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being stored or transferred to nonvolatile storage media, such as magnetic
discas, magnetic tape cartridges, optical disk cartridges, floppy
diskettes, or floptical digkettes. Typically, magnetic tape is the most -
economical means of storing or archiving the data. Storage technology is
continually pushed to increase storage capacity and storage reliability.
Improvement in data storage densities in magnetic storage media, for
example, has resulted from imprbved medium materials, improved error
correction techniques and decreasedfareal bit sizes. The data capacity of

half-inch magnetic tape, for example, is now measured in tens of glgabytes
on 256 data tracks.

The improvement in magnetic medium data stofage capacity arises in
large part from improvements in the magnetic head aséeﬁbly used for
reading and writing data on the magnetic storage medium. A major
improvement in transducer technology arrived with the magnetoresistive
(MR) sensor originally developed by the IBM corporation. The MR sensor
transduces magnetic field changes in a MR atripé to resistance changes,
which are processed to provide digital signals. Data storage density can
be increased because a MR sensor offers signal level’ higher than those
available from conventional inductive read heads for a given bit area.
Moreover, the MR sensor output signal depends only on the instantaneous
magnetic field intemsity in the storage medium and is independent of the
magnetic field time-rate-of-change arising from relative sensor/medium
velocity.

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
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40 opportunity for action, such as re-recording, to correct errors. In the
interleaved head, the rR/W track-pairs are interleaved to form two-rows of
alternating read and write elements. Alternmate 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. Thig 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. Practiltioners
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 tita.nium—carbide,

but such layers are also very
40 thin, being perhaps 20 nanometers thick.
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According to one aspect, the invention further provides a magnetic
tape drive including at least one magnetic head assembly as described
above, the magnetic tape drive further comprising:

* medium having a recoiding surface;
recording medium;

25

a magnetic recording
a motor for moving the magnetic .

a head-mount assembly for supporting the magnetic head
assembly with respect to the magnetic recording medium; a second

electrical conductor coupling the one MR element shield and one of the
write-gap poles.

30

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.



Preferably the two spaced nmagnetic pole tips are disposed in spaced
relationship with a wite-gap shield such that the one magnetic pole tip 35
i s disposed between the wite-gap shield and the other magnetic pole tip.
Pref er abl y WR&YH0780e- gap shield is nagnetical |y and condudtdivesoziosiset egr al
with the one magnetic pole tip. 40 In a preferred enbodi nent the electrical
conductors consist essentially of one & nore materials chosen fromthe
group of tantalum copper and gold. WO 03/010760 4 PCT/ GB02/03366 in a
preferred enbodi nent, the second conductor has a resistence in the range

from about 5 KiThodEeterrhostodtenk kadMRcodt Yoot &ShSt ANted eqyed
read/ wri t enbeaggaSEeRbintut S5 REAHEE 3kl Yoo cPJaoiéhd‘?u%s‘M t&lﬁé %”’%?Ag%gﬁsy%t
€

wear characteristics. Preferably the read/ wi Heqd assenbl y enpl oys

i ndependent read/wite shield-paring and charge-cl anped nmagnet oresi stive
sensors. 10 Pr&f ¥2IpFSPUREaR; deterleayed steadi wdde head reakitlynis pheferabiypge
envi r onneR¥eViged twidhr smadowst symmet & cheads cliarabeeligeics .

el ectrochem cal / mechani cal erosion of the wear-resistant air bearing
surface (ABS)'}p kBa -S4 d ferred. enbodj nent acconpli shed by
addi ng anrg4d2%fj§§£?l%%§%§t§ f‘%ﬁr?ﬁi&%éﬁa%%ﬁ"‘gg%ﬁ@ PETITREAIPE conduct i ve 15
reader shields and Wi Cer* 38y S8f Jrpryerslamss nagnatqrerintive tsensommck

read/ wite arrays, such connection is preferably provided i ndependently

fd® each pair ®HeferaRiywheddeveiretenpsinined be efuadyzing e wiiehgs r ed

enbodi menénva rudniches GEP tRO lr@ad ans Wiretd nbsadP 966k 20 adj acent the read gap

shield. |d1edcPb@bfidA0neAQMAE I t one and preferably both read gap
?m aedé%ogf%lngso “t ﬁeearl\/f?“g‘%dﬁaflﬂ BEUSFpr ef erabl y

shields ig,: teigally-cl anp
the | ead i?*a’?%%é ‘E‘%%’ rlrgg?r'p%%‘lst 1% R HPERtSTERY sPpodimgnt, geermpikisheddey vi a a
cent er - t e RBsPLREFiaLanennaet ion rhstesne adirrentrml ectys calpr sidateisrew t h
r éPer encerepdex shielsirmaml ywriesi giled/ddi SldPar@Nthdo£i RO mB1d 46,223, It is an
advant agereali/udics driugst isQbh oBidecds o i 4 ‘i‘:‘rgﬂ}aﬂf} ?r%id%gii%lig engfe#glhe type

