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PEA]j ENHANCED MAGNETORESISTIVE READ TRANSDUCER

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a magnetoresistive (MR) read transducer and, more
particularly, to a magnetoresistive read transducer which provides a high amplitude readback
signal with increased peak sharpness.

i

2. Description of the Related Art .

A magnetoresistive (MR) read transducer (also a "read element”) employs a
magnetoresistive (MR) stripe or layer which changes resistance in response to magnetic fields.

10 A sensing current, which is passed through the MR stripe, generates a signal voltage that
varies proportionally to the change in resistance of the MR stripe. The useful response of the
MR stripe (also called the "readback signal”) is the signal voltage produced by the sense
current and the resistance change of the MR stripe in response to the change in magnetic
field, typically from a magnetic storage medium such as a rotating magnetic disk or a moving
15 magnetic tape. | _

Typically, the MR stripe includes a thin film layer sandwiched between bottom and
top insulation layers G1 and G2 which, in turn, are sandwiched between bottom and top
shield layers S1 and S2. The distance between the shield layers is called "the read gap". The
smaller the read gap, the greater the spatial resolution of the MR read transducer, permitting

20 more faithful recovery of digitally recorded information and increased linear densities.

In some magnetic recording systems, digital information is stored in the form of the
relative locations of successive transitions. Decoding this information is made more reliable
by improving the ability to determine the relative positions of the peaks in the readback
signal. Accordingly, it is important that the peak readback signal from the MR read’

25 transducer be as narrow as possible and have as high an amplitude as possible.

One of the problems with an MR read transducer is that the MR stripe can generate

self-induced noise which is mani_f_'e_sted in the readback signal from the magnetic medium.
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5 this noise problem, the prior art teaches providing a longitudinally oriented magnetic biasing
field for the MR stripe. This greatly increases the probability that the MR stripe will be in

the desired single-domain state. This can be accomplished by magnetostatic coupling between

permanent magnetic material placed adjacent to the MR stripe or by exchange coupling

between either a permanent magnet material or antiferromagnetic material and parts of the
10 MR stripe adjacent to the active region. .

Another problem with an MR read transducer is that its signal response is not linear
with respect to the strength of the externally supplied magnetic field. This problem has been
overcome in the prior art by transversely biasing the MR stripe. A typical approach is to
magnetostatically couple a soft magnetic layer with the MR stripe, as described in U.S. Patent

15 No. 3,864,751. When a sense current flows through the MR stripe, a magnetic field is
generated around the stripe which is induced into the soft film magnetic layer. The soft film
magnetic layer becomes magnetized, which in turn induces a magnetic field back into the MR
stripe to cause the transverse biasing. The combination of the longitudinal and transverse
biasing develops a magnetization vector for the MR stripe which is at an angle to the

20 longitudinal axis of the MR stripe or to the air-bearing surface (ABS) of the MR read
transducer. Thl'S angle is typically chosen to be about 45° to maximize the dynamic range
of the MR stripe to an applied magnetic field.

One typical operating mode of an MR read transducer is to fly on an air cushion
above a rotating magnetic disk. A suspension and a servo system operate to center the read

25 transducer over a magnetically wriiten track on the disk so that when the disk is rotated, a
series of magnetic ﬁeid signals, representing information, are imposed on the MR stripe.
Since the design of an MR head normally follows the classic rule of "write wide and read
narrow", a slight off-center positioning of the read element with respect to the track will not

affect the response of the element.
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magngti ”e%iagﬁ'g of the MR stripe. Upon the incursion of magnetic flux from a rotating disk, where
the recorded tracks are wider than the central active portion of the transducer as described

above, fields are also propagated in the passive portion of the CEB transducer. Prior to this
patent, it was not recognized that these additional fields--from those parts of the track under
the passive region--produce a supralinear cross talk signal which subtracts from the magnetic
10 field produced by the parts of the track under the active portion of the MR stripe. As a
consequence, this CEB transducer produces a readback signal which is wider and has a lower
- amplitude, and this is because the soft magnetic biasing layer has end portions that are
magnetostatically coupled to the active portion of the MR stripe. In the presence of the wide-
track magnetic field from the recording medium, the end portions of the soft magnetic

15 material respond, and this in turn induces fields into the active portion of the MR stripe.
Prior to this invention, it was not recognized that these fields are opposite in polarity to the

field imposed on the active portion of the MR stripe.

Another prior art longitudinally and transversely biased MR read transducer is the
contiguous-junction. hard-biased (CHB) transducer. In this transducer, a spacer is sandwiched
20 between the MR stripe and a soft magnetic layer, and each of these layers is longitudinally
biased at opposite ends by a pair of permanent magnets. The CHB transducer does not have

any permeable layer portions which will add or subtract from the desired signal of the MR

stripe.

SUMMARY OF THE INVENTION
25 The present invention provides an MR read transducer which preferentially enhances
the peak of the readback signal produced by the transducer. This has been accomplished by
providing the MR stripe with passive portions which are anisotropically permeable when the

transducer is in a quiescent state, which occurs when a sense current flows through it and
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magnetic fields, they produce a magnetic signal in the active portion of the MR stripe that
is supralinear. The resuit is that the magnetic signal in the active portion of the MR stripe
is reinforced by the magnetic signal propagated through the passive portions of the MR stripe.
More specifically, the magnetization vector in the active portion of the MR stripe is rotated
clockwise or counterclockwise, depending on the polarity of the magnetic field form the
recording medium. In addition, the magnetization vector in the active portion of the MR
10 stripe is rotated little bit further in the same direction by the magnetic fields propagated

supralinearly in the passive portions of the MR stripe, producing a preferential enhancement

at the peaks of the readback signal. In order to maintain the permeability of the passive

portions of the MR stripe in the quiescent state o f the transducer, it is important these passive

W

portions be magnetically insulated form the permanent magnetic layers which cause the
15 longitudinal biasing of the MR stripe. Further, it is important that the influence of the soft
magnetic layer be confined to the active ponion of the MR stripe and that if does not
propagate a magnetic signal from the passive portions of the MR transducer.
An object of the present invention is to provide an MR read transducer which
produces an improved readback signal.
20 Another object is to provide an MR read transducer with a structure that increases the
peak amplitude of the readback signal.
- Another object is to provide an MR read transducer with a structure that increases the
sharpness at the peak of the readback signal.
A further object is to provide an MR read transducer which has permeable passive MR

25 stripe portions which add to the signal response of the active portion of the MR stripe in the

presence of the magnetic field from the magnetic recording medium, and which does not have

permeable passive soft film portions which will subtract from the response of the active

portion of the MR stripe.
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Fig. 3 is a schematic ABS view of elements of a prior art CEB MR read transducer,
. which is described in U.S. Patent No. 4,663,685.

10 Fig. 4 is a schematic illustration of normally side-by-side MR and soft magnetic layers
of Fig. 3 positioned one above the other for descriptive purposes, with the heavier arrows
representing magnetization vectors in a quiescent state and the lighter arrows representing
magnetization vectors after a north fringe field flux incursion from a magnetic disk (not
shown) rotating therebelow. |

15 Fig. 5 is a schematic' ABS view of the sensitive elements of a prior art CHB MR read
transducer.

Fig. 6 is a schematic ABS view of the sensitive elements of the present MR read
transducer.
Fig. 7 is a schematic illustration of normally side-by-side MR, soft magnet and

20 permanent magnet layers of the Fig. 5 embodiment positioned one above the other for
descriptive purposes with the heavy magnetization vectors representing the transducer in a
quiescent state and the lighter magnetization vectors representing response of the transducer
to a north fringe field flux incursion from a disk rotating therebelow.

Fig. 8 illustrates signal versus time curves which compare the peak signal output of

25 the present transducer with respect to the prior art CEB transducer.

| Fig. 9 illustrates voltage versus applied field curves which compare the signal response

of the present transducer with respect to the prior art CEB transducer.
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similar parts throughout the several views, there is illustrated in Fig. 1 a magnetic disk drive
20 which includes a rotating disk 22. The disk 22 is supported by a spindle 24 which is
rotated by a motor 26, the motor 26 being controlled by drive controls 28. An MR head 30
including a thin film MR read transducer is mounted on a slider 32, which in turn is
s_upported by a suspension 34. Typically, the head 30 also includes a write element so that
signals can be written and read from the same slider 32. The signals to and from the head
30 and its movements with respect to the magnetic disk 22 are controlled by magnetic head
10 signals and controls 36. When the disk 22 is rotated, the slider 32 rides on a cushion of air
(air bearing), which is generated by the movement of the disk 22. During the movement of

the disk 22, the head 30 is in a transducing relationship with respect to one of a plurality of
information-carrying, concentric circular tracks (not shown) on the disk. The bottom surfaces

of the slider 32 and the head 30 are in a plane which is called an air-bearing surface (ABS).

15 The ABS is spaced from the surface of the disk 22 by a distance in the order of 0.075 um
when the disk is rotating. The above components of the drive are mounted within a housing

38.

wn

The MR read transducer of the head 30 includes an MR layer or stripe, sandwiched
between a pair of insulative gap layers G1 and G2, which in turn are sandwiched between a
20 pair of shield layers S1 and S2. The gap layers G1 and G2 and the shield layers S1 and S2
have not been shown and will not be described since they are well-known in the prior art.
For a more detailed discussion of a complete structure of an MR read transc_lucer, refer to
commonly assigned patent épplication of Heim and Gill, Serial No. 08/103,487, which is
incorporated by reference herein. The elements discussed in this description will be directed
25 to the sensitive elements of the MR read transducer which are located between the first and
second gap layers G1 and G2. These elements are an MR stripe or layer, permanent magnet
layers, soft magnet layers, antiferromagnetic layers, and lead layers. All of these layers are
thin films which are constructed by film deposition, plating, and photolithographic pattemmg
techniques. |
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subtracts f tf??@“ﬁ%lgﬁe’{ﬁl“gm ‘féﬁ @ﬁb‘? g&ﬁjg”edq@!ﬁ wansdpceris kppwp s the semtinueye,
~the gactive goiLi Qnstgetiss VBB ahQfticer STH: CEB transducer is described in U.S. Patent No.
4,663,685. The CEB transducer 40 has a central region which is located between a pair of
end regions, the central and end regions extending along the width of the transducer. The

CEB transducer 40 includes a spacer layer of nonmagnetic material which is sandwiched in
direct contact between a soft magnetic layer (SML) and an MR layer or stripe. The spacer,
10 soft magnetic and MR layers extend the width of the central and end regions so that each of
these layers has a central portion which is located between a pair of end portions. A pair of
spaced-apart antiferromagnetic layers (AFL) are exchange coupled to the end portions of the
MR stripe, which renders these end portions impermeable to magnetic flux incursions from
. arotating disk and are typically referred to as passive portions of the MR stripe. The portion
15 of the MR stripe between the passive portions and located in the central region is referred to
as the active portion of the MR stripe. A pair of spaced-apart conductive leads are
electrically connected to the antiferromagnetic layers for applying a sense current to the MR
stripe. The antiferromagnetic layers longitudinally bias the passive portions of the MR stripe,
which, in turn, longitudinally bias the active portion of the MR stripe. This is best illustrated
20 in Fig. 4, which will be discussed next.

