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ffivention relates to a method of fabricating a magnetore3|st|ve head for

W gh frequency; high data rate, and high track density applica}l ~Hon n
articular to a nethod of fabricating an inverted magnetoreS|s'E\L ef ggdi“')'
aving the reader portion of the magneforesistive head fabricated on top of
the witer portion of the nagnetoresistive head. Standard magnetoresistive
MR) heads are fabricdted with the witer portion fabrlcated on top of the

neader portion. MR heads are used in. magnetic _storage systens to detect
magnetical |y encoded i MENH@DQ ﬁM%qm& ngg medi um or disc

MAGNETORESISTIVE HEAD

4,,..:::_

The present invention reiates fo a method of fabricating a magnetoresistive head
for high frequency; high data rate, and high track density applications, and in particular
to a method of fabricating an inverted magnetoresistive head having the reader portion
of the magnetoresistive head fabricated on top of the writer portion of the
magnetoresistive head. _

Standard magnetoresistive (MR) heads are fabricated with the writer portion
fabricated on top of the reader portion. MR heads are used in magnetic storage systems
to detect magnetically encoded information from a magnetic storage medium or disc
and to write magneticaily encoded information to the storage medium. In a read mode,
‘a time dependent magnetic field associated with a transition from a magnetic storage
mediqm directly modulates the resistivity of an MR element. In operation, the change
in resistance of the MR element can be detected by passing a sense current through the
MR element and measuring the voltage across the MR element. The resulting signal can
be used to recover information or data from the magnetic storage medium.

P Practical MR elements are typically formed using ferromagnetic metal alloys
because of their high magnetic permeability, an example of which is nickel iron (NiFe).

A ferromagnetic material is deposited in a thin film upon the surface of an electrically
insulated substrate or wafer. Changing magnetic fields originating from the magnetic
storage medivm produce a change in the magnetisation direction of the MR element and
thereby change the resistance of the sensor. This phenomenon is called the MR effect.

The element itself comprises a strip of MR material deposited on a magnetic

shield layer to form an MR element. A series of depositions and etching processes form

an active region from a portion of the MR element. The active region is the area of the
MR element that senses changing magnetic fields from the maghetic étorage medium.
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and to wite magnetically encoded information to the storage nedium In a
Fead node, a tinme dependent nagnetic field associated with a transition
ffrom a nmagnetic storage nmediumdirectly nodul ates the resistivity of an MR
el eent. I n operation, the change in regi stance of the MR el enent can be
et ect ed by passing a sense current through the MR el enent and neasuring

he vol t agzhanginp magndtis f?ﬂ@r@mﬁ.mmiﬁm$wg¥§fw@éﬂ“% used to
recover infornation.or .data fromthe tic st : ' Practical MR
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surface Ofmgmettd ﬁsﬁgé fraliiuin toprevent @engin tlafrdte flelds\asdobiated WitNgI Ng magnet i c

fields originating Tromthe nmagnetic
transitions passing by the head from linking back to the element. The magnetic shield -

: l also serves to protect the element from receiving stray magnetic fields associated with
| transitions from surrounding magnetic storage medié.

Giant MR (GMR) sensors formed' from GMR materials are the new line in the
family of MR sensors. GMR sensors are formed from GMR elements, which are multi-
layered structures. | These devices include layers of magnetic and non-magnetic
material, which may be films of ferro-magnetic and non-ferro magnetic material or a
similar set of films. Permalloy may or may' not be part of the layered pattern. In GMR
sensors, the change in resistivity can be in excess of 65 perceat.

One problem which affects performance of MR heads is the degree to which
surfaces in the head can be fabricated flat or "planarized,” In particular, in prior art
huds,. the top shield of an MR sensor has a dip just above the active region of the MR
element. This degrades off track performance. Lack of planarization can also cause an
electrical short between various layers of the head, such as between the contacts to the

MR element and the top shield or between the top shield and subsequent fabricated
layers. In addition, the bottom shield is usually fabricated from sendust or other high
-permeability magnetic materials, which is relatively rough for a thin film. This
relatively rough surface can also cause shorting problems between the bottom shield
and the contact film. Attempts ai planarizing MR readers have focused on smoothing
the bottom shield, planarizing the insuiator above the MR sensor, or smoothing the top
shield. These steps take additional process time and can limit design flexibility.
Another problem which affects performance of MR heads is that GMR heads
i are susceptible to inter-diffusion among the extremely thin layers of a GMR head
during a pélymer cure, even when a low temperature polymer cure is utilized. This

This Sheet Has Been Replaced

[T .




WL RECEI%%D BEth'l_iggﬂgﬂs 21 1996 AT EIL'BIZLEéES&PRGE ? (PRINTED PAGE )1
t orage fedi um pr083uce a change I n Cthe magneti sati on di r e€t] 03n2202]z5 thé

| ement and t hereby change the resistance of the sensor. This phenonenon S
alled the MR effect. The elenent itself conprises a strip of MR materi al.
eposited on a magnetic shield layer tosforman MR elenent. A series of
epositions. and etching processes forman active region froma portion of

he MR el qfRAbiffulid cas HbstRy tROEIRRtIvéheds T the @MPOfieathe MR el'ement that senses
hangi.ng magnetic fields f r om t he magnetic storage medi um 2
_ In a first aspect, this invention provides a method of manufactunng an inverted
, i magnetorwshve head, the method comprising:
fabricating a bottom pole in a recessed portion of a basecoatl distal from an air
bearing surface of the head; |
positioning a polymer insulator and conductive coils above the bottom. pole and
' characterised by further comprising: _
' fabricating a write gap on top of the bottom pole at 2 level below the Jevel of
the top surface of the polymer insulator;
forming a pole tip of high moment magheﬁc material in the write gap proximal
to the air bearing surface;
| fabricating a bottom shield having a planarized top surface on top of the pole tip
K and the write gap; |
| fabricating a first reader gap on top of the bottom shield;
forming a magnetoresistive element on top of a partion of the first rqader gap
proximal to the air bearing surface; |
fabricating electrical contacts on top of a portion of the first reader gap, the

| - eléctrical contacts electrically connecting the magnetoresistive clement o 2 region
outside of the inverted magnetoresistive head; |
1 fabricaﬁng a second reader gap on top of the electrical contacts and the
magnetoresistive element; and
| fabricating a top shield on top of the second reader gap.
_ In a second aspect, this invention provides a method of manufacturing an
inverted magnetoresistive head, the method comprising:
fabricating a bottom pole in a recessed portion of 2 basecoat distal from an air
bearing surface of the head; | | | '
positioning a polymer insulator and conductive coils above the bottom pole; and
 characterised by further comprising:

>
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CGhangi ng magnetic fields produce a change in the resistivity o e

dl enent. Typical resistivity changes are in the order of 0.5 percent to 2.0
ercent change. An upper magnetic shield acts as a barrier between the MR

| ement and the surface of the magnetic gtorage nediumto prevent changi ng
gnetic fields associated with transitions passing by the head from

Ili nki ng back t ofabtieating @mverite.gaf be toppafithe palymbr inkulatet distak torthe gir bearjngot ect t he

e]I ement fromreceiving stray magnetic fields associated with transitions

flr om sur r osuriice gndrpesitianed og fop of fhe hettpm, polepEerimalrto thoviiy beasing swdacenr ned from

materials age the new |ine infé,‘rée fam |y of MR sensors. GVR sensors are

flor med from W&%’Pg,polﬁrﬂ"ctﬂpa T BaPsi ayered structures. These
evi ces i ncl udefalbﬁ%ﬁ aﬁfoﬂ@%bﬁt@‘&tﬂ@{bb%mﬁﬁlﬂmmembeaﬁng

| _ surface;
| . planarizing a top surface of the oxide layer and a top surface of a portion of the
l top pole distal to the air bearing surfaée;
fabricating a bottom shield on top of the oxide layer and the top pole;
fabricating a first reader gap on top of the bottom shield;
forming a magnetoresistive element on top of a portion of the first reader gap
proximal to the air bearing surface;

' . fabricating electrical contacts on top of a portion of the first reader gap, the
electrical contacts electrically connecting the magnetoresistive element t0 a region
outside of the inverted magnetoresistive head; |

fabricating a second reader gap on top of the electrical contacts and the
| magnetoresistive element; and

fabricating a top shield on top of the second reader gap. .

The present invention is a method of manufacturing an inverted
 agnetoresistive head for reading magnetically stored information from a magnetic

- storage medium. The method includes fabricating a bottom pole in a recessed portion of
a basecoat, which is distal from an air bearing surface of the magnetoresistive head, A
polymer insulator and connective coils are posi&oned above the bottom pole. A write
gap is fabricated on top of the bottom pole, below the top surface of the polymer. A
pole tip of magnetic high moment material is formed in the write gap proximal to the

air bearing surface. A top pole is fabricated on top of the pole tip and the write gap.

| " The top pole is planarized. A bottom shield is fabricated on top of the top pole. The
bottom shield may be planarized if desired. Alternatively, the bottom shield may be
planarized and the top pole not be plananzed A first reader gap is fabricated on top of
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teri 3?_, Whi ah may be fil s ot rf’erro-matgnetic and non-ferro magnetic
terial or a simlar set of filnms. Permall oy nmay or may not be part of the

lfayered pattern. In GWR sensors, the change in resistivity can be in excess

f 65 percent. One probl em which affects5 performance of MR heads is the

egree to which surfaces in the head carl be fabricated flat or

1Pl anari zegle bohdn RAteid. Alnggnetdrékidtive lemdht is fetawd onltbiPof Hportiba of thedirstan MR
gensor has a dip just above the active region of the MR elenment. This -

egr ades ofekddrgap praximilas teeaicbeariag kurfdce pElrctrici cantacts atecfabridated ancioBe an
| ectrical short between various |ayers of the head, such as befween the

ontacts tof tep porion ofithenfirshrradertgapy @EW@MMI Pfé‘“.?‘a’ﬂgé“ﬁ el d and
e e slemnt Sy oRion Upide 3 he fiferRkisibe Rl  bebobif ! 1Y
' { _ read gap layer is fabricated on top of the electrical contacts and the magnetoresistive
element. A top shield is fabricated on top of the second reader gap. Finally, an
. overcoat of oxide is fabricated on top of the top shield.
Alternatively, the top pole and bottom shield may be formed as a single clement
 and the top surface of this combined top pole/bottom shield be planarized.
. Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying diagrammatic figures, in which;
Figure 1A is a layer diagram view of the layer structure of a prior art

magnetoresistive head.

Figure 1B is a layer diagram view showing the layer structure of the air bearing
surface of a prior art magnetoresistive head.

Figure 2 is a layer diagram view of the layer structure of 2 bottom pole of a
writer of a magnetoresistive head prior to planarization. |
N Figure 3 is a layer diagram view of the layer structure of a bottom pole of a
| writer of a magnetoresistive head after planarization. |

Figure 4 is a layer diagram view of the layer structure of a bottom portion of a

| writer showing a recessed channel in the write gap.

Figure 5 is a layer diagram view of the layer structure of a writer of a
magnetoresistive head. '

Figure 6 is a layer diagram view of the layer structure of an embodiment of a
bottom portion of a writer employing the invention showing a recess channel in the
writer gap. ' -

X Figure 7 s a layer diagram view of the layer structure of the embodiment of
Figure 6, | |
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ernmeability nmagnetic materials, which is relatively rough for a thin
his relatively rough surface can al so cause shorting probl ens between the
ottomshield and the contact film Attenpts at planarizing MR readers have

flocused. on snoot hing the bottom shield, glanarizing the insulator above the

sensor, or snoothing the top shield. These steps take additional process

tfi me and can | i Figured Sai-3@ afel leyarhiidgranys ofthelayyer styycwis effthevair drarifer ect s
ier f ormance of MR heads is that GWR heads_are susceptible to

ip!nt er - di f f surfase of AoTHeR ofca wagNetwesisjive head shawiog an ltemaeReRdef quring a

ol ymer cure,_. eyen en a low tenperature polyner cure is utilized. This
Y fabrmt}/ngapoenp. P oty

Figures 9A-9D are layer diagrams of the layer structure of the air bearing

P.10
film

surface of a writer of a magnetoresistive head showing an aiternate method of
fabricating a pole tip.