| ac |

used by IBM Cuposatl beN. LS d. manuf act ur abi 11ty can i Yto the
preferred enbodi?r{ént be eeafs‘frpgéféﬁﬁélg?el& v &7 %nductor 30 to the adjacent

read-gap shield. The invention further provides a nethod for making a
magnet i ¢ head TRad FERPIEred rmbodigentyg wiitebasr polp surdhdeni (ABSpyid@npri si ng
tﬁg unor Géjwntsqraggeqﬁ gagshield. 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,
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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.1) forming a magnetoresistive (MR) sensor element having two ends

disposed adjacent the ARS in spaced relationship between two MR element
40 shields;



(a) meking a read head including the steps of: (a.1l) formng a

magnet oresi stive (MR) sensor elenent having two ends disposed adj acent
.the ABS i@"é@?ﬁed rel ati onship between two MR el enent 40 shields; WO

03/ 010760 18892/ 03366 (a.2) forming an el ectrical | eaCTOBINGIGHT
coupled to each MR sensor elenent end; and (a.3) formng a first

el ectrical conductor coupling at |east one of 5 the MR el ement shields and
at | east one of the electrical |ead conductors; (b) making a wite head
including the steps of: (b.l) formng two nagnetic pol e pieces each having
a pole tip 10 (Botk formidgspostectadiAceaid tHaARS cbip12h fHLMNER %en or
nonmagnet iedementt endjapnd ocat ed between the pole tip portions; an 1% (c)
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According to ofi® enmodbgentridd8E& iscIREMY 8 R pmgpetic head assenbly
including a wite gap forned between two spacetﬁx magnetic pole 25 tips and a

magnet or esi st i e1§ I\/g\c’%m§en or el enment having opposite ends each connected
ctr

tq.a respective el ectiical T eAT TORRAERLCPhEapR hswtnr eileneipt  and the
two el ect PTEAP? (2 aeraedRfligeents theirB®y di sposed in spaced rel ationship
between two MR el enent shields, wherein the inprovenent conprises: a first

el ectrical conguel clorighi MPmadnel 8@ Sk1@QN f1ok lL.enent shi el ds and
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conduct or coupling the one MR el enent shield and one of the wite-gap
pokes. 35 BRI E(F DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the present
i ivention wi | I'®how BE™dgst reesens ebsrtmbgrl edndesemm keurdnhy thanshews h
r ef er encfleBerthehisldsandt ohewénthieomritktgapheulled. be noted that |ike reference
nuneral s represent |like features throughout 40 the figures: WO 03/010760
PCT/ GB02/ 0?36@r5fera.bly the method further comprises: (b.3) forming a write-gap

shield 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:



Fig. 1 illustrates a front view of the air bearing surface (ABS) of an

i nterl eaved magnetoresistive (MR) head assenbly in relation to a nagnetic
tape storage nediumin accordance with an enbodi mnent of the present

i nvention; YO RYO760 || ustrates a cutaway portion of the NWeTemdos®msenbl y

from Fig. 1 expanded to illustrate the features of the interleaved
thin-film read and wite gap shield-coplings in accordance with an
enbodi ment of the present invention; 10 Fig. 3 illustrates a

cross-sectional view of the MR head assenbly fromFig. 2 taken along 3-3
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format 35 prdVPledArHhtlitaEratr] expanded odete af saltierndtlve Hixefplaryar

oper at i vesmitadimegts fofr vier thimpelmareaiTgap ot Wkilseidvear £ BRAHAD g A eads H2,
H4, H6 etshiemri ehafipeéndmpyfy diydNg the opposite direction of tape novenent.
Generally, the length of the nagnetic tape nmedium 16 noves in either 40 a
forward or reyerse direction as indicated by the arrows 18 and 20. Head
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VE9 03/ 0168788t toPCRAGR02/ 03366 18 desi gnates a forward novenent of tape
medi um 16 and arrow 20 designates a reverse direction. Magnetic tape

medi um 16 andgidqt %rieeavﬁfbc%*&% 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 altermating 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, HS 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 ag if magnetic tape medium 16 were
transparent, although such tape medium normally is not transparent, Arrow



assenbly 10 operate in a transducing relationship in the manner well-known
in the art. Oher fornmats usable in the practice of this invention are 5
consi deredﬁ&‘ﬁ be within the teaching of this invention. Each of the head
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di stance equivalent to one track pitch (T1-T2), which is about 12% of the
R/ W track- pai r esdnast e (Hdha Hl)om b0t eave head, assenbly 10 i ncl udes
two thin-§ydem MRAUL RS, 20 q@0d tZZf?t%f wéﬁé‘% ar F?/"%llg/gr?t ?%;ntﬁ’&ﬁfgt FUCPRERTe

