sensor/medium

velocity.

40 The quantity of data stored on a magnetic tape may be increased by

increasing the number of data tracks on the tape, which also decreases the



2 di stance between adjacent tracks and forces adjacent read/wite heads

cl oser together. Mrre tracks are nade possi ble by reducing feature sizes

of the rexooant7esnite el enents, such as by using thin-fil CraiBozosdeson
techni ques and MR sensors. I n operation the magnetic storage nedium such 5
as tape or a magnetic disk surface, is Passed over the magnetic read/wite
(RF'W head assenbly for reading data therefromand witing data thereto.
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alternating read and write elements. Altermate columns (track-pairs) are
25 thereby disposed to read-after-write in alternate directions of tape
medium motion. Tape heads suitable for reading and writing on high-density
tapes also require precise alignment of the track-pair elements in the
head assembly.

30 Tape heads in particular suffer from head wear caused by motion of
the magnetic recording tape. Repeated passes of the tape medium over the
wear-resistant tape head surface may eventually wear away some of the
surface, which can impair head performance. This may be a particular
problem for thin-film magnetic heads where the thin-film layer structure

35 may see relatively considerable wear with brief operation, giving an
unacceptably short lifetime for the magnetic head assembly. Practitioners
in the art provide very hard wear-resistant layers on the air bearing
surfaces of magnetic heads to inhibit wear, for example, a sputtered layer
of diamond-like carbon or titanium-carbide, but such layers are also very

40 thin, being perhaps 20 nanometers thick.



of dianond-1i ke carbon or titaniumcarbide, but such | ayers are also very
40 thin, being perhaps 20 nanoneters thick. WO 03/010760 PCT/ GB02/03366 3
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is believed to arise fromaccelerated wear in line with the wite gap,

whi ch i s di sadvant ageous for head-assenbly |ife-expectancy. The wear
difference i s nedi a-dependent and can be severe enough to nake certain 5
medi a i nconpati ble with such head assenbli es. SUNNARY OF THE | NVENTI ON 10
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The write gap is conventionally non-magnetic.

According to one aspect, the invention further provides a magnetic
25 tape drive including at least one magnetic head assembly as described
above, the magnetic tape drive further comprising: a magnetic recording
- medium having a recording surface; a motor for moving the magnetic
recording medium; a head-mount assembly for supporting the magnetic head
assembly with respect to the magnetic recording medium; a second
30 ' electrical conductor coupling the one MR element shield and one of the

write-gap poles.

Preferably the two spaced magnetic pole tips are disposed in spaced
relationship with a write-gap shield such that the one magnetic pole tip
35 is disposed between the write-gap shield and the other magnetic pole tip.

Preferably the write-gap shield is magnetically and conductively
integral with the one magnetic pole tip.

40 In a preferred embodiment the electrical conductors consist
essentially of one or more materials chosen from the group of tantalum,

copper and gold.



WO 03/ 010760 PCT/ GB02/03366 4 In a preferred enbodi nent, the second
conductor has a resistence in the range fromabout 5 kilohns to about 100
ki | ohms. wWoOwaaro7sesi stant interl eaved read/ wite head asseghlGBR®3366
preferably 5 provided with inproved symmetric wear characteristics.
Preferably the read/wite head assenbl y enpl oys i ndependent read/wite
shi el d-paring and charge-cl anped magnetoresi stive sensors. 10 Preferably
head wear is optim sed by equal i zi ng the voltage environnents of the r ead
and wite hea?s torr 2duc engogct roch m cal /gecor;lgnl cal n &y Osxlrepsnsgen
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having the nost positive potential) or to both MRIeads via a

center-tapped resister clanping structure that nay be appreciated with
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di sposeq adiaaent, L e MBS A sbacad,relial Lanship, between two IR el ement 40
shiel ds; WD 03/ 010760 PCT/ GB02/ 03366 5 (a.2) forming an electrical |ead

conductor coupled to each MR sensor
In a preferred embodiment a write-gap pole or shield is provided

20 adjacent the read gap shield. In a preferred embodiment at least one and
preferably both read gap shields is electrically-clamped to one of the MR
signal leads (preferably the lead having the most positive potential) or
to both MR leads via a center-tapped resister clamping structure that may
be appreciated with reference to the commonly-assigned U.S. Patent No.

25 6,246,553.

