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DISK DRIVE WITH A THERMAL ASPERITY REDUCTION CIRCUITRY 
USING A MAGNETORESISTIVE SENSOR 

.Background of the Invention 

Technical Field 

This invention relates in general to a direct access storage 
•. 

device (DASD) of the type utilizing magnetoresistive (MR) read 

sensors for reading signals recorded in a magnetic medium and, 

more particularly, it relates to a DASO having a novel MR sensor 

for minimizing the effect of thermal asperities. 

;~ Description of the . Background Art 

·' 

Computers often include auxiliary memory storage devices 

having media on which data can be written and·from which data can 
i: 

be read for later use. A direct access storage device (disk 

drive) incorporating rotating magnetic disks are commonly used 

. ·for storing data in magnetic form on the disk surfaces. Data is 

recorded on concentric, radially spaced information tracks on the 
. .. 

disk surfaces. Magnetic heads including read sensor~ are then 

used to read data from the tracks on the disk surfaces. 

In high capacity disk drives, magnetoresistive read sensors, 

commonly referred to as MR heads, are the prevailing read sensor 

because of their capability to read data from a surface of a disk 

at greater linear densities than thin film inductive heads. An 
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MR sensor detects a magnetic field through the change in the 

resistance of its MR sensing layer (also referred to as an "MR 

element") as a function of the strength and direction of the 

magnetic flux being sensed by the MR layer. 

The most.common MR sensors currentiy under utilization in 

the high capacity disk drives are anisotropic magnetoresistive 

(AMR) sensors manifesting the AMR effect~ In the AMR sensor, the 

electron scattering and therefore the resistance of the MR layer 

varies as the function of cos2a where a is the angle between the 

magnetization of the MR layer and the direction of the current 

flowing in the MR layer (Fig. 1). The electron scattering and 

therefore the ~esistance is highest for the case where the 

magnetization of the MR layer is parallel to ~he current and 

minimum·when the magnetization of the MR layer is perpendicular 

to the current. u.s. Patent No. 5,018,037 entitled 

"-Magnetoresistive Read Transducer Having Hard Magnetic Bias", 

granted to Krounbi et al. on May 21, 1991, discloses an MR sensor . 
operating on the basis of the AMR effect. 

~~ferring back to Fig. 1, there is shown a prior art AMR 

sensor 100 comprising end regions 104 and 106 separated by a 

central region 102. MR layer 110 is separated from a soft 

adjacent layer {SAL) 120 by a non-magnetic, electrically 

conducting spacer 115 and all three layers are formed in the 

central region 102. Hard bias layers 130 and 135 formed in the 
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end regions 104 and 106, respectively, provide longitudinal bias 

for the MR layer 110 and the SAL 120. Leads 140 and 145 formed 

over hard bias layers 130 and 135, respectively, provide 

electrical connections for the flow of the sens-Ing current I. 

from a current source (not shown) to the MR sensor 100. 

As mentioned earlier, an MR sensor exhibits a change in 

resistance when in the presence of a changing magnetic field. 

This resistance change is transformed into.a voltage signal by 

passing a constant sense current through the MR element. The 

value of the DC voltage for a given MR senso~, is the product of 

the constant sense current and the total resistance between the 
i 

MR sensor leads. Since the change in the resistance is the 

principal upon which the MR sensor operates, the change in 

resistance can substantially effect the performance of the MR 

sensor and the disk drive incorporating the MR sensor. 

A phenomena, known as thermal asperity (TA), can suddenly 

increase the MR sensor temperature by more than 100 degrees c • . 
The cause of this sudden temperature rise is a collision or near 

collision of the MR sensor with a protrusion on the disk surface 

while reading information from a track. The collision causes the 

DC base voltage of the MR sensor to shift substantially thus 

making the information unreadable. 

Figure 2 is a graph illustrating DC base (bias) voltage 210, 

thermal asperity voltage 220 which is the shift in the base ·DC 
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voltage 210, and data signal 235 read back from the disk in the 

absence ~f the thermal asperity 220 and data signal 240 read back 

from the disk in the presence of the thermal asperity 220. Note 

that the thermal.asperity 220 comprises a sudden shift 225 in the 

DC base voltage followed by an exponential decay 230 in the DC 

base voltage. The exp~nential .decay 230 in the DC base voltage 

continues until the DC base voltage 210 is reached. It should be 

noted that the sudden shift 225 in the DC base voltage could be 

several times larger than the data signal 235 causing the 

electrical circuitry connected directly or indirectly to the MR 

sensor to saturate leading to the loss of the data. The loss of 
i 

the data, depending on the size of the thermal asperity ·220 could 

very easily be several bytes long. . . 

