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DIFFERENTIAI/DUAL CPP RECORDING HEAD 

FIELD OF TiiJ INVENTION 
The present invention relates generally to magnetic data storage systems, 

5 and more particularly but not by limitation to a differential/ dual current­
perpendicular-to-plane (CPP) magnetic sensor used in such systems. 

BACKGROUND OE THE INVENTION 
Disc drives are the primary data storage devices employed for mass 

storage of computer programs and data u$ed in computer systems. Disc drives 
1 o typically use rigid discs, which are coated with a magnetizable mediUm for 

storage of digital information in a plurality of circular, concentric data tracks. 
Read and write heads are adapted to read. information from and write 
information to the data tracks. 

The read and write heads are carried by a slider which is connected to an 
15 actuator mechanism through a gimbaled aittachment. The actuator mechanism 

moves the slider from track-to-track acros$ the surface of the disc under control of 
electronic circuitry. The actuator mechanism. includes a suspension assembly that 
appiies a load force to the slider to urge the slider toward ~e disc. As the disc 
rotates, air is dragged and compressed under an air bearing surface (ABS) of the 

20 slider that creates a hydrodynamic lifting force, which counteracts the load force 
and causes the slider to lift and "fly" m close proximity to the disc surface. The 
gimbaled attachment between the slider and the suspension assembly allows the 
slider to pitch and roll as it ~ollows the top¢>graphy of the disc. During rotation of 
the disc the write head writes magnetic bit$ .of information (signal fields) to the 

25 disc and the read head senses the magnetic bits (signal fields) from the disc. The 
read and write heads are connected to proc:lessing circuitry that operates 
according to a computer program to implement the writing and reading 
functions. 

The write head includes a coil layer embedded in first, second and third 
. 30 insulation layers (insulation stack), the insulation stack being sandwiched 
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between first and second pole piece layers. A magnetic gap is 'formed betWeen the 
first and second pole· piece layers by a write gap layer at an air bearing surface 
(ABS) of the write head. The pole piece layers are connected at a back gap. 
Current conducted to the coil layer indu¢es a magnetic field across the gap 

5 between the pole pieces. This field fringes across the gap at the ABS for the 
purpose of writing the aforementioned magnetic bits in circular tracks on the 
rotating disc. It should be noted that both longittidinal and perpendicular 
recording methods are utilized ~or writing information on disc surfaces. 

A typical sensor employed by recent read heads for sensing signal fields 
10 from the rotating magnetic disc is a spin valve sensor. The spin valve sensor 

includes a norunagnetic spacer layer sandwiched between a ferromagnetic pinned 
layer and a ferromagnetic free layer. First and second leads are connected to the 
spin valve sensor for conduc~g a sense Clurrent therethrough. The magnetization 
of the pinned layer is pinned perpendicular to the ABS and the magnetic moment 

15 of the free layer is. located parallel to the ABS but free to rotate in response to 
external magnetic fields. The magnetizaticl>n of the pinned layer is typically 
pinned by exchange coupling with an antiferromagnetic layer. The thickness of 
the spacer layer is chosen to be less than tllte mean free path of conduction 
electrons through the sensor. With this ar.Itangement, a portion of the conduction 

20 electrons is scattered ·in phase by the interfaces of the spacer layer with the pinned 
and free layers. When the magne~ations of the pinn~d and free layers are 
parallel scattering is at a minimum and when the magnetizations of the pinned 
and free layers are antiparallel, scattering js at a maximum. Changes in scattering 
alter the resistance of the spin valve sensor in proportion to cos e, where e is the 

25 angle between the magnetizations of the pinned and free layers. When a sense 
current is conducted through the spin valve sensor in a direction parallel to 
surface planes of the layers resistance changes cause potential ·changes that are 
detected and processed as playback signals by the processing circuitry. 
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Another type of sensor is a tunnel junction sensor which receives a 
tunneling current perpendicular to the slJl.rface planes of the layers. The tunneling 
junction sensor includes a nori.magnetic rtonconductive spacer layer between a 
ferromagnetic reference layer and a ferroniagnetic free layer. The spacer layer, 

s which may be an oxide, is thin enough that electron tunneling occurs between the 
free and reference layers. The resistance Cl>f the sensor is spin dependent, which 
means that the resistance of the sensor changes as a function of the relative 
orientation of the magnetic moments of the free and pinned layers. The pinned 