It is an advantage of this invention that a write-gap pole or shield
of the type used by IBM Corporation for head manufacturability can
according to the preferred embodiment be easily connected by a conductor

30 to the adjacent read-gap shield.

The invention further provides a method for making a magnetic head
assembly that has an air bearing surface (ABS), comprising the unordered
steps of:

35

(a) making a read head including the steps of:

(a.1l) forming a magnetoresistive (MR) sensor element having two ends
disposed adjacent the ABS in spaced relationship between two MR element
40 shields;



el ement end; and (a.3) formng a first electrical conductor coupling at

| east one of 5 the MR elenment shields and at | east one of the electrical

| ead conawotodnsy760 (b) nmaking a wite head including the sPepsGBIRO3I6h. | )
form ng two nmagnetic pole pieces each having a pole tip 10 portion

di sposed adj acent the ABS; (b.2) form g a nonmagnetic wite gap | ocated
between the pole tip portions; and 15 (c) formng a second el ectri cal
conductor coupling the one MR elenent shield and one of the wite-gap

pol es. Preferapl et ho .her i o ] ILe-gap
shield i nlﬁas|£3_‘a(?:alcgczl)/r%%lﬁg‘t:L ?%n%s%g#&vgr%%elt ﬁ%g‘?%h%%}é’éd&#a%ﬁ‘g%gg %g’] gﬂ{ge%égrsuch
20 that THEBhE fagtstic pole tip is di sposed between the wite-gap shield
and the other nagnetic pole tip. According to one enbodi nent, there is
provi ded a nmagne i todwead a &sseiThlyotird 641U dbi@icd oW ddupl gap at OrdAed Jaet yeen two
spaced MBONGH &L ROLE shPeldPind Rl A TRINR! BF BHSLI MR (M) 1861280 %ksg&nt
havi ng opposite ends each connected to a respective electrica ea
conductor, the MR sensor element and the two, electrical |ead conductors
bei ng di spose@®)i n wgFieed: wrétatrahshrprdiesvigensters MR el enent shi el ds,
wherein the inprovenent conprises: a first electrical conductor coupling
at |east one @f 1} he MR3Qwe! RIERL: SBLAl d3ead oty 1888l ANEordf e
%ectrl caoI]C,cL)eagico<)n(je crors. an second el ectrical conductor coupling the
one MR di%€nent SHEd and che of “The wite-gap poles. 35 BRI EF DESCRI PTI ON
OF THE DRAW NGS Enbodi nents of the present invention will now be descri bed,
by way of ex@npl}ecaniyg aanchmsighériceteitengsp flocite pewsent thenpalet tomn. |t
shoul d HRecnaledaddat |ike reference nunerals represent |like features

t hroughout 40 the figures: WD 03/010760 PCT/ GB02/03366 6 Fig. 1
illustrates a front view of the air bearing surface (ABS) of an

ihterl eaved nEYnetFBEIS R §REPNRGLSEEFRASLBNHFYCY woreliagi B¢ 0% R magnetic
t ape st cilagentnedield bnd aceostahe evritéiyapnp@nsodi ment of the present
invention; 5 Fig. 2 illustrates a cutaway portion of the MR head assenbly
from Fig. 1._ex dtoillustrate the features,of,the inter|eaved

hin 1| s Ga0 e T erge s hietat CEnsPried: Tet SE iR
enbodirnﬁ?ﬁe%ﬁ in spaced relationship with the two spaced magnetic pole tips such

20 that the one magnetic pole tip is disposed between the write-gap shield
and the other magnetic pole tip.

According to one embodiment, there is provided a magnetic head

assembly including a write gap formed between two spaced magnetic pole

25 tips and a magnetoresistive (MR) sensor element having opposite ends each
connected to a respective electrical lead conductor, the MR sensor element
and the two.electrical lead conductors being disposed in spaced
relationship between two MR element shields, wherein the improvement
comprises: a first electrical conductor coupling at least one of the MR

30 element shields and at least one of the electrical lead conductors; and a
second electrical conductor coupling the one MR element shield and one of

the write-gap poles.

