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tions with respect to the zero throat height plane. This establishes a
plurality of "break-points" as- Background of the Invention
signed to respective throat heights. Initially, these conductors are
electrically connected. As lapping The present invention relates to
electrical lap-   5   proceeds, the break point closest to the air bearing
ping guides for use in machining workpieces to     surface is the first to
be broken. Such breaking Is tight tolerances.
detected by monitoring continuity through the com- Achieving tight
tolerances in the machining of  mon leg and the first conductor. After
further lap- workpieces is a demanding endeavor, but nonethe-   ping, the
second break point is broken, which can less necessary in many situations.
It is of particular  10  be detected by monitoring continuity through the
interest in the lapping of thin-film magnetic de-  common leg and the
second conductor, and so on. vices, such as magnetic read/write heads.
These     By checking for electrical continuity between the heads are
typically produced employing thin film   various conductors and the common
leg, lapping deposition techniques. In a typical process, a plu-  depth can
be readily determined. rality of heads are formed in a grid on a substrate.
15  This latter type of ELG can be made very The substrate is then cut to
produce several bars,  accurate because the position of each conductivity
with one row of heads in a side-by-side relationship  break point can be
determined by a carefully con- on each bar. The pole tips of the head are
oriented  trolled photoresist process. The photoresist can be and extend
out toward a first plane of the bar,    deposited and patterned at the same
time as the called the "air bearing surface" (ABS). The exten-  20  first
insulation layer, thus positioning the break sion length of the pole tips
of each head toward the  points accurately with respect to the zero throat
air bearing surface defines the "throat height" of  height plane. such
device. Throat height may be adjusted by          The configuration of Fig.
lb may be rearranged lapping the first plane of the bar to a required
into the structure shown schematically in Fig. 1c. specification. It is
preferable to lap throat height  25   Here, a respective one of four
resistors (rc-rf) has down to very tight tolerances in order to establish
been added to each of four break point conductors, adequate performance for
high-efficiency recording  where these conductors commonly terminate at
heads.                                             one end at a common test
point B and are con- It is common practice to use an electrical lap-
nected at their other ends to the common leg at ping guide (ELG) during
lapping of the air bearing   30  respectively different positions c-f with
respect to surface of the bar in order to accurately establish  the zero
throat height plane. The common leg. throat height. A simple form of ELG is
shown in the  terminates at test point A. In this arrangement, only
schematic of Fig. 1a. Here a resistor, such as a  two leads are required
for continuity checking no uniform resistive layer deposited on the surface
of  matter how many break points are used. During a thin film head wafer,
is oriented such that the  35  lapping, the severing of a break point can
be lower edge of the resistor is parallel with the sur-  determined simply
by detecting a change of resis- face to be lapped (the ABS). Typically, the
upper  tance between the two test points, A, B. Hence, as edge of the
resistor is located beyond the desired  lapping of the air bearing surface
proceeds, break lap plane (DLP) where the lapping process would      points
c, d, e and f are sequentially broken so as to be desired to terminate, and
perhaps extends be-  40  sequentially and effectively remove resistors
rc-rf yond the zero throat height plane (ZTH).           from the A-B
measuring circuit. As a result, as As lapping proceeds, the resistor will
gradually  each of the break points is broken, a discrete be made narrower
with a corresponding increase in  increase in the measured resistance
between leads its resistance. Where the initial width of the resistor  A, B
will be detected. These resistive changes will is known, and if its upper
edge were accurately  45  be indicative of lapping depth into the air
bearing located relative to the zero throat height plane, then  surface.
this simple ELG would give all the information         One  known
configuration  of a thin film required for controlling the lapping process.
Zero  read/write head includes a first and second thin film throat height
is determined by a photoresist layer,  head within a single structural unit
(called a "slid- but we have found it difficult to pattern the resist  50
er") which is shown in Fig. 1 d. The poles of each layer so that its upper
edge is positioned exactly  head extend into respective "rails" C, D
protruding along the zero throat height plane.                from the
bottom of the slider surface. Although not Another type of ELG is shown
schematically in   shown, it will be appreciated that a view from the Fig.
