
;e3ekt$kq  !"F"f8$6n$T$JU;WO 01/9111s  PCT/US01/17222 IMPROVED LAPPING
SENSOR FOR RECORDING HEADS This application is being filed as a PCT
application by SEAGATE TECHNOLOGY LLC, a United States national and
resident, designating China, Germany, United Kingdom, Japan, South Korea
and Singapore. Field of the Invention This application relates to hard disc
drives and more particularly to an apparatus and method for controlling a
lapping process, so as to create a read/write 10 head that contains a
primary magnetoresistive read element with a desired stripe height.
Background of the Invention The storage medium for a disc drive is a flat,
circular disc capable of 15 retaining localized magnetic fields. The data
that are stored upon the disc find physical representation through these
localized magnetic fields. The data are arranged on the disc in concentric,
circular paths known as tracks. The localized magnetic fields can be
detected by a magnetically sensitive head when they are brought in close
proximity to the head. During operation, the 20 disc continually rotates,
meaning that for each rotation, a head fixed a given radius from the center
of the disc would encounter every localized magnetic field along a given
track. A read/write head I00 capable of reading and writing localized
magnetic fields upon the surface of a disc is depicted in FIG. 1. The
read/write head 100 25 depicted in FIG. 1 is constructed from a body 102
composed of AITiC (Aluminum, Titanium and Carbide) wafer material.
Conjoined to the body 102 is a magnetoresistive read element and a write
element, shown jointly as 104. The resistance of the magnetoresistive read
element 104 changes when introduced to a magnetic field. Generally, the
greater the magnetic field in which the 30 magnetoresistive read element
104 is immersed, the higher its resistance. Accordingly, the
magnetoresistive read element 104 is used to detect a localized magnetic
field stored on the surface of the disc by orienting the localized magnetic
WO 01/9111s PCT/US01/17222 field under the read element 104 and observing a
change in the element's 104 resistance. To detect a change in the
resistance of the read element 104, a constant current is passed through
the magnetoresistive read element 104 and the voltage 5 across the element
104 is observed. As the resistance of the element 104 increases due to the
influence of a proximate magnetic field, the voltage across the element 104
increases proportionately. Thus, the change in resistance is observed as a
corresponding rise in voltage across the read element 104. The constant
current used to detect the localized magnetic fields is propagated through
conductors 106, 10 108, which electrically contact opposite ends of the
magnetoresistive element 104. The conductors 106,108 run to a pair of wire
bonds 110,112, which join the conductors 106,108 to a pair of elongated
conductors 114,116 that extend the length of the head 100, and join to
detection circuitry (not pictured). The read/write head 100 also contains
conductors 118,120 through which a current is passed to 15 record a
magnetic field upon the surface of the disc. Conductors 118,120 also run to
a pair of wire bonds 122,124, which join the conductors 118,120 to a pair
of elongated conductors 126, 128 that extend the length of the head 100,
and join to writing circuitry (not pictured). FIG. 2 shows a magnified view
of a magnetoresistive read element 104. As 20 can be seen from FIG. 2, the
bottom edge 200 of the magnetoresistive read element 



104 extends to the air bearing surface of the slider. The air bearing
surface functions to create a "cushion" of air upon which the read/write
head 100 floats as it is positioned over a rotating disc. The top edge of
the magnetoresistive read element 104 is identified by 25 reference numeral
204. The distance between the bottom edge 200 and the top edge 204 of the
magnetoresistive read element 104 is referred to as the "stripe height."
The stripe height of a magnetoresistive read element is an important
variable, as it determines the sensitivity of the magnetoresistive element
to a magnetic field. Generally, the shorter the stripe height, the more
sensitive the magnetoresistive 30 element, and vice versa. As shown by FIG.