35 BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described, by way
of example only, and with reference to the present invention. It should
be noted that like reference numerals represent like features throughout

40 the figures:



the present invention; 10 Fig. 3 illustrates a cross-sectional view of the
MR head assenbly fromFig. 2 taken along 3-3 with insul ation between the
| ayers rewowaa1i7a0 accordance with an enbodi nent of the pPeIaIR02i08866Nt i ON;

Figs. 4A-4B illustrate expanded views of alternative exenplary 15
enbodi nents of the thin-filmread gap o4 this invention show ng the MR
shield charge-clanping layer; Fig. 5 illustrates a schematic di agramof a

magnetic tape drive wuseful with the nmagnetic head assenbly of an

enbodi nent of _t he_pr.esent = 20 invention; and Fi.g.. 6 i.s a bl.ock diagram
illustrating &%r éf%lﬁfﬁﬁr%ﬁﬁoﬁi%@ﬂ? V&F“t?étg?re l%o%eécffln?hsél.rﬁ?%eséﬁ?sa}i ﬁgenti on
for fabr#tdffegeavah@aersiernebirinssemp| Jead 55ePESCRPTEENLOr tPHE PREFERRED
EMBODI Vahigrlet e tips hawsagd @edium heatdcbgdsidef@ich &ABRbodimeat pyetrs r ed

enbodi rrg@lesegg interil.gaved magnetoresistive (MR) head assenbly 10, where
tpe read el epent re marked R and the wite elenents are rked W The
w‘?i te 30 el errlglgllra‘f‘[‘s,E %L%g?r%ﬁaitﬁse% W PRFTCB ?Fe&ge@ éﬁ?f?taﬁﬁé%&g ¥lenent s,
exenpl i fi&d byPRedgde s HeéxdttPre Hite fapspeserf ithe dinteriravefgiashilan to
form a staugl endetriof ghbigiiyi@ighbl {Hear i€ xaopd@hce eddhwWid eRbdédimeks pai I S,

exenpl i fipdPysdhbe ReMY{dack-pair 12-14. As used herein, the term
alternating is intended to include other formats. For exanple, one fornat

35 provides that the_odd-nunbered heads H, H3, HS5 etc. are operative
dlring forwafi@-t Ape HoENent2 CHATT EcrHeral sHeHupbhéPe dThayd appenly,  H6
et c. ar efroppeEicat Rviekduraleggthe eposnseladione teteserOthe dpgenpvrenantd. in

Gener al | 3bcotdihdeORFhNa® fenbb& nRENEE icGe l3REAE LA B OVES in either 40 a
forward or reverse direction as indicated by the arrows 18 and 20. Head

assenbly 10 is shown in Fig. 1 as if nagnetic tape nmedjum 16 were
transpar ent, ZIEhcHGA® SUCHS1ETE FERIPAR YOPTRIOEy2 1 STRREI Ve SFREPATENt . Arrow
VID 03/ 00p6@inReaTs (B0 219 3366- Lidm] Beadesamy mdt dsisaifcmiarn sioviemebbe OR t ape

medi um khiand caerewc2ingiesi g_k-es a reverse direction. Magnetic tape

medi um 16 and interl eaved MR head assenbly 10 operate in a transducing
relationship in the nmanner well-known in the art. Qher formats usable in
the practice € thi*d!FHvehtt GnShe2Bie sHerhar 8l 3 Fasretiict B heet eachi ng
of thi s Uspfehtioh. thBardenetic heaficadendlonehtan erbdidadntasferis prdfenks

2mt endedniventipar adr@m over a plurality of data tracks in nagnetic tape

medi um 16, as may be appreciated with reference to the data tracks Ti, T9,
T17, etc. inFlj:,Ligg. il

Y 6 15 a block diagram illustrating a preferred embodiment of the

method of the present invention for fabricating a magnetic head assembly.
25 DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 shows the air bearing surface (ABS) of a preferred embodiment
an interleaved magnetoresistive (MR) head assembly 10, where the rééd
elements are marked R and the write elements are marked W. The write

30 elements, exemplified by the write head 12 and the read elements,
exemplified by the read head 14, are disposed in alternating fashion to
form a single set of thirty-eight (for example) read/write track-pairs,
exemplified by the R/W track-pair 12-14. As used herein, the term
alternating is intended to include other formats. For example, one format

35 provides that the odd-numbered heads H1, H3, H5 etc. are operative during
forward tape movement, while the even-numbered heads H2, H4, H6 etc. are

operative during the opposite direction of tape movement.