Figure 10 is a cross-sectional view of the layer of the air bearing surface of 4

writer of 2 magnetoresistive head.

— — ——

Figure 11 is a cross-sectional view of the layer structure of a complete.
magnetoresistive head. | |

Figure 12 is a cross-sectional view showing the layer structure of the air bearing
surface of a complete magnetoresistive head.

Figure 1A is a cross-sectional view of the layer structure of prior art
magnetoresistive (MR) head 10. MR head 10 of Figure 1 illustrates a standard MR

head having the writer portion of the head po.sitioned on top of the r_énder portion of the
head. MR head 10 includes basecoat oxide 12, bottom shicld 14, first reader gap oxide
N | layer 16, electrical contacts 18, MR element 20, second reader gap oxide layer 22, top

| shicld/bottom pole 24, write gap oxide layer 26, polymer insulator layers 28a, 28b, and

28¢, conductive coil layers 30a and 30b, and top pole 32.

Bottom shield 14 is deposited upon basecoat oxide 12. First read gap oxide layer
16 is then déposited upon bottom shield 14. Next, MR element 20 is deposited in a
magnetic field and patterned. MR element 20 is the portion of MR head 10 which
senses a magnetic field associated with a transition from a magnetic storage medium
during a read operation. Electrical contacts 18 are then deposited on MR element 20
_ and first read gap oxide layer 16. Second read gap oxide layer 22 is thea deposited.
! “The two oxide layers, 16 and 22, comprise the read gaps, inside which MR element 20
4 is fabricated. Next, top shield/bottom pole 24 is laid down. Top shield/bottom pole 24
[ is normally utilized to provide the top shield of the reader portion of MR head 10 as

Thi heet Has Been Replaced

T




+ L RECEIVED mﬂﬁgg% 23 lgag AT 5M3]:2leéé9&PQGE 11 (PRINTED PAGE 11) ]
'REPLACENENT SHEET 3% nter-difTusion can destroy the ef fect PVARERE of ¥

VR head. In a first aspect, this invention provides a nethod of

Anuf acturing an inverted magnet oresi stive head, the method conpri sing:
abricating a bottompole in a recessed gortion of a basecoat distal from
h air bearing surface of the head; positioning a polyner insulator and

Bnductlvem&%@mwﬁ&m@bﬁuo@aﬂmmaqnen sed by further
npri si ng:

cop =3
Q.

‘Write gap oxide layer 26 is deposited, followed by polymer insulator layer 28a,
conductive coil layer 30a, polymer insulator layer 28b, conductive coil layer 30b, and
. polymer insulator layer 28c. Finally, top pole 32 is deposited to complete the
| fabrication of MR head 10, Top shield/bottom pole 24 and top pole 32 provide the
 writing capability of MR head 10 during a write operation. The number of conductive

| | coils 30 and polymer insulator layers 28 are determined by design and affect the
inductance capabilities of the writer portion of MR head 10: Each polymer insulator
layer, however, must be cured at temperatures between 200°C and 400°C for varying

E RN

lengths of time depending upon the specific polymer. Only the lower half of this
! temperature range for the curing process will avoid possible degradation of the
| magnetics of the reader portion of MR head 10. In addition, any cui'e temperature
above 200°C will degrade the magnetics of a GMR device. This limits the choice of
polymets available as insulators for MR head readers.

As shown in Figure 1B, MR head 10 is fabricated such that a top surface of
second read gap oxide layer 22 is not flat or planarizecl_. The non-planar surface of

second read gap oxide layer 22 dictates that subsequent deposited layers of MR head 10
| are also not flat or planarized. In particular, top pole 32, which is covered by overcoat
oxide layer 33, can be offset from the center of MR head 10, which can degrade the
quality of tracks written from MR head 10, In addition, it is desired that each deposited
layer'of MR head 10 is flat or planarized to prevent shorting of later deposited layers,
thereby rendecing MR head 10 inoperable.
Figure 2isa cross-s;ectional view showing a layer structure near air bearing
- surface 52 of bottom pole 56. Inverted MR head 50 includes base coat 54, bottom pole
‘o 56, polymer insulator 58 having top surface 60 and dip 62, and conductive coils 64.
| Leading edge 51 is identified relative to air bearing surface 52, |
In one embodiment, in order to fabncme inverted MR head S0, bottom pole 56
formed from plated permalloy, is initially deposited into a recessed portion of base coat
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fia brlcatlng a wite gap on top of the bottompole at a Ievel bei owthF('a'12
llevel of the top surface of the polymer insulator, formng a pole tip of

i gh noment nagnetic material in the wite gap proxi mal to the air bearing
qurface; fabricating a bottomshield hayng a planarized top surface on top
qf the pole tip and the wite gap; fabricating a first reader gap on top of
tlhe bot t oy il reoest B WistParr5 48 J6ricd tRGLSH 4 ¥emShaGAYE chémicalpetelfingsaror t i on
af the. flrst reader gap proximal to the air bearing surface; fabricating

el ectri cal jonanillirgt Polymet dpsulafor 58jpod corguctive qofie 64 fillshe pertige ﬂb@’&ﬂ”u@ﬁe

pole 56. Conductive coils 64, which are typically made of copper, can be positioned in
i polymer insulator 58 in one row, or as seen in Figure 2, conductive coils 64 can be

{ positioned in a plurality of rows. The number of conductive coils 64 and polymer -

insulator layers 58 affects the inductance capabilities of the writer portion of inverted
MR head 50.

As shown in Figure 2, top surface 60 of polymer insulator 58 can be somewhat
u'regular Dip 62 can arise due to loss of polymer volume during the curing process. In
| the present invention, it is cﬁﬁcal that top surface 60 of polymer insulator 58 be flat or
planarized so that the remaining layers of inverted MR head 50 which are deposited on
a4 top of top surface 60 are deposited on a flat surface. Thus, any rough, jagged portions |
of top surface 60, including dip 62, must be eliminated.

As shown in Figure 3, all jagged and rough portions of top surface 60,
including dip 62, have been eliminated. This elimination is normally done in one of
two ways. First, the polymer material forming polymer insulator 58 can be deposited
such that top surface 60 is higher than bottom pole 6. Top surface 60 can then

undergo both a blanket reactive ion etch-back process and/or a chemical-mechanical
poiish until top surface 60 of .pOIymer insulator.SS is both smooth and level with |

bottom pole 56. Second, the polymer material forming polymer insulator 58 can be
deposited having rough top surface 60 and dip 62 (shown in Figure 2). A layer of silica

can be deposited such that the top surface of the silica layer is slightly above bottom
pole 56. Then, photoresist is deposited on top of the silica layer. When the photoresist
hardens, it will be perfectly level due to surface tension. The photoresist and silica

: layer can then undergo a blanket reactive ion etch-back process that removes the silica
and photoresist at the same rate, until top surface 60 of polymer insulator 58 is both
smooth and entirely flat,

" As shown in Figure 4, inverted MR head 50 further includes write gap oxide
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el ectrical contaéggleectrlcéﬁfy coﬁ%ectlng t he nagnetore5|7?&¥%mglengﬁ? to
regi on outside of the inverted magnetoresistive head; fabricating a
slecond reader gap on top of the electrical contacts and t he :
gnetoresi stive el enment; and fabrlcatlng a top shield on top of the second
rleader gap. In a second aspect, this invéention provides a nethod of

nuf act ur g ggt t Orﬁ?&%‘%@rtmn@rcﬁé{néﬁwqﬂﬂﬁaﬁpokw 18Rk 865k dpBRt=uS| NY:

fiabricating e 1n a recessed portion of a basecoat "distal from

n air beabnrn@ mgacmo@fmtdf@omad inspiator 58 oWriggap gxide/layer §6candat or and
conduct ive coil ove the bottom pol e; and
formed from a variety of insulating materials, such as silica, alumma, or diamond-like
carbon. Channel 70, located near air-bearing surface 52, is then ion-milled into write

gap oxide layer 66 to define actual write gap 66a beneath channel 7). This allows

- extremely accurate definition of the pole tip 72 (shown in Figures 5 and 10). The

! | . reason is that the photoresist is deposu:ed upon a flat surface, allowing more precise

1 development of the features in the photoresist mask. Write gap oxide layer 66a at air

l bearing surface 52 beneath channel 70 has a height in the range of approximately 0.1 to
o 1.0 microns, and preferably in the range of approximately 0.2 to 0.8 microns.

As shown in Figure 5, pole tip 72 is positioned at trailing edge 73 of air bearing
surface 52 of inverted MR head 50. Pole tip 72 is an insert formed from a high moment
i ~ magnetic material such as iron nitride oi- cobalt iron. A high moment magnetic

‘material is mbable of supporting a larger density flux than the permalloy used in
- standard MR heads. The high moment insert forming pole tip 72 concentrates the
magnelic flux and allows writing of a narrow track.

The high moment magnetic material forming pole tip 72 is cither plated or
sputtered into channel 70 until it is significantly higher than top surface 68 of write gap
oxide layer 66, The thickxmé of the high moment insert depends upon the magnetic
materials in the writer design: Typical values for the thickness of the insert range from
0.5 to 2.0 microns, and typical values for the track width of the pole tip range from 2.0
0 5.0 microns; In one preferred embodiment used for plated inserts such as cobalt iron

'(Cogg Feyq), a non-magnéﬁc seed hyér such as nickel vanadium (Nigg V20) can be
'used, which then becomés part of the write gap. The protruding section of high

moment matetial is then masked and permalloy is plated around it to obtain an
appi'oximately level surface. The masking above the insert is then removed and the
.entire shicld i_s plated as a unit to the desired thickness. The top sﬁrfa'ce of the top

X pole/bottom shield 74 combination wxllvery likely contain irregularities, which are
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|b the repl acenent sheet 4 fabricating a wite gap on top of the polyner
sulator distal to the air bearing surface and positioned on top of the
b;ttom pol e proximal to the air bearing rface; formng a top pole on top-

ot the wite gap; fabricating an oxide Ia?ller on top of the top pole

pfoxi mal  t opidRenitived BF Bhénlal Shich@R&i polishing.

' ~ Figures 6 and 7 are layered diagrams of the layer structure of a first
embodiment of the present invention. Fxgures 6 and 7 are similar to Figures 4 and 5.
Therefore, similar layers and elements have been labelled with identical numbers. As
shown in Figures 6 and 7, polymer insulator 58 is larger than that shown in Figures 4

and 5. Therefore, write gap oxide layer 66, deposited on top of polymer insulator 58,
- does not have a level top surface 68, In this embodiment of the invention, gap oxide
‘ layer 66 is much thinner distal to air bearing surface 52 than ixi the previous
embodiment. Top pole 67 is fabricated on top of gap oxide layer 66. Top pole 67 may
% | be 2 high moment material. Next, oxide 75 is deposited and planarized by methods
previously discussed. Oxide 75 may be, for example, silica. Bottom shield 74 is then
- ' deposited on top of top pole 67 and oxide 75. Bottom shield 74 may then be
planarized. This may not be necessary because the oxide 75 has been planarized.