Modul es 22 _and are. | oi ned “Toyst HeMagRethc F3re dlegeun A¢eraspBay bef orm a

A
singl e ph?ﬁsaﬁa%ﬁﬂi%ifhméﬁwe thehr/dnre rtasRkepal s g9 HI7kDetc. in 51436, are
al'fgned a&iffetiove|ap exempbami bbe-trask sohdneehiin@ el o efadi@BEndTR] 4AM
rmveman.t magpeticrbabed mecﬁ.&_n :@40:!5 NGlgHEl A3 med R he %@Qfdlﬁlj’ éllfem&d:zg 521% . Qf
respect i weWytrrastesrsha, i sgli vi duak; R0V gaRs. s exenpl I18| e E;: W?!?% head 12
and read head rbé; nla@‘ﬁ'eaﬁpi&‘éguvlzi%haén% B rsec%sg Y 1::'.0(:%lt 0 i Tphll]ﬁ’-fl o
modul e 22, %gtilogciaudes a_separat e s7u r & é" geptig Xapsgredivedgr it e cl osure
pjece 34, 50, respeCtTVvers 3tPesad &t/ Fatrachtpalss Wandud near. imsasndjaped ine 26
b%/ adhesiVB8kTEl Jlir e pi €873 Ititueaf or m tdtiumm fhaban drosagrRe 22 taps Ssubstrate
?ﬁ i Sf bﬁmmﬁgerogzeagegm-gﬁﬂj&eé&/zg?ﬁ " ii.J\.{seHE.g }ﬁldo?l{r,etfgi el%xFe1 fﬁ to form

in-fil fo terd pddRPEdn 8Y Sk ' sgnﬁfa & I?OSIrei v
st et oot LR LI B IR R e e (5
pjece (ST} el SeahiY sr1gr-asix smmins Ws-priaci sely as possi bie, nead- gap
Ii"'nes 26, 28 are di sposed perpendicular to the directions of tape nmedium
movenent as rEpregbendMhYeadBEMIBIE 8o 201udde L) %K&‘?—aﬁg}@\?ﬁﬁuf‘% _Hse in
thin-fi Immdwﬂg%ramﬁpﬂeéﬁéi%aﬂ“ckﬁséxﬂ@t AL oalp nsd5$8w eaq:[ogn > n
thi n-filfageensst %igﬁlaﬁﬂesigeqr?gréi'%§ Ee ox anter-WL;I?e d, &?%ﬁaﬁ %rl ey
movenent ,of Jrpgneti ¢ fape dr dth .%. Thé PURAC AR Ppenist Whreetin-film
dule aje precisely néd: wi th- RE e ekicheddsgenrsiedlyt ae pobdiierndul
A ong thlél ag? éidfr_gﬁ'.on of tape medium movement. Each module 22, 24 includes one
head-gap line 26, 28, respectively, where the individual R/W.gapa,
.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
3? 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 substz::ate {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 closure piece (34, 36), substantially as
shown. As precisely as posaible, 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
v szzszzzt:e:zf:fz::— :::::siz-::i.?g R/W head-gaps in thin-film module 24 to
ionality during movement of magnetic 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



WD-03/ 010760 PCT/ GB02/ 03366 8 of novenent of tape nedium 16. Thus, for
exanple, wite head 12 is aligned wth read head 14 to forma single RW
track-pair Hl for read-after-wite during nagnetic tape novenent in the
direction MHAPYULEY by arrow 18. 5 Fig. 2 shows in detail POTdGBM®/033560r dance
with the preferred enbodinent of the present invention a portion of
substrate 30 fromFig. 1, including poPtions of ‘three exenplary R W head
gaps on head-gap line 26, which are aligned with track-pairs H3-H5
substantially as shown. The thin-filmelenents shown in Fig. 2 are

i |1 ust r at e noensntgoS tbpe orediun] Os detd,| fo ekid1us Uak tdRBRL 2208 A& 30t tO

scal e. Comiihdesddgedd ngttd BOm heAdzHER -palf Gl PG Loddtn el

MRgnet or egiyShi; e gh M) F%Qisg%ve%%ne%ttﬁ W.?t% saaéiprgégggdp%ef ﬁael_égﬁf%?{éwf% MR
element (S2 & Si) shields and 48, A% HFechitPh IR oatadsBY asmew d8upl ed to an
el ectrical |ead conductor 42 and 44. The relative disposition of

el &ctrical | edt9%ohdHEYDHAR deaily andyinhacdswtitnme ¢B:hapler peémiresd Wi t h

