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tips. Published Unexamined Japanese Patent Appli- cation 62-287408 utilizes
a high frequency signal in Field of the Invention
addition to a d.c. bias current to periodically magnet- ically saturate a
magnetic head and then senses the This invention relates to a method and
apparatus   5   reduction of head inpedance due to the saturation to to
control the manufacture of magnetic transducers,  determine the write
characteristic of the head. The and in particular to a lapping control
system for batch  Kawakami et al publication, J. Appl. Phys., Vol. 61,
fabricating thin film magnetic heads.              No. 6, p. 4163-6 (1987)
describes the use of a special magnetic head, in which the pole tips are
closed, to Description of the Prior Art                  10  determine the
end point in a lapping operation by sensing the change in inductance when
the pole tips In high speed data processing systems, magnetic  are opened.
disks have been employed for large memory capacity    It can be shown that
the write current which first requirements. Data Is read from and written
onto the  saturates a magnetic head (ISAT) can be related to disks from
magnetic transducers. commonly called   15  the throat height and head
magnetic performance magnetic heads which are positioned over the disk
parameters, provided that the saturation takes place during the storage and
retrieval of data on tracks of  In the front region of the head. the disks.
The requirementsforhigherdata density on   The prior art techniques are
useful so long as the magnetic disks have imposed a requirement to   throat
height is the controlling parameter. However, read and write more data on
narrower tracks located   20  as the magnetic heads have become
progressively on the disk. In orderto a achieve maximum efficiency
smaller, the throat height, pole tip thickness, and gap from the transducer
or head element, the element or  thickness have all decreased. This has
contributed to pole pieces must have a pole tip height dimension,  the fact
that throat height is no longerthe only impor- commonly called throat
height which must be main-  tant influence on head operational
characteristics tained within a certain limited tolerance forgenerating
25  such as ISAT since normal process variations lead to a maximum amount
of electrical signals from a given  significant variations in head
characteristics. There- head.
fore, wafer to wafer variations can cause significant The conventional
method for producing a re-     departures from a pre-established
correlation. quired throat height Includes a lapping system in      None of
the prior art solutions to lapping control which an abrasive grinding
surface accurately grinds  30  of thin film magnetic heads use as a control
factor the pole tips to a desired length. Suitable techniques  head
characteristic correlations determined during for controlling the throat
height during the lapping op-  the lapping operation. eration are described
in commonly assigned U.S. Pat. No. 4,689,877. In this patent, a technique
is employed  Summary of the Invention for measuring the resistance of
lapping guide struc-  35 tures formed on each side of a row of transducers
be-  The present invention is defined in the attached ing lapped to a final
throat height The lapping guide  claims. structure is lapped along one
dimension to the same    It is therefore the principal object of this
invention extent as the transducer pole tips. The resistance of  to provide
a lapping control system fora thin film mag- the lapping guide structure at
any given time indi-  40  netic transducer In which the control parameter
cor- cates the amount of material that has been removed  relation is
derived during the lapping operation from and hence the resistance is an
Indication of the final  a characteristic of the thin film magnetic
transducer. throat height of the transducers being lapped.         In
accordance with the invention, a lapping con- Various techniques for
calibrating the lapping  trol system for accurately obtaining a desired
throat guide structures to insure tracking tothe throat height  45  height
of each of a plurality of batch fabricated thin have been published,
however, the basic problem,   film magnetic transducers utilizes a row of
thin film thatthe structure of the lapping guide does not match  magnetic
transducers formed on a substrate, with the structure of the magnetic head,
remains. For this  each of the rows comprising a height defining edge
reason these techniques may not work to the preci-  and atleasttwo
teststructures. Each ofthe test struc- slon required.
50  tures comprises a combination of at least two ele- There have been
suggestions that the magnetic   ments, each offset a predetermined amount
from the head characteristics can be evaluated from a signal  height
defining edge. The first of the test structures which is generated by the
head itself. In the publica-  comprises a switch structure and the second
test tion "Substrate Testing of Film Heads" by Jones et al,  structure
comprises either another switch structure IEEE Trans. Magn., Vol. 17, No.
6, p. 2896-8 (1981),  55  or a test thin film magnetic transducer. The
rowof thin a description is given of a test by which a measured  film
magnetic transducers is mounted in a position to inductance versus d.c.
current through the head can  lap the height defining edge, and during
lapping a cur- be used to characterize saturation of the heads pole  rent
flow Is produced through at least one of the thin 2    
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transducers and the saturation current   Fig. 6 is a plot of ISAT vs throat
heightforthe test of at least one of the thin film magnetic transducers
structure shown in Fig. 2. is measured and recorded each time one of the
switch   Fig. 7 Is a schematic diagram of the test structure structures is
opened so that a correlation between  shown in Fig. 2. throat height and
saturation current of the thin film    5  Fig. 8 is a diagram showing a
second embodi- magnetic transducers can be determined. The de-    ment of
the test structure of the lapping control sys- gree of lapping is then
controlled, responsive to the  tem of Fig. 1. measured saturation current,
for terminating lapping   Fig. 9 is a plot of ISAT vs throat height for the
test when a predetermined throat height Is reached forthe  structure shown
in Fig. 8. thin film magnetic transducers based on the correla-  10  Fig.
