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| NVENTI ON 1. Fiel d of2t01@ 00 hdi Bn7 " The present
invention relates to a read head having ‘a spin valve sensor with an

i nproved capping |ayer and, nore particul arIy, to aisﬁgﬁgﬂn@(m ayer which has
at least two thin filns for i mprovi ng t hel-magnet or €%i ce of the read

‘head, the first thin filmbeing ruthenium (Ru) and the second thin film
being a netal oxide with the ruthenium (Ru) thin filmbeing | ocated between
the netal oxide thin fi REMMIEADEHAMWNVM%SENSORH t he spin val ve
sensor. 2. PesoyimI TMPROVEIPCRYFNGIAYER = A magnetic

head assenbly typically includes wite and read heads wherein the wite
"head wites magnetic bits of information into a rotating magnetic disk in a
di sk drive and the read head reads the magnetic bits of information from

‘the rotating disk. The wite head ingclu | st cond pol e piece
| ayers whi ch have a yoke BACKGROUND&F&[ d18§

1. Field of the Invention -
The present invention relates to a read head having a spin valve sensor with an
improved capping layer and, more particularly, to a capping layer which has at least
two thin films for improving the magnetoresistance of the read head, the first thin
film being ruthenium (Ru) and the second thin film being a metal oxide with the
ruthenium (Ru) thin film being located between the metal oxide thin film and a

ferromagnetic free layer in the spin valve sensor.

2. Description of the Related Art

A magnetic head assembly typically includes write and read heads wherein
the write head writes magnetic bits of information into a rotating magnetic disk in a
disk drive and the read head reads the magnetic bits of information from the rotating
disk. The write head includes first and second pole piece layers which have a yoke
region between a pole tip region and a back gap region. An insulation stack with a
write coil layer embedded therein is located between the first _;md second pole piece
layers in the yoke region, the first and second pole piece layers are separated by a
nonmagnetic write gap layer at an air bearing surface (ABS), which faces the rotating
disk, and the first and second pole piece layers are magnetically connected in the
back gap region. The insulation stack includes multiple photoresist layers which are
baked at a high temperature. This processing step can seriously degrade the

performance of the read head which will be discussed in more detail hereinafter.

The read head includes a spin valve sensor and first and second lead layers

that are connected to first and second side edges of the spin valve sensor for



regi on’between a pole tip region and a back gap region. An insulation stack
wth a wite coil |ayer enbedded therein is | ocated between the first and
second pol e piece layers in the yoke region, the first and second pole

-pi ece layers are separated by a nonnagnetic wite gap |layer at an air
bearing surface (ABS), which faces the rqtating disk, and the first and
second pol e piece |layers are magnetical I'¥"connected in the back gap region.
-The insul ation stack includes nultiple photoresist |ayers which are baked
at a high t eomductihgiraesensdl biusenirtberetisough. sThp spimnvales isenset gndidhy fidt ande

performance of the read head which will be djscussed in nore detail
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shield | aye magnetl ¢ head assenbly the second shield |ayer
and the fir dyapmnmaghetivdlayayer are a common | ayer whereas in a piggyback -
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el ectrical | Y, PQMiG] is 6catdd®eBiveen a ferromagnetic pinned layer and a ferromagnetic free
layer. The free layer typically has a magnetic moment which is oriented parallel to
the ABS and which can be rotated up or down in response to the magnetic bits of
information from the rotating disk. The magnetic moment of the pinned layer is
typically pinned perpendicular to the ABS by exchange coupling with an
antiferromagnetic pinning layer. The free layer has a magnetoresistance which varies
according to the function cos 6, where 0 is the angle between the magnetic moments
of the free and pinned layers. When the magnetic moments of the free and pinned
layers are parallel, the magnetoresistance is zero, however, when the magnetic
moments of the free and pinned layer are antiparalle]l the magnetoresistance is at a
maximum. Assuming that the magnetic moment of the pinned layer is perpendicular
and toward the ABS, positive and negative magnetic bits of information sensed by the
sensor from the rotating disk rotate the magnetic moment of the free layer upwardly
and downwardly respectively causing an increase and a decrease respectively in the
magnetoresistance of the sensor. With a constant sense current the changes in
magnetoresistance cause corresponding changes in potential which cén be processed

by processing circuitry as digital signals.

It is important that the magnetoresistance capability of the spin valve sensor
be preserved during processing steps following the making of the spin valve sensor.

The read head is typically made before the making of the write head. After



| ayer which is | ocated between a ferromagnetic pinned |ayer and a
ferromagnetic free layer. The free |ayer typically has a nagnetic nonent
which is oriented parallel to the ABS and which.can be rotated up or down
.in response to the magnetic bits of information fromthe rotating disk. The
magneti c nonent of the pinned |ayer is tygﬁcally pi nned perpendicular to
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head. As mentioned hereinabove, the various photoresist layers of the insulation
stack in the write head are baked at a high temperature so that they will harden. This
baking is typically at 230°C to 250°C for a period of 11 hours in a field which is
perpendicular to the ABS. The field is perpendicular to the ABS for the purpose of
maintaining the magnetic spins of the pinning layer perpendicular to the ABS.
Unfortunately, this high temperature for such a long period of time significantly
degrades the MR coefficient of the spin valve sensor in spife of the field applied
perpendicular to the ABS for preserving the integrity of the pinning layer.
Accordingly, there is a strong-felt need for making spin valves that do not lose

their magnetoresistance capability after baking of photoresist layers in the insulation

stack of the write head.



-3> constructing the spin valve sensor a reset function nmay be perforned
which is annealing the spin valve sensor at a tenperature such as 230[err]C
for a short period of time, such as 5 mnutes, i.n the presence of a field
-that is perpendicular to the ABS for setting the magnetic spins of the
pinning layer in the direction of the field. After this initial reset the
spin val ve sensor has a nmagnetoresistive 'éoefflm ent which is expressed as
dr/R wherein dr is the change in magnetoresistance of the free layer and R
is the resistance of the freSUMMARYOBHIHE RNVENIION i n nagnet or esi st ance.
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are reflected back into the free layer by the reflective layer more electrons are
involved in the scattering events which enhances the MR coefficient (dr/R).
Unfortunately, other aspects of the oxide capping layer make it undesirable.
If the oxide capping layer interfaces a nickel iron (NiFe) free layer the uniaxial
anisotropy (Hg) of the free layer is signiﬁcantlsr inpreased. Uniaxial anisotropy is the
amount of applied field that is required to rotate the magnetic moment of the free
layer from a parallel easy axis position to a position that is perpendicular to the ABS.
An increase in the uniaxial anisotropy means that the free layer is more stiff in its
rotation response to applied magnetic bits of information from a rotating magnetic
disk. Another common problem with an oxide capping layer is that the MR
coefficient is significantly reduced after the aforementioned annealing step wherein
photoresist layers of the insulation stack in the write head are baked at a high
temperature. I have found that an oxide capping layer with a MR coefficient (dr/R)
of greater than 4% after an initial reset of the pinning layer can be reduced to literally

zero after the annealing step.



- 4- . SUWMMARY OF THE | NVENTI ON An oxi de
capping layer is highly desirable since it causes what is known in the art
as specul ar reflection. Specular reflection nmeans that the oxide |ayer
functions like a mrror and reflects conduction electrons toward the free
| ayer back into a nean free path of the conduction electrons that extends
between first and second si de edges of t e sensor. The nean free path is
the distance between scattering events of the conduction el ectrons between
the first and sedohsvesdideowetgba ecappinmyayer which hwerwores the dfGRmentisnedons
(A). It is the scattering events at the interfaces OLﬁyt hg free I,&yer t hat
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reduced after the aforenentioned annealing step wherein photoresist |l ayers
of the i nsulin¢ludes ascabak ifom (CoEe)thint Blnhead are baked at a high tenperature.
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to literall yod@ thatfpkentsne s@iiRaleanidafié®BS the MR coefficient (dr/R) of the spin
valve sensor after an annealing step, such as baking of the photoresist layers of the
write head.
Another object is to provide a spin valve sensor with a capping layer that
results in a free layer with a low uniaxial anisotropy (Hx) and a high MR coefficient
(dr/R) after annealing at a high temperature for a long time, such as 230°C - 250°C for
11 hours.
Other objects and advantages of the invention will become apparent upon

reading the following description taken together with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of an exemplary magnetic disk drive;
Fig. 2 is an end view of a slider with a magnetic head of the disk drive as seen
in plane 2-2 of Fig. 1;
Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks

and magnetic heads are employed;



- 5- - | have discovered a capping | ayer which overcones the

af orenenti oned problens of an oxi de capping | ayer. The present cappi ng

| ayer does not stiffen the magnetic nonent of the free |ayer and the MR
.coefficient (dr/R) of the sensor is not serious degraded after the
aforenenti oned anneal i ng step. The presen} capping |layer is a double thin
filmstructure wherein a first thin filmTs ruthenium (Ru) and a second
thin filmis a netallic oxide, such as nickel oxide (NiO, tantalum oxide
(Ta2@B) or al uni nBigy dxisder Asomeatwi¢ dflustratipn ofy amh exemplagya pispersiona fxstera fonR
coefficient (dr/R reater than. 4% after resetting the pinning |layer is
decr eased on%‘ﬂ,ppf’g?n@ﬁf’%%f‘f%a?‘ig@g?ﬂg 3@6 after the aforenentioned annealing

st ep. FurtherrmreFig} B¢ B KBSRiev 8Pk RAdraNIEn ARSplaRt 5-5of fige; t he magnetic
nonent of the free layer, especially when the free | ayer includes a cobalt

iron (CoFe) thin Fig fis a partial viaw aflthe slidesfand aepiggybsckmagnetic headas sesntim
provi de a cagl?li ngéquﬁer with metallic oxide that prevents a serious ,
degradati on BfPE He 1gdefficient (dr/R) of the spin valve sensor after an
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Anot her object is to provide a spin valve sensor cappi ng | ayer that
results in aplneg-7afiRg 2pith a | ow uni axial anisotropy (Herr]) and a high

