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BACKGROUND OF THE | NVENTI ON 1.
The present invention relates to a magnetic

head that nmerges read and wite portions with vialess lead |ayers froma
magnet oresi stive (MR) sensor to exit pads and nore particularly to first
and second | ead | ayers which are connected at first ends to the MR sensor
and are connected at second ends to first and second exit pads wherein the
first and second | eads do not have any vias between the MR sensor and the

first and second exit pads. 2.

Description of the Related Art A

wite head is typically conbined with a magnetore3|st|ve (MR) read head to

forma merged MR head,
bearing surface (ABS).
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1. Field of the Invention

The present invention relates to a magnetic head that merges read and write
portions with vialess lead layers from a magnetoresistive (MR) sensor to exit pads and
more particularly to first and second lead layers which are connected at first ends to
the MR sensor and are connected at second ends to first and second exit pads wherein
the first and second leads do not have any vias between the MR sensor and the first

and second exit pads.

2. Description of the Related Art

A write head is typically combined with a magnetoresistive (MR) read head
to form a merged MR head, certain elements of which are exposed at an air bearing
surface (ABS). The write head comprises first and second pole pieces connected at
a back gap recessed from the ABS. The first and second pole pieces have first and
second pole tips, respectively, which terminate at the ABS. An insulation stack,
which comprises a plurality of insulation layers, is sandwiched between the first and
second pole pieces, and a coil layer is embedded in the insulation stack. A processing
circuit is connected to the coil layer for providing write current to the coil layer

which, in turn. induces magnetic fields (called "write fields") in the first and second

- pole pieces. A non-magnetic gap layer is sandwiched between the first and second

pole tips so that write fields of the first and second pole tips at the ABS fringe across
the gap layer. .

In a magnetic disk drive, a magnetic disk is rotated adjacent to and a short
distance (fly height) from the ABS so that the write fields magnetize the disk along
circular tracks. The written circular tracks then contain magnetized segments with

fields detectable by a read head.
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circuit is connected to the coil layer for providing wite current to the
coil layer which, in turn, induces magnetic fields (called "wite fields")
in the first and second pol e pieces. A non-magnetic gap |layer is sandw ched
between the first and second pole tips so that wite fields of the first
and second pole tips at the ABS fringe across the gap |ayer. In a
magnetic disk drive, a magnetic disk is rotated adjacent to and a short

di stance (fly height) fromthe ABS so that the wite fields nagnetize the
di sk along circular tracks. The witten fi rcul ar tracks then contain
magneti zed segnents with fields detectabl'e by a read head.

An MR read head includes an MR sensor sandw ched between first and second
non-magneti c gap |ayers and | ocated at the ABS. The first and second gap

| ayers and the MAmskRswead bead isdhudban eI sdpearserdvishied etvgenifizseansirgeantdi el d

| ayers. In a nerged.. h e | | ayer
and the firs onbr% %lg%%gels?%ﬁgg %Cétg%g{)tpé e}tség%l gﬁﬁ%%ﬁde%?ééﬂ% 8?%15?% aEL(()im t he
circul ar tr abk MR tersbreare stmiwichpddieskeenyfirst andspepad ishiekddgyess. afrc @ nwingeach
corresponds ,tQ .t he strength of the fjel [ u d

t hrough the %}’g’g e l?’éegusﬁvgs F‘sngl\'/:oﬁe{:%gg&icehar?ggrg&rﬁetggﬁflsggglgfp?%gé%h%ocessi ng
circuitry asvReankoadktestsgmghstic fi¢lds fBmsthe siwcularayackeofathe aoragny disipbyg aVMR ( AVR)

sensor or a spin.valve sensor. r r d S y be
enpl oyed in© g??ﬁg‘ﬂé?ﬁ’séan&f’ & SoTrEsRogs g&ﬁ%?‘ﬁ%’ anogtﬂwéeﬁg?sngxi%ﬁ g%qrrg ’irl]%n on
circul ar tr aokductdd thromghathendviRli sehisorAresdrsgind viiRghecldnges reoeimédedyothea sl i der
carried on a suspension. The qﬁ{l%lggensi on hs{y@gunt ed to an actuator i ch
rotates the PRRRSPRERE EIqEinY 2% Fadhsek sieprls: {87 MES pEMII Y b BeTorane

(AMR) sensor or a spin valve sensor.

One or more merged MR heads may be employed in a magnetic disk drive for
reading and writing information on circular tracks of a rotating disk. A merged MR
head is mounted on a slider carried on a suspension.  The suspension is mounted to

- an actuator which rotates the magnetic head to locations corresponding to desired
tracks. As the disk rotates, an air cushion is generated between the rotating disk and
an air bearing surface (ABS) of the slider. The force of the air cushion against the
air bearing surface is opposed by the opposite loading force of the suspension, causing
the magnétic head to be suspended a slight distance (flying height) from the surface
of the disk. Flying heights are typically on the order of about .05 pm.

Magnetic heads are made in rows and columns on a wafer substrate. A full
film of first shield material is deposited on the wafer, followed by patterning the full
film into first shield material at each head site, which approximates the size of a
trailing edge of the slider. While the description will now be addressed to making a
single magnetic head at a single magnetic head site, the description applies to all of

* the magnetic head sites on a wafer. In the prior art, final patterning of fhe first shield
comes in a subsequent step. A first gap is formed on the first shield material. An
MR stripe of the MR sensor and a very thin initial set of leads are then formed on the
first gap material, with first ends of the leads connected to the MR stripe and other
films formed to complete the MR sensor. An intermediate or stitched set of leads that
is recessed from the ABS is then formed on top of the initial set of leads, except over

small portions of the initial set of leads adjacent the MR sensor, in order to increase



tracks. As the disk rotates, an air cushion is generated between the
rotating disk and an air bearing surface (ABS) of the slider. The force of
the air cushion against the air bearing surface is opposed by the opposite
| oadi ng force of the suspension, causing the magnetic head to be suspended
a slight distance (flying height) fromthe surface of the disk. Flying

hei ghts are typically on the order of about .05 [eri]m Magneti c
heads are made in rows and colums on a wafer substrate. A full film of
first shield material is deposited on the wafer, followed by patterning the
full filminto first shield material at "@ach head site,. which approxi mates
the size of a trailing edge of the slider. Wiile the description wll now
be addressed to naking a single magnetic head at a single magnetic head
site, the desmduqivignfoand s@se tcaréntl toothe MR samsgned i secdigdaghpsiayasisahern waf er .

In the prior_art, final_ patterni of the first shield congs in a.
subsequent s@gﬁ?dwmem S@%Sﬁr’i‘ge Eg‘flﬁwéﬁé o ﬁfﬁéﬁ'Flldﬁ@fer’sfﬁp%‘f’%Ewaéﬁemg. An MR
stripe of thge fdtSBREDhay@nd adinaEEive.t Thid sizBiid typicalteSOfiml fAgshanB st hen

formed on the first gap. material, with fir ends, of e |.eads connected to
the MR stri pt0afRirsesed intg Phﬁé'eadofr%df%Béoi%? e Hhield Jyeds B formee

i nter medi at efoléwéd bl Cdpesifiet offa hAAUBaked Fhotofesise (4585 Sht \prdAddshe ARS | S t hen

formed on top of the initial set, of |eads, .except over small portjons of

the initial Bayation lapgrqgef the;invdation: siackrA sds dpformped, tyeugly thedhard, bakeds

conduct i Vi t YphoRfresish GayeP RS SecoHd bRl poftdnt bEHVFnR BRIt s oTq68d THRFkAYer is
then forned on _the sensor, the leads, and the first shield layer,

fol | owed by ipatationdpyry is paterpedsyith i W dn fheysame decagion elbar psiop do ompfter si ze s
typi cally 258rhigh rlhdThart Yaked pHotdtEiist Wyet.OSihuitiahdduktyy 8685 o™ &il Beead
fromthe ABS. Thé second shi‘eld layer is then forired, followed by
deposi ti on - the haidcbaked easisp lnyeto pdinak set(of Jeads isHformags extensing from the vigy
to first and second pad sites. A third lead connected to one end of the coil to a third
pad site may also be formed. The via makeé connection between the final set of leads
and the intermediate set of leads of the read head. The remainder of the he;ad is
completed by forming one or more additional insulation layers on the coil layer,
forming the second pole piece and fourth lead from the other end of the coil to a
fourth pad site, forming vias at the pad sites, plating studs in the vias, forming an
overcoat, and depositing gold pads that connect to the studs. This is followed by
dicing the wafer into rows of heads, lapping each row of heads to form an air bearing
surface, and dicing the row of heads into individual sliders, each slider having a
respective magnetic head at a trailing edge thereof.
The above process requires many steps to make the leads for the read head.
Since the first shield is patterned after forming the initial and intermediate set of leads,
a via is required in the second insulation layer as well as the hard baked resist to
connect the final set of leads to the intermediate leads. The sizes of the initial and
intermediate leads dictate the size of the first shield layer, making it larger than
required to shield the MR sensor. The primary purpose of the first and sesond shield
layers is to shield the MR sensor from upstream and downstream fields along the track
of the magnetic disk, so that linear resolution and bit density are promoted. For this
purpose alone, the area of the first shield léyer can be reduced to about 1% the size

described hereinabove. This would lead to additional benefit by reducing the



insul ation | ayer of the insulation stack. Avia is fornmed through the hard
baked photoresist |ayer to second end portions of the internedi ate set of

| eads. The first insulation |layer is patterned with a via in the same

| ocation either prior to or after form ng the hard baked photoresist |ayer.
Simul taneously with formng a coil layer on the hard baked resist |ayer, a
final set of leads is fornmed, extending fromthe via to first and second
pad sites. Athird |lead connected to one end of the coil to a third pad
site may al so be fornmed. The via nakes connection between the final set of
| eads and the internediate set of |eads-6#f the read head. The remai nder of
the head is conpleted by form ng one or nore additional insulation |ayers
on the coil layer, form ng the second pole piece and fourth lead fromthe
other end of; n&&?an{:.ﬁbhhtewefcaw r#eh‘nm ﬁbﬁe‘?fre&&gng‘e@gfé/e?&%oﬁtan& hfrasl sites,
pl ati ng studs in the vias an _overcoat, and depositing gold pads

t hat connecthigher tbmethsqughsut T %zms theofirshamehisasgndishisle daverre Sway B122R%Hico 1 ows
of heads. | apdbd BOUB i AdDHO | VoM, Blsirabled hOQedpd: 266ia and

di ci ng t he row s into 1ndividual sliders, each slider having a
respective ndmgngetthq:sm%aﬂﬂntﬁrat shield l4yerwishiy being cowstrained by sizimphthe dbeve
process equlf621,0BNY a31eRifodafh APl Sid At LRHlBke Serl P Ralic A wBERGrlnCe the
first shiel |sp t'BFRed af ormngt"lelnl ral an |nterma|ate set of
| eads, a vi cbe ck:smdﬂmxfrthdnmmbdrrw pseessing staps mdqairedio fory emexgediedal cagldt he hard
baked resi stb tlo connect the final set of leads to the internedi ate | eads.
The sizes of tRE TN tial and intermediate |eads dictate the size of the
first shield layer, making it larger than required to shield the MR sensor.