Known arrangements in disk drives for minimizing the effect 

of thermal asperity on the read data utilize either a separate 

asperity reduction circuit (ARC) module which is costly or a 

complicated data channel (such as modified partial-response . 
maximum likelihood channel) having a normal operating mode and an 

asper~ty recovery mode. Therefore, there is a need.for an 

invention that minimizes the effect of thermal asperities without 

utilizing a complicated recording channel or a separate ARC 

module. 
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Summary of the Invention 

It is an object.of .the present invention to disclose a 

method and means for detecting and substantially eliminating the 

thermal asperity phenomena in disk drives utilizing 

magnetoresistive read sensors. 

These and other objects and advantages are attained in 

accordance with the principles of the present invention by an AMR 

sensor having four leads, two leads {first and second MR leads, 

also referred to as MR leads) for providing MR sense current to 

the MR layer and two leads {first and second SAL leads, also 

referred to as SAL leads) for prov.iding SAL current to the soft 

adjacent layer {SAL). The AMR sensor is further divided into end 

regions separated from each other by a central. region. Hard bias 

layers '.formed in the end regions provide longitudinal biasing for 

the MR layer formed in the central region. Each hard bias layer 

. further forms a contiguous junction with the MR layer. The SAL 

which provides transverse biasing,for the MR layer, has its 

magnetization vector.preferably fixed in the transverse direction 

(i.e~, perpendicular to air bearing surface) as a result of an 

exchange coupling with an antiferromagnetic {AFM) layer along SAL 

layer's entire width and height. Furthermore, the MR layer 

formed in the central region as well as the hard bias layers 

formed in the end regions are electrically insulated from the SAL 

by an insulator. The MR material and the SAL material are · 
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preferably the same material to ensure matching thermal 

coefficient between the two layers. 

Under DC condition, the product of the MR layer resistance 

and the current flowing in the MR layer_(RMR * IMR) is chosen to 

be equal to the product of the SAL resistance and the current 

flowing in the· SAL (RsAL * IsAL>• T~e voltage developed across 

the MR leads is fed into the first input terminal of a 

differential circuit and the voltage developed across the SAL 

leads is·fed into the second input terminal of the differential 

circuit. The differential circuit further has an output terminal 

and a ground (common) terminal. 

In the presence of a thermal asperity, the resistance of 

both the MR and the SAL layer changes substantially equally thus 

causing·the thermal asperity signal to be developed across the MR 

leads and the SAL leads and consequently fed into the first and 

$econd terminals of the differential circuit. However, in the 

presence of a data field from the.disk, only the resistance of 

the MR layer changes since the MR layer is electrically insulated 

from the SAL and the SAL magnetization is fixed by the AFM layer. 

Therefore, the voltage due to the data written onto a disk would 

be developed only across the MR leads which in turn is fed into 

the first input terminal of the differential circuit. 

Since the thermal asperity signal is present and common at 

both input terminals of the differential circuit, it will be 
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canceled and only the data signal present at the first input 

terminal will be detected and propagated by the differential 

circuit. 

Brief Description of the Drawings 

For a fuller understanding of the nature and advantages of 

the present invention, as well as the preferred mode of use, 

reference shou~d be made to the following detailed description 

read in conjunction with the accompanying drawings. In the 

following drawings, like reference numerals designate like or 

similar parts throughout the drawings. 

Fig. 1 is a perspective view of a prior art AMR sensor; 

Fig. 2 is a graph-showing a thermal asperity signal and the 

data signal read back from a track; 

Fig. 3 is a simplified diagram of a magneti·c disk storage 

system embodying the present invention; 

Figs. 4A and 48 are perspective and air bearing surface 

views, not to scale, of the AMR sensor of the preferred 

embodiment of the present invention; 

Fig. 5 is a schematic diagram illustrating a thermal 

asperity reduction method and means according to the preferred 

embodiment of the present invention; 

Figs. 6A, 68 and 6C are graphs illustrating the signals at 

the input terminals and the output terminal of the differential 
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circuit in the preferred embodiment of the present invention in 

the absence of thermal asperity and data signal, in the absence 

of thermal asperity and the presence of data signal and in the 

presence of ~hermal asperity and data signal; and 

Fig. 7 is an air bearing surface view, not to scale, of an 

alternative embodiment of the ~ sensor of the present 

invention. 