MR coefficient (dr/R) after .annealing at, a _hjgh tenperature for_a |ong
time, such as 230F ﬁ]lea-pazﬁﬁ[@ﬁv(@we thelslﬁlmé(.enaong plane§c0f }38j @¢e s and

advant ages Ogh(ﬁx}l‘ﬁleirl?é’@%}hf@ﬂte%%&ﬁrﬁ?Sﬁﬂ@ r@g@ﬁ@ﬁgadupon readi ng the foll ow ng

description taken together wt e acconmpanyi ng draw ngs.
Fig. 9 is a partial ABS view of the slider taken along line 9-9 of Fig. 7 to show

the read and write elements of the magnetic head;

Fig. 10 is a view taken along plane 10-10 of Figs. 6 and 7 with all material
above the write coil and write coil leads removed; '

Fig. 11 is an isometric ABS illustration of a read head which employs a spin
valve sensor longitudinally biased by hard biasing layers;

Fig. 12 is an ABS illustration of a spin valve sensor accordiﬁg to a first
example;

Fig. 13 is an ABS illustration of another spin valve sensor according to a
second example;

Fig. 14 is an ABS illustration of a further spin valve sensor according to a
third example;

Fig. 15 is an ABS illustration of the present spin valve sensor according to a
fourth example;

Fig. 16 is an ABS illustration of an antiparallel (AP) pinned structure; and

Fig. 17 is an ABS illustration of a simple pinned layer of a spin valve.,



BRI EF BESCRI PTI ON OF THE DRAW NGS Fig. 1 is a plan view of an
exenpl ary magnetic di sk drive; Fig. 2 is an end view of a slider
with a magnetic head of the disk drive as seen in plane 2-2 of Fig. 1;
.Fig. 3 is an elevation view of the magnetic di sk drive wherein nmultiple

di sks and magnetic heads are enpl oyed;

- 6- Fig. 4 is an isonetric iIIusf?htion of an exenpl ary suspensi on

system for supporting the slider and nmagneti c head; Fig. 5 is an ABS
View of the si | BETATEM DESSHIEFHIQN OF Eig PREFERRED EMBOIIMENGS; o
partial view of the slider and a Ri tic head as seen in plane
6-6 of Fig. 2; Fig. 7 1s a%gﬁ{e?%ﬁﬁ\s/@gvﬂgf the slider and a nerged

magnetic head as ReRRidgmdW &'e Graviabs Whereindlike referencefmugherdls Hésighapalikd al
ABS view of the slider taken along plane 8-8 of Fig. 6 to show the read and

write el emeneksimilar prstsithignghous thecsevieral views, Figs. §-3 iflustiateia magnetia digpdriva ew of
L L e T ERIERE N T C
10- 10 of Fi g¥he §piAdid 3Z intdtdtedby aister 3¢4hat is controlled by a motor controller 38. A
combined read and write magnetic head 40 is mounted on a slider 42 that is -
supported by a suspension 44 and actuator arm 46. A plurality of disks, sliders and
suspensions may be employed in a large capacity direct access storage device
(DASD) as shown in Fig. 3. The suspension 44 and actuator arm 46 position the
slider 42 so that the magnetic head 40 is in a transducing relationship with a surface
of the magnetic disk 34. When the disk 34 is rotated by the motor 36 the slider is
supported on a thin (typically, .05 pum) cushion of air (air bearing) between the
surface of the disk 34 and the air bearing surface (ABS) 48. The magnetic head 40
may then be employed for writing information to multiple circular tracks on the
surface of the disk 34, as well as for reading information therefrom. Processing
circuitry 50 exchanges signals, representing such information, with the head 40,
provides motor drive signals for rotating the magnetic disk 34, and provides control
signals for moving the slider to various tracks. In Fig. 4 the slider 42 is shown
mounted to a suspension 44. The components described hereinabove may be
mounted on a frame 54 of a housing 55, as shown in Fig. 3.
Fig. 5 is an ABS view of the slider 42 and the magnetic head 40. The slider
has a center rail 56, which supports the magnetic head 40, and side rails 58 and 60.
The rails 56, 58 and 60 extend from a cross rail 62. With respect to rotation of the
magnetic disk 34, the cross rail 62 is at a leading edge 64 of the slider and the
magnetic head 40 is at a trailing edge 66 of the slider.
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changes to be manifested as potential changes. These potential changes are then
processed as readback signals by the processing circuitry 50 shown in Fig. 3.

The write head portion of the magnetic head includes a coil layer 84
sandwiched between first and second insulation layers 86 and 88. A third insulation
layer 90 may be employed for planarizing the head to eliminate ripples in the second
insulation layer caused by the coil layer 84. The first, second and third insulation
layers are referred to in the art as an "insulation stack". The coil layer 84 and the
first, second and third insulation layers 86, 88 and 90 are sandwiched between first
and second pole piece layers 92 and 94. The first and second pole piece layers 92
and 94 are magnetically coupled at a back gap 96 and have first and second pole tips
98 and 100 which are separated by a write gap layer 102 at the ABS. An insulation
layer 103 is located between the second shield layer 82 and the first pole piece layer
92. Since the second shield layer 82 and the first pole piece layer 92 are separate
layers this head is known in the art as a piggyback head. As shown in Figs. 2 and 4,
first and second solder connections 104 and 106 connect leads from the spin valve
sensor 74 to leads 112 and 114 on the suspension 44, and third and fourth solder
connections 116 and 118 connect leads 120 and 122 from the coil 84 (see Fig. 8) to
leads 124 and 126 on the suspension.

Figs 7 and 9 are the same as Figs. 6 and 8 except the second shield layer 82
and the first pole piece layer 92 are a common layer. This type of head is known as a
merged magnetic head. The insulation layer 103 of the piggyback head in Figs. 6 and
8 is omitted in Figs. 7 and 9.



support’ed by a suspension 44 and actuator arm46. A plurality of disks,
sliders and suspensions may be enployed in a |large capacity direct access
storage device (DASD) as shown in Fig. 3. The suspension 44 and actuat or
.arm 46 position the slider 42 so that the nagnetic head 40 is in a
transducing relationship with a surface gg_the magneti c di sk 34. \Wen the
disk 34 is rotated by the notor 36 the slider is supported on a thin
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t he magnetic, head 40. The slider has a center rail 56, which supports the
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first and second hard bias and lead layers 134 and 136 are located between
nonmagnetic electrically insulative first and second read gap layers 148 and 150. The
first and second read gap layers 148 and 150 are, in turn, located between first and
second shield layers 152 and 154,

Figs. 12-15 illustrate Examples 1-4 with four different capping layers. After
the construction of each spin valve. sensor in the four examples the spin valve sensor
was subjected to an initial reset of the pinning layer at a temperature of
approximately 230°C for 5 minutés in the presence of a field that was directed
perpendicular to the ABS in a desired direction for the magnetic spins of the pinning
layer. The MR coefficient (dr/R) was then measured. Each spin valve sensor was
then subjected to an annealing which simulated the baking of the photoresist layers of
the insulation stack of the write head and the MR coefficient (dr/R) of the sensor was
once again measured. While the capping layers in the first three examples
demonstrated poor or no MR coefficient after the annealing step the present capping

layer in Example 4 demonstrated a high MR coefficient (dr/R).



40, which includes a wite head portion 70 and a read head portion 72, the
read head portion having a spin valve sensor 74. Fig. 7 is an ABS vi ew of
Fig. 6. The spin valve sensor 74 is sandw ched between first and second gap
layers 76 and 78, and the gap |ayers are sandw ched between first and
second shield |ayers 80 and 82. In requgie to external magnetic fields,
the resistanc&xampidep spin val ve sensor " changes. A sense current Is
conduct ed t hrough the sensor causes these resjistance changes to be
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insulation |ayer 103 is | ocated between the second shield | ayer 82 and t he

first pol e pindéeTomagnetiofAF ) haser 2h8 Beewnse 0§Iﬁhﬁe$mall thieknegyokithg cohplinig r st
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connect i ons 48* EﬁdmﬂTﬁn%omeE’? Izégd@alﬁ Eﬁ’(afsiész&élﬁ? hdt dpithe gngylape

Fig. 8) to |easitatibddbativderl 26 dhghbfc TMERENSIN of the free Ex&gls rela@®RdP e € the
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An 1nterlayer 224 of nickel iron (NiFe) is employed between the AFM layer
218 and the first ferromagnetic thin film 212. It has been found that this interlayer
improves the magnetic structure of the first ferromagnetic thin film 212 as contrasted
to its magnetic structure when it interfaces directly with the AFM layer 218.
Improved magnetic structure of the first ferromagnetic thin film 212 improves the
pinning stability of the AP pinned layer 206.

The capping layer 202 included a first metallic oxide thin film 226 which was
25A of nickel oxide (NiO) and a second thin film 228 which was 354 tantalum (Ta).
An interlayer 230, which was 5A cobalt iron (CoFe), was employed between the free
layer 208 and the first thin film 226 of the capping layer. Functionally the layers 208
and 230 form a free layer structure. It has been found that by separating the free layer
208 from the nickel oxide (NiO) capping layer with a thin cobalt iron (CoFe) layer
230 the uniaxial anisotropy (Hk) of the free layers is reduced so that its magnetic
moment 222 is less stiff to rotation in response to applied magnetic bits of

information from the rotating magnetic disk.