The primary purpose of the . d.Jayers is to shield the
MR sensor from upstream andggé@ﬂé?{‘gSﬁ::eﬁ%gqa@]%hﬁ the track of the

magneti c di sk, so bdagheticl u&a@émbﬁg@im Qriventitc Hak tan ehatreely srdlbfifi stitelded. For

:

thi s purpose alon the, are I rst ield Ia er can reduced to
about 1% t hd2¥sr 28 ﬁé‘%éﬁ“ﬁ?@ adrﬁ?‘Hteﬁ &xt em?l’ t°f°é’§?lvet 9onal
benefit by rgdus 4 $b6nd pads without Iaﬂydufatsamh@aaeaﬁeeﬁ hernid istRc6Mplishe®@®yM tting
hi gher frequencies of op eratlon and therefore her bit throughput. In

si zing the fﬁaﬂ§¥1%n@esf§ébﬁmelgﬂﬁﬂdnqoa’§5eﬁ%d ‘?fﬁg}h"etﬁif% 82p JPYrd 2H’lS?st al so

be taken i ntQLAGEAH Myerd dre Wieled. Deh SlaidaakdsR Ha‘fnn& Beediesitane MEF hhdisdesi gn
the the size of the first shield layer is formed, followed by formation of the first shield
layer in the recess. A very thin first gap layer is then formed. The thin first gap
layer may be accompanied by an optional supplemental first gap layer, the
supplemental first gap layer insulating any potential exposure of the first shield layer
at its junction with the alumina layer. After constructing the MR sensor, first and
second leads for the MR sensor are constructed that extend from the MR sensor to the
sites of the first and second pads. Each of these leads may comprise a single thin
film, or, alternatively, a first thin film connected to the MR and extending past a
boundary of the first shield layer and a second thin film overlaying the first film and
- 'éxtending from a location slightly spaced from the MR sensor to the first and second
pad sites. With this arrangement, the leads for the read head extend from the MR
sensor to the pad sites, without any vias, thereby eliminating processing steps.
Further, since the size of the shield is not dictated by the size of the initial leads, the

first shield layer can be much smaller, resulting in a more robust head than provided

by prior art manufacturing methods.
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size of the first shield | ayer wthout being constrained by sizing the
first shield layer to acconmmpdate the initial and internedi ate set of

| eads. It would further be desirable if the nunber of processing steps
required to forma nerged head coul d be | essened.

SUMVARY COF THE | NVENTI ON It is an object of the present invention
to substantially overcone, or at |east aneliorate, one or nore
di sadvant ages of existing arrangenents. I n accordance with one

aspect of the invention, there is provided a merged nmagnetic head including
a read head and a wite head, wherein thé conbined head has a portion
bounded by an air bearing surface (ABS), the nerged magnetic head

conpri si ng: a first shield |ayer; a magnet oresi stive (MR
sensor; f A f Shjedndf gRCHBEN §a@niiadE th WongABNE Ghdrgd magledadsadxt er nal

to the nerged magnetlc head, the first, and secqnd read p ds bei n cated
beyond t he faving & firss|shieldy\ryer: whosg size is not digfaje g%yéhﬂs’g“%@ AR iptal s Fagers,

the first ang,seepml Ileg@gegdaly&{,& stk Het@m t he MR sensor beyond the
first shield layer to the first and second read, pads w thout any via
bet ween the MR sefsasheraabipct isdofprodde amerasd apngaeticdigad path @ first shield layey

accor dance %ﬁﬂs%&%ﬁzﬁaﬂya&aﬁ%r tﬁ‘zfn fd}esmaxwis%pnw%%er&dme% ded a
conbi ned head i ncluding a read head and a Wwite head wherein the conbi ned

head has a front fdithesrpbirst ititdpravidg ar@p@ﬁéﬂagem Wdaﬂmawswn;@érrmb
surface (ABSesARMBY willd weHig wirR@shdieafcd ncl udi ng:

magnet oresi stive (MR) sensor; first and second gap | ayers and first and
second shi el d- | ayStHkanother object ig weprnmds@rmrge%masgensdwmxtwéu et MBen t he
first and segpnd lgg&wea){(ggé q,gm%t;ﬁ i féé@;ﬁ&pd gap |l ayers being

sandw ched. bet ween | 1St secorid s l'ayers; : first and
second read pads Stika fugtheratijéadis to prdvmﬂw@fmhng@ mérgedmagnietioiedde ad.

first and s e r yer; and
first and sg@%r}g ?ﬁ&dyémﬁ’&kgg %ﬁﬁﬁtp?ﬁ QP‘E Bﬁd%{r.lbdf%%lclgn ﬁH lcti&llﬂé%ers

havi ng fir stseasod tcspmbm;l:s cand syhetdie tiei mtofehred&rstﬂndlmlayén is 86t canstraieddoyd | ead

| ayers bei ng, conne gllto the MR sensor and the second ends of the first
and second |8a8%f 8 éltlc B%drshg connected to the first and second pads beyond
the first shiel d Owyeshjects and attendant advantages of the invention will be appreciated

upon reading the following description taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a planar view of an exemplary magnetic disk drive;

Fig. 2 is an end view of a slider with a magnetic head of the disk drive as seen
in plane II-II;

Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks
and magnetic heads are employed;

Fig. 4 is an isometric illustration of an exemplary suspens1on system for

" supporting the slider and maonetxc head;

Fig. 5 is a partial view of the slider and magnetic head as seen in plane V-V
of Fig. 2; _ | \

Fig. 6 is a top view of the magnetic;head with all material above the second
pole piece removed; _ "

Fig. 7 is a partial ABS view of the slider taken along plane VII-VII to show

the read and write elements of the magnetic head;
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the wite head including: at | east one coil layer, an insulation
stack, first and second pol e piece |ayers and a wite gap |layer:

the coil |ayer being enbedded in the insulation stack and the insul ation
stack being sandw ched between the first and second pol e pieces |ayers; and
the first and second pole piece |ayers having first--and second pole tips
that are separated by the wite gap |layer at the ABS and ends recessed from
the ABS that are connected at a back gap; and the first and second
| ead | ayers extending fromthe MR sensor to the first and second read pads
w t hout any via between the MR sensor ang-the first and second pads. -

In accordance with yet another aspect of the invention, there is provided a
magneti c di sk drive conprising: a wite head and a read head

ad] ace_nt one a_not P{egr 8}\93 Lo{arrpv%evggf@i Qgp%&fm%ﬂc read and write ﬁéaﬁ;i d_er !
the slider having &h ait bearing sufface or- ac]ng a magneti c di sk

t he combi ned nagnEBici 8B hieadidvetaken avugplade JALI XA S pfiBig: 8A; the read
head i ncl udi ng: . . magnet qresi st j . \VR) _ f : econd
gap |ayers and fifF$t 9‘3&8"%‘88’6 dog |eeqr8§ebgé§°§}t{'sl]:l\@ mé@gﬁp;&gﬁg&%@gg%dgr bei ng
sandwi ched bet weeRigt bB i§ h vidw aakeh aleagpthng & B-BY & of Bigd94he first and second

gap | ayers bei ng sangw.ched between the fi copd shield |ayers:
first and second f‘@ag&dﬁ%&”% E‘bﬁﬁ%ﬂ’ﬁ’f}ﬁﬁﬁ'@?@tgghal to the conbined
head. the first apgsSRRQnUdB| €24, 1ZBISI4bei14B, 162Gd6B018kyI8B] 20A¢20By 22A shi el d
| ayer: First and second | eads Iager , .each of the first .and second
| ead | ayers Rd/73R;shop arious,Hersan arroasteaction pa prigr apt copymed magpeticchepd o

second | ead Layeks Nl 19BCHHEGBedsA018H1a 7ARI FEN94), 19BR 1A 218¢23Mdnénds of
the first and seCond [ead | ayers being conpected to the first and second

pads beyond BHR show yeriausistapg 1 ipeqonstruction of the psesent; ombined pAgnfiid bepdng :
at | east one coil nggg@A flsaé;glrah'l'?é% afhﬂ&@h%fkwafférrvﬁ& ﬁ%p_ﬁaﬁféﬁfbﬂﬁ?ﬁgg%p' ece

| ayers and a wite . e coll layer being enbed in the
i nsul ati on siayekshowa thereon, ke trailing gdga efcaslider bring shown Bpbante® ween t he

first and second ?@!'?Olﬁ)iisegi@wl 18¥eén" slong plane X B-X B of Fig. 10A;

Fig. 114 is a plan view of a wafer employed in a construction of the present
magnetic head with the first shield layer shown in full and the trailing edge of a slider
shown in phantom;

Fig. 11B is a view taken along XI B-XI B of Fig. 11A;

Fig. 12A is a plan view similar to Fig. 10A except the first films of first and
second leads have been deposited;

Fig. 12B is a view taken along plane XII B-XII B of Fig. 12A;

Fig. 13A is similar to Fig. 11A except first films of first and second lead
layers have been formed;

Fig. 13B is a view taken along plane XIII B-XIII B of Fig. 13A;

Fig. 14A is similar to Fig. 12A except a second thin film of the first and

" second leads has been deposited over the first films;

Fig. 14B is a view taken along plane XIV B-XIV B of Fig. 14A;

Fig. 15A is similar to Fig. 13A except second thin films of the first and second
lead layers have been formed on top of thé first thin films to the first and second
pads;

Fig. 15B is a view taken along plane XV B-XV B of Fig. 134,

Q



; 5a - the first and second pole piece |ayers having first and
second pole tips separated by the wite gap |layer at the ABS and ends

recessed fromthe ABS that are connected at a back gap; first and
second wite pads; and the first and second | ead | ayers extending
fromthe MR sensor to the Tirst and second read pads w thout any via

bet ween the MR sensor and the first and second read- pads: a frane;
a magnetic disk rotatably supported on the frane: a support nounted
on the frame for supporting the slider so that the conmbined nagnetic head
isin a transducing relationship with thé& magnetic disk: means far
rotating the magnetic disk: positioning nmeans connected to the

support for noving the conbined magnetic head to nultiple positions with

respect to said npigngbicCisdiifhlar anFig. 14A excdPad Secofd 3Bielde thyt:0 hhd1 8O MDI ned
magnetic head. to ng means for rotating the magnetic disk and to the
posi tioni ng TSRS r exchanging, signals with the conbi ned magnetic head,

for controlling FRYESEHa Glew tken lesfe ®VE B-¥WOBfaIFigasiatol i ng the
position of the conbjned naqnetig head. BRI EF
DESCRI PTI ON OF THEgDRAWSNe!lar to Fig. 15Amxgept 4 szeond g3n layerand p sqgoad shigld

exenpl ary negpp&@tiabe Bedkdeposirea; Fig. 2 is an end view of a slider
with a magnetic head of the disk drive-as seen in flane [1-11:

Fig. 3 is an el evigi biP i xwewrtakencalonegplanc XVHi BR VAL Bvd Riedéin nul tipl e
di sks and magnet igg "R sfhifar 8 PIgOYEA except a hard baked photoresist layer has been

deposited to provide insulation for the coils;

Fig. 18B is a view taken along plane XVIII B-XVIII B of Fig. 18A;

Fig. 19A is similar to Fig. 17A except a hard baked photoresist layer is
deposited to provide insulation for the coils;

Fig. 19B is a view taken along plane XIX B-XIX B of Fig. 194;

; Fig. 20A is similar to Fig. 18A except the coil has been deposited along with
third thin films of the first and second leads which extend from the vias to first and
second pads and a third lead which extends from the coil to a third pad;

Fig. 20B is a view taken along plane XX B-XX B of Fig. 20A;

Fig. 21A is similar to Fig. 19A except the coil has been deposited along with
a third lead to a third pad;

Fig. 21B is a view taken along plane XXI B-XXI B of Fig. 21A;

Fig.22Aisa simiiar to Fig. 20A except an insulation layer has been deposited,
a fourth lead from the coil to a fourth pad has been deposited and a second pole tip
has been formed;

Fig. 22B is a view taken along plane XXII B-XXII B of Fig. 21A;

Fig. 23A is similar to Fig. 21A except an insulation layer has been deposited,
a third lead from the coil to a fourth pad has been formed and a second pole tip has
been formed; >

Fig. 23B is a view taken along plane XXIII B-XXIII B of Fig. 23A.