10 is a diagram showing a third embodiment tion established between
saturation current and    of the test structure of the lapping control
system of throat height during lapping.                      Fig. 1.
According to a specific embodiment of the inven-   Fig. 11 isa plot of ISAT
vs throat height for the test tion, the test structue comprises a plurality
of switch  structure shown in Fig. 10. structures each having a different
predetermined off-  15  Fig. 12 is a plot of inductance vs current for a
thin set with respect to the height defining edge and the  film magnetic
head. thin film magnetic transducers are offsetwith respect to the
heightdefining edge by an amountequal to the  Description of the Preferred
Embodiment offset of the first switch structure. According to another
specific embodiment of the   20  The present Invention Is preferably for
use in the invention, the test structure comprises a switch struc-
fabrication of thin film magnetic head assemblies. ture and a testthinfilm
magnetictransducereach off-  The transducer portion of the thin film head
is formed set an equal predetermined amount from the height  by depositing
layers of magnetic material, electrically defining edge. The thin film
magnetic transducers are  conductive material and pieces and magnetic gap
offset from the height defining edge an amount great-  25  necessary for
the transducing function with a mag- er than the offset of the switch
structure from the  netic coating formed on a magnetic disk. Apluralityof
height defining edge.                              transducers are
deposited onto a wafer which is then According to afurtherspecific
embodiment of the  cut to form rows of the transducers with the transduc-
invention, the test structure comprises a plurality of  ers set in a
side-by-side relationship. Each of the switch structures and a test thin
film magnetic trans-  30  transducers comprises a thin film inductive
read/write ducer. Each of the switch structures is offset a differ-  head.
Test structures which will give a signal when a ent predetermined amount
from the height defining  specified throat height is reached during lapping
are edge and the testthin film magnetictransduceris off-  deposited at each
end of the row of transducers. The set an amount equal to the offset of the
first switch  test structures are formed on the wafer at the same structure
from the height defining edge. The thin film   35  time that the
transducers are deposited and the test magnetic transducers are offset from
the height de-  structures are used to control lapping to the final fining
edge an amount greater than the offset of the  throat height of the
transducers. The wafer is then first switch structure from the height
defining edge.  formed to become the slider of the magnetic head. The
foregoing and otherobjects, features and ad-  The slider is mounted onto a
suspension system vantages of the invention will be apparent from the   40
which in turn is mounted onto an accessing system for following more
particular description of a preferred  locating the magnetic head onto
tracks formed by the embodiment of the Invention as illustrated In the ac-
magnetic heads when writing onto the rotating disk. companying drawings.
The lapping control system of the present invention, therefore, controls
the lapping of a row of transducers Brief Description of the Drawings
45  in the batch fabrication process. Referring to Fig. 1, there is shown
an overall sys- Fig. I is an overall system block diagram illustrat-  tem
block diagram of a specific embodiment of appa- ing a lapping system
incorporating the present inven-  ratus that controls the lapping of a
substrate row 10 tion.                                              having
a plurality of transducer elements 12 with test Fig. 2 is a diagram showing
afirstembodimentof  50  structures 14 and 16 located at the ends of the row
the test structure of the lapping control system of Fig.  10. A larger
number of test structures may be used, 1.
If desired. The purpose of the test structures 14 and Fig. 3 is a
cross-section view taken along lines 3-  16 is to establish the saturation
current (ISAT) as a 3 of Fig. 2.
function of throat height for row 10 during lapping as Fig. 4 is a
cross-section view taken along lines 4-  55   will be described in detail
below. As stated previously, 4 of Fig. 2.
this one row 10 of transducers 12 and test structures Fig. 5 is a plotof
resistancevs throat height for the  14 and 16 Is butone section from the
total waferwhich test structure shown in Fig. 2.
includes a plurality of rows aswell as a plurality of col- 3    
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elements. The substrate row 10  rent at which this happens is a function of
head ma- is fastened to a holder 18, and placed against a plur-  terial
properties and head geometry. The current at ality of actuators which
position the substrate into a  which this saturation occurs is called the
saturation spaced relationship with a lapping plate 26. The ac-  current
(ISAT). For some magnetic heads ISAT is a tuators urge the substrate row 10
against the lapping   5   strong function of throat height. plate 26 and
control the amount of pressure placed    The manner in which inductance
varies as a func- against the holder 18. At least two actuators are re-
tion of bias current is shown in Fig. 12. It can be seen quired, with one
actuator at each end of the row. How-  that when saturation occurs, there
is a noticeable ever, more than two actuators may be used, particu-  drop
in the head inductance from the unsaturated larly In cases in which row bow
must be compensated.  10  state. The current at which the inductance drops
Is In the embodiment shown in the drawings, three ac-  ISAT. tuators 20,22
and 24 are used to control the pressure  It can be seen from Fig. 12 that
one way to meas- of row 10 against lapping plate 26. The lapping plate  ure
ISAT is to increase the bias current from zero 28 is, as known to those
skilled in the art, an abrasive  while monitoring the head inductance. This
can be surface which through relative motion affects lapping   15  done
under control of controller 32. Controlier 32 in- of the substrate row 10.
