A PERPENDI CULAR RECORDI NG MAGNETI C READ WTH A WRI TE SHI ELD MAGNETI CALLY
COUPLED TO A FI RST POLE PI ECE BACKGROUND OF THE I NVENTION 5 1. Field of
the Invention The present invention relates to a perpendicul ar recording
magnetic head with a wite shield nagnetically coupled to a first pole

pi ece and, nore particularly, to such a head which enpl oys ferromagnetic
studs magnetically coupling the wite shield to the first pole piece. 10
2. Description of the Related Art The heart of a conputer is a magnetic
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surface (ABS) of the slider causing the slider to ride on an air bearing a slight distance
from the surface of the rotating disk. When the slider rides on the air bearing the actuator
arm positions the write and read heads over selected circular tracks on the rotating disk
where field signals are written and read by the write and read heads. The write and read

20  heads are connected to processing circuitry that operates according to a computer
program to implement the writing and reading functions.

A write head is typically rated by its areal density which is a product of its linear
bit density and its track width density. The linear bit density is the number of bits which
can be written per linear inch along the track of the rotating magnetic disk and the track

25  width density is the number of tracks that can be written per inch along a radius of the
rotating magnetic disk. The linear bit density is quantified as bits per inch (BPI) and the
track width density is quantified as tracks per inch (TPI). The linear bit density depends
upon the length of the bit along the track and the track width density is dependent upon

the width of the second pole tip at the ABS. Efforts over the years to increase the areal




1 density have resulted in conputer storage capacities increasing from

kil obytes to negabytes to gi gabytes. The nagnetic nonent of each pole
piece of a wite head is parallel to the ABS and to the major planes of
the layers of the wite head. Wen the wite current is applied 5 to the
coil of the wite head the magnetic nonent rotates toward or away fromthe
ABS, dependi ng upon whether the wite signal is positive or negative. Wen
the magnetic nonment is rotated fromthe parallel position, magnetic fl ux
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rotating magnetic disk. This causes an orientation of the magnetization in the circular
disk to be parallel to the plane of the disk which is referred to as longitudinal recording.
The volume of the magnetization in the disk is referred to as a bit cell and the
magnetizations in various bit cells are antiparallel so as to record information in digital
20 form. The bit cell has a width representing track width, a length representing linear
density and a depth which provides the volume necessary to provide sufficient
magnetization to be read by a sensor of the read head. In longitudinal recording magnetic
disks this depth is somewhat shallow. The length of the bit cell along the circular track of
the disk is determined by the thickness of the write gap layer. The write gap layer is
25  made as thin as practical so as to decrease the length of the bit cell along the track which,
in turn, increases the linear bit density of the recording. The width of the second pole tip
of the longitudinal write head is also made as narrow as possible so as to reduce the track
width and thereby increase the track width density. Unfortunately, the reduction in the

thickness of the write gap layer and the track width is limited because the bit cell is




wi dt h and thereby increase the track width density. Unfortunately, the
reduction in the thickness of the wite gap |ayer and the track wwdth is
limted because the bit cell is 2 shallow and there nust be sufficient bit
cell volume in order to produce sufficient magnetization in the recorded
disk to be read by the sensor of the read head. In a perpendicul ar
recording wite head there is no wite gap |layer. The second pole piece
has a pole tip with a width that defines the track width of the wite head
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di scussi on rédording scheme is perpendicular to the plane of the disk as contrasted to parallel to the
plane of the disk in the longitudinal recording scheme. The flux from the pole tip into the
perpendicular recording magnetic disk is in a direction perpendicular to the plane of the
disk, thence parallel to the plane of the disk in the aforementioned soft magnetic
20  underlayer and thence again perpendicular to the plane of the disk into the first pole piece
to complete the magnetic circuit.

Experimental evidence and modeling have shown that a trailing edge write shield
improves the derivative of the head field dHy/dx and increases the longitudinal field at
the writing location. These features improve transition sharpness (linear resolution) and

25 permit higher coercive field media (improved stability). Initial discussion of a

perpendicular pole head with trailing edge shields (and leading edge shields) and its

advantages was published by A. S. Hoagland of IBM in “High resolution magnetic
recording structures”, IBM Journal of Research and Development, 1958 (2) pp. 90-104.
That head was fabricated from laminated HiMu80 sheets and hand wound coils. This




per pendi cul ar pole head with trailing edge shields (and | eadi ng edge
shields) and its advantages was published by A S. Hoagland of IBMin

"Hi gh resolution magnetic recording structures”, |BM Journal of Research
and Devel opnment, 195 8 (2) pp. 90 -104. That head was fabricated from

| am nated H Mu80 sheets and hand wound coils. This 3 would be difficult to
manuf acture at the di nensions needed for today's recording densities. In
addition, M Mallary obtained US Patent 4,656,546, "Vertical magnetic
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requires a relatively thick return pole which will have to be made of high moment
material for the desirable high write field capability, and a very narrow throat height for

that element. This design will also result in write disturb of the read shields.

20 SUMMARY OF THE INVENTION
An aspect of the present invention is an improved shielded pole head which
requires only a single pancake coil and yet allows the trailing shield, P1 of the write head
and the read element shields to all be at the same potential. Another aspect of the
invention is that the third dimension is used to allow low reluctance coupling of a trailing
25  shield to the large cross-section return pole Pl of a perpendicular write head. That
coupling is via “studs” which are fabricated as described below of high moment highly
permeable material between P1 and a (short) trailing shield and the studs being

positioned outside of the single pancake coil.



25 shield to the large cross-section return pole Pl of a perpendicul ar
wite head. That coupling is via "studs" which are fabricated as descri bed
bel ow of high nonent highly perneable material between P | and a (short)
trailing shield and the studs being positioned outside of the single
pancake coil. 4 The present perpendicular recording wite head includes
ferromagnetic first and second pole pieces which are connected to a back
gap which is recessed froma head surface of the wite head, an insul ation
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of the read shields.
15 Other aspects of the invention will be appreciated upon reading the following
description taken together with the accompanying drawings wherein the various figures
are not to scale with respect to one another nor are they to scale with respect to the
structure depicted therein.
BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 is a plan view of an exemplary prior art magnetic disk drive;
Fig. 2 is an end view of a prior art slider with a magnetic head of the disk drive as
seen in plane 2-2 of Fig. 1;
Fig. 3 is an elevation view of the prior art magnetic disk drive wherein multiple
disks and magnetic heads are employed;
25 Fig. 4 is an isometric illustration of an exemplary prior art suspension system for
supporting the slider and magnetic head;
Fig. 5 is an ABS view of the magnetic head taken along plane 5-5 of Fig. 2;

Fig. 6 is a longitudinal cross-sectional view of the slider taken along plane 6-6 of