3, prior to processing, a magnetoresistive read element 104 has a stripe
height on the order of 100,000 A The conductors 106,108 have approximately
the same height. During manufacture, the magnetoresistive head is 2   WO
01l91115 PCT/USO1/17222 "lapped," thereby reducing the magnetoresistive
read element's 104 stripe height to that which is shown in FIG. 2, on the
order of 5001 (with a typical tolerance of  10%), depending upon product
requirements. "Lapping" is a teen used to describe a grinding process in
which the magnetoresistive read element 104 and its associated 5 conductors
106, 108 are literally ground down by an abrasive slurry, until the desired
stripe height is achieved. The purpose of the lapping process is to reduce
the stripe height of the magnetoresistive read element until the proper
magnetic sensitivity has been created. Ideally, it would be possible to
directly test the sensitivity of the 10 magnetoresistive read element
during lapping, so that when the proper sensitivity had been achieved,
lapping could be ceased. Unfortunately, by passing an electrical signal
through the magnetoresistive read element, as is necessary in order to
directly test the read element's resistance, the likelihood of an
electrostatic discharge between the magnetoresistive read element and the
abrasive slurry is enhanced. 15 Such an electrostatic discharge is harmful
to the read element, and it is therefore desirable to minimize the
likelihood of such a discharge. It is known in the art that, during
lapping, the resistance of a secondary resistive element can be monitored
and used as a proxy for directly measuring the stripe height of a primary
magnetoresistive element. When the resistance of the 20 secondary
magnetoresistive element reaches a predetermined Level, it can be assumed
that the stripe height of the primary magnetoresistive element is in its
appropriate range, and lapping can be ceased. In order to use such a
measurementby-proxy scheme, the primary and secondary elements should be
arranged so that there exists a known relationship between the sensitivity
of the primary and 25 secondary elements. FIG. 4 shows an undiced, unlapped
wafer 400 containing two read/write heads 402, 404 and a lapping guide 406.
Read/write head 402 contains a primary magnetoresistive element 408, and
lapping guide 40b contains a secondary resistive element 410, the
resistance of which is in known relation to magnetoresistive 30 element
408. During lapping, the resistance of the secondary resistive element 410 



is monitored. When the resistance of the secondary resistive element 410
reaches a certain level, it is assumed that the stripe height of the
primary magnetoresistive element 408 is in its appropriate range, and
lapping is ceased. To ensure that the 3   WO 01/9111a PCT/USO1/17222
resistance of the secondary resistive element 410 is in known relation to
the stripe hieght of the primary magnetoresistive element 408, the top
edges of the primary and secondary elements are aligned. Therefore, during
lapping, the stripe height of the primary and secondary elements should be
equivalent, and the resistance of the 5 secondary element should serve as a
suitable proxy for the stripe height of the primary element. This solution,
which is known in the art, has problems, however. The distance between the
primary and secondary elements 408, 410 is relatively great (perhaps 500
microns). Because of this great distance, the alignment of the top edges of
the primary 408 and secondary elements 410 necessarily has a wide 10
tolerance. Such a wide tolerance is undesirable, because it detracts from
the accuracy with which the secondary resistive element 410 indicates the
stripe height of the primary element 408. Thus, the secondary resistive
element 410 is an unreliable proxy for the primary magnetoresistive element
408. Accordingly there exists a need for a means for accurately measuring
and controlling the stripe height 15 of a primary magnetoresistive element
without subjecting the element to the risk of damage from electrostatic
discharge. Summary of the Invention The method and apparatus in accordance
with the present invention solves 20 the aforementioned problems and other
problems by an apparatus or method as presented herein. The method involves
grounding a primary magnetoresistive read element located on the read/write
head to be lapped. Next, a test signal is passed through a secondary
magnetoresistive read element that is also located on the read/write head.
Lapping of the primary and secondary magnetoresistive elements is 25
commenced. The lapping is continued until the test signal exhibits a
desired characteristic. Another aspect of the invention includes a
read/write head with a primary magnetoresistive read element (used for
reading data during operation of the disc drive into which the read/write
head is palced). The read/write head also includes a 30 secondary
magnetoresistive read element, dimensioned in proportion to the primary
magnetoresistive read element and positioned in proximity thereto. 4   VVO
01/9111s PCT/US01/17222 These and various other features as well as
advantages which characterize the present invention will be apparent from a
reading of the following detailed description and a review of the
associated drawings. Brief Description of the Drawings FIG. 1 depicts a
read/write head known in the prior art. FIG. 2 depicts a magnified view of
a magnetoresistive read element after lapping. 