The substrate row is lapped  cludes a digitally controlled current source
by means In orderto remove material such that the throat of the  of which a
stepped DC bias current can be applied to transducers 12 can be precisely
located as will be de-  a selected thin film magnetic transducer 12 through
scribed in detail below.                           multiplexer 28. Also
included within controller 32 is a The depth of the lapping provided by the
lapping   20  high frequency oscillator so that an AC signal can be plate
26 is monitored through the two test structures  superimposed on the DC
bias current to aid in the in- 14 and 16. The test structures 14 and 16 are
depos-  ductance measurement. ited on the substrate at the same time as
various lay-  Saturation current Is continually monitored dur- ers of
thetransducerelements 12 so that any process  ing lapping using the above
procedure. Since ISAT in- variations affect the transducer 12 and test
struc-  25  creases as the throat height decreases, it can be used tures 14
and 16 equally. At least one additional test  to control the lapping
process. structure is required in cases in which row bow must  The
teststructures 14 and 16 comprise a plurality be considered. The test
structures 14 and 16 provide  of switches 34a- n each designed to be opened
when a means for electrically determining the throat height  a specific
throat height is reached. Each time one of for the transducer elements 12
as a function of ISAT,  30  the switches is opened, the saturation current
(ISAT) and the test structures are connected to a multiplexer  is measured
and recorded for a specific one or more 28. The multiplexer 28 senses the
electrical resis-  of the transducer elements 12. It Is preferred that at
tance and ISAT for the test structures 14 and 16 and  least three
transducer elements 12 be sensed so that directs this information to a
meter 30, and also sends  an average value of ISAT vs throat height can be
cal- the information to a controller 32. Meter 30 may com-  35  culated and
stored for each switch that is opened. It prise separate instruments for
measuring resistance,  can be seen that many separate switches on a single
current and inductance, If desired. The controller 32  test structure can
be provided so that ISAT at many In turn controls the three actuators 20,
22 and 24  different throat heights can befound. These values of such that
the substrate row can be kept level byvary-  ISAT can be used to refine and
Improve the correla- Ing the pressure applied by each actuator. A desired
40  tion of ISAT to throat height. lapping dimension can therefore be
achieved under     Referring to Fig. 2, the arrangement of test struc-
control of the test structures 14 and 16.         tures 14 and 16 and
transducer elements 12 for a The most critical dimension for lapping
transduc-  specific embodiment of the present invention are erelements 12
is the throat height of the transducers,  shown. The test structures 14 and
16 have the same so it Is a feature of the present invention that the   45
structure and are positioned at the ends of the row 10, transducer elements
12 are sensed directly during  and transducer elements 12 are positioned in
a side- lapping, so that the correlation between ISAT and  by-side
relationship along row 10 between the test throat height can be determined
dynamically on line  structures 14 and 16as shown in Fig. 1. Only one test
for each of the transducers in that row 10 in conjunc-  structure 14 is
shown in Fig. 2, and this test structure tion with the test structures 14
and 16.      50  comprises only two switches 34a and 34b since these The
Inductance of a thin film magnetic head is a  switches sufficiently
illustrate the structure. function of many parameters such as the number of
The test structures 14 and 16 are deposited on turns of the coil, the
magnetic properties of the core  the substrate at the same time as various
layers of material, etc. It is also a function of the DC bias cur-  the
transducer elements 12 to closely match the rent passing through the coil.
The magnetic flux gen-  55  structure of the transducer elements 12. This
can erated by the bias current will eventually exceed the  best be seen by
referring to the cross section views saturation magnetization In some part
of the head  In Figs. 3 and 4. core as the current is increased from zero.
The cur-  Fig. 3 shows a cross-section view of the switch 4    
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structure of other switches 34 is  43 and 44 goes to infinity (Fig. 5). The
ISAT for trans- similar, and the switches comprise a first magnetic  ducer
element 12 is then measured and plotted as pole piece 36 deposited on
substrate 37, and a con-  point 48 as shown in Fig. 8. ductor coil 38 which
is electrically Insulated from the  The two measured points and the
knowledge of first magnetic pole piece 36 and second magnetic   5   how
ISAT values normally vary with throat height per- pole piece 39. Note that
pole pieces 36 and 39 are not  mits a curve to be drawn as shown in Fig. 6.