_ In the embodiment shown in figures 6 and 7, top pole 67 is deposited and
R : planarized before the shield 74 is deposited. It would of coursé be possible to deposit
the bottom shield 74 on top of the top pole 67 without first planarizing the top pole 67
and then planarize the bottom shield 74. Tt would also be possible to replace the top
pole 67 and bottom shield 74 with a single combined top pole/bottom shield element
and omit the oxide 75. The top surface of the combined top pole/bottom shield would
be plananzed | -
The embodiment shown in Figures 6 and 7 provides a good definition zero
throat. Good definition zero throat is necessary for proper performance.
* Figures 8A-8C are layered diagrams of the layer structure ofa second alternate
method of fabricating pole tip 72. In Figures 8A-8C, pole tip 72 is plated or sputtersd
‘into channel 70. The pole material forming pole tip 72 is then ion milled to provide the

proper width of poie tip 72. Bottom shield 74 is then fabricated on top of pole tip 72
and top surface 68 of write gap oxide layer 66. Bottom shield 74 is then planarized.
Figures 9A-9D are layered diagrams showing a third alternate method of

R ' N
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anarizing a top surface of the oxide |layer and a top sur ¢ a pé’rﬁ on

[ the top pole distal to the air bearing surface; fabricating a bottom
hield on top of the oxide layer and the top pole; fabricating a first
cader gap on top of the bottomshield; {prm ng a nmagnetoresistive el enent
n top of a portion of the first reader gap proxinal to the air bearing

ir f ace; f aforingtpolegipeT2 ctw showh irc Biguees 94A-20, 4 byyetdf higipmomentrmagerialtie f i r st

Fgnet of ooiaiupd e&%éﬁl@%‘%é?éa%ﬁé%bé%ﬁq%ﬁét e dg 7 are ther
rnet or osi gt 4 et hO L) Call Ui of 6108 72° kb Rt Bt &ih°
be put on top of pole tip 72 and additional oxide layer can be fabricated. Bottom shield
74 can then be fabricated. Bottom shield 74 can then planarized.

Mmough the methods of forming pole tip 72 described above with reference t
figure 5 and figures 8A to 8C and 9A to 9C are all described as forming an MR head
1 of the type illustrated in one of figures 2 to S and 10, all of these methods described

with reference to any one of figures § and 8A to 8C and 9A to 9C can be used in an

33200 -00D

I MR head employing the present invention as described with reference to either one of
figures 6 and 7.

Figure 10 is a layer diagram showing air bearing surface 52 of a writer of
inverted MR head 50. As shown in Figure 10, pole tip 72 is aligned above bottom pole
56; with the critical portion of write gap oxide layer 66A located between bottom pole
56 axld"pole tip 72, The dismnée between bottom pole 56 and pole tip 72, which is the

_critical distance of write gap oxide layer 66 is in the range of approximately 1,000 to
10,000 angstroms, and preferably in the range of approximately 2,000 to 8,000
angstroms. In oné preferred embodiment, bottom pole 56 has a height in the range of
approximately 2.0 to 4.0 'micromcters, write gap oxide layer 66 formed between top

“surface 60 of polymer insulator 58 and top surface 68 has a height in the range of
approximately 2,000 to 8,000 angstroms, pole tip 72 has a height in the range of
approximately 5,000 to 20,000 angstroms, and bottom shield 74 between top surface 68

' of write gap oxide layer 66 and top surface 76 of bottom shicld 74 has a height in the

rahge of approximately 1.5 to 4.0 micrometers.
Figure 11 is a layer diagram showing the entire fabricated inverted MR head 50,
including both the writer and the reader portions of inverted MR head 50. Once
" bottom shield 74 has been deposited and phnmized, the remaining layers of the reader
can be deposited on the flat surface of bottom shield 74, Deposition on a series of fiat

R

eet Has Been Replaced

"R,




o REEEI%&?&E?Q’%’% 251';_9%63 aT J_'.-‘F’.?Z-?HB&PAC(:;E 16 (PRINTED PABE 16) 1

rrzgnetorem Stive ef énent; ad"F4Brc@ting a top shield on B6P4Hfhe Lelbond
reader gap. The present invention is a nethod of manufacturing an inverted
ngnet oresi stive head for reading nmagnetically stored information froma
magneti ¢ storage nedium The net hod incl %ies fabricating a bottompole in a
recessed portion of a basecoat, which is distal froman air bearing surface
of the W&gﬂﬁgggé nsd;i : icd ! QindMRAEHCt i ve coils are
posi tioned a ove%glﬁgh%gﬁbg‘?n&b(ﬁhéﬁqummﬁﬁdéqggiﬁi?nf abricated on top of the

bet t om pol e, bel Onetthewtiap pottichaf énvefted MR foeald\50thas beenjfabrécatedp ficsk remdemet i C
hiijgh moment material is formed in the wite gap proximal to the air bearing

strface. A gappxids layer J8tisdepositadan top of bystost shisld 7holnconeipsefarted t he wite gap.
embodiment, first reader gap oxide layer 78 has a height of less than 4000 angstroms.

MR element 80 is fabricated on first reader gap oxide layer 78 near trailing edge 73 of

inverted MR head 50. MR element 80 may be a single film or composite film

structure. The specific embodiment of MR element 80 does not affect the usefulness of

the present invention. Electrical contacts 82 are then deposiwd, followed by second

' 1 reader gap oxide layer 84, top shield 86, and overcoat oxide layer 88. In one preferred
embodiment, second reader gap oxide layer 84 has a height of less than 4000

~angstroms. In addition, a boundary control stabilization layer, a permanent magnet
stabilization layer, and/or an additional layer of contacts for inductive cancellation or
low circuit resistance can be incorporated into the MR reader if necessary for a
particular application. ' |

: | " Figure 12 is a layer diagram of inverted MR head 50 showing both the reader

and the writer. As shown in Figure 12, bottom pole 56, pole tip 72, and MR element

80 are aligned with one another. This invention improves the accuracy of the alignment

i of the MR sensor to the pole tip and the top pole, since there are only one or two
inmening mask layers to complicate mask alignment, as compai'ed to ten or more
intervening mask layers in prior art non-inverted MR heads. The alignment of bottom

- pole 56, pole tip 72, and MR element 80 is critical in forming an MR head which can
both preciscly read information from a magnetic storage medium and write information

10 the magnetic storage medium. '

The inverted MR head 50 shown in figures 11 and 12 has a writer portion of the

type shown in figures 2 to 5 and 10, The inverted MR head structure shown in figures
11 and 12 could also be used with a writer portion employing the present invention as
described with reference to either one 61-‘ figures 6 and 7. |

~ There are several advantages of invérted MR head 50 of the present invention,

| e
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he toB 6 'e"i's pT BRari zed. T A'H6% fofl shiel d is fabricat edb?f“‘?%f th1é7top
%ole The bottom shield may be planarzed if desired. Alternatively, the
ottom shield may be planarized and the top pole not be planarized. A first
reader gap is fabricated on top of 5:4he bottomshield. A

yagnet or esi stive eI enment is formed on top of a portion of the first reader

gap proxi Mgt d@trlia st the Sy peld i8 @éhievall Sécbhd; ahe distahaxbetwesneMRabr i cat ed
.gn top of ato port lon of the PI rst reader gap, the electrical contacts
¢l ect ri cal lymem80entitopupdle a2 is substantially reduced over the prior art. This allows
1 inverted MR head 50 to write higher linear densities on the disc, Third, planarity of the
top pole allows the reader and the writer to be offset without the top pole having a dip
in it, such as the dip of the prior art shown in Figufe 1B. Fourth, use of sendust or

other rough films for the top shield will not cause shorting due to roughness, since the

only ﬁlm above the top shield surface is the overcoat. Fifth, building the writer pnor
to building the reader allows use of high temperature curing polymers such as
polyimide and benzene cyclo-butene (BCB) without degrading the MR sensor magnetics
or other properties. Sixth, building the writer prior to building the reader allows use of
spin valves or giant MR sensors since high temperature i)olymgr cures could cause
inter-diffusion among the extremely thin layers of giant MR sensors or spin valves,
thus destroying their effectiveness. By having all high temperature cures completed

~ before the reader portion is built, few restrictions are placed on the use of giaht MR

o and/or spin valves sensors. In particular, the materials for the reader and writer can be

optimized independently of each other to a much greater extent than the prior art.

In the above description, the pole tip is described as being formed of a high
moment magnetic material, the pole tip could instead be formed of a non-magnetic high
moment material in any and ail cases.

Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in
form and detail without departing from the spirit and scope of the invention.

The aforegoing description has been given by way of example only and it will be
appreciated by a person skilled in the art that modifications can be made without departing
! from the scope of the present invention. |
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gnetoresistive elenent to a regi on ou
second read gap layer is fabricated on top of the electrical contacts and

ne magnet oresi stive el enent.

gures,

UN-1996  17:
en "Gt Sn tside of the magnet B e e Helf.

A top shield is fabricated on top of the

pcond reader gap. Finally, an overcoat @f oxide is fabricated on top

he top shield. Alternatively, the top pole and bottom g gkdl LBy

5 a single elenment and the top surface of this conbined

ield be planarized. Enbodi nents of the invention wll tBMHl ﬂ r
way of exanple only, with referenddAIMS he acconpanyi

I n which;

a prior art magnetoresi stive head.

1. A method of manufacturing an inverted magnetoresistive head, the method
comprising:
fabricating a bottom pole (56) in a recessed portion of a basecoat (54) distal
from an air bearing surface (52) of the héad;
' positibning a polymer insulator (58) and conductive coils (64) above the bottom

pole; and characterised by further comprising:

fabricating a write gap on top of the bottom pole at 2 level bejow the level of
the top surface of the polymer insulator; -

forming a pole tip (72) of high moment magnetic material in the write gap
proxunal to the air bwnng surface;

fabricating a bottom shield (74) having a planarized top surface on top of the
pole tip and the write gap; |

fabﬁcating a first reader gap (78) on top of the bottom shield;

. forming a magnetoresmuve ¢lement (80) on top of a portion of the first reader

gap proximal to the air bearing surface;

fabricating electriéal contacts (82) on top of a portion of the first reader gap, the
electrical contacts electrically connecting the magnetoresistive element to a region
outside of the inverted magnetoresistive head;

" fabricating a second reader gap (84) on top of the electrical contacts and the

magnetoresistive element; and

fabricating a top shield (86) on top of the second reader gap.

2; " The method of claim 1 wherein the step of fabncanng a bottom shield havmg a
planarized top surface further comprls&c
fabricating a top pole (67) on top of the pole tip and the write gap;

A

of
aggdne d

B

Figure 1A is a |layer diagramview of the |layer structure
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Fi gure fB I's a |l ayer diagram view show ng the |ayer structUre he &1

bearing surface of a prior art nmagnetoresistive head. Figure 2 is a |ayer
i agram vi ew of the layer structure of a bottom pole of awiter of- a

gnetoresistive head prior to planarizgkion. Figure 3 is ﬁ‘hfs@?(e@trHagbéegrR@ﬂlced

iew of the layer structure of a bottompole of a witer of H%H]Uw _
' w

gnet or esi Stivﬁ'aﬂﬁ%’n r QQFhZRb ndR: afid Jure 4 is a IayE!lMi
f the | ayer st ucturega%)%ﬁasu ottom po Pieoh of a witer show
ghannel in the bitfingahe bdtiodnistdeld oh Soppof thy eop pdleagr am vi ew of the |ayer
tructure of a witer of a magnetoresistive head.

0n.Q

3.  The method of claim 2 wherein the step of planarizing the top surface of the
top pole further comprises:

depositing an oxide layer (75) on top of the top surface of the top pole;

depositing a photoresistive layer on fop of the oxide layer; and

reactive ion etching the oxide layer and the photoresistive layer until the top
! surface of the top pole is substantially smooth.

I 4, The method of any one of claims t to 3 and further comprising planarizing a top
surface of the bottom shield.

5.  The method of any preceding claim wherein the step of fabricating a bottom
pole further comprises:
plating polymer into the basecoat.

6.  The method of any preceding claim wherein the bottom pole is made of a plated
permalioy.

7. The method of any precsdmg claim wherein the write gap is formed from silica,
- diamond-like carbon or alumina.

8.  The method of any preceding claim and further comprising:
fon milling a channel (70) into the write gap; and
filling the channel with the high moment magnetic material.