Best Mode for Carrying out the Invention 

The following description is the best mode presently 

contemplated for carrying out the invention. This description 

and the number of alternative embodiments shown are made for the 

purpose_ of illustrating the general principle of the present 

invention and is not meant to limit the inventive concepts· 

claimed herein. 

Referring now to Fig. 3, there is shown a disk drive 300 

embodying the present invention. ,As shown in Fig. 3, at least 

one rotatable magnetic disk 312· is supported ori a spindle 314 and 

rotated by a disk drive motor 318. The magnetic recording media 

on each disk is in the form of an annular pattern of concentric 

data tracks (not shown) on disk 312. 

At least one slider 313 is positioned on the disk 312, each 

slider 313 supporting one or more magnetic read/write heads 321 

where the head 321 incorporates the MR sensor of the present 

.. .. 
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invention. As the disks rotate, slider 313 is moved radially in 

and out over disk surface 322 so that heads 321 may access 

different portions of the disk where desired data is recorded. 

Each slider 313 is attached to an actuator arm 319 by means of a 

suspension 315. The suspension 315 provides a slight spring 

force which biases slider 313 against the disk surface 322. Each 

actuator arm 319 is attached to an actuat9r means 327. The 

actuator means as shown in Fig. 3 may be a voice coil motor 

(VCM). The VCM comprises a coil movable within a fixed magnetic 

field, the direction and speed of the coil ~ovements being 

controlled by the motor current signals supplied by controller 

329. 

During operation of the disk storage system, the rotation of 

disk 312 generates an air bearing between slider 313 and disk 

surface 322 which exerts an upward force or lift on the slider. 

~he air bearing thus counter-balances the sli~ht spring force of 

suspension 315 and supports slide~ 313 off and slightly above the 

disk surface by a small, substantially constant spacing during 

normal operation. 

The various components of the disk storage system are 

controlled in operat~on by control signals generated by control 

unit 329, such as access control signals and internal clock 

signals. Typically, control unit. 329 comprises logic control 

circuits, storage means and a microprocessor. The control unit 
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329 generates control signals to control various system 

operations such as drive motor control signals on line 323 and 

head position and seek control signals on line 328. The control 

signals on line 328 provide the desired current profiles to 

optimally move and position slider 313 to the desired data trac~ 

on disk 312. Read and write signals are communicated to and from 

read/write heads 321 by means of recording channel 325. 

The above description of a typical magnetic disk storage 

system, and the accompanying illustration of Fig. 3 are for 

representation purposes only~ It should be apparent that disk 

storage systems may contain a large number of disks and 

actuators, and each actuator may support a number of sliders. 

Now referring to Figs. 4A and 4B, there is shown a 

perspedtive view and an air bearing surface view, not to scale, 

of an AMR sensor 400 of the preferred embodiment of the present 

invention. AMR sensor 400 comprises passive end regions 410 and 

420 separated by a central active.region 430. A magnetic shield 

layer 460 and a gap layer 458 .are preferably, although not 

nece~sary, formed on a suitable substrate 462. Shield layer 460 

provides magnetic insulation for the MR sensor 400 and is 

typically made of NiFe or sendust {'l'M). Gap layer 458 provides 

electrical insulation for the MR sensor 400 and is generally made 

of Al2o3 or s102 • After forming gap layer 458, an 

antlferromagnetic layer 456, a soft adjacent layer (SAL) 454 and 
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an insulator layer 452 are also formed on the gap layer. 

Antiferromagnetic (AFM) layer 456 is used to fix the 

magnetization of the SAL 454 in a fixed direction. AFM layer 456 

is preferably made of NiO to ensure that the thermal coefficient 

of the AFM 456 does not effect the shape of the thermal asperity 

signal detected by the SAL 454... Alternatively, AFM layer 456 may 

be made of FeMn or NiMn. The SAL 454 is preferably made of NiFe 

and in the pref erred embodiment of the present invention, the SAL 

454 magnetization is fixed to be perpendicular to the air bearing 

surface 466 (ABS refers to the.surface of the magnetic head, 

including the MR sens~r, adjacent the magnetic disk surface). 

The MR sensor 400 further comprises an MR layer 436 and 

preferably a seed layer 446 both of which are formed in the 

centra~ 0 region 430 over the insulator 452. The seed layer 446 is 

used to enhance the magnetic characteristic of the MR layer and 

is made of tantalum. The MR layer 436 with its magnetization 

free to rotate under the presence.of an external field is 

generally made of soft ferromagnetic material, such as NiFe or 

NiFe/.Co and preferably made of NiFe. Magnetization· of the MR 

layer 436 is generally set to be parallel to the air bearing 

surface in the absence of an external field. 