Fig. 2 showing the present perpendicular recording head in combination with a read head;




di sks and nmagnetic heads are enployed; 25 Fig. 4 is an isonetric
illustration of an exenplary prior art suspension systemfor supporting
the slider and magnetic head; Fig. 5 is an ABS view of the magnetic head
taken al ong plane 5-5 of Fig. 2; Fig. 6 is a longitudinal cross-sectional
view of the slider taken along plane 6-6 of Fig. 2 show ng the present

per pendi cul ar recording head in conbination with a read head; 5 Fig. 7 is
an ABS view of the slider taken along plane 7-7 of Fig. 6; Fig. 8 is a view

taken al ong pl agﬁé%gaﬂﬂqﬁé gxeuﬁof"i‘bé Brick ak@REﬁ)hg%ian@‘%"YﬁfF@e gcol | layer and

| eads renoved, I's an I'sonetric view o second pofPe pi ece of Fig. 6
whi ch includes &ig58 x4 tvisw pdibe alpingqearrngi8 ftRig Oelith 411 mateanbaboveitge cdl) i s
a top view of Fi 9; Fig Il I Aand | | B are a longitudinal view and an
ABS vi ew ofait%éﬂgleéﬂﬁrqﬂm)@ﬂved in fabricating the read head portion 72 of
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first pole piec en planarize ar e e co S are
fabri cated bonnﬁmaépmaem:la)rop\potbewb fager; the coils, a back gap has been
constructed and an al um na | ayer S been deposi ted the cut in Fig. 12A
and subsequent "TAE Wl@&ﬁ@mﬂm@m@ offset and the cut in Fig. 12B and
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same as Fi %ut in "TER an% su ge%%@nt ‘%’hﬁé&cgﬁﬁekral?f offset and the cut in Fig. 12B and
subsequent “B” figures recessed from the ABS to show stud segments in full;
Figs. 13A and 13B are the same as Figs. 12A and 12B except the top of the
15  partially completed head has been chemically mechanically polished (CMP) to provide a
flat surface where an alumina isolation layer is formed;
Figs. 14A and 14B are the same as Figs. 13A and 13B except studs and a second
pole piece layer has been formed;
Figs. 15A and 15B are the same as Figs. 14A and 14B except an alumina layer
20 has been deposited and CMP has been implemented to provide a flat surface;
Figs. 16A and 16B are the same as Figs. 15A and 15B except a hard mask has
been formed,;
Figs. 17A and 17B are the same as Figs. 16A and 16B except an adhesion/stop
seed layer has been formed and a photoresist layer, which is being patterned, is formed
25 onthe Ta layer;
Figs. 18A and 18B are the same as Figs. 17A and 17B except reactive ion etching

has been implemented into the hard mask and the adhesion/stop seed layer producing

openings for studs and a second pole piece pole tip;




been fornmed; Figs, 17A and 17B are the sane as Figs. 16A and 16B except an
adhesi on/stop seed |ayer has been forned and a photoresist |ayer, which is
being patterned, is formed 25 on the Ta layer; Figs. 18A and 18B are the
sanme as Figs. 17A and 17B except reactive ion etching has been inplenented
into the hard mask and the adhesi on/stop seed | ayer producing openings for
studs and a second pole piece pole tip; 6 Figs. 19A and 19B are the sane as
Figs. 1 8A and 18B except a N Fe seed |l ayer has been fornmed in the
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21B are t héasbeen fafméd mthe dpchimgsd 20B except the nagnetic head has been

CWP until the CMP reaches the adhesion/stop seed |ayer; Figs. 22A and 22B
are the same as Higg20Axnd 20 are shigsame apligs 1944 and é%%rexgqpt%@g BPRTMIESHRYE heen
sputter de ' | y has been planarized; Figs. 23A and
23B are th%g%ﬁgdagﬂﬂif%@%ﬁg%ﬁ%% except photopatterned resist 10 has
been applied w tRigREAI and<2 1 B-argshe e anFigR 4MAanmd OB exeupe tiesmBepigsic H23d and
23B except etching has been_ inplenented to provi de openings in the alum na
to the studasbegnfsMPamsil the S MBmeaches thg adhes Sé%meééayezm and 24B except
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formthe studs and a top shield; A an are e same "as
25A and 25Rhamnine has bdea spoygerslepeditdd andlthetheed stsentblyas betreplanamets er

bi | ayer resi s ITA6 2B88H! 711 BEATGFHNE Aok ESCEHN 220 IR JROCRBACFRISHb ar e
E)Eet ﬁgqgsgzlggpg&ap%ﬁ@d and O%glﬁngggcept an overcoat |ayer 20 has been forned
Figs. 24A and 24B are the same as Figs. 23A and 23B except etching has been
implemented to provide openings in the alumina to the studs;
Figs. 25A and 25B are the same as Figs. 24A and 24B except the resist has been
removed and a bilayer resist has been patterned to form the studs and a top shield;
15 Figs. 26A and 26B are the same as Figs. 25A and 25B except the top shield and
the studs have been sputter deposited;
Figs. 27A and 27B are the same as Figs. 26A and 26B except the bilayer resist has
been lifted off the assembly; and
Figs. 28A and 28B are the same as Figs. 27A and 27B except an overcoat layer

20  has been formed on the assembly.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Magnetic Disk Drive
Referring now to the drawings wherein like reference numerals designate like or
25  similar parts throughout the several views, Figs. 1-3 illustrate a magnetic disk drive 30.
The drive 30 includes a spindle 32 that supports and rotates a magnetic disk 34. The
spindle 32 is rotated by a spindle motor 36 that is controlled by a motor controller 38. A
slider 42 has a combined read and write magnetic head 40 and is supported by a

suspension 44 and actuator arm 46 that is rotatably positioned by an actuator 47. A




DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS WMagnetic Di sk Drive Referring now
to the drawi ngs wherein |ike reference nunerals designate like or 25
simlar parts throughout the several views, Figs. 1-3 illustrate a nagnetic
di sk drive 30. The drive 30 includes a spindle 32 that supports and
rotates a magnetic disk 34. The spindle 32 is rotated by a spindle notor
36 that is controlled by a notor controller 38. A slider 42 has a conbi ned
read and wite nmagnetic head 40 and is supported by a suspension 44 and
actuator ar .o af at ahl | 1] . Uat a7, .
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disk 34 and . the air hearing surface (ABS). 48. The nmagnetic head 40 may
then be enphigy®mpisatly, Omn) ighion b aikkdir Bearing) hetvestpihe sarfacaofdhe diskSgandn
the surfac £t ]| I ' | ' efrom
Processingq%??gdggpgéééﬁgééﬁgﬁgxghs{gﬁhﬁgém?ﬁgggggﬁ%#%gqﬁnghgﬁ“h&ﬁﬁ &&

i nf or mat i onwriting inférhratibe &dmabiplecicouladesckpomtheauifadeasf the diske 38] gnedlbad for
rotating the  magnetic, disk 34, and provides, control signals to the .
actuator f dﬁam?r&elm%@nslﬁ?re pmy oProgessing MrepREC R exghanggsysignaly, fepresengiag 42

is sho S ' 3 . ' ' ove
oy b Sourtol Mol WRRTHERAR M prokifes HRIIROAGR RrE it REKGZIARD
5 i s an ABSnagnetic diskt 3k asl ipdevidel2contd] sigealsag et actudtenfbrafiovip ehe klidkerto has
a center raill 56 that.s orts tf netic head 4Q, and side rajls_58 and
60. The rai'RE0% racky &hﬁéo‘{ i shder RO %Poa%ggoupﬁaﬂéea.sumﬁmee_ pedf€t o
rotation Ofcohgb%n&ﬁg Qedctibed héttinaBove MAG e ASMERLA aBfarhé F:@tof A ﬁcﬁ@fﬂgnﬁi,%gge

64 of the slider and the magnetic head 40 is at a trailing edge 66 of the
sl i der. shown in Fig,. 3.
15 Fig. 5 is an ABS view of the slider 42 and the magnetic head 40. The slider has a

center rail 56 that supports the magnetic head 40, and side rails 58 and 60. The rails 56,
58 and 60 extend from a cross rail 62. With respect to rotation of the magnetic disk 34,
the cross rail 62 is at a leading edge 64 of the slider and the magnetic head 40 is at a
trailing edge 66 of the slider.

20 Fig. 6 is a side cross-sectional elevation view of a merged magnetic head
assembly 40, which includes a write head portion 70 and a read head portion 72, the read
head portion employing a read sensor 74. Fig. 7 is an ABS view of Fig. 6. The sensor 74
is sandwiched between nonmagnetic electrically nonconductive first and second read gap
layers 76 and 78, and the read gap layers are sandwiched between ferromagnetic first and

25  second shield layers 80 and 82. In response to external magnetic fields, the resistance of
the sensor 74 changes. A sense current Is (not shown) conducted through the sensor

causes these resistance changes to be manifested as potential changes. These potential

changes are then processed as readback signals by the processing circuitry 50 shown in

Fig. 3.