9. - The method of any preceding claim wherein the step of forming apolé tip of

* [ L M $ *
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Fi gure 6 is a1 I aye7r i?il agram VI [evli/E%f& tche | ayer structure of “é?%“é%%%. mene? of
ajbottom portion of a witer enploying the invention showi ng a recess
channel in the witer gap. Figure 7 is a |ayer diagramview of the |ayer
structure of the enbodi mrent of Figure 6. 16 REPLACEMENT SHEET 6

high moment magnetic material in the write gap proximal to the air bearing surface
further comprises:
on-milling a channel (70) into the write gap proximal to the air bearing surﬁce;
plating the pote tip of high moment magnetic material into the channe] such that
a top surface of the pole tip is above a top surface (68) of the write gap; and
ion-milling a first and a second side of tﬁe pole tip to provide a proper width of
the poie tip.

10.  The method of any one of claims 1 to 8 wherein the step of forming a pole tip -
of high moment magnetic material in the write gap proximal to the air bearing surface
further comprises: _
jon-milling a channel (70) into the write gap proximal to the aix; bearing surface;
sputtering the pole tip of high moment magnetic material into the channel such
that a top surface of the pole tip is above a top surface (68) of the write gap; and
ion-milling a first and a second side of the pole tip 1o provlde a proper width of
the pole tip.

11.  The method of any one of claims 1 to 8 wherein the step of forming a pole tip
of high moment magnetic material in the write gap proxxmal to the air bearing surface
further comprises: ' _

fabricating a first write gap layer on top of the top surface of the polymer;

plating the pole tip on the top surface of the first write gap layer proximal to the
air bearing surface such that & top surface of the pole tip lies in a first plane;

ion-milling a first and a second side of the pole tip to provide a proper width of
the pole tip;

fabricating a lift-off photoresist layer (71) on top of the pole tip;

fabricating a second write gap layer on top of the first write gap layer so thata
top surface of the second write gap layer lies in the first plane;

is Sheet Has Been Reﬂlaced
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Fi gur es"BATBE A e T8 er di adt™MEDd Phe 1 ayer structure of PPHESERPS pedr g

urface of a witer of a magnetoresistive head showi ng an_alternate nethod

f fabricating a pole tip. Figures 9A-9D are | ayer diagrans of the |ayer
[ructure of the air bearing surface of ﬁ7wr|ter of a nmagnehipsSieeiHas Baca Ryta:
howi ng an alternate nethod of fabricatihg a pole tip. Fi gu MH mmlﬂlu
0Ss-secti onal e t.h r_Qf air bearing surf.ac

magnet or esi st |r%°ﬁ/5§hfﬂ#ﬁ{§$é&ﬂ&iﬂsﬁg cross-sectional view a :

ructure of a conplete magnetoresistive head.

WOV ®Oow

12.  The method of any one of claims 1 to 8 wherein the step of forming a pole tip
of high moment magnetic material in the write gap proximal to the air bearmg surface
further comprises:

fabricating a first write gap layer on top of the top surface of the polymer;
1 ' sputtering the pole tip on the top surﬁce of the first write gap layer proximal to
the air bearing surface such that a top surface of the pole tip iies in a first plane;

| fon-milling a first and a wcond side of the pole tip to provide a proper wxdth of
' the pole tip;
! fabricating a lift-off photoresist layer (71) on top of the pole tip;
| fabricating a second write gap layer on top of the first write gap layer so thar a
top surface of the second write gap layer lies in the first plane;

semoving the lift-off photoresist layer.

13.  The method of claim 11 and claim 12, and further comprising;
fabricating a third write gap layer on top of the second write gap layer and the
pole tip.

14. A method of manufacturing an inverted magnetoresistive head, the method
comprising: | |

fabrm.ung a bottom pole (56) in a recessed portion of a basecoat (54) distal
from an air beanng surface (52) of the head;

positioning a polymer insulator (58) and conductive coils (64) above the bottom
pble; and characterised by further comprising:

fabricating a write gap (66A) on top of the polymer insulator distal to the air
Gl beanng surface and posiﬁohed on top of the bottom pole proximal to 'the air bearing
' surface; |

. e
U

AR
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the witer portion of the head position
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Figure 15”]‘5 a cross secti c‘)TnaII i evgoshovm ng the | ayer strictirecor tfheZir
bearing surface of a conplete nmagnetoresistive head. Figure 1Ais a
¢ross-sectional view of the layer structure of prior art magnetoresistive
MR) head 10. MR head 10 of Figure 1 ilLﬁstrat es a standard MR head havi ng
on top of the reader portion of
he head. MR h . 2, bottomshield 14, first
eader gap oxi%ﬁ%e%@gmgﬁiﬁ cont tp:sL 18, MR el enment 20, second
eader gap oXi dghricalfE a,@g,udéQg@ﬁ%ﬂ@@%ﬁ%&p@hmﬂmttmgapmde | ayer
P6, polymer insulator |layers 28a, 28b, and 28c, conductive coil layers 30a
and 30b, asngfate@p pol e 32. Bottom shi el d 14 i s deposited upon basecoat oxide

t2 Frstr egd p%gn%lg getollr gu?ai:e of the ox1de layer and a top surface of a portion of the
top pole d1stal to the air bwnng surface; _
fabricating a bottom shield (74) on top of the oxide layer and the top pole;
fabricating a first reader gap (78) on top of the bottom shield;

forming a magnetoresistive element (80) on top of a portion of the first reader

9 | gap proximal to the air bearing surface;

fabricating clectrical contacts (82) on top of a portion of the fisst reader gap, the
electrical contacts electrically connecting the magnetoresistive element to a region
outside of the inverted magnetoreslstwe head;

fabncatmg a second reader gap (84) on top of the electncal contacts and the
magnetoresistive element; and

‘fabricating a top shield (86) on top of the second reader gap.
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ii6 i s PPrNdERSHTY upon Dol HofR 8hfhl d 14. Next, MR el en@hi¥FE=R P&

eposited in a magnetic field and patterned. MR eI enment 20 is the portion
. of MR head 10 which senses a magnetic field associated with a transition

froma magnetic storage medium during a,zead operation. Electrical contacts
8 are then deposited on MR el ement 20 é%d first read gap oxide |layer 16.
econd read gap oxide layer 22 is then deposited. The two oxide |ayers, 16
nd 22, conprise the read gaps, inside which MR elenent 20 is fabricated.

xt, top shield/ bottompole 24 is ARSERACI. Top shield/ bottompole 24 is

ormally utilized to provide the top shield of the reader portion of M
head 10 as '

METHOD OF FABRICATING AN INVERTED
MAGNETORESISTIVE READ

A method of fabricating an inverted magnetoresistive head is disclosed. The
| method includes fabricating a writer. The writer includes a bottom pole (56) positioned
within a recessed substrate (54). The bottom pole is filled with copper coils (64) and
* polymer (58). A write gap (66A), a pole tip (72), and a top pole (67) are fabricated on
a portion of the polyrﬁer. .A top surface of the top pole is planarized and a bottom

shield (74) is fabricated on the top pole to provide a substantially smooth surface upon |
which a reader can be plam'd.. The reader is fabricated on top of the writer and includes
a first reader gap (78), a magnetoresistive element (80), a second reader gap (84), and .
a shield (36)- '

Fig. 7
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ﬁo HILLER_& co 4309275  P.24
Il as the otton1po|e of the witer portion of MR head 10 VVIte gap

xi de | ayer 26 is deposited, followed by polyner insulator |ayer 28a,
onductive coil |ayer 30a, polyner insulator |ayer 28b, conductive coil
ayer 30b, and polymer insulator |ayer 28c. Finally, top pole 32 is
eposited to conplete the fabrication of head 10. Top shleld/botton1pole
4 and top pole 32 provide the witing cépability of MR head 10 during a

rite.operation. The nunber of conductive coils 30 and pol yner insul ator

ayers 28 are determ ned by design and affect the inductance capabilities
f the witer portion of MR head 10. Each polymer insulator |ayer, however,

ust be cured-at tenperatures bet (] and [err] for varying

——-.-—"j

FIG. 1A
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l,engt hs 01!'Nt|996 éependl ng upon "Fﬁe speC|f| c polyner. mlqulﬂ%zv\?gr h%‘lz? of
this tenperature range for the curing process wll avoid possible
'(Jlegradati on of the magnetics of the reader portion of MR head 10. In

iddi tion, any cure tenperature above. [err] wi || degrade the nmagnetics of a
BVR device. This limts the choice of @wrs avai | abl e as insulators for
/R head readers. As shown in Figure 1B head 10 is fabricated such that
# top surface of second read gap oxide layer 22 is not flat or planarized.
he non-pl anar surface of second read gap oxide |layer 22 dictates that
ubsequent deposited |ayers of MR head 10 are also not flat or planarized.
n particular, top pole 32, which is covered by overcoat oxide |ayer 33,
an be offset fromthe center of MR head 10, which can degrade the

)
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guality 3PNtracks'wwitten from head 10. In addition, it Is e5|redm$%at

-each deposited layer of MR head 10 is flat or planarized to prevent

horting of |ater deposited |ayers, thereby rendering MR head 10
noperable. Figure 2 is a cross-sectional view show ng a |layer structure
ear air bearing surface 52 of botton1$ﬁy§ 56. Inverted MR head 50 includes
ase coat 54, bottom pole 56, pol r sl at or 58 having top surface 60
nd dip 62, and conductive coils Leading edge 51 is identified relative
tto air bearing surface 582 I n one empodi nent, to fabricate
[ ermal l oy, is
[

ilni tially deposif

31 FIG. 2

52 —~
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o ame o e oD Smee Wl

" FG. 3

82~ -~
\ :

51

L _ o . This Sheet Has Been RTlaced=




{ RECEIVED @6/8B6 00:38@ 1399 AT 532-7149 PAEE 27 (PRINTED PAGE 27) ]

REPLACE@@H*igﬁEE¥?é 54. Thé'P%éggs I'n basecoat 54 is forneé tﬁrough a

tonbi nati on of chem cal etching and.ion mlling. Polyner insulator 58 and
onductive coils 64 fill the portion above bottom pole 56. Conductive coils
4, which are typically nade of copper, can be positioned in polyner

ijnsul ator 58 in one row, or as seen in{?ﬁ%re 2, conductive coils 64 can be
positioned in a plurality of rows. The er of conductive coils 64 and
pol ymer insulator |ayers 58 affects the inductance capabilities of the
Mriter portion of inverted

73—

| 82

51

- 50\ f75
e “
_ 12
//’Go. __”/ﬁﬁk 86
36
' 54

FIG. 10
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VR heatr 38R Yol in Fi guh?”él‘ 8'tccc)'p surface 60 of pol y1r71ﬁ?arsatorp'%a8
gan be sonewhat irregular. Dip 62 can arise due to |loss of polynmer volune
Euring the curing process. In the present invention, it is critical that

op surface 60 of polyner insulator 58 be flat or planarized so that the
remai ning | ayers of inverted MR head ﬁségglch are deposited on top of top
fur face 60 are deposited on a flat sur Thus, any. rough, jagged
portions of top surface 60, including dip 62, nust be elimnated. As shown
n Figure 3, all jagged and rough portions of top surface 60, including dip
2, have been el i.m nated. Thgﬁlelln1nat|on Is nornmal ly done in one of two

[
{
ways. First, the polynmer nm \\ form ng pol yner insulator 58 can be
q

-@leposi ted
5] \ 68

. ) ] ' 4
X 52"‘N- | _ |

52 —.