Hard bias layers 442 and 44-4 which are formed in the end 

regions 410 and 420, respectively~ provide a longitudinal bias 

field to the MR layer 436 to ensure a single magnetic domain 
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state for the MR layer 436. Hard bias layers 442 and 444 are 

preferably made of CoPtCr although they may also be made of 

CoPtCrTa or C0Ptcrs102 • Hard bias layers 442 and 444 further 

form contiguous junctions with the MR layer 436. 

MR sensor 400 further comprises four electrical leads. 

Leads 448 and 450 formed in the end regions 410 and 420, 

respectively, are referred to as the first and second SAL leads 

and provide electrical connection between the SAL 454 and the SAL 

current source 570 (Fig. 5). The SAL current source 570 provides 

current to the SAL 454 (referred to as the SAL current) to 

establish the DC base (bias) voltage across the SAL 454. Leads 

438 and 440 formed in the end regions 410 and 420, respectively, 

are ref erred to as the first and second MR leads and provide 

electrical connection between the MR layer 436 and the MR current 

source 575 (Fig. 5). MR current source 575 provides the 

necessary sense current to the MR layer 436 to establish the DC 

base (bias) voltage across the MR,layer 436. 

Note that in the MR sensor 400 of the present invention, the 

SAL .454 is electrically insulated from the MR layer 436 and the 

hard bias layers 442 and 444. The complete electrical insulation 

ensures that the current flowing in the MR layer 436, provided by 

the MR current source 575, is not shunted in anyway by the SAL 

454. The electrical insulation between the SAL 454 and the MR 

layer 436 and the hard bias layers 444 and 442 is achieved by a 
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layer of· insulating material 452 which is disposed between the 

SAL 454 and the MR ~ayer 436 and the hard bias layers 444 and 

442. Insulator 452 is typically made of Al2o3 or Sio2 • 

Now referring to Fig. 5, there is shown a schematic diagram 

of a thermal asperity reduction circuitry 500 according to the 

preferred embodiment of the present invention. Circuitry 500 · 

comprises MR sensor 400 having first and second MR leads 43B·and 

440 and first and second SAL leads 448 and 450, an MR current 

source 575, a SAL current source 570 and a diffe~ential circuit 

580. The differential circuit 580 includes a first and second 

input terminals 583 and 585, an output terminal 588 and a ground 

(reference) terminal 587. 

Now, referring back to .Fig. 5, MR leads 438 and 440 are 

connected to the MR current source 575 which provides the 

necessary sense current to the MR layer 436 to establish the DC 

. bias voltage across the MR layer 436. SAL leads 448 and 450 are 

connected to the SAL current sourqe 570 to provide the necessary 

current to the SAL 454 such that under the bias condition (no 

external field present), the product of the MR layer 436 

resistance times the current flowing in the MR layer 436 (the 

voltage drop across the MR layer 436) is equal to the product of 

the SAL 454 resistance times the current flowing in the SAL 454 

(the voltage drop across the SAL). 
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In the preferred embodiment of the present invention, 

MR strip height = 1 µm; 

MR layer width = 2 µm; 

MR layer thickness = 150 A; 
p of the MR layer = 25 µQ cm; and 

MR res.istance = 32 c 

Furthermore, in the preferred embodiment of the present 

invention, 

SAL height = 1 µm; 

SAL layer-width = 4 µm; 

SAL thickness = 100 A; 
p of the SAL layer = 25 µQ cm; and 

SAL resistance = 100 c. 

In the p~eferred embodiment of the present invention, MR sense 

current is 10 mA which means the SAL current will be set at 3.2 

mA to ensure that under the DC bias condition: 

Referring back to Fig. 5, first MR lead 438 is ·also 

connected, via the wire 582, to the first input terminal 583 of 

the differential circuit 580 and the first SAL lead 448 is 

connected, via the wire 584, to the second input terminal 585 of 

the differential circuit 580. Leads 440 and 450 are preferably 

connected to a common wiring pad 577. The common pad 577 in_ turn 
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is connected, via wire 586, to the ground 587 of the differential 

circuit 580. The output terminal 588 of the differential circuit 

580 is then connected to the data recording channel 525 for 

further processing according to the description of Fig. 3. The 

recording channel 525 and the differential circuit 580 together 

are referred to as the recordipg system 590. ·Differential 

circuit 580 is preferably a silicon-based high-speed differential 

amplifier integrated into the same silicon chip that the data 

recording channel 525 is ·integrated into. Differential circuit 

580 further has a differential gain such that ~he output voltage 

at node 588 due to the difference between the voltages applied to 
' ... its first and second input terminals 583 and 585 can be expressed 

in terms of: 

V599 = A*(V583 - V595) 

where A is the differential gain ~f the differential circuit 580. 