' In Fig. 4, the normally side-by-side MR layer or stripe and the soft magnetic layer
(SML) are illustrated vertically out of position to better describe the quiescent and non-
quiescent states of the magnetization vectors therein. Fig. 4 has omitted the spacer layer, the
pair of antiferromagnetic layers, and the pair of leads. The magnetization vectors in the

25 antiferromagnetic layers are horizontally to the left, which is not shown in Fig. 4. Because
of exchange cdupling by direct engé.éement of the pair of antiferromagnetic Iayers with the
right and left passive portions 42 and 44 of the MR stripe, the magnetization vectors in the
passive portions of the MR stripe will likewise be to the left, as illustrated in Fig. 4. Because
the MR stripe is all one piece, the magnetization vector in the active portion 46 of the MR

a2
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Upon the application of a sense current, the magnetization vector in the active portion

46 of the MR stripe will assume the heavy magnetization vector shown therein. This
normally horizontal vector is rotated to its present position upon the application of the sense
10  current. Assuming that the sense current flows from left to right, the right hand rule around
a conductor tells us that a magnetic field will be directed upwardly and back of the MR stripe
through the central portion 52 of the soft magnetic layer which in reality'is in a side-by-side
relationship with respect to the MR stripe. This causes the magnetization vectors in the
central portion 52 to point vertically upward as shown in Fig. 4, which causes a magnetic
15 field to be directed downwardly between the soft magnetic layer (SML) and the MR stripe.
The downwardly directed field will rotate the normally horizontal magnetization vector (not
shown) in the active portion 46 of the MR stripe counterclockwise to the present position,
which is shown by the heavy arrow therein. The angle # that this arrow makes with a
horizontal, which horizontal is paralle]l to the ABS, is known as the bias angle, which is
20 important in establishing the linear response of the MR read transducer. This angle is
normally about 45°. As shown in Fig. 2, the resistance of an unbiased MR stripe changes
non-linearly with respect to a positive or negative applied field H. If a field, which is known
as the bias field, is applied, then the MR stripe can operate in the B regions rather than
immediately to the right or the left of the point A. The points B are approximately at a bias
25 angle of 45°. _
The problem with the CEB transducer 40 shown in Figs. 3 and 4 is that upon the
occurrence of a magﬁetic flux incursion from a magnetic disk, the responses of the end
regions 48 and 50 of the soft magnetic layer subtract from the signal of the acti\}e portion 46
of the MR stripe. Assuming that there is a north field input from the magnetic disk, this will
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(SML) to rotate counterclockwise to the lighter magnetization vectors shown therein. The
north magnetic flux incursion causes the heavy magnetizzition vector in the active portion 46
of the MR layer to rotate clockwise to the lighter magnetization vector shown therein. As
stated hereinabove, the end regions 48 and 50 of the soft magnetic layer (SML) are
magnetostatically coupled to the MR stripe. The light magnetization vectors in the end
regions 48 and 50 of the soft magnetic layer (SML) have vertical components which are
directed upwardly. This causes a field to be directed downwardly between the soft magnetic
layer (SML) and the MR stripe. Some of this field encroaches into the active portion 46 of
the MR stripe, causing the magnetization vector therein to be rotated counterclockwise to the
position of the light magnetization vector therein. Otherwise, without the effect of the
magnetic fields from the end regions 48 and 50 of the soft magnetic layer (SML), the light
magnetization vector in the active portion 46 of the MR stripe would have been in a position
more clockwise than that shown, which would have provided a larger signal with a narrower
peak. The peak signal response of the CEB MR read transducer of Figs. 3 and 4 is illustrated
by the curve 54 in Fig. 8 of the Applicants’ drawings. Further, in Fig. 9, the signal voltage
response versus applied field is shown at 56, where it can be seen that the signal drops off
with an increasing positive or negative applied magnetic field. The present invention
significantly improves the peak signal performance of that produced by the CEB transducer
40.

Another prior art MR read transducer is illustrated at 60 in Fig. 5. This is commonly
called the contiguous junction hard biased (CHB) transducer. This transducer also has a
central region which is located between a pair of end regions. It includes a nonmagnetic
spacer layer, which is sandwiched between a soft magnetic layer (SML) and an MR layer or
stripe. All of these layers are located in the central region of the transducer. Opposite ends
of the spacér, soft magnetic and MR layers are sandwiched between a pair of permanent
magnetic layers (PML) which are located in the end regions of the transducer. Electrically
connected to the permanent magnetic layers are a pair of leads which are also located in the

end regions of the transducer. The permanent magnet layers (PML) longitudinally bias the
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magnetic layer portions in the end regions produce a field which subtracts from the signal of

the central active portion of the MR stripe.

The present invention is illustrated at 70 in Figs. 6 and 7. As stated hereinabove, this
is only a portion of the MR read transducer which is sandwiched between insulative gap
10 portions G1 and G2 (not shown) which, in turn, are sandwiched between first and second
shield layers S1 and S2 (not shown). As shown in Fig. 6, the MR read transducer 70 has a
central region which is located between a pair of end regions. The central region and pair
of end regions extend along the width of the MR read transducer 70. As shown in Fig. 6,
a nonmagnetic spacer layer is sandwiched in intimate contact between an MR layer or stripe
15 and a soft magnetic layer (SML). The spacer layer has a central portion 72 which is located
between right and left end portions 74 and 76, the central portion 72 being located in the
central region and the ends 74 and 76 being located in respective end regions. As shown in
Fig. 7, the MR stripe extends along the width of the MR transducer and has an active layer
portion 78 which is located lbetween a pair of right and left passive layer portions 80 and 82.
20 The active layer portion 78 is located in the central region and each passive layer portion 80
and 82 is located in a respective end region of the transducer 70. As shown in Figs. 6 and
7, the soft magnetic la}—'er (SML) is located only in the central region of the transducer. On
top of the right and left end portions 74 and 76 of the spacer layer are located right and left
permanent magnetic layers (PML) 84 and 86, respectively, which do not extend into the

25 central region of the transducer. .
| It has to be kept in mind that the illustration in Fig. 7 is exploded vertiéé_lly for
descriptivé purposes, and that in reality the soft magnetic layer (SML) and the permanent
magnetic layer (PML) are behind the MR stripe and spaced therefrom by the spacer layer.
The permanent magnetic layers (PML) 84 and 86 are employed for longitudinally biasing the
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Anot her obj RETmARent Jagnefis lapers {PMR): cSince therpsomesant wmagnetic fayersotre magnttically
nereases  galfel RIS b e SR b e oo B
shar gness atMRifrifeeedusiig 4 MegreB GRRICH cBidtRtoss the passivé'pdribhsIST ariP$261 the MR O
provide an MR read transducer whi ch has perneabl e passive MR
stripe from left to right in Fig. 7. This causes the passive portions 80 and 82 to be
magnetized from left to right as shown by the heavy magnetization vectors therein. There
is another magnetic field in the central region of the transducer which is caused by the
permanent magnetic layers 84 and 86. This field is directed from right to left from the right
10 permanent magnetic layer 84 to the left permanent magnetic layer 86. This field will go from
right to left across the active portion 78 of the MR stripe. But for the transverse biasing,
which will be discussed hereinafter, this would cause a magnetization vector (not shown),
which would be anti-parallel to the magnetization vectors shown in the right and left passive
portions 80 and 82 of the MR stripe. It is important to note, however, that the passive
15 portions 80 and 82 of the MR stripe are free to rotate in response to a magnetic field from
a rotating disk since they are magnetostatically coupled to the permanent magnetic layers
(PML) instead of being exchange coupled thereto.
As stated hereinabove, the soft magnetic layer (SML) is located only in the central
region of the transducer. Assuming that a sense current is directed from left to right through
20 the MR stripe, using the right hand rule magnetic field will be directed downwardly through '
the soft magnetic layer (SML) causing its magnetization vectors to be directed downwardly
as shown in Fig. 7. The magnetization of the soft magnetic layer (SML) will cause a
magnetic field to be directed upwardly across the active portion 78 of the MR stripe to cause
the normally anti-parallel magnetization vector (not shown) to be angled upwardly to the
25 heavy magnetization vector shown therein. As stated hereinabove, it is desirable for this bias
angle @ to be approximately 45° to a hoﬁmntal or to the longitudinal axis of the MR stripe.
As shown in Fig. 6, a pair of spaced apart leads may be located in the end regions of the
transducer and in electrical contact with the permanent magnetic layers (PML) for transmitting
a sense current through the MR stripe. The material of the spacer layer is nonmagnetic but
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stripe portions which add to the si gnal response of the actif LoD O Soen
the. MR 'stripe.in the presence of the magnetic field fromthg r?ﬁ'g%%tiﬁ E;L%%BEEN
.1 L)

recordi ng medi um_ and whi ch does not have per meabl-e passive |goft

portions which will subtract fromthe response of the active portion of the
MR stri pe. ' Ot her obj ects and advantages wi || becone apparent

when consi def#the dlectrichly cBhduicfiPe. An example of a suitable material to accomplish this purpose
is the beta phase of tantalum (Ta).

When the sense current is applied, the transducer is in a quiescent state and the
magnetizatioh vectors are shown in heavy lines in Fig. 6. When there is a north magnetic
flux incursion from a magnetic disk (not shown) rotating below the transducer, the
magnetization vectors in the MR stripe will be rotated to the light lines shown thereon. A
north incursion will rotate the magnetization vectors in the right and left passive portions 80
and 82 of the MR stripe in a counterclockwise direction. The north magnetic incursion will

rotate the magnetization vector in the active portion 78 of the MR stripe in a clockwise

n

10 direction, as shown by the light arrow thereon. The light arrow magnetization vectors in the
passive portions 80 and 82 of the MR stripe will have vertical components which are directed
upwardly. Since the magnetic stripe is all one element, each of the upwardly directed vertical
components in the passive regions 80 and 82 will influence the active region 78 by rotating
its magnetization vector more clockwise than if the active region 78 was by itself without the

15 passive wing portions 80 and 82. This means that the active central portion 78 of the MR
stripe will sense a stronger and narrower signal than either of the prior art transducers
illustrated in Figs. 3 and 5. A comparison of the result of the present invention with the CEB
transducer (see Fig. 3) is shown in Fig. 9. As stated hereinabove, the voltage response of the
MR stripe of the CEB transducer versus applied magnetic field from a disk is shown by the

20 curve at 56. The curve for the present invention is shown at'90 in F ig. 9. It can be seen that
as the applied magnetic field increases (positively or negatively), the curve 90 for the present
invention shows a signal voltage increase whereas the cﬁrve 56 for the CEB transducer shows
a decrease in signal voltage. This difference in operation is because the passive portions 80
and 82, shown in Fig. 7, add supralinearly to the signal response of the active portion 78 of

25 the MR stripe whereas the end portions 48 and 50 of the soft magnetic layer (SML) in Fig.
3 subtfact from the signal in the active portion 46 of the MR stripe. Another comparison is
illustrated in Fig. 8, where the curve 92 shows the signal pulse response of the present
invention in signal voltage versus time. The curve 54 shows the same response for the CEB
transducer shown in Fig. 3. Using a same high M;t disk, the present. invention has about 10
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follow ng description of the invention. . .
DESCRI PTI ON- OF THE DRAW NGS* Fig. 1 is an exenplary ng
drive which enploys. the inproved MR read transducer.
‘curve showi ng the non-linear response of an MR stripe w thout any

transverse bi asi ng. Fig. 3 is a schematic ABS view of elenents of a

prior art CHBreMRt megel amphihsidiand rabouthd Oc percent dagrowied PW 300 tan She Pribemt thiasducer
4,663, 685. . (I?g, 4_i ?Péﬁchenat ic.illustration of normally )
si de- by- si deSRRRARd1 o’rtFH‘Fi‘& ¢ secopy dedvasive of ghe peakfithe e 93rie abows Fdimese
ot her for degiet Blan |t eavier rQws representing
magneti zat i o%%eiéct o\rﬂs.?e ?é]%g&)q%&ﬁ‘éas&ygr?? ﬂg{g?% %‘hgtc AN 34|2¥ght er arrows
representing Producing this desirable response requires that the permanent magnet layer (PML) in
5 Figs. 6 and 7 be thick enough to magnetostatically control both passive portions 80 and 82
of the MR stripe. If ty and M,g are the thickness and the magnetization of the MR stripe,
and tpy and My, are the thickness and magnetization of the permanent magnet layer, then at
a minimum, this requires that t,;; * M, cos(8,;,,) <tpy * Mpy, Where b, is the biasing
angle of the MR stripe. The excess magnetic field from the permanent magnet layer then
10 magnetostatically couples to the passive portions 80 and 82 of the MR stripe to produce anti-
paralle] alignment of the passive portions 80 and 82 with respect to the active portion 78.