® layer is' located on and exchange coupled to an antiferromagnetic pinning layer, 

CD 

10 which pins a magnetic moment of the pinned layer in a first direction, which is 
typically perpendicular to the ABS. The hee layer has a magnetic moment, which 

. is free to rotate in response to signal field$ from the rotating disc. A tunneling 
current tunnels through the spacer layer. When the magnetic moments of the free 
and reference layers are parallel the resistance to the tunneling current is at a 

15 minimum, and when these moments are Cl!ltiparallel the resistance to the 
tunneling current is ·at a maximum. Accordingly, as the tunneling current is 
conducted through. the tunnel junction serllSor increases and decreases in the 
resistance of the sensor causes potential changes that are processed by the 
aforementioned processing circuitry as playback signals. The processing circuitry 

20 employs these potential changes to produ¢e readback signals. 

As an ever-increasing amount .of information is stored on a magnetic 
medium, it becomes difficult for MR sensors to separately read the stored 
information without also reading noise from adjacent stored information. Thus, as 
areal densities increase, there has to be a cct>rresponding increase in a sensitivity of 

25 tp.e MR sensors. In general, the sensitivity of the above-described conventional 
spin valve and tunnel junction MR. sensors' cannot be increased easily without 
altering dimensions (such as thickness, cross-track width, etc.) of the sensor. 
Therefore, such sensors may encounter certain limitations when used in very high 
areal density applications. 
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Embodiments of the present invention provide solutions to these and other 
problems, and offer other advantages over the prior art. 

SUMMARY OF 1ilfE INVENTION 

A magnetic sensor for reading information from a magnetic medium is 
s provided. The magnetic sensor includes a bottom electrode and a first sensor 

disposed above the bottom electrode. The magnetic sensor also includes a middle 
electrode disposed above the first sensor, a second sensor disposed above the 
middle electrode and a top electrode disposed above the second sensor. The 
bottom electrode, the middle electrode and the top electrode are utilized to 

10 electrically connect the first sensor and the second sensor in parallel. 
Other features and benefits that characterize embodiments of the present 

invention will be apparent upon reading tthe following detailed description and 
review of the associated drawings. 

BRIEF DESCRIPTION QF THE DRAWINGS 
15 FIGS. 1-1 and 1-2 are diagrammatic and system block views, respectively, 

of an exemplary fixed disc drive for which embodiments of the present invention 
are useful. 

FIG. 2 is a cross-sectional view of a piggyback magnetic head that includes 
a magnetic sensor of the present invention. 

20 FIG. 3 is an air bearing surface view of a ·magnetic sensor in accordance 
with an embodiment of the present invention. 

FIGS. 4 through 7 are air bearing surface views of magnetic sensors in 
accordance with more specific embodiments of the present invention. 

FIG. 8-1 is a diagrammatic representation of a three-terminal device formed 
25 using a magnetic sensor of the present invention. 

FIG. 8-2 is a top view of a three-terminal device formed using a magnetic 
sensor of the present in~ention. 

FIG. 9-1 is a diagrammatic representation of a two-terminal device formed 
using a magnetic sensor of the present invention. 
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FIG. 9-2 is a top view of a two-terzninal device formed using a magnetic 
sensor of the present invention. 

FIG. 10 is a flowchart of a method embodiment of the present invention .. 
FIG. 11 illustrates top and cross-sectional views of different magnetic 

s sensor layers during fabrication of a magnetic sensor in accordance with the 
method ofFIG.10. 

10 

FIG. 12 is a flowchart of another method embodiment of the present 
invention. 