20 Fig. 6 is a side cross-sectional elevation view of a nerged magnetic
head assenbly 40, which includes a wite head portion 70 and a read head
portion 72, the read head portion enploying a read sensor 74. Fig. 7 is an
ABS view of Fig. 6. The sensor 74 is sandw ched between nonmagnetic

el ectrically nonconductive first and second read gap |ayers 76 and 78, and
the read gap | ayers are sandw ched between ferromagnetic first and 25
second shield |ayers 80 and 82. In response to external nagnetic fields,

conducted ¢ hr ought P BERR" 6 A 0 FRne GRS o fh EllasSal Bl 3R0HE

mani f est ed page p@b@ntooaéndcmnﬂﬁﬁh ektag e tIRNABS! to Habia e poiods 102N 106
processed as readback signals by the processing circuitry 50 shown in Fig

3. 8 As s hdvmclil areppepssedainghigihqad andeviigh are mesagtipaiytdoonecter toriebaskegapflayest
and second ep%g&%sv%ojlg &1(&%@?0&% "YH&@&: S)B%)ﬁgxg r]::(l; ggdt gg%pd?’é%l% jnece(iayegap

portions 1 are recesse hea

nmagnet i sal I(p2 qma)em(ednd Q tap ?at&nlgaayef @ENayet0B32. Tns.caﬁacaadzeeﬂltﬁe AteGAd 102
may include a bottomrecessed second pole piece |ayer 5 (P2 layer) 130 and

a top pole St3¢qsld| PRepicegsT 00@96&92 is3n mﬂdétambﬂaqkekl@e’énch ppesends fsem shaiABSde ond

pol e plece | c end t he
ABS to thg% ka%!% lgi?% le();ﬁ wbﬁgase%eng}egﬁd (]leftisll-ler%rvr?%ea 'ﬁfg n% ite
coi | |ayer iAsuPatiohhstacki hH]JinaS/Ih@ﬂe att@elomlkSulatiyn Maee 1 84 haiidto Msulated] thé vie

llayer 114 which insulates the wite coil fromthe fi rstbé)ole pi ece 100 and

i nsul at i on “PHyEME the §rst pelerpigceH0G And msulagen lavses 1 opd { S adigh ingylate the om

t he seggnd [ ed

bet vveeﬁgt hevsifciz%leclOH la er angih ¢ %%Bi(ggbl\é%é?cr?ce fgésﬂgeet{(g%l lgﬂglﬂifaeaﬁeerr lggqgnd

the first ﬂoﬁaﬁedh&w&dtﬂyemlﬂ@@r:&rdetha%mnn | ayer the head s knowmn as a
hield | ayer and the first

Eﬁ{ 263. 2§Zd| ayersa %@éﬁgybacgﬁg fﬁy@?ﬁ iﬁrf aﬂsfr@ Rods Riess el ansanerIpmeR ¢

120 and 1277 oa ety 52%2“ praReRdl nsdd, o SRREFRER Ao M SRLodeDIRAG S

| eads 122 and the firsdpotehpieces layprearsisopardié, layans wihititr ate apphrited ibiyha sadmlzgnetic

connectlisonﬁay%%4 gsn ghc}“zﬂ? ir(f %gs?(ﬁt axllcF 39 %rs%za?ld second solder connections 120 and 121
connect leads (not shown) from the spin valve sensor 74 to leads 122 and 123 on the
suspension 44, and third and fourth solder connections 124 and 125 connect leads 126

and 127 from the coil 84 (see Fig. 8) to leads 128 and 129 on the suspension.

As shown in Figs. 9 and 10, the second pole piece 102 includes the bottom second

20 pole piece (P2) layer 130 and the top ferromagnetic pole tip (PT) layer 132. The layers
130 and 132 have flare points 134 and 136 where the layers first commence to extend
laterally outwardly after the ABS. The pole tip layer 132 has a pole tip 138 and a yoke
which is located between the pole tip 138 and the back gap 108 (see Fig. 6). The width

of the pole tip 138 is the track width (TW) of the recording head. The pole tip 138 is

25  shown extended forward of the ABS in Figs. 9 and 10 since this is its configuration when
it is partially constructed on a wafer where rows and columns of magnetic head
assemblies are fabricated. After completion of the magnetic head assemblies, which will

be discussed hereinafter, the head assemblies are diced into rows of magnetic head

assemblies and lapped to the ABS shown in Fig. 6. Each row of magnetic head




and 127 fromthe coil 84 (see Fig. 8) to |leads 128 and 129 on the
suspension. As shown in Figs. 9 and 10, the second pol e piece 102 incl udes
the bottom second 20 pole piece (P2) layer 130 and the top ferronagnetic
pole tip (PT) layer 132. The layers 130 and 132 have flare points 134 and
136 where the layers first comrence to extend laterally outwardly after
the ABS. The pole tip layer 132 has a pole tip 138 and a yoke which is

| ocat ed between the pole tip 138 and the back gap 108 (see Fig. 6). The

width of tf3gnmses if ihen 4RBd ifto iltBvihAHEad i | ad.
The pole tip 138 i_s1 _25nshovvn gxt e‘F\lded fgrm%%@bg%sv%ﬁeﬂiﬁhgﬁ?é\ﬁ%ggg%eﬁgogﬁd 10
si nce this asshowsinBigi Bguration when it is partially constructed on a

waf er where rows, and col upns of net.i c. hea assenblies are fabricated.

After conpleti orfq%&ot"ﬂﬁbmng?’éﬁe{’)iaﬁgﬁgéﬂ l%tsé’é”é‘r?ﬁﬂ?@,l%ﬁd?f’a\ﬁq ctwgen Heshirgsed

her ei naf t ermoiitha4 oty ' [ r [ .
S4BT MRS DN Aol YRl A SR

assenblies and | apped to the AB :
9 assendl i éslongitedinal mdcerdihg had. | Indearitmsta flulesighals smphdtizestharbdt oglsnihettie on

th i ans. shown i n.Fig...3. .As in Figs. 6.and 7, ,
nsutac on Faine i P Pesiae Aitaunt yREHT GhE tagbiic Polo AP 498 hEnings,
The i nsul atth ee fir8ysdle pitBe 160 Pata s%ﬂ%één%ti@?aPFﬂ iR Y erfEhd RARr ?é/&ﬂdihg d%sE. a

| ongi tudi nal recordi ng head. In contrast, ux signals magnetiz e bit
cell's in the redbshowld b skteil that pbepdheliscedndr pale rppede bayemil 86 (PRelafényxis f r om

ayer i a EDeRL o A ik et BE hEaase ot Aot B ABS A he

second 100! ehgbaskegdpadosrcahIR hBRehc/'SY that the vAHiR!BY FrbquaicySBVER inBrehidd fo?
the I ength of the ﬁgad assenbly 40 between the ABg%ggd )510 thenbléegi ggp 108

can be shodvidkesdnergasingthetlinsanbit densityi of the avyite mesd. c Ershbualdi aisy baisederstood

further in | ] It _density of..the wit.e head.,..lt should,al so
be under st g%%ﬁ%ﬁg%ﬁe?ﬁg °%‘r€§%é‘?.gfé’ RICA C%‘Séé’%ﬁ‘@)e e F‘Hifaﬁﬁg ‘?‘R}F][‘F“ﬁlsga dte
coi | | ayer snelabeve theetidrdadtesd ofoa singleovetet ol laydiehs SHHEROFIR! 62akd Sl Be
wite coil I_ﬁger, as,séEown_ in Fig. 6, and still be wthin the spirit of

t he i nvent MGHIN the spuitoh Higinyentiongs. 6 and 7, ferromagnetic studs 300 and

302 ar gsmagneti Gal Lhwn in Figs. 6 and 7, ferromagnetic studs 300 and 302 are magnetically

connected between the first pole piece layer 100 and a ferromagnetic write shield 304.