If the permanent magnet layer is too thick, it would produce significant changes in the

magnetic orientation of the soft maghetic layer. This limits the maximum value to:
ton * Mpy <tyr * My * {1+cos(8,,0) -
15 Combining these requirements gives:
cos(f,;,.) < ttﬂ:i:—m- < 1+cos(f,,,)-
It should be understood that if the Sense yirrent was from right to left instead of from
left to right, as shown in Fig. 6, that the magnetization vectors in the soft magnetic layer
(SML) would be directed upwardly instead of downwardly and the heavy line magnetization
20 vector in the MR stripe would be directed downwardly and to the left approximately 90° from
its present location. It should be understood that this would make no difference on the
positive effects of the present invention caused by the passive portions 80 and 82 of the MR
stripe. Further, if the magnetization vectors in the permanent magnetic layers (PML) were
directed to the right instead to the left, this would cause the heavy line magnetization vectors
25 in the passive portions 80 and 82 of the MR stripe to be directed to the left instead of to the
right. Here again this would make no difference on the beneficial effects of the invention
caused by the passive portions 80 and 82 of the MR stripe. Obviously the same benefits are
obtained if the MR stripe receives a south flux incursion from a magnetic disk instead of a

north flux incursion.
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magnet'i ¢ di sk (not shown) rotating therebelow. Fig. H

magneti zati on vectors after a north fringe field flux mcurs¢gls§§%‘zgm
ABS view of the sensitive elenments of a prior art CHB MR redd traR&h CET

Fig. 6 is a schematic ABS view of the sensitive el ements of the present M
read transducer. Fig. 7 is a schematic illustration of normally

si de- by-si de MR sAfstitabde mesterah dorphe MR estitipdTigpeenalloy, ewhichfis ahrixhirg .of Sron and
enbodi ment pqgsitigned one above the other for descriptive purposes with the
heavy magnetMskeli bhe pemanent magpetcsayers (RMLhmay bg 8 sembination o cohaltepletinum, and

d i ah ' ' i ng. f.th
Cransducer - (oot (roPE B 6F W el fders SR borRlink iR OF Bt g ana
t her ebel ow. X. where XFisOfrof thé lgktRipr oftrR6ding SRlonM&hS #Sd hiobRurk YRKLSGCr, Wal Nb).

conpare the peak signal output of the present transducer with respect to
“the Prior art CEfhvienskyimery modifications and variations of the present invention are possible in

light of the above teachings. It is therefore to be understood that, within the scope of the

appended claims, the invention may be practiced other than as specifically described.
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Fig. 9 illustrates voltage versus ap lied field curves whi ch rrp'a"'q,‘t(_
si gnal' response of (ThES ‘gucer wi th respect to t' gﬁ D8 Aéﬁ%ﬁﬁm

tramnsducer . _ .
DESCRI PTI ON CF THE P MVENTS Referring now to the
drawi ngs, wherein |ike reference nunerals designate like or simlar parts

t hroughout the several views, there is i¢Lypifsated in Fig. | a magnetic

di sk drive
WE CLAIM: .
1 1. A magnetic transducer having a central region located between a pair of end

regions, the central region and the pair of end regions extending along a width of the

{8

magnetic transducer, the magnetic transducer comprising:

(¥3 )

4 an MR layer extending along the width of the magnetic transducer and having an
5 active layer portion located between a pair of passive layer portions, the active layer portion
6 being located in the central region and each passive layer portion being located in a respective
7 end region of the magnetic transducer; .
8 transverse biasing means located in the central region and magnetostaticélly coupled
9 to the active layer portion of the MR layer for wransversely biasing the MR layer; and
10 each passive layer portion of the MR layer being permeable so that it is responsive
11 to magnetic flux; and
12 the passive layer portions of the MR layer being the only portions of the end regions
13 of the magpetic transducer which are permeable to magnetic flux so that a response by either
14 passive layer of the MR layer to magnetic flux will result in an increased net response of the
15 active portion of the MR layer to said magnetic flux.
1 2. A media drive including the magnetic transducer of claim 1, the drive
2 including: '
3 a housing;
4 means located within the housing for moving magnetic media; and
5 means for supporting the magnetic transducer within the housing in a transducing
6 relationship with respect to moving magnetic media.
1 3. ~ A magnetic transducer as claimed in claim 1 including: |
2 a pair of leads for transmitting a sense current through the MR layer, each lead being
3 located in a respective end region and electrically connected to a respective passive portion
4 of the MR layer; and '.
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20 whi-ch includes a rotating disk Th.Shebtidas@BechiRepldcedd S SUPpPOr & rgé_ﬁ—s%s%dé&N
ol'l V. L

24 whi'ch is rotated by a notor 26, bei ng contj .Y dedyve
conttols 28. An MR head 30 i ncl udiH I"”ﬂ”lt MR read t[mi‘gyﬁuﬁ———
mounted on a slider 32, which in turni's "supported by a suspension 34.
Typically, the head 30 also includes a wite elenent so that signals can

be wjtten and rewhd MRdVet Béing B qiebstart stad wheaehs k&tida chrrért 8 Gendniitsd tiSugh

- head 30 and its novenents with respect to the magnetic disk 22 are -
cont riol | ed btheddBrayer and @andctivg gatgl whearmlagnetic flukpases thivugh theeMR kye?2 i s
rotated, the slider 32 rides on a cushion of air (air bearing), which is
generated by the novenent of the disk 22. During the novenent of the disk

22, tjhe head 30 i$ in & hdcABSé HahsAbcdrol 21diABe M Blakh BhintRARRE to one of a
plurality of information-carrying, concentric circular tracks (not shown)

on tle disk. The loogitusina biafing exeansrhagristostaticalbyr codplednol thelpassineesmbrédhsaf ¢he MRa

pl ang, which js called.a | r-bearing surface (ABS). The ABS is spaced from
ace l@?"tﬁéi@iggk‘%ﬁgi %’tﬁ%

t he surf hasimng; Y#n the order of 0.075 [err]m when
the disk is rotating-~- The above conponents of the drive are nmounted within
a housi ng . :

| 5. A magnetic transducer as claimed in claim 4 including:

2 the longitudinal biasing means being located in the end regions of the magnetic

3 " transducer.

1 6. A magnetic transducer as claimed in claim 5 including:

2 the longitudinal biasing means being a pair of permanent magnet layers, each layer

3 being located in a respective end region.

1 7. A magnetic transducer as claimed in claim 6 including:

2 the transverse biasing means being a soft magnetic layer which is located only in the

3 central region.

1 8. A magnetic transducer as claimed in claim 7 including:

2 a spacer layer located in the central and end regions and sandwiched between and in

3 immediate contact with the permanent and soft magnet layers on one side and in immediate

4 contact with the MR layer on an opposite side.

1 9. A magnetic transducer as claimed in claim 8 including:

2 - each lead being in immediate contact with a respective permanent magnet layer.

10. A media drive including the magnetic transducer of claim 9, the drive
2 including:
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The MR read transducer of the head 30 includes gr=WR=ayet

-

yers S1 gnd S2RERRECEAp

|

ave not been showrm ard
the prior art. For a

Stri p:e,‘ sandwi ched between a pair misSmaMéeﬂn‘E)@ | ayers GIH@rﬁﬁ@',Hfgé]BEEN

in turn are sandw ched between a pai i|el
‘layers GL and & and the shield | ay

wi Il not be described since they are

nor e 3det ai | ed di schmsingn of a conplete structure of an MR read transducer,
refer to conmonly assi gneg pat.ent application of Heimand G I, Serial No.

08/ 183, 487, whi cHngags {gcats

" YL P sl Bk, Il Sacl RS0

read trans

di scyssed i
t he E/R

iR &he bapsingrler mavingaagnetic media:andnent s

| ayeés Gl anelafighshiphwile resbenreo nsovirigemagnehiB hédia.pe or | ayer, permanent
magnet | ayers, soft nmagnet |ayers, antiferronmagnetic |ayers, and |ead

| ayers. All
depo§i tion,
2

.
J

4

(V3]

N

of these layers are thin films which are constructed by film
Platijpg.  angheRill-ie'as MREARH GiaibhAbAgg! eonn dues.

the spacer layer including a material which is nonmagnetic and with low conductivity

such as Ta, Al,0,, SiO,, each permanent magnet layer including CoPtCr, and the soft magnet

layer including NiFeX where X is from the group Rh, Cr, and Nb.

12 AnMR head having a central region located between a pair of end regions, the
central region and pair of end regions extending along the width of the MR head, the MR
head comprising:

an MR layer extending along the width of the MR head and having an active layer
portion located between a pair of passive layer portions, the active layer portion being located
in the central region and each passive layer portion being located in a respective end region
of the MR head;

a pair of permanent magnet layers, each permanent magnet layer being located in a
respective end region of the MR head for longitudinally biasing the MR layer;

a soft magnetic layer located in the central region for transversely biasing the MR
layer;

a spacer layer located in the central and end regions and further located between the
MR layer on one side and the permanent and soft magnet layers on an opposite side; and

only one pair of magnetically permeable layers, each magnetically permeable layer of
the pair of magnetically permeable layers being located in a respective end region, said only
pair of magnetically permeable layers being said pair of passive portions of the MR layer,

whereby the response of at least one of the passive portions of the MR layer to a
magnetic field adds to the response of the active portion of the MR layer to the magnetic
field.

. - .17-
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7

nust be | ongitudinally biased to ov
and nust be transversely biased to
sensitive portions of a prior art NR r

‘As st ated herei nabove, the NR strl e of an MR read -tLtransducer -

cetn of Bar Khauses imei 984S B :
’ gnal respgnse. RHPLACED
havi ng t-hese-features: -

~are illustrated at 40 in Fig. 3. This transducer is known as the continuous
- spacer exchange bias (CEB) transducer. The CEB transducer is described in

U S 1Patent

(93] N

£

N 3 A W

RV R S LV TN G UV R O ey

O 00 3 O W

No.
13. An MR head as claimed in claim 12 including:

a pair of leads for transmitting a sense current through the MR layer, each lead being
located in a respective end region and electrically connected to a respective passive layer
portion of the MR layer;

the MR layer being in a quiescent state when the sense current is transmitted through
the MR layer and in an active state when a magnetic field passes through the MR layer; and

said pair of passive portions of the MR layer being permeable when the MR layer is

in said quiescent state.

14.  An MR head as claimed in claim 13 including:
the spacer layer being sandwiched between and in intimate contact with the soft and

permanent magnet layers on one side and the MR layer on the other side.

15. A media drive including the MR head of claim 14, the media drive including:
a housing;

means located within the housing for moving magnetic media; and

means for supporting the MR head within the housing in a transducing relationship

with respect to moving magnetic media.