-9- Fig. 11 is an isonmetric ABS illustration of a read head 72

whi ch has a spin valve-sensor 130. First and second hard bias and | ead

| ayers 134 and 136 are connected to first and second side edges 138 and: 140
.of the spin valve sensor. This connection is known in the art as a
contiguous junction and is fully describ in comonly assigned U. S

Patent 5,018,037 which is incorporated by reference herein. The first hard
bias and | ead layers include a first hard bias |layer 140 and a flrst | ead

|l ayer 142 and t héfiseconsirustipn ofithe spifdvalvesenser, 400G shayen iim &g de, 4be spiond
hard bias | S 140
and 144 caugégégéﬁéfaagﬁﬂﬂgggo eﬁt ﬂ%ﬂfgﬁgp{&% é%¥ﬁ°gﬁ?gﬂgﬂﬁ?%£ﬁ%%$%7va|ve
sensor 130 D08 bgtanhedlingithg spingrabte sensamngti 239" ® fort S enifutes i ﬁmepreseﬁbe of ml n

al ve sensor, 130 and the f t and, second h r 4 and
\{36Var2 Sﬁp@iﬁmmwkﬁ%%wﬁwﬁm.t@%ﬁﬁ? (ﬁ@mﬁ’? ’CFWZ‘? 3
second ready 1ﬁ%¥ﬁ@%eﬂ§b§2@@%ﬂ%§@rguaﬁ%sét' L4879, Sﬂ@%ngﬁﬂﬁﬁ rlg¥er s

148 and 150 ar turn, |ocated between |rst and se | ayers
152 and 154then subjectdaltgsann&aﬂmgt'of 23006 fmratlehﬁxarrﬁlhesMR cpeffidi¢entf(duR) dhenf er ent

Four oxanp! BEHPRL SECepy I8 Vobdvko Gtk e P LU EE 5 0RA00 e Ssello of -

t he pi nni ngah@uer resdt of the AIFRA Biver 2104t aRBmpafiié 6F Y3XE0[ B MR EquttiSiei Nut es
in the presence of a field that was directed perpendicular to the ABSin a

desired di r é@Rbincreased rsbglmtbgﬁetq ¥%pi hastlys th%@lpuvﬁkvmgensayélpo Wh‘é ﬂm
f f t
Copt [ CLE! sHEHED ShblR, HPASYCety Ea00Pihel SUCUBFIRAE W TR,

| ayers of t keeffictent &driR)n The afdcembntidned nesulte afeshdwamnithdfellb)ﬁhngc(éﬁa‘rt Al ent
(dr/ R) of the sensor was

Chart A
Step R(/) dR/R(%) Hf
Ini NiO reset | 16.31 4.37 15.39
230C Anneal | 14.61 0.14 -11.79
230+reset | 14.78 0.19 -16.65
250c No GMR

The chart also shows that the resistance (R) and the ferromagnetic coupling
field (Hr) exerted by the second ferromagnetic thin film 214 on the free layer 208
were also tested at the various steps of reset and annealing. During the steps, the
resistance (R) in the sensor dropped from 16.31 to 14.78. This loss is acceptable.
However, the ferromagnetic coupling field (Hr) in the sensor dropped from a positive
15.39 to a negative 16.65. The negative indicates an antiparallel ferromagnetic
coupling. This may be a problem in regard to balancing various fields exerted on the
free layer so that the magnetic moment of the free layer is located parallel to the
ARBS.

Example 2
A spin valve structure 300 was constructed, as shown in Fig. 13, which is the

same as the spin valve structure constructed in Fig. 12, except for a capping layer



once again nmeasured. Wiile the capping layers in the first three exanples
denonstrated poor or no MR coefficient after the annealing step the present
capping layer in Exanple 4 denonstrated a high MR coefficient (dr/R).

-10- Example 1 Fig. 12 shows a spin valve sensor 200 which was
constructed with a capping layer 202 for,the purpose of investigating the
MR coefficient (dr/R) of the spin valve Sensor before and after annealing.

nonmmgnet ¢ Bachie Gaapmedisr Faindhicds it Rb S e bBuD s UAobfonRet -
llayer 206 ang 13’21 6@%&&?‘3&?& Bof ﬁesec&ﬁ)thhﬁﬁﬁﬁ 3863whith vaRP2 5]l sNgidkd1qKe0) 206

i ncl udes a coupling t between ferromagnetic first and second

thin filns 2daetherdfistthin ﬁtmé%agdmetthlcd tHondilm 3986wbichtwas 354 eff tantaluma fBghet i ¢

oupt | ng w1 4 BRORRCHRERRE 207 Ret foRRuRTYe SRLVARE SRR Y IRET O
thi ckness of subetiag@uptd ag linltlahrefseﬂ the VIR bds&fﬁaem(rdﬂ/}%t)e\wmf‘@gdablbe 4Bi%.film
212 is pinn aral |l el 60f the first

t t
f err omagnet |‘gﬂgﬂ?l irst; gnpealing g&qzérfﬁ 1y °Pﬁe % rren ) gioppsddo 220
may be reverggghy fAfé&SA £e°c9nd bdset z'ft p.<l11 S ﬁﬁqukaéoemdlaﬁt(a;mpmcmsa&ﬁfghupeo

magneti ¢ nonent 222 of free layer relative to netic nonent 220 -~
of the secon®l4%x rbﬁqgmﬁnal @nn¢alingfat L5 Cifor 6 haursdhe MRch ciepie(dr/R) was 0.

nmagnet or esi s d

At or | ayel 35 e e 1 BBt vl YL PRl Mior UORU TS BodBLRRPERR s, o
218 and t he fherfsit dnacalmpadibesd wsults are Shdwn ﬁ):lrﬁe fdltovshangaeB found that this
i nterl ayer

Chart B
Step R({) dR/R(%) Hf
Ini NiO reset | 15.25 431 4.49
230C 14.44 0.07 -50.43
230+reset 14.52 0.14 -50.49
a5 250c No GMR

It can also be seen from the chart that the resistance (R) dropped slightly after
the first annealing step. However, after the first annealing step the ferromagnetic
coupling field (Hr) dropped to a negative 50.43 which is a large antiparallel
ferromagnetic coupling field exerted by the second ferromagnetic thin film 214 on

the free layer 208,

Example 3
The spin valve sensor 400 shown in Fig. 14 is the same as the spin valve 200
in Fig. 12, except for the capping layer 402. The capping layer 402 was a single thin
film 404, which was 10A of ruthenium (Ru), on the interlayer 230. After subjecting



| nproves the magnetic structure of the first ferromagnetic thin film 212 as
contrasted to its magnetic structure when it interfaces directly with the
AFM | ayer 218. I nproved magnetic structure of the first ferromagnetic thin
film212 inproves the pinning stability of the AP pinned | ayer 206.

The capping layer 202 included a first mgtallic oxide thin film 226 which
was 25A of nickel oxide (NNO and a second thin film 228 which was 35A
tantal um (Ta I I RANVEO (}go,ﬁ

enpl oyed bet?/\h/g ﬁh'vﬁ'lﬂl rsgtz% ggg\r?tQZag\émgfr?g r%!%gtfl rst eﬁérflﬁﬁie?ﬂﬁm 26 of t

cappi ng | ayeAfteFsubj¢dtingahé ypih ivelveagrsos 40080 thedfirdBinncaking ste o£230°E)yfer 11

A1 ckel oxi dehews & Moppsttorn GHRUr AR, i Dandhiier e feopeh gt Mogl f 8550
the uniaxi al y gﬁﬂge/qtgdm{ Hcrbliga i B 951l S AGHHREHoRP ahﬂ%ﬁingta%

magnetlc rmrrent tor I'n response

magnetic bit 3505C foﬂBQfoﬁﬁtth@mrc@Bffici&lt (dﬂm)tdrﬁﬁpdﬁ&@m]!% N B reset at 250°C
After construction of the spin valve sensor 200 shown in Fig. 12, the spin

val ve sensorthﬁaM&@bpﬁ‘M@@ (ddthdwpﬂeﬂuﬁlghﬂwetZ 87%t hE epaghetseen sfmlmsthl@f t he

AFM | 218 t 230

the pr seencectReRrE tor Rk rudBl AR IF U RER e ot 0 s ks, -
The MR coeff if@0kd (:S’fhfaﬁ):d 96 the RIS BbeTri¥RhY RIrREtThe SHiR valveSdenkdls tzloélanﬂes et
was 4.37% The spin valve sensor was then subjected to annealing of

230[ err] C f 0800 in Fxamples Thed MRTboefshltearershowul i Re follewing Chapi €2
significantly to 0.14% Next, the spin val ve sensor 200 was subjected to

Chart C
Step R() dR/R(%) Hf
Ini NiO reset | 15.14 4.32 4.67
230C 15.88 34 443
230+reset | 15.66 3.51 4.73
250c 16.23 291 431
250+reset | 16.8 2.85 2.99

It can also be seen from the chart that the resistance (R) and the ferromagnetic
coupling field (Hg) did not vary significantly after the spin valve sensor 400 was

subjected to the various steps.

Example 4
(The Invention)

The spin valve sensor 500 in Fig. 15 demonstrates the present invention and
has the same structure as the spin valve sensor 200 in Example 1 except for the
capping layer 502, The capping layer 502 includes first and second films 504 and
506 wherein the first film 504 was on the interlayer 230 and the second thin film 506
was on the first film 504. The first thin film 504 was 10A of ruthenium (Ru) and the



another reset of the AFM | ayer 218 at a tenperature of 230[err]C: The MR
coefficient (dr/R) increased slightly to 0.19% Lastly, the spin valve
sensor 200 was then subjected to annealing at 250[err]C for 6 hours. After
this step there was no MR coefficient (dr/R). The aforementioned results
are shown in the follow ng Chart A

Chart A Step /) dR/ R( % _ Hf14 N
Ini NiO : .20, .. , : |
Oml 4 2T esesfei%ﬁlq% ftf 506 vhs 254 of md{?;‘gﬁ%g@gp)' qg{l_oyglly, the %%%@ﬁ%ﬁkog

-16. 65 may include a 8BRCfilm 508 which may be 35A ofNant&MM (Ta). The infftgtagpar t

al so shows that the resistance (R) and the ferromagnetic coupling field
(H err]) exeaspesi obyhis irvestion isdthaeneoerayarst thin filmsoffa metad odiderare sepafated

I 208 I t est t th .1.,0L t f. nneal j ng.
o o' S p A BT REAR 0 o B S 0 S, .
14.78. Thi ' .spiiova | : e
(HE) i n the G292 Affer 30BERAIE spiP W nshi 00 R ATBARER ey MflpaRg he 0

negati ve i ndhreatfdmsd04a506 qar 18| tolanfinitiabresginthei MR coefficieng (drR) wash§s5%e a

roblemin regard, to.balancing various fjelds exerted on.the free | ayer so
Phat. the. el sublestims e gPin TRV 155600 ta s e amnsa ina0r 2ol Qoo | Boirs, e ABG. -

CeamLe 2, MR st SR syt S08 SORSORRTY 4 Sl S0 |

12, except ftora aecafdpicssy dteBBOC the MR coefficient (dr/R) increased to 4.01%. After
annealing the spin valve sensor 500 at 250°C for 6 hours, the MR coefficient (dr/R)
dropped to 3.37%. An additional step was taken with the spin valve sensor 500 by
subjecting it to a third reset at a temperature of 250°C. The MR coefficient (dr/R)
increased to 3.82%. In a comparison with the other examples after the second
annealing at 250°C for 6 hours the MR coefficient (dr/R) of the present iﬁvention was
significantly greater than the MR coefficient (dr/R) of the first and second examples

and showed an increase over the MR coefficient (dr/R) of the third example. These

results are shown in the following Chart D.