Fig. 4. 4 is an isonetric illustration of an exenplary suspension system
f-or supporting the slider and magnetic head,; Fig. 51is a partial
view of the slider and magnetic head as seen in plane V-V of Fig. 2:
Fig. 6 is atop view of the nmagnetic head with all material above the

second pol e piece renoved, Fig. 7 is a partial ABS view of the
slider taken along plane VII-VII to show the read-and wite el enents of

t he magneti c head; - 6-
Fig. 8Ais a plan view of a prior art conbined nmagnetic read and wite
head; Fig. 8Bis a view taken alopng plane XIIl B-XI4l B of Fig. 8A
Fig. 9Ais plan view of the present conbined nagnetic read and wite head;
Fig. 9B is a view taken along plane I X B-1X B of Fig. 9A Fig. 9Cis

a view taken along prreRiPfION OFCrAE PREFERRED EMBODIMENT 10A, 10B, 12A,
12B, 14A, 14B, 16A,_ 16B, 18A, 18B, 20A, 20B, 22A and 22B show various steps

i n the construct Referoing powite the degwingoyberpiadikpagfaren¢ecnumesals designgiegike 11A,
11B, 13A, 13B,.: B , , P 3 3B _show
vari ous st e%g %lr%’ﬁ?hgé%oﬁg%]ég%%éﬁ %%gﬁgie gge%lér%ﬁsc@é%aﬁ%dﬁng 'et% iC ahead;
Fig. 10A i s meagpttiodisk dnived¥0. hedrive 30 ingiudes ansplirele 38 which supppps endeotagds f i r st

ap | ayer shown thergon,,t trailing.edge of a slidef, being.shown. in
ohantom & eeneg diosa. Jh Sipds AL TGRS by etk 8 REBOi R is1 0,
Fig. 11A iscanthdlRA B4 £Mddr conwell@r 3% Al AYRed migletieHead 40 Fht fadRE dnle

present magnetic head wth the first shield | ayer shown in full and the
trailing eddeostingissmpypged on a slider 42 which, in turn, is supported by a suspension 44

and actuator arm 46. A plurality of disks, sliders and suspensions may be_ employed
in a large capacity direct access storage device (DASD) as shown in Fig. 3. The
suspension 44 and actuator arm 46 position the slider 42 to locate the magnetic head
40 in a transducing relationship with a surface of the magnetic disk 34. When the
disk 34 is rotated by the motor 36, the slider is supported on a thin (typically, .05 um)
‘cushion of air (air bearing) between the disk and an air bearing surface (ABS) 43,

The magnetic head 40 may then be employed for writing information to
multiple circular tracks on the surface of the disk 34, as well as for reading
information therefrom. Processing circuitry 50 exchanges signals representing such
information with the head 40, provides motor drive signals, and also provides control
signals for-moving the slider 42 to various tracks. In Figs. 1 and 4 the slider 42 is
shown mounted to a head gimbal assembly (HGA) 52 which, in turn, is mounted to
the suspension 44. All of the above components are supported on a base 53.

"Fig. 5 is a side cross-sectional elevation view of a merged magnetoresistive
(MR) head 40 which has a write head portion 54 and a read head portion 56, the read
head portion employing an MR sensor 58. The MR sensor 58 is sandwiched between
first and second gap layers 60 and 62 that are, in turn, sandwiched between first and
second shield layers 64 and 66. In response to external magnetic fields, the resistance
of the MR sensor 58 changes. A sense current conducted through the sensor causes
these resistance changes to be manifested as potential changes which are processed by

the processing circuitry 50 shown in Fig. 3.



shown in phantom Fig. 11Bis a view taken along XI B-XI B of Fig.

T1A; Fig. 12Ais a plan viewsimlar to Fig. 10A except the first
films of first and second | eads have been deposit ed; _ Fig. 12Bis a
view taken along plane XIl B-XII B of Fig. 12A Fig. 13Ais simlar
to Fig. 11A except first films of first and second lead |ayers have been

f or med; Fig. 13Bis a view taken along plane XiIl B-XIII B of Fig.
13A; Fig. 14Ais simlar to Fig. 12A except a second thin film of
the first and second | eads has been deposited over the first fil ns; _
Fig. 14Bis a view taken along plane XIV-B-XIV B of Fig. 14A -Fig.

15A is simlar to Fig. 13A except second thin films of the first and second
| ead | ayers have been formed on top of the first thin filns to the first
and second pads; The writeFiegd pbRidni 54 8f ihic@dad alRidesth QB0 143LABS s&ﬂdu@c}??&«{ B of
Fig. 15A ) ) L . -7-

Fi 8. 16A is dehvseadinstgogisgeond insulationjsyers 74 and (A 4 mhied igsulatipafdaysnd4 pasn
construct ed; be empllcéyede _Pl&ll@l@ﬂhgﬂ?e Héaawoteﬁl&%t@h%ngs Al B08ectYh u%ugaY'onB of

Fig. 16A Ais simlar to Fig. except a second gap | ayer
and a second ! @Fﬁfé’ﬁ‘éFegaWetFle seil davee 68 dds it €Q§°nd and thlrdlﬁl&ylatlwkyle!ﬁ arevi ew

taken al ong RLRALY F?a/i!n dphga%\%ﬁn B QliatfdnStack” Athe coH I%yeBEﬁ %nd :h?éafulsf s&dofy! ar to

Fig. 16A except a phot oresi' st l'aye
and third insulation layers 70, 72 and 74 are sandwmhed between first and second pole

piece layers 76 and 78. The first and second pole piece layers 76 and 78 are
magnetically coupled at a back gap- 80 and have first and second pole tips 82 and 84
which are separated by a non-magnetic gap layer 86 at the ABS. As shown in Figs.
2 and 4, first and second bonded connections 88 and 90 connect leads (not shown)
from the MR sensor 58 to leads 96 and 98 on the suspension 44 and third and fourth
solder connectibns 100 and 102 connect leads 104 and 106 from the coil 68 (see Fig.
6) to leads 108 and 110 on the suspension. An overcoat 120 is shown at the ABS of
the slider 42 covering the edges of the eiements 58, 82, 84 and 86 of the magnetic
head in Figs. 2, 4, 5, 6 and 8. An overcoat is required to prevent wear and corrosion
of the sensitive elements. |
Figs. 8A and 8B show a prior art slider and magnetic head assembly 200
wherein the trailing edge of the slider is shown at 202 with all of the components of
the magnetic head 204 being embedded in the slider, except for first and second read
pads 205 and 206 and third and fourth write pads 208 and 210. As shown in Fig. 8B,
a first shield layer 212 is formed on the slider 214. On top of the first shield layer
212, a gap layer (G1) 216 is formed, and on top of the first gap layer 216, a
_supplemental gap layer (G1P) 218 is formed. This supplemental layer is sometimes
referred to as a first gap prefill layer. While the first gap layer 216 is below t}Ee I\:I'R
sensor (see layer 60 and the MR sensor 58 in Fig. 5), the supplemental gap layer 218
does not cross into the MR region, but is simply employed for thickening the gap
outside of the MR sensor region to prevent shorting between the MR leads-and the
first shield layer. In the prior art head, the first and second leads from the MR sensor

include first, second and third thin films 220, 222 and 224. The thin films 220 are



dep05|ted to provide insulation for the coils; Fig. 18Bis a view

taken along plane XVIlIl B-XVIII B of Fig. 18A; Fig. 19Ais simlar
to Fig. 17A except a hard baked photoresist |layer is deposited to provide
insul ation for the coils; Fig. 19B is a view taken along plane XX
B-XI X B of Fig. 19A; Fig. 20Ais simlar to Fig. 18A except the coil

has been deposited along with third thin filnms of the first and second
| eads which extend fromthe vias to first and second pads and a third | ead

whi ch extends fromthe coil to a third pad; Fig. 20B is a view taken
al ong plane XX B-XX B of Fig- 20A -10-Fig. 21Ais simlar to Fig. 19A
except the coil has been deposited along with a third lead to a third pad,;
Fig. 21Bis a view taken along plane XXI B-XXI B of Fig. 21A Fig

22A is a si Mmghednly Gidd &reca?émﬁfé&e@&oﬁlemméﬂs@t u@g ek Eicrtsa shd@esha@Posi t ed,
a fourth lead fromthe coil to a fourth pad has been deEosMed and a second

pol e tip has lay6eAl% oFhpetgcond films 229 ;age regesged; from the AR slighlly seacethfom thee XX |

B-XXI'l B of fjpg. d overlie the Firét filfAod HeRhdtid Bbir Onducyin2 1A except an
i nsul ati on Iayerse% ﬁbe%vr'lenee Ssl%%rt ec]'aéa thlcl‘d Iéeadlrfrl(l)rlrllthl ‘coil to a fourth

pad has been for nmfd tapdf @esmd@hp&.?b?,talspcohésamb&w R6rinfogmed, which may g. 23B
152 Ve el oDl BAEk Xl o BBy o of e st o1 g
now to the digawild@s 29614 @hrd bakk® phefofssin Rgernid fofniddSwHiRB iopBrateg ak iakfirst
insulation layer 228 of the insulation stack. First and second vias 230 are provided
through the first insulation layer 228 and the second gap layer 226 for connecting the
third films 224 to the second films 222. The third films 224 are connected to the first
and second pads 205 and 206 by first and second copper studs (not shown) which
extend from the thin films 224 to the first and second pads 204 and 206. As shown
in Fig. 8A, a coil 232 is located on top of the first insulatidn layer 228. One or more
insulation layers 229 complete the insulation stack. The coil has third and fourth
' leads 234 and 236 that are connected betwéen ends of the coil and the third and fourth
pads 208 and 210 by means of copper studs as discussed hereinabove. A second pole
tip is shown at 238. The ABS of the slider is shown at 240. The magnetic disk
would be below the ABS and would rotate in a plane perpendicular to the plane of the
drawing.
It can be seen that the prior art magnetic head requires two vias 230 for
connecting the third films 224 to the first and second films 220 and 222. The vias
230 are located over the first shield 212, outside the coil region, requiring the first
shield to be typically 250 um along the ABS and recessed 100 ym into the head. The
 first shield is larger than required to shield the MR from upstream and downstream
magnetic fields on a rotating disk. Furthermore, the size of the first shield ingre_asis )
the inductance of the write head, limiting its frequency response. Further, many
additional processing steps are required to make the vias 230, and to form additional

thin films for the first and second leads of the MR sensor. -



or simlar parts throughout the several views there is illustrated in Figs.
"1-3 a magnetic disk drive 30. The drive 30 includes a spindle 32 which
supports and rotates a nagnetic disk 34. The spindle 32 is rotated by a
notor 36 which, in turn, is controlled by a notor controller 38. A nerged
magneti c head 40 for reading and recording is nounted on a slider 42 which,
inturn, is supported by a suspension 44 and actuator arm 46. A plurality
of disks, sliders and suspensions nay be enployed in a |large capacity

di rect access storage device (DASD) as shown in Fig. 3. The suspension 44
and actuator -arm 46 position the sliderll42 to | ocate the magnetic head 40
in a transducing relationship with a surface of the nagnetic disk 34. Wen
the disk 34 is rotated by the notor 36, the slider is supported on a thin

(typically, .05 Hig{ rdaAmhng YBiiw ee Rlagnetiditeadand ishidr dssmibyed00 ld iy sk and
an air bearing surface (ABS) 48. The nagnetic head, 40 may t.hen be
enpl oyed f opveptipn, ingviigh é‘?%%%‘l‘%e‘i%? ofithe Flﬁﬂeeé % 8’8@#&?&%&? ‘B?gnteﬂ’é surf ace
of the dis ; 1y 421405 €84l isshokt bR Y] Whichhe prdaTy sRgiaessi ng
circuitry %geiscﬂg’r%%éngﬁggal S regresgag)nti ngj such i nfor ir?ati on_wth the head

40, provi ddal09; Brlocitsdan B glider 402 gndibasiagecesy A4 fem heomBs oA Brstsgld 1 or
nmovi ng the .sli .42 t0,var] t dnaC. ¥ -%wap L 42 is
shomgnountlgéfrggb ASAlﬁ‘éaéﬁd ’d\%n%gﬁ%gsggghéﬁyu%é(ﬁ?%c I cﬁe, &P%Jﬁgegﬁghﬁﬁg nmount ed
t 0 t he suspieesl kueidafter AOn b of tiee saipport layenéhandt the firs skislddayerddOdnaa base
53. ig. 51is sjde crqgss-sectipnal el evation i ed
magnet or esiflé:rlf‘ﬁgw leilﬂﬁf%)‘ﬁl'zréh?} er?ﬂ@ohP'& ﬁltéels% qué’ﬁgeégdnfégﬁ% O?S_L%eflt Oﬁéga read
head porti qRinaéss Jrite fifktgag R 410] tHetisabpiand dogerage A2 peasial sieB414he MR
sensor 58 is sandw ched between first and s conﬂhggﬁyla%ﬁgs 60 and 62 that
are, in turdha waekan ehthe sepdkdayer Af’%taﬂ e SEL s & W aRPEEL and 66,
In respons‘%n}l@a@%ﬁee?ﬁ%'shmffﬁfe{ Qléiﬁltﬁﬁstéﬁb‘i‘t g ibe! Freferab® td Bﬁﬁw sensor 58
g

changes. A sense current conducted throu t he sensor causes these

resi stance sopplemental gapblayere((i1iPp il ¢ dhatgloppnetraxtend te [tam YER scRspt fhubthat
processed bc\évérg Gaddt SRS Fhdt %aﬁ: iagrgrl“gota[e, Yo E}Qve%? Bl sﬁbﬁng.?’First conductive

thin films 416 of first and second leads are connected to the MR sensor and :may

extend from the MR sensor to a point just beyond the coil region. The first and
second leads have second films 418 that are on top of the first films 416, and that
extend from near to the MR sensor to first and second pads 420 and 422. .