16. An MR read transducer having a central region located between a pair of end
regions, the central region and pair of end regions extending along a width of the MR read

transducer, the MR read transducer consisting essentially of:
an MR layer extending along the width of the MR read transducer and having an

active layer portion located between a pair of passive layer portions, the active layer portion

being located in the central region and each passive layer portion being located in a respective

end region of the MR read transducer;
longitudinal biasing means located in the end regions of the MR read transducer for

longitudinally biasing the MR read transducer;
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4,663;685. The CEB transducer 40 has a c€FhisrSheet HesHeenmReplacedh | 1 Ted e oeen
between a pair of end regions, the centra ns e t‘%ﬁ%?’,ﬂ@%*ﬁ FEEN
the W dth of the transducer. The CEB tran [ udes spacer YRUBr .
of nonmagnetic material which is sandw ched I n Irect contact between a

soft magnetic |ayer (SM.) and an MR | ayer or stripe. The spacer, soft
magn&lic and MR | tgmsversesbiasing treansniodated Gf dniye tigee éritel region eind megretdstatieally

thatngach of %itpiuedieslhagsrs has a central portion which is | ocated between a
pai ribf end FOIPI§RLhe Acthvs; Iayessregion of tae E{ﬁ’alawerafqritfa@msmjg hiasing the MR dayer;
(AFL)2 are exchangg tdaf&ni | t,r] pe ich .
renders these end_B%?P?%ﬁ% fo(r?rperrrea ieg%%&%g%?%@ﬁ%rw%%ﬂ%&&l b%%ﬂ?ﬁhel%g
rotakd ng di shocated ima eespyqive antiytegiof and elictrizalf copfesicd Go RAespeetive ﬁzfssiv@g)o%%n
stri %e. The &gﬁf I\%ﬁ of the MR stripe between the passive portions an
| ocafed in t Ee rl%)fersregi onis referred to as the active portion of the
MR steri pe. A pair s conductive .| egds are electyical.l
conﬁltesct ed to the %ﬁWZ@?’grﬁ%@gg{%Sm@V&?*&hea ?%%ﬁcmﬁ%miélg“?‘gh
the IgR strithe MRIayennid intd aiRe Rt WhérPy BlagndtR 914 pdiseitrdugh B NRGayer; and
passive portions of the MR stripe,

17 each passive layer portion of the MR layer being permeable when the MR layer is in

18 the quiescent state so that it has a response to 2 magnetic field which is additive to a response
19 of the active layer portion of the MR layer to said magnetic field; and
20 _ the passive layer portions of the MR layer being the only permeable portions of the
21 MR read transducer in the end regions of the MR read transducer when the MR layer is in
22 a quiescent state.
19
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which,- in turn, longitudinally bias the active portion of the=WMRSEFpe.—
This i's best illustrated in Fig. 4, which will be di scussed||mé}@ SHEET HAS BEEN
In*Fig. 4, the normally side-by-side MR |ayer or stripe and {he sdfg¥s-ACED
magnetic |layer (SM.) are illustrated vertically out of position to better
descri be the qui escent and non- quiescent states of the magnetization

vectors therein. FPBAKIENHANGED MAGNETORESISTIVEREAD ARANSDEIICER
antiferromagnetic layers, and the pair of |eads. The magnetization vectors

in the antiferromagnetic |layers are horizontally to the left, which is not
shown in Fig. 4. Because of e |k [ ngagenent of the
pair of ant igf erromagnetic | ayé?s%f% %ﬁ%ﬁhﬁpassi ve portions

42 and 44 of the ARMR fdafi@anidicer B grridedavhiol hyes bl tegidiidcRad bétwRen a pair
portions of the MR stripe will likew se be to the left, as illustrated in

Fig. 4. BecafsadiegionR The cengral regian angribe prisof end ireginngyerdendzalong a width of then

the gct 've %f{trieg& trét?sdgcf:er:[ %n NE{ layer extends along the width of the MR read transducer and

has an active-layer portion located between a pair of passive layer portions, the active layer

portion being located in the central region and each passive layer portion being located in a
respective end region. A layer is located in the central region and magnetostatically coupled
to the active layer portion of the MR layer for transversely biasing the MR layer. Each
10 passive layer portion of the MR layer is permeable so that it is responsive to extemallf
applied magnetic fields. The passive layer portions of the MR layer are the only permeable
portions of the MR read transducer in the end regions of the MR read transducer, so a
response by either passive layer of the MR layer to a magnetic signal will result in a
supralinearly increased net response of the active portion of the MR layer to the same applied
15 magnetic field signal. This arrangement increases the amplitude and the sharpness of the peak

of a signal response of the MR read transducer to the field from a recorded transition.
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absence of any transverse biasing. Since the MR stripe is || TS SHEET HAS BEEN -
magnet ostatically coupled to the soft magnet l|ayer (SM.) dugl__to tiREEACED ”
.presence of the spacer layer, the magnetic field due to the nagnetization
vectors in the passive portions 42 and 44 of the MR stripe wll cause

right and left portions 48 and 50 of the soft magnetic |ayer to be

magnetized in anti-parallel directions,ggseshgyn by the heavy

magneti zation vectors to the right thergNs. ET AL Upon the application of

a sense current, the magnetization vect$&9492-¢dpe active portion 46 of the

MR stripe will assune the heavy nmagneti zation vector shown therein. This

8 stripe will likew se be horizontally to the | ef t (not shzﬁﬁ Pt e

i e 1 f36

MAGNETIC
HEAD
SIGNALS &
CONTROLS

i

{

(‘28
DRIVE
™1 CONTROLS
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normakly horizontal

vect or

appllcatlon of the sense current.

fromleft to right,
magnetic field wll
the central

si de-by-side relationship with respect to the NR stripe.
magneti zation vectors in the central
as shown in Fig. 4, which causes a maggelg
bet ween t he soft magnetlc | ayer (SM.) m_bhmgUR stri pe.
rotate the normally horizontal

n o eHERE,

directed field wll
(not shown) in the act
the present position,

[err] that this arrow

e

!

to the ABS, is known as

LIIC lJI (J.O

is rotated to |ts pr esent p05|t|om
iir en
@44;u3.

Assum ng 't hat

the right hand rule around a conductor t —
be directed upwardly and back of the MR stripe through
portion 52 of the soft nmagnetic |ayer which in reality is in a
Thi s causes the

PEHg

= le

hor i ﬁﬁ@h@

qngl e, mhlchl

the sense cu

e

pﬁr@%o BEEN
AEER

T

to point vertically upward

&l dto be directed downwardly
The downwar dl y
magneti zati on vect or

strijpe qoypt ercll ockwi se to
vy arrggd (Nel n The angl e
whi gh hor1 zont Is parallel

s in st abl i shi ng
the |linear response of jth read transducer. Thig a | S rmal |y about
45. As shown in Fig. 2, ﬁéﬁﬁg | stlance of an unbiasedq%%gg%rijé changezD

AFL | AFL -
MR
SPACER
SML
FIG. 8 (PRIOR ART)
52 “8 40
J \\' ///’ // -
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CURRENT /MR CURRENT
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FIG. 4 (PRIOR ART)
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non-lknearly with respect to a positive or negative applied field H-d=
field. which is known as the bias field, is applied, then t} %MBestrrméuﬁﬁ¥N
‘operate in the B regions rather than. |nned|ately to the rig t or i AGHR
of the point A The points B are approxinmately at a bias an
The problemw th the CEB transducer 40 shown in Figs. 3 and 4 is that upon
the occurrence of a nmagnetic flux incursion froma magnetic disk, the
responses of the end regions 48 and 50 oft magnetic Iayer subt ract
fromthe signal of the active portion Q%;%E; ﬁ. £ VR stripe. Assum ng that
there is a north field input fromthe qg@p &hsk this wll

END CENTRAL END
REGION REGION REGION 70
LEAD LEAD
PML PML
SML
p SPACER |
/[ w NN
/ | 1
76 72 74
FIG. 6

N s

i 7 7 ]

/| ——t Iy
SENSE / /| MR
SENSE _+/| g =/
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NORTH
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9 cause the magnetization vectors in the end regions 48 ang The Sort |
magnetic layer (SM.) to rotate. counterclockwise to. the lig béHKSSﬁEE{§ﬁ$BEEN
magneti zation vectors shown therein. The north magnetic fl dx i ncHFEEHOR%P
causes the heavy magneti zation vector in the active portion 46 of the MR

| ayer to rotate clockwi se to the |ighter magnetization vector shown

therein. As stated hereinabove, the end regions 48 and 50 of the soft

magnetic | ayer (SM.) are nagnetostaticalg%EEQUQZ§: to the MR stripe. The

| i ght magnetization vectors in the end rgNg Sy and 50 of the soft
magnetic | ayer (SM.) have vertical conpongpigsgipggh are directed upwardly.
This causes a field to be directed dowmmwardly between the soft nmagnetic

| ayer (SM.) and the MR stripe. Sonme of this field encroaches into the

active portion 46 Of | e, causing the magneti zat
therein to be rotated counter | se to the
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posi t,i.o‘n of the .I [ ght_ magneti zati on vector therein. Oherw §&—wthout tHe
effect 'of the magnetic fields fromthe end regions 48 and HORBF-Aie-sigT FHEET

magnetic |ayer (SM.), the light nmagnetization vector in the¢ acti [
46 of the MR stripe would have been in g position nore clo k%?@é\-qmrmr't f']ng'%

shown, whi ch woul d have provided a | arger—signal with a narrower — peak. Ihe

peak signal respopFaRENHANCED MAGNETORESISTIVE READ TRANSDUCER i s
illustrated by the curve 54 in Fig. 8 of the Applicants' draw ngs.

Fﬁrtheri :52 FiM%. 9, the signal voltage response versus applied field is
shown a , ere it can b | ff wth an

i ncreasing positive or negaﬁ‘@éﬁ%‘ﬁmb&gmmé he present
invention gigni Fiddef the Invea@oes t he peak signal performance of that
produced by the CEB transducer 40. Anot her Bri or art MR read

“transducer is il Thepresensdnventio rélatesioy mpgnerpresisive d ragsducerjand, gnore
contiguous junctiqgn hard biased.(CHB) . .transdu . Thi

a central r @@iSHa R WF@F&FE%‘%% uger&iﬁ%h Wv@%ﬁa;h%?%b@&ﬁqﬂeﬁ&apﬁs
includes a REROPRYMELidcteased peak sharpness.

2. Description of the Related Art |

A magnetoresistive (MR) read transducer (also a “read element’) employs a
magnetoresistive (MR) stripe or layer which changes resistance in response to magnetic fields.
A sensing current, which is passed through the MR stripe, generates a signal voltage that
varies proportionally to the change in resistance of the MR stripe. The useful response of the
MR stripe (also called the "readback signal”) is the signal voltage produced by the sense
current and the resistance change of the MR stripe in response to the change in magnetic
field, typically from a magnetic storage medium such as a rotating magnetic disk or a moving
magnetic tape.

Typically, the MR stripe includes a thin film layer sandwiched between bottom and
top insulation layers G1 and G2 which, in turn, are sandwiched between bottom and top
shield'layers S1 and S2. The dista\;nce between the shield layers is called "the read gap”. The
smaller the read gap, the greater the spatial resolution of the MR read transducér, permirtting
more faithful recovery of digitally recorded information and increased linear densities.

In some magnetic recording systems, digital information is stored in the form of the
relative locations of successive transitions. Decoding this information is made more reliable
by improving the ability to determine the relative positions of the peaks in the readback |
signal. Accordingly, it is important that the peak readback signal from the MR read
transducer be as narrow as possible and have as high an amplitude as possible.