7
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FIG. 7
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such t BRINSPPesuFFaee 60 | J-Bithte® ©han bottom pol e 56. TBY 4R e §6°Tan

t hen undergo both a bl anket

hem cal - mechani cal polish until

oth snmooth and | evel
orm ng polyner insu
nd dip 62 (shown in

hot or esi st har dens,

hot or esi st and siH
t ch-back process that
ntil top surface 60

wi th bottom pole 56. Second,

reactive ion etch-back process and/or a
top surface 60.of polynmer insulator
t he pol yner

58 is

mat eri al

ator 58 can be de 3z'ted havi ng rough top surface 60

Figure 2). A laye

hat the top surface of the silica |ayer

hen, photoresist is depositgcggon top7@§ the silica |ayer.
y |evel

It VM

of po

be perfect

rmmv t he si
70

due to_ s
der{go _a_ bl anket

gﬁﬁﬁotoregﬂ$t a
i nsul ato is both

When t he

reaftive ion
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is slightly above bottom pole 56.
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.gnoot h%’rfb”'éﬁ?ﬁré?ﬁflat. As"EhBWE Th Fi gure 4, inverted REEE 30 furt her
ifncl udes wite gap oxide 9 layer 66 having top surface 68 and channel
0. Wite gap oxide layer 66 is deposited on top of top surface 60 of
ol ymer insulator 58. Wite gap oxide |layer 66 can be forned froma variety
f insulating materials, such as sili 07 @ um na, or dianond-1|ike carbon.
annel 70, |ocated near air-bearing surface 52, is then ion-mlled into

ite ]_2
£§

56

1 ' . -

FIG. 9A
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FIG. 9B
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gap axPREN-AFE 6761¥0 def i Fe"&EFRIZICOnr i te gap 66a beneat hBEHAMREYS 70.P-Fhi s
allows extrenely accurate definition of the pole tip 72 (shown in Figures 5
and 10).. The reason is that the photoresist is deposited upon a fiat '
urface, allowi ng nore precise devel opnment of the features in the

hot or esi st mask. Wite gap oxide | ayer, at air bearing surface 52
eneat h channel 70 has a height in the&Z%e of approximately 0.1 to 1.0
icrons, and preferably in the range of approxinmately 0.2 to 0.8 mcrons.

shown in Figure 5 pole tip 72 is positioned at trailing edge 73 of air

earing surface 52 of inverted MR head 50. Pole tip 72 is an insert forned
ifrom a high nonment magnetic material such as iron nitri.de or cobalt iron. A
HI gh nonent nagnetic material is capable of supporting a |larger density '
f-lux than the permalloy used in

-
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tandard Hﬁlﬁt%dg?l%he hi gh ﬁ%ﬁ%ﬁt |nsert form ng pole tlp'9§ concentra es
he magnetic flux and allows witing of a narrow track. The hi gh nonent
ghetic material formng pole tip 72 is either plated or sputtered into
hannel 70 until it is significantly higher than top surface 68 of wite
ap oxide layer 66. The thickness of tge/g gh nonment insert depends upon
he nmagnetic materials in the witer design. Typical values for the
hi ckness of the insert range fromO0.5 to 2.0 mcrons, and typical val ues
or the track width of the pole tip range from2.0 to 5.0 mcrons. In one
referred enbodi nent used for plated inserts such as cobalt iron [err], a
on-magneti-c seed | ayer such as nickel vanadium[err] can be used, which
hen becones part of the wite gap. The protruding section of high
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METHOD OF FABRICATING AN INVERTED
MAGNETORESISTIVE HEAD

The present invention relates to a method of fabricating a magnetoresistive head
for high frequency; high data rate, and high track density applications, and in particular
to a method of fabricating an inverted magnetoresistive head having the reader portion
of the magnetoresistive head fabricated on top of the writer portion of the
magnetoresistive head.

Standard magnetoresistive (MR) heads are fabricated with the writer portion
fabricated on top of the reader portion. MR heads are used in magnetic storage systems
to detect magnetically encoded information from a magnetic storage medium or disc
anci to write magnetically encoded information to the storage medium. In a read mode,
a time dependent magnetic field associated with a transition from a magnetic storage
medium du-ectly modulates the resistivity of an MR element. In operation, the change
in resistance of the MR element can be detected by passing a sense current through the
MR element and measuring the voltage across the MR element. The resulting signal can
be used to recover information or data from the magnetic storage medium.

Practical MR elements are typically formed using ferromagnetic metal alloys

" because of their high magnetic permeability, an example of which is x_uckel iron (NiFe).
A ferromagnetic material is deposited in a thin film upon the surface of an electrically
insulated substrate or wafer. Changing mﬁgnetic fields originaﬁng' from the magnetic
storage medium produce a change in the magnetisation direction _of the MR element and
thereby change the resistance of the sensor. This phenomenon is called the MR effect.

'The element itself comprises a strip of MR material deposited on a magnetic
shield layer to fon_n an MR element. A series of depositions and etching processes form

| an active region from a portion of the MR element. The active region is the area of the

MR element that senses changing magnetic fields from the magnetic storage medium.
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Figures 6 and 7 are | ayered diagrans of the |ayer structure of a first
enbodi nent of the present invention. Figures 6 and 7 are simlar to Figures
4 and 5. Therefore, simlar | ayers and el enents have beBEPLA@EMENd’SHEEW

i dentical nunbers. As shown in Figures 6 and 7, polymer insulator 58 is

| arger than that shown in Figures 4 and 5. Therefore wite gap oxide |ayer
66, deposited on top of polyner insulator %8 does not have a level top-

f 68. hi ' : 6 i h
Thi nnor o sCfngiE BapAARChE brolucd 2 nar¥ iR Reisily BMEIR U], B €
Top pol e 67%&18#&515&%3&@ {0 i theditBer0df 0!S pefdehit tooD 0 phRiRnPENBge7ARBY be

a high nonment” materi al oxide 75 is deposited and planarlzed by
met hods _pr eupgwsﬁagnéué shistgedts 294 bheridSbetwierthe MRIelementiahd thessurface of Bed t om

smield .| fnagnenc storage medium to prevent changing magnetic fields associated with
transitions passing by the head from linking back to the element. The magnetic shield
also serves to protect the element from receiving stray magnetic fields associated with
transitions from surrounding magnetic storage media.

Giant MR (GMR) sensors formed from GMR materials are the new line in the

- family of MR sensors. GMR sensors are formed from GMR elements, which are multi-
iayered structures. These devices include layers of magnetic and non-magnetic
material, which may be films of ferro-magnetic and non-ferro magnetic material or a
similar set of films. Permalloy may or may not be part of the layered pattern. In GMR
sensors, the change in resistivity can be in excess of 65 percent.

One problem which affects performance of MR heads is the degree to which
surfaces in the head can be fabricated flat or "planarized.” In particular, in prioi' art
heads, the top shield of an MR sensor has-a dip just above the active region of the MR
element. This degrades off track performance. Lack of planarization can also cause an
electrical short between various layers of the head, such as between the contacts to the

. * MR element and the top shield or between the top shield and subsequent fabricated
layers. In addition, the bottom shield is usually fabricated from sendust or other high
permeability magneﬁc materials, which is relatively rough for a thin film. This
relatively rough surface can also cause shorting problems between the bottom shield
énd the contact film. Attempts at planarizing MR readers have focused on smoothing
the bottom shield, planarizing the insulator above the MR sensor, or smoothing the top
shield. These steps take additional process time and can limit design flexibility. |

Another problem which affects performance of MR heads is that GMR heads
are susceptible to inter-diffusion among the extremely thin layers of a GMR head

during a polymer cure, even when a low temperature polymer cure is utilized. This

This is the replacement shest

pate: 12 DEC 9%



deposited on top of top pole 67 and oxide 75. Bottom shield 74 may then be

pl anarized. This may not be necessary because the oxide E%MMENTI SHEET
pl anari zed. In the enbodi nent shown in figures 6 and 7, top pole 67 is

deposited and planarized before the shield 74 is deposited. It would of
course be possible to deposit the bottomshield 74 on top of the top pole
67 without first planarizing the top pole 62 and t hen pl anari ze the bottom

shield 74. It would al so be possib to replace top pole 67 and bottom
shield 74 wmmmmmmpMéberg%‘fﬁ“&f‘g Br‘ﬁ%*@?@ el ement and omit
the oxide 75. The top surface of, the.conh] t / gm.shield wuld
be planarized. Thia %E%Mht@ﬁﬁweq _ E%ng '@&%%Lg"%g%% d "b‘g%f”&&WJJ
definition zero etoresistive head, the method comprising: .

—

fabricating a bottom pole in a recessed portion of a basecoat dista! from an air
bearing surface of the head; |

positioning a polymer insulator and conductive coils above the bottom pole; and
characterised by further comprising:

fabricating a write gap on t0p of the quom pole at a level below the level of
the top surface of the polymer insulator;

forming a pole tip of high moment magnetic material in the write gap proximal
to the air bearing surface; | |

fabricating a bottom shield having a planarized top surface on top of the pole tip
and the write gap;

fabricating a first reader gap on top of the ‘bottom shield;

forming a magnetoresistive element on top of a portion of the first reader gap
proximal to the air bearing surface; ' .

fabricating electrical contacts on top of a portion of the first reader gap, the
electrical contacts electrically connecting the magnetoresistive element to 2 region

" outside of the inverted magnetoresistive head;

| fabricating a second reader gap on top of the electrical contacts and the
magnetoresisﬁve element; and

fabﬁétingatopshieldontopofthesecondradergap.

Iﬁaswondaspecg this invention provides a method of manufacturing an
inverted magnetoresistive head. the method comprising: _

fabricating a bottom poi¢ in a recessed portion of a basecoat distal from an air
bearing surface of the head;

positioning a polymer izsulator and conductive coils above the bottom pole; and
characterised by further comp=sng: |
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throat. Good definition zero throat is necessary for propér per f or mance.
Figures 8A-8C are | ayered diagrans of the |ayer struct !
‘dlternate nmethod of fabricating pole tip 72. In Fi gureéégk&@,ﬁ@ﬁ@%% 72
is plated or sputtered into channel 70. The pole material formng pole tip

72 is then ion nmlled to provide the properg width of pole tip 72. Bottom
shield 74 is then fabricated on top of pole tip 72 and top surface 68 of

S 878 Py RAFRLAE S RIS Skl i MR Pl o0 i s
surface and positioned on top of the bottom pole proximal to the air bearing surface;
forming a top pble on top of the write gap;

fabricating an oxide layer on top of the top pole proximal to the air bearing

| surface;
~ planarizing a top surface of the oxide layer.and a top surface of a portion of the
top pole distal to the air bearing surface; |

| fabricating a bottom shield on top of the oxide layer and the top pole;

fabricating a first reader gap on top of the bottom shield;

forming a magnetoresistive element on top of a portién of the first reader gﬁp
proximal to the air bearing surface;

_ fabricating electrical contacts on top of a portion of the first reader gap, the
electrical contacts electrically connecting the magnetoresistive element to a region
outside of the inverted magnetoresistive head; |

fabricating a second reader gap on top of the electrical contacts and the
magnetoresistive element; and

fabricating a top shield on top of the second reader gap. .

The present invention is a method of manufacturing an inverted
magnetoresistive head for reading magnetically stored information from a magnetic
storage medium. The method includes fabricating a bottom pole in a recessed portion of
a basecoat, which is distal from an air bearing surface of the magnetoresistive head. A
polymer insulator and connective coils are positioned above the bottom pole. ‘A write
gap is fabricated on top of the bottom pole, below the top surface of the polymer. A
pole tip of magnetic high moment material is formed in the write gap proximal to the
air bearing surface. A top pole is fabricated on top of the pole tip and the write gap..
The top pole is planarized. A bottom shield is fabricated on top of the top pole. The
bottom shield may be planarized if desired. Alternatively, the bottom shield may be
planarized and the top pole not be planarized. A first reader gap is fabricated on top' of
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REPLACEMENT SHEET form ng pole tip 72. As shown in Figures 9A-9D, a | ayer
of high monent material is plated or sputtered on top ﬁ& jLe _gap oxide
I‘ayer 66. The sides of pole tip 72 are then ion nilled BW%ME@E SHEET
proper width of pole tip 72. Lift-off photoresist layer 71 can be put on
top of pole tip 72 and additional oxide |ayer can be fabricated. Bottom
shield 74 can.then be fabricated. Bottom shield 74 can then planarized.