On top of the MR sensor and on top of the first and second films 416 and 418
is a second gap layer (G2) 424. The first and second films 416 and 418 are
sandwiched between the first and second gap layers 412 and 424, and extend from the
MR sensor to the first and second pads 420 and 422. This is also shown in Fig. 9C,
where a via 426 extends through the second gap layer 424 to the second film 418.
A stud 428 that is located in this via electrically connects the films 418 and 416 to the
pad 420. Returning to Fig. 9B, a second shield layer 430 is shown on top of the
second gap layer 424, and a hard baked photoresist layer, which forms a ﬁrs,t o

ation layer 432 of the insulation stack, is shown on top of the second s\hield layer
430 and the second gap layer 424. A coil 433 is located on top of the first insulation
laver 432. Third and fourth leads 435 and 437 extend from opposite ends of-the coil

435 to third and fourth pads 439 and 441.



-9- The wite head portion 54 of the head includes a coil |ayer
68 sandwi ched between first and second insul ation layers 70 and 72. A
third insulation | ayer 74 may be enployed for planarizing the head to

elimnate ripples in the second insulation |ayer caused by the coil |ayer
68. The first, second and third insulation layers are referred to in the
art as an "insulation stack”. The coil layer 68, and the first, second and

third insulation |ayers 70, 72 and 74 are sandw ched between first and
second pole piece layers 76 and 78. The first and second pol e piece |ayers
76 and 78 are magnetically coupled at allack gap 80 and have first and
second pole tips 82 and 84 which are separated by a non-magnetic gap | ayer
86 at the ABS. As shown in Figs. 2 and 4, first and second bonded

connections 88 anldia%@esﬁ‘?nﬂ@%st'aﬁ@@@coﬁﬁ‘%dssgﬂl\rﬂghé% gﬁc?giustl)[aﬁze gméx%v 58 to

| eads 96 and 98 on t he Suspensi on 44 and
connecti ons from thadR eensentmibe tirstaad secbnd padsdt2006d f428 nwithet (aoy via68 If see

Fig. 6) to 0 shown
at Yt e Ags of SRER SR ARn A SONE RPN e atn 1A BUELEG R oSS, 557 5
and 86 of t hia wkighetsecthe himglht film F«logki extend4l t5¢ uﬁyafrmln &e MR s&uﬁfrCthhe IS
required to pr t d c i,on enS|t elenents

Figs. 8A and‘p agg\ﬁﬁg\%&g%r ?tglrs pé%mgfe Qépe od%%gﬁéf’?‘gl GOWESININ Thab o
wher ei n t he the ddald$ can lecihickedied dnd ridde dedre icondabruw buﬁd&&ﬁhé'\l\m're%idn As the
conponent s of except

netic, he ei ng e dded in the sl
for first antl %358%9?%88“;515’&2[9%%‘%%5 "2"%8“52 etqﬁ?q‘?fi aﬁmﬂﬂ%ﬂmwm e pads
2P8dand2ﬁO méa;ﬁs;h,owfe firgt shiefd 1a8&4h1@ 1|§§Tq’|ﬁiﬁcﬁiﬂv%dgllé@m%m%%ﬁsﬂs&ezdé% 21gn the
slider of t ie ayer a gap_|l ayer is
forned, and (g]r{'h °ro”fn"tﬂ’é°;' gi‘elaé*ﬁ'q of tbe present “!i’e%‘&ﬂ?p?aéﬁ’éﬁpéhe erder ofayer
(GLP) 218 iss¢f mhrmsiw tHOABS; vgeedsed20 aim{oacu@hedds %ﬁ@a’iﬂ%%ﬁﬁﬂ&t st 0 as a
i s bel ow

first gap pr irst _gap |ayer
sensor (see ﬁ%@ay g%ﬁ‘fﬁ"‘?ﬂ‘eé Q@ﬁ%&”ﬁ%s‘ilﬁ°¢ é-‘] e mynimizipg EH{S‘P@‘H@ﬂaI gap

llayer 218 dosfstheotwri€d Besd. | Mbracdskifg Mreps 64t QavedOWithi e ShidRbhy wRrRLEGY & for
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bet ween t he SWRINEMGA ¥igdior tee thin §ims pf thefinstagnsh second leads pratvesn thetMRead, t he

f t d third
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with the present invention than that required by the prior art.

- Figs. 11, 13, 15, 17, 19, 21 and 23 show the method of making the present
magnetic head and Figs. 10, 12, 14, 16, 18, 20 and 22 show the method of making
the prior art magnetic head. The gap layeré are insulative material, typically alumina
(Al0;), and the MR stripe of the MR sensor, the first and second shield layers and the
first and second pole pieces are ferromagnetic layers, typically Permalloy (NigFe,,).
The lead layers may be copper or gold. The coil layer is typically copper.

The non-magnetic layers and thin metal layers are typically formed by sputter

| _deposition, while the thick metallic layers are typically formed by plating. The shape
of the layers may be accomplished with a photoresist mask. Photoresist is spun onto

a wafer and exposed with light in regions where the photoresist is to be removeﬁ, the
removal being accomplished by a developer._ If sputter deposition is performed before
the mask is formed, then sputter etching or ion milling is employed to remove
material exposed by the openings in the mask. If the mask is formed first while the

sputter deposition is accomplished second, sputter deposition takes place at portions



-10- the only films directly connected to the MR sensor; they extend
across the first shield layer 212. The second filns 222 are recessed from
the ABS slightly spaced fromthe MR sensor and overlie the first filns for
i ncreasing their conductivity. On top of the second filnms 222, a
second gap |layer 226 is formed, which may be foll owed by a suppl enental
second gap | ayer (not shown). On top of the second gap | ayer 226, a hard
baked photoresist |ayer is formed which operates as a first insulation

| ayer 228 of the insulation stack. First and second vias 230 are provi ded
through the first insulation |ayer 228 ald the second gap | ayer 226 for
connecting the third filnms 224 to the second filnms 222. The third filnms 224
are connected to the first and second pads 205 and 206 by first and second

co 8 per st gd Se:{gﬂﬁﬁg()@*m&\ﬂg)as%fgﬁdlﬂle %ﬁﬁt@d’ﬂ dief)disﬁmntdhagﬁ Bf the fxﬂa!sllffiszrzxgxévéd)\ivhé}ﬁ f :j rst
and second pads, 204 a . shown | n Fig. 8A_a coi 32 is located on
top of the fﬁ%FEP"‘PWé’lﬁinléi’?rdﬁd‘ISQ\j\éﬁd ip segolverte s indrteTedio ar afRA PIRGesEs 229
conpl et e t helni ffHina ticRetallio tyers] i SecdRiykr iD At §ukierdicpbsted %‘%&bidk gaélar234 and
236 that are connected between ends of the coil] and the third and fourth

pads 208 andP@&rhe pisting a3 thephp PhowresiEsPatisyis ferpredan the sesdkapovith A
second pol e dgeRink$ RPN BE akedS whEREpRBR: B tol RREpetlobHled. ThHe SREMYs Aen?40. The

magnetic di sk woul d 'be bel ow the ABS and woul d rotate in a plane
per pendi cul dilaged ip geplpter pad dhe exposert agitieps of the seedlayer argplased. sdben theat t he

prior art L& ui t ' fo@r ' the.third

Pl e 224 1 O PRa T P mbRA Teabing! B0, ARy ile PO MRORE 106 1 705 B ¢

| ocat ed overreferred fto s fragiei plating? 1In sapug instdeces,hibe mstdllic ayéromay bedormedng t he
first shiel p!']%ﬁl! Jerr] race . 100
[err]mint qutoﬂgw eg%% e #F%{??a(&glh é‘lgégﬂ g% a?lgétrgﬁfh nr%@%ﬂ“i rﬁ%alggtgﬂlghi eld
t he MR fr omcoppbnendin @rie foomets t Theowafenizikeni sobiected tsiom milling od fetmove atli sk.

Furt hernore,_the si of .t.he.first shield ijpcreases, the. inductance of the
e o molis a e ShethBE st coxcRat Hhfte aB RERRESIavetcis veran W, B
processi ng gihempsesit. eThephoitdredst i OtheR kendviae leaviag thé Wasired3Hape@f ki metalidi t i onal

thin filns for the first and second | eads of the MR sensor.
component. i

i

Figs. 10A and 10B show a first step in the method of making the prior art
magnetic head. The trailing edge of the slider 202 is shown in phantom on a substrate
300. It should be understood that literally thousands of small magnetic heads can be
made in rows and columns on the substrate 300. After this, the wafer is diced into
rows for lapping to form the ABSs. This is followed by dicing rows into individual
sliders, as shown in Figs. 8 and 9. The individual sliders are mounted on suspensions
of a magnetic disk drive. In the prior art method, a full film of first shield material
212 is deposited on a wafer, as shown in Figs. 3 and 4. A first definition (not shown)
of the shield material 212 is made to open several areas on the wafer substrate for test
sites. A full film first gap layer 216 is then formed on the first shield layer, followed

| By formation of a supplemental gap layer (G1P) 218 on the first gap layer.