As can be seen from Fig. 6, the studs are located between the coils 112 and the ABS. As

shown in Fig. 7, the direction of travel of the magnetic medium, which may be a disk, is

from the bottom to the top of the paper. Accordingly, the write shield 304 is a trailing

20  shield and the read head, including the sensor 74, is a leading read head. Each of the

studs 300 and 302 may be constructed in four separate processing steps which results in

the stud 300 having stud segments 300A, 300B, 300C and 300D and the stud 302 having

stud segments 302A, 302B, 302C and 302D wherein the A segments may be

simultaneously constructed with the back gap 108, shown in Fig. 6, the B segments may

25  be simultaneously constructed with the second pole piece layer 130, the C segments may

be simultaneously constructed with the pole tip layer 132 and the D segments may be

simultaneously constructed with the write shield 304. These fabrication steps will be

described in detail hereinbelow. An insulation layer 305, which may be alumina, is
located between the write shield 304 and the pole tip (PT) layer 132.
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connected between the first pole piece |layer 100 and a ferromagnetic wite
shield 304. As can be seen fromFig. 6, the studs are | ocated between the
coils 112 and the ABS. As shown in Fig. 7, the direction of travel of the
magneti c nedium which may be a disk, is fromthe bottomto the top of the
paper. Accordingly, the wite shield 304 is a trailing 20 shield and the
read head, including the sensor 74, is a |leading read head. Each of the
studs 300 and 302 may be constructed in four separate processing steps
which results in the stud 300 havijidned HEMES nts 300A, 300B, 300C and
300D and the stud 302 having stud segnents A, 302B, 302C and 302D
wherei n the A sdfjgertla amyl IiBeto Bgm2B8Acand ASH ﬂ{lustnatsvammtses&pmm thetﬂabmmmq gap

i th the. SATGNGTENGic iegt e RpR A0 Sy W 165 SapRdnte agh || Band, A PE et s y

construct edipi delodd ShitRd %yEI'SDSd @ﬂ& r8211%3¥ %dfabﬁé‘ata $¢ INENkAoWRYrd e plating

si mul taneously constructed with the wite shield 304. These fabri catlon
steps WSl | tbehnigles @nd lﬂmdﬁnshamiesmond read egap Hayensn76 And 78 20d the sensoraldemag ©8,

whi ch may aI l.na, | | ocat ed en t e.wite shield 304 and the pole
tip (PT) | "réT"sz‘_‘EB‘%B?WBHa‘&'f“ ‘T&"V\%‘ WA A and | | B to Figs. 28A
p

and 28B il | ust r%@:g@ﬁﬂﬂ%ﬁ@ﬂ%ﬁﬂﬁd& alldi}ﬁmfaél&fek i%ade!pﬁﬂted ottsll‘ﬁ“ﬂ?ﬁﬁ?me%f@ﬁad
assenbly 40 shown in Figs. and 7. In he first and

second shi eilldnhﬁyeclsemgalme@nmyy behshad (Cbﬁﬂé@ﬂwﬁmme Risoouayer g 100

Phe. sonsor o agtBRn Pt 20d b g2 B AR ARG 0B8R Bl e ¥ 8 0

t echni qges. shbﬂnﬁh@EiE 128 ekt 18 1as1115ticﬁ1k1 ?éwnmesublamralurﬁmdem@dpbﬁéd(mt
shown) and the thic alum na i s _chem cal mechani cal ly polished (CWP) to

the first ga%atmgeac@bﬁ%waém el dayer |1é%\@rpﬁgtha|ﬂa$hmbﬁ piggedpyerddf. dhe vage on
each side Qi t g { {55 %Ceﬁld' ﬁylﬁéulétﬁé )bgaigs&&&{]ﬂéﬁ‘#g?c}ﬂrﬁg l:fezl?dk chext,

t he insul ation ayer %1'@8[115 um na eposl Ing a
subsequent plmotdr@sism |Aftelr ph@tbpﬂtﬂe&nﬁg (ot rsln@vfﬁ)l anﬂtatqbrﬂmpﬂo&he fitlsaypele pi€@.laykne
wite coi

whi i oy HO0PHE SHIA SRRl A0 Aend TRRAGASHE bash P AR R RN Pt

etch dawn tmi¢ Rerlilohel i UeBofiifE & thitl Hyer of alumina 119. In Figs. 13A and 13B the
magnetic head is chemically mechanically polished {(CMP) flat and an isolation layer
118, which may be alumina, is deposited and patterned so as to leave tops of the back gap

108 and the stud segments 300A and 302A exposed.
In Figs. 14A and 14B there is simultaneously formed the second pole piece (P2)
20  layer 130 with a front end 134 which is recessed from the ABS, the back gap portion 106
which is magnetically connected to the back gap 108 and stud segments 300B and 302B.
In Figs. 15A and 15B a thick alumina layer is deposited (not shown) and CMP flat
leaving tops of the stud segments 300B and 302B exposed and leaving the alumina layer
140 between the front end 134 of the second pole piece layer and the ABS. In Figs. 16A
25 and 16B a hard mask 204 is formed on the second pole piece layer 130, the tops of the
stud segments 300B and 302B and the alumina layer 140. The hard mask may be Mo, W,
Tay03, SiONx, SiO; or Si3N, and is etchable by a fluorine based reactive ion etching
(RIE). In Figs. 17A and 17B a non-silicon adhesion/stop seed layer 206 is formed on the
hard mask 204 followed by a photoresist layer 208 which is photopatterned to define a
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100, the stud segnments 3 OOA and 302A and the back gap 108 are

sinmul taneously fornmed. 15 This is followed by depositing a thick |ayer of
alumna 119. In Figs. 13A and 13B the magnetic head is chemcally

mechani cally polished (CW) flat and an isolation layer 118, which may be
alumna, is deposited and patterned so as to | eave tops of the back gap

108 and the stud segnents 300A and 302A exposed. In Figs. 14A and 14B there
is simultaneously formed the second pole piece (P2) 20 layer 130 with a

front end 134 whigh LS [ : j
whi ch is magiet ?%%’FIS;Edc%eﬁﬁlggﬁgogﬂmﬁe@aéﬁggpSE%quO?\%tlgtetgy)g gtrggl}% g& gOOB
and 302B. Fci:%Pdﬁivﬂﬁch irohvdenthe Pefpeadichiac fecatdimg pde Lipyd8. i s deposited (not

shown) and flat leaving tops of the stud segngents,K 300B and 302B
exposed and | eavihsgadhseionision; ssed E%g?&?ogm %f%ﬁﬂ@ the SRPUR FEPSISSRE A ¢ he

second pol eraoi\?%ﬁplﬁx,egucﬂ% Ttahe[npf?i’% 18/ANadd 968 a ¥fifrife At r%ﬁ?i\?higﬁrcgﬁ%SK

204 is fornmed on tThe seco pol e pFfece |l ayer 130, the tops o
segnent § 3Ga{plancht@D 2o ahel ddhesial/stop rsaed daper 2040andTingo Hhe dharda siaskedf4bior Mo,

et 7203 o papnitin e i seafents S0 SR Tl Y 45 DL MR iRASEg
adhesi on/ stgpo5Rath | AYRh80A ih irigpsomsl 70 di6f tHRAMHe BRI op Wed| 184r20BAnRY 2
Paye g™ which 1's ph

phot or esi st otopattened to define a |l | shape of the
stud segmenhs haRi0Baskn20B6abaetdhecby secang fhairmettiaped RIB stepy eks grby sascn