Now referring to Figs. 6A, 6B, and 6C, there are shown the 

volt~ge signals present at the first input terminal 583, the 

second input terminal 585 and the output terminal 588 of the 

differential amplifier 580 under DC bias condition, in the 

presence of -data fields from a magnetic disk, and in the presence 

of a thermal asperity and data fields from the magnetic disk, 

respectively. Now referring to Fig. 5 and 6A-6C, under the·DC 

.. .. 
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bias condition {no external field is present) the voltage at the 

first terµiinal 583 is a DC voltage 605 which is RMR * IMR (the 

voltage drop across the MR layer 436), the voltage at the second 

terminal 585 is a DC voltage 610 which is RsAL * IsAL (the 

voltage drop across the SAL 454), and the voltage at the output 

terminal 588 is a DC voltage 615. 

In the presence of a field, such as a data field from a 

magnetic disk, the voltage across the MR layer 436 changes 

because of the change in the resistance of the MR layer 436. The 

voltage developed across the ~ layer 436 as a result of the 

change in the resistance of the MR layer 436 in the presence of a 

data -field is represented in a form of an AC signal. 

Consequ~ntly, the voltage signal at the first input terminal 583 

which is connected to the first MR lead 438 is voltage 620 which 

has an AC component 622 and a QC component 605. The AC 

component, as mentioned above, is due to the change in the 

resistance of the MR layer 436 in,the presence of the field from. 

the disk and is: 

and the DC component, as described above, is: 

IMR * RMR 
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such that: 

Referring back to Fig. 5 and Figs. 6A-C, in the presence of 

a field from the disk, the voltage across the SAL 454 does not 

change because SAL 454 is insulated fr~m the MR layer 436 and the 

hard bias layers 442 and 444 and its magnetization is fixed by 

the AFM 456. Consequently, the voltage at the second input 

terminal 585 remains the same as the voltage under the DC bias 

condition, that is, 

In the presence of a field from the disk, the voltage at the 

output terminal 588 will be equal to the difference between the 

voltage signals at the first and ~econd input terminals 583 and 

584 times the differenti~l gain of the circuit 580 as shown 

below.: 

V599 = A*(V593 - V595) 

V630 = A*(V620 - V610) 

v630 = A*(IMR * ARMR + 1MR * RMR - IsAL * RsAL> 
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Since the resistance and the current flowing in the SAL 454 

are chosen such that IMR * RMR = IsAL * RsAL' the contribution 

from the above two signals cancel each other and: 

V630 = A*(IMR * ARMR) 

Now,· assume that a thermal asperity phenomenon takes place 

while reading data from a track of a disk causing.the MR sensor 

400 temperature to increase. Under such condition, the voltage 

at the first input terminal 583 would be a voltage 635 which has 

an AC component 637 and a DC component 638. The AC component is 
I 

due to·the change in the resistance of the MR layer 436 in the 

presence of the field from the disk and is: 

The DC component 638, which ~s represented by a sudden shift 

in the DC voltage followed by an exponential decay in the shifted 

DC voltage, is: 
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such that: 

In the presence of the thermal asperity, the bias voltage 

across the SAL 454 also changes because of the sudden change of 

temperature causing the resistance of the SAL 454 changes. The 

change in the bias voltage (thermal asperity signal) is 

represented by .a sudden shift in the DC voltage followed by an 

exponential decay of the shifted voltage. Consequently, the 

voltage at the second input terminal 585 is: 

Now, assume that a thermal asperity phenomenon takes place 

. while reading data from a track of a disk. Under this condition, 

the voltage at the output termina~ 588 will be equal to the 

difference between the voltage signals at the first and second 

input terminals 583 and 584 times the differential gain of the 

circuit 580 as shown below: 

V599 = A*(V593 - V595) 

V545 = A*(V635 - V640) 

V545 = A*(IMR * ARMR + 1MR * RMR - 1sAL * RsAL> 
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Since the resistance and the current flowing in the SAL 454 

are chosen such that IMR * RMR = IsAL * RSAL' and since the MR 

layer 436 material and the SAL 454 material are chosen to have 

the same thermal coefficient, the thermal asperity signal 

·developed across.the MR layer 436 and the SAL layer 454 are 

substantially·of the same shape, magnitude, and phase. 