This re- in contact at the back gap region 40. To permit oper-  lationship
can be extrapolated to obtain an estimated ation as a switch, a thin
conductive layer 42 electri-  point 49 to which the transducer elements 12
should cally contacts pole piece 39 in the pole tip region 41  be lapped.
and this layer 42 extends beyond back gap region 40   10
Afurtherembodimentoftheteststructure 14and into electrical contact with
terminal 43 (Fig. 2) of test  16 shown In Fig. 8 comprises a single switch
34a and structure 14. Pole piece 39 is In electrical contact with  a test
transducer element 50 which is offset with re- terminal 44.
spect to switch 34a by a predetermined distance. The The similarity between
the structure of switch  structure of test transducer element 50 is the
same 34a and transducer element 12 can be seen by refer-  15  as the
structure of transducer elements 12 with the ence to Fig. 4. Transducer
elements 12 comprise a  exception that the zero throat point 35' is offset
by a magnetic yoke including a first magnetic pole piece  factor d with
respect to the zero throat point 35 of the 36' deposited on a suitable
substrate 37 and second  transducer elements 12. During lapping, at the
time magnetic pole piece 39'. A conductor coil 38' has a  that switch 34a
Is opened, ISAT is measured for both plurality of turns, which can be in
two or more layers,  20  transducer elements 12 and for test transducer
ele- and the coil 38' is electrically insulated from both first  ment 50.
These measured values give two measured magnetic pole piece 36' and second
magnetic pole   points 51, 52 on the ISAT vs throat height curve as piece
39'. First and second magnetic pole pieces 36'  shown in Fig. 9. This
embodiment of test structures and 39' are In contact at the back gap region
40' and  14 and 16 also permits extrapolation of the measured separated by
a thin non-magnetic gap toform a trans-  25  points to obtain an estimated
point 53 to which the ducing gap at the pole tip region 41. The throat
height  transducer elements 12 should be lapped. oftransducerelements 12 is
referenced tothe so-cal-   The embodiments of test structure 14 and 16 led
zero throat position 35 which is the point nearthe  shown in Figs. 2 and 8
permit extrapolation of the pole tip region 41 at which the two magnetic
pole  measured data to obtain an estimated point to which pieces 36' and
39' start to diverge. The throat heights  30  the transducer elements 12
should be lapped. In for transucers 12 and the offsets for switches 34 and
some cases this does not provide sufficient accuracy transducers 12 are
referenced to the zero throat pos-  to meet the requirements for a
particular application. ition.
An embodiment of the test structure is shown in Fig. The embodiment of the
test structure 14 shown  10 which not only provides greater accuracy but
also in Fig. 2 comprises two switches 34a, 34b with their  35  permits
interpolation between measured points to de- zero throat position offset
relative to each other so  termine the point at which lapping of the
transducer that two separate throat heights can be signalled. A  elements
12 should be stopped. schematic diagram of the test structure is shown in
The specific embodiment of the test structure 14 Fig. 5, and both switches
34a and 34b are originally  and 16 shown in Fig. 10 comprises at least two
closed so that the resistance between the two termi-  40  switches 34a and
34b and a test transducer element nals (Figs. 2 and 7) 43 and   is a low
value. As row  50 each offset bya predetermined amount. The struc- 10 is
lapped from edge 45, switch 34a is opened to  ture of the two switches 34a
and 34b is the same as signal that row 10 has been lapped to a first throat
the corresponding elements in the Fig. 2 embodiment height H1. This fact is
recognized by controller 32 as  with switch 34b offset a greater amount
than switch a result of sensing the resistance between terminals  45  34a,
and the test transducer element 50 has the same 43 and 44. Upon the opening
of switch 34a (i.e. edge  structure as the corresponding element in the
Fig. 8 45 is lapped to the point at which layer 42 no longer  embodiment.
The zero throat position of transducer contacts second magnetic pole piece
39 In switch  element 50 is offset by a factor d with respect to the 34a),
the resistance sensed between terminals 43  zero throat position of the
transducer elements 12, and 44 increases to R which is the resistance of
strip  50  and the zero throat position of switches 34a and 34b resistor46.
Resistor46 isformed as a strip of high re-  are also offset by the same
factor d. During lapping, sistivity material such as chromium, for example,
be-  at the time that switch 34a Is opened, ISAT is meas- tween terminal 43
and the second magnetic pole    ured for both transducer element 12 and for
test piece 39 of switch 34b. The value of ISAT for trans-  transducer
element 50. These measured values give ducer element 12 is then recorded as
point 47 in the  55  two points 60, 62 on the ISAT vs throat height curve
throat height vs ISAT plot (Fig. 6). Lapping continues  as shown in Fig.