Figs. 11A and 11B show the first step of the method of the present invention. ~ = = -
The trailing edge of the slider is shown in phantom at 402 on a wafer substrate 500.
A support layer 404 is formed on the wafer substrate, with a recess 406 from the
ABS. This support layer is preferably alumina (AL0,). The first shield 410 is formed
in the recess 406 of the support layer 404. The top and bottom surfaces of these



Figs. 9A and 9B show the magnetic head and slider assenbly 400 of ny
invention, in which the trailing edge of the slider is shown at 402 and the
magneti c head is shown generally at 403. A support |ayer 404, which is
preferably alumna (Al[err]Jerr]), is located on the slider 402 and has a
recess 406 fromthe ABS. A first shield layer 410 is |located in the recess
408, the purpose of which will be explained in nore detail hereinafter. On
top of the support |ayer 404 and the first shield layer 410 is a first gap
| ayer 412 that extends under the MR sensor (see 60 in Fig. 5). Due to the
thinness of the first gap |ayer 412, th&t-e is not good coverage at a
potential step 414 at a junction of the support |ayer 404 and the first
shield layer 410. In order to insulate the first shield |ayer 410 at this

step, it may B%apéﬁlft&ﬂaa@toebéébeﬁmsmé Ad Y€ SRR taalialGad. |Boveivel, Gldry 414
t hat does nogl extend to the MR sensor, but that covers npbst of the first

gap | ayer smagdetpstpp éVélﬂ eithescen Pt oW Kotht fesrget toi the firg shigldcley et i n £l s
416 of T rs(vhﬁﬂqna?e{i(gg&Ag&g&lfoc&‘gm&ﬁrsfé?uél&‘?ayml%erlﬁgfdeﬁchﬁ@y ext end

fromthe MR Senso nt just beyond the coil "'region. The first and
second Ieadﬂnhputmtméopmnhg‘asupplmata!ﬁaﬂtga’rbyvr(thBMbﬁ’lstemldYﬁdmcq\{errrs 416,

ang thet. erignglf ASAL, i E R0 gt Sephae g g 420 oo

filnms 416 aad;uz-‘bl&vleﬁwa of decinep. gpweay,ar is(degiyablow. maﬁtam ﬂhe fis$t gapdaysecond
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and 422. Thie m@naﬂlcslb)eaahQMptesedFixg'en@dﬁ difflre lﬁ@nﬁthv proridf sovreindig.t 1 ough t he

hi s via ol oo eashs CallE Rl fgen o R cppad e absso

Returning to Fi gThéBecond StpOindthe irfdr chri fi¢thiod 48Ghown S Figs. ODAL M DiB t he
wherein the first films 220 of the first and second leads are formed along with an MR
stripe (not shown) of the MR sensor (see 58 of Figs. 5 and 7). At this stage, the final
shape of the first shield layer 212 has not been defined, and the thin, films 220 are in
a sea of first shield material. '

As shown in Figs. 13A and 13B the second step of the present method forms
first thin films 220 of the first and second leads that are connected to the MR sensor
(not shown) at the ABS. It should be noted that second ends of the first films 220
extend beyond the boundaries of the first shield layer 410, as shown in Fig. 13A. In
an optional embodiment, the first and second films 220 may terminate within the
boundaries of the first shield layer 412, which is less preferable than the construction
described hereinabove.

Figs. 14A and 14B show the third step of the prior art method wherein second
films 222 are formed on top of the first films 220 of the first and second leads, with

' ﬁrst ends of the second films 222 slightly recessed from the MR sensor.

As shown in Figs. 15A and 15B the third step of the present method forms
second films 418 of the first and second leads on top of the first films 416, with first
ends of the second films slightly recessed from the MR sensor, and the second end of
the films terminating at pad locations 420. and 422. It should be noted that this

method differs significantly from the prior art method in that the first and second



second gap |l ayer 424, and a hard baked photoresist |ayer, which forns a
first ation layer 432 of the insulation stack, is shown on top of the
second shield |l ayer 430 and the second gap | ayer 424. A coil 433 is |ocated
on top of the first insulation |layer 432. Third and fourth | eads 435 and
437 extend from opposite ends of-the coil 435 to third and fourth pads 439
and 441. -12-

Mani festly, the first and second | eads (filnms 416 and 418) extend all the
way fromthe MR sensor to the first and second pads 420 and 422, w t hout
any vias. If desired, the invention may-ieaploy a single filn1for each | ead
I nstead of a double film in which case the single filmwould extend al

the way fromthe MR sensor to the pads 420 and 422. It is preferable to use

two films fog,Rach nl)@,aﬂuyh@x\e&\a%m $8 rhétatthdnhvol 8RR an skad tdhg chengd and
made nore conductive outsid the MRregion. As will becone nore evident

from the desentioptli Bethed atwlﬁﬁvmﬁmomahm FH’QlO&’F’féﬂBF Bseanpeqissl ot MR ¢ he
first shiel dehayern 4t esu%nég &lﬂihE b kne p%mch@dnsuh@a:ﬁ fe fHdwdeShig! d | ayer

of the prior art. The first s |'ayer of the present |nvention can be on

the order offilEG frerppfertad singetthis RESICSP@déleS?dle tfigknegsndti e AR e@ndead.
This signif 'c%ﬂg%grrtg/@hﬁc%ﬁ sﬁiefdsfo Qh&ltghérﬁﬂéar Is sufficient for shielding

the MR sensor mnimzing t e I nduct ahce of the wite head.
Processi ng st eps Iarfigs d6Adindi16B & foarthistep i thei prios artimsthdgyfoahs theiseaondg a- vi a

the pads 42089725 oh'Sp oF K, s AERCRA oBE e Bhd Rl Road P 00"
Wi th the prgsntrtj uheﬁmnshmldtlhmpzdaﬂnﬂse mwlqngdld)yBS lasd pacessed - H00 ym into
magmet i ¢’ heahe B HES alged B e R bt A S8 B IE A £ 0 gl G
maki ng shield layer 240 is then formed on top of the second gap layer 226.
In Figs. 17A and 17B a fourth step of the present method is shown wherein
the second gap layer 424 is formed on top ‘of the thin films 418 of the first and
second lead layers. The second shield layer 430 is then formed on top of the second
gap layer 424. At this stage, the first and second thin films 416 and 418 of the first
and second lead layers extend substantially all the way from the MR sensor to the pad
regions 420 and 422, between the first and second gap layers 412 and 424, as
described hereinabove with respect to Figs. 9A, 9B and 9C.
As shown in Figs. 18A and 18B, a fifth step in the prior art forms a hard
baked photoresist layer as the first insulation layer 228 on the second gap layer 226.
A via 230 is then formed through the first insulation layer 228 and the second gap
layer 226. Alternatively, the via could be first formed in the second gap layer 226,
followed by formation of the second insulation layer 228 with an opening at the
location of the via. This results in the same via as shown in Fig. 18B.. This via is
eliminated by the present invention, as is discussed next.
As shown in Figs. 19A and 19B the fifth step of the present method form$ the ™' =~ -
first insulation layer 432 on the second shield layer 430 and the second gap layer 424
without construction of any vias.
In Figs. 20A and 20B the sixth step of the prior art method deposi;s th; fhird
thin films 224 of the first and second leads, with first ends of the third thin films 224



the prior art magnetic head. The gap l|ayers are insulative material,
typically alumna (Al[err]Jerr]), and the MR stripe of the MR sensor, the
first and second shield layers and the first and second pol e pieces are
ferromagnetic layers, typically Permalloy (Ni[err]Fe[err]). The lead | ayers
may be copper or gold. The coil layer is typically copper. The
non-magnetic layers and thin netal |ayers are typically formed by sputter
deposition, while the thick nmetallic layers are typically formed by

pl ati ng. The shape of the |layers may be acconplished with a photoresi st
mask. Photoresist is spun onto a wafer d8d exposed with light in regions
where the photoresist is to be renoved, the renoval being acconplished by a
devel oper. |If sputter deposition is performed before the mask is forned,
then sputt enogt@initge Ofas 29Makd $ecbmierids of el thy® chit filniLIMvierniiBitiigi akheexposed

by the openings_in the mask. If_the IS rped fjrst.while the sputter
dgposi ti gn ipé‘}g%t@e"oﬁ‘ﬂﬂ qu1eél%r§c‘6ﬁlaa‘es‘g§a§_’é?’5 a{’e‘g(}g‘? f‘?‘[) YEr AT %%gu%ﬁ
portions  jead 234 may be fori&R O8€MHisbirt e pRcHartsthédRilbiE ERblogePdséd | on on

top of the mask_is renoved when the photoresist layer is dissolved in a
sol vent . Thithinjfdmsderthe digstiagd second lqafs, as Fontigstsd ksro mEre thagy iR Blsset al | i ¢

| ayers, a sqgﬁhﬁxﬁ&mﬁﬁmg&&§ﬁ_sputter-deposited to provide a return path for
the plating, and’then algﬁotoresist pattern is fornmed on the seedl ayer,

wi th openings expogigig2ihend? Bhshopixiestn ofthepresest methpeé fosms ey ¢plct33The
waf er is th%%&'@ﬁlﬁ%e'wﬁé o%h%a%fﬁs?%éh%eﬁapmgﬁ@ié%& gof the seedl ayer
Then t [ eav tthe

are pl ated. e photoresist is renoved, i ng esired shape of
the metal | ic | aydr Figsh23A|and22PBe thecttvensh gigp fof Aheeprisir ey method depasive the

I nst ances, qq;@? ' JagTo [ reTmalaTa): | St
pattern on Esg%nof t Agogréit‘%?l??% aeg%ﬁvﬁgre tlﬁg&#‘?&_ al ?%rscomg%ﬁlg?%i to be
formed. The 2%8fasd the thitdefilms 284 of ttheifirsy and second lgadsy Tbisrie fellosved| by de-

positing a fourth lead 236 from the center of the coil 232 to the fourth pad 208. After

forming a third insulation layer (not shown), the second pole piece 238 may be

formed, followed by formation of vias at the pad fegions 204, 206, 208 and 210, and
formation of studs (not shown) in the vias. Next an overcoat (not shown) may be
formed, and then pads at 204, 206, 208 and 210. The wafer is then processed by
dicing, lapping and dicing which results in the prior art magnetic head and slider
assembly 200 shown in Figs. 8A and 8B.

As Figs. 23A and 23B illustrate, the seventh step of the present method
performs the same steps as shown in Figs. 22A and 22B of the prior art process by
forming the fourth lead 437 from the center of the coil 433 to the fourth pad 441, the
second and third insulation layers (not shown), the second pole tip, making vias at the
pad locations 420, 422, 439 and 441, constructing studs 428 (see Fig. 9C) in the vias,
constructing the overcoat (not shown) and the pads at 420, 422, 439 and 441 (see Fig.
9C). The wafer 402 is then diced, lapped and diced resulting in the present magnetic
head as shown in Figs. 9A, 9B and 9C. . LI

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
invention is to be limited only by the following claims, which include all such
embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings.



portions of the netallic |ayer, except where the netallic |layer is covered
by the photoresist. The photoresist is then renoved | eaving the desired
shape of the netallic conmponent. Figs. 10A and 10B show a first step
in the nethod of making the prior art nmagnetic head. The trailing edge of
the slider 202 is shown in phantomon a substrate T8BR@nce{ i, gHOUl d_be
understood that literally thousands of snall nmagnet] Eaypl made in
rows and columms on the substrate 300. After this, t’ﬂwm iced into
rows for lapping to formthe ABSs. This is followe into

i ndi vidual sliders, as shown in Figs. 8 4Ad 9. The individual sliders are
nmount ed on suspensions of a magnetic disk drive. In the prior art nethod, a
full filmof first shield material 212 is deposited on a wafer, as shown in
Figs. 3 and 4. A first definition (notCisAiv#) of the shield material 212 is
made to open severgl are on the wafer substrate for test sites. A ful
filmfirst gap Iaﬁgﬁcgfﬁﬁﬁé then forned on the first shield | ayer, followed
by formation of a‘jsupplecmieal mogRit awed iRy 2 Hedomaihadld bsite Bada, | ayer .
Figs. 11 A and 11 B show_ the first step of the nethod of the_ present

i nvention. THeerginthe spmbinggehegd hata pertion dpunded K Sfin braniteattrBrs dBM92 on a

waf er SUbStr§5§S%Q%9g@ﬁ?ﬁ@pﬁ%ng%ﬁﬁgnéo4 is formed on the wafer substrate,

with a reces I's support layer is preferably alumna
(Al[err]err]). TBhmwadnetosesistig @VIB) 4dmBos;s formed in the recess 406 of the
support |ayer 404 The .tg t SUI f

- 14- | ayers ar eq‘%t%ﬁfggoﬁpeﬁg%g%?gl&rt%r%%@gﬁéﬁéea?%:ggtggﬁletosuCSIP%rﬁfcli ally
so. However, nidpmetic head; fiwl a step at 414, either up or down with respect to

the first shield |layer 410, which may expose a Rportion of a.corner, of the
first shield | ayerﬁ%gi%‘.i sqepidearievers ‘\éﬁw‘{ﬁ?@fﬁ‘i sl fenin e Fptitngon e
suppl ement al MR ls8hsof) &Pthk 38 and SEcBhd #ekd pads RO MBOvik Betw@¥Pthe MR sensor

and the first and second read pads.

i 2. The merged magnetic head of claim 1 including:

a first shield layer and a first gap iayer;

the first gap layer being sandwiched between the first shield layer and the MR
sensor; and .

each of the first and second leads including a thin film connected to the MR
sensor and extending beyond the first shield layer.