1b, where one common leg is coupled to four  air bearing surface of the
slider of Fig. 1d will break point conductors, and where each conductor  55
reveal each thin film head having an upper pole provides an electrical lead
for continuity testing  piece P2 and a lower pole piece P1 whose tips are
with the common leg. These four conductors inter-  separated by an
insulating gap and extend to the sect with the common leg at slightly
different posi-  air bearing surface. Each head of a two head slider 2   



3                 EP 0 367 203 B1                     4 will also be
provided with a coil, transducer, or  K/h, determining distance G includes
solving the other like device to enable reading/writing during  following
equation for G: Rp = K/(z + G), and operation of the head. A plurality of
sliders will lie  determining height z includes solving the following
side-by-side on a single bar which has been sliced  equation for z: from a
wafer during fabrication.               5   z = (K/Rp) - G. Redetermining
height z includes Attention is hereby directed to prior art docu-  solving
the following equation for z: z = (k/Rp) - G ments GB-2128747, US-4689877,
US-4675986, which are directed towards machinable workplaces       It is
another general aspect of the present having stepped arrays of conductive
paths that are  invention that, in lapping the surface of a workpiece
successively severed during the machining process  10  to a height above a
minimum height plane, which in order to monitor progress. In prior art
documents  workplace has an electronic lapping guide having GB-2128747 and
US-4689877 the stepped array of     an analog resistive sensor having a
height h and a conductive paths is combined with an analog sens-
resistance Rp, the analog sensor having a near and Ing element, formed of a
resistive conductive strip.  a far plane relative to and substantially
parallel to In particular, GB-2128747 describes a machin-  15  the lapping
plane, leads associated with the analog ing guide which includes a stepped
array of resis-  sensor having a series resistance Rs, where Rp' = tive
paths which are successively broken as ma-     Rp + Rs, the workplace also
having a discrete chining progresses to monitor progress, which in
resistive sensor of resistance Rb with a plurality of combination with an
analogue resistive portion can  contacts each respectively meant to be
broken be used to predict the optimum point at which to  20  during lapping
as a calibration event, the sensors cease lapping, and also to indicate an
over-lapped  coupled to each other at respective ends at a test work piece
that will be out of tolerance.          point, a current value of lapping
height z can be Prior  art  documents  US-3821815,  JP-         calculated
by: measuring the resistance Rp'(at time 61240420,  JP-60133514,
JP-6076011,  JP-          0) before lapping (at a known height h), lapping
58118018, JP-58128013, JP-6043215 and US-  25  until a first calibration
event is detected and mea- 4014141 are directed toward machining guides
that  suring Rp'(at time 1) at a known height z1, lapping share electrical
contact pads with transducers in-  until a second calibration event is
detected and corporated into the workpieces on which the ma-    measuring
Rp (at time 2) at a known height z2, chining guides are located.
simultaneously solving for G, K, Rs the following 30  equations: Summary of
the Invention Rp(O)  K/h + Rs, In general, it is one aspect of the
invention as  Rp(1) = K/(z1 + G) + Rs, claimed that, in lapping the surface
of a workpiece  Rp(2) = K/(z2 + G) + Rs, and to a height above a minimum
height plane, which   35 workpiece has an electronic lapping guide having
calculating a current value of lapping height z, an analog resistive sensor
with a near and far plane  using the currently read value of Rp'(at time
cur- relative to and substantially parallel to the lapping  rent) and the
values of G. K and Rs determined plane and a discrete resistive sensor
having a     above, by solving the following equation for zcur- plurality
of contacts each respectively meant to be   40  rent: broken during lapping
as a calibration event, present lapping height of the surface during lap-
zcurrent = K/(Rp'current - Rs) - G. ping with respect to the minimum height
plane can be determined by: determining before lapping a         It is
another general aspect of the present constant K which relates the
resistance value Rp of  45  invention that, in using an electronic
machining the analog sensor to a known height h of the       guide which
has an analog resistive sensor Rp and analog sensor, determining the
distance G of the   a discrete resistive sensor Rb, the analog sensor far
plane from the minimum height plane upon a     having a far plane and a
near plane, the planes first calibration event, and determining present
parallel to a plane to be machined to a desired lapped height z with
respect to location of the   50  height relative to a minimum  height
plane, the minimum height plane. These determinations may     discrete
sensor Rb having a plurality of discrete be followed, upon a second
calibration event, by   contact points, each of the contact points having a
measuring a new value of Rp, and by redeter-       known calibrated
location with respect to the mini- mining the present lapped height z from
the new    mum height plane, location of the far plane can be value of Rp.