11. As lapping progresses further, until switch 34b is opened of throat
height H2 and at  switch 34b is opened, and ISAT is measured for both this
time the resistance measured across terminals  transducer element 12 and
for test transducer ele- 5    
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two additional measured points       ed between saturation current and
throat height 61, 63 on the curve as shown in Fig. 11. It is possible
during lapping. to interpolate from the measured ISAT values to es- tablish
the final throat height at point 64 rather than  2. The lapping control
system of claim 1, wherein extrapolate to determine this value. This will
provide   5  each of said test structures comprises at least a a more
accurate value for the final throat height       first and a second switch
structure each offset a It is possible to determine the ISAT vs throat
different predetermined amount from said height height characteristics
during lapping to any desired    defining edge of said row. accuracy by the
appropriate choice of combinations of switches and test transducer
elements.      10  3. The lapping control system of claim 1, wherein each
of said test structures comprises at least one switch structure offset a
predetermined Claims
amount from said height defining edge of said row and at least one test
thin film magnetic trans- 1. A lapping control system for accurately
obtaining   15  ducer also offset from said height defining edge a desired
throat height of each of a plurality of   of said row, and wherein batch
fabricated thin film magnetic transducers           means are provided for
recording the val- comprising:                                         ue
of saturation current for said thin film magnet- a row of thin film
magnetic transducers        ic transducer and said test thin film magnetic
(12) formed on a substrate (10), said row com-   20  transducer each time a
switch for the associated prising a height defining edge (45) and at least
test structure is opened so that a correlation be- two spaced test
structures (14, 16), each of said   tween throat height and saturation
current of said test structures comprising a combination of at      thin
film magnetic transducers can be deter- least two elements each offset a
predetermined      mined based on the measured values and the amount from
said height defining edge of said  25   known offset position of said
switches of said test row, a first of said at least two elements compris-
structure. ing a switch structure (34); means (18) for mounting said row of
thin   4. The lapping control system of claim 1, wherein film magnetic
transducers in a position to lap said  each of said test structures
comprises at least a height defining edge of each of said thin film   30
first and a second switch structure each offset a magnetic transducers and
said test structures;      different predetermined amount from said height
means (28) for producing a current flow        defining edge and at least
one test thin film mag- through at least one of said thin film magnetic
netic transducer offset from said height defining transducers, and means
(30) for measuring the       edge, and wherein saturation current of said
thin film magnetic  35          means are provided for recording the val-
transducers during lapping of said height defining  ue of saturation
currentfor said thin film magnet- edge;
ic transducer and said test thin film magnetic said system being
characterised by fur-       transducer each time a switch for the
associated ther comprising:                                    test
structure is opened so that a correlation be- another switch structure or a
test thin film   40  tween throat height and saturation current of said
magnetic transducer (50) as the second of said at   thin film magnetic
transducers can be deter- least two elements of said test structures (14,
mined based on the measured values and the 16);
known offset position of said switches and said means (32) for recording
the value of sat-    test transducer of said test structure. uration
current for at least one thin film magnetic  45 transducer each time a
switch of said associated  5. The lapping control system of claim 1 or 3
where- test structure is opened so that a correlation be-  In said thin
film magnetic transducers are each tween throat height and saturation
current of said  offset a predetermined amount from said switch thin film
magnetic transducers can be deter-        structure in a direction away
from said height de- mined based on the measured values and the   50
fining edge. known offset position of said switches of said as- soclated
test structure; and                     6. The lapping control system of
claim 2 wherein means (20-24, 32) responsive to the            said thin
film magnetic transducers are each off- measured saturation current for
controlling the     set an amount greater than the offset of said sec-
degree of lapping for said row and for terminating  55  ond switch
structure from said height defining said lapping process when a
predetermined           edge. throat height is reached for said thin film
magnet- ictransducers based on the correlation establish-  7. The lapping
control system of claim 2 or4 where- 6    



9                   EP 0 383 738 B1                  10 ment 50 to provide
two additional measured points       ed between saturation current and
throat height 1, 63 on the curve as shown in Fig. 11. It is possible
during lapping. to Interpolate from the measured ISAT values to es- tablish
the final throat height at point 64 rather than  2. The lapping control
system of claim 1, wherein extrapolate to determine this value. This will
provide   5  each of said test structures comprises at least a a more
accurate value for the final throat height.      first and a second switch
structure each offset a It is possible to determine the ISAT vs throat
different predetermined amount from said height height characteristics
during lapping to any desired    defining edge of said row. accuracy by the
appropriate choice of combinations of switches and test transducer
elements.      10  3. The lapping control system of claim 1, wherein each
of said test structures comprises at least one switch structure offset a
predetermined Claims
amount from said height defining edge of said row and at least one test
thin film magnetic trans- 1. A lapping control system for accurately
obtaining   15  ducer also offset from said height defining edge a desired
throat height of each of a plurality of    of said row, and wherein batch