ref er encesmbodiegt & tihirchsdnt] Linientdorsa Goeibr bf AMEPAREE30 SFRSF1SEGLT onal
vi ew of sitb%udinigepd®ibis) 6F Ringee 2xbi8Py H/RMbaSCGlkO%h LE0E 3-3. 111 Fig. 2
(not to s.mmamrgﬁgn@mtﬁrm-ﬁggﬁ g.éesgsg%%%gg& stifartadnecte 1o
write heqds 5Q.,and 52 positioned Tor Witin A0l 8F evPaithe H3, Hb5,
each adj acent 1o TTAcCR=pErM=HP FignS: 3%f Lhtysyrated ainyipg swpriticgohead 52 i s
stbst ant i9gF#4L daethe Benalt vanpey tapd lremRdndd0 Lo ivhtd. chmalesies aidei £ gap 54
defined bBpadweagprcet tragneuic 0| £ mhdhbtrdddbtivePfr) 2bhe@PheidRentM:bt € head
50 may alisodispebétlBetwabhi e~ SRAPMP 1SRl L (aS269¢ ' sﬁ:.sel:,.QSttl%n'z[uil |4| Y 3§nt | cal
to the Wghigwmgap 3:r54?1ideéo‘l‘gg§d i.n avr\llri%e heaai 22 positionad an’ atd™i nt egral
with magggii cvgo e P]3§t ilg and TubsIEAtTH £579 PYPIUFHRE R 1M eFrent  S1
shi el d 48 3WEe 0[58153 1o RE g gchricakyleBE casfaetont ARy mag dbeabetterr om
nignet i c 2PRTSSIped P efreprene Bib. an whitheflimdtadtes iaNsehntiagphayd (not
shown) be¥ossssertdbasialview ontepsatatalid Besewis h 2aftkeh Sa1085 Aot 65, YEINO t he
sane nmatefi.al and deposition cycle as MR elenent S1 shield 48 to |1 nprove
manuf acturability. Referring also to Fig. 3, nmagnetic tape nedium 16 is
illustrated i 5L0Ss- sect i on and shown adjacent the air bearing surface
(ABS) 64 of 35" SuBsth 4P¥ 50 S5AL)i-nFead kearkas NR pesadtadsecddsibysdd (Fig. 1).
e dir RE5ERR 8P St MoiFeokeada giferiid 50 apreinbaied Nickbwiis ipgrqaendincul ar to the
page, astrachcpaiabetsbys .t bacloRaNiBenf tANErdcRl SR )0t QUL SYIPQLS. Fig. 3
slhows |t mhcagnjwﬁéeanﬁaarsenis GlBSEn F%ﬁ&%%ﬁk a&eéoabiri’tt%. Béaadgg!;, ﬁh of t.so”e
el ement Sin@fadd b8 bRt S | I e back-gap portion 0 netic
pol e Pi 40.piege ;rqt\z\kf%aegg%otdg%%n%;%ntéw tSBa‘f%degﬁ‘%’@E“QQBh’po‘rpﬁi‘bﬁzbf“?ﬁ'e ot her
ggnetic _ pol € P2 piece 58 B8 EFY 1nslude 2 wEiER-geR SLhehiedgrfdt i ¢ circuit
&Rer gi ze stantially identical to the write-gap S1 shield 62 in write head 52)
positioned on and integral with magnetic pole P1 tip 56 and substantially

in line with MR element S1 shield 48. Write-gap S1 shield 60 may be

electrically isolated from magmetic pole Pl tip 56 by means of an

intermediate insulating layer (not shown) but is preferably integral

therewith and is deposited using the same material and deposition cycle as

MR element S1 shield 48 to improve manufacturability.

30

Referring also to Fig. 3, magnetic tape medium 16 is illustrated in
cross-section and shown adjacent the air bearing surface (ABS) 64 of
substrate 30 and interleaved MR head assembly 10 {(Fig. 1). The direction
of motion of magnetic tape medium 16 is perpendicular to the page, aé
indicated .by the oncoming and retreating arrow symbols. Fig. 3 shows in

35

semi-transparent cross-section the relative planar view of some elements
of interest, particularly the back-gap portion 66 of magnetic pole Pi
- Plece 56 where it is joined to the back gap portion of the other magnetic

pole P2 piece 58 (gee Fig. 2) to complete the magnetic circuit energized
by the write-coil 68 in the usual manner.