55  calibrated with respect to the minimum  height Preferred embodiments of
the invention include  plane by reference to location of at least one of
the the following features. Determining constant K in-  contact points, and
identity of at least one of the cludes solving the following equation for
K: Rp =  contact points by reference to the value of Rp can 3  
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monitoring the value of Rb, using  face to be lapped down to a desired
height plane an increase in the value of Rb to indicate a sub-  relative to
a minimum height plane incorporates an stantial breaking in the continuity
of the at least one  electronic lapping guide and includes: a special
contact point, using the known location of the con-  station, an analog
resistive sensor and a discrete tact point to determine location of the far
plane with   5   resistive sensor associated with the special station,
respect to the minimum height plane, monitoring    circuitry enabling
reading of the resistance of each the value of Rp, and using an increase in
the value  sensor, the analog sensor having a near and a far of Rp to
validate identity of at least one of the  plane, the near plane disposed at
a known height contact points.                                    parallel
and adjacent to the surface to be lapped, It is another general aspect of
the present  10  the discrete sensor having discrete parallel-resis-
invention that in using an electrically conductive lap  tive indicator legs
respectively defining break on a workplace with an electronic lapping
guide, a  points hierarchically positioned within the apparatus voltage is
applied through the guide to determine  at different calibrated heights
with respect to the lapping progress and to limit the voltage to a value
minimum height plane, whereby the identity of the that does not
substantially short out to the lap.  15  break points and the current
height of the surface Such voltage is preferably less than 700 millivolts.
to be lapped with respect to the minimum height Preferred embodiments of
the invention include  plane are discernible from the read resistance of
the following features. An electronic machining    the sensors. guide for
determining present machining height         A first station is located at
the surface to be during machining of a workplace to a desired   20
lapped, the special station being associated with height includes: an
analog resistive sensor, a dis-  the sensors and configured to lap at
approximately crete resistive sensor, a plurality of parallel con-  the
same rate at which the first station laps. A nected resistive elements in
the discrete sensor,  second station is included, and the first, the second
the elements having assigned different resistive   and the special stations
include, respectively, a first values and having a combined resistive value
Rb,  25  rail, a second rail and a third rail, each rail prior to one end
of each element coupled to a common        lapping protruding from the
apparatus at the sur- point and the other end of each element separately
face to be lapped, at least a portion of the guide coupled to a common
conductor at respective        located within the third rail. First and
second trans- spaced-apart contact points, whereby breaking of   ducers are
included, wherein the first and second continuity of at least a first of
the contact points will  30  rails are associated with the first and second
trans- cause the resistive value Rb to increase approxi-  ducers,
respectively, and wherein the apparatus mately by a predefined increment,
and each sensor  further includes multiple photoresist layers com- coupled
to each other whereby present machining    mon to the transducers and the
guide. The guide height can be determined. The analog sensor in-    may
include at least one feature whereby the cludes a series resistance having
at least a first  35  photoresist formation is analogous in each of the and
a second resistive segment and a conductor,    rails. A resistive integrity
sensor is included for the first segment serially connected to the second
checking the integrity of the discrete sensor before segment via the
conductor, the segments each       lapping. Preferably the integrity sensor
has a resis- i  having a first edge and a second edge, the second  tive
value R, whereby the ratio of R to the resistive edge substantially
parallel to the first edge, the   40  value Rb of the discrete sensor is
indicative of the segment first edges lying substantially in the same
integrity of the discrete sensor. plane at least after machining, and the
segment        Other advantages and features will become second edges lying
substantially in a same other   apparent from the following description of
the pre- plane, and the sensor providing resistive readouts  ferred
embodiment and from the claims. from which present machining height during
ma-  45 chining can be determined. The series resistance   Description of
the Preferred Embodiment further comprises a third resistive segment and a
second conductor, the third segment connected to       We first briefly
describe the drawings. the second segment via the second conductor. The
Figs. 1A, 1B, 1C, 1D are diagrams of three discrete sensor includes, e.g.,
five elements and   50  prior art sensor configurations and a prior art two
the predefined increment is about 50%. A guide     head slider. also
includes an integrity sensor coupled to and       Fig. 2 is a schematic
diagram of an ELG. enabling independent integrity testing of the dis-
Fig. 3 is a diagram of the ELG circuit 10 of Fig. crete sensor before
machining. The integrity sensor  2 shown in a top plan view of a slider 20.