Fig. 6) whigch incl st er pendi.cul ar, recordin le, tif-138. The

adgesi ZJH/S'[ ?)‘nsl:né%%lfggﬁfiqgggoﬂ?gwgﬁgor ?é@ﬁé%?‘?%&?ﬁga@q E{)J%: %%gqrsath'ﬁ{lﬁhof
Ta,  Wiand P fornRMdG0r @ sbeond pdle EEgﬁyer.l&i\_Feg%dm&Bna 19BuUOsdendayer9ed (hereti ve
ion etch is 5 inplenented into the ‘adhesion/stop seed |ayer 206 and into

the hard neiie)20¢hfasNifeoidapitter dapositedgiata the traneh operingse farehe studowemanty

302C and fo e PI er..includin t he le tip 1 wWN 1] R F 6
and 7. Bot F;{O(Q?‘h ?rf?gwa#&ﬁ%’ﬁ@ﬁ/usepgba%g@% aF&?E‘?e %8@ aglﬁlcf%grt%} a(rg'd rlrggbké:SZgglAcan
be etched bydtios ;slama% fslimpldntdaas gl the bperfih@ifor A& sam scpmea8S00CTandBECS.
18A and 18B openings for the stud segnents 300C and, 302C and for a érigch
10 are for mnd thetrendhdoadevsh alightlyeabors thedyent ang rearpeflestalsg An Sigp- ib@aa 2&Bg

layer 200 (Beavy fingpieph%}eltegﬁﬁlﬁptshgglnl\ggggaps oh SheSRIMELSN/sHE RO 1h6d Jdogt 0 t he

trench openi'ngs

In Figs. 22A and 22B the layer of alumina is sputter deposited on the tops of the
second pole tip layer 210 and the stud segments 300C and 302C. In Figs. 23A and 23B
photoresist is applied and patterned for the purpose of opening up the tops of the stud
segments 300C and 302C. In Figs. 24A and 24B a wet etch may be implemented through

20  the alumina layer to open up the tops of the stud segments 300C and 302C. In Figs. 25A
and 25B the photoresist layer is removed and a bilayer photopatterned resist layer 310 is
formed with openings to the tops of the stud segments 300C and 302C, as well as
forming a pattern for the write shield 304. In Figs. 26A and 26B ferromagnetic material
is sputter deposited to form the top shield 304 and the stud segments 300D and 302D. In

25  Figs. 27A and 27B the bilayer photoresist is lifted off leaving the write shield 304 and the
studs 300 and 302, as seen in Fig. 7, completed by the stud segments 300D and 302D. In
Figs. 28A and 28B an overcoat layer 312 is applied which is also shown in Fig. 7.
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300C and 302C and the trench as well as on the front and rear pedestals. In
Figs. 20A and 20B plating is inplenented to fill the openings for the stud
segnents 300C and 302C and the trench to a level slightly above the front
and rear pedestals. In Figs. 21 Aand 2 1 B 15 CW is inplenented until
the CMP stops on the adhesion/stop seed |ayer 206. In Figs. 22A and 22B the
| ayer of alumna is sputter deposited on the tops of the second pole tip
| ayer 210 and the stud segnents 300C and 302C. In Figs. 23A and 23B
photoresist is applied and patter ”%@%ﬁo he purpose of opening up the
tops of the stud segnents 300C and . In Figs. 24A and 24B a wet etch
may be i npl enmentieghduld bel ghdérobdl ehalvacium depoysition mayp be empoyedeint lggmsofothe t he
stud segnents 300C and 302C. In Figs. 25A agd 1%58 t he 1phot_ores.i st Ia%er
i s renpved akeramantipned feame plating step-e FHEbETY Wsa Broad gopgepsoh fhejinvenfign theypole
openi ngs tQ.t 0 ;
formng a ga{’t {g‘g?l{]%ore %Iﬁéf&&?(?wﬂgﬁfgﬂg??%%ﬁgﬁﬁl@r%g% %%ﬁoﬁgﬁg@%e@élayer.
f erromagnetTie mategialsabf thes variist Ryerdegrosiptiedalt m f@menihdtancesp skvreindtaB@&4 and
t he stud segnents 300D and 302D. In 25 Figs. 27A and, 27B the hil ayer ..
phot or esi stP%PE)f‘Fﬁlf’ftt“&ad’ br gmplaygs ’Hdlepﬁéﬂ%‘ ?lﬁ@"?ﬁﬂé‘?rﬂ angyyica Hefsen gj "ILS%GUH’QI%OO
and 302, ago5eRnbd). LA isDlaboIR of S6idK 458, PlaiskiARBNRALP oA Bnfinthri2D

A a 3 8B an OR/

In Figs. ercoat layer 312 1s applied wiich is @l so shown
in Fig. 7. stéorid palepidicerand poletipudykrde Furiblerr $teomagietiathead assembde powyi bé 8n

may be enployed.in |ieu of the afore tioned frane plating step. Furt.her,
in a broad BIRELHE P‘SE}%?Q‘EE lqeg@gﬁ?fsgﬁssgﬁgerﬁ&agove“'@lq %@%pleggﬁarﬁggﬁ%?%v i

wi t houtygt hegnAER4IE NRINH RAF Be HEKEPFoS € HOMBURIObENJEE Rt HRYREond PoldpfecaBayii al s
of the various layers are optional in sone instances. For instance,

phot or esi stmapape e didfepéns\fedoimagndtieumaterialhthan | theripele finylayes. aher instaaceeihga.

Further, while . the magnetic heagd.i | apari zed. vari ous~steps,

pl anari zat iSSﬁOWI%B’Sﬁ?C,ﬂX?ﬁ Q% ﬁ? ﬁf“ﬁliespasmedg%ﬁBoggwgraﬁrgléﬁn%&ﬂgﬁg tip

| ayers. Further,Cleltdy, agnhibediamtt arisodifiationy of ¢higinvertigedilbocdur ggiiack
head, as di scussed herei nabove. The pol e pieces are ferromagnetjc 1

! 0 .
material s viithesephprdiearsiskildn the ashin Yiew 9 digseitapehings etherefate: e nyeemispol e
p1 ece Ilggerw Y R84 %tnﬁ’ew Ghe Budvihs VIR WhichRERAL A1 LB e BRLRENS dhliP

| ayer. r Tnstance,
modifications when viewed in conjunction with the above specification and

accompanying drawings.

We claim:

20

25
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second pol e piece layer may be N 45Fe55 and the pole tip |ayer may be
Co90Fel0. dearly, other enbodi nents and nodifications of this invention
will occur readily to those of ordinary skill in the art in view of these
teachings. Therefore, this inventionis 15 to be limted only by the
followi ng clainms, which include all such enbodi nents and nodificati ons when
viewed in conjunction wth the above specification and acconpanying
drawings. W claim 20 25 13 CLAIMS 1. A perpendicular recording wite
head, which has a head surface, comprj ajpy@ ferromagnetic first and second
pol e pieces; a back gap which is recéessed fromthe head surface; 5 the
first and secondl. pohqaqnp@d'maldneédmgding)mme:hml whichdiasl a hasksugtape, @mprising:

i nsul ation st acl;f with aw oi | layer .enbedded therein | ocated between

the first and %@H@%&Fé{fﬁlaé é%coéﬁ@‘) edﬁ%cteéad bet ween the head surface and
sai d back gap; tQBa&@@@%ﬂPis%&s&@%&ﬁYﬁéHza&sm& tip which is |located at
a

the head surface; rromagnetic wite shield l'ayer; 10 a nommagnetic
i sol ati 6n | ayer thofiest entl veondpole pleeesbuogcormetied pi saokbakdiaphe wite shield

| ayer; at |east one ferronma ne c stud net| al,| onnecting.the first
pol e pi ece | ayerd B5HietiqRes §h‘1’rétlecFoﬂgg d%jaﬁ rem chtggtbegﬁ@ntk

ferromagnetgg H%E’cdﬁﬁ XEBQ: ﬂl@&:@%ﬁ&‘ l&%k‘&%ﬂavéeﬁ%h%ﬁ eHrld séﬂﬂaacll aﬁa' d

i nsul ation stack per pendi cul ar recording wite head as clained in
claiml conpri suth@seconmpolpo[eee hayinpeipely timwhichlid lpcated atohe deall hyfage;r eact i ve

lon etchable (Rla%gL%@%%%tg%eld layer;
10 a nonmagnetic isolation layer located between the second pole piece and the write
shield layer;
at least one ferromagnetic stud magnetically connecting the first pole piece layer
and the write shield layer; and
said at least one ferromagnetic stud being located between the head surface and

15  said insulation stack.