40



by the wite-coil 68 in the usual manner. WD 03/010760 PCT/ GB02/ 03366 9 In
accordance with the preferred enbodi nent, as schematically illustrated in
Figs. 2-3, e‘hect rical connection 70 is established between the
el ectrical I@S% 4%t ive MR elenent Sl shield 48 and the PCT/GB02/03366
I mmedi at el y-adj acent wite-gap S1 shield 60 (and thereby to magnetic pole 5
P1 piece 56). Electrical connection 70 i’s established for each
| at eral | y-adj acent R/ W-head 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 rAinjcaesdinde wizdnthef prefeprsill ehboathentG O kbihat G180 shiel d
el ement s 43lasttabéd ihnF@@cOi_dgru;leeygctpigaaecc;}{ng{:@irohe& ¢ e%g%ﬁgéé the 10
el ectri calpegidtietiid @7 @g@g%ﬂl' fied ctﬂveelrﬁ:tg' cal conduct or #8%9ade
independeg_{hlnéqiggé e_ag reader-witer parroarohy BotHehd4d- g the nes 26 and
28 of subSiTatass 3025resd Witeyoan 51 shiedd §0c fand: bhrteby ¢ BRMEF o1~ 3)
is %refergbﬁ%eﬁerﬁ%ﬁﬂ@pmc&wowtben for he dsbapldsip@séd agar | ayer of

C Sa e Y
T s e o rv e
shi el d 60nkayNR0E2 matl b FBOREH,CeROLE, LT 110 08, (e eEctt ital
conduct or .20 QPer,3t 3. t.0 ou$ e el'enen Ki SUgLRs £Re bBe Phield e- gap
Sg%oshi el d_60 and magnet| 'CCIBO EOPPICE i5h the praferredasrhedigient, ther ef er r ed
erbodi ment SFF1He PORRSAEIBnexemplifiied durl elrstdimtlororidGetomy70 figrmamsanpl e, 20
have a rekidspemisntiy fioheeachnpadéx-em rlrOpki rSaldnyObyrs Kaaahputi 2R ki lghma or

nore. Acczy dEnghbeerddes o ehenkeg:igmbqgdi ht ac d head, Wwhich
Sgetkigng Mtri‘#le%ygaﬂ °|r27 ‘{jg Seofirdct ed by

i's exenplid bededy I ,..hat elenent s

25 neans gigc %ﬁgjé{:?gzég@ ag%tﬁ uacntgolf'ay7 e%rﬂ?f’ebﬁfde@f’%iﬁf‘ﬁ’ @altayezadf conduct or s

42-44, preverably T4 hGEFR RS 3Ly - IPREE Progoldheon way (cShemmsamul

el'dct ri cdPPER) EHARMCEOAntrmediaFe es8itivEtys Not Bhahaw dhits-qagnaect i on

bet ween MRieldgents shiedrdl 48 candgritaetydicab: eadeC OfHdH Cd1Qkr Ahay f OF

exanpl e. den@scto#vEBgertBek | oUsdubad §rt Ly (o]-TH i hg.caonnection in the

30 al ter pat sMR1dMHd and DaSHAYS eglepgrie’g i%él %’% grg@l%?qbg #5288 ri cal
Be ‘el eteP! Bl 3sh ofithon rrefeyredr | v,

| ead con 4438 b ans  of

a(r;gor di n%tg%%?.OEBEXhﬁr\T/E“‘éﬁnéﬁ%tEJs°r‘FFE’r‘i§14‘B‘l¥dP§t<t?oﬁ%e‘erector rexeugite, t he
efectri caf 't SnUtRASSARCR An tthectange (from|abbetad kivdme ttor akbab. soTkRe1dnabrdcat i on
and oper 8¥®n of electrical conductor 72a-b nmay be better appreciated with
35 reference to the commonl y-assigned U S. Patent No. 6,246,553. In

operation, thgedy: n i.cal nduct or. 70 and el ectri cal
PREASRNEE (e FidiEbids Shhodliemhy bl spen geRs $Rpd MR t o

conduct og ¢ 7%53%121@?3(1%% edegtarl ca ( ! .
thpt of M ST et ST H St ol IS Tl i be obos mgmegpenca 2l of
nductor 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 comnection
between MR element shield 48 and electrical lead conductor 44, for
example. Figs. 4A and 4B illustrate this charge-clamping connection in the
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,

30

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



40'MR el ectrical |ead conductor 42 (or 44). This arrangenent forces the

vol tage potentials to be the sane for both wite and read heads 50 and 38,

t her eby re%i&% the differences in wear between the two adjacent RF'WWO
03/010760 T P%8802/ 03366 heads 38, 50. By equalizing tIRCTeGRM10B3662al

envi ronment over adjacent heads, the erosion of the wear-resistant alum na
surface and other related conponents i$%equalized. This occurs because any
such wear arising from electrically-enhanced alum na erosion is equalized.
Sputtered alumna is 5 known to be |ess wear-resistant in acidic and basic
envi r onmefeads 3f¢FasBy iequalziiug ché Glevidibat havheadedtd Bead Q&;‘%.rcfaﬁ‘é?e at ABS