ChartD
Step R() dR/R(%) Hf
Ini NiOreset | 16.2 4.65 5.81
230C 16.66 3.61 5.45
230+reset | 15.6 4.01 6.11
250c 16.1 3.37 6.23
250+reset | 16.47 3.82 6.95




12 302. The capping layer 302 included a first thin film 304, which was
10[err] of copper (Cu), on the interlayer 230, a second thin film 306,

whi ch was 25[err] of nickel (NNO on the first thin film304 and a third
.thin film 308, which was 35[err] of tantalum (Ta), on the second thin film
306. After conpleting the spin valve sensor 300 and subjecting it to an
initial reset the MR coefficient (dr/R) wd® found to be 4.31% After a

-first annealing o 0 f ff 1.Cd I dto
0.07% After a sefcto%%1 ral(eg(s)el?er g%énzg%?%%}t]%rem%go%fft{‘%i {é‘ﬁ?’tef‘éfriﬁ@q‘ﬂc‘@gged
slightly to ferbitdgnéti¢c esuphingifiekd (I&Ordérhhbh@ryibor&ﬁ&kh ahly hfferf the sénsoo G606 wiabe MR
coefficient /R .was 0. It can be en that there was a serious

degr adat i on é?bl?%%d ¥R the e¥aFiods SHPS( dr flre) rusfienim ((Re) flAYes: Wah PEEROSEY. kephese
results are b Bhi | &:omd 0o : :

hart B FIAWRLY thih e 108 éslﬁae!pﬂgls %ﬂﬁcﬂa{: /a)nd will shu(ﬁl-tR/a F\;zc(%lon of the sefse

I ni Ni O reset curtént2A shuntiig 3f the sense currd®t reduces the effectivenes® 8 ¢he spin-valve 14. 44

0. 07 -50. 43 230+reset  14.52 0. 14
-50. 49 Sisor. 250¢ No GWR It can

al so be seen fronptdguld®y éndefbod ffa bRsddoabER of e HivemRAdthal il dabyingf t er
layer includes only first and second thin films, namely a first thin film of ruthenium
(Ru) and one or more thin films of a metallic oxide such as nickel oxide (NiO),
tantalum oxide (Ta,0s) and aluminum oxide (Al;Os). In a preferred embodiment the
metallic oxide thin film is nickel oxide (NiO). In regard to a preferred range of
thicknesses and a preferred thickness, the ruthenium thin film 504 may be between
3A to 30A with a preferred thickness of 10A and the metallic oxide thin film 506
may be between 5A to 50A with a preferred thickness of 25A. The tantalum (Ta) -
thin film 508 is for the purpose of protecting the spin valve sensor from subsequent
processing steps. The tantalum (Ta) 508 thin film may be in a range of 20A to 100A
with a preferred thickness of 35A. It should be noted that when a tantalum (Ta) layer
is subjected to air that it will be oxidized to tantalum oxide (Ta,Os), which is a

metallic oxide, throughout a thickness of about 35A.

Regarding layers of thicknesses and preferred thicknesses of the other layers,
the pinning layer 218 may be from 2504 to 600A with a preferred thickness of 4254,
the coupling layer 224 may be nickel iron (NiFe) from 3A to 30A with a preferred
thickness of 104, the first ferromagnetic thin film 212 may be cobalt iron (CoFe)
from 10A to 50A with a preferred thickness of 244, the AP coupling layer 210 may
be ruthenium (Ru) from 3A to 10A with a preferred thickness of 8A, the second
ferromagnetic thin film 214 may be cobalt iron (CoFe) from 10A to 50A with a
preferred thickness of 24A, the spacer layer 204 may be copper (Cu) from 154 to
35A with a preferred thickness of 24A, the free layer 208 may be nickel iron (NiFe)



the first annealing step. However, after the first annealing step the
ferromagnetic coupling field (Herr]) dropped to a negative 50.43 which is
a large antiparallel ferromagnetic coupling field exerted by the second
ferromagnetic thin film 214 on the free | ayer 208. _

Exampl e 3 The spin val ve sensor 400.shown in Fig. 14 is the sane as
the spin valve 200 in Fig. 12, except for the capping |layer 402. The

capping | ay%xﬂQ%AV\t%suﬁ)Asmlae xrefErﬂ: fthfcﬁ%; 36% &1 tW@?ntét@z{ﬁf h30 Hay be

rut heni um (Ru on the interl ecting
13 the spire alltvren@nEtt)rfrmmeAtto 2@13. wmilapmfermbtbtclmt&s olf/E?Acoefflm ent (dr/ R)

Aneai i ng st ep. ol Saneop gfdgrifed Bl e RS 0ReRots ARSIk (o
3.40% Aft erbetdihﬂxleﬁmmlPCblh?aﬁipX]?*/alﬁaﬂérﬁbﬂf’ ]aQSIﬁde Mrrief 13, Q)lrtﬁ@lzm Ol[érsf)ﬁivgl\]{eor 6

' d sli 5 t e.fi anneal i ng, a err
nour s the MSCtEr Whishde acENlY marissdainaey leve obhe R Biuned er 216 E0Eer 1] C
the MR coeffnsclgpsnévtvmlﬁ}g) léjfd?QBﬁﬁBaﬁédngugfrtf}nsets@xpgl ﬁﬁ d'lépf o@ﬁoﬁﬁml rom

this exanple that coefficrent ve sensor ©400
was si gni fi cldht The simple pinned layer 600 is a single ferromagnetlc thin ﬁlm such as cobalt

iron (CoFe) which may have a thickness range of SA to 50A with a preferred
thickness of 20A. The advantage of the AP pinned layer 206 is that the
demagnetization fields from the magnetic moments 216 and 220 counterbalance one
another so that the net demagnetization field on the free layer 208 can be virtually
zero. The demagnetization field 602 on the single layer 600 is not counterbalanced.
The AP pinned layer 206 makes it easier to counterbalance magnetic forces acting on
the free layer so that it will be less stiff to applied magnetic bits of information from
the rotating magnetic disk.

Further, a thin layer of cobalt iron (CoFe), such as SA - 104, may be
employed between the free layer 208 and the pinned layer structure for increasing the
magnetoresistive coefficient (dr/R). This layer is sometimes referred to as a

nanolayer.

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. For instance,
the spin valve sensor may be employed for purposes other than in a magnetic disk
drive, such as a tape drive search and/or surveillance devices and laboratory
equipment. Therefore, this invention is to be limited only by the following claims,
which include all such embodiments and modifications when viewed in conjunction

with the above specification and the accompanying drawings.



ifrprovla‘d conpared to the MR coefficient (dr/R) of the spin valve sensors
200 and 300 in Exanples 1 and 2. The results are shown in the foll owng

i

Chart C.
Step

4:43
250c
2.85

Chart C

ot as2 ) aer D " sa0c 1%\@3\&““?\“3\%@!

230+r eset 15. 66 17 3. 51
16. 23 2.91 '@fM 250+r eset
2.99 It can al so(g'é segn fromthe chart that the

16.

resistance (R) antl theAfeagheticgpadhead comprisimgg field (HF) did not vary .

significantly after the spin valve sensor 400 was subjected to the various

st eps.

a spin valve sensor, the spin valve sensor inglpdingl e 4

(The I nvention) L 0. val v epnsor 500 in Fig. 15 denonstrat
I nvention aairllégﬁﬁga%h%hceé %f%érss[t% %re as the spin val ve sen

t he present

es
sor

200 in Exanple 1 excepifen@mdgh@ticpinédBEyerayn@tturl2. The capping | ayer 502

i ncludes first and second filns

04 and 506 wherein the first film 504 was

on the interlayer 230 amdnmhgnesiecdectricallyncoridunti®&ospaters layar {dvatetli bedtveén | m
504. The first thin dilm504 was 1 h%rlgilmeo] rut heni um (Ru) and the

the free layer structure an ayer structure;

an antiferromagnetic pinning layer exchange coupled to the pinned
layer structure for pinning a magnetic moment of the pinned layer structure;

the pinned layer structure being located between ﬂ)le pinning layer and
the spacer layer;

a cap layer structure including a ruthenium (Ru) layer and a metal
oxide layer; and

the ruthenium (Ru) layer being located between the metal oxide layer

and the free layer structure.

2. A magnetic read head as claimed in claim 1 wherein the pinned layer
structure is an antiparallel (AP) pinned layer structure that comprises:

first and second ferromagnetic pinned layers with the first pinned layer being
pinned by the pinning layer in a first direction; and

an antiparallel coupling layer located between the first and second pinned
layers so that the second pinned layer is pinned antiparalle] to said first direction in a

second direction.

3. A magnetic read head as claimed in claim 1 wherein the pinned layer

structure consists of a single ferromagnetic pinned layer.