Although t g REiBada:aS & GhliBirie Eidhneh? ¢/ BR op B Bolonlof s sirence

to figure 5 i'gures t C are all "described as formng

aure . ; :
an ea 0%%“%@8#3’? ko e 2 ehring s@ifice? 'Elédtaied] @bntacts @rdfabricatédonadp of

t hese neth
and 9A t0 9§F £@p Pt Bfithe firsfreader gap, the electrical contacts electrically connecting the

magnetoresistive element to a region outside of the magnetoresistive head. A second
read gap layer is fabricated on top of the electrical contacts ahd the magnetoresisﬁve
element. A top shield is fabricated on top of the second reader gap. Finally, an
overcoat of oxide is fabricated on top of the top shield. '
Alternatively, the top pole and bottom shield may be formed as a single element
and the top surface of this combined top pole/bottom shield be planarized. |
Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying diagrammatic figures, in whichj
Figure 1A is a layer diagram view of the layer structure of a prior art
magnetoresistive head. |
| Figure 1B is a layer diagram view showing the layer structure of the air bearing
surface of a prior art magnetoresistive head.
Figure 2 is a layer diagram view of the layer structure of a bottom pole of a
writer of a magnetoresistive head prior to planarization. Q-
Figure 3 is a layer diagram view of the layer structure of bottoﬁ pole of a
" writer of a magnetoresistive head after planarization.

Figure 4 is a layer diagram view of the layer structure of a bottom portion of a
writer showing a recessed channel in the write gap.

Figure 5 is a layer diagram view of the layer structure of a writer of a -
magnetoresistive head. '

Figure 6 is a layer diagram view of the layer structure of an embodiﬁlent ofa
bottom portion of a writer employing the invention showing a recess channel in the
writer gap. |

~ Figure 7 is a layer diagram view of the layer structure of the embodiment of
Figure 6. '
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MR head enpl oying the present invention as described with reference to .
either one of figures 6 and 7. Figure 10 is a layer di agram showi ng air
Bearing surface 52 of a writer of inverted MR head 50 RERLAGEMENT SHEE®BU €
10, pole tip 72 is aligned above bottom pole 56; with the critical portion
of wite gap oxide | ayer 66A | ocated betwegn bottom pole 56 and pole tip
72. The di stance between bottom pole 56 and pole tip 72, which is the

critical distancpigifes\§A-BE di@Tayex iid@rdnty/6f theGaye? sirlctifeof tRE 8 behring
approximately 1,000 to 10,000 angstronms, and preferably in the range of

ol e 56 has. & el Ot 1 the T aNge of apbr O et el 3 2.0 Lo A 0 M orometers,
wite gap ofebdeatingyepolédipf or red bet ween top _
| Figures 9A-9D are layer diagrams of the layer structure of the air bearing
surface of a writer of 2 magnetoresistive head showing an alternate method of
fabricating a pole-tip. |
Figure 10 is a cross-sectional view of the layer of the air bearing surface of a
writer of a magnetoresistive head.
Figure 11isa cross-sectionél view of the layer structure of a complete
magnetoresistive head.
Figure 12 is a cross-sectional view showing the layer structure of the air bearing
surface of a complete magnetoresistive head.
Figure 1A is a cross-sectional view of the layer structure of prior art
magnetoresistive (MR) head 10. MR head 10 of Figure 1 illustrates a standard MR
. head having the writer portion of the head positioned on top of the reader portion of the
- head. MR head 10 includes basecoat oxide 12, bottom shield 14, first reader gap oxide
layer 16, electrical contacts 18, MR element 20, second reader gap oxide layer 22, top
shield/bottom pole 24, write gap oxide layer 26, polymer insulator layers 28a, 28b, and
28c, conductive coil layers 30a and 30b, and top pole 32.
Bottom shield 14 is deposited upon basecoat oxide 12. First read gap oxide layer
16 is then deposited upon bottom shield 14. Next, MR element 20 is deposited in a.
magnetic field and patterned. MR element 20 is the portion of MR head 10 which
senses 2 magnetic field associated with a transition from a magnetic storage medium
during a read operation. Electrical contacts 18 are then deposited on MR element 20
and first read gap oxide layer 16. Second read gap oxide layer 22 is then deposited.
The tWo oxide layers, 16 and 22, comprise the read gaps, inside which MR element 20
is fabricated. Next, top shield/bottom pole 24 is laid down. Top shield/bottom pole .24
is normally utilized to provide the top shield of the reader portion of MR head 10 as
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surface 60 of polymer insulator 58 and top surface 68 has a height in the
range of approximately 2,000 to 8,000 angstrons, pole tip 72 has @EE@' ght

i'n the range of approximtely 5,000 to 20, 000 angstrg{EpLA@EMEbﬂtS hield

- 74 between top surface 68 of wite gap oxide |layer 66 and top surface 76 of
bottom shield 74 has a height in the range_of approximately 1.5 to 4.0
mcronmeters. Figure 11 is a |ayer di agramZhovm’ ng the entire fabricated

V215 e B il B A 0,70
D anart 2o e WATBgBy Bk RE S0l ol oty BRI IRIAS 1, | 2

conductive coil layer 30a, polymer insulator layer 28b, conductive coil layer 30b, and

polymer insulator layer 28¢c. Finally, top pole 32 is deposited to complete the
fabricaﬁon' of MR head 10. Top shield/bottom pole 24 and top pole 32 provide the
writing capability of MR head 10 during a write operation. The number of conductive
coils 30 and polymer insulator layers 28 are determined by design and affect the
inductance capabilities of the writer portion of MR head 10. Each polymer insulator
layer, however, must be cured at temperatures between 200°C and 400°C for varying
lengths of time depending upon the specific polymer. Only the lower half of this
temperature range for the curing process will avoid possible degradation of the
magnetics of the reader portion of MR head 10. In addition, any cure temperature
above 200°C will degrade the magnetics of a GMR device. This limits the choice of-
polymers available as insulators for MR head readers.

As shown in Figure 1B, MR head 10 is fabricated such that a top surface of
second read gap oxide layer 22 is not flat or planarized. The non-planar surface of
second read gap oxide layer 22 dictates that subsequent deposited layers of MR head 10
are also not flat or planarized. In particular, top pole 32, which is covered by overcoat
oxide layer 33, can be offset from the center of MR head 10, which can degrade the
‘quality of tracks written from MR head 10. In addition, it is desired that each deposited
layer of MR head 10 is flat or planarized to prevent shorting of later depositéd layers,
thereby rendering MR head 10 inoperable.

Figure 2 is a cross-sectional view showing a layer structure near air bearing
surface 52 of bottom pole 56. Inverted MR head 50 includes base coat 54, bottom pole
56, polymer insulator 58 having top surface 60 and dip 62, and conductive coils 64.
Leading edge 51 is identified relative to air bearing surface 52.

In one embodiment, in order to fabncate inverted MR head 50, bottom pole 56,
formed from plated permalloy, is initially deposited into a recessed portion of base coat
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REPLACENENT SHEET 12 surfaces alleviates shorting, which is a critical

i ssue in standard MR heads. Once the writer portion of inverted I\/R head 50
has been fabricated, first reader gap oxide |ayer 78 Tt op of
bottom shield 74. In one preferred enbodi nent, first ng gap ox e |ayer
78 has a height of |ess than 4000 angstrong. MR elenent 80 is fabricated on
first reader gap oxide |ayer 78 near trailTng edge 73 of inverted MR head

50. MR el enentmiQeSRY i Gaskeott 54 i€ fdrirel thfoug R ARORibitioh lof'chemical etching and
ion milling. Polymer insulator 58 and conductive coils 64 fill the portion above bottom
pole 56. Conductive coils 64, which are typically made of copper, can be positioned in
polymer insulator 58 in one row, or as seen in Figure 2, conductive coils 64 can be
positioned in a plurality of rows. The number of conductive coils 64 and polymer
insulator layers 58 affects the inductance capabilities of the writer portion of inverted
MR head 50.

As shown in Figure 2, top surface 60 of polymer insulator 58 can be somewhat

. irregular. Dip 62 can arise due to loss of polymer volume during the curing process. In
the present invention, it is critical that top surface 60 of polymer insulator 58 be flat or
planarized so that the remaining layers of inverted MR head 50 which are deposited on
top of top surface 60 are deposited on a flat surface. Thus, any rough, jagged portions
of top surface 60, including dip 62, must be eliminated.

As shown in Figure 3, all jagged and rough portions of top surface 60,
including dip 62, have been eliminated. This elimination is normally done in one of
two ways. First, the polymer material forming polymer insulator 58 can be deposited
such that top surface 60 is higher than bottom pole 56. Top surface 60 can then
undergo both a blanket reactive ion etch-back process and/or a chemical-mechanical
polish until top surface 60 of polymer insulator 58 is both smooth and level with

bottom pole 56. Second, the polymer material forming polymer insulator 58 can be
deposited having rough top surface 60 and dip 62 (shown in Figure 2). A layer of silica
can be deposited such that the top surface of the silica layer is slightly above bottom
pole 56. Then, photoresist is deposited on top of the silica layer. When the photoresist
hardens, it will be perfectly level due to surface tension. The photoresist and silica
layer can then undergo a blanket reactive ion étch-back process that removes the silica
and photoresist #t the same rate, until top surface 60 of polymer insulator 58 is both
smooth and entirely flat. | |

As shown in Figure 4, inverted MR head 50 further includes write gap oxide
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structure. The specific enbodi ment of MR el ement 80 does not affect the

useful ness of the present invention. Electrical CMQE@WSHEEB%

deposited, followed by second reader gap oxide |a op shield 86, and
overcoat oxide layer 88. In one preferred enbodi nent, second reader gap

oxi de | ayer 84 has a height of |ess than 4000 angstrons. In addition, a
boundary control stabilization |ayer, a peﬁhanent magnet stabilization

e 2 g e ok Rk B AR 20, SR SR G b o7 O
| rsh o5 BB 15864 B oL PO i 2 Wi o SMieiel a0 IR
bot t om pol e t5fnedPRb 4 VAieff of AidGlatilip RlaBMRNY, such as silica, alumina, or diamond-like
carbon. Channel 70, located near air-bearing surface 52, is then ion-milled into write
gap oxide layer 66 t§ define actual write gap 66a beneath channel 70. This allows
extremely accurate definition of the pole tip 72 (shown in Figures 5 and 10). The
reason is that the photoresist is deposited upon a flat surface, allowing more precise
development of the features in the photoresist mask. Write gap oxide layer 66a at air
bearing surface 52 beneath channel 70 has a height in the range of approximately 0.1 to
1.0 microns, and preferably in the range of approximately 0.2 to 0.8 microns. |

As shown in Figure 5, pole tip 72 is positioned at trailing edge 73 of air bearing

surface 52 of inverted MR head 50. Pole tip 72 is an insert formed from a high moment

- magnetic material such as iron nitride or cobalt iron. A high moment magnetic
material is capable of supporting a larger density flux than the permalloy used in
standard MR heads. The high moment insert forming pole tip 72 concentrates the
magnetic flux and allows writing of a narrow n'aék.