One of the problems with an MR read transducer is that the MR stripe can generate

self-induced noise which is manifested in the readback signal from the magnetic medium.
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the permalloy MR film, the walls of the magnetic domains within the MR stripe can move

irregularly, producing what is classically known as Barkhausen noise. In order to overcome

this noise problem, the prior art teaches providing a longitudinally oriented magnetic biasing
field for the MR stripe. This greatly increases the probability that the MR stripe will be in
the desired sihgle-domain state. This can be accomplished by magnetostatic coupling between
permanent magnetic _material placed adjacent to the MR stripe or by exchange coupling
between either a permanent magnet material or antiferromagnetic material and parts of the
MR stripe adjacent to the active region.

Another problem with an MR read transducer is that its signal response is not linear
with respect to the strength of the externally supplied magnetic field. This problem has been
overcome in the prior art by transversely biasihg the MR stripe. A typical approach is to
magnetostatically couple a soft magnetic layer with the MR stripe, as described in U.S. Patent
No. 3,864,751. When a sense current flows through the MR stripe, a magnetic field is
generated around the stripe which is induced into the soft film magnetic layer. The soft film
magnetic layer bécomes magnetized, which in turn induces a magnetic field back into the MR
stripe to cause the transverse biasing. The combination of the longitudinal and transverse
biasing develops' a magnetization vector for the MR stripe which is at an angle to the
longitudinal axis of the MR stripe or to the air-bearing surface (ABS) of the MR read
transducer. This angle is typically chosen to be about 45° to maximize the dynamic range
of the MR stripe to an applied magnetic field.

Oné typical operating mode of an MR read transducer is to fly on an air cushion
above a rotating magnetic disk. A suspension and a servo system operate to center the read
transducer ov& a magnetically written track on the disk so that when the disk is rotated, a
series of magnetic field signals, representing information, are imposed on the MR stripe.
Since the design of an MR head normally follows the classic rule of "write wide and read
narrow", a slight off-center posiﬁoning of the read element with respect to the track will not

affect the response of the element. |
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MR stripe and the soft magnetic |ayer (SM.) transversely bi algeismma\arEENTSHEET
stripe in the manner di scussed herei nabove. The differencellbet we ?tdEeC 1995
transducer 60 in Fig. 5 and the transducer in Fig. 3 is thai Date:.. M.LEEY LYY
transducer in Fig. 5 does not have any pegneable magnetic |a i

in the end regions of the transducer to=erther add to or subtract fromthe

si gnal response ofA typival MBgitudingbly. andhtransvessaly biased MRS transdutdras deseribed e U. 810
shown in Fig. 3, where the soft rr%%netic | ayer portions in the end regions
produce a fi@ﬁ@%ﬂ?#@.&’ Sr dbe MR reaftrRRxlugery FrierTasito ag the coREAYONS Spacer gxchange

P H g5, 6 s (GEB) Sisducer, cmploy3an R frite oBERbLOREh 3 o $f et ortppy O
read transdudhe pasivehportiorsadre ekchange-tmipledeto dntifertomdguetic yersaiot itenidngitudiad

& (not shown) which, in turn, _ are sandw ched betweepn first and,second _
shi el d | ayer $asingpidheshiR stepe. s Hpam the lAsur§lnew2 WF‘F‘@H“’S fromya royeting digk, where

transducer 7@, NA%ed tracks are wider than the central active portion of the transducer as described
above, fields are also propagated in the passive portion of the CEB transducer. Prior to this
patent, it was not recognized that these additional fields--from those parts of the track under
the passive region--produce a supralinear cross talk signal which subtracts from the magnetic
field produced by the parts of the track under the active portion of the MR stripe. As a
consequence, this CEB transducer produces a readback signal which is wider and has a lower
amplitude, and this is because the soft magnetic biasing layer has end portions that are
magnetostatically coupled to the active portion of the MR stripe. In the presence of the wide-
track magretic field from the recording medium, the end portions of the soft magnetic
material respond, and this in turn induces fields into the active portion of the MR stripe.

Prior to this invention, it was not recognized that these fields are opposite in polarity to the
field imposed on the active portion of the MR stripe.

Another prior art longitudinally and transversely biased MR read transducer is the
contiguous-junction. hard-biased (CHB) transducer. In this transducer, a spacer is sandwiched
between the MR stripe and a soft magnetic layer, and each of these layers is longitudinally
biased at opposite ends by a pair of permanent magnets. The CHB transducer does not have

any permeable layer portions which will add or subtract from the desired signal of the MR

stripe.

SUMMARY OF THE INVENTION
The present invention provides an MR read transducer which preferentially enhances
the peak of the readback signal produced by the transducer. This has been accomplished by
providing the MR stripe with passive portions which are anisotropically permeable when the

transducer is in a quiescent state, which occurs when a sense current flows through it and



central _region which is |located between a pair of end regqi onsf. h?FgaeA ‘eim"!‘é?‘l:sHEET
region and pair of end regions extend along the width of the! VR T

transducer 70. As shown in Fig. 6, a nonmagnhetic spacer Iaye ]

in intimte contact between an MR | ayer_& stripe and a soft | ayer
(SML). The spacer |layer has a central portion 72 which is |ocated bet ween

ri ght and | ebeformnan pneniabumgimcaﬁddﬂ'ﬁs bebre imposed adnipdhid MR tdshieeng Simeathed

-in the central region an ends 74 and being |ocated in respectiv
end regi ons. P38§IVE RATHHPNS Hgﬂ 75tripg,are me‘%&p@ 1B (Quieacenk Figtey r’}i%!e‘aw raimngﬁo
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left per maneMorenspgcificaity, theymagnetiBidon védton irriths Gictiveepqrtion iof eieyM R étripd iscrotatesit
extend into ¢ h?cmse or counterclockwise, depending on the polarity of the magnetic field form the
recording medium. In addition, the magnetization vector in the active portion of the MR
stripe is rotated little bit further in the same direction by the magnetic fields propagated
supralinearly in the passive portions of the MR stripe, producing a preferential enhancement
at the peaks of the readback signal. In order to maintain the permeability of the passive
portions of the MR stripe in the quiescent state o f the transducer, it is important these passive
portions be magnetically insulated form the permanent magnetic layers which cause the
longitudinal biasing of the MR stripe. Further, it is important that the influence of the soft
magnetic layer be confined to the active portion' of the MR stripe and that if does not

propagate a magnetic signal from the passive portions of the MR transducer.

An object of the present invention is to provide an MR read transducer which
produces an improved readback signal.

Another object is to provide an MR read transducer with a structure that increases the
peak amplitude of the readback signal.

Another object is to provide an MR read transducer with a structure that increases the
sharpness at the peak of the readback signal.

A further object is to provide an MR read transducer which has permeable passive MR
stripe portions which add to the signal response of the active portion of the MR stripe in the
presence of the magnetic field from the magnetic recording medium, and which does not have
permeable passive soft film portions which will subtract from the response of the active-

portion of the MR stripe.



central region of the transducer. It has to be kept i| T ihar dhe.
i IhI;ust rati oln in Fig. 7 is exploded vertically for descriptiv Fm“[]a 08eS aﬁlgtE"
that inreality the soft nagnetic layer (SM.) and the perman dhé@lE@ 199 |
| ayer (PM.) are behind the MR stripe ang spaced therefromb %th% """"""""""""""
| ayer. The permanent magnetic |ayers (R 84 and 86 are enpl oyed for .

| ongi tudinal |y bi @tienobjetrs and advantages will become apparent when considered in light of the

followmg description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. lis an exemplary magnetic media drive which employs the improved MR read

transducer.
Fig. 2 is a curve showing the non-linear response of an MR stripe without any

transverse biasing. . -

Fig. 3 is a schematic ABS view of elements of a prior art CEB MR read transducer,
which is described in U.S. Patent No. 4,663,685.

Fig. 4 is a schematic illustration of normaily side-by-side MR and soft magnetic layers
of Fig. 3 positioned one above the other for descriptive purposes, with the heavier arrows
representing magnétizatidn vectors in a quiescent state and the lighter arrows representing

' magnetization vectors after a north fringe field flux incursion from a magnetic disk (not

shown) rotating therebelow.
Fig. 5 is a schematic ABS view of the sensitive elements of a prior art CHB MR read

transducer.
Fig. 6 is a schematic ABS view of the sensitive elements of the present MR read

transducer.

Fig. 7 is a schematic illustration of normally side-by-side MR, soft magnet and
permanent magnet layers of the Fig. 5 embodiment positioned one above the other for
descriptive purposes with the heavy rﬁagnetization vectors representing the transducer in a
quiescent state and the lighter magnetization vectors representing response of the transducer
to a-north fringe field flux incursion from a disk rotating therebelow.

Fig. 8 illustrates signal versus time curves which compare the peak signal output of
the present transducer with respect to the prior art CEB transducer.

Fig. 9 illustrates voltage versus abplied field curves which compare the signal response

of the present transducer with respect to the prior art CEB transducer.
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woul d be ant supparted bR sugpensien %gﬂ'éfplicﬁlé)t- itimheadci0alsp insludes a rqutthelemeghso that|
left passi Vemgnals can be written and read from the same slider 32. The signals to and from the head

30 and its movements with respect to the magnetic disk 22 are controlled by magnetic head
signals and controls 36. When the disk 22 is rotated, the slider 32 rides on a cushion of air
(air bearing), which is generated by the movement of the disk 22. During the movement of
the disk 22, the head 30 is in a transducing relationship with respect to one of a plurality of
information-carrying, concentric circular tracks (not shown) on the disk. The bottom surfaces’
of the slider 32 and the head 30 are in a plane which is called an air-bearing surface (ABS).
The ABS is spaced from the surface of the disk 22 by a distance in the order of 0.075 um
when the disk is rotating. The above components of the drive are mounted within a housing

38.

 — 4 1

The MR read transducer of the head 30 includes an MR layer or stripe, sandwiched
between a pair of insulative gap layers G1 and G2, which in turn are sandwiched between a
pair of shield. layers S1 and S2. The gap layers G1 and G2 and the shield layers S1 and S2
have not been shown and will not be described since they are well-known in the prior art.
For a more detailed discussion of a complete structure of an MR read transducer, refer to
commonly assigned patent application of Heim and Gill, Serial No. 08/103,487, which is
incorporated by reference herein. The elements discussed in this description wiil be directed
to the sensitive elements of the MR read transducer which are located between the first and
'second gap layers Gl and G2. These elements are an MR stripe or layer, permanent magnet
layers, soft magnet layers, antiferromagnetic layers, and lead layers. All of these layers are
thin films which are constructed by film deposition, plating, and photolithographic patterning
techniques.
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CEB transducer 40 includes a spacer layer of nonmagnetic material which is sandwiched in

direct contact between a soft magnetic layer (SML) and an MR layer or stripe. The spacer,

soft magnetic and MR layers extend the width of the central and end regions so that each of

these layers has a central portion which is located between a pair of end portions. A pair of

spaced-apart antiferromagnetic layers (AFL) are exchange coupled to the end portions of the

MR stripe, which renders these end portions impermeable to magnetic flux incursions from

_ arotating disk and.are typically referred to as passive portions of the MR stripe. The portion

v

of the MR stripe between the passive portions and located in the central region is referred to
as the active portion of the MR stripe. A pair of spaced-apart conductive leads are
electrically connected to the antiferromagnetic layers for applying a sense currént to the MR
stripe. The antiferromagnetic layers longitudinally bias the passive portions of the MR stripe,
which, in turn, longitudinally bias the active portion of the MR stripe. This is best illustrated
in Fig. 4, which will be discussed next,

In Fig. 4, the normally side-by-side MR layer or stripe and the soft magnetic layer
(SML) are illustrated vertically out of position to better describe the quiescent and non-
quiescent states of the magnetization vectors therein. Fig. 4 has omitted the spacer layer, the
pair of antiferromagnetic layers, and the pair of leads. The magnetization vectors in the
antiferromagnetic layers are horizontally to the left, which is not shown in Fig. 4. Because
of exchange coupling by direct engagement of the pair of antiferromagnetic layers with the
right and left passive portions 42 and 44 of the MR stripe, the magnetization vectors in the
paSsive ﬁortions of the MR stripé will likewise be to the left, as illustrated in Fig. 4. Because

the MR stripe is all one piéce, the magnetization vector in the active portion 46 of the MR
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stripe will likewise be horizontally to the left (not shown) in the absence of any transverse
biasing. Since the MR stripe is magnetostaticaily coupled to the soft magnet layer (SML) due
to the presence of the spacer layer, the magnetic field due to the magnetization vectors in the
passive portions 42 and 44 of the MR stripe will cause right and left portions 48 and 50 of
the soft magnetic layer to be magnetized in anti-parallel directions, as shown by the heavy
magnetizatidn vectors to the right therein.