4. A magnetic read head as claimed in claim 1 wherein the read head

further includes:

8



14 second film 506 was 25[err] of nickel oxide (NO. Optionally, the
capping layer 502 may include a third film508 which my be 35[err] of

tantalum (Ta). The inportant aspect of this inventi j nor e
thin fi'lms of a nmetal oxide are separated fromthe ﬁm“ﬂ“mumﬂa‘ from
the nickel iron (NiFe) free thin film 208 m/ rut heni umq Ru) . ®Af fer*

subj ecting the spin valve sensor 500 with a capping |ayer including the

three films 504, SRGuiatly 20finiollvalirst ahd bétond tlIaydrl ColRoBR TS Fiks nfifbidkd! /R -

was 4.65% After subjecting the spin valve sensor"to t Irst anneal i ng of
230 C for 11 eHgasrof the $pen datve sakén; ci ent (dr/R) dropped to 3.61% After

subj ecting the spin valve sensor 500 to a_second reset at 230 C the MR
coefficient (dr/RPoNmagueticelectrically snsylating figst apd secand repdiaap layisrsn val ve

ensor 500 at 250 (e r [, Gl . dr to
375750 An addi ¢ ons St itie 3Bt iahd hPlrafafdshodil R 1afihs Bhind BRERA
subj ecti ng i tbetveea thdfirstlanideseednditead ghphipesat ure of 250[err] C. The MR

coefficient (dr/R) increased to 3.82% In a conparison with the other
exanpl es after thdcEQBggtia fins and sepond shisld layerssand hours the MR coeffici ent

oot 11 crent (rl Rofry mEorer Y BRRIGA e Rl BB i) Socdcase

over the MR chefdiagérent (dr/R) of the third exanple. These results are
shown in the follow ng Chart D.

5. A magnetic read head as claimed in claim 4 wherein the

ruthenium (Ru) layer has a thickness in a range of 3-30A.

6. A magnetic read head as claimed in claim 5 wherein the metal
oxide layer is selected from a group comprising nickel oxide (NiO), tantalum oxide

(Ta;0s) and aluminum oxide (AlOs).

7. A magnetic read head as claimed in claim 6 wherein the metal

oxide layer has a thickness in a range of 5-50A.

8. A magnetic read head as claimed in claim 7 wherein the cap
layer structure further includes a tantalum (Ta) layer with the metal oxide layer being

located between the ruthenium (Ru) layer and the tantalum (Ta) layer.

9. A magnetic read head as claimed in claim 8 wherein the tantalum

layer has a thickness in a range of 20-100A.

10. A magnetic read head as claimed in claim 9 including;

the free layer structure having a nickel iron (NiFe) layer and a cobalt iron
(CoFe) layer; and



Chart D Step . R(/).  dRIRC%W . H

561 545 00 as0deset 15 J/IIII ”ié% I ° igoe

.250c : 16.1 3.37 .. 6:23 16 47
3.82 6. 95
It can al so be seen fromthe above chart t!Rat the resistance (R) in the

Sensor 800 vas subiccepaly s (Gile) 1ol 1R KRR IRAMLATHE MK 1 (R, e

pur posel y kelayerramldahe sehenium (RuplayerDA since it is conductive and will shunt
a portion of the sense current. A shunting of the sense current reduces the
ef fectiveness of the spin valve sensor. It shoul d be understood in a
broad concept of ife 'Wﬁﬁ é%{& xfe?&‘h &Qi%dflﬂ cia?r\ﬁefo YR{H&JeHldtﬁé oBBAW irbh " St
and second thin fi I'm of r'ut henium

(CoFe) layer has a thlckness in a-range of 3-20A

12. A magnetic read head as claimed in claim 11 wherein the pinned layer
structure is an antiparallel (AP) pinned layer structure that comprises:

first and second ferromagnetic pinned layers with the first pinned layer being
pinned by the pinning layer in a first direction; and

an antiparallel coupling layer located between the first and second pinned
layers so that the second pinned layer is pinned antiparallel to said first direction in a

second direction.

13. A magnetic read head as claimed in claim 11 wherein the pinned layer

structure consists of a single ferromagnetic pinned layer.

14. _ A magnetic read head as claimed in claim 4 wherein the metal oxide

layer is nickel oxide (NiO).

15. A magnetic read head as claimed in claim 14 including:

the free layer structure having a nickel iron (NiFe) layer and a cobalt iron
(CoFe) layer; and

the cobalt iron (CoFe) layer being located between the nicke-l iron (NiFe)

layer and the ruthenium (Ru) layer.

16. A magnetic read head as claimed in claim 15 wherein the tantalum

(Ta) layer has a thickness in a range of 20-100A.



(Ru) and one or nmore thin films of a metallic oxide such as nickel oxide
(Ni O, tantalum oxide (Ta2G3) and al um num oxi de (A 205). In a preferred -
enbodi ment the netallic oxide thin filmis hickel regard to
~a preferred range of thicknesses and a preferred \t\ﬂmﬂmmmw“ t heni um
thin film>504 may be between 3[err] to 30Awith a preferred thickness of
10A and the netallic oxide thin film 506 y be between 5[err] to 50[err]
Wi a preferred i CkICeRioTRAl ndiad ARMAIR IR 14 Bhbreld IBiiniuh | O
t he purpose of profecting ve sensor m subsequent processi ng

steps. The t(@lmpwyarrha(s'&thxc&ﬁ&stdﬁllﬁAfl | mmay be in a range of 20A to 100A
with a preferred thickness of 35A. It should be noted that when a tantal um

(Ta) layer is subjected to air that it will be oxidized to tantal um oxide
(TazQqerr]), whicfgis a tlc'rﬁadJPféag%s clalihd 8@fn 37 Whefi R &kl dhaut
35A Regardi ng l'ayers of thicknesses and preferred thicknesses of

the other | alpperhas titisicknessoh2fA.ayer 218 may be from 250A to 600A with a
preferred thickness of 425A, the coupling |ayer 224 may be nickel iron
(NiFe) from3[err] to 30[err] with a preferred thickness of 10A, the first

ferromagnetic thiq.film Zagnsiy rdad Headak tcldimed it Srne) 1§ WasfelDher tahtaludn .
50[err] with a preferred thickpess of 24A, the AP coupling |ayer 210 nay be

rut heni um ( Rayerthes ptlicknasy of 3540A with a preferred thickness of 8A, the
second ferromagnetic thin film 214 may be cobalt iron (CoFe) from 10A to
50[err] with a preferred thickness of 24A, the spacer |ayer 204 may be
copper (Cu) from 2&[ er rA nagn&iciread hbadoaselathedriadldilmi Skwbkasincthe 24%glt irbe fr ee

| ayer 208 nae/COti,%) for aej‘zler fxa{s%nmgclﬁngs%)of 5A.

21. A magnetic head assembly comprising:
a write head including:

first and second pole piece layers;

each of the first and second pole piece layers having a yoke portion
located between a pole tip portion and a back gap portion;

a nonmagnetic electrically insulative write gap layer located between
the pole tip portions of the first and second pole piece layers;

an insulation stack with at least one coil layer embedded therein
located between the yoke portions of the first and second pole piece layers;
and | |

the first and second pole piece layers being connected at their back
gaps portions; and
a read head including:

a spin valve sensor that has first and second side edges;

first and second lead layers connected to the first and second side
edges of the spin valve sensor;

nonmagnetic electrically insulative first and second read gap layers;



16 from 15[ err] to 100[err] with a preferred thickness of TSZ[err] and the
interlayer 230 nmay be cobalt iron (CoFe) from 3[err] to 20 th a -
preferred thickness of 5[err]. It shoul d ﬁi\p t the spin
val ve sensor 500 shown at Fig. 15 nay be either I*n val ve '
sensor, as shown in Fig. 15, or a sinple spin valve §en§or whi ch has a

slhi ghtly nodi fied pinned |ayer. The AP pidined | ayer 206 of Fig. 15 is shown

in Fig. 16 for conpari j i ml i Q g.

17. The sinple pinned @%&8&%%@@@?&5‘? g}s?%?(?%éﬁﬁéﬂéetaﬁga% ﬁsh?]elﬁag 1°ﬁf1t§’ﬂch as
cobalt iron (COFeb)etvdaémﬂlerf&ytdmd\seccﬁldtrbﬁ&gdiﬁlaﬁeréange of S[err] to 50[err]
with a preferred thickness of 20 The advantage of the AP pinnied

| ayer 206 is that the ﬁlg‘?fﬁtﬁ?ﬁnf’ F%ﬁhlﬁldel%?:{’ Mbm t he nagnetic noments 216
and 220 count er bal anceg ld on-
the free layer 208 can r@gﬁr&??{?%ﬁﬁoyagfg%%pr g%dg(;s&ngqﬁ%zﬁ%tﬁ%ﬁg&dffé 2 on
the single |ayer #téldilayenand thedirstepdiapizoe ger; Thé AP pi nned | ayer 206 nmkes
it easier to coung%r bal ance cgnetllé1 forces acting on the free |ayer . so
that it will be | HESPUYaYe seps P8 agnetic bits of information fromthe

rotating magnetic di Skaferromagnei:é'ﬁTeE‘?‘e{ er &njchirg; | ayer of cobalt iron (CoFe),
such as 5[err] - 10[err], i/ed bet ween the free | ayer 208 and

t he pinned | ayer str ucaﬁr@magnetmpma@ aygr sthisturegnet or esi stive coefficient

(dr/R). This layer is [ a _nanol.ayer,.
Clearly, other enbodi rr\sﬁ}%g}aﬂ %ﬁg& % 83‘?3?(‘5‘%{’2‘1‘{? W? KPPt A?)éﬁth%e%bFﬁweSBcur
readily to those tife fwedaymlsgruakteldndlthe pinAedilalyerd diriétugay of t hese teachings.

For instance, the spin val V? sensor . may be f npl oyed for pur poses ot her than
in a magnetic disk an antiferromagnetic pmnmg ayer exchange coupled to the pinned

layer structure for pinning a magnetic moment of the pinned layer structure;

~

the pinned layer structure being located between the pinning layer and

the spacer layer;

a cap layer structure having a ruthenium (Ru) layer and a metal oxide
layer; and

the ruthenium (Ru) layer being located between the metal oxide layer

and the free layer structure.

22, A magnetic head assembly as claimed in claim 21 including:
a ferromagnetic second shield layer;
a nonmagnetic isolation layer; and

the isolation layer being located between the second shield layer and the first

pole piece layer.