has a resistive value R, whereby the ratio of R/Rb   55  Fig. 4 is a
diagram of the ELG circuit 10 within is indicative of the integrity of the
discrete sensor.  rail 18 of slider 20 of Fig. 3. Other preferred
embodiments include the fol-       Fig. 5 is a schematic diagram of a four
probe lowing features. A layered apparatus having a sur-  measurement
technique. 4 
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diagram  of an ELG monitoring        Rp3 is connected to resistor R at lead
46. circuit.                                                Resistor Rb
includes five parallel resistive Fig. 7 is a block diagram of an ELG
monitoring   strips 61-65 running at right angles over and in- system.
sulated from Rb common leg 50, separated by Turning now to Fig. 2, a
preferred ELG 10    5   insulator strip 58. However, each of the tips of
incorporates a coil 12 of a first thin film head 13,  strips 61-65 are
electrically joined to fingers 51-55 where a first lead of coil 12
terminates at a first test  of common leg 50 at contact break points 71-75,
point TP1. The other end of coil 12 is connected to  respectively. Strips
61-65 extend from rail 18 into a second test point TP2, and is also
conncected to  the slider 20 and terminate at a conductive lead 78 the
first end of a resistor Rp Resistor Rp lies   10   which in turn is
connected to bonding pad 34. parallel to the device air bearing surface and
the      ELG 10 is a multilayer device and is created at zero throat height
plane, where the near edge 19 of  the same time that other functional
structures of resistor Rp is by the air bearing surface and the far  slider
20 are being formed on-wafer. In particular, It edge 17 of resistor Rp lies
adjacent and slightly   is known in thin film head processing that the
first beyond the zero throat height plane. Resistor Rp   15  pole of heads
13, 15 each are simultaneously de- provides an analog lapping sensor
analogous to the   posited with a thin seed layer and then plated with
sensor of Fig. 1a. The other end of resistor Rp is  a thick permalloy
layer. In practice of the present coupled to a third test point TP5 via
resistor R and  invention, a seed component of legs 40, 46, 50 is also
coupled to test point TP4 via the parallel  (including fingers 51-55),
conductors 42 and 44, resistive circuit Rb. Resistive circuit Rb includes
20  and resistive sections Rp1 -Rp3, is first etched in five parallel
resistors RrRv. This parallel circuit is  the seed layer. (The seed layer
might be a 0.2 analogous to that seen in Fig. 1c, but where five    micron
thick layer of permalloy seed material). contact points i-v are located at
assigned depths in  Thereafter, an additional permalloy layer, such as the
third rail (shown in Fig. 3) between the air     2.8 microns thick, is
plated over the seeded pattern bearing surface and the zero throat height
plane.  25   described above except that the resistive sections Coil 14 of
a second thin film head 15 is connected   Rp1, Rp2, and Rp3, are not
further plated, although between test points TP3 and TP4.
they may be capped later with a suitable insulator The present ELG
invention is incorporated into   such as AI203. (Resistor Rp is divided
into a plural- a two-head slider 20 (such as one of a series of    ity of
thin resistive segments to avoid the tendency side-by-side sliders on a
bar) in the region of a   30  of a longer and thicker strip to delaminate.)
third rail 18, as shown in Fig. 3. Although not         The five finger
51-55 are covered with a shown, it will be appreciated that the tips of the
photoresist insulative layer 58. This layer is pat- pole pieces, P1, P2 of
heads 13 and 15 extend out    terned in a step-wise configuration, whereby
suc- to the air bearing surface of the bar at rails 23 and  cessive
lappings at the air bearing surface of slider 25, respectively. Coil 12 of
thin film head 13 termi-  35  20 will cause break points 75-71 to open in a
serial nates at bonding pads 28, 30. Coil 14 of thin film   fashion,
beginning with break point 75 and ending head 15 terminates at bonding pads
34, 36.           with break point 71 as the air bearing surface is That
portion of the invention which is incor-    lapped down toward a desired
throat height. porated within rail 18 in Fig. 3 is more particularly   A
"dummy coil" structure 57 may be incor- shown in Fig. 4. Therefore, by
reference to Figs. 3   40   porated into resistor Rb so as to effectively
config- and 4, in conjunction with reference to Fig. 2, It will  ure ELG 10
like the pole tips of heads 13, 15 and be appreciated that a series
resistor Rp coupled to  so as to provide a mechanical aid in formation of a
parallel resistor Rb are provided at rail 18 in a  resistor Rb. In
particular, dummy 57 causes the multisection laminated structure. The first
lead 40  photoresist of layer 58 to locate at edge 59 of layer of resistor
Rp is coupled to bonding pad 30 via  45   58 in a fashion consistent with
photoresist forma- conductor 27. The second lead 46 of resistor Rp is  tion
at the pole tips of the heads 13, 15. Dummy connected to bonding pad 48;
this second lead has    57 may be made of copper or other suitable ma- a
resistive value and is represented as resistor R in  terial so that it will
lap at its section 78 at about the Fig. 2. A common leg 50 of parallel
resistor net-   same rate as the sections of first turn 77, 79 of work Rb
is also coupled to pad 48 via resistor R.  so  coils 12, 14 of heads 13,
15, respectively. Hence, Resistor Rp includes three serially coupled re-
layer 58 preferably is comprised of the same num- sistive sections Rp1,
Rp2, and Rp3. Lead 40 is       ber of photoresist layers and material as in
heads connected to the outer end of resistive section Rp1.  13, 15, where
"dummy coil" 57 is embedded within The other end of resistive section Rp1
is coupled    layer 58 so as to provide uniform lapping across to one end
of resistive section Rp2 via conductor  55  the air bearing surface. This
uniformity of configu- 42. The other end of resistive section Rp2 is coup-
ration is indicated by the location of sections 77, led to the adjacent end
of resistive section Rp3 via  78, 79 and by the dotted line across the rail
faces conductor 44. The outer end of resistive section     at the air
bearing surface, as shown in Fig. 3. 