fabricated thin film magnetic transducers           means are provided for
recording the val- comprising:                                          ue
of saturation current forsaid thin film magnet- a row of thin film magnetic
transducers        Ic transducer and said test thin film magnetic (12)
formed on a substrate (10), said row com-  20  transducer each time a
switch for the associated prising a height defining edge (45) and at least
test structure is opened so that a correlation be- two spaced test
structures (14, 16), each of said   tween throat height and saturation
current of said test structures comprising a combination of at       thin
film magnetic transducers can be deter- least two elements each offset a
predetermined       mined based on the measured values and the amount from
said height defining edge of said   25   known offset position of said
switches of said test row, a first of said at least two elements compris-
structure. ing a switch structure (34); means (18) for mounting said row of
thin   4. The lapping control system of claim 1, wherein film magnetic
transducers In a position to lap said  each of said test structures
comprises at least a height defining edge of each of said thin film   30
first and a secondswitch structure each offset a magnetic transducers and
said test structures;       different predetermined amount from said height
means (28) for producing a current flow        defining edge and at least
one test thin film mag- through at least one of said thin film magnetic
netic transducer offset from said height defining transducers, and means
(30) for measuring the        edge, and wherein saturation current of said
thin film magnetic  35         means are provided for recording the val-
transducers during lapping of said height defining   ue of saturation
current for said thin film magnet- edge;
ic transducer and said test thin film magnetic said system being
characterised by fur-       transducer each time a switch for the
associated ther comprising:                                     test
structure is opened so that a correlation be- another switch structure ora
test thin film   40  tween throat height and saturation currentof said
magnetictransducer (50) as the second of said at     thin film magnetic
transducers can be deter- least two elements of said test structures (14,
mined based on the measured values and the 16);
known offset position of said switches and said means (32) for recording
the value of sat-    test transducer of said test structure. uration
current for at least one thin film magnetic  45 transducer each time a
switch of said associated  5. The lapping control system of claim 1 or 3
where- test structure Is opened so that a correlation be-   In said thin
film magnetic transducers are each tween throat height and saturation
currentof said    offset a predetermined amount from said switch thin film
magnetic transducers can be deter-         structure in a direction away
from said height de- mined based on the measured values and the   50
fining edge. known offset position of said switches of said as- sociated
test structure; and                     6. The lapping control system of
claim 2 wherein means (20-24, 32) responsive to the            said thin
film magnetic transducers are each off- measured saturation current for
controlling the     set an amount greater than the offset of said sec-
degree of lapping for said row and for terminating   55  ond switch
structure from said height defining said lapping process when a
predetermined            edge. throat height is reached for said thin film
magnet- ictransducers based on the correlation establish-  7. The lapping
control system of claim 2 or 4 where- 6    



11                 EP 0 383 738 B1                 12 in a shunt resistor
is coupled across said first  h8rigen Teststruktur bestimmt werden kann,
und switch structure.                                 Mittel (20-24, 32),
die auf den gemessenen Sat- tigungsstrom zum Steuern des Grades des iap- 8.
The lapping control system of any of the claims    pens far die  Reihe
reagieren  und  den 1-4, wherein said thin film magnetic transducers   6
LAppvorgang basierend auf einer wahrend des are each offset a predetermined
amount greater    iUppens aufgestellten Korrelation zwischen Sat- than said
test structures from said height defin-  tigungsstrom und Halshohe beenden,
wenn eine ing edge.                                         vorbestimmte
Halsh8he fur den Dinnfilm-Ma- gnetwandler erreicht ist. 9. The lapping
control system of claim 8, wherein  10 said predetermined amount of offset
of said thin  2. Steuersystem fur ein i-appen nach Anspruch 1, film
magnetic transducers is greaterthan the off-  wobel Jade der Teststrukturen
mindestens eine setof said test thin film magnetic transducerfrom  erste
und elne zweite Schaltstruktur umfaXt, von said height defining edge.
denen Jade um einen vorbestimmten unter- 15     schiedlichen Betrag von der
hohenbestimmen- den Kante der Reihe versetzt ist. PatentansprOche 3.
Steuersystem fOr ein i-appen nach Anspruch 1, 1. Steuersystem fir ein
i-appen zum genauen Er-       wobel jede der Teststrukturen mindestens eine
zielen einergewOnschten Halshohef~irjeden von   20  Schaitstruktur umfalt,
die umeinen vorbestimm- einer Mehrzahl von simultan hergestellten DOnn-
ten Betrag von der h8henbestimmenden Kante film-Magnetwandlern umfassend:
der Reihe versetzt ist und mindestans einen eine Reihe von
Drinnfilm-Magnetwandlern (12),     DOnnfilm-Testmagnetwandier umfalit, der
auch die auf einem Substrat (10) ausgebildet sind, wo-  von der
h8henbestimmenden Kante der Reihe bei die Reihe eine h8henbestimmende Kante
25     versetzt ist, und wobal (45) und mindestens zwei riumlich getrennte
Mittel bereitgestellt werden zum Aufzeichnen der Teststrukturen (14, 16)
umfaSt, wobei jade der    Werte des Sittigungsstroms des Dinnfilm-Ma-
Teststrukturen eine Kombination mindestens        gnetwandlers und des
Drinnfilm-Testmagnet- zweier Elemente, von denen jades um einen vor-
wandlers jedesmal, wenn ein Schalter far die zu- bestimmten Betrag von der
h8henbestimmenden   30  geh8rige Teststruktur geoffnet wird, so daB eine
Kante der Reihe versetzt ist, umfagt und ein er-  Korrelation, die auf den
gemessenen Werten und stes von den mindestens zwei Elementen eine       der
bekanntbn Versatzposition des Schalters der Schaltstrukiur (34) umfalt,
Teststruktur basiert, zwischen Halsh8he und Mittel (18) zum Befestigen der
Reihe von Dinn-    Sattigungsstrom des DOnnfilm-Magnetwandlers
fllm-Magnetwandiern In elner Position zum Lap-  35  bestimmt werden kann.