3. The merged magnetic head of claim 1 including:

a first shield layer and a first gap layer;

the first gap layer being sandwiched between the first shield layer and the MR
SEensor; '

first and second pole piece layers; and, . e

the first and second pole piece layers being connected at a back gap and having
first and second pole tips that are separated by a write gap layer at the ABS; with

a portion of a coil layer sandwiched between the first and second pole piece

layers;

S *
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the step. Optionally, the first gap | ayer 412 could be made thicker which
woul d ensure coverage of the step. However, it is desirable to naintain the
first gap |ayer 412 as thin as possible adjacent the MR sensor so as to
increase |inear resolution of the magnetic head. The present invention
differs fromthe prior art, shown in Fig. 10, in that the shield 410 is
fully formed, except for subsequent | apping of tThieSikBSias Been Replackhe second
step in the prior art method is shown in Figs. 12 ein the
first films 220 of the first and second | eads ar with an MR
stripe (not shown) of the MR sensor (seel®8 of Figs. 5 an . At this
stage, the final shape of the first shield layer 212 has not been defi ned,
and the thin films 220 are in a sea of first shield nmaterial. As
shown in Figs. 13deanil 1438 hhviag adean gosioapvioth isHecaprdesitrdly mefrbmdbfftbe ns
first thin filogs 220 of the first and second | eads that are connected to
the MR sensoP?r&®> &bwn) at the ABS. It should be noted that second ends
of the first fil ngnip2Rdednepertida@ikk tdielabawvedyihg sheofirst dheeld ldyet. shi el d

| ayer 410, as shown in Fig. 13A. In an optional enbodinent, the first and
second filns 220 may term nate within the boundaries of the first shield

| ayer 412, which js | & PRI .ion descri bed

her ei nabove. + Fieg%. B&%&@%rhﬁtﬁc}sﬁ%ﬂ&a theq?ﬁ(‘ituridéﬁés't ep of the prior art
nmet hod wher ei n sez ongndtotesistiveXMR) sensagrane dirss and sgsond gathlayérsy st fil ns 220 of
the first and secgn eads. , W e t o fy 2
slightly recessed F%%ﬂs?xﬁsé’t kﬂn g%%dgﬁ.a{ed%@%egklse fl{slﬁto?ﬁvxﬁ slgﬁ) |%§%f§6\ and 15B
the third step offiishendseesmhteadphdroekpbsedrmtsidectber dorhbihersheédBamslf t he fir st
and second leads gn_top of the first filns 416 gth firs nds of the
second filns sli gﬁflﬂéﬂraﬂ‘gé"sc% k??‘iﬁ%e{sr}?&mm%%etgﬁﬁ“@ﬁbriﬂiﬁe O%(Iild of
the filns tepif ReékRAD thé wapdronOhRINRMené2h tedirst 22d sédond haadlpddhe noted t hat
this method differs significantly fromthe prior art nmethod in that the
first and second

5. The merged magnetic head of claim I including:

a magnetoresistive (MR) sensor, first and second gap layers, and first and
second shield layers; with

the MR sensor being sandwiched between the first and second gap layers and
the first and second gap layers being sandwiched between the first and second shield
layers;

ﬁrst and second read pads exposed outside the combined head; and

the first and second read pads extending through the second gap layer.

6. A merged magnetic head as claimed in claim 1 including:

a support layer having a recess at the ABS; and

a first shield layer located in said recess and substantially coextensive with said
support layer. | . a

7. The merged magnetic head of claim 6 wherein each of the first and
second leads has a thin film that is connected to the MR sensor and extends-beyond

the first shield layer and over the support layer.

A



| eads are now fully formed with no nore than two thin filns 416 and 418. In
an optional nethod a single thin filmmy be enployed that is connected to
the MR sensor, and that extends all the way to the pad |ocations 420 and
422. However, dual filns are preferred since this will result in less |ead
thi ckness at the ABS and consequently reduced ShﬂBi%eét(Blaﬂhe@ﬁrﬁébﬁa Shorting
In Figs. 16A and 16B a fourth step of the prior t he second
gap layer 226 on top of the second filns 222 of t mmriﬂmgcond | eads.
In the prior art, the first shield is typically 25 rr t he ABS,
and recessed 100 [err]minto the head. Ti#-s is foIIowed by defining the
shape of a first shield |layer 212. A second shield layer 240 is then forned
on top of the second gap | ayer 226. In Figs. 17A and 17B a fourth
step of the presept mmﬁei§dm§%1c%a%relatﬂe inQ6ang gap layer 424 is
formed on top of the thin fi of the first and Second | ead | ayers.
The second shi el daMaifeeoiiByes; and hen formed on top of the second gap | ayer
424. At this st A0fhe frrEteshIew Blerdnd tﬁ@m,genwepuﬁdeh;@am&ﬁm@wuéé& et he
first and second | ead | ayers extend substantially al he way fromthe MR
sensor to the pad regions 420 and 422, between the first and second gap
| ayers 412 and 42 b i A 9B
and 9C. Aséshoms;l}gﬁe%%f'—éegqgag}%gi@hgﬂ %&éaﬁﬂakﬁti ?ﬁ’?ste ?OE lﬁ% Bgl or art
forms a har dalymitesd phot oresi st |ayer as the first insul atl on | ayer 228 on
t he second gap | ayer 226. A via 230 is then forned through the first
i nsul ation |ayer 228 and the second gap | ayer 226. Alternatively, the via
could be first fottred The mblged;nmgmﬁcgapd bfgleim 9 cludind:| owed by formation of
t he second insul ati ion {ayer ng'th n opening at the location of the via.
This results int Q,qdagag AAFHW It n Fig. 18B. This via is elimnated
%At hedpr1 Sgena i Pﬂl?mmoxﬂ&mgssaﬂd\&i@mmﬂ%e ﬁrs% and secohd g&?@é&ﬁrsi and-i Igs

an the f) st.e resent nethod f.orng the rst ipsulation
Faver 432 on t he GEEHH ISR S FbPa IFEAVE BRORE " Bt
wi t hout constecessfamdn of any vi as. In Figs. 20A and 20B the sixth

step of the prior art neth depqgsits the d thin fi 224 of theflrst
and second | eads, awpplﬁrqepqag SEER a¥ﬂ’°PIﬁ‘§"fflﬁ£Ier SWﬁprla}f"irF’ﬂ‘gBPZ

MR sensor; with

the supplemental first gap layer covering said junction.

11.  The merged magnetic head of claim 1 wherein each of the first and

second lead layers includes no more than two thin films.

12. The merged magnetic head of claim 11 including:

each of the first and second lead layers including first and second thin films,
each of the first and second films having first and second ends;

the first end of the first film of each of the first and second lead layers being
'éonnected to the MR sensor; |

the second film of each of the first and second lead layers having first end - - - o .
portions which overlie and are stitched to second end portions of the first film of each
of the first and second lead layers; and |

the second ends of the second films being connected to said first and second

read pads.
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- 16- | ocated in the vias 230 and second ends of the third thin filns 224
termnating at the pads 204 and 206. Along with the third filnms 224, the
coil layer 232 and the third | ead 234 nay be fornmed. At this point, the
prior art method will have enployed three thin filnms for the first and
second | eads,_as,c rast @ no nore than two thin filnms for the present
i nventi on. nis SnecP s aﬂgeglalA and 21B, the sixth step of the present

met hod forns t?m“ gu Z“ﬂa H'\ong with the wite coil |ead 435, which extends
to the pad regi ! In Figs. 22A and 22B, the seventh step of the
prior art method deposits the second insyglation |ayer 229 of the insulation
stack on top of the first insulation |ayer 228 and the third film 224 of
the first and second |eads. This is followed by de- positing a fourth | ead
236 fromthe center of~th i | .t ou ,208. After formng a
third insul ati on ‘1’ayerThfnrg?‘§§418‘&%‘?e?lctlﬁ%& ﬁ%%%dﬁp@f@a%eece 238 may be
formed, foll owed afirst shictdtlayen and a\firstgaptlayehavipad regi ons 204, 206, 208 and
210, and formatiq f studs (not shown) in the vias. t an qvercgat (not
shown) may be fortpﬁegf“ %?lea%'?féﬁ”’éafd’é‘?‘gf’l)‘efd’ﬁfwﬁﬁ&e fgﬁf&?h‘& aﬁd‘:”g fer is
then process®gsoByard Ci ng, |apping and dicing which results in the prior art
magneti c head and slider assenbly 200 shown in Figs. 8A and 8B. As
Figs. 23A and 23#h¢ ﬁrsaﬂm&ﬁaepdmaﬁwx@xﬁethe first skiplddayerhe present net hod
perfornms the same steps as shown in Figs. 22A and 22B of the prior art
process by formng the fourth lead 437 fromthe center of the coil 433 to
the fourth pad 44%; tHemsegedmoacaetc hendrad clapmed iatdam 13aipelndingnot shown), the
second pole tip, i i ocak. 420, 422, 439 and 441,
constructing stu&gﬁﬁéﬁglaglgﬁ??ﬁggég%&ﬁﬁeﬁgﬁ%‘g@? constructing the overcoat
(not shown) and tthefipasiieldilayé? Being Rizated RDsaihwdcetddnd sibstardtially @68xtenkhe waf er
402 is then diced gg&d and diced resulting in the present magnetic head

|
as shown i n Bisad §‘}i’?’

24hd 9C. Clearly, other enbodiments and
nodi fications of this invention will occur readily to those of ordinary
skill in the art .in view of these teachings. Therefore, this invention is

to be linited onlly- by lbaanerend Bagusyc ead ohclaimniddaclndiag:ude all such
embodi ments and gpgiiticeatibRRSwihen viewed in conjunction with the above

the first shield layer and the support layer underlying all of the write coil layer.

16.  The-merged magnetic head of claim 15 wherein the support layer is

alumina.

17. A combined head including a read head and a write head wherein the
combined head has a front portion bounded at a foremost end by an air bearing
surface (ABS) comprising:

the read head including:

a magnetoresistive (MR) sensor, first and second gap layers and first
] and second shield layers; . AT
the MR sensor being sandwiched between the first and second gap
layers and the first and second gap layvers being sandwiched between the first
and second shield lavers; T
first and second read pads for connection to leads external to the

combined head; and

(T



speci fication and acconpanyi ng draw ngs.

17 CLAI MB: 1. A nerged magnetic head including a read head and a
wite head, wherein the conblneamhﬁadkhﬁswakﬂmk&ﬂon bounded by an air
beari ng surface (ABS), the nerge conpri si ng: a first
shield | ayer: a magnet or m m@j&mgensor first and
second read pads for connection to [eads to the nmerged nagnetic
head, the first and second read pads being | ocated beyond the first shield
Iayer; and first and second |lead |ayers, the first and second | ead
-layers extending fromthe MR sensor beyeHd the first shield layer to the
first and second read pads w thout any via between the MR sensor and the
first and second read pads. 2. The nerged magnetic head of claiml

i ncl udi ng: a ffirkisdndg@pordaleed Jayers, each oftthe fifst msd sgapd laddaydbei ng

sandw ched betwe &n the first shield | r . and e
each of the first aé{ﬁ’ﬁ firg Wﬁ&“f"é‘&cfé‘g?’ﬁ@%/ﬁm ﬁ'giszggtpﬁit%garngrﬁe%’%ﬁ%agq@&r? o the
MR sensor and ext&mydwn&@aaqadhémédnsc&tanalﬂiee;leebnkia:yiesfofthe first and secdite ner ged

magneti c head of claiml includ a first gap |ayer;
the first gap | ayed lﬁﬁfﬁée@aﬁﬂweé%ééoﬁh‘t%E?Pdtﬁé‘”}dll?aélg shield layer and the
MR sensor: the wkitd Blad@RAudifg:ond pol e piece layers; and,

at least one coil layer, an insulation stack, first and second pole piece
layers and a write gap layer;
the coil layer being embedded in the insulation stack and the insulation
stack being sandwiched between the first and second pole pieces layers; and
the first and second pole piece layers having first and second pole tips
that are separated by the ﬁte gap layer at the ABS and ends recessed from
the ABS that are connected at a back gap; and |
the first and second lead layers extending from the MR sensor to the first and
second read pads without any via between the MR sensor and the first and second

pads.