64, than ibeadsUthélercfivh 690 HEB Yelr- rm?sdaﬁ\‘feaﬁtuﬂinéqgﬁlffsagge I nlll this

conj ect ur %dmp&laﬁm Q3! sqiRE DAY, CéH\;\tﬁ I”;g ol asn 'bseg]%tfa e OTeIfayre guqhn wear, a;i,ﬂ:.;g P%eggz d N}Qh ©

| ocal el %Eé#oﬁga £y ronrr; ﬁl

heagd 10 asse 5y - SHTRFTS EHYER STOBIARS A eagyabizedh Spwrtiered fdauiaand t he
read heaf&"F @ eslgwowgmarse#@ém in atiidir ami dfastic RAGShhéthapRicHride 73
usef ul Witk IFomtgrvstipe withdhaskedbtape 1t sessednaay e yan ﬁpﬂg‘i‘ﬁ&ston wi th
Figs. 15 éﬂﬂroﬂ}h&teoruiﬂeoiﬂv%htgzﬂfh@&%ﬁ&&ﬁth{L-LQ.fx{@tc ro'cTi‘ a supply reel

AL
h F:hb’ 78, whi ch
it E&e‘“z@‘ljﬁt?%*ﬁl BRI Bptrsi F of i Thened by 14 1eeal 82 Shown

within a SITg & sTRRETIesr wirk rlPd‘if@tB%lleﬂ irakke ptemieavedamhoweaer 84 is
carfnect ed®385Maly PykeTuapiziag| theptausSesthell the wrete hehdd ¥ndlhy Ghaaly

control | epeadd. Take-up 20 reel notor 86 drives a take-up reel 88. Magnetic
tape 16 and its | eader block noves al ong a path shown by the dotted |ine

90, from supplﬂ regl p n | 92 the air bearing tape
gui des 94 .a é’ e§Sh&)e:;r?U|§“§hte"'§tr ouchfgaa‘P %%Su’ﬁfi’éodltlﬁe &3t veefudn ar m
nsducer i % ¥ g ‘Ea’fsclé%?ﬂdr Bbqveriﬂ?@mmdiqnheiﬂf Fira.t o

ta e-up reét ’ngg confrelinsn Ahtaicasdty infostapinn fEhe o eapylyi mlowcmu,t,etfegom t he

read el erféntwhiich MRcolyslad a5 aesipbyy k8ei Snot:dhar')ﬁ Myt &6 150¢ oSQPJlrl‘r%é
whi ch al sentitdiaet 74des a;evéf&@.ﬁl}a'}ofagee£ gf %0 Jfead asse y 10 for
transfer g ﬂ,;g@cg}e&lﬂ&e 16 Ihrough t Iura y PEST W 8 Eghts in MR
head asseg lI\/a et|c ta e R rf§ hEetEE fér 4§ IconRctefidoone- hal f

h type avrpn s JPac facTeversibly diyd verndyi eontrdlilek raunTdke-tfe t ape
dr| ve indGst r“&?“’bt“ﬁe‘?r”ﬁmﬁ sakteonpaesl At Mdgnetay akpeaht el itsexaudRk-€,
quart er - Phedk Beyes atiopw 6@aEh, sioingityathd beRE iﬁeesc( Dkx'@m stlipiit Aley aé%'
tape (DAB3st andidiae Bdakeng o¥ithe atlt}ebéaf}iz?gf J}%S dag%senm y

primaril Yo t ere i catlons, the sane
fabri cat @rpﬁgﬁﬁ’% a%—:lllgﬁé@:e:gg ed thek?él%f’ﬁd’rﬁ YRAGFRVCPE 1PW head

agsenbl Y for refrom to take-up reel 88,
stantially 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 .external 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
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 lineaxr tape (DLT), digital analog tape (DAT), and the like.

30

While the interleaved MR head asgembly 10 is primarily suitable for
data tape recording applications, the same fabrication principles could be
applied to making a magnetic R/W head assembly for other magnetic
recoxding applications. Disk drive applications generally use merged or
pPiggy-back R/W heads that are less troubled with head wear problems and
unlikely to need the improvement disclosed herein.