2. A perpendicular recording write head as claimed in claim 1 comprising:
the pole tip being laterally surrounded by a reactive ion etchable (RIEable) mask;
and

20 an adhesion layer on the RIEable mask.

3. A perpendicular recording write head as claimed in claim 2 wherein the

adhesion layer is selected from the group consisting of Ta, W and Mo.
25 4. A perpendicular recording write head as claimed in claim 3 wherein the

RIEable mask is selected from the group consisting of Mo, W, Ta;03, SiONy, SiO; and
Si3Ny.
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20 an adhesion |layer on the R Eable mask. 3. A perpendicul ar recording
wite head as clained in claim2 wherein the adhesion |ayer is selected
fromthe group consisting of Ta, Wand M. 25 4. A perpendicul ar recording
wite head as clainmed in claim3 wherein the RIEable mask is selected from
the group consisting of Mo, W Ta203, SiONX, Si02 and Si3N4 14 5. A
perpendi cul ar recording wite head as clained in claim4 wherein the
adhesion layer is Ta. 6. A perpendicular recording wite head as clained in

claim5 further g5 cogﬁ,@}p%h&ﬁgjﬂa@r&%%g? ngEE ggg?@glﬁjrﬁefg\“ﬂafn?ﬁ%ﬁ feueen

t he head surface and the ‘I nsul ation magneti c y connecting the
first pol e adhesen laggreds Tand the wite shield layer; and said at |east one
ferromagnetic stud and the second ferronmagnetic stud being 10 laterally
spaced from one another with one on each side of the pole tip. 7. A

per pendi cul ar rggor di&%po énhf‘c_uth?aﬁlcéﬁiﬁg' WrfiBhehd 45! Bfalh fiﬁ'rélgig{ S, further

conprising: the second e piece |layer having tirst and secon yers with
the fir8t Icaypgrising5 being | ocated between the insulation stack and the

second layer; the fir | ayer being.recessed fromthe head syrface; and
the second |ayer %ﬁ%‘ﬁ{f@ﬁa@lﬁ&ﬁ Yo il‘f:?ag‘ﬁsﬁeﬁ‘ﬁe%'gﬂ hgﬂffF‘H e a@.g t{BF insulation
per pendi CU's?drckraﬁa%?nf@ﬂcMy' {RnBRAG @ MbEpdIEPidcl 15)eRianY Khig&ﬁgggielﬁﬁ er;

conprising: a secon erromagneti ¢ stud | ocated between t surface
and the ingoflati on stack and magnetically connecting the first pole piece

;ﬁé e: h 2 n g ef: gﬁ d Wltslglfd?%trsrgaﬁ Lc?rlel: f%li%h'ﬁlgﬁ%?cn St%h dam%t thle esaegéndo rtleerrc;crx(lz'}{grl1(t::)trlré51 %pu%t l)ecmgs tud

10 laterally spaced from one another with one on each side of the pole tip.

7. A perpendicular recording write head as claimed in claim 1 further
comprising;
the second pole piece layer having first and second layers with the first layer
15 being located between the insulation stack and the second layer;
the first layer being recessed from the head surface; and

the second layer having said pole tip at the head surface.

8. A perpendicular recording write head as claimed in claim 7 further
20  comprising:

a second ferromagnetic stud located between the head surface and the insulation
stack and magnetically connecting the first pole piece layer and the write shield layer;
and

said at least one ferromagnetic stud and the second ferromagnetic stud being

25 laterally spaced from one another with one on each side of the pole tip.

9. A perpendicular recording write head as claimed in claim 8 further comprising:

the pole tip being laterally surrounded by a reactive ion etchable (RIEable) mask;

and
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25 laterally spaced fromone another with one on each side of the pole tip.
9. A perpendicular recording wite head as clainmed in claim8 further
conprising: the pole tip being laterally surrounded by a reactive ion

et chabl e (Rl Eabl e) mask; and 15 an adhesion |l ayer on the R Eable nmask. 10.
A perpendi cul ar recording wite head as clainmed in claim9 wherein the

Rl Eabl e mask is selected fromthe group consisting of Mo, W Ta203, Si ONX,
SS2 and 5 Si3N4. 11. A perpendicular recording wite head as clainmed in

claim 10 wherei nt palo) of &%ﬁﬂgé YEiblk thadld- 10 12. A magnetic head assenbly
that has a head szaﬁg%e rea ﬁéad ang per pendi cul ar recording wite

head, conprising: the read head including: ferromagnetic first and second
shield | ayers; apd a ead s | ocat ed.bet ween .t he first and sec

shield | ayers. PEer BRI EOU e, S PR SR JoVRRIF ghe
ferromagnety gable rn-?ésk DI RBLORS R Soltp @&?s%st\gp OF R1d) W hPa;UE) rsbNokfOPiRCe

| ayer is a comon |ayer with the second shi | ayer k gap ich is
recessed frSN4i he head surface; the first and second pol e pi eces being
connected at said back gap; 20 an insulation stack with a wite coil |ayer
enbedded therein |located between the first and second pol e pieces and

l'ocated between ftthe h@%&p%hwlmﬁﬁre@aﬂmgsarh@k hagkas dtined e cRAAANOWR&GER thE ece
having a pole tip which is located at the head surface; 25 a ferromagnetic

write shi elagh¢sigrelayerds denmagnetic isol ation layer |ocated between the
second pol e piece and

10 12. A magnetic head assembly that has a head surface, a read head and a
perpendicular recording write head, comprising:
the read head including:
ferromagnetic first and second shield layers; and
a read sensor located between the first and second shield layers;
15 the perpendicular recording write head including:
ferromagnetic first and second pole pieces wherein the first pole piece
layer is a common layer with the second shield layer;
a back gap which is recessed from the head surface;
the first and second pole pieces being connected at said back gap;

20 an insulation stack with a write coil layer embedded therein located
between the first and second pole pieces and located between the head surface and
said back gap;

the second pole piece having a pole tip which is located at the head
surface;