pen der hohenbestimmenden Kante von jedem der DOnnfiIm-Magnetwandler und
der Teststruk-  4. Steuersystem far ein LAppen nach Anspruch 1, turen,
wobei jade der Teststrukturen mindestens eine Mittel (28) zum Erzeugen
eines Stromflusses       erste und eine zweite Schaltstruktur umfalit, die
durch mindestens einen der DInnfiim-Magnot-  40   jede um einen
unterschiedlichen vorbestimmtbn wandler, und Mittel (30) zum Messen des
Satti-     Betrag von der h8henbestimmenden Kante ver- gungsstroms der
D(Wnnfilm-Magnetwandlerwah-       setzt ist, und mindestens einen
DOnnfilm-Test- rend des LIappens der hohenbestimmenden Kan-
magnetwandler umfaSt, der von der hohenbe- te, wobei
stimmenden Kante versetzt ist, und wobei das System dadurch gekennzeichnet
ist, daB es  45  Mittel bereitgestelltwerden zum Aufzeichnen der weiterhin
umfalit                                 Werte des Sattigungsstroms des
DOnnfilm-Ma- eine andere Schaltstrukturodereinen DOnnfim-     gnetwandlers
und des DOnnfilm-Testmagnet- Testmagnetwandier(50) als den zweiten von den
wandlers jedesmal, wenn ein Schalter fur die zu- mindestens zwei Elementen
der Teststrukturen      gehorige Teststruktur geoffnet wird, so daiS eine
(14, 16)                                  60      Korrelation, die auf den
gemessenen Werten und Mittel (32) zum Aufzeichnen der Werte des Sat-    der
bekannten Versatzposition der Schalter und tigungsstroms far mindestbns
einen Dannfilm-      des Testwandlers der Teststruktur basiert, zwi-
Magnetwandler, jedesmal, wenn ain Schalter der    schen Halshohe und
Sattigungsstrom des DWnn- zugehorigen Teststruktur ge8ffnet wird, so dme
film-Magnetwandiers bestimmt warden kann. eine Korrelation zwischen
Halshohe und Satti-  cc gungsstrom des DWnnfilm-Magnetwandiers ba-     5.
Steuersystbm fair ein i.appen nach Anspruch 1 sierend auf den gemessenen
Werten und der be-     oder3, wobeiJederderDinnfilm-Magnetwandier kannten
Versatzposition des Schalters der zuge-   um einen vorbestimmtbn Betrag von
der Schalt- 7    
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Richtung weg von der h8henbe-   comprend de plus: stimmenden Kante versetzt
ist.                    une autre structure d'interrupteur ou un autre
transducteur magn6tique A couche mince de test 6. Stouersyastm fur sin
Lappen nach Anspruch 2,      (50) en tent que second desdits au moins deux
wobei jeder der Dannfilm-Magnetwandler um e0-   6  6l6ments desdites
structures de test (14, 16), non Betrag gr8Ser ale der Versatz der zweiten
un moyen (32) pour enregistrer la valour du cou- Schaltstruktur von der
h8henbestimmenden         rant de saturation pour au molns un transductour
Kante versetzt ist.                               magn6tique A couche mince
A chaque fois qu'un Interrupteur de ladib structure de test associee 7.
Stouersystem fOr ein Lappen nach Anspruch 2   10  eat ouvert de sorta
qu'une correlation entre la oder 4, wobel ein Nebonschluiwlderstand paral-
hauteur d'etranglement et le courant de satura- lel zur ersten
Schaltstruktur angeschlossen ist.  tion des tranaducteurs magn6tiques A
couche mince puisse Mtr dtebrminae sur la base des va- 8. Steuersystm ffr
ein LAppen nach elnem derAn-      leurs mesur6es et de la position de
decalage sprOche 1 bis 4, wobel jeder der DOnnfilm-Ma-  15  connue desdits
interrupteurs de ladite structure gnetwandler um olnen vorbestimmten
Betrag,        de test associ6e, et dergr6Ber lst ale der der
Teststrukturen, von der  un moyen (20 A 24, 32) repondant au courant de
h8henbestimmenden Kanto versetzt ist.             saturatIon mesure pour
controler le degr6 de ro- dage pourladite rangie et pourterminerledit pro-
0. Steuersysatm ffr ein LAppen nach Anspruch 8,  20  cessus de rodage
lorsqu'une hauteur d'etrangle- wobel der vorbestimmtb Betrag des Versatzes
ment prid6termin6e est atteinte pour lesdits der DOnnfllm-Magnetwandler
grffer ist als der     transducteurs magnetiques A couche mince sur Versatz
des Drnnfilm-Testmagnetwandlers von      la base de la correlatlon etablie
entre le courant der hohenbestimmenden Kanto.                      de
saturation et la hauteur d'dtranglement pen- 25      dant le rodage.
Revendicatlons                                    2. Systeme de contrOle de
rodage solon la revendi- cation 1, dmns lequel chacune desdites structu- 1.