23. A magnetic head assembly as claimed in claim 21 wherein the pinned
layer structure is an antiparallel (AP) pinned layer structure that comprises:
first and second ferromagnetic pinned layers with the first pinned layer being

pinned by the pinning layer in a first direction; and



drive, such as a tape drive search and/or surveillance devices and

| aboratory equi pnment. Therefore, this invention is to be |jmt only by
the fol lowing claims, which include all such eﬂﬂmummuﬁuﬂl“ﬂifications
when viewed in conjunction with the above specifif s

acconpanyi ng draw ngs.

17 CEAl M5 1. A magnetic read
head conpri sing: . ' , | I :

i ncl udi ng: an satipardict Rofloidy Hse? RRSRA bdpeer McTNE BHE sSEIRFinned

a ferromagndhyess po thaethel sey@d pinfied-layeres pinned antiparallel to said dinstaijpeetiorcin a

el ectrically conductive spacer |ayer |ocated between - the free | ayer
struct ure arfgcemkdipiciaBd | ayer structure; an
antiferromagnetic pinning |ayer exchange coupled to the pinned | ayer

structure for pinning a magnetic noment of the pinned [ayer structure;
the pinned |ayer 34,ruchungmeit Read £SahBlY RUBRA ih BRIMI2INVIGeihakepinasd

t he spacer | ayer; . ‘a cap layer structure including a ruthenium

(Ru) |ayer dayerastmetusd consists of agingle farrpymagnetigpinned layer. t he rutheni um

(Ru) layer being | ocated between the nmetal oxide |ayer and the free

| ayer structure. i
25, A magnetic head assembly as claimed in claim 21 wherein the

ruthenium (Ru)layer has a thickness in a range of 3-30A.

26. A magnetic head assembly as claimed in claim 25 wherein the metal -
oxide layer is selected from a group comprising nickel oxide (NiO), tantalum oxide

(Ta,0s) and aluminum oxide (Al;Os).

27. A magnetic head assembly as claimed in claim 26 wherein the metal

oxide layer has a thickness in a range of 5-50A.

28. A magnetic head assembly as claimed in claim 27 wherein the cap
layer structure further includes a tantalum (Ta) layer with the metal oxide layer being

located between the ruthenium (Ru) layer and the tantalum (Ta) layer.

29, A magnetic head assembly as claimed in claim 28 wherein the

tantalum layer has a thickness in a range of 20-100A.

30. A magnetic head assembly as claimed in claim 29 including:

the free layer structure having a nickel iron (NiFe) layer and a cobalt iron
(CoFe) layer; and

the cobalt iron (CoFe) layer being located between the nickel iron (NiFe)

layer and the ruthenium (Ru) layer.



2. A magnetic read head as clainmed in claiml wherein the pinned | ayer
structure is an antiparallel (AP) pinned [ayer structure that co \ISGS

first and second ferromagnetic pinned |ayers with th \\‘r\ | ayer
being pinned by the pinning layer in a first di rec m\
antiparallel coupling | ayer |ocated between the f| gtorid p| nned

| ayers so that the second pinned | ayer is2o8inned antl par aI I el to said first

direction in a second direction. 3. A magnetic read head as
claimed in claiml wherein the pinned |ayer structure consists of a single

ferromagnetic pinged | gy fagnetic head assefnbly as cRiM@DMEhith 3G MUeRRfPtheaDbak ai Med
inclaiml wherein the reagnhead further” i ncludes:

18 eirex (Coke ldypr basracthivkness if arangeadd- Wdcond | ead | ayers connect ed
to first and side edges of the spin valve sensor; nonmagneti c
electrically insulative first and second read gap | ayers;

32, A magnetic head assembly as claimed in claim 31 including:

a ferromagnetic second shield layer;

a nonmagnetic isolation layer; and .
the isolation layer being located between the second shield layer and the first

pole piece layer.

33. A magnetic head assembly as claimed in claim 31 wherein the pinned
layer structure is an antiparallel (AP) pinned layer structure that comprises: -

first and second ferromagnetic pinned layers with the first pinned layer being
pinned by the pinning layer in a first direction; and

an antiparallel coupling layer located between the first and second pinned

layers so that the second pinned layer is pinned antiparallel to said first direction in a

second direction.

34. A magnetic head assembly as claimed in claim 31 wherein the pinned

layer structure consists of a single ferromagnetic pinned layer.

35. A magnetic disk drive that includes at least one slider, the slider
supporting a magnetic head assembly that has a write head and a read head, the disk
drive comprising:

the write head including:

first and second pole piece layers;
each of the first and second pole piece layers having a yoke portion

located between a pole tip portion and a back gap portion;



the spin valve sensor and the first and second |ead |ayers cated ,
between the first and second read gap |ayers; u‘“ﬁ m ﬂﬁ f| rst ‘
and second shield | ayers; and the first and yers bei ng

located between the first and second shield | ayers. *

A magnetic read head as clained in claim4 wherein the r ut hem um (Ru) | ayer
has a thickness in a range of 3-30[err]. 24 A magnetic

read head as clainmed ip i erein t.he el ect ed
froma group conpri si n% ﬁ*@&@e%(‘fgn o Vé?sula(qglﬁqg‘i %@agq?ﬁzx‘?éﬁ%ﬁwsm

al um num oxi de ( AlhéQlo®d fip pertions of the firsf and second pole pléiseflas&ﬂﬁt ic read head as
claimed in claim6 wherein the netal oxide |ayer has thickness in a range

of 5-50[err]. aig insulation stack withnatleast ene eail h&@rdembeddedu Tein n
claim7 wherein the er str cture fu udes ant al
Cayer i th the melreebiea 8 oS PR Ch it i clish Bt ror ol Pledin S oy
| ayer and the tanfgdum (Ta) |ayer. A magnetic read head as
clainmed in claim8 wherein the tantal um | ayer "has a thickness in a range of
20-100[ err]. 10the firAt and)sadond podadicbe dayemssbaihgicomebcted atl theimback
I ncl udi ng: the free | ayer structure having a nickel iron (N Fe)
| ayer and a cobal E2BST9RIQNSY | ayer; and

the read head including:

a spin valve sensor that has first and second side edges;

first and second lead layers connected to the first and second side
edges of the spin valve sensor;

nonmagnetic electrically insulative first and second read gap layers;

the spin valve sensor and the first and second lead layers being located
between the first and second read gap layers;

a ferromagnetic first shield layer; and

the first and second read gap layers being located between the first
shield layer and the first pole piece layer; and
the spin valve sensor including: .

a ferromagnetic free layer structure;

a ferromagnetic pinned layer structure;

a nonmagnetic electrically conductive spacer layer located between
the free layer structure and the pinned layer structure;

an antiferromagnetic pinning layer exchange coupled to the pinned
layer structure for pinning a magnetic moment of the pinned layer structure;

the pinned layer structure being located between the pinning layer and
the spacer layer;

a cap layer structure having a ruthenium (Ru) layer and a metal oxide

layer; and



19 *the cobalt iron (CoFe) layer being |ocated between the nickel
iron (Ni Fe) |ayer and the ruthenium (Ru) |ayer. magneti c

read head as clainmed in claim 10 wherein the cot}ﬂ!'!ljﬂﬂ“"ﬁ@tﬁzm ayer has a
thickness in a range of 3-20A 12. A ad as

claimed in claim 11l wherein the pinned layer structure is an antiparallel
(AP) pinned | ayer structure that conprisesis first and second

ferromagnetic pinned | ayeh bl d)dald: tRingoBRESbLA¥ES (RShOM) BLiARGd. DY the
pinning layer in a firs I'rection, ana anatlpéra ﬁ?lﬁg
| ayer | ocated bet awbtheifive Idyier sttuctine; #eicond pi nned | ayers so that the second

pi nned | ayer is pinned antiparallel to said first direction in a second
direction. ahousmng; A magnetic read head as clainmed in claim 11l

wherein the pi nne&inla%x&{c cﬁ&ﬁ%ﬁ%ﬁ sﬁ;?ﬁ])?éeﬁtiﬁth%fhoﬁsiﬁjg;ngl e ferromagnetic

pi nned | ayer .
a support mounted in the housing for supporting the magnetic head assembly -

with its ABS facing the magnetic disk so that the magnetic head assembly is in a
transducing relationship with the magnetic disk; S -
means for rotating the magnetic disk;
positioning means connected to the support for moving the magnetic head
assembly to mulfiple positions with respect to said magnetic disk; and
processing means, that is connected to the means for rotating the magnetic
disk, the positioning means and the magnetic head assembly for rotating the magnetic
disk, positioning the magnetic head assembly relative to the rotating magnetic disk

and exchanging signals with the magnetic head assembly.

36. A magnetic disk drive as claimed in claim 35 including;

a ferromagnetic second shield layer;

a nonmagnetic isolation layer; and

the isolation layer being located between the second shield layer and the first

pole piece layer.

37. A magnetic disk drive as claimed in claim 35 wherein the ruthenium

(Ru)layer has a thickness in a range of 3-30A.

38. A magnetic disk drive as claimed in claim 37 wherein the metal oxide

layer is selected from a group comprising nickel oxide (NiO), tantalum oxide (Ta;0s5)

and aluminum oxide (AL Os).



14. A magnetic read head as claimed in claim4 wherein the metal oxide
| ayer is nickel oxide (N O. 15. A magnetic read héad as cl ai ned

in claim214 including: the free layer structure hayj MCkel i ron
(Ni Fe) layer and a cobalt iron (CoFe) |ayer; and ‘\“\\m“‘&\mﬁ i ron
(CoFe) | ayer being | ocated between the nickel !r(“‘ i1He er and the
rut heni um (Ru) | ayer. 16. A nmggnetic read head as clained in

| . ! d oy
gl()?llg]of-gr \va]her ern éé..le t %Itl’l%lglllje lC(dTS(’;}g dr&v@/a%rclalr%%d ?n ED akrﬁ %@ewshseréuri] ﬂ?é rilgnggXlge

17. A magniayérthak aaBickeRslir$raabaofB30AN cl ai m 16 wherein _the rut heni um
(Ru) layer has a thickness of 10A 18. A magnetic read head as

claimed in claim17 wherein the netal oxide |ayer has a thickness of 25A
40, A magnetic disk drive as claimed in claim 39 wherein the cap layer
structure further includes a tantalum (Ta) layer with the metal oxide layer being

located between the ruthenium (Ru) layer and the tantalum (Ta) layer.