1_8. The combined head of claim 17 wherein each of the first and second
lead layers includes a thin film that is connected to the MR sensor and extends beyond

the first shield layer.

19.  The combined head of claim 17 including:
the coil layer having a front portion which is located entirely in front of the
. back gap; and

¢ only said front portion of the coil layer overlying the first shield layer.

20. The combined head of claim 17 wherein the first and second lead layers
are sandwiched between the first and second gap layers all the way from the MR

sensor to the first and second read pads.

YO A 1



the first and second pol e piece |ayers being connected at a back gap and
having first and second pole tips that are separated by a wite gap | ayer
at the ABS: with ﬁ.sg%ewgrkeonf}{ealacce il layer sandw ched between the first and
second pol e piece | I'T layer having a front portion which is

| ocated entirely IHII][]H I“}iﬂmﬂﬂ back gap; and only said front portion of
the coil |ayer ove st shield | ayer. 4, The mer ged
magneti ¢ head of claim 1 including: a magnetroresistive (MR
sensor and first and second gap | aywers,, the MR sensor being
sandwi ched between the first and second gap | ayers - first and
second read pads exposed outside the conbi ned head: and

18 the first_and second | ead | ayers being sandw ched between the
first and second?lyap Theyemabined headeohrglaing (14 wheren Nhe dssiead seepndheadsi rst and

second readep@fdSthrough the second B HHE9ed magnetic head of claiml including:
a magnet oresi stive (MR) sensof, first and second gap | ayers, and

first and second shield layers; with the MR sensor being sandw ched between

the first and segond Hﬁ:pcén?cﬂx?erdsheaéi‘%fkﬂﬁ-nfﬂﬂ' lucgﬂ[;% second gap | ayers beings
sandwi ched between the first and second shield yers; first and

second read pads® &ppesdayeohedngle redess aidhddBS ahdad; and the first
and second read i : Ae. S L ayer . A
R

mer ged magnetic h ] I C I nc
| ayer havi mepestepsivewith ghe supporBser.and the first shield |ayer
| ocated in said recess and substantially coextensive with said support
| ayer. .

23.  The combined head of claim 22 wherein the first shield layer and the

support layer underlie the entire coil layer.
24.  The combined head of claim 23 wherein the support layer is alumina.

25.  The combined head of claim 24 including: ': f

the first shield layer and the support layer having a junction which defines said
recess;

a supplemental first gap layer on top of the first gap layer and spaced from the
MR sensor; and

the supplemental first gap layer covering said junction.

26. The combined head of claim 17 wherein each of the first and second

lead layers include no more than two thin films.

27.  The combined head of claim 26 including:
each of the ﬁrst and second lead layers including first and second thin films, .. « -
each of the first and second films having first and second ends;

the first end of the first film of each of the first and second lead layers being

connected to the MR sensor;

] R



~The nmerged magnetic head of claim6 wherein each of the first and second
feads has a thin filmthat is connected to the MR sensor and extends beyond

the first shield | ayer and over the support |ayer. 8. The nerged
magneti c heam,s(gf,eep,l{nggén Rel ncI udi ng: a wite coil layer; and

the first Shl esupport | ayer underlie all of the wite coil
| ayer. nﬁlm,Hm rragnetl c head of claim@8 wherein the support

| ayer is aI u The nerged magnetic head of claim9 including:

first and second gap Iayers with the MR sensor being sandw ched between
the first and second gap | ayers; and -23- the first shield | ayer and
the support |ayer having a junction which defines said recess; and

a supplenental first gap |ayer on top of the first gap |ayer and spaced

fromthe MR sensqfe siohd Al rdBPbeMRMiE! ardd $e8énd0RRd a3¥€ hatiay Eirétn@dsal dTh
junction. e

. 9 11.
mer ged nmagnendréorsectorvelicoandharq stifFher & seceland pertiors of the fipst gfﬁﬂ’l °§‘éa(98nd | ead

| ayers incl 2k ali W et irddpddtily d 12. The merged magnetic
head of claim ﬁ|psrt1c 5§ectoﬁ ad4ie eh 15[? the first and second | ead

| ayers i ncl udi ng the smm‘hmﬂssﬁ@m@cmm ﬁlmﬁi heing, conprckedatp spidirstandtseeond second
filnms haV|ngr d and second ends: the first end of the first film
of each of tfiz’ Pi%¥st and second |ead | ayers being

28.  The combined head of claim 27 wherein the first film extends beyond
the first shield layer.

29.  The combined head of claim 28 including:
a support layer having a recess at the ABS; and
the first shield layer being located within said recess and bemo substantially

coextensive with the support layer.

30.  The combined head of claim 29 wherein the first and second lead layers
are sandwiched between the first and second gap layers all the way from the MR

sensor to the first and second read pads.

31.  The combined head of claim 30 wherein the first and second pads

extend through the second gap layer.

32.  The combined head of claim 31 including:
the coil layer having a front portion which is located entirely in front of the

? back gap; and -
only said front portion of the coil layer overlying the first shield layer.

an

33. The combined head of claim 32 wherein the first shield layer and the

support layer underlie the entire coil layer. '
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connected to the MR sensor; the second filmof each of the first
and second | ead | ayers having first end portions which overlie and are
stitched to second end portions of the first filmof each of the first and
second | ead | ayers; and t he second ends of the second filns being
connected to said first and second read pads. 13. This Sheef NS B¥EH 9EcedqBgNEt i C

head of claim 12 i ncl uding: a first gap lay i rst gap
| ayer being sandw ched between the first shield IayeIu nsor :

and the first filmextending beyond the fir

A nmerged magnetic head as clained in clagm 13 incl uding: a.support
| ayer having a recess at the ABS, with the first shield | ayer being | ocated
in said recess and substantially coextensive with said support |ayer. 15.
The nerged magnegyc h%@c%b&k@h@ﬁd%‘fdlﬁﬁ! 30inBRlding: a wite coil

| ayer; with the flrst shield layer and the support | ayer underlying all of
the wite coil | &hedfirst shieldlayer and Theesupporglagerraving e junctiemethich deffines s2id 5
wherein the gggport | ayer is al um na. 1 7. . A conbined head including a
read head and a’'wite head wherein the conbined head has a front portion
bounded at a for armp;ﬂemetdallf;rs@apmyrer Gretopiofi thedirstfeap tay€ra8)spaedionsthag:

the read he;ig§ E&J a magnetoresistive (MR) sensor, first and
second gap | a flrst -and second shield |ayers;

the supplemental first gap layer covering said junction.

35.  The combined head of claim 34 wherein the support layer is alumina.
36. A magnetic disk drive comprising:
a write head and a read head adjacent one another to form a combined
magnetic heaci; -
a slider, the slider having an air bearing surface (ABS) for facing a magnetic
disk;
the combined magnetic head being mounted on said slider;
the read head including:
a magnetoresistive (MR) sensor, first and second gap layers and first
and second shield layers;
the MR sensor being sandwiched between the first and second gap
layers and the first and second gap layers being sandwiched between the first
and second shield layers;
first and second read pads for connection to leads external to the
combined head;

P first and second leads layers, each of the first and second lead layers
having first and second ends, the first ends of the first and second lead layers
being connected to the MR sensor and the second ends of the first and second
lead layers being connected to the first and second pads;

the write head including:
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20 the MR sensor bei ng sandw ched between the first and second
gap layers and the first and second gap | ayers bei ng sandw ched between the
first and second shield |ayers; ThisSheet Had L and second read pads for
connection to | eads external to thﬁ Aatfd first and second read
pads being | ocated beyond the firs I ! ; and first and
second |l ead | ayers, each of the first a | ead | ayers having first
and second ends, the first ends of the first and second | ead | ayers being
connected to the MR sensor and the second ends of the first and second |ead
| ayers being connected to the first and28econd pads beyond the first shield

| ayer: the wite head including: at | east one coil |ayer,
an insulation stack, first and second pole piece |ayers and a wite gap
| ayer; t he cat leastapercobdiyey amrhadidion stack, g andsedond pan pstcack and

the insulation stack b%i nglr.§and ched between the first and second pol e

pi eces | ayers: an@ycrsandawilggab 8¥fst and second pol e piece |ayers having
first and second pol e tld ¢osl layeRbeinp embedued it thel ilsylafidrestavk iah@ thgdgsulatiyer at t he
ABS and ends recessed from S that ape connected at. a back gap: and

he Al .
the first and seé@ﬁ’éle‘_é‘%&a‘I‘ ghed _ R ARG HrSt A8 secondPolAPieENaY TSt o the first
and second read pads yid ARtincABlontl RIDRELABR:S 10IHRISIRE Secodd tolk s I 1 St

and second pads. 18. The conbined head of claim 17 wherein each of the
first and second stpazated by theswritagap dayer at thtABStand gndsiragessed froomiecABY to t he

MR sensor and exte q;e p%gagd %&ebgc'krg%, shield |ayer. 19. The
drng:=*’

conbi ned head of Clarm inclu the coil layer having a front
portion which is | ocafied aadisedoad write phdspaid of t he back gap; and

only said front portign of the coi). |ayer overl.yi the. first shield | ayer.
20. " =" The condl ned MEdrbiitedrs tead s ASEril B9 ML iipsebofi | cad
| ayers are first and second read pads without any via between the MR sensor and the first
and second read pads; |
a frame; .
a magnetic disk rotatably supported on the frame;
a support mounted on the frame for supporting the slider so that the combined
magnetic head is in a transducing relationship with the magnetic disk;
means for rotating the magnetic disk;
positioning means connected to the support for moving the combined magnetic
head to multiple positions with respect to said magnetic disk; and
means connected to the combined magnetic head, to the means for rotating the
magnetic disk and to the positioning means for exchanging signals with the combined
magnetic head, for controlling movement of the magnetic disk and for controlling the

position of the combined magnetic head.

37.  The magnetic disk drive of claim 36 wherein each of the first and
SRR T
second lead layers includes a thin film that is connected to the MR sensor and extends

beyond the first shield layer.
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sandwi ched between the first and second gap layers all the way fromthe MR

sensor to the first and second read pads. 21. The conbi ned head of
claim17 wherein the first and second pads extend through the second gap
| ayer. 21 22. The
conbi ned head o? t “ lageti ng: a support |ayer having a
recess at the AB [MK the first shield | ayer being | ocated within
said recess and aIIy coextensive with the support |ayer.
23. The conblned head of claim 22 wherein the first shield | ayer and
the support layer underlie the entire coké- | ayer. 24. - The conbi ned
head of claim 23 wherein the support layer is alum na. 25. The
conbi ned head of claim24 including: the first shield | ayer and
the support |ayersfaving Rabibieldi®nirvei ghiaefenegusasd recess: a

suppl emental first gap | ayer on top of the first gap | ayer_ and spaced from
the MR sensor; ante coll layer hayigg asféﬂiﬁlpéﬁ@ﬂt‘@lch ﬁsrlg‘tate&a[fﬁ“{%)y@r from\afitheng sai d
juncti on. ggbk ap; and’e conbi ned head of claim 17 wherein each of the first

and second | ead ayers i nclude no nore than two thin filns.
only said front portion of the coil layer overlying the first shield layer.

39.  The magnetic disk drive of claim 36 including:
a support layer having a recess at the ABS; and
the first shield layer being located within said recess and being substantially

coextensive with the support layer.