Therefore, the terms IMR * RMR and IsAL * RsAL in the above 

equation cancel each other which means: 

Note that, in the actual implementation a narrow signal 

spike 6~5 is usually present at the output terminal 588 at the 

onset o·f the sudden shift in the DC voltage due to finite 

physical mismatches present between: (1) the resistance of the MR 

layer 4~6 and the SAL 454, (2) resistance of the MR and SAL 

leads, (3) SAL current source 570,and the MR current source 575, 

and (4) internal mismatches of the differential circuit. 

However, this spike is generally only a few bits long which does 

not cause loss of data. 

Referring now to Fig. 7, there is shown an air bearing 

surface view, not to scale, of an AMR sensor 700 of an 

alternative embodiment of the present invention. AMR sensor 700 

comprises passive end regions 705 and 710 separated by a central 
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active region 720. A magnetic shield layer 762 and a gap layer 

760 are generally, although not necessarily, formed on a suitable 

substrate 764. Shield layer 762 provides magnetic insulation for 

the MR sensor 700 and is typically made of NiFe or sendust (TM). 

Gap layer 760 provides electrical insulation for the MR sensor 

700 and is generally made of ~203 or Sio2 • After forming gap 

layer 760, an antiferromagnetic layer 758, ·an asperity 

compensation layer (ACL) 756 and an insulator layer 754 are 

generally formed on the gap layer. Antiferromagnetic (AFM) layer 

75~ is used to fix the magnetization of th~ ACL 756 in a fixed­

direction. AFM layer 758 is preferably made of NiO to ensure 
; i 

that the thermal coefficient of the AFM layer 758 does not effect 

the shape of the thermal asperity signal detected by the ACL 756 •. 

Alternatively, AFM layer 758 may be made of FeMn or NiMn. The 

asperity compensation layer (ACL) 756 is preferably made of NiFe 

and its magnetization is fixed to be perpendicular to the air 

bearing surface 746. Alternatively, the ACL 756 may be made of 

non-magnetic electrically conducting material having the same or 

subs~antially similar thermal coefficient as the MR layer 748 

such as copper or tantalum. It should be noted that if ACL 756 

is· made of non-magnetic material, then there would be no need for 

AFM layer 758. The MR sensor 700 further comprises an MR layer 

748 formed in the central region 720. The MR layer 748 is 

separated from a soft adjacent la_yer (SAL) 752 by a non-magnetic 
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electrically conducting spacer 750. The SAL 752, formed in the 

central region 720, provides a transverse bias field to the MR 

layer 748. In the case that ACL 756 is made of magnetic 

material, then ACL's magneti·zation and the ·SAL 752 magnetization 

has to be in the same direction. The MR layer 748 with its 

magnetization free to rotate under the presence of an external· 

field is generally made of soft ferromagnetic ~terial, such as 

·NiFe or NiFe/Co and preferably made of NiFe. Magnetization of 

the MR layer 748 is generally set to be parallel to the air 

bearing surface 746 in the absence of an external field. MR 

layer 748, spacer layer 750 and the SAL 754 are referred to as MR 

element 770. 

Hard bias layers 742 and 744 which are formed in the end 

regions·705 and 710, respectively, provide a longitudinal bias 

field to the MR layer 748 to ensure a single magnetic domain 

state for the MR layer 748. Hard bias layers 742 and 744 are 

preferably made of CoPtCr althoug~ they may also be made of 

CoPtCrTa or C0Ptcrs102 • Hard bias layers 742 and 744 further 

form contiguous junctions with the MR layer 748. 

MR sensor 700 further comprises four electrical leads. 

Leads 728 and 730 formed in the end regions 705 and 710, 

respectively, are referred to as the first and second ACL leads 

and provide electrical connection between the ACL 756 and an ACL 

current source {not shown). The ACL current source provides 
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current to the ACL 756 (referred to as the ACL current) to 

establish the DC base (bias) voltage across the ACL 756. Leads. 

738 and 740 formed in the end regions 705 and 710, respectively, 

are referred to· as the first and second MR leads and provide 

electrical connection between the MR layer 748 and an MR current 

source (not shown). MR current source provides the necessary 

.sense current to the MR layer 748 to establish the DC base (bias) 

voltage across the MR layer 748. 