DETAILED DESCRIPTION OF II:LUSTRATIVE EMBODIMENTS 
Referring now to FIG. 1-1, a diagratrunatic view of disc drive 100 with 

which the present invention is useful is shown. Disc drive 100 includes discs 104, 
spindle 106, spindie motor 126 (shown in FIG. 1-2), magnetic head 110, actuator 
112, and board electronics 114. Board electronics 114 include disc controller 124 
(~hown in FIG. 1-2); 

15 Controller 124 is typically a microptocessor, or digital computer, and is 
coupled to a host system 118, or another drive controller, which controls a 
plurality of drives. Controller 124 operates based on programmed instructions 
received from the host system. 

Discs 104 are fixed about spindle 106, which is coupled to spindle motor 
20 126 such that energization of spindle motor 126 causes spindle 106 and discs 104 

to rotate. When discs 104 rotate, magnetic heads 110 fly above/below discs 104 
on thin films of air or liquid that carry magnetic heads 110 for communicating 
with the respective disc surfaces. Actuator 112 is coupled to controller 124 and is 
adapted to move heads 110 relative to the surfaces of discs 104 in response to an 

25 actuation signal from controller 124. 

Magnetic heads 110 may be a piggyback magnetic heads or merged 
magnetic heads that are employed for recording information in multiple circular 
tracks on the respective disc surfaces as well as for reading information therefrom. 
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FIG. 2 is a side cross-sectional elevation view of a piggyback magnetic head 
200 and a magnetic disc 202 taken along a plane normal to an air bearing surface 

· (ABS) 204 of magnetic head 200 .. FIG. 2 illustrates magnetic head 200 and its 
placement relative to· magnetic disc 202. ABS 204 of magnetic head 200 faces disc 

5 surface 206 of magnetic disc 202. Magnetlic disc 202 travels or rotates in a 
direction relative to magnetic head 200 as1 indicated by arrow 205. The spacing 
between air bearing surface 204 and disc $urface 206 is preferably minimized 
while avoiding contact between magnetic: head 200 and magnetic disc 202. 

(jJ) Magnetic head 200 incll).des a write head portion 208 and a read head 
10 portion 210, the read head portion employing a Ii'lagnetic sensor 212 of the present 

invention. Magnetic sensor 212 is sandwiahed between nonmagnetic . . 
nonconductive first and second read gap ]ayers 214 and 216, and the read gap 
layers are sandwiched between ferromagnetic first and second shield layers 218 
and 220. In response to external magnetic fields, the resistance of mag:rletic sensor 

15 212 changes. A sensing current Is conduct~d through the magnetic sensor causes 
these resistance changes to be manifested as potential changes. These potential 
changes are then processed as read-back signals by processing circuitry (not 
shown). First and second shield layers 218 and 220 may serve as leads for the 
magnetic sensor 212 for conducting the sel1lSing curr~nt Is to the ~gnetic sensor 

20 and may be connected thereto by conductiwe vias (not shown) which extend 
through the first and second read gap layers 214 and 216. 

Write head portion 208 of magnetic head 200 includes a coil layer 222 
· sandwiched between first and second insulation layers 226 and 228. A third 
insulation layer 230 may be employed for planarizing the head to eliminate 

25 ripples in the second insulation layer caused by coil layer 222. The first, second 
and third insulation layers are referred to in the art as an "insulation stack." Coil 
layer 222 and the first, second and third insulation layers 226, 228 and 230 are 
sandwiched between first and second pole piece layers 232 and 234. First and 
second pole piece layers 232 and 234 are magnetically coupled at a back gap 236 
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and have first and second pole tips 238 am.d 240, which are separated by a write 
gap layer 242 at ABS 204. An insulation layer 241 is located between second shield 
layer 220 and first pole pie~e layer 232. Since second shield layer 220 and first pole 
piece layer 232 are separate layers, this head is known as a piggyback head. H 

5 head 200 were a merged head, secon~ shield layer 220 and pole piece layer 232 
would be a common/merged layer. 