25 a ferromagnetic write shield layer;

a nonmagnetic isolation layer located between the second pole piece and
the write shield layer;

at least one ferromagnetic stud magnetically connecting the first pole piece

layer and the write shield layer; and
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the wite shield |ayer; at |east one ferromagnetic stud magnetically
connecting the first pole piece layer and the wite shield |ayer; and 16
said at | east one ferronagnetic stud being | ocated between the head
surface and said insulation stack. 13. A magnetic head assenbly as clai ned
in claim212 further conprising: 5 the second pole piece |ayer having first
and second |layers with the first |layer being |ocated between the

insul ation stack and the second |ayer; the first layer being recessed from

the head surface; andgdhe lﬁggg,ﬂgs%g n@r %'%? Qg d S I%{!a?edt hPwikn [E e;id

surface. 10 14. A magnhetic clai nme llaim 1 furt
conprising: a semnedace drersaohmgulationcstatkud | ocat ed bet vveen the head surface
and the insulation stack and magnetically connecting the first pole piece
| ayer and the wite shield layer; and said at | east one ferronmagnetic stud

and the second gy 1 onRANBht l?etquSééﬁib'Bgas &ﬁdeﬂtlﬁEﬁﬁ&nMSﬂ?ﬁH&%fﬂpﬁﬁ?@“e

another with one on each side of the pole tip. . A magnetic head assenbly
as claifged in clthc isechhdf pole Ipeace dmyanhas’mggﬁrst Iaed$e@qmd lajers |vatletlal fiyst layer

surrounded .t he | e h. act etch Ie (R Eabl e) nmask; and
20 forning b§h‘1 %4 %ﬁ&F%&‘F L Si@FE&Bﬁ?g‘er‘?ﬁ% - A magnetic head
assenbly as cl a'tH@ﬁrdtlhy@ir@élﬂg ﬂe’éeé@r@&ﬁ%fﬂh&h@a@éi@ﬁ@é Q:'ﬁd | ayer is selected
fromthe group consisting of Ta, Wand M. 25 . A magnetic head assenbly

as clainmed in clthe mcmadmelrhﬁvﬂngwP@lEélDIaétheﬁﬁekaur&CQel ected fromthe group
consisting of Mo, W Ta203, SiONX, SiO2 and Si3N4. 18. A mmgnetic head
assenbly as clainmed in claim 17 wherein the adhesion layer is Ta. 17

10 14. A magnetic head assembly as claimed in claim 13 further comprising:

a second ferromagnetic stud located between the head surface and the insulation
stack and magnetically connecting the first pole piece layer and the write shield layer;
and

said at least one ferromagnetic stud and the second ferromagnetic stud being

15 laterally spaced from one another with one on each side of the pole tip.

15. A magnetic head assembly as claimed in claim 14 further comprising

the steps of:
laterally surrounded the pole tip with a reactive ion etchable (RIEable) mask; and

20 forming an adhesion layer on the RIEable mask.

16. A magnetic head assembly as claimed in claim 15 wherein the adhesion

layer is selected from the group consisting of Ta, W and Mo.

25 17. A magnetic head assembly as claimed in claim 16 wherein the RIEable
mask is selected from the group consisting of Mo, W, Ta;03, SiONy, Si0; and SizN,,

18. A magnetic head assembly as claimed in claim 17 wherein the adhesion

layer is Ta.
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19. A magnetic head assenbly as clainmed in claim18 further conprising: a
second ferromagnetic stud | ocated between the head surface and the

i nsul ation stack and nagnetically connecting the first pole piece |ayer
and the wite shield layer; and 5 said at |east one ferronagnetic stud and
the second ferromagnetic stud being |laterally spaced fromone another with
one on each side of the pole tip. 20. A nmethod of naking a perpendicul ar
recording wite head, which has a head surface, conprising the steps of:

10 formng ferr gnej i | DI ' ' :-hack gap
which is recessgi(?'af roén éétﬁél%e&ﬁ sr%gsre ag)gig?dg@{neﬁel@f ?‘?{gﬁ? hfgmfiﬁgprcggl pg]rslg%'second
pol e pieces at sasddohdfdfrap@apnefiostnt Nocatn bareedrathie diead sarddcevdnidithe insulatiencoi |

| ayer enbedded therein | ocated between the first and ﬁegond.goh{e iece_s
and | ocat ec@sktandcnagnesicHbaeonngsting e gt Ble piecedayss apd Jhg wiite S ef‘fg R
second pol g piece with a pole tip which is located at the head surface;
formng a ferromagnetic wite shield layer; form ng a nonmagnetic isolation
| ayer bétween t haidectvast pd Eerpineappetn dtudhand thiei teeosd ifetranagnetc ;stuh beidg
formng at |east one ferromagnetic .stud magnetical.ly connecting the first
pol e pi ecdafe ]é'rSPé‘f?éff%(’Wgﬁ%hesrl’le W’qaiﬁFg’Pﬁ\ﬁﬁdFﬁfg‘éiHﬂ’?ea‘t‘p'l east one
ferromagnetic stud being |ocated between the head surface and said

i nsul ation stack. 21. A nethod as clainmed in claim20 further conprising
the steps o 25 |2fh.er alAl method pHmakiing atpeepepdicalar rqsondingwaite leeads whishi on

' an adhesion | ayer on the R Eable

et chabl e ( Ealﬁl‘?e%j sk; and..form ng g
mask. 22. AAHBNEYSYLACE COMRIFNSIeFEPH21 wherein the adhesion layer is

sel ectag from tfgnGhqURomagES firdGn@bechad pWedisted. 18 23. A method as
clainmed in claim?22 wherein the Rl Eable nmask i's sel ected
forming a back gap which is recessed from the head surface;
connecting the first and second pole pieces at said back gap;
forming an insulation stack with a write coil layer embedded therein located
between the first and second pole pieces and located between the head surface and said
15  back gap;
forming the second pole piece with a pole tip which is located at the head surface;
forming a ferromagnetic write shield layer;
forming a nonmagnetic isolation layer between the second pole piece and the
write shield layer; and
20 forming at least one ferromagnetic stud magnetically connecting the first pole
piece layer and the write shield layer with said at least one ferromagnetic stud being

located between the head surface and said insulation stack.

21. A method as claimed in claim 20 further comprising the steps of:
25 laterally surrounded the pole tip with a reactive ion etchable (RIEable) mask; and

forming an adhesion layer on the RIEable mask.

22. A method as claimed in claim 21 wherein the adhesion layer is selected

from the group consisting of Ta, W and Mo.
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fromthe group consisting of Mo, W Ta203, SiONX, SiQ2 and Si3N4, 24. A
nmethod as clainmed in claim23 wherein the adhesion layer is 5 forned of
Ta. 25. A nethod as clainmed in claim?24 further conprising the steps of:
form ng a second ferromagneti c stud between the head surface and the

I nsul ation stack and magnetically connecting the first pole piece |ayer
and the wite shield layer; 10 and form ng said at | east one ferronmagnetic
stud and the second ferronmagnetic stud laterally spaced from one anot her

Wi th one on eachyside, ﬁ{etﬁc%leas%ﬁiﬁi@hfclai%{sﬂ AniRiled l@gaﬂg?ﬁﬁ% delecfdgal m 25

further conprising the steps orm ng the second pole piece |ayer
with first feom tieegomslcdmiseng ofiiMd, WhEa 0,1 STON, 8y@7 arskSislys | ocat ed bet ween
the insulation stack and the second | ayer; formng the first |ayer recessed
fromthe head surface; and formng the second |layer with said pole tip at

the head surfaceyy 20 @Ret}ﬁadf%tcime@& ahidl PEdhERiFheiadhedford yéhgr conpri sing

the steps of formng a second tTerronagnetic stud between the head surface
and t he5i ndotmtd efifa. st ack and magnetically connecting the first pole piece
| ayer and the wite shield layer; and formng said at |east one
ferromagnetic stud and the second ferromagnetic stud 25 laterally spaced

from one anot herasni t hy GenhdIMsRBfied fQalf 24 RBHRPLEmpriding A8 stes Bt hod as
claimed in claim?27 further conprising the steps of laterally surrounded

the pole tip wi tfhrmingeastondeferromagnetivadbidb¢tmeen Bledicadwuifacezand the insulatign an
adhesi on | ayer on the bl e sk. ,.30.19 29. .A net hod clainmed,jn.claim
38 wher o n s BAEIBRS TG CTCR P dirt pote pidcadRiT ang e etk SRy Bk
W Ta2Q8, Sn@Nx, Si02 and Si3N4. 30. A nmethod as clained in claim29 _

wherein the adhesion |ayer is . .
forming said at least one ferromagnetic stud and the second ferromagnetic stud

laterally spaced from one another with one on each side of the pole tip.

26. A method as claimed in claim 25 further comprising the steps of:
15 forming the second pole piece layer with first and second layers with the first
layer being located between the insulation stack and the second layer;
forming the first layer recessed from the head surface; and

forming the second layer with said pole tip at the head surface.