Note that in the MR sensor 700 of the present invention, the 

ACL 756 is electrically insulated from the MR element 770 and the 

hard bias layers 742 and 744. The complete electrical insulation 

ensures that the current flowing in the MR element 770, provided 

by the MR current source, is not shunted in any way by the ACL 

756. The electrical insulation between the ACL 756 and the MR 

element 770 and the hard bias layers 742 and 744 is achieved by a 

layer of insulating material 754 which is disposed between the 

ACL 756 and the MR element 770 and the hard bias layers 742 and 
' 

744. Insulator 754 is typically made of Al2o3 ·or Sio2 • 

In the alternative embodiment of the present invention, MR 

sensor 400 in Fig. 5 is replaced by the alternative MR sensor 700 

to provide for thermal asperity detection and reduction 

utilizing the thermal asperity reduction circuitry 500. 

While the present invention has been particularly shown and 

described with reference to the preferred embodiment thereof, 
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nevertheless, it will be understood by those skilled in the art 

that various modifications may be made therein without departing 

from the spirit, scope, and teaching of the present invention. 

For example, although the preferred embodiment of the present 

invention was described in terms of an MR sensor having four 

leads where two of the leads were shorted together, the invention 

is equally applicable to an MR sensor having only three leads 

where one of the leads is the common lead (ground lead) between 

the MR layer and the SAL. 

Accordingly~ it is to be understood that the invention 

disclosed herein is not to be limited by the illustrated 

embodiment, but only by the scope of the appended claims. 
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CLAIMS 

we Claim: 

1. A magnetoresistive (MR) sensor, comprising: 

an MR layer; 

first and second hard bias layers separated from each other 

by said MR layer, said first and second hard bias layers forming 

a contiguous junction with said MR layer; 

an electrical insulator; 

a soft adjacent layer (SAL) separated from.said MR layer and 

said hard bias layers by said electrical insulator; 

first and second MR leads disposed over sald first and 

second hard bias layers for providing sense current to said MR 

layer; and 

first and second SAL leads disposed over said SAL for 

.Providing SAL current to said SAL. 

2. An MR sensor according to claim 1, further including an 

antif erromagnetic {AFM) layer for pinning the magnetization of 

said SAL, said SAL being disposed over said AFM lay~r. 

3. An MR sensor as recited in claim 1 wherein said MR 

layer is selected from a group of material consisting_ of NiFe and 

NiFe/Co. 
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4. An MR sensor as recited in claim 1 wherein said 

electrical insulator is selected from a group of material 

5. ·An MR sensor as recited in claim 2 wherein said AFM 

layer is selected from a group of material comprising FeMn, NiMn 

and NiO. 

6. An MR sensor as recited in claim 1 wherein said first 

and second hard bias layers are selected from a group of material 

comprising CoPtCr, CoPtCrTa, and C0Ptcrs102 • 
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7. A magnetic storage system, comprising: 

a magnetic storage medium for recording data; 

an MR sensor for reading information from said magnetic 

storage medium, said MR sensor comprising: 

a magnetoresistive (MR) layer; 

first and second hard bias layers separated from each 

other by said MR layer, said first and second hard bias 

layers forming contiguous junction with said MR layer; 

an electrical insulator; 

a soft adjacent layer (SAL) separated from said MR 

layer and said hard bias layers by said electrical 

insulator; 

first and second MR leads disposed over said first and 

s~cond hard bias layers for providing sense current to said 

MR element; and 

first and second SAL leads disposed over said SAL for 

providing SAL current to saiq SAL; and 

a recording channel coupled to said MR sensor for detecting 

resistance changes in said MR sensing element responsive to 

applied magnetic fields representative of data recorded in said 

magnetic storage medium. 

.. .. 
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8. A magnetic storage system according to claim 7, further 

including an antiferromagnetic (AFM) layer for pinning the 

magnetization of said SAL, said SAL being disposed over said AFM 

layer. 

9. A magnetic stor~ge system according to claim 7, wherein 

said MR layer is selected from a group of material consisting of 

NiFe and NiFe/Co. 

10. A magnetic storage system according to claim 7, wherein 

said electrical insulator is selected from a group of material 

consisting.of Al2o3 and Sio2 • 

• 

11'..·· A magnetic storage ·system according to claim 8, wherein 

said AFM layer is selected from a group of material ·comprising 

FeMn, NiMn and NiO. 