As mentioned above, prior art magnetic sensors have certain disadvantages 
(that were noted earlier) when utilized for high areal density applications. Under 
the present invention, a differential/ dual magnetic sensor is pro.vided in which a 

1 o differential read-back signal (a pair-of co]Jjtplementary read-back signals 
referenced to one another) is produced. Such a differential read-back signal has a. 
magnitude that is double that of a single read-back signal referenced to ground, 
which is produced ·by a typical prior art magnetic sensor of comparable size. 

FIG. 3-1 is an air bearing surface view of a magnetic sensor 300 in 
15 accordance with an embodiment of the present invention. Magnetic sensor 300 

includes a bottom electrode 302, a middle electrode 304 and a top electrode 306. A 
first sensor 308 is disposed between bottom electrode 302 and middle electrode 
304, and a second sensor 310 is disposed between middle electrode 304 and top 
electrode 306. 

20 In operation, a sensing current 312 .filows from middle electrode 304 to 
bottom electrode 302 and top electrode 306 in a manner shov\rn in FIG. 3-1. 
Specifically, a first portion 312A of sensing current 312 flows from middle 
electrode 304 to bottom electrode 302 via filrst sensor 308 in a direction 
perpendicular to surface planes of the layers of magnetic sensor 300. Similarly, a 

25 second portion 312B of sensing current 312 flows form middle electrode 304 to top 
electrode 306 via second sensor 310 in a direction perpendicular to surface planes 
of the layers of magnetic sensor 300. Thus, the configuration shown in FIG. 3-1 
essentially comprises two current-perpendicular-to-plane (CPP) sensors 
electrically in parallel, which can produce a differential read-back signal 314 (FIG. 
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3-2) that includes complementary read-back signals .314A and 314B referenced to 
one another. In other words, an .amplitude of differential read-back signal 314 will 
ideally be equal to a sum of individual amplitudes of signals 314A and 314B. CPP 
magnetic sensor 300 provides a significant improvement in signal-to-noise ratio 

5 (SNR) over prior art magnetic sensors that produce ·a single read-back signal 
referenced to ground. Details regarding first sensor 308 and second sensor 310 are 
provided below in connection with FIGS. 4 through 7. 

FIGS. 4 through 7 show more specific embodiments of magnetic sensors of 
® the present invention. The same reference numerals are used to represent the 

IT~ w 

10 same or similar elements of magnetic sensors 300 (FIG. 3), 400 (FIG. 4) and 500 
(FIG 5), 600 (FIG. 6) and 700 (FIG. 7). It should be noted that the sensing current Is 
flows through the magnetic sensors of FIGS. 4 through 7 in a manner similar to 
that shown in FIG. 3. However, for simplification, the sensing current directions 
are not shown in FIGS. 4 through 7. Magnetic sensor 400, shown in FIG. 4, is a 

15 modified synthetic antiferromagnetic (SAF) stack with az:i additional thin 
antiferromagnetic (AF) stabilizing layer. Magnetic sensor 400 comprises (with a 
thickness range for each layer in parenthesis) a seed layer (10 - 20A) 402 that is 
formed over a substrate (not shown), a bottom electrode 302, an AF pinning or 

0 . • stabilizing layer (2 - 10A) 404, a first pinned stack (20 - 40A) 406 whose . 
20 magnetization direction is shown by arrow 407 (head of an arrow pointing out of 

the plane of the paper), a first spacer layer (2 - 20A) 408, a combined free layer and 
middle electrode (35 - BOA) 410, a second spacer layer (2 - 20A) 412, a second 

0 

pinned stack (20 - 40A) 414 whose magnetization direction is shown by arrow 415 
(head of an arrow pointing into the plane of the paper) and top electrode 306. For 

25 simplification, protection or cap layers are not shown. 