40.  The magnetic disk drive of claim 39 wherein the first shield layer and

| the support layer underlie the entire coil layer.

41.  The magnetic disk drive of claim 36 wherein each of the first and
second lead layers include no more than two thin films.

42.  The magnetic disk drive of claim 41 including:

each of the first and second lead layers of the read head including first and
second thin films, each of the first and second films having first and second ends;

the first end of the first film of each of the first and second lead layers being
connected to the MR sensor;

the second film of each of the first and second lead layers having first end
portions which overlie and are stitched to second end portions of the first film of each
of the first and second lead layers; and B

the second epds of the second films being connected to said first and second

read pads.

43. The magnetic disk drive of claim 42 wherein the first film extends
beyond the first shield layer. .
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27. - The conbi ned head of claim 26 including: each of the first
and second |l ead layers including first and second thin filns, each of the
first and second films having first and second ends; the first end

of the first fi Imsq,i,ee@ggsthegjl{ewceedfi rst and second | ead | ayers being

connected to the the second filmof each of the first
and second | ead | ﬂE EH’IM’MI rst end portions which overlie and are
stitched to secon of the first filmof each of the first and

second | ead | ayers, respectively, and ., t he second ends of the
second filnms being connected to said first anhd second read pads. 28.

The conbi ned head of claim 27 wherein the first filmextends beyond the
first shield | ayer L . o . 22
29. The conbi fitd hEREGmaFnets 4isk,dsiyeiof clajpg 4R gecluding: a support |ayer

having a recess aj sigperAMBRr havifg b ecekd htsthe lBSehsl | ayer being |ocated within
said recess and being substantially coextensive wth the support |ayer.

30. The conbibadustsbis eyercheingrocated Witdinesaid xeprss and Seing sebskatightl | ead
| ayers are s e . y\gﬁ]ﬁ! irst and second gap | ayers all the way
fromthe MR ?&%ﬁgg@?gﬂ@ﬁé | g{tq r?gl second read pads. 31. The conbi ned

head of claim 30 wherein the first and second pads extend through the
second gap |ayer. 45. A method of making a combined head that has a read head and a write
head wherein the combined head has a front portion bounded at a foremost end by an
air bearing surface (ABS), the method comprising:
forming a support layer which has a recess from the ABS; and
subsequent to forming the support layer, forming a first shield layer within said

recess substantially coextensive with said support layer.

46.  The method as claimed in claim 45 comprising:

forming a first pole piece layer with a first pole tip;

forming a write gap layer on the first pole tip;

forming a first insulation layer on the first pole piece layer;

forming at least one coil layer on the first insulation layer;

forming at least a second insulation layer on the coil layer;

forming a second pole piece layer on the second insulation layer with a pole
tip on the write gap layer and with an end recessed from the ABS and connected to
the first pole piece layer at a back gap;

the step of forming the coil layer places a portion of the coil layer between the

_ first and second pole piece layers with a front portion located entirely in front of the

back gap; and

the steps of forming the first shield layer and forming the coil layer include

positioning only said front portion of the coil layer over the first shield layer.
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32. The conbi ned head of claim 31 including: the coil |ayer
having a front portion which is |located entirely in front of the back gap;
and only said front portion of the coil |ayer overlying the first
shield | ayer. 33. The conbined head of clai mrg2smhierejn the first
shield | ayer and the support layer underlie the ent%yml

ag Goe aced 34,
The conbi ned head of claim 33 including: t ’jﬂ, IJ %}j | ayer

and the support layer having a junction which define
a supplenental first gap |ayer on top of the first gap |ayer and spaced
fromthe MR stripe; and - t he 28ppl enental first gap | ayer
covering said junction. 35. The conbi ned head of claim 34 wherein the
support layer is alum na. 36. A magnetic disk drive conprising:

a wite head and 4. r eaghehgaHodef degnis eseprasitet her to form a conbi ned
magneti c head: ) a slider, the slider having an air bearing
surface (ABS) forforagedgisst 8apga%ssi ¢ di sk: t he conbi ned magnetic

head bei ng nmount &g $ahsbmlorédRfive (MR) sensor on the first gap layer;
23 the read head incl uding:
forming first and second lead layers;
forming a second gap layer on the MR sensor, on the lead layers and on the
first gap layer; | |
forming first and second pads for connection to leads external to the combined
head; and
the steps of forming the first gap layer, the MR sensor, the first and second
lead layers and the second gap layer including sandwiching the first and second lead
layers between the first and second gap layers all the way from the MR sensor to the

first and second read pads.

48.  The method of claﬁn 45 comprising:

forming a first gap layer on the first shield layer;

forming a magnetoresistive (MR) sensor on the first gap layer;

forming first and second lead layers on the first gap layer and connected to the
MR sensor;

forming a second. gap layer on the MR sensor, on the first and second lead
layers and on the first gap layer;

forming a second shield layer on the second gap layer; and

forming first and second pads which extend through the second gap layer and

‘have surfaces exposed outside the combined heads.

49, The method of claim 45 including:

forming first and second lead layers for the read head with no more than two
thin films.
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a magnetoresistive (MR) sensor, first and second gap |ayers and first and
second shield | ayers; the MR sensor bei ng sandwi ched between the
first and second gap layers and the first and second gap | ayers being
sandw ched between the first and second shield | ayers: first and
second read pads for connection to |eads external t s Szt ndeplaggdad. t he
first and second read pads being | ocated beyond the t H Iayer:
first and second | eads | ayers, each of the first and ayers
having first and second ends, the first ends of the first and second | ead

| ayers being connected to the MR sensor29and the second ends of the first
and second | ead | ayers being connected to the first and second pads beyond
the first shield | ayer: the wite head including: at | east
one coi |l layer, afp i nSieahiRih 5 Ak 4bickmprigisl Second pol e piece layers and
a wite gap | ayer; the coil |ayer belng enbedded in the insul ation
stack and the i ndotmaing @magnstokesistive gMEasenPEhed bet ween the first and
second pol e piece.| S, [ .pi ece | ayers
having first and%greng%géﬁ‘go gsf?oﬁlsd psaEei%g’rcﬁé)%éed;&g?ggtjﬁg%&%gglg@gg%’I ayer at the
ABS and ends r ecdabsetep bf fomtilef{idsBsnd kerbnditead dayersantledingtt a back gap:

first and second wit ads; an the . first and,second | ead, | ayers
extending fromthe l\/R(af %Fa‘ﬁ’ogftth%Wtag? seenpd Legciiqq&rsrvgg)dﬁﬁg&d YEeOHbut  any
via between the MinIRMSUackbfithe festlahd SécordthibRla@ aving figst BAdiSecond ends; A
frame; a magnetic disk rotatably supported on the frane;

a support nounted on tcprnecingrtherfirst enghofotne fisy thin dilm of rach of therfimst ande

conbi ned magnet i Cse&%ﬁqeaidsla&é}s?o ﬁ{ea}ﬂﬁ%ﬁi&g relationship with the nagnetic
di sk: means for rotating the magnetic disk; posi tioni ng

means connected to t hdorsmipgtetsetand thin/filmg afitke frstrindssdondelgarblayersivdthd t o
mul tiple positions.w.th respect 1o i L Cadi sk . means
connected to theﬁ%ﬂﬁqﬁ%n@tqvglﬁgg%%%ﬁgtrtrlgg%s%n? %Epgog?%ﬁsiorﬁgmt he

magneti ¢ di sk andirétahinh@inpasfithe first and swand lead dayersakspedively; ahdnal s with t he
conbi ned magnetic head, for contralli nov nt .of the net.i c di sk and
for controlling tRAERS5BYE theaireond & °égﬁ’b§eﬁ%‘ﬁr$§‘gﬁ&slt8 sﬁggab‘% and second”

read pads. -

51.  The method of claim 50 wherein the step of forming the first thin film
extends the first thin film beyond the first shield layer.

52.  The method of claim 50 wherein the step of forming the first thin film
extends the first thin film beyond the first shield layer and over the support layer.

53.  The method of claim 52 comprising:

forming a write coil layer; and

the step of forming the support layer and the step of forming the first shield
layer forms these layers of sufficient size to underlie all of the write coil layer after
the step of forming the write coil layer.

~

54. The method of claim 53 wherein the support layer is alumina.”
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24, 37. The magnetic disk drive of claim 36 wherein each of the first and
second lead | ayers includes a thin filmthat is connected to the MR sensor
and extends beyond the first shield | ayer. 38. The magnetic di sk
drive of claim 36 including: the coil layer having a front portion
which is located entirely in front of the back gap; and y said

_ onl
front portion of the coil layer overlying the firstT hegt Hag b8 Repﬂc 39.
The magnetic disk drive of claim 36 including: r‘ll“hyer
having a recess at the ABS: and the first shi g

located within said recess and being subsstanti al | y coextensive with the

support | ayer. 40. The magnetic disk drive of claim 39 wherein the
first shield |layer and the support layer underlie the entire coil |ayer.
41. The magnet 58. di $ke drethod offclaginaidnsoB@rimer ei n each of the first and

second | ead | aye_r§oi ncl Eﬁ%g\&%ﬁﬁ%; %ntﬂbeaﬁrs{g% ltapérn filmns. 42. The
cl-aim ng: ’

magneti c di sk dri veTote I ncludi each of the first and
second | ead | ayer sheoftepshef feaind@edfirshchistli hagerf ands theasuppae dayed fotmanafi | ns,

each of the first and second fjl havi first and secand ends:
Che 't r st endiishon Agwest B8 By hieliettasnd B SufmarHEe pHiE deQuSORE P55 | ayer s
bei ng connecttggl to the MR sensor; t he second filmof each of the

first and second | ead | ayers having first end pogt}li ?_ns whj ch overlie and
are stitched to s&UBYRE &FPPISHICRI2bAST B3P lay opitoR of e Pirst 6P leXensndsPackd fir st

and second | R 1h@WIR SendPYith the supplemental first gap layer covering said junction.

56.  The method of claim 45 comprising:

forming a magnetoresistive (MR) sensor;

forming first and second read péds exposed outside of said combined head; and

forming first and second lead layers with the first and second lead layers
extending from the MR sensor to the first and second read pads without any via

between the MR sensor and the first and second read pads.

57.  The method of claim 56 comprising:

forming a write coil layer; and

the step of forming the support layer and the step of forming the first shield
layer forms these layers of sufficient size to underlie all of the write coil layer after

the step of forming the write coil layer.

58.  The method of claim 57 comprising:

forming a first pole piece layer with a first pole tip;
forming a write gap layer on the first pole tip;

forming a first insulation layer on the first pole piece layer;
forming at least one coil layer on the first insulation layer;

forming at least a second insulation layer on the coil layer; e
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thé second ends of the second films being connected to said first and
second read pads. 43. The magnetic disk drive of claim42 wherein the

first filmextends beyond the first shield I et Had Been Replacdd1€ Magneti c
di sk drive of claim43 including: a support %j :ﬂ! ecgss ﬁt %he
ABS; and “ S the first
shield | ayer being | ocated within said recess tant lally

coextensive with the support |ayer.

-_’l_

forming a second pole piece layer on the second insulation layer with a pole
tip on the write gap layer and with an end recessed from the ABS and connected to
the first pole piece layer at a back gap;

the step of forming the coil layer placing a portion of the coil layer between
the first and second pole piece layers with a front portion located entirely in front of
the back gap; and

the steps of forming the first shield layer and forming the coil layer positioning

only said front portion of the coil layer over the first shield layer.

59.  The method of claim 58 comprising:

forming a first gap layer on the first shield layer;

forming the MR sensor on the first gap layer;

forming the first and second lead layers on the first gap layer:

forming a second gap layer on the MR sensor, on the first and second lead
layers and on the first gap layer;

forming a second shield layer on the second gap layer; and

forming first and second read pads extending throu0h the second gap layer and

having surfaces exposed outside the combined heads.

60.  The method of claim 59 wherein the support layer is alumina.
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