The high moment magnetic material forming pole tip 72 is either plated or
sputtered into channel 70 until it is significantly higher than top surface 68 of write gap
oxide layer 66. The thickness of the high moment insert depends upon the magneﬁc
materials in the writer design. Typical values for the thickness of the insert range from
0.5 to 2.0 microns, and typical values for the track width of the pole tip range from 2.0
to 5.0 microns. In one préferred embodiment used for plated inserts such as cobalt iron
(Cogg Fejg), a non-magnetic seed layer such as nickel vanadium (Nigg V2¢) can be

" used, which then becomes part of the write gap. The protruding section of high
moment material is then masked and permalloy is plated around it to obtain an
approximately level surface. The masking above the insert is then removed and the
entire shield is plated as a unit to the desired thickness. The top surface of the top
pole/bottom shield 74 combination will very likely contain irregularities, which are |
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80 are aligned with one another. This invention i
_ . i nproves the accuracy of
the alignment of the MR sensor to the pole tip and the top pole, si n%:/e

tthere are only one or two intervening mask |ayers to ¢ (gm 'F@JE
alignment, as conpared to ten or nore intervening maskﬁgg% S |E'>|1 pri oErT art
non-inverted MR heads. The alignment of bqgtom pole 56, pole tip 72, and MR
element 80 is.critical in formng an MR head which can both precisely read

i nf or mat i onpby AEthévedR Geintica inwichartcalglisingnd write information to th
. . .. e
magneti c storage nmedi um The inverted MR he%d 50 shown i'n figures 11 and 12

has a writer porFigafes® ard P ateylayered diagrams 6f the layer Structuss of . The

inverted MR head structure shown in figures 11 and 12 coul d al so, be used

with a wri tenbadimenvof thepraspitigventionpFigueest6 and ¢ ars similas to Figures 4 and 5

| Therefore, similar layers and elements have been labelled with identical numbers. As
shown in Figures 6 and 7, polymer insulator 58 is larger than that shown in Figures 4
and 5. Therefore, write gap oxide layer 66, deposited on top of polymer insulator 58,
does not have a level top surface 68. In this embodiment of the invention, gap oxide
layer 66 is much thinner distal to air bearing surface 52 than in the previous
embodiment. Top pole 67 is fabricated on top of gap oxide layer 66. Top pole 67 may
'be a high moment material. Next, oxide 75 is deposited and planarized by methods
previously discussed. Oxide 75 may be, for exainple, silica. Bottom shield 74 is then
deposited on top of top pole 67 and oxide 75. Bottom shield 74 may then be
planarized. This may not be necessary because the oxide 75 has been planarized.

In the embodiment shown in figures 6 and 7, top pole 67 is deposited and
planarized before the shield 74 is deposited. It would of course be possiblé to deposit
the bottom shield 74 on top of the top'bole 67 without first planarizing the top pole 67
and then planarize the bottom shield 74. It would also be possible to replace the top
pole 67 and bottom shield 74 with a single combined top pole/bottom shield element
and omit the oxide 75. The top ‘surface of the combined top pole/bottom shield would
be planarized. - |

The embodiment shown in Figures 6 and 7 provides a good definition zero
throat. Good definition zero throat is necessary for proper performance.

Figures 8A-8C are layered diagrams of the layer structure of a second alternate
method of fabricating pole tip 72. In Figures 8A-8C, pole tip 72 is plated or sputtered
into channel 70. The pole material forming pole tip 72 is then ion milled to provide the
proper width ot: pole tip 72. Bottom shield 74 is then fabricated on top of pole tip 72
and top surface 68 of write gap oxide layer 66. Bo&om shield 74 is then planarized.

Figures 9A-9D are layered diagrams showing a third alternate method of
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described with reference to either one of figures 6 and 7. There are
several advantages of inverted MR head 50 of the present_Loveql,
REPLACEMENT SHEET 13 First, precise definition of the toBtgﬁM@QE(ﬁhE&}ed.
Second, the distance between MR elenment 80 and top pole 72 is substantially

reduced over the prior art. This allows inyprted MR head 50 to wite higher
| i near densities on the disc. Third, planarity of the

forming pole tip 72. As shown in Figures 9A-9D, a layer of high moment material is
plated or sputtered on top of write gép oxide layer 66. The sides of pole tip 72 are then
jon milled to provide the proper width of pole tip 72. Lift-off photoresist layer 71 can
be put on top of pole tip 72 and additional oxide layer can be fabricated. Bottom shield
74 can then be fabricated. Bottom shield 74 can then planarized. '
Although the methods of forming pole tip 72 described above with reference to

- figure 5 and figures 8A to 8C and 9A to 9C are all described as forming an MR head
of the type illustrated in one of figures 2 to 5 and 10, all of these methods described
with reference to any one of figures 5 and 8A to 8C and 9A to 9C can be used in an
MR head employing the present invention as described with reference to either one of
figures 6 and 7. . |

Figure 10 is a layer diagram showing air bearing surfacé 52 of a writer of
inverted MR head 50. As shown in Figure 10, pole tip 72 is aligned above bottom pole
56; with the critical portion of write gap oxide layer 66A locatgd between bottom pole
56 and pole tip 72. The distance between bottom pole 56 and pole tip 72, which is the
critical distance of write gap oxide layer 66 is in the range of approximately 1,000 to
10, 000 angstroms, and preferably in the range of approximately 2,000 to 8, 000
angstroms. In one preferred embodiment, bottom pole 56 has a height in the range of
approximately 2.0 to 4.0 micrometers, write gap oxide layer 66 formed between top
surface 60 of polymer insulator 58 and top surface 68 has a height in the range of
approximately 2,000 to 8,000 angstroms, pole tip 72 has a height in the range of
approximately 5 ,OOO-to 20,000 angstroms, and bottom shield 74 between top surface 68
of write gap oxide layer 66 and top surface 76 of bottom shield 74 has a height in the
range of approximately 1.5 to 4.0 micrometers.

Figure 11 is a layer diagram showing the entire fabricated inverted MR head 50,
ihcluding both the writer and the reader portions of inverted MR head 50. Once
bottom _shield 74 has been deposited and planarized, the remaining layers of the reader
can be deposited on the flat surface of bottom shield 74. Deposition on a series of flat
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top pole allows the reader and the witer to be offset without the top pole

having a dip init, such as the dip of the prior art shgpp A '
Four t h, f P RERLAGEERT | SHERE

use of sendust or other rough filns for the top |~ not
cause shorting due to roughness, since the only filmabove the top shield
surface is the overcoat. Fifth, building &Qe witer prior to building the
reader allows use of high tenperature curing polynmers such as polyi mde and

benzene Cy3&&%%%?&%?%@%5%&%%ﬁﬁg&%“wﬁ stRd&aMRheadgnet i cs or

ot her prop e witer prior to building the reader

al I ows use of Sgbuﬂihgvtﬁé\%&ﬁetoﬁorﬁbﬁafh%é&mmaﬁsmﬁﬁMMWMMCICT

pol ymer cures ¢ cause inter-diffusion anbng the extrenmely thin layers
of gi ant NF%@Wﬁy&wssasldapmea,mpbﬂbomtshhmm Intoneprefefredt i veness. By

havi ng all high tenperature cures conpl eted
embodiment, first reader gap oxide layer 78 has a height of less than 4000 angstroms.
MR element 80 is fabricated on first reader gap oxide layer 78 near trailing edge 73 of
inverted MR head'50. MR element 80 may be a single film or composite film |
structure. The specific embodiment of MR element 80 does not affect the usefulness of
the present invention. Electrical contacts 82 are then deposited, followed by second
reader gap oxide layer 84, top shield 86, and overcoat oxide layer 88. In one preferred
embodiment, second reader gap oxide layer 84 has a height of less than 4000
angstroms. In addition, a boundary control stabilization layer, a perméxient magnet
stabilization layer, and/or an additional layer of contacts for inductive cancellation or
low circuit resistance can be incorporated into the MR reader if necessary for a
particular application. _

Figure 12 is a layer diagram of inverted MR head 50 showing both the reader
and the writer. As shown in Figure 12, bottom pole 56, pole tip 72, and MR element
80 are aligned with one another. This invention improves the accuracy of the alignment
of the MR sensor to the pole tip and the top pole, since there are only one or two
intervening mask layers to complicate mask alignment, as compared to ten or more
intervening mask layers in prior art non-inverted MR heads. The alignment of botiom
pole 56, pole tip 72, and MR element 80 is critical in fonni_ng an MR head which can
both precisely reéd information from a magnetic storage medium and write information
to the magnetic storage medium.

The inverted MR head 50 shown in figures 11 and 12 has a writer portion of the
type shown in figures 2 to 5 and 10. The inverted MR head structure shown in figures
11 and 12 could also be used with a writer portion employing the present invention as
described with reference to either one of figures 6 and 7.

There are several advantages of inverted MR head 50 of the present inventiori.
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before the reader portion is built, fewrestrictions are placed on the use

of giant MR and/or spin valves sensors. In particular, ' Nal SHEBT
the reader and witer can be optim zed i ndependent|y of &EEE@I%\!? ?o a

much greater extent than the prior art. In the above description, the pole
tip is described as being fornmed of a hi glf nonent magnetic material, the
pole tip could instead be fornmed of a non? gnetlc hi gh nonment rraterlal in

any and al ses t a Bsuitiv

ref erence fd’sgrmﬁgﬁﬁg‘ga @grﬁé%ﬁé}ﬁé‘% Q ﬁwb %rt W

recogni ze teﬂﬂﬁ EE‘% Eé&u@%ﬁ t &mmsq_gaagtl ng

fromthe spi r| wof the i nvent on 8‘%@?2@3 ng descri ption has

been given Mer%mfhﬁﬁgﬁ%%ﬁ@high%ﬁﬁnéé déhditiedén the disc. Third, planarity of the
top pole allows the reader and the writer to be offset without the top pole having a dip

in it, such as the dip of the prior art shown in Figure 1B. Fourth, use of sendust or
other rough films for the top shield will not cause shorting due to roughness, since the
only film above the top shield surface- is the overcoat. Fifth, building the writer prior
to building the reader allows use of high temperature curing polymers such as
polyimide and benzene cyclo-butene (BCB) without degrading the MR sensor magneﬁcs
or other properties. Sixth, bﬁilding the writer prior to building the reader allows use of
spin valves or giant MR sensors since high temperature polymer cures could cause
ter-diffusion among the extremely thin layers of giant MR sensors or spin valves,
thus destroying their effectiveness. By having all high temperature cures completed
before the reader portion is built, few restrictions are placed on the use of giant MR
and/or spin valves sensors. In particular, the materials for the reader and writer can be
opumlzed independently of mch other to a much greater extent than the prior art.

In the above descnpuon, the pole tip is described as being formed of a high
moment magnetic material, the pole tip could instead be formed of a non-magnetic high
moment material in any and all cases.

Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in
form and detail without departing from the spirit and scope of the invention.

The aforegoing description has been given by way of example only and it will be
appreciated by a person skilled in the art that modifications can be mgde without departing

from the scope of the present invention.
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appreci ated by a person skilled in the art that nodifications can be nade.

"t hout d : : . .
W t hou eparting fromthe scope of the present invent BEPE%CEMWWM

SHEET 14 CLAI M5 1. A nmet hod of manufacturing an inv
magnet or esi stive head, the nethod conpri sing:
' 14

CLAIMS

1. A method of manufacturing an inverted magnetoresistive heé.d, the method
comprising: |

fabricating a bottom pole (56) in a recessed portion of a basecoat (54) distal
from an air bearing surface (52) of the head; |

positioning a polymer insulator (58) and conductive coils (64) above the bottom
pole and charactensed by further comprising:

fabricating a write gap on top of the bottom pole at a level below the level of
the top surface of the polymer insulator;

forming a pole tip (72) of high moment magnetic material in the write gap-
proximal to the air bearing surface; |

| fabricating a bottom shield (74) having a planarized top surface on top of the

pole ti§ and the write gap; | |

fabricating a first reader gap (78) on top of the bottom sh1e1d

forming a magnetoresistive element (80) on top ofa poruon of the first reader
gap proximal to the air bearing surface;

fabricating electrical contacts (82) on top of a portion of the first i-eade; gap, the
electrical contacts electrically connecting the magnetoresistive element to a region
outside of the inverted magnetoresistive head; |

fabricating a second reader gap (84) on top of the electrical contacts and the
magnetoresistive element; and

fabricating a top shield (86) on top of the second reader gap.

2. The method of claim 1 wherein the step of fabricating a bottom shield having a
planarized top surface further comprises:
fabricating a top pole (67) on top of the pole tip and the write gap;

the replacemem shaet
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fabricating a bottompole (56) in a recessed portion of a basecoat (54)

distal froman air bearing surface (52) of the head; pogﬁ,%ﬁg&gg%ﬂ@ﬁﬁﬁer

Irnsul at or (58) and conductive coils (64) above the bott

characterised by further conprising: fabricating a-wite gap on top of the
bottom pole at a level below the |level of_ ihe top surface of the polyner
insulator; formng a pole tip (72) of high nonent magnetic material in the
wite gap proxinpl to the air _ beari,ng surface., fabricating a bottom shield
(74) having a pggﬂ?ﬂﬁ%aei?%ﬁu %&é’b@@m% the pole tip and the wite

gap. fabricating the bottom shield on top of the top pole.