In general, seed layer 402 is any layer deposited to modify the 
crystallc:>graphic texture or grain size of the subsequent layers. Seed layer 402 may 
be formed of tantalum (Ta), zirconium (Zr), ruthenium (Ru) or aluminum oxide 
(AhOs), for example. AF layer 404 may be £ormed of manganese-platinum (MnPt), 
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nickel-manganese (NiMn) or iridium-manganese (IrMn), for example. Each of first 
pinned stack 406 and second pinned stack 414 include a first ferromagnetic layer 
(not shown) .and a second ferromagnetic layer (not shown) separated from each 
other by an antiferromagnetic coupling (AFC) layer (not shown). The first and 

5 second ferromagnetic layers may be formed of CoFe and the AFC layer may be 
made of Ru. The composition of first spacer layer 408 and second spacer layer 412 
is discussed in detail further below. Free layer 410 may be formed of a single layer 
of a cobalt-iron (CoFe), for example. Electrodes 302 and 306, and electrode portion 

@ of layer 410, may be formed of electrically conductive materials such as copper 
10 (Cu), silver (Ag), gold (Au), etc. 

As can be seen in FIG. 4, AF pinni:qg layer 404, first pinned stack 406, first 
spacer layer 408 and a lower portion of region 410 forms first sensor 308. 
Similarly, second pinned stack 414, second spacer layer 412 and an upper portion 
of region 410 form second sensor 310. In some embodiments, first spacer layer 406 

15 . and second spacer l~yer 412 are metallic layers preferably made of Cu, although 
they may also be made of Au or Ag. In su¢h embodiments, each of sensors 308 
and 310 is a current-perpendicular-to-plane (CPP) spin valve sensor due to the 
presence of the metallic layer between the pinned and free layers. In other 

embodiments, first spacer layer 406 and second spacer layer 412 are nonmagnetic 
20 nonconductive layers (barrier layers) formed of Ah03 or ti~anium oxide, for 

example. In such embodiments, each of sensors 308 and 310 is a CPP tunneling 
junction sensor due to the presence of the nonmagnetic nonconductive layer 
between the pinned and free layers. 

FIG. 5 shows a magnetic sensor similar to that of FIG. 4. However, in 
25 magnetic sensor 500, first free layer 502 and second free layer 504 are included 

instead of first pinned stack 406 (FIG. 4) and second pinned stack 414 (FIG. 5). 

Magneto-static interaction among the three free layers (502, 410 and 504) of 

magnetic sensor 500 generate a so-called scissoring field (magnetic moments of 
the three free layers (502, 410 and 504) form a scissoring orientation with respect 
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to each other). Once magnetic sensor 500 experiences a magnetic field of the 
recording medium, the magnetization vectors tilt in opposite directions between 
every two adjacent free layers. When the sensing current passes through magnetic 
sensor 500, it operates in a manner similar to the above-described magnetic 

s sensors 300 and 400 of the present invention. First free layer 502 and second free 
layer 504 may each be formed of a single CoFe layer, for example, having a 
thickn~ss of 20 - 40A . The remaining elements of magnetic sensor 500 are similar 
to the elements of magnetic sensor 400 (FIG. 40) described above. 

(]) FIG. 6 shows a magnetic sensor similar to that of FIG. 5. However, in 
10 magnetic sensor 600, a multi-layered middle electrode 602 is included instead of 

. combined free layer and middle electrode 410 (FIGS: 4 and 5). As can be seen in 
FIG. 6, multi-layered middle electrode 602 includes a first reference 
(ferromagnetic) layer (10-30A) 604 and a second reference (ferromagnetic) layer 
(10 - 30A) 606 separated from each other by an AFC layer (2 -14A) 605 of 

15 nonmagnetic material. First ferromagnetic layer 604 and second ferromagnetic 
layer 606 may both be formed of CoFe. AFC layer 605 may be made of Rµthenium 
(Ru). The sensing ctirrent flows through filrst sensor 308 and second sensor 310 in 
a manner similar to that described above. FIG. 7 shows a magnetic sensor that is 
substantially similar to that of FIG. 4. Magnetic sensor 700 includes an additional 

20 AF pinning layer 702 and the magnetization direction of both pinned stacks 410 
and 414 is the same. The remaining elements of magnetic sensor 700 are 
substantially similar to the elements of magnetic sensor 400. Also, magnetic 
sensors 700 and 400 operate in a similar manner. 