35
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Fig. 6 provides a block diagram illustrating a preferred method For
fabricating a magnetic head assembly in accordance with the MR head



recordi ng applications. D sk drive applications generally use nerged or
pi ggy- back RFWheads that are | ess troubled with head wear problens and
unlikely to need the inprovenent disclosed herein. 40 Fig. 6 provides a

bl ock di agM¥1018: rating a preferred method for fabri cRATvEB/OBmENEL i C
head assenbly in accordance with the MR head WO 03/010760 11 PCT/ GB02/ 03366

assenbly net hod of an enbodi nent of the”present I nvention. For expository
pur poses, the diagramin Fig. 6 is shown in sections, with the left colum
showi ng steps for formng the wite elenment plurality, the right col um
showi ng sPepemblyrmethpdiafgat leebsdiachte be neat piilsdh@ liblent180d sbh QuBbAdbe, 5
col utm shoutptges| ahe CRFFERR 1hOrilI0Td 15! dholth AG LER1 AP LRSS EES, ar e
per f or med seQRaH! £RBE! Y05 8odal RQLA; L8] AN V\%lltfg €l enent’s are forfied as
mich as pgssible.d i the sane i)r 0CESS St epa. “The POt ourify righenpelamy
desgripti ch; IS TN tedt BY 1P FeadjsleBeht RivRdifbagnd she mifidem whi ch
t he® pr oceSS YRy SRS StPDS SpPTBcEabeth. In Hrerhicey tHeee pirotadsiehVaref read 10
and wri t ePRIEONBeR Sonqurgeltlyseo Shetp b rpac RAE G i th Q184808 eOf 0Bk &ls
substrat em8® &Fimgssile A thbesamb GRrodarld, S'&Ji)%.i'ﬂéuk%tliow%gale}cjm pa_undercoat
llayer 35 §ddc@ipthibni s SRR’ &0 %ﬁé gg.gue;lf;a‘grg of _subst rate 30, At the
step 138, yfhg g%rslgargae gl al na under Cox ayeF T3P P, Sxgm ik
t hi,ckness_of T hi Crons. a‘f#Ysa%‘FSﬁjra&@Q'eimfF%?fm§%rtPade1uF®¥itMetpﬁ)shad on of
15°% he fi3°%St “Ritdaiamesrs | shefinst spep 384 Prédaresvitiec butfacpaict viseed t O create
MR el enerfiubstrasiei 29 (FAS. & . tAvetist epepl 426 ARHe Wb BtdaP DinSA &l&ér@og.tat the
step 144 Yabgss 2rd).. 17Ther galtkerea bitol b $LEALAG: sgs%%éi §8, aeopgHetor 79
is formeditkp GRAUPLE gg;ﬁrceQ# %ﬁm %!ngezﬁc%aé()ﬁ ug%)er. S1 W 7% 8" shlte 60. The
sever al lt%X?)EﬂSe ek 29, U8 _the MR sensor, I nclyal ig MRI8ERRSFC & enent 40, 20
elgctrica ead condquitBrEee Tie REAviges &nasn®iriace dor mepdsittiog oEayer s,
ard deposPeedTahFeRdusle §1i lnvenatsthey stet8 14 Qpwhietalib \hatt érnkd @:os bR 150, an
i nsul at i Mg ekepent rAdy siteldefost tthe epri1d2pPRRT wHitelhd @1SdHi181d 680,44 Ol SOl ate
it from megmetkc(mgbe 2R3) ! iMlenfreUt 1.0RhLEGNQ §4tse’pe1]e%g§iic%l p"rﬁgﬂg‘g‘%?fy

S r

omtted 39 #drabatdiec PRSI in the ste . gty
25 over ggpgalﬁaﬁﬁg%g%%ﬁ%gomig J%i%n4€tt°t5?pr?ﬁg%eﬁitep6#’€1¢15%i31656,
wi%'ch i s_patterfed in e Bt Haenenre ncdpdingoMy senasnelevnelsgent S2
S

el d ZECUREr s Lepd Pondussprss e Sandr 44 end b &lbradinghensusatan et, (Fig,.
: _ _ g ’
3) and &Ff dspesitedrrdeptutiel SinTagN 6t 199) SpEnhi R, 58n thetsr3hOWy, aLe the
various ipatlheisy Daysrt 8RS bé%b&ﬁ!ldt&re‘x‘-%ﬁ%?t gl:'% magneti g ¢l qsu]rﬂ}_lere 'n back
gap 30 pek tdreR MEnbEIMESN bhe gagnetlc pale A ?afe@fgéss-% A SG°HRIE shown
_ iEB'.%n £ é%{.o en 150 4
are  theosl:eDd JEQHIY Bl, 1 £gneLt Al FRasTrofeoRiid) preperiastyimot h read
e S ayer deposition in the step 152 is made directly
QEHJ over upper S1 write shield 60 to join it to magnetic pole Pl tip 56, which
is patterned in the 8tep 154. The step 156 patterns MR element 82 shield
46. The step 158 deposits write-colil 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 comnect 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).