41. A magnetic disk drive as claimed in claim 40 wherein the tantalum
layer has a thickness in a range of 20-100A.

42. A magnetic disk drive as claimed in claim 41 including;

the free layer structure having a nickel iron (NiFe) layer and a cobalt iron
(CoFe) layer; and '

the cobalt iron (CoFe) layer being located between the nickel iron (NiFe)

layer and the ruthenium (Ru) layer.

43. A magnetic disk drive as claimed in claim 42 wherein the cobalt iron
(CoFe) layer has a thickness in a range of 3-20A.

44. A method of making a magnetic head assembly comprising the steps of:

making a read head as follows:

forming a ferromagnetic first shield layer;

forming a nonmagnetic electrically insulative first read gap layer on
the first shield layer; and

forming a spin valve sensor on the first read gap layer;
the forming of the spin valve sensor comprising the steps of:

forming an antiferromagnetic pinning layer on the first read gap layer;

forming a pinned layer structure on the pinning layer;



19. “A magnetic read head as clainmed in claim18 wherein the tantal um

| ayer has a thickness of 35A 20. A magneti c read head as
clainmed in claim19 wherein the cobalt iron ( “m“u\mmhas a

t hi ckness of 5A. 21. A magnetic he m ) I Si ng:

a wite head including: first amd second pdl e pi ece |ayers;

each of the first and second pole piece | ayers having a yoke portion

| ocat ed between a pole_ti ortion and a, back . gap portion;

nonmagnet i c el ect ri cal Fming A nAnAEGHy Flechigally Apaiustiye-wagerolayeogn the
the pole tip portpiaRsd Rierldi@ciure;st and second pol e piece |ayers;

an insulation stack with at | east one coil_ |ayer enbedded therein

| ocat ed between t he yofesminga fegiomagnetihises jayertstrupure e hesparsr daysr,and
| ayers; and : ' . pi ece | ayers
bei ng connected at thelforrmf)ragca}(cap layér@ﬁu%ﬂgéeéénp@r@? {eggégpgtﬁ@da J"%’ a read

head i ncl udi ng: the forming of the cap lsyer strochirecomenising thastepstofs first and
second si de edges;

] . first and second | ead | ayers, connected
to the first and secon@@%amthfnlum(_gﬂb’t@er&mﬁﬁ 53 Yﬁrﬁw%‘@%@@%or;
nonmagnetic el ectri cal fotminpsaimatal ¥Rideildyek oA Bt SfeAnRth (Bada@ap | ayers;

45S. A method as claimed in claim 44 wherein the pinned layer structure is
formed as follows:

forming a ferromagnetic first pinned layer on the pinning layer;

forming an antiparallel coupling layer on the first pinned layer; and

forming a ferromagnetic second pinned layer on the antiparallel coupling

layer.

46. A method as claimed in claim 44 wherein the pinned layer structure is
formed as follows:

forming a single ferromagnetic layer on the pinning layer.

47, A method as claimed in claim 44 further including the steps of:

connecting first and second lead layers to first énd second side edges of the
spin valve sensor;

forming a nonmagnetic electrically insulative second read gap layer on the
spin valve sensor and the first and second lead layers;

forming a write head on the second read gap layer;

the forming of the write head comprising the steps of:

forming a ferromagnetic first pole piece layer on the second read gap
layer wherein the first pole piece layer has a yoke region located between a

pole tip region and a back gap region;



21 - ™ the spin valve sensor and the first and seco Iead | ayers

bei ng | ocat ed between the first and second R
a ferromagnetic first shield | ayer; and _ ‘ﬁm m * and second
read gap | ayers being | ocated between the fi rst tshleld | ayer and the

first pole piece |ayer; and t he spin valve sensor i ncl udi ng:
a.ferromagnetic free |layer structure; . a ferromagnet I ¢ pinned
| ayer structure; onng tl.c Iect ically condquctive,spacer
| ayer |ocated between forming at‘??é“?%%“‘?g@&“cgﬁ lé'e etgﬁBq?)‘feﬁr?é‘dthFayer
structure; first pole plec'é'laf&tlhﬁﬁr (ﬂ’é‘ﬁ??@‘iéﬁ? pi nning | ayer exchange

coupl ed to the pi nneg ayer structure for pinning a magnetic nonment

of the pinned | ayer st foroting en 1nsulatlon stack with [a¢ lgashesd dodlylayersembeddede

bei ng | ocated betyween th n r.and the spacer |ayer;

a cap layer struc f‘é“r?&&“ﬁﬁ Sp&gtpﬁ%;éeifyﬁf URbE YPKG 18190 g 2 netal oxi de
l'ayer; and the fdi'ﬁmi%]lbhﬂw wme(gﬂﬁ laeryaid fei fagmingCoftthe implapan the
nmet al oxi de | ayer free |l ayer structur 22. A

magneti ¢ head assé&iesk peiag inpmpnerdered sequengs with |“PﬁPP'EIdP gch other; and 5
ferromagnetic second shigldylh AYES first and second pole piece layers together at the back .

gap region.

48. A method as claimed in claim 47 further including the steps of:

before forming the write head forming a second shield layer on the second
read gap layer;

forming a nonmagnetic isolation layer on the second shield layer; and

said forming of the write head being on said isolation layer.

49. A method as claimed in claim 47 wherein the ruthenium (Ru) layer is

formed with a thickness in a range of 3-30 A.

50. A method as claimed in claim 49 wherein the metal oxide layer is
formed from a group comprising nickel oxide (NiO), tantalum oxide (Ta;O;) and

aluminum oxide (AL,O;).

51. A method as claimed in claim 50 wherein the metal oxide layer is

formed with a thickness in the range of 5-50 A.

52. A method as claimed in claim 51 wherein the forming of the cap layer

structure further includes forming a tantalum (Ta) layer on the metal oxide layer.



a nonr}agnet ic isolation |ayer; and the isolation | ayer being |ocated

bet ween the second shield layer and the first p

23. A magnetic head assenbly as clained in cl qm{" W 3]! p| nned
layer structure is an antiparallel (AP) pinned |'ayerc's

conpri ses: first and second ferromagnetic pinned Iayers W|th t he

first pinned | ayer being pinned by the pid ng layer in a first direction;
and . . . . . a2 _ .

anti paral l el coupﬁ'ng f‘alf/lgtrhoﬁiggé’%aéﬁe%é? \ﬁ}eaélﬂ %‘é’h?ﬁe’tnsﬁ_heiﬂﬂalggbgﬁqﬁ%%d_

| ayers so t hfsrmed evithecthivinedsinedarigey€20i190Ai nned antiparallel to said first
direction in a second direction. 24. A magneti c head assenbly as
claimed in claim?2l wherein the pinned | ayer structure consists of a single
ferronmagnetic pinfed | afanethod as clalmeésn claimaSTadersin thehfunhing of ths! freas

clainmed in gfg?érrgn]%&m\p@mﬂepmtcmgeg.ut heni um (Ru)l ayer has a thickness in a
errj.

range of 3-
forming a ferromagnetic nickel iron (NiFe) first free layer on the spacer layer;

and

forming a ferromagnetic cobalt iron (CoFe) second free layer on the first free

layer.

5S. A method as claimed in claim 54 wherein the cobalt iron (CoFe)

second free layer is formed with a thickness in the range of 3-20 A.

56. A method as claimed in claim 55 further including the steps of:

before forming the write head forming a second shield layer on the second
read gap layer;

forming a nonmagnetic isolation layer on the second shield layer; and

said forming of the write head being on said isolation layer.

57. A method as claimed in claim 55 wherein the pinned layer structure is
formed as follows:

forming a ferromagnetic first pinned layer on the pinning layer;

forming an antiparallel coupling layer on the first pinned layer; and

forming a ferromagnetic second pinned layer on the antiparallel coupling

layer.

58. A method as claimed in claim 55 wherein the pinned layer structure is

formed as follows:

forming a single ferromagnetic layer on the pinning layer.



26: A magnetic head assermbly as clained in claim25 wherein the et al

oxi de layer is selected froma group conprising nickel ox

tant al um oxi de (Ta2@3) and al um num oxi de (Al 205& “m ﬂmg

magnetic head assenbly as clainmed in claim26 wh aI * OXi de | ayer

has a thickness in a range of 5-50[err]. A magnetic head
assenbly as clained |n claim27 wherein t3fk cap Iayer structure further

i ncludes a tantalgyn ?Magay%g;vcfg.ﬁgédﬂﬁleeﬁm'47owh&eml fﬁx%etmebﬂse hg@ﬁ&@d

between the rut henl um tantal um (Ta)

A magneti ¢ hfeaded $oaial groap colmprising nicket | cxiida @*&O/)htznmlmnt dsmde éPd,8k)and ayer
has a thickness_ in a range of 20-100[err]. 30. A magneti c head

assenbly as %!uwrrmomdeégb% 29 i ncl udi ng: the free layer structure
having a nickel iron (NiFe) |ayer and a cobalt iron (CoFe) |ayer; and

the cobalt iron (CoFe) | ayer being | ocated between the nickel iron (N Fe)

layer and the rutg@ni ump (nkthod a¥ Rlaimed in claim 59 wherein the forming of the free
layer structure further includes:
forming a ferromagnetic nickel iron (NiFe) first free layer on the spacer layer; -
and
forming a ferromagnetic cobalt iron (CoFe) second free layer on the first free

layer.

61. A method as claimed in claim 60 wherein the forming of the cap layer

structure further includes forming a tantalum (Ta) layer on the metal oxide layer.