FIG. 3 depicts a magnified view of a magnetoresistive read element prior to
10 lapping. FIG. 4 depicts an undiced, untapped wafer containing two
read/write heads and a lapping guide. FIG. 5 depicts an untapped read/write
head in accordance with one embodiment of the present invention. 15 FIG. 6
depicts an untapped read/write head in accordance with another embodiment
of the present invention. FIG. 7 depicts au untapped read/write head in
accordance with another embodiment of the present invention. FIG. 8 depicts
an untapped read/write head in accordance with another 20 embodiment of the
present invention. FIG. 9 depicts a method of controlling a lapping process
used in conjunction with the embodiments depicted in FIGS. 5 through 8.
Detailed Description 25 An improved lapping guide is achieved by
incorporating a secondary magnetoresistive element into a read/write head.
By virtue of its location on the same read/write head as a primary
magnetoresistive element (used fox reading data during operation of the
disc drive), the secondary element is located in close proximity to the
primary element, resulting in smaller tolerances in aligning or 30 relating
the top edges of the primary and secondary elements. Accordingly, the
secondary magnetoresistive element more reliably serves as a proxy for the
primary element. Optionally, the secondary magnetoresistive element may be
fashioned with   WO 01/9111s PCT/USO1/17222 identical dimensions as the
primary element, so as to render the secondary element equivalent to the
primary element with regard to magnetic sensitivity. FIG. S depicts an
untapped read/write head 500 in accordance with one embodiment of the
present invention. As can be seen from FIG. 5, the read/write head 500 has
a primary magnetoresistive read element 502 and a secondary
magnetoresistive element 504. The primary magnetoresistive read element 502
is interposed between two conductors 506, 508. The secondary
magnetoresistive element 504 is also interposed between two conductors 508,
510. The primary magnetoresistive read element 502 and the secondary
magnetoresistive element 504 10 share one conductor S08. The primary
magnetoresistive read element S02 and the secondary magnetoresistive
element 504 have their top edges aligned in a collinear fashion. In an
alternate embodiment, their respective top edges are in any other known
relation to each other. A third pair of conductors 510, 512 directly
contact each other, with one of the conductors 510 being shared with the
secondary 15 magnetoresistive element 504. During lapping, a test signal
may be passed through conductor 508, secondary magnetoresistive read
element 504, and conductor 510. The resulting voltage between conductor 508
and conductor 510 is representative of the voltage that would be detected
if the same operation were performed upon the primary 20 magnetoresistive
read element 502. If secondary magnetoresistive element 504 is fashioned
identically to the primary magnetoresistive read element 502, and if
conductor 510 is fashioned identically to conductor S06, then that voltage
is the same. The voltage so detected is representative of the resistance of
the conductors 508, 510, the resistance of the secondary magnetoresistive
element 504, and the 



25 resistance found in the junctions between the conductors S08, 510 and
the secondary element 504. Lapping can be ceased when the voltage between
conductors 508 and 510 reaches a predetermined threshold, indicating that
the primary magnetoresistive read element 502 has been lapped to the proper
stripe height. A current may be passed through conductors 510 and 512. The
resulting 30 voltage between the conductors 510 and 512 is representative
of their combined resistances. If the conductors 510, 512 are fashioned
identically to the conductors 506, S08 surrounding the primary
magnetoresistive read element 502, the voltage so developed is indicative
of the resistance of those conductors 506, 508. Thus, the 6   V1'O 01/9111S
PCT/USO1/17222 voltage between conductors 506 and 508 may be subtracted
from the voltage between conductors 508 and 510 to negate the effect of
conductor resistance. By so doing, the resistance of the magnetoresistive
element 504 itself (without the added resitance of the conductors 508, 510)
can be the determinging factor in the cessation 5 of lapping. Lapping can