20 27. A method as claimed in claim 26 further comprising the steps of:
forming a second ferromagnetic stud between the head surface and the insulation
stack and magnetically connecting the first pole piece layer and the write shield layer;
and
forming said at least one ferromagnetic stud and the second ferromagnetic stud

25  laterally spaced from one another with one on each side of the pole tip.

28. A method as claimed in claim 27 further comprising the steps of:
laterally surrounded the pole tip with a reactive ion etchable (RIEable) mask; and
forming an adhesion layer on the RIEable mask.

30
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5 formed of Ta. 31. A nethod of naking a perpendicular recording wite
head, which has a head surface for facing a nagnetic nedi um conprising the
steps of formng a ferromagnetic first pole piece layer; 10 form ng a
ferromagnetic back gap which is recessed fromthe head surface and which
I's magnetically connected to the first pole piece layer; formng an

i nsul ator stack with a wite coil enbedded therein on the first pole piece
| ayer in a |ocation between the head surface and the back gap; form ng a

[17st ferromanesg.c SAudRMRUMALI TRIAR bE Anleitif BRTALLER K Guddpt 15

pol e piece layer 1n a [oca ween t hea ce and the 1nsulation
stack; pl dranitlzd group bensistink of dylp, Whdailys B1GN§, 310s st RisNi he i r st
ferromagnetic stud conponent and a field about the insulation stack to form
a first planar surface; formng a bottom|ayer of a second pole piece and a

second fe”ormgnﬁ?qi c %M%o&%ﬁﬂﬁé&in%‘l‘aiﬁa%&ﬁér&hﬂ?é&ﬂﬁ&ioﬁ‘l‘a{yfeﬁ%e Wi th the
na p

bottom | ayer of the seco ol e prece 20 having a front edge which is
recessed frformeédef read surface and a back portion which is magnetically
connected to the back gap and with the second ferromagnetic stud conponent
magnetically connected to said first ferromagnetic stud conponent in a

| ocation betweeryit he Reaghsdof AkifNs pbRndit@at rROeEn ivrlid BelttvOiiLh d4eh Of
the second pole piece; 25 planarizing the bottom|ayer of the second pole

pi ece, the wadowdadedor anmgronagnetis mediwmopopising tudteps bfiel d about the
bottom | ayer of ft‘}he' seco and albout the second ferromagnetic

nd pol e. pi ece t
stud conponent t'G"PHEH gngglggqulcgirgw&leglgﬁ A% forming a reactive ion

et chablig R Eabl efofffls £ ferfdhapheid® BaLkPEaWhichUE r@essed i the Bead s@eiie dndn
| ayer on the RIEable mask; 20 form ng a photoresist mask on the adhesion

| ayer with shiehismagretealhaeanaesiehip the irst RpEatitcs lawesk; reactive ion etching
(RIE) through t ht%rrgi?l%neimn Sulaldn! PEkPHRE 9 SiteSdoiMBRbedd2l Idrli on the first pole
piece layer in a location between the head surface and the back gap;
forming a first ferromagnetic stud component magnetically connected to the first
15  pole piece layer in a location between the head surface and the insulation stack;
planarizing the back gap, the insulation stack, the first ferromagnetic stud
component and a field about the insulation stack to form a first planar surface;
forming a bottom layer of a second pole piece and a second ferromagnetic stud
~ component on the first planar surface with the bottom layer of the second pole piece

20  having a front edge which is recessed from the head surface and a back portion which is
magnetically connected to the back gap and with the second ferromagnetic stud
component magnetically connected to said first ferromagnetic stud component in a
location between the head surface and the front edge of the botom layer of the second
pole piece;

25 planarizing the bottom layer of the second pole piece, the second ferromagnetic
stud component and a field about the bottom layer of the second pole piece and about the
second ferromagnetic stud component to form a second planar surface;

forming a reactive ion etchable RIEable mask on the second planar surface;

forming an adhesion layer on the RIEable mask;
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Rl Eabl e mask for formng openings in the R Eable mask for a pole tip of the
second pole 5 piece at the head surface and for a third ferromagnetic stud
conmponent; renoving the photoresi st nask; depositing ferronmagnetic nateri al
on top of the adhesion layer and into the openings of the Rl Eable nmask to
formthe pole tip of the second pole piece and the third ferronmagnetic
stud conponent with the pole tip of the second pole piece nagnetically 10
connected to the bottom | ayer of the second pole piece and the third

ferromagnetic Stfﬁgmicngga%%gﬁ'?éistrm?sﬂ%i tﬁ@B&WﬁSﬁﬁg%ﬁgﬁgﬁ (;Sﬁtgn}ngg f&%@t@&in the

ferromagnetic stu planarizing t ed ferromagnetic
mat eri al t cREF&blt maikesi on layer to forma third planar surface; formng a

nonmagnetic isolation |ayer. on the third planar surface with a fourth, 15
pl anar surface; wFaftiverign sichingoRdEp HEPBs e apenigesin ts RIQLOTeY e ‘PL{thF

surface w tﬁﬁgﬁwgfﬁmi fggforﬁrg{go#e%lﬁlgg B tHeRIE L fe GhAR TBION Bl GipSdfUHe SQBROPSIRL ;

et ching throu e openi second photoresist layer to form an
openi ng 5i n piédeeat itlseoheat] iserfadecand forsothird fewomagresie smdtcompofiertthe t hird
ferromagnetic stud component; 20 renoving the second photoresist |ayer,;
formng a third fﬁﬁk?f"mgég‘?gﬁmf“&?‘étrm ‘the isolation layer with an opening

exposi ng the thyd gsitiﬁ%rfega&agﬁéﬂe RhidHaC QHPBPEO t1RNSHHeSTonf RYE AR anidr {Hee
g ferr I

shield | ayer; depositi magnetic material into the opéening of the
t hi rd phot copesings of theeRIRable thaskrio foino thet polé tip o thegeseendcpae pitce ang dhecthirdand

the wite shield |layer with the faoyrth 5 .ferromagneti c,stud co ne
nmagnet i cal | “ewaﬁ%f'é%éeﬁu%%ﬁgﬂw it @ﬁipéﬁ%% tlpzﬂfetﬁe 3%8“ Iep 1883I@%%§t6%a@gct ed
to the ffg r fonREdt&d B BE DB ERys B Beddnd pold Fitce SRCOGBANird rfshmaghetic badr t h
ferromagnetic stud conponents. 21 32. A nethod as clained in claim 31

wher ei n t hecompepentonagsietipally connestechiol theleecondh erromagaetis stad sIPONERE al umi na:
and planarizing the deposisted ferromagnetic material to said adhesion layer to form a
third planar surface;
forming a nonmagnetic isolation layer on the third planar surface with a fourth
15  planar surface;
forming a second photoresist layer on the fourth planar surface with an opening
opposite the third ferromagnetic stud component;
etching through the opening in the second photoresist layer to form an opening in
the isolation layer so as to expose a top of the third ferromagnetic stud component;
20 removing the second photoresist layer;
forming a third photoresist layer on the isolation layer with an opening exposing
the third ferromagnetic stud component and for forming a write shield layer;
depositing ferromagnetic material into the opening of the third photoresist layer to
form a fourth ferromagnetic stud component and the write shield layer with the fourth
25  ferromagnetic stud component magnetically connected to the write shield layer and
magnetically connected to the first pole piece layer through the first, second, third and

fourth ferromagnetic stud components.
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chem cal nechanical polishing the alumna until the alumna is flat. 5 10
15 20 25 30 35 40 22

32. A method as claimed in claim 31 wherein the steps of planarizing include
the steps of:
depositing alumina; and

chemical mechanical polishing the alumina until the alumina is flat.
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