Upon the application of a sense current, the magnetization vector in the active portion
46 of the MR stripe will assume the heavy magnetization vector shown therein. This
normally horizontal vector is rotated to its present position upon the applicaﬁon of the sense
current. Assuming that the sense current flows from left to right, the right hand rule around
a conductor tells us that a magnetic field will be directed upwardly and back of the MR stripe
through the central portion 52 of the soft magnetic layer which in reality is in a side-by-side
relationship with respect to the MR stripe. This causes the magnetization vectors in the
central portion 52 to point vertically upward as shown in Fig. 4, which causes a magnetic
field to be directed downwardly between the soft magnetic layer (SML) and the MR stripe.
The downwardly directed field will rotate the normally horizontal magnetization vector (not
shown) in the active portion 46 of the MR stripe counterclockwise to the present position,
which is shown by the heavy arrow therein. The angle # that this arrow makes with a
horizontal, which horizontal is parallel to the ABS, is known as the bias angle, which is
important in establishing the linear response of the MR read transducer. This angle is
normally about 45°. As shown in Fig. 2, the resistance of an unbiased MR stripe changes
non-linearly with respect to a positive or negative applied field H. If a field, which is known
as the bia# field, is applied, t'hen.the MR stripe can operate in the B regions rather than
'irmnediately to the right or the left of the point A. The points B are approximately at a bias
angle of 45°. ,

The problexi: with the CEB transducer 40 shown in Figs. 3 and 4 is that upon the
occurrence of a magnetic flux incursion from a magnetic disk, the responses of the end
regions 48 and 50 of the soft magnetic layer subtract from the signal of the active portion 46
of the MR stripe. Assuming that there is a north field input from the magnetic disk, this wll
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regions 48 and 50 of the soft magnetic layer (SML) have vertical components which are

directed upwardly. This causes a field to be directed downWardly between the soft magnetic

layer (SML) and the MR stripe. Some of this field encroaches into the active portion 46 of
the MR stripe, causing the magnetization vector therein to be rotated counterclockwise to the
position of the light magnetization vector therein. Otherwise, without the effect of the
magnetic fields from the end regions 48 and 50 of the soft magnetic layer (SML), the light
magnetization vector in the active portion 46 of the MR stripe would have been in a position
more clockwise than that shown, which would have provided a larger signal with a narrower
peak. The peak signal response of the CEB MR read transducer of Figs. 3 and 4 is illustrated
by the curve 54 in Fig. 8 of the Applicants’ drawings. Further, in Fig. 9, the signal voltage
response versus':applied field is shown at 56, where it can be seen that the signal drops off
with an increasing positive or negative applied magnetic field. The present invention
significantly improves the peak signal peﬁomance of that produced by the CEB transducer
40. '
Another prior art MR read transducer is illustrated at 60 in Fig. 5. This is commonly
called the contiguous junction hard biased (CHB) transducer. This transducer also has a
central region which is located between a pair of end regions. It includes._a nonmagnetic
spacer layer, which is sandwiched between a soft magnetic layer (SML) and an MR layer or
stripe. All of these layers are located in the central rcgioh of the transducer. Opposite ends
of the spacer, soft magnetic and MR layers are sandwiched between a pair of permanent
~ magnetic layers (PML) which are located in the end regions of the transducer. Electrically
connected to the permanent magnetic layers are a pair of leads which are also located in the
end regions of the transducer. The permanent magnet layers (PML) longitudihally bias the
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a decrease in signal” voltage. This difference in operation i's because the
passi ve port thereened activelpgrtion ofithenMRnstApy. 7, add supralinearly to the

signal response C)fl'he‘E E‘r%se%‘f Mvﬁicﬂﬂg ‘ili&{}aéﬁ aP¥o in Figs. 6 and 7. As stated hereinabove, this
| is only a portion of the MR read transducer which is sandwiched between insulative gap
portions G1 and G2 (not shdwn) which, in turn, are sandwiched between first and second
shield layers S1 and S2 (not shown). As shown in Fig. 6, the MR read transducer 70 has a
central region which is located between a pair of end regions. The central region and pair
of end regions extend along the width of the MR read transducer 70. As shown in Fig. 6,
a nonmagnetic spacer layer is sandwiched in intimate contact between an MR layer or stripe
and a soft magnetic layer (SML). The spacer layer has a central portion 72 which is located
between right and left en&‘portions 74 and 76, the central portion 72 being located in the
central region and the ends 74 and 76 being located in respective end regions. As shown in
Fig. 7, the MR stripe extends along the width of the MR transducer and has an active layer

portion 78 which is located between a pair of right and left passive layer portions 80 and 82.

The active layer portion 78 is located in the central region and each passive layer portion 80
and 82 is located in a respective end region of the transducer 70. As shown in Figs. 6 and
7, the soft magnetic layer (SML) is located only in the central region of the transducer. On
top of the.right and left end portions 74 and 76 of the spacer layer are located right and left
permanent magnetic layers (PML) 84 and 86, respectively, which do not extend into the
central region of the transducer.

It has to be kept in mind that the illustration in Fig. 7 is exploded vertically for
descriptive purposes, and that in reality the soft magnetic layer (SML) and the permanent
magnetic layer (PML) are behind the MR stripe and spaced th?refrom by the spacer layer.
The permanent magnetic layers (PML) 84 and 86 are employed for longitudinaily biasing the



the MR-stripe whereas the end portions 48 and 50 of the soft i

(SM.) in Fig. 3 subtract fromthe signal in the active portign tTJ‘J;1:-”¥~P£'HEE.'-
MR stripe. Another comparison is illustrated in Fig. 8, where the. @1@@092995
shows the signal pulse response of the pygsent invention in izgnial,
versus time. The curve 54 shows the sant-T®&sponse for the CEB transducer

shown in FiMR sgipeand the seftqnagnetic lpiyer\iSMIL )i empﬂm!cg rfetsmvermlg yidsing theaactive

about 10 portion 78 of the MR stripe. The magnetization vectors may be honzontally to the left in the
permanent magnetic layers. (PML). Since the permanent magnetic layers are magnetically
insulated from the MR stripe by the spacer layer, they are magnetostatically coupled to the
MR stripe, causing a magnetic field to come across the passive portions 80 and 82 of the MR
stripe from left to right in Fig. 7. This causes the passive portions 80 and 82 to be
magnetized from left to right as shown by the heavy magnetization vectors therein. There
is another magnetic field 1n the central region of the transducer which is caused by the
permanent magnetic layers 84 and 86. This field is directed from right to left from the right
permanent magnetic layer 84 to the left permanent magnetic layer 86. This field will go from.
right to left across the active portion 78 of the MR stripe. But for the transverse biasing,
which will be discussed hereinafter, this would cause a magnetization vector (not shown),
which would be anti-parailel to the magnetiiation vectors shown in the right and left passive
portions 80 and 82 of the MR stripe. It is important to note, however, that the passive
portions 80 and 82 of the MR stripe are free to rotate in response to a magnetic field from
a rotating disk since they are magnetostatically coupled to the permanent magnetic layers
(PML) instead of being exchange cdupled thereto.

As stated hereinabove, the soft magnetic layer (SML) is located onily in the central
region of the transducer. Assuming that a sense current is directed from left to right through
the MR stripe, using the right hand rule magnetic field will be directed downwardly through
the soft magnetic layer (SML) causing its magnetization vectors to be directed downwardly
as shown in Fig. 7. The magnetization of the soft magnetic layer (SML) will cause a
magnetic fi field to be directed upwardly across the active portion 78 of the MR stripe to cause
the normally anti-parallel magnetization vector (not shown) to be angled upwardly to the
heavy magnetization vector shown therein. As stated hereinabove, it is desirable for this bias
angle 6 to be approximately 45° to a horizontal or to the longitudinal axis of the MR stripe.

As shown in Fig. 6, a pair of spaced apart leads may be located in the end regions of the
transducer and in electrical contact with the permanent magnetic layers (PML) for transmitting
a sense current through the MR stripe. The material of the spacer layer is nonmagnetic but
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| ayer is too t

ick, I't would produce significant changées in the
north incursion will rotate the magnetization vectors in the right and left passive portions 80

and 82 of the MR stripe in a counterclockwise direction. The north magnetic incursion will
rotate the magnetization vector in the active portion 78 of the MR stripe in a clockwise
direction, as shown by the light arrow thereon. The light arrow magnetization vectors in the
passive portions 80 and 82 of the MR stripe will have vertical components which are directed
upwardly. Since the magnetic stripe is al.l one element, each of the upwardly directed vertical
components in the passive regions 80 and 82 will influence-the active region 78 by rotating
its magnetization vector more clockwise than if the active region 78 was by itseif without the
passive wing portions 80 and 82. This means that the active central portion.78 of the MR
stripe will sense a stronger and narrower signal than either of the prior art transducers
illustrated in Fig’g. 3 and 5. A comparison of the result of the present invention with the CEB
transducer (see Fig. 3) is shown in Fig. 9. As stated hereinabove, the voltage response of the
MR stripe of the CEB transducer versus applied magnetic 'ﬁeld from a disk is shown by the
curve at 56. The curve for the present invention is shown at 90 in Fig. 9. It can be seen that
as the applied magnetic field increases (positively or negatively), the curve 90 for the present
invention shows a signal voltage increase whereas the curve 56 for the CEB transducer shows
a decrease in signal voitage. This difference in operation is because the passive portions 80
and 82, shown in Fig. 7, add supralinearly to the signal response of the active portion 78 of
the MR stripe whereas the end portions 48 and 50 of the soft magnetic layer (SML) in Fig.
3 subtract from the signal in the active portion 46 of the MR stripe. Ariother comparison is
illustrated in Fig. 8, where the curve 92 shows the signal pulse response of the present
invention in signal voltage versus time. The curve 54 shows the same response for the CEB

‘transducer shown in Fig. 3. Using a same high Mt disk, the present invention has about 10
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magnetic orientation of the soft magnetic layer. Thi's |imitsi]the, TR AR g e