shi'el ds to one of the MR signal |eads (preferably the | ead havi ng the nost
positive potential) or to both MR |eads via a center-tapped resister

cl anping s r This process is fully described in the 35
comonl y-aé}&s#g%ej'a%& S. Patent No. 6, 246,553. Finally, a c®C3YGB0g/03desinm na

| ayer is sputtered in the step 162 and | apped in the step 164 to form
overlayer 39 (Fig. 1). WD 03/010760 12 &AMS 5 PCT/ GB02/ 03366 1. A magnetic
head assenbly having an air bearing surface (ABS), conprising: a read head
i ncluding: a magnetoresistive (MR) sensor el enent having opposite ends each
connected to a respective electrical leeathsconductor, the MR sensor el enment
10 and the two electrical |ead conductors being disposed in spaced

rel ati onshi p begt el ement. shields; and 15 a first electrical

conduct or _cou ingg g#%ﬁ%%ﬂ%‘%@’f TR VR HEnkerring wusfage B§) at | east one
of the el S8 ead conductors; a wite head incl udi ng: 20 two nmagnetic
pol® pi eces each having a pole tip portion disposed adjacent the ABS; and

a wite gap | osatead helaween bf}g.pole tip portions; and a second el ectri cal
conductor coupling the one MR el enent shield and one of the wite-gap

poles. 25 2.. Jq&aggéogggl% of claim1 wherein the two spaced magnetic pole
tips are di sposed Th spacade r¥hherRithPLeuRrE haxing PPResine enti# edadh such t hat
the one ?f’é‘é‘ﬁg"ﬁdc ER Gt &erRestive glapsoiead beadieemiucher, Whd OR gRpsshiebkbnand t he
ot¥fer maghhst toe ¥ eelechrid@l leathwndssend| veing abg&ggaZiﬁ/\/gﬁg&hn the wite-gap
shi el d i srelaghsishig Heywedtn Bws O MichdncekyidiRk £QLal Wi th the one nmagnetic
pole tip. 4. The assenbly of claim1 wherein the electrical conductors

consi st essenti f one or re materials chosen fromthe group of
tant al um BSQC(%%J:%:X ea?n"cfré873d.°°gd?‘°tl€f¥e°%‘ép§é%la} t9ast| agienedl thvh dMRelenehe
second cdRdetdeopah AL Leasteanes phitde flactiigal dregd donduwetabeut 5 kil ohnms to
aBdut 100 kil ohns. 40 6. A magnetic tape drive including at |east one
magnet i ¢ head aassiiebhyad 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 gsecond 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 ig 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 cne magnetic pole tip.

4. The assembly of claim 1 wherein the electrical conductors consist

essentlally of one or more materials chosen from the group of tantalum,
35 copper and gold.

5. The assembly of claim 1 wherein the gecond conductor has a

resistence in the range from about § kilohms to about 100 kilohms.
40 i

6. A magnetic tape drive including at least one magnetic head assembly
of claim 1, the magnetic tape drive further comprising:




of ‘claim 1, the magnetic tape drive further conprising: WO 03/010760
PCT/ (B02/ 03366 13 7. A nethod for making a magnetic head assenbly that has

an air beaw(gg“ﬂm%face (ABS), conprising the unordered steps of: 5 a
head- mount A& %4 y for supporting the magnetic head asse®SM{GRROIB6S r espect

to the magnetic recording nmedium a second electrical conductor coupling

the one MR el ement shield and one of tfe write-gap poles. 10 15 a magnetic

recordi ng medi um having a recording surface; a notor for noving the
magneti c recording medium (a) making a read head including the steps of:
(a.1) forming & TREGARBIOFrExsing aedivi) haating or reteitng shatkcag two ends

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

shiel ds; 20 (aaZyotbsrirNfovaRg &lHeChdghedlc Lg&@&gﬂg& r coupled to each MR
sensor elenent end; and 25 30 35 el enent shield and 6ne of the wite-gap

polgs. 8. The gret}eg d of claim7 further conprising the step of: (b.3)
formng a wite- gag HPE | AFPIP Y p ER%e BURRSF Bifigo HRth MRSt ity hehdé asmenblgpeichd
magnet i c PYPECE i49s e PRIRatAE nelserding meddwet i c pole tip is di sposed 40
between the wite-gap shield and the other nmagnetic pole tip. (a.3) formng
a first el ectrd GabodeUstt9a1C OMAEAG Abud1885 n8NSOfr JLhe L ement

1 X i F%é:c}i‘g &ed;m eaemenw%}gfﬁ?r&ﬂing a

shiel ds aggd aF dnagd;Qne 0f fhe electrical conductors;
wriot € head i ncl udi n&tt %ps%%%g'of: (b.1) formng two nagnetic pol e pieces

each having a pole tig portion di sposed adjacent the ABS; (b.2) fornming a
nonmagnet T'c wit Pethpdofonaaking & aageeict iradpadsenblyp thyt0 bhé QASH1raBehrify
form ng asuwséaeen dARd)ectaonipeabingotkbl Gidtde il BEégadot Ne one MR

(a) making a read head including the steps 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:
2s ’

(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 electriecal 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 relationship 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.