Generally, the length of the magnetic tape medium 16 moves in either
40 a forward or reverse direction as indicated by the arrows 18 and 20. Head
assembly 10 is shown in Fig. 1 as if magnetic tape medium 16 were

transparent, although such tape medium normally is not transparent. Arrow



10 which shows an exenplary 288-track schene having a data track density on
magnetic tape nedium 16 of eight tinmes the recording el enent density of
RI'Wtrackwpasns7sh , H2, . . . H36 in MR head assenbly 10. PCTaH02/0IB¢ T25,

. . . T281 my be witten with one pass of magnetic tape nedium 16 in
direction 18 over even-nunbered RRWtratk-pairs H, H4, . . . H36 and then
15 tracks Ti, T17, . . . T273 witten on a return pass of magnetic tape
medi um 16 over the odd- nunbered RIWtrack-pairs HL, H3, . . . H35 by
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the R/W track-pairs H1, H2, . . . H36 are aligned as precisely as possible

25 in the direction of tape medium movement. Each module 22, 244includes one
head-gap line 26, 28, respectively, where the individual R/W gaps,
.exemplified by write head 12 and read head 14, in-each module are
precisely located. Each thin-film module 22, 24 includes a separate
substrate 30, 32 and a separate closure piece 34, 36, respectively.

30 Substrate 30 is bonded near head-gap line 26 by adhesive to closure piece
34 to form thin-film module 22 and substrate 32 is bonded near head-gap
line 28 by adhesive to closure piece 36 to form thin-film module 24. An
underlayer (35, 37) may be deposited on the substrate (30, 32) before
formation of the R/W heads and an overlayer (39, 41) is deposited over the

35 R/W heads before placement of the clogure piece (34, 36), substantially as
shown. As precisely as possible, head-gap lines 26, 28 are disposed
perpendicular to the directions of tape medium movement as represented by
arrows 18, 20. The R/W head-gaps at H1-H36 in thin-film module 22
cooperate with the corresponding R/W head-gaps in thin-film module 24 to

40 provide read-after-write functionality during movement of magmetic tape
medium 16. The read head gaps of one thin-film module are precisely

aligned with the write head gaps of the other module along the direction



5 Fig. 2 shows in detail and in accordance with the preferred enbodi nent
of the present invention a portion of substrate 30 fromFig. 1, including
porti ons WD oBlrweo exenpl ary R/ W head gaps on head-gap |i n®@CZ8;Bo2sdc6h are
aligned with track-pairs H3-H5 substantially as showmn. The thin-film

el ements shown in Fig. 2 are illustraté&d show ng. subm cron 10 detail in the
usual manner and are not to scale. Considering first the read-head 38 at
track-pair H4, a nagnetoresistive (MR) sensor el errent 40 is disposed
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adj acentrédiesattricpenriiey sUstaaeatABS) fch 6ig 35 saubst sRirg 3€-tdBH line
interl eaqved MR head assenbly 10 (Fig. 1). The direction of notion of

magnetic tape medium 16 is perpendicular to the page, as indicated by the
onconing and retreating arrow synbols. Fig. 3 shows in sem -transparent

cross-sect i oR™tHE r &l @PF Ve pralfar ¥AeewreAd 3Bne® epedAtke ddfraseder est
Par ti cubewepnt tie bac kergap heedd isonakt sof parghetddc fpoveiBhglfatpi ese 56 where
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write-coi e usua nanne
1ncludes a wrlte gap 54 defined by two spaced magnetic pole (Pl & P2) tips

56 and 58. Write head 50 may also include a write-gap S1 shield 60

25. (substantially identical to the write-gap S1 shield 62 in write head 52)
positioned on and integral with magnetic pole Pl tip 56 and substantially
in line with MR element S1 shield 48. Write-gap S1 shield 60 may be
electrically isolated from magnetic pole P1 tip 56 by means of an
intermediate insulating layer (not shown) but is preferably integral

30 therewith and is deposited using the same material and deposition cycle as
MR element S1 shield 48 to improve manufacturability.

Referring also to Fig. 3, magnetic tape medium 16 is illustrated in
cross-section and shown adjacent the air bearing surface (ABS) 64 of
35 substrate 30 and interleaved MR head assembly 10 (Fig. 1). The direction
of motion of magnetic tape medium 16 is perpendicular to the page, as
indicated by the oncoming and retreating arrow symbols. Fig. 3 shows in
semi-transparent cross-section the relative planar view of some elements
of interest, particularly the back-gap portion 66 of magnetic pole P1
40 - plece 56 where it is joined to the back gap portion of the other magnetic
pole P2 piece 58 (see Fig. 2) to complete the magnetic circuit energized

by the write-coil 68 in the usual manner.