FIGS. 8-1 and 8-2 and 9-1 and 9-2 show three terminal and two terminal 
25 devices formed from the magnetic sensors (sµch as 300, 400, 500, 600 and 700) of 

the present invention. In FIG. 8-1, middle electrode 304 is connected to a 
current/ voltage source 800 that provides sensing current Is. Bottom electrode 302 
and top electrode 306 are each connected t0> a separate input of a preamplifier 802, 
which amplifies signals produced due to resistance changes in magnetic sensor 
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300, 400, 500, 600, 700. Since each of the three contacts 302, 304 and 306 is · 

connected to a separate input/ output of source 800 and preamplifier 802, 

magnetic sensor ~00, 400, 500, 600, 700 fotms a three-terminal device. Source 800 
and preamplifier 802, which is typically a differential amplifier, are mounted on a . 

s printed circuit board (PCB) (not shown) included in disc drive 100. FIG. 8-2 is a 

top view of the.three terminal device of FIG. 8-1. In FIG. 9-1, bottom electrode 302 

and top electrode 306 are coupled to a single input of preamplifier 802, thereby.· 
forming a two-terminal device. FIG. 9-2 is a top view of the two terminal dev~ce of 

@ FIG. 9-1. It should be noted that, unlike the differential read-back signal produced 
IO by tht:: three terminal device, the two-terminal device produces a single-ended 

read-back signal. 

As mentioned above, magnetic read and write heads are carried by a slider. 
Such sliders, as well as the read and write heads, are produced by using thin film 

deposition techniques. In such a process, an array ·Of .sliders are formed on a 

15 common substrate or wafer. The wafer is inspected, and is then sliced to produce 
bars, with a row of sliders in a side-by-side pattern on each bar. The bars are then 

lapped at the surface that will eventually face the recording medium to obtain the 
desired.magnetoresistive (MR) element height (also referred to as the stripe 

@ . height). After lapping, an air bearing pattern is formed on the bars and the bars 
20 are diced to produce individual sliders. Methods of forming magnetic sensors of 

the present invention, which are included in the sliders, are described below in 

connection with FIGS. 10 through 12. 

FIG. 10isaflowchart1000 of an example method of forming magnetic 

sensor 400 (FIG. 4) or 700 (FIG. 7) of the prese~t invention. FIG. 11 illustrates 
25 several top and cross-sectional views of different magnetic sensor layers during 

fabrication of a magnetic sensor in accordance with the method of FIG. 10. The 

same reference numerals are used to represent the same or similar elements of 
FIGS. 4, 7 and 11. In FIG. 10, at step 1002, a seed layer (402) and a bottom electrode 
(302) are deposited. At step 1004, an AF pinning layer ( 404) is deposited. This is 
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followed by depositing a bottom or first $AF pinned stack (406) at step 1006. At 

step 1008, a photoactive film (photoresist~ is deposited and exposed, and a cutting 
operation to define a top stripe height line 1102 of the first sensor is then carried 

out. At step 1010, a dielectric layer is dep9sited to cover up the sidewalls. A lift-
s off operation to remove the photoresist is then carried out at step 1012. Top and 

cross-sectional views of the device after steps 1002 through 1012 have been carried 
out ai:e· shown in FIGS. li-1 and 11-2, resF>ectively. 

At step 1014, a first spacer layer (408) is deposited (after a kiss sputter etch 
([D and cleaning process is carried out). A frEl!e layer (410) is then deposited at step 

10 1016. At step 1018, photoresist is deposited and exposed. The free layer (410) is 
then cut to form an intermedium electrode at step 1020. At step 1022, .a dielectric 
layer is deposited to cover up the sidewalls. A lift-off operation is then carried out 
to remove the photoresist at step 1024. Top and cross-sectional views of the device 

after steps 1014 through 1024 have been carried out are sho~ in FIGS. 11-3 and 
15 11-4, respectively. 

At step 1026, photoresist is deposited.and exposed to define a top stripe 

height line for a second pinned stack (414). A hard mask (silicon monoxide (SiO) 
or silicon nitride (SiN)) 1104 is deposited to form the top stripe height line for the 

@ second pinned stack (414) at step 1028. At step 1030, a lift-off operation to remove 
20 the photoresist is carried out. Top and cross-sectional views of the device after 

steps 1026through1030 have been carried out are shown in FIGS. 11-5 and 11-6, 
respectively. 