be ceased when the aforedescribed difference reaches a predetermined
threshold, indicating that the primary magnetoresistive read element 502
has been lapped to the proper stripe height. FIG. 6 depicts an embodiment
of the present invention in which the primary magnetoresistive read element
600 is interposed between two conductors 602, 604, 10 neither of which are
shared by the secondary magnetoresistive element 606 or the pair of
conductors 608, 610, used to account for conductor resistance. By isolating
the primary magnetoresistive read element 600, ifs capacitance is reduced,
thereby enhancing its bandwidth. FIG. 7 depicts another embodiment of the
present invention in which the 15 primary magnetoresistive read element 700
is interposed between two conductors 702, 704, neither of which are shared
by the secondary magnetoresistive element 706 or the pair of conductors
708, 710, used to account for conductor resistance. In this embodiment, the
secondary element 706 is isolated, as are conductors 708 and 710. The
benefit of isolating the primary magnetoresistive read element 700 and the
20 secondary magnetoresistive element 706 is that the geometries of their
respective conductor-element-conductor circuits can be fashioned
identically. FIG. 8 depicts another embodiment of the present invention. In
FIG. 8, the primary magnetoresistive read element 800, the secondary
magnetoresistive element 802 and each of the conductors are located between
two magnetic shields 804, 806. 25 Magnetic shield 806 has been depicted
with dotted lines to indicate that it has been cut away to permit viewing
of the magnetoresistive elements 800, 802 lying behind it. The shields 804,
806 protect the magnetoresistive elements 800, 802 from the influence of
stray magnetic fields. By disposing both the primary magnetoresistive
element 800 and the secondary magnetoresistive element 802 upon the shield
804, 30 aliglnnent of their respective top edges is rendered more accurate.
The enhanced accuracy stems from the fact that the primary and secondary
elements are disposed upon the same planar surface, presenting a uniform
optical arrangement for photolithography. Although FIG. 8 depicts the
shields 804, 806 used in conjunction 7 



w0 U1/91116 PCT/US01/17222 with the embodiment of the invention shown in
FIG. 7, the shields 804, 806 may be used in conjunction with the
embodiments of the invention shown in FIGs. 5 and 6, as well. The
embodiments of the invention depicted in FIGS. 5-8 may be used in
conjunction with the method described in FIG. 9. The method described with
reference to FIG. 9 may be implemented by an automated test system. The
functionality described with reference to FIG. 9 may be embodied in the
circuitry of laboratory equipment (such as a digital multimeter or an
oscilloscope) and may also be embodied in software residing on a computer
that controls such laboratory 10 equipment. The general structure of the
method used in conjunction with the embodiments depicted in FIGS. 5-8 is
shown in FIG. 9. As can be seen from FIG. 9, the method begins with
operation 900, in which the conductors surrounding the primary
magnetoresistive read element are grounded, so as to minimize the chance 15
of an electrostatic discharge between the primary read element and the
slurry during lapping. Next, in test operation 902, a test signal is passed
through the secondary magnetoresistive element, and lapping is commenced in
operation 904. In query operation 906, it is determined whether or not the
test signal exhibits one or more desired characteristics indicating that
the proper stripe height has been achieved. If 20 the test signal does not
yet exhibit the one or more desired characteristics, flow is returned to
operation 902, so that lapping and testing continue. Otherwise, lapping
ceases, as shown in operation 908. Test operation 902 and query operation
906 can be embodied by various steps, as described below. In one
embodiment, test operation 902 comprises passing a signal of known 25
voltage through the secondary magnetoresistive element. As lapping
progresses, the resistance of the primary magnetoresistive element and the
secondary magnetoresistive element is increased (because the stripe height
is decreased, leaving a smaller cross-sectional area for electrical current
to travel through), resulting in a progressively diminishing current.