In accordance with the preferred enbodi nent, as schematically illustrated
in Figs. 2-3, an electrical connection 70 is established between the

el ectri cawby3ooricducti ve MR el enent S1 shield 48 and the PCT/GB02/03366

i mredi at el y-adj acent wite-gap S1 shield 60 (and thereby to nmagnetic pole 5
P1 piece 56). Electrical connection 70 9s established for each

| ateral | y-adj acent R/ Whead pair along head-gap |lines 26 and 28 (Fig. 1)
and is inplenented in Fig. 2 by the electrical conductor 70, which is

nerely one of lgea[% ?ﬁfclél HBA0S, g%fe?:%”(?U i coupl | ng rthce ELWO shield
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30 alternahhMer 7b gopeéé\tgﬂgmo @hﬁ”&%ﬁneﬁ@'ﬁ' dnAfa £ appedat thal ggirical
| ead cor&ucltlor d4élgl rrean o gsel ec rical conductor t72a Si ély,
accordi ng f © & By ﬁSlei ESCHIRRET HH°} 1y BY rf:ﬁ
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and opertateon rebistaactricahe canghickron abdae v Kayotie betabetit FppkEehas et Wit h
35 refereree to the commonl y-assigned U. S. Patent No. 6, 246,553. In
operation, the presence of electrical conductor 70 and el ectri cal

conductor 72 clanps the electrical potential of wite-gap shield 60 to
that of MR el?SABFEITGhFR|despeipfischemeddnerp el thynt prchy Btacaeadhotdiftlt al of
40 MR eliscexampalfieaty comaduotadr3842MR crleddnt shhekd apriangeserbniarteésovt he

25 means of an electrical conductor 72 to one of electrical lead conductors

42-44, preferably the most positively-biased of the two (shown as
'.electrical lead conductor 44 in Fig. 3). Figs. 2-3 show this connection

between MR element shield 48 and electrical lead conductor 44, for
example. Figs. 4A and 4B illustrate this charge-clamping connection in the

30 alternative. Fig. 4A shows MR element shield 48a clamped to.electrical
lead conductor 44a by means of the electrical conductor 72a. Similarly,
according to Fig. 4B, MR element shield 48b is connected through the
electrical conductor 72b to electrical lead conductor 42b. The fabrication
and operation of electrical conductor 72a-b may be better appreciated with

35 reference to the commonly—assigned U.S. Patent No. 6,246,553.

In operation, the presence of electrical conductor 70 and electrical
conductor 72 clamps the electrical potential of write-gap shield 60 to
that of MR element shield 48, which is clamped to the voltage potential of

40 MR electrical lead conductor 42 (or 44). This arrangement forces the
voltage potentials to be the same for both write and read heads 50 and 38,

thereby reducing the differences in wear between the two adjacent R/W



voltage potentials to be the sanme for both wite and read heads 50 and 38,
t hereby reducing the differences in wear between the two adjacent RF WWO
03/ 010760WB@3LEBOR/ 03366 10 heads 38, 50. By equali zi ng tPhe/GHoeo336bcal

envi ronment over adjacent heads, the erosion of the wear-resistant alum na
surface and other related conponents 28 equalized. This occurs because any
such wear arising from electrically-enhanced alum na erosion is equalized.
Sputtered alumna is 5 known to be less wear-resistant in acidic and basic
envi ron ts u n_.conj uncti th.the .head-tape in erf ce at ABS
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tape (DAI)eck &Rded NAchy ke patMinbin bherddherdLayad YR head Ry 13 is
primari Ly sut oble, Cor, . 5 dalg Tape recording anall ogtops, The cane
fabrication principles could be 37 o %R % ‘magietrt R/ W head
assenbl foPWuéFﬁélxoﬁﬁ%r?eFP%ler 98 coupled to a tens:.on arm tra.nsducer 100

under the control of controller 74, and therefrom to take-up reel 88,

25 substantially as shown. The resulting output from the read elements in MR
head assembly 10 is transmitted to controller 74, which also directs data
from an .extermal source to head assembly 10 for transfer onto tape medium
16 through the plurality of write elements in MR head assembly 10.
Magnetic tape drive 73 may be generally of the one-half inch type having a

30 single reel cartridge. As is well-known in the tape drive industry, other
media formats are also available for example, quarter-inch cartridge

(QIC), digital linear tape (DLT), digital analog tape (DAT), and the like.