\'\//[al .ue] 'E'o: 1 (I ¥ tlerr] [err] Merr] <t[ e';li* rﬁ]@[’-é%?ffﬁ]m.m‘ﬁ&&'r
err][err]{1+cos([err])} Combining these_requirenments gives ) £e g

cos([err]) < tferr] [err] Merr] <1 +cgié.p_err]) ﬁ Date --H-I-D*-C---'ngl_::_;____

tlerr][err]Merr : e e t [ $aHs %
was fromri . oqoé? ?mPlr%‘P%a g#&r’?#?%ﬁ? ﬁ%@%rgwoatéd@ﬂ%m%ﬁﬁ g. lgdg;
that the maogRwniaFig'3. agiher, thd fecbitbderivativerafjthetpeak bfithercuq@\2 isvabaiitc times
directed upwardly instead of downwardly and _the heavx | i ne magneti zati on

a

vector in t hlergerthanithe second derivagivelof thet reak 96 WRRBHYE y4and to the |eft
RO T O A PR 5L ek Rl S 1538 )
i nvention capiged &nd 7 be el shotghRe niagnerestiticalin dofifoldioth lpassivie portionseB0 and 82
RN U (AN TR T e
and tpy, and M,,, are the thickness and magnetization of thg permaneht magnet layer, then at
a minimum, this requires that t,,p ®* My * €0s(6,;,,) <tpy ® Mpy Where 8, is the biasing
angle of the MR stripe. The excess magnetic field from the permanent magnet layer then
magnetostatically couples to the passive portions 80 and 82 of the MR stripe to produce anti-
parallel alignment of the passive portions 80 and 82 with respect to the active portion 78.
If the permanent magnet layer is too thick, it would produce significant changes in the
magnetic orientation of the soft magnetic layer. This limits the maximum value to:
| to® Mpn < tym * My * {1+€05(B0) } -
Combining these requirements gives:
cos(,;,,) < {-’M—:h-wi-’;’i <1 +cds(9bi“).
It should'be understood that if the Sense current was from right to left instead of from
left to right, as shown in Fig. 6, that the magnetization vectors in the soft magnetic layer
(SML) would be directed upwardly instead of ddwnwardly and the heavy line magnetization
vector in the MR stripe would be directed downwardly and to the left approximately 90° from

its present location. It should be understood that this would make no difference on the

positive effects of the present invention caused by the passive portions 80 and 82 of the MR
stripe. 'Further, if the magnetization vectors in the permanent magnetic layers (PML) were
directed to the right instead to the left, this would cause the heavy line magnetization vectors
in the passive portions 80 and 82 of the MR stripe to be directed to the left instead of to the
right. Here again this would make no difference on the beneficial effects of the invention
caused by the passive portions 80 and 82 of the MR stripe. Obviously the same benefits are
~ obtained if the MR stripe receives a south flux incursion from a magnetic dzsk instead of a

north flux incursion.
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directed to the right instead to the left, this would cause t
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be directed to the left instead of to the right. Here again t Dgtawo l ........
no difference on the beneficial effects ofgthe |nvent|on cau

t 82 of ,t T o .the sane benf ts
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. magnetic di Sﬁckﬂsmﬂeﬂm@mrﬂgﬁ@ué layets (PMAL) #ia§'Be a combination of cobalt, platinum, and

' chromium (CoPtCr) and the soft magnetic layers may be a combination of nickel, iron, and

X. where X is from the group of rhodium, chromium. and niobium (Rh, Cr, and Nb).
Obviously many modifications and variations of the present invention are possible in

light of the above teachings. It is therefore to be understood that, within the scope of the

appended claims, the invention may be practiced other than as specifically described.



14 A suitable material for the
m xture of iron and nickel. The pernmane
conbi nati on of cobalt, platinum and chr umr(i“-@am) andi
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magnetic | ayers may be a conbi nati on’ of &sket=FFor ~and X e
fromthe group of rhodium chrom um ancéwum (Rh, Cr, and Nb).
Qovi ously many nodi fications and vari ati the present invention are
possi bl e i n kgL Agk:t he above teachings. It is therefore to be understood
that, within the scope of the appended clains, the invention nay be

pract i ced ot her than a&mqacﬁxcf uwﬂuc,crdhemguab@atral region located between a pair of end

regions, the central region and the pair of end regions extending along a width of the
magnetic transducer, the magnetic transducer comprising:
an MR layef extehding along the width of the magnetic transducer and having an
active layer portion located between a pair of passive layer portions, the active layer portion
“ being located in the central region and each passive layer portion being located in a respective
end region of the magnetic transducer;
transverse biaSing means located in the central region and magnetostatically coupled
to the active layer portion of the MR layer for transversely biasing the MR layer; and
each passive layer portion of the MR layer being permeable so that it is responsive
to magnetic flux; and _
| the passive layer portions of the MR layer being the only portions of the end regions
of the magnetic transducer which are permeable to magnetic flux so that a response by either -
passive layer of the MR layer to magnetic flux will result in an increased net response of the

active portion of the MR layer to said magnetic flux.

2. A media drive including the magnetic transducer of claim 1, the drive
including: '
a housing;

means located within the housing for moving magnetic media; and

means for supporting the magnetic transducer within the housing in a transducing

relationship with respect to moving magnetic media.

3. A magnetic transducer as claimed in claim 1 inclﬁding:
a pair of leads for transmitting a sense current through the MR layer, each lead being

located in a respective end region and electrically connected to a respective passive portion

of the MR layer; and
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between a pair of end regions, the centrl r e g 4 @1% paillr 0 'en'd

regions extending along a w dth of the gretie-transduser., th

transducer conpri sing: an MR | ayer &8 ending al ong the Wi

magneti c

the MR layer being in a quiescent state when the sense current is transmitted through

the MR layer and an active state witen magnetic flux passes through the MR layer.

4. A magnetic transducer as c.laimed in claim 3 including:
longitudinal biasing means magnetostatically coupled to the passive portions of the MR

layer for longitudinally biasing the MR layer.

5. A magnetic transducer as claimed in claim 4 including:
the longitudinal biasing means being located in the end regions of the magnetic

transducer.

6. A magnetic transducer as claimed in claim 5 including:
the longitudinal biasing means being a pair of permanent magnet layers, each layer:

being located in a respective end region.

7. - A magnetic transducer as claimed in claim 6 including:

the transverse biasing means being a soft magnetic layer which is located only in the

central region.

8. A magnetic transducer as claimed in claim 7 including:
a spacer layer located in the central and end regions and sandwiched between and in
immediate contact with the permanent and soft magnet layers on one side and in immediate

contact with the MR layer on an opposite side.

9. A magnetic transducer as claimed in claim 8 including:

each lead being in immediate contact with a respective permanent magnet layer.

10. A media drive including the magnetic transducer of claim 9, the dnve

including:

- This Sheet Has Been Reﬂlaced
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transducer and having an active |ayer RoOrL] Bet
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passive layer portions, the active laygr EA@ﬁb g
central region and each passive |ayer g afals 3 \ [}ém@{ptmgge
end region of the magnetic transducer; 17 | ongi tud| nal b| ? ENg AR

| ocated in the end regi ons and nagnetostatlcally coupl ed to the passi ve
portions of the BAROuSIPR for |ongitudinal ly biasing the MR layer along the

wi dt h of the mag I 9y
(he cont ral "« oot AP -HED APBCb frvspe SeBRTNEFoRail e el FRETT Crot o It
portion of the Mpheady for iuﬁﬁorhﬁguﬂm/mgﬁm thirsdiceg) withén M@ haysing iaca trassdubing

~width of the magnetic, transducer;; and
relationship with respect to moving magnetic media.

11. A media dri_lve'as claimed in claim 10 including:

the spacer layer including a material which is nonmagnetic and with low conductivity
such as Ta, Al1,0,, SiO,, each permanent magnet layer including CoPtCr, and the soft magnet
layer including NiFeX where X is from the group Rh, Cr, and Nb.

12 AnMR head having a central region located between a pair of end regions, the
central region and pair of end regions extending along the width of the MR head, the MR
head comprising:

an MR layer extending along the width of the MR head and havmg an active layer
portion located between a pair of passive layer portions, the active layer portion being located
in the central region and each passive layer portion being located in a respective end region
of the MR head;

a pair of permanent magnet layers, each permanent magnet layer being located in 2
respective end region of the MR head for longitudinally biasing the MR layer;

a soft magnetic layer located in the central region for transversely biasing the MR
layer;

a spacer layer located in the central and end regions and further located between the
MR layer on one side and the permanent and soft magnet layers on an opposite side; and

only one pair of magnetically permeable layers, each magnetically permeable layer of
the pair of magnetically permeable layers being located in a respective end region, said only
pair of magnetically permeable layers being said pair of passive portions of the MR layer,

whereby the response of at least one of the passive portions of the MR layer to a
magnetic field adds to the respdnse of the active portion of the MR layer to the magnetic

field.
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each passive layer portion of the MR Iay 1 g%%]“gid A@Bﬁﬁr\ﬂ“tﬁ~thahgt---uu$ ‘:;h&ET
|

responsive to magnetic flux; and e tions of the

| ayer being the only portions in the end sz;narg* bh& - tﬂ garﬁ!ﬁj?ud%ﬁ
whi ch are perneable to magnetic flux so that a response by 6
| ayer portion of the MR layer to magnetigglux will result in an |ncreased
net response of the active portion of the—tWR [ayer to said magnetic flux.

2. A media drivejncl udivm Hei8 SRARRL f ERNID EeRIdiRg: Claim 1, the drive

i ncl udi ng: a ou3|ng,
' a pair of leads for transmitting a sense current through the MR layer, each lead being

located in a respective end region and electrically connected to a respective passive layer

portion of the MR layer; _
the MR layer being in a quiescent state when the sense current is transmitted through

the MR layer and in an active state when a magnetic field passes through the MR layer; and
said pair of passive portions of the MR layer being permeable when the MR layer is

in said quiescent state.

14. An MR head as claimed in claim 13 including:
 the spacer layer being sandwiched between and in intimate contact with the soft and

permanent magnet layers on one side and the MR layer on the other side.

15. A media drive including the MR head of claim 14, the media drive including:
a housing;
means located within the housing for moving magnetic media; and

means for supporting the MR head within the housing in a transducing relationship

with respect to moving magnetic media.