Therefore, in this embodiment, 30 query operation 906 comprises determining
whether the test signal is reduced to a desired amperage level. Similarly,
in another ernbodixnent, test operation 902 comprises passing a signal of
known amperage through the secondary magnetoresistive element. Once 8   WO
01/91115 PCT/USO1/17222 again, as lapping progresses, the resistance of the
primary magnetoresistive element and the secondary magnetoresistive element
is increased, resulting in a progressively increasing voltage across the
secondary magnetoresistive element. Therefore, in this embodiment, query
operation 906 comprises determining whether the test signal reaches a
desired voltage level. In yet another embodiment, test operation 902
comprises exposing the secondary magnetoresistive element to a dynamic
magnetic field and passing a signal of known electrical current through
said element. In this embodiment, the resistance of the secondary
magnetoresistive element is a function of both the 



10 magnetic field to which it is exposed and the stripe height to which it
is presently reduced. Thus, query operation 906 comprises determining
whether the test signal reaches a desired voltage level as measured by its
root-mean-square value (RMS). Alternatively, test operation 902 can
comprise exposing the secondary magnetoresistive element to a dynamic
magnetic f eld and passing a signal of known 15 voltage through said
element. Accordingly, query operation 906 comprises determining whether the
test signal is reduced to a desired level of electrical current as measured
by its RMS value. In yet another embodiment, test operation 902 comprises
exposing the secondary magnetoresistive element to a dynamic magnetic field
and passing a 20 direct current (DC) signal through the secondary
magnetoresistive element. In this embodiment, query operation 906 comprises
determining whether the test signal possesses a voltage profile (voltage
plotted against time) with no DC offset. Alternatively, query operation 906
can comprise determining whether the test signal possesses a current
profile (amperage plotted against time) with no DC offset. 25 In yei
another embodiment, test operation 902 comprises passing a signal of known
voltage through the secondary magnetoresistive element. In this embodiment,
query operation 906 comprises seeking a thermal asperity by determining
whether the test signal drops below a predeterniined level of electrical
current. Alternatively, test operation 902 comprises passing a signal of
known 3 0 amperage through the secondary magnetoresistive element.
Accordingly, query operation 906 comprises seeking a thermal asperity by
determining whether the test signal voltage rises above a predetermined
threshold voltage. 9   WO O1/9111 PCT/USO1/17222 In yet another embodiment,
test operation 902 comprises passing an electrical current tlu ough a pair
of conductors used for negating the effect of conductor resistance, and
also comprises passing a signal of known electrical current through the
secondary magnetoresistive element. In this embodiment, query operation 906
comprises determining whether the difference between the voltage across the
secondary magnetoresistive element and the voltage across the pair of
conductors exceeds a threshold voltage. It will be clear that the present
invention is well adapted to attain the ends and advantages mentioned as
well as those inherent therein. While presently 10 preferred embodiments
have been described for purposes of this disclosure, numerous changes may
be made which will readily suggest themselves to those skilled in the art
and which are encompassed in the spirit of the invention disclosed and as
defined in the appended claims. 10   WO 01/9111s THE CLAIMED INVENTION IS:
PCT/USO1/17222 1. A read/write head for use in a disc drive, the read/write
head comprising: a first magnetoresistive read element; and a second
magnetoresistive read element, dimensioned in proportion to the first
magnetoresistive read element and positioned in proximity to the first 



magnetoresistive read element. 10 2. The read/write head of claim 1,
wherein the second magnetoresistive read element is the same size as the
first magnetoresistive read element. 3. The read/write head of claim 1,
wherein the first and second magnetoresistive read elements each possess a
top edge, and wherein the top edges 15 of the first and second
magnetoresistive read elements are collinear. 4. The read/write head of
claim 1, wherein the first magnetoresistive read element is interposed
between a first pair of conductors, and wherein the second magnetoresistive
read element is interposed between a second pair of 20 conductors, the
first and second pairs of conductors being dimensioned so as to have
approximately identical impedances. 5. The read/write head of claim 4,
wherein the first pair of conductors comprises a first conductor and a
second conductor, and wherein the second pair of 25 conductors comprises
the second conductor and a third conductor. 6. The read/write head of claim
4, further comprising a third pair of conductors, the third pair of
conductors being in electrical contact with each other and being
dimensioned to as to have approximately identical impedances as the first
30 and second pairs of conductors. 11   WO O1/9111 PCT/USO1/17222 7. The
read/write head of claim 6, wherein the first pair of conductors comprises
a first conductor and a second conductor, and wherein the third pair of
conductors comprises the second conductor and a third conductor. 5 8. The
read/write head of claim 1, further comprising: a first magnetic shield;
and a second magnetic shield, wherein the the first and second
magnetoresistive elements are oriented between the first and second
magnetic shields. 10 9. The read/write head of claim 1, further comprising:
a magnetoresistive shield, wherein the the first and second
magnetoresistive elements are disposed upon the magnetoresistive shield.