While the interleaved MR head assembly 10 is primarily suitable for
35 data tape recording applications, the same fabrication principles could be
applied to making a magnetic R/W head assembly for other magnetic
recording applications. Disk drive applications generally use merged or
piggy-back R/W heads that are less troubled with head wear problems and
unlikely to need the improvement disclosed herein.
40
Fig. 6 provides a block diagram illustrating a preferred method for

fabricating a magnetic head assembly in accordance with the MR head



recording applications. D sk drive applications generally use nerged or

pi ggy- back RFWheads that are | ess troubled with head wear problens and

unl i kel y wo oppeted he i nprovenent di scl osed herein. 40 Fi gPC@/GBIQWBES a

bl ock diagramillustrating a preferred nethod for fabricating a magnetic
head assenbly in accordance with the MRthead WO 03/ 010760 PCT/ GB02/ 03366
11 assenbly nethod of an enbodi nent of the present invention. For
expository purposes, the diagramin Fig. 6 is shown in sections, with the
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gap 30 Jporftl on netic dyers.
rom magnetic pole Pl t1p 56, but opt10nal step 150 lS preferably

are omitted so that the $2 layer deposition in the step 152 is made directly

25 over upper S1 write shield 60 to join it to magnetic pole P1 tip 56, which
is patterned in the step 154. The step 156 patterns MR element S2 shield
46. The step 158 deposits write-coil 68 in the usual .manner (Fig. 3) and
the step 160 deposits magnetic pole P2 tip 58. Not shown are the various
patterning steps required to complete the magnetic closure in back gap

30 portion 66 between the magnetic pole P1 & P2 layers. Also not shown are
the steps required to connect at least one and preferably both read gap
shields to one of the MR signal leads (preferably the lead having the most
positive potential) or to both MR leads via a center-tapped resister
clamping structure. This process is fully described in the

35 commonly-assigned U.S. Patent No. 6,246,553. Finally, a covering alumina
layer is sputtered in the step 162 and lapped in the step 164 to form
overlayer 39 (Fig. 1).



the steps required to connect at |east one and preferably both read gap
shields to one of the MR signal |eads (preferably the | ead having the npst
positive wotoantized ) or to both MR | eads via a center-tapp@dTrGRRos3snH
clanping structure. This process is fully described in the 35

commonl y-assigned U. S. Patent No. 6,2462553. Finally, a covering alumna

| ayer is sputtered in the step 162 and | apped in the step 164 to form
overlayer 39 (Fig. 1). WO 03/010760 PCT/ GB02/03366 12 CLAIMS 1. A
magneti c head assenbly having an air l}g&rl ng surface (ABS), conprising: 5
a read head including: a nmagnetoresi STV (MR) sensor el enent having
opposite ends each connected to a respectl ve el ectrical |ead conductor,

t he MR sSENsoOra elagietic hdfd alRdedithe Karvongl BChil+ GRlarifpduennrduciae)s bei ng

di sposed.d.f.$ d relationship between two MR el enent shields; and a first
el ectrical conductor coupling at |east one of the MR el enent shi el ds and
al | east one of the electrical |ead conductors; 15 a wite head incl uding:
two magneti ¢ dpdlegdpiesdesnaadhndravi ng a pole tip portion di sposed adjacent
the ABS; and 20 a wite gap | ocated between the pole tip portions; and a

second el ectra'faa%ngm@g%tqn,e 9'&&@&% e MR %Jlgi QASJ.%Q e%la%éam%one of

t he wrlte a .. asse herein e two spaced
magnet i c© BgFg G{%i e §F§p%ﬁt§§8se&8°?rﬁc§ a%e@& ?%’fdélFF%sﬁ“T)N% ??’Pséirvﬁ]lef“ﬁmbap
3Ri el d sEhthehdwot HectshealmigrerPrdusbes Pepng slidpayrdstnl spateteen t he

Wit e-gafelshielsdipnsdktivhen tobhet ep@agnet siciepat £ ship 30 3. The assenbly of
claim2 wherein the wite-gap shield is nagneticall y and conducti vel y

integral with the on ne ole ti | y _of aim1 wherein
Lhe ol octri ot TReraFeRra e rBitSas i tay U aPo3 B b R ereH <
chosen fsPéfidhéngrajugedtt rantdl thg elsstuisppereadnerngorertss. The assenbly of
¢baim 1l wherein the second conductor has a

a write head including:

two magnetic pole pieces each having a pole tip portion disposed
adjacent the ABS; and
20
a write gap located between the pole tip portions; and
a second electrical conductor coupling the one MR element shield and one
of the write-gap poles.