At step 1032, a second spacer layer (412) is deposited (after a kiss. sputter· 

etch and cleaning process). A second SAF pinned stack (414) is then deposited at 
25 step l034. At optional step 1036, a second AF pinning layer (702) is deposited. 

Photoresist is then .~eposited and exposed at step 1038. At step 1040, a cutting (or 

ion milling) process is carried out to define the dimensions of the second sensor. 
A lift-off operation to remove the photoresli.st is carried out at step 1042. Top and 
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cross-sectional views of the device after s~eps 1032 through 1042 have been carried 
out are shown in FIGS. 11-7 and 11-8, respectively:· 

At step 1044, photoresist is deposited and exposed. A cutting operation is 
·then carried out to define a final reader width at step 1046. At step 1048, a 

5 dielectric layer is· deposited and the phot<t>resist is removed. Top and cross­
sectional views of the device after steps 1044 through 1048 have been carried out 
are shown in FIGS. 11-9 and 11-10, respectively. 

At step 1050, permanent magnets (not shown) are deposited to stabilize the 
@ free layers. Photoresist is stripped at step 1052. At step 1054, a top electrode metal 

10 layer is deposited, and a photoactive film (photoresist) is deposited and exposed. 
At step 1056, the top electrode metal layell' is cut to define the shape of the top 
electrode. The photoresist is then stripped and a dielectric layer and capping layer 
are deposited at step 1058. 

FIG. 12 is a flowchart 1200 of an example method of forming magnet;ic 
15 sensor 600 (FIG. 6) of the present invention. At step 1202, a seed layer (402) and a 

bottom electrode (302) are deposited. A fust free layer (502) is deposited at step 
1204. At step 1206, a first spacer layer (408~ is deposited. A first reference layer 
(604) (a first half of an SAF stack (602)) is deposited at step 1208. At step 1210, an 

([D AFC layer (605) i~ deposited. At step 1212, a photoactive film (photoresist) is 
20 deposited and exposed, and a cutting operation to define a top stripe height line 

of the first sensor is then carried out. At step 1214, a dielectric layer is deposited 
to cover up the sidewalls. A lift-off operation to remove the photoresist is then 
carried out at step 1216. A second reference layer (606) (a second half of the SAF 
stack (602)) is deposited at step 1218. At step 1220, a·second spacer layer (412) is 

25 deposited. A second free layer (504) is deposited at step 1222. At step 1224, a top 
electrode is deposited. A cap layer is deposited at step 1226. At step 1228, 
photoresist is deposited and exposed. Stack 600 is then cut (ion milled) to define a 
fin~ reader width and to fo~ a middle electrode at step 1230. Note that the ion 
milling process has to be stopped within the second spacer lay~r (412). At step 
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1232, a dielectric layer is deposited to cover up the sidewalls. A lift-off.operation 
is then carried out to remove the photoresist at step 1034. It should be noted that 
magnetic sensor 500 (FIG. 5) can by fabricated using process similar to those 
described in FIGS. 10 through 12. 

5 It is to be understood that even though numerous characteristics and 
advantages of various embodiments of the invention have been set forth in the 
foregoing description, together with details of the structure and function of 
various embodiments of the invention, this disclosure is illustrative only, and 

([) changes may be made in detail, especially in matters of structure and 
10 arrangement of parts within the principles of the present invention to the full 

extent indicated by the broad general meaning of the terms in which the· 
appended claims are expressed. For example, the particular elements may vary 
depending on the particular application for the magnetic serisor while 
maintaining substantially the same functionality without departing from the 

15 · scope and spirit of the present invention. In addition, although the preferred 
embodiment described herein is directed to a differential/ dual CPP magnetic 
sensor for a disc storage system, it will be appreciated by those skilled in the art 
that the teachings of the present invention can be applied to any type of storage 

® system or device that senses magnetically, without departing from the scope and 
20 SJ:>irit of the present invention. 
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WHAT IS CLAIMED IS: 

1. A magnetic sensor for reading infontLation, the magnetic sensor 
comprising: 

a bottom electrode; 

a first sensor disposed above the bottom electrode; 

a middle electrode disposed. above the first sensor; 

a second sensor disposed above the middle electrode; and 

a top electrode disposed above the second sensor, 

wherein the bottom electrode, the middle' electrode and the top electrode 
are utilized to electrically connect the. first sensor· and the second 

sensor in paraJ.lel. 