10. A method of determining a proper amount of lapping for creation of a 15
read/write head containing a primary magnetoresistive read element with a
desired stripe height, the method comprising: (i) grounding the primary
magnetoresistive read element; (ii) passing a test signal thxough a
secondary magnetoresistive read element that is located on the read/write
head; 20 (iii) lapping the primary and secondary magnetoresistive read
elements; and (iv) continuing to Iap the primary and secondary
magnetoresistive read elements until the test signal exhibits a desired
characteristic. 



25 11. The method of claim 10, wherein: step (ii) comprises passing a
signal of known voltage through the secondary read element; and wherein
step (iv) comprises continuing to lap the primary and secondary
magnetoresistive read elements until the test signal is reduced to a
desired level of 30 electrical current. 12. The method of claim 10,
wherein: 12   WO 0I/9111; PCT/USO1/17222 step (ii) comprises passing a
signal of known electrical current through the secondary read element; and
wherein step (iv) comprises continuing to lap the primary and secondary
magnetoresistive read elements until the test signal is reaches a desired
voltage level. 13. The method of claim 10, further comprising: exposing the
secondary magnetoresistive read element to a dynamic magnetic field;
wherein step (ii) comprises passing a signal of known electrical current 10
tluough the secondary read element; and wherein step (iv) comprises
continuing to lap the primary and secondary magnetoresistive read elements
until the test signal is reaches a desired voltage level. 14. The method of
claim 10, fiu-ther comprising: 15 exposing the secondary magnetoresistive
read element to a dynamic magnetic field; wherein step (ii) comprises
passing a signal of known voltage through the secondary read element; and
wherein step (iv) comprises continuing to lap the primary and secondary 20
magnetoresistive read elements until the test signal is reduced to a
desired level of electrical current. 15. The method of claim 10, further
comprising: exposing the secondary magnetoresistive read element to a
dynamic 25 magnetic field; and wherein step (iv) comprises continuing to
lap the primary and secondary magnetoresistive read elements until the test
signal exhibits a voltage profile with no direct current offset. 30 16. The
method of claim 10, further comprising: exposing the secondary
magnetoresistive read element to a dynamic magnetic field; and 13 



WO 01/9111s PCT/USO1/17222 wherein step (iv) comprises continuing to lap
the primary and secondary magnetoresistive read elements until the test
signal exhibits a electrical current profile with no direct current offset.
17. The method of claim 10, wherein: step (ii} comprises passing a signal
of constant voltage through the secondary magnetoresistive read element;
and step (iv) comprises continuing to lap the primary and secondary
magnetoresistive read elements iuztil a thermal asperity is sensed by
detecting the 10 test signal dropping below a threshold electrical current
level. 18. The method of claim 10, wherein: step (ii) comprises passing a
signal of constant current through the secondary magnetoresistive read
element; and 15 step (iv) comprises continuing to lap the primary and
secondary magnetoresistive read elements until a thermal asperity is sensed
by detecting the test signal rising above a threshold voltage level. 19.
The method of claim 10, further comprising: 20 passing an electrical
current through a first pair of conductors having an impedance equal to
that of a second pair of conductors between v~Thich the primary
magnetoresistive read element is interposed, thereby producing a voltage
across the first pair of conductors; wherein step (ii) comprises passing a
signal of known electrical current 25 through the secondary
magnetoresistive read element, thereby producing a voltage across the
secondary magnetoresistive read element; and wherein step (iv) comprises
continuing to lap the primary and secondary rnagnetoresistive read elements
until the difference between the voltage across the secondary
magnetoresistive read element and the voltage across the first pair of 30
conductors exceeds a desired level. 20. A read/write head for use in a disc
drive, the read/write head comprising: 14   WO 01I91115 PCT/USO1/17222 a
first magnetoresistive read element having electrical properties; and 



a means for determining by proxy the electrical properties of the first
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