25 2. The assembly of claim 1 wherein the two spaced magnetic pole tips
are disposed in spaced relationship with a write-gap shield such that the
one magnetic pole tip is disposed between the write-gap shield and the
other magnetic pole tip

30 3. The assembly of claim 2 wherein the write-gap shield is magnetically
and conductively integral with the one magnetic pole tip.

4. The assembly of claim 1 wherein the electrical conductors consist
essentially of one or more materials chosen from the group of tantalum,
35 copper and gold.

5. The assembly of claim 1 wherein the second conductor has a
resistence in the range from about 5 kilohms to about 100 kilochms.

40 6. A magnetic tape drive including at least one magnetic head assembly

of claim 1, the magnetic tape drive Ffurther comprising:



resistence in the range fromabout 5 kil ohns to about 100 kil ohns. 40 6. A
magnetic tape drive including at | east one magnetic head assenbly of claim
1, the newyoaBioto7b@pe drive further conprising: WO 03/ 0107®0TRBI2GEGR/ 03366
13 a magnetic recordi ng nmedium having a recording surface; a notor for

nmovi ng the magnetic recording nedium 33a head-nount assenbly for
supporting the magnetic head assenbly with respect to the nagnetic
recording medium a second el ectrical conductor coupling the one MR el ement

shield and OQQna%et]ﬁ )!_‘V'?'] é’%d?&l fSv rilgoa red%rgﬂi'ggrfa%ﬁBmak' ng a

magneti c head assenb has an air earlng surftace conpri sing
t he unordered steps of. (a) maki ng a read head including the steps of: 15
(a.l) form ng> aotayrferoresingt FheemidvRy1is aresordigigemeditamhavi ng t wo ends

di sposed adj acent the ABS in spaced relationship between two MR el enent

shields; 20 (a. &dfmum%s%mbﬂl %sL rgug&rélﬁedtrfeom gapals%gn&fz, gagh MR

sensor el enen form irst ?ectrl c conduct’or

coupl i ng eﬁf’ef%e@t nlb%é’ag?et h’é R Jerfgeﬁg‘?ﬂw“shl el ds and at |east one of the

el ectrical |ead conductors; 25 (b) naking a wite head including the steps
of i (b.1) forarsegoddvels@igrietl copaidopi @apsigActhe @it Ny dep@teshiqia artion

di sposed,RdpAGER iR -§BS o3 (b. 2) form ng a nonnegnetic wite gap |ocated
tween the pole tip portions; and (c) formng a second el ectrical

conductor coupling the one MR 35 elenent shield and one of the wite-gap
pol es. &- The* methrsH £8F mekangnay megnetherhegdmpsiesbhy thile hesean iy HebrBg
form ng surdsdd €Ags)n shhetiding thpaceddsaldattarsbep with the two spaced
magneti c pole tips such that the one rragneti C poI e tip is disposed 40
bet ween t he \A(rl)teng&gnshl eld and, the. ofher petic_pole tip.

a read ead including the eps of
15
(a.1) forming a magnetoresistive (MR) sensor element having two ends
disposed adjacent the ABS in spaced relationship between two MR element
shields;

20 (a.2) forming an electrical lead conductor coupled to each MR sensor

element end; and

(a.3) forming a first electrical conductor coupling at least one of
the MR element shields and at least one of the electrical lead conductors;
25
(b) making a write head including the steps of:

(b.1) forming two magnetic pole pieces each having a pole tip
portion disposed adjacent the ABS;
30
(b.2) forming a nonmagnetic write gap located between the pole tip

portions; and

(c) forming a second electrical conductor coupling the one MR

35 element shield and one of the write-gap poles.

8. The method of claim 7 further comprising the step of:
(b.3) forming a write-gap shield in spaced relatiomship with the two
spaced magnetic pole tips such that the one magnetic pole tip is disposed
40 between the write-gap shield and the other magnetic pole tip.