12. A magnetic storage system according to claim 7, wherein 

said first and second hard bias layers are selected· from a group 

of material comprising CoPtCr, CoPtCrTa, and CoPtCrSio2 • 

'· '·· 
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13. A magnetic storage system according to claim 7, wherein 

said recording channel ~urther comprises a differential circuit 

having a first and second input terminals connected to the first 

MR lead and the first SAL lead, respectively, for detecting 

resistance changes in said M~ sensing layer and said SAL 

responsive to a thermal asperity phenomena during reading data in 

said magnetic storage medium. 

14. A magnetoresistive (MR) sensor, comprising: 

an MR element, said MR element including an MR layer, a 

spacer, and a soft adjacent layer {SAL), said MR layer separated 

from said SAL ·by said-spacer; 

first and second hard bias layers separated from each other 

by said=~R element, said first and second hard bias layers 

. forming contiguous junction with said MR element; 

an electrical insulator; 

an asperity compensation layer (ACL) separated from said MR 

element and said hard bias layers by said electrical insulator; 

first and second MR leads disposed over said first and 

second hard bias layers for providing sense current to said MR 

element; and 

first and second ACL leads disposed over said ACL for 

providing current to said ACL. 

.. .. 
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15. An MR sensor as re.cited in claim 14 wherein said ACL 

comprises NiFe. 

16. An MR sensor according to claim 15, further including 

an antiferromagnetic (AFM) layer for pinning the magnetization of 

said ACL, said ACL being dispo$ed over said AFM layer. 

17. An MR sensor as· recited in claim 14 wherein said MR 

layer is selected from a group of material consisting of NiFe and 

NiFe/Co. 

i 

18. An MR sensor as recited in claim 14 wherein said ACL is 

selected from a group of material consisting of copper and 

tantalum. 

19. An MR sensor as recited in claim 16 wherein said AFM 

layer is selected from a group of .material comprising FeMn, NiMn 

and NiO. 

20. An MR sensor as recited in claim 14 wherein said first 

and second hard bias layers are selected from a group of material 

comprising CoPtcr, CoPtCrTa, and C0Ptcrs102 • 
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21. A magnetic storage system, comprising: 

a magnetic storage medium for recording data; 

a magnetoresistive (MR) sensor for reading information from 

said magnetic storage medium, said MR sensor comprising: 

an MR element, said MR element including an MR 

layer, an· spacer,. and a soft adjacent layer (SAL), said 

MR layer separa~ed from said SAL by said spacer; 

first and second hard bias layers separated from 

~ach other by said MR element, said first and second 

hard bias layers forming contigu~us j.unction with said 

MR element; 

an electrical insulator; 

an asperity compensation layer (ACL) separated 

from said MR element and said hard bias layers by said 

electrical insulator; 

first and second MR leads disposed over said first 

and second hard bias la~ers for providing sense current 

to said M)l element; and 

first and second ACL leads disposed ·over said ACL 

for providing current to said ACL; and 

a recording channel coupled to said MR sensor for detecting 

resistance changes in said MR sensing element responsive to 

applied magnetic fields· representative of data recorded in said 

magnetic storage medium. 
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22. An MR sensor as reci~ed in claim 21 wherein said ACL 

comprises NiFe. 

23. A magnetic_ storage system according to claim 22, 

further including an antiferromagnetic (AFM) layer for pinning 

the·magnetization of said ACL, said ACL being disposed over said 

AFM layer. 

24. A magnetic storage system according to claim 21, 

wherein said MR layer is selected from a group of material 

consisting of NiFe and N!Fe/co. 

25 ~ A magnetic storage system according to c·laim 21, 

wherein said ACL is selected from a group of material consisting 

of copper and tantalum. 

26. A magnetic storage system according to claim 21, 

wherein said AFM layer is selected from a group of material 

comprising FeMn, NiMn and NiO. 

27. A magnetic storage system according to claim 21, 

wherein said first and second hard bias layers are selected from 

a group of material comprising CoPtCr, CoPtCrTa, and CoPtCrsio2 • 

. . .. 
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28. A magnetic storage system according to claim 21, 

wherein said recording channel further comprises a differential 

circuit having a first and second input terminals connected to 

the first MR lead and the first ACL lead, respectively, for 

detecting resistance changes i~ said MR sens.ing element and said 

ACL responsive to a thermal asperity phenomena during reading 

data in said magnetic storage medium • 