2. The magnetic sensor of cl~ 1 wherein ·the bottom electrode, the first 
sensor, the middle electrode, the second sensor and the top electrode . are so 
disposed and ~anged that a differential l'ead-back signal is produced. 

3. The magnetic sensor of claim 1 wherein each of the first sensor and the . . 
@ ·second sensor comprises a spacer layer formed of an electrically conductive metal. 

4. The magnetic sensor of claim 3 wherein the electrically conductive m~tal is 
selected form the group consisting of copper (Cu), silver (Ag) and gold (Au). 

5. . The magnetic sensor of claim 1 wherein each of the first sensor and the . . 
second sensor comprises a spacer layer that is a barrier layer formed of a 
substantially insulating material. 
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6. The magnetic sensor of claim 5 wherein the substantially insulating 
material is selected from the group consisting of alunlinum oxide and titanium 
oxide. 

7. · The magnetic sensor of claim 1 wherein the bottom electrode and the top 
electrode are electrically coupled together to produce a single-ended read-back 
signal. 

([) . 8. The magnetic sensor of claim 1 wherein a sensing current flows 
substantially perpendicular to surface planes of ~ayers of ~e first sensor and the 
second sensor. 

9. A magnetic sensor for reading information, the magnetic sensor 
comprising: 

a first sensor; 

a second sensor; and 

three clectrodes, which are utilized to electrically connect the first sensor 
and the second sensor in parallel. 

10. The magnetic sensor of claim 9 wherein a first one of the three electrodes is 
a bottom electrode, a second of one of the three electrodes is a middle electrode 
and a third one of the three electrodes is a top electrode, and wherein the first 
sensor is disposed between the bottom electrode and the middle electrode and the 
second sensor is disposed between the middle electrode and the top electrode. 

11. The magnetic sensor of claim 9 wherein the first sensor, the second sensor 
and the three electrodes are so disposed and arranged that a differential read-back 
signal is produced. 
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12. The magnetic sensor of claim 9 wherein each of the first sensor and the 
second sensor com.prises a spacer layer formed c;>f ':1Il electrically conductive metal. 

13. The magnetic sensor of claim 12 wherein the electrically conductive metal 
is selected form the group consisting of copper (Cu), silver (Ag) and gold (Au). 

14.. The magnetic sensor of claim 9 wherein ea~ of the first sensor and the 
secC?nd sensor comprises a spacer layer that is a barrier layer formed of a 

@ substantially insulating mate:i;ial. 

15. · The magnetic sensor of claim 14 wherein the substantially insulating 
material is selected from the group consisting of aluminum oxide and titanium 
oxide. 

16. The magnetic sensor of claim 9 wherein two of the three electrodes are 
electrically coupled together to produce a single-ended read-back signal. 

17. The magnetic sensor of claim 9 wherein a sensing current flows 
@ substantially perpendicular to surface planes of layers of the. first sensor and the 

second sensor.· 

18. A magnetic sensor for reading information, the magnetic sensor 
comprising: 

a fiz:st sensing means for sensing signal fields; ~d 

a second sensing mean.S for sensing signal fields, 

wherein the first sensing means and the second· sensing means are 
electrically connected in parallel. 
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19. . The magnetic sensor of claim 18 wherein each of the first sensing means 
and the second sensing means comprises a spacer layer formed of an electrically 
conductive metal. 

20. The magnetic sensor of claim 18 wherein each of the first sensing means 
and the second sensing me~ comprises a spacer layer that is a barrier layer 
forme<;i of a substantially insulating material. 
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