Systeme de controle de rodage pour obtbnir pr6-   res do test comprend au
molns une premlere et cis6ment une hauteur d'etranglement desiree de   90
une seconde structures d'interrupteur chacune chacun d'une pluralite de
transducteurs magne-    decalee d'une valour pred6tebminee differente A
tiques A couche mince fabriqu6s on lots compre-   partir dudit bord
d6finissant la hauteur de ladite nant:
rangee. une rangee de transducteurs magnetiques A cou- che mince (12)
form6e sur un substrat (10), ladite  3s  3. Systeme de contrOle de rodage
solon la revendi- rangee comprenant un bord definissant les hau-    cation
1, dans loquel chacune desditbs structu- tours (45) et au molns deux
structures de test se-  res de test comprend au moins une structure d'in-
parees (14, 16), chacune desditos structures de  terrupteur decalee d'une
valour priditerminie A test comprenant une combinaison d'au moins
partirdu bord definissant la hauteurde ladbe ran- deux elements chacun
decale d'une valour pre-  40  goe et au moins un traneductbur magnitique a
diterminee A partirdu bord definissantla hauteur  couche mince de test
egalement decale A partir de ladite rangie, un premier desdits au molns
du bord definissant la hauteur de laditb rangie, deux elements comprenant
uno structure d'On-      dans lequdl terrupteur (34),
des moyens sont prevus pour enregistrer la va- un moyen (18) pour monter
ladte rangee du   45   leurde courant de saturation pour ledit transduo-
transducteur magnetique A couche mince dana      tour magnetique A couche
mince et pour ledit une position pour roder ledit bord difinissant la
transducteur magnitique a couche mince de test hauteur de chacun desdits
transducteurs magne-    chaque fois qu'un interruptbur de la structure de
tiques a couche mince et desdites structures de  test assoclee est ouvert
de sorta qu'une correla- test,                                     50
tion entre la hauteur d'etranglement et le courant un moyen (28) pour
produire une circulation de    de saturation desdits transducteurs magneti-
courant a travers au moins un desdits traneduo-   ques A couche mince puiss
Otre diterminie sur tours magnetiques A couche mince et un moyen     la
base des valeurs mesurees et de la position de (30) pour mesurer le courant
de saturation des-   dicalage connue desdits interrupteurs de ladite dits
transducteurs magnetiques A couche mince  5s  structure de tst. pendant Is
rodageo dudit bord dffinissant la hau- tour,
4. Systeme de controle de rodage selon la revendi- ledit systeme etant
caracterise en ce qu'll       cation 1, dans loquel chacune desdites
structu- 8    15          EP 0383 738 B1              16 



roe de test comprend au moins uno premibre et une soconde structures
d'intorrupteur chacune decalie d'une valour differento prdd6terminee A
partir dudit bord definissant la hautour et au moins un transductour
magnotique A couche   5 mince de test decal6 A partir dudit bord definis-
sant la hauteur, dans loquol des moyons sont prevus pour enregistrer la va-
leur de courant de saturation pour ledit transduo- tour magn6tique A couche
mince et pour ledit  10 transducteur magnetique A couche mince de test
chaque fois qu'un intorruptour de la structure de test assocl6e est ouvert
de sorto qu'une correla- tion entre la hauteur do 1'6tranglement ot lo cou-
rant de saturation desdits transducteurs magne-  1C tiques A couche mince
puisse etre dtebrminee sur la base de la valour mesurde et de la position
de decalage connue desdits intorruptours et du- dit transducteur de test de
ladito structure de test.                                     20 5. Systeme
de contrOle de rodage selon la revendi- cation 1 ou 3 dans lequol lesdits
transducteurs magnetiques A couche mince sont chacun deca- les d'une valour
pridhtormin6o & partir de ladito  26 structure de test dans une direction
opposse au- dit bord d6finissant la hauteur. 6. Systeme de controle de
rodage solon la revendi- cation 2, dans loquel lesdits transducteurs ma-
3o gn6tiques A couche mince sont chacun dbcalds d'unevaleursuperieure au
decalage de ladito so- conde structure d'interrupteur A partir dudit bord
dffinissant la hauteur. 35 7. Systeme de contrOle de rodage salon la
revendi- cation 2 ou 4, dans lequel une r~sistance de shunt est coupl6e aux
bornes de laditb premiere structure d'interrupteur. J
~~~~~~~~~~~~~~40 3. Systeme de contrlo de rodaeo sdlon l'une quel- conque
des revendications 1 A 4, dane lequel les- dits transducteurs magnetiques A
couche mince sont chacun decales d'une valeur predotermineo superieure A
celle desdibts structures de test A   45 partir dudit bord dffinissant la
hauteur. 9. Systeme de controle de rodage selon la rovendi- cation 8, dans
loquel ladito valour priditermin6e de decalage desdits transducteurs
magnbtiques  so A couche mince est superieure au decalage dudit
transducteur magnetique A couche mince de test a partir du bord dffinissant
la hauteur. 5c 9    