23 - 31. A magnetic head assenbly as clained in claim30 wherein
the cobalt iron (CoFe) |ayer has a thickness in a range of 3-20A

32. A magnetic head assenbly as clained in claim31 including: a
ferromagnetic second shield | ayer; a nonmagnetic isolation |ayer;
and the isolation | ayer being | ocated between the second shield

| ayer and the first pole piece |ayer. 31 33. A magneti c head
assenbly as clained in claim31 wherein the pinned |ayer structure is an
antiparallel (AP) pinned | ayer structure that conprises: first and
second fer rgnRpnet AD PANTRG $EKey ALWE SENSER M THY IyPRroad:1h @yerpiivel ng ywrined
by the pinning layer in a first direction; and an anti parall el
coupling layer |ocated between the fIABSTﬁq@TSGCOHd pi nned | ayers so that

t he second pinned layer is pinned antiparallel to said first direction in a
second dlrectlo t C

ol ai m 31 Wher zé\lapmgtx flfgepl SnOnZé dl%ﬁéhldln ﬁnm@ olf?utngxﬁgma(?%ﬁggd-é agianaglllng{aﬂ% oxxge

aye ure consi sts

f err omagnet i nned | aye . - o .
g (|586)parc employe}él with a spin valve sensor (500) for maintaining the MR coefficient

(dr/R) of the spin valve sensor (500) after being subjected to annealing steps which

simulate hard backing of the photoresist layers in the insulation stack of a write head.

FIG 15



35. A magneti c disk drive that includes at |east one slider, the slider
supporting a nmagnetic head assenbly that has a wite head and a read head,

the disk drive conprising: the wite head including:
first and second pol e piece |ayers; each of the first and
second pol e piece layers having a yoke portion | ocat ed between a

pole tip portion and a back gap portioRyio -
24 a nonmagnetic electrically insulative wite gap |ayer |ocated
between the pol ertip—porti ons—of—the—fHi+st—and_secormd pofe pie Iayers,p
an insulation stpck with at | east one coi dded therein Lecated
bet ween the yoke| portions of the first .nd second pol e phece |ayers; and
the first and second pol e piece | aye back gaps
portions; and the read head i ncl udifng: sensolf that has
first and second| si de edges; ‘rst and secoffd | ead | apersjconnected
to the first and| second side edges

nonmagnetic el ectri q )
t he spin valve sp

apd” second-read gap | ayers;
yg || ocat ed
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bétween the first and second read gap | ayers; a ferromagnetic first

shield [ ayer; and the first and second read gap | ayers being | ocated
between the first shield layer and the first pole piece layer; and the spin
val ve sensor incl uding: a ferromagnetic free | ayer structure;

a ferromagnetic pinned | ayer structure; a nonmagnetic electrically
conductive spacer layer |ocated betwee&1the free |l ayer structure and the
pi'nned | ayer structure; -+ an ag erromagneti ¢ pinni ng | ayer exchange

coupled to the pinned | ay
pi nned | ayer struct ure ayer structure being |ocated
bet ween the pi nni 1 D ; 44a cap | ayer
structure having ’

25 Ny

oxi de | ayer; and

_ e[ UTR at between the netal
oxi de | ayer \\JEQE:\ d 114 a housi ng;
a magnetic dips PRy a support
mounted in tT g o\ assenbl y
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with its ABS facing the nagnetic disk so that the nagnetic head assenbly is
In a transducing relationship with the nagnetic disk; means for
rotating the nmagnetic disk; positioning nmeans connected to the
support for noving the nagnetic head assenbly to nultiple positions with
respect to said magnetic disk; and processing nmeans, that is
connected to the means for rotating thegpggnetic disk, the positioning
-means and the magnetic head assenbly for rotating the magnetic disk,
positioning the nagnetic head assenbly relative to the rotating nagnetic

di sk and exchanging signals with the magneti c head assenbly.

A magnietic diggk drive as claimedgyn claim35 incluygng: a For)
ferromagneticysecond shield | ayer a nonnagpetic isolation |aye
and thé i solation |ayer be‘ng | ocat ed betweg¢n the second shLeIdl
| ayer and the¥first pole pjece |aYer @ : Anpgnetic disky ©
drive as claimed in claim35 wherein the ruthenlun1(RU)Iayer has a
t hi ckness in a range of @«<80[err]. g} 38. A nagnetlccﬂb$k drive 4§
claimed tm clai@ 37 whereid he me¥al oxrde layer | Sisel ecte® @ &nd gro
conpri si Qi ck?I_ oxi de ’!\(y ? /al um im de‘:(,;aZCB) and al ym ym/tm de
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26 39.

A magnetic disk drive as clainmed in claim38 wherein the

net al oxi de | ayer

further includes a tantalum (Ta) layer with the netal oxide |ayer being
| ocat ed between the ruthenium (Ru)
41. A magnetic disk drive as clained,|
-layer has a thickness in a range of 20-
di sk drive as clained in clai '
iro

has a thickness in a range of 5-50A
magnetic disk drive as clainmed in claim39 wherein the cap | ayer structure

structure having a nickel

and

iron (N Fe)

100

t he cobal t
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44. A iethod of maki ng a magnetic head assenbly conprising the steps of:

maki ng a read head as fol |l ows: formng a ferromagnetic first
shield | ayer; . formng a nonmagnetic electrically insulative
first read gap | ayer on the first shield | ayer; and

formng a spin valve sensor on the first read gap | ayer; the form ng
of the spin val ve sensor conprising thesgteps of: form ng an

.antiferromagnetic pinning |l ayer on the first read gap |ayer;
formng a pinned | ayer structure onebhe pinning |ayer;

27 formng a nonnagnet c electrically conductive spacer |ayer
on the pi nned | a formng-a ferromagnetic
free layer structure on{\t he spxcer Ia en\, and formng a cap - °
| ayer structure on the ee |ayer s§tr re; t\yhe form ng of the cap

| ayer structure conpris|ng the tep
(Ru) layer on the free |a\er strvyct

: form ng a ruthenium
and
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forming a netal oxide |ayer on the ruthenium (Ru) |ayer. 45, A
nmethod as clainmed in claim44 wherein the pinned | ayer structure is forned

as follows: formng a ferromagnetic first pinned | ayer on the

pi nni ng | ayer; form ng an antiparallel coupling |layer on the first

pi nned | ayer; and form ng a ferromagnetic second pinned | ayer on the
anti parallel coupling |ayer. 4 A nethod as clainmed in claim

- 44 wherein the pinned | ayer structure iS Porned as follows: form ng
a single ferromagnetic |ayer on the pinning |ayer. 47. A

method as clained in claim44 further including the steps of-
connecting first and second |lead layers to first and second side edges of

t he spin val ve sensor; form ng a nonmagnetic electrically insulative
second read gap |l ayer on the spin valve sensor and the first and second

| ead | ayers; formng a wite head on the second read gap Iayer200
the formng of the wite head conprising the steps of: 4{,/”'
formng a ferronagnethf+++s+—ﬁo r€ad gap

| ayer wherein the first] pole pi¢ce | ayer has a, yoke regi on Nocated between
a poI etip éeAgBFgPNEnd back gap redoh;Ta
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28 form ng a nonmagnetic electrically insulative wite gap

| ayer on the first pole piece layer in the pole tip region;
formng an insulation stack with at | east one coil |ayer enbedded
.therein on the first pole piece |layer in the yoke region; t he

formng of the wite gap |ayer and the form ng of the insulation
stack being in an unordered sequence with respect to each other; and
- connecting the first and second pol e pi ed&0| ayers together at the back

gap region. 48. A nmethod as claimed in claim47 further

i ncluding the steps of: before formng the wite head formng a
second shield | ayer on the second read gap | ayer; - formng a
nonmagneti c isolation |ayer on the second shield |ayer; and sai d
formng of the wite head being on said isolation |ayer. 49. A
met hod as claimed in claim47 wherein the ruthenium (Ru) layer is fféBEd
with a thickness in a range of 3-30 A /’///”
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50. A nmethod as claimed in claim49 wherein the metal oxide | ayer is
formed froma group conprising nickel oxide (N O, tantalum oxide (Ta2C03)

and al um num oxi de (Al 203). ' 51. A nmethod as claimed in claimb50
wherein the netal oxide layer is formed with a thickness in the range of
5-50 A 52. A nethod as claimed in claimb51 wherein the formng

of the cap | ayer structure further inclqgﬁ§ formng a tantalum (Ta) |ayer
on the nmetal oxide |ayer.

29 53. A nmethod ‘as claimed in claimb52 wherein the tantal um (Ta)
| ayer is formed with a thickness in a range of- 20- 100A 54. A
met hod as clainmed in claimb53 wherein the formng of the free |ayer
structure further includes: form ng a ferromagnetic nickel iron
(NiFe) first free | ayer on the spacer |ayer; and formng a
ferromagnetic cobalt .iron (CoFe) second free layer on the first free | ayer.
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55. A method as clained in clai m54 wherein the cobalt iron (CoFe)
second free layer is formed with a thickness in the range of 3-20 A

56. A nmethod as claimed in claimb55 further including the steps of:
_before formng the wite head form ng a second shield | ayer on the second
read gap | ayer; form ng a nonmagnetic isolation |ayer on the second
shield [ ayer; and said form ng q% he wite head being on said

i sol ation |ayer. 57. A et ho s claimed in claimb55 wherein the
pi nned | ayer structure is fornmed as foll ows: formng a ferromagnetic
first pinned |ayer- on the pinning | ayer; form ng an anti parall el
coupling layer on the first pinned | ayer; and formng a
ferromagneti c second pinned |ayer on the antiparallel coupling |ayer.

58. A nethod as claimed in claimb55 wherein the pinned | ayer structure
is forméd as follows: formng a single ferromagneti'c | ayer on the

pi nni ng | ayer.
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30 59. A method as clainmed in claim47 wherein the netal oxide
layer is formed froma group conprising nickel oxide (NNQ, tantalum oxide
(Ta208) and al um num oxi de {Al 203). 60. A nmethod as clainmed in
-claim59 wherein the formng of the free layer structure further includes:
forming a ferromagnetic nickel iron (NiFe) first free | ayer on the spacer

| ayer; and form ng a ferronmagnefg;gocobalt iron (CoFe) second free

| ayer on the first free | ayer. 61. A nmethod as clainmed in claim
60 wherein the formng of the cap Iayer structure further includes formng
a tantalum (Ta) |layer on the netal oxide |ayer.
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