3. The method of claim 2 wherein the step of planarizing the top suﬁ'ace of the
top pole further comprises:
depositing an oxide layer (75) on top of the top surface of the top pole;
depositing a photoresistive layer on top of the oxide layer; and
reactive ion etching the oxide layer and the photoresistive layer until the top

surface of the top pole is substantially smooth.

4. The method of any one of claims 1 to 3 and further comprising planarizing a top

surface of the bottom shield.

5. The method of any preceding claim wherein the stei) of fabricating a bottom
pole further comprises: ’
plating polymer into the basecoat.

6. The method of any preceding claim wherein the bottom pole is made of a plated
permalloy. |

7. The method of any preceding claim wherein the write gap is formed from silica,
diamond-like carbon or alumina.

8. The method of any preceding claim and further comprising:
ion milling a channel (70) into the write gap; and
filling the channel with the high moment magnetic material.

9. The method of any preceding claim wherein the step of forming a pole tip of

O] R This s
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fabricafing a first reader gap (78) on top of the bottomshield; formng a
magnet oresi stive el enent (80) on top of a portion of th ' r p

proximal to the air bearing surface; fabricating el ectrﬁgé‘-'&ééﬁqéﬁﬁﬁ'ﬁ%é)

on top of a portion of the first reader gap, the electrical contacts

el ectrically connecting the magnet or esi stix& el ement to a region outside of
~the inverted magnetoresi stive head; fabricalting a second reader gap (84) on

top of the gh m!,@ %mgg e
fabricating egbtcop i% 5%2'? on S{‘)p 0 g&t 8%?1‘5 reader gap. 3 eTh

met hod of clf@ﬂqgrjcomsg.n the step of fabricating a bottom shiel d havi ng a
" jon-milling a channel (70) into the write gap proximal to the air bearing surface;
plating the pole tip of high moment magnetic material into the channel such that
a top surface of the pole tip is above a top surface (68) of the write gap; and
ion-milling a first and a second side of the pole tip to provide a proper width of
~ the pole tip. |

10.  The method of any one of claims 1 to 8 wherein the step of forming a pole tip
of high moment magnetic material in the write gap proximal to the air bearing surface
further comprises: | |
ion-milling a channel (70) into the write gap proximal to the air bearing surface;
sputtering the pole tip of high moment magnetic material into the channel such
that a top surface of the pole tip is above a top surface (68) of the write gép; and
-ion-milling a first and a second side of the pole tip to provide a proper width of
the pole tip.

11.  The method of any one of claims 1 to 8 wherein the step of forming a pole tip |
of high moment magnetic material in the write gap proximal to the air bearing surface
further comprises:

fabricating a first write gap layer on top of the top surface of the polymer;

plating the pole tip on the top surface of the first write gap layer proximal to the
air bearing surface such that a top surface of the pole tip lies in a first plane;

1on-m111mg a first and a second side of the pole tip to provide a proper width of
the pole tip;

fabricating a lift-off photoresist layer (71) on top of the pole tip;

fabricating a second write gap layer on top of the first write gap layer so thata

top surface of the second write gap layer lies in the first plane;

This is the rep\ace_ment sheet
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pl anarized top surface further conprises: fabricating a top pole (67) on

top of the pole tip and the wite gap; REPLACEMENT  SREBIACEMENTRISHEET ng
a top surface of the top pole; and fabricating the bottom shield on top of
the top pole. 3. The met hod of claim2 wherein the step of planarizing
the top surface of the 17 '

removing the lift-off photoresist layer.

12.  The method of any one of claims 1 to 8 wherein the step of forming a pole tip
of high moment magnetic material in the write gap proximal to the air bearing surface
further comprises: _

fabricating a first write gap layer on top of the top surface of the polymer;

sputtering the pole tip on the top surface of the first write gap layer proximal to
the air bearing surface such that a top surface of the pole tip lies in a first plane;

-~ ion-milling a first and a second side of the pole tip to provide a proper width of

the pole tip;

fabricating a lift-off photoresist layer (71) on top of the pole tip;

fabricating a second write gap layer on top of the first write gap layer so that’a
top surface of the second wﬁte gap layer lies in the first plane;

removing the lift-off photoresist layer.

- 13.  The method of claim 11 and claim 12, and further comprising;
fabricating a third write gap layer on top of the second write gap layer and the

pole tip.

14. | A method of manufacturing an inverted magnetoresistive head, the method
comprising:
fabricating a bottom pole (56) in a recessed portion of a basecoat (54) distal
from an air bearing surface (52) of the head; |
' positioning a polymer insulator (58) and conductive coils (64) above the bottom
pole; and characterised by further comprising: _
fabricating a write gap (66A) on top of the polymer insﬁlat_or distal to the air
bearing surface and positioned on top of the bottom pole proximal to the air bearing
surtace: _ _ .

' t
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top pole further conprises: depositing an oxide |ayer (75) on top of the
top surface of the top pole; depositing a photoresisti f
the oxide |ayer; and reactive ion etching the oxide |a§§?%§“ﬁﬁg éﬁﬁﬂo
phot oresi stive layer until the top surface of the top pole is substantially

snoot h. 4. The met hod of any one of clai 5 1 to 3 and further conprising
planarizing a top surface of the bottom sl‘h eld. 5. The nmet hod of any

preced 19 Lo, " SRR Db RiSIY oflio B BiSafp? Dot om pol ® Turther

fabricating an oxide layer (75) on top of the top pole proximal to the air bearing
surface;

planarizing a top surface of the oxide layer and a top surface of a portion of the
top pole distal to the air bearing surface;

fabricating a bottom shield (74) on top of the oxide layer and the top pole;

fabricating a first reader gap (78) on top of the bottom shield;

forming a magnetoresistive element (80) on top of a portion of the first reader
gap proximal to the air bearing surface;

fabricating electrical contacts (82) on top of a portion of the first reader gap, the
electrical contacts electrically connecting the magnetoresistive element to a region
outside of the inverted magnetoresistive head; )

fabricating a second reader gap (84) on top of the electrical contacts and the
magnetoresistive element; and

fabricating a top shield (86) on top of the second reader gap.

| “This | jacement sheet
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6. The met hod of any preceding claimwherein the bottompole is made of a

plated permalloy. 7.  The nethod of any preceding cl alﬁmm T SpiEETi te

gap is forned fromsilica, dianond-like carbon or alum The net hod
of any preceding claimand further conprising: ion mlling a channel (70)
into the wite gap; and filling the channgd with the high nonment magnetic

material. 9. The nmet hod of any preceding claimwherein the step of
“forming a pole tip of

ABSTRACT

METHOD OF FABRICATING AN INVERTED
MAGNETORESISTIVE READ

A method of fabricating an inverted magnetoresistive head is disclosed. The

- method includes fabricating a writer. The writer includes a bottom pole (56) positioned
within a recessed substrate (54). The bottom pole is filled with copper coils (64) and

- polymer (58). A write gap.(66A), a pole tip (72), and a iop pole (67) are fabricated on
a portion of the polymer. A top surface of the top pole is planarized and a bottom
shield (74) is fabricated on the top pole to provide a substantially smooth surface upon
which a reader can be placed. The reader is fabﬁcated on top of the writer and includes
a first reader gap (78), a magnetoresistive element (80), a second reader gap (84), and
a shield (86). T

Fig. 7
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16 hi gh nonment magnetic material in the wite gap proximal to the air
bearing surface further conprises: ion-mlling a channel | e
wite gap proximal to the air .bearing surface; pl atiﬁﬁf&ﬁﬁ&h‘t@’ﬁﬁgf hi gh
nmonent magnetic material into the channel such that a top surface of the
pole tip is above a top surface (68) of the wite gap; and ion-mlling a

first and a second side of the pole tip}to provi de a proper width of the
pole tip. 10. The nethod of any one of clains 1 to 8 wherein the step of

formng a pole tip

1A

FIG.
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of high nonment magnetic material in the wite gap proximal to the air
bearing surface further conprises: ion-mlling a channel %&ﬁ%ACENENHhSHEET
write gap proxinmal to the air bearing surface; sputtering. pole tip of
hi gh nonent magnetic material into the channel such that a top surface of
the pole tip is above a top surface (68) of the wite gap; and ion-mlling
a first and a second side of the poled4ip to provide a proper width of the
pole tip. 11. The nethod of any one<f clains 1 to 8 wherein the step of
formng a pole tip of high nonent magnetic material in the wite gap
proximal to the air bearing surface further conprises:
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-

fabricating a first wite gap |ayer on top of the top surface of the
polynmer; plating the pole tip on the top surface of the first wite gap
lFayer proximal to the air bearing surface such that at SAKREN e
pole tiplies in a first plane; ion-mlling a first andﬁgP@%@EﬁEﬁ&E@'
the pole tip to provide a proper width of the pole tip; fabricating a
lift-off photoresist |ayer (71) on tofpz;of the pole tip; fabricating a
second wite gap layer on top of _the ffrst wite gap | ayer so that a top
surface of the second wite gap p )&er lies in the first plane;
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REPLACEMENT SHEET 17 renoving the lift-off photoresist |ayer. 12. The
nmet hod of any one of clains 1 to 8 wherein the step of W Wi Tip
of high nonent magnetic material in the wite gap proxﬂ%"’“sgm'!E gpgﬁgE
bearing surface further conprises: fabricating a first wite gap |ayer on
top of the top surface of the polyner; sputtering the pole tip on the top
surface of the first wite gap |ayer pgoximal to the air bearing surface
such that a top surface of the pole tip lies in a first plane;
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lon-mlling a first and a second side of the pole tip to provide a proper
width of the pole tip; fabricating a lift-off photoresist |layer (71) on top
of the'pole tip; fabricating a second wite gap |ayer Q@EPQACEMENThGHEETSt
wite gap |layer so that a top surface of the second wite gap layer lies in
the first plane; renoving the lift-off photoresist |ayer. 13. The net hod
of claim1l and claim 12, and further .conprising; fabricating a third wite
gap layer on top of the second wite ép | ayer and the pole tip. 14. A
met hod of manufacturing -an inverted magnetoresistive head, the nethod
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conprising: fabricating a bottompole (56) in a recessed portion of a
basecoat (54) distal froman air bearing surface (5%¥%QﬁcgpgmcengET
positioning a polyner insulator (58) and conductive iI1Ts(64) above the
bottom pol e; and characterised by further conprising: fabricating a wite
gap (66A) on top of the polyner insulator distal to the air bearing surface
and positioned on top of the botton1pq§e proximal to the air bearing

surf ace; '

/68 70\

B6A 66

FIG. 8B

y sheet
Fl G. 80 This is the rep\acemen

42 DEC ¥

o
patet



18 formng a top pole (67) on top of the wite gap; fabricating an oxide
| ayer (75) on top of the top pole proximal to the air b@EPLACEREN SﬁEE'[
pl anarizing a top surface of the oxide layer and a top surface of a portion
of the top pole distal to the air bearing surface; fabricating a bottom
shield (74) on top of the oxide |ayer and the top pole; fabricating a first

reader gap (78) on top of the bottom skield;, form ng a nmagnetoresistive
el enent (80) on top of a portion of the first reader
72
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éap proximal to the air bearing surface; fabricating glectti ts
(82) on top of a portion of the first reader gap, theﬂéﬁb&ééﬁégquﬂﬁggcts
el ectricalI'y connecting the magnetoresistive elenment to a region outside of
the inverted magnetoresistive head; fabricating a second reader gap (84) on

top of the electrical contacts and the nagnetoresistive el enent; and
fabricating a top shield (86) on top oé the second reader gap.
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