16. An MR read transducer having a central region located between a pair of end
regions, the central region and pair of end regions extending along a width of the MR read
transducer, the MR read transducer consisting essentially of: |

an MR layer extending along the width of the MR read transducer and having an
active layer portion located between a pair of passive layer portions, the active layer portion
being located in the central region and each passive layer portion being located in a respective
end region of the MR read transducer;

longitudinal biasing means located in the end regions of the MR read transducer for

longitudinally biasing the MR read transducer;
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transverse biasing means located in only the central region and magnetostancallv
coupled to the active layer region of the MR layer for transversely biasing the MR layer;
a pair of leads for transmitting a sense current through the MR layer, each lead being

located in a respective end region and electrically connected to a respective passive portion

of the MR layer;

the MR layer being in a quiescent state when the sense current is transmitted through

the MR layer and in an active state when a magnetic field passes through the MR layer; and
each passive layer portion of the MR layer being permeable when the MR layer is in
the quiescent state so that it has a response to a magnetic field which is additive to a response

of the active layer portion of the MR layer to said magnetic field; and
the passive layer portions of the MR layer being the only permeable portions of the
MR read transducer in the end regions of the MR read transducer when the MR layer is in

a quiescent state.
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the MRl ayer being in a quiescent state when the sense curr TS
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transmitted through the MR layer and an active state when

passes through the MR | ayer. 4, A magnetic transgducer .
claimed in claim3 including: | ongi tudi nal bi asi ng rrja@@te 0-TDEC. 1985 ..
magnetostatically coupled to the passive portions of the MR —Tayerftor —

| ongitudinally biasing the MR | ayer. 5. A magneti c transducer

as claimed in claim4 including: . t he | ongi tudi nal bi asi ng nmeans

“being located in the end regions of the magnetic transducer.
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6. A hagnetic transducer as claiped in claimb5 including:;
bi asi ng neans being a pair of pernmanent nagnet[

| ongi t udi nal

| ayer being located in a respective end region.
transducer as clainmed in claim6 including:

means being a soft magnetic layer which is located only int
A magnetic transducer as clained in claim?7

regi on.
i ncl udi ng:

8.
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i medi ate contact with the per manent and soft magnet |ayerSFﬁﬁ—ﬁnﬂqudem :
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A magnetic transducer as clained in claim8 including: 4 eacb 189@ 1995
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magneti c nedi a.
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such as Ta, Al[err]O[err], SiJerr], each pernmanent magnet

CoPtCr; and the soft magnet |ayer including Ni FeX where X ils RESMCENENTT

Rh, Cr, and Nb. 12. An MR head having a central Jfegi onU pgg@eqt;gs
between a pair of end regions, the central region and pair [pP%hd-regirons . '
extending along the width of the MR head, the MR head conprising: am

MR | ayer extendi ng al ong tPEﬁ( Jquﬁﬁmpg%{ ?’g\,@f@g;ft’@ %?nt ﬁgt :agt?i Ve

| ayer portion |ocated bet PO +—P 55

| ayer portion being located in the central region and each passive |ayer
~portion being located in a respecti veABBERACHi on of the MR head a
~pair of permanent magnet | ayers, each permanent magnet | ayer being | ocated

in a respective end region of the MR head for

| ayer;

| ongi tudi nally biasing the MR

An MR read transducer is provided which has a central region
located between a pair of end regions. The central regions and the
pair of end regions extend along a width of the MR read transducer.
An MR layer extends along with the width of the MR read transducer

and has an active layer portion located between a pair of passive

~ layer portion being located in a respective end region. A layer is

located in the ceptral region and magnetostatically coupled to the
active layer portion of the MR layer for transversely biasing the
MR layer. Each passive layer portion of the MR layer is permeable
so that it is responsive to externally é.pplied magnetic fields'. A
response by either passive layer of the MR layer to a magnetic
signal will result in a supralinearly increased nét response of the
active portion of the MR layer.



a soft ﬁagnetic | ayer located in the central region for trans

“biasing the MR | ayer; a spacer |ayer: | ocated iD,Ll: d end
regions and further |ocated between the MR | ayer

~permanent and soft nagnet |ayers on an opp03| te siy W onl.y\\one
pair of magnetically pernmeable |ayers ? nmagnet i . 3p! .n-"‘bf—:ver of

the pair of magnetically perneable | ayers 3
_region, saquo@féégur of magnetically perneable | ayers being said pair of
passi ve portlons the MR | ayer, wher eby the response of at |east

one of the passive portions of the MR layer to a magnetic field adds to the

response of jthe aCthyen@PIL! WaRsduder\hdvied hO ddiftrBONEhsEch! Alddated
between a pair of end regions, the central region and the pair
of end regions extending along a width of the magnetic
transducer, the magnetic transducer comprising:
an MR layer extending along the width of the magnetic
transducer and having an active layer portion located between
a pair of passive layer portions, the active layer portion
being located in the central region and each passive layer
portion being located in a respective end region of the
magnetic transducer; _
longitudinal biasing means located in the end regions and
magnetostatically coupled to the passive portions of the MR
layer for longitudinally biasing the MR layer along the width
of the magnetic transducer;
transverse biasing means located in the central region
and magnetostatically coupled to the active layer portion of
the MR layer for transversely biasing the MR layer across the
width of the magnetic transducer; and
each passive layer portion of ‘the MR layer being
permeable so that it is responsive to magnetic flux; and
the passive layer portions of the MR layer being the only
portions in the end regions of the magnetic transducer which
are permeable to magnetic flux so that a response by either
passive layer portion of the MR layer to magnetic flux will
result in an increased net response of the active portion of
the MR layer to said magnetic f£lux.

2, A media drive including the magnetic transducer of claim
1, the drive including:

a housing:

means located within the housing for moving magnetic
media; and '

means for supporting the magnetic transducer within the
housing in a transducing relationship with respect to moving

magnetic media.

* c L M S *



ST

18 - R 13. An MR head as clainmed in claim12 includi"' RN SHEE
pair of leads for transmtting a sense current through the Vér ‘éhchih‘
| ead- being | ocated in a respective end region and electrlcaw %hpmquﬁm 1987
a respective passive layer portion of the MR layer; the MRTAVEE_

od

being in a quiescent state when the sense gurrent Is transmtted through
the MR | ayer and In an active state when 5 magnetic field passes through

the MR |ayer; %ﬂ %t%g'ﬁ‘la‘lfﬂduc%fr RS Pl 4O alln 1N R AN

bei ng perneable
a pair of leads for transmitting a sense current through

the MR layer, each lead being located in a respective end
region and electrically connected to a respective passive
portion of the MR layer; and

the MR layer being in a quiescent state when the sense
current is transmitted through the MR layer and an active state
when magnetic flux passes through the MR layer.

4. A magnetic transducer as claimed in claim 1 including:
the longitudinal biasing means being a pair of permanent
magnet layers, each layer being located in a respective end

region.

5. A magnetic transducer as claimed in claim 4 including:
the transverse biasing means being a soft magnetic layer
which is located only in the central region.

6. A magnetic transducer as claimed in claim 5 including:

a spacer layer located in the central and end regions and
sandwiched between and in immediate contact with the permanent
and soft magnet layers on one side and in immediate contact
with the MR layer on an opposite side.

7. A magnetic transducer as claimed in claim 6 including:
each lead being in immediate contact with a respective

permanent magnet layer.

8. A media drive including the magnetic transducer of claim
7, the drive including:

a housing;

means located within the housing for moving magnetic
media; and

means for supporting the magnetic transducer within the
housing in a transducing relationship with respect to moving

magnetic media.
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the spacer layer including a material which is nonmagnetic

and with low conductivity such as Ta, Al2 03, 8Si02, each
permanent magnet layer including CoPtCr, and the soft magnet
layer including NiFeX where X is from the group Rh, Cr, and Nb.

10. An MR head having a central region located between a pair
of end regions, the central region and pair of end regiomns
extending along the width of the MR head, the MR head
comprising:

an MR layer extending along the width of the MR head and
having an active layer portion located between a pair of
passive layer portions, the active layer portion being located
in the central region and each passive layer portion being
located in a respective end region of the MR head;

a pair of permanent magnet layers, each permanent magnet
layer being located in a respective end region of the MR head
for longitudinally biasing the MR layer;

a soft magnetic layer located in the central region for
transversely biasing the MR layer; '

a spacer layer located in the central and end regions and
further located between the MR layer on one side and the
permanent and soft magnet layers on an opposite side; and

only one pair of magnetically permeable layers, each
magnetically permeable layer of the pair of magnetically
permeable layers being located in a respective end region, said
only pair of magnetically permeable layers being said pair of
passive layer portions of the MR layer,

whereby the response of at least one of the passive layer
portions of the MR layer to a magnetic field adds to the
response of the active layer portion of the MR layer to the
magnetic field.

11. An MR head as claimed in claim 10 including:

a pair of leads for transmitting a sense current through
the MR layer, each lead being located in a respective end
region and electrically connected to a respective passive layer
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16. An MR read transducer having a central region |ocated | etwean a pam.f_;
of end regions, the central region and pair of end regions d tendlng “along -
a width of the MR read transducer, the MR read transducer @qsil g2 MAY ?997
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state when a magnetic field passes through the MR layer; and
said pair of passive portions of the MR layer being

permeable when the MR layer is in said quiescent state.

12. An MR head as claimed in claim 11 including:

the spacer layer being sandwiched between and in intimate
contact with the soft and permanent magnet layers on one side
and the MR layer on the other side.

13. A media drive including the MR head of claim 12, the media
drive including:

a housing:;

means located within the housing for moving magnetic
media; and

means for supporting the MR head within the housing in a
transducing relationship with respect to moving magnetic media.

14. An MR read transducer having a central region located
between a pair of end regions, the central region and pair of
end regions extending along a width of the MR read transducer,
the MR read transducer consisting essentially of:

an MR layer extending along the width of the MR read
transducer and having an active layer portion located between
a pair of passive layer portions, the active layer portion
being located in the central region and each passive layer
portion being located in a respective end region of the MR read
transducer; _

longitudinal biasing means located in the end regions of
the MR read transducer for longitudinally biasing the MR layer
along the width of the MR transducer;

transverse biasing means located in only the central
region and magnetostatically coupled to the active layer region
of the MR layer for transversely biasing the MR layer
transverse the width of the MR transducer;
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the MR layer, each lead being located in a respective end

region and electrically connected to a respective passive
portion of the MR layer;

the MR layer being in a quiescent state when the sense
current is transmitted through the MR layer and in an active
state when a magnetic field passes through the MR layer; and

each passive layer portion of the MR layer being permeable
when the MR layer is in the quiescent state so that it has a
response to a magnetic field which is additive to a response
of the active layer portion of the MR layer to said magnetic
field; and

the passive layer portions of the MR layer being the only
permeable portions of the MR read transducer in the end regions
of the MR read transducer when the MR layer is in a quiescent

state.
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may be electrically conductive. An example of a suitable matenial to accomplish this purpose

is the beta phase of tantalum (Ta). Other examples are Al,03 and SiO,.

When the sense current is applied, the transducer is in a quiescent state and the

magnetization vectors are shown in heavy lines in Fig. 6. When there is a north magnetic
flux incursion from a magnetic disk (not shown) rotating below the wansducer, the
magnetization vectors in the MR swipe will be rotated to the light lines shown thereon. A

north incursion will rotate the magnetization vectors in the right and left passive portions 80

ne

and 82 of the MR stripe in a counterclockwise direction. The north magnetic incursion will -

rotate the magnetization vector in the active portion 78 of the MR swipe in a clockwise
direction, as shown by the light arrow thereon. The light arrow magnetization vectors in the
passive portions 80 and 82 of the MR stripe will have vertical components which are directed
upwardly. Since the magnetic stripe is all one element, each of the upwardly directed ve;dcal
components in the passive regions 80 and 82 will influence the active region 78 by rotating
its magnerization vector more clockwise than if the active region 78 was by itself without the
passive wing portions 80 and 82. This means that the active central portion 78 of the MR
stripe will sense 2 stronger and narrower signal than éiiher of the prior art transducers
illustrated in Figs. 3 and5. A comparison of the result of the present invention with the CEB
transducer (see Fig. 3) is shown in Fig. 9. As §tated heteiﬁabove, the voltage response of the
MR stripe of the CEB transducer versus applied magnetic‘ field from a disk is shown by the
curve at 56. The curve for the present invention is shown at 90 in Fig. 9. It can be seen that
as the applied magnetic field increases (positively or negatively), the curve 90 for the present
invention shows a signal voltage increase whereas the curve 56 for the CEB transducer shows
a decrease in signal voltage. This difference in operation is because the passive portions 80
and 82, shown in Fig. 7, add supralinearly to the signal response of the active’ portion 78 of
the MR swripe whereas the end portions 48 and 50 of the soft magneric layer (SML) in Fig.
3 subtract from the szgnal m thé'af;éﬁve portion 46 of the MR suripe. Another comparison is
illustrated in Fig. 8, where the ﬁu.rve 92 shows the signal pulse response of the present
invention in signal voltage versus time. The curve 54 shows the same response for the CEB

transducer-shéwn in Fig. 3. Using a seme high Mt disk, the present inventon has about 10