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conductors 61-65 are plated at the  they are not much larger than the
contact and lead same time as plating of the second pole of heads
resistances involved in the measurement. In order 13, 15. These permalloy
conductors are made both   to remove the effects of these extraneous resis-
iong and narrow so as to achieve their desired      tances, a "four-probe"
measurement must be resistive values.                              5   made
for each resistance Rp or Rb. Since Rp and In the embodiment described
above, each re-     Rb will both be measured during lapping, five sistive
segment Rp1-Rp3 of Rp is preferably 25     probes will be needed. In Fig.
5, five probes 85-89 microns long and 20 microns wide. Assuming that    are
shown, where probe 85 connects one side of the seed layer is 0.2 microns
thick and that the   current source 90, and probe 86 connects one side seed
and permalloy layer have the literature values   10  of voltmeter 91, to
leg 40 of resistor Rp via pad 30 of resistivity, the Rp resistance
calculates to be  (TP2). Probe 87 connects the other side of volt- three
ohms. (However, the actual Rp resistance     meter 91 to the other leg 46
of resistor Rp via pad may be higher since resistivity may be higher than
48 (TP5) and resistor R and to the common leg 50 the literature value and
additional resistance may  of resistor Rb. Probe 89 connects the other side
of be registered in the thick-permalloy conductors 40,  15  current source
90, and probe 88 connects one side 42, 44, 46.)
of voltmeter 92, to one leg 78 of resistor Rb via The five resistors
(Ri-Rv) of resistor Rb each  contact pad 34 (TP4). The other side of
voltmeter have different resistances. The widths of the con-  92 is
similarly coupled via probe 87 to resistors Rp, ductors 61-65 thus should
be adjusted so that,     R and Rb via pad 48 (TP5). Alternatively, probe 85
reading from right to left in Fig. 2, resistors Rv-Ri   20   may be
connected to leg 40 via pad 28 (TP1) and (i.e., conductors 65-61 in Fig. 4)
have the following  coil 12, and probe 89 may be connected to leg 78
resistive values: 2.8, 4.2, 5.8, 8.9, and 4.5 ohms.  via pad 36 (TP3) and
coil 13, whereby only a single These values have been chosen so that there
will   one of the five probes need be connected to a be approximately a 50%
change in resistance as     single respectively assigned contact pad test
point. each breakaway occurs. Before lapping begins and   25  It will be
appreciated, however, that voltmeters if all five resistors are connected,
the total resis-  91 and 92 might be replaced with a single instru- tance
is about .91 ohms. When the first finger 55 is  ment in an appropriately
multiplexed arrangement. severed from conductor 65 at contact point 75, the
Nevertheless, the value of Rp is obtained from one resistance Rb increases
to about 1.34 ohms. When   voltage reading and the value of Rb from
another. the second finger 54 is severed at contact point 74,  30   Neither
reading is affected by the presence of R, resistance Rb increases to about
1.97 ohms. As the  since it is a known constant and can be disregar- third
contact point 73 is broken, resistance Rb    ded. Since the resistor R is
only used for an on- climbs to about three ohms. When contact point 72
wafer check of finger integrity, as described above, is opened, resistance
Rb is measured at about 4.5  it does not have to be measured during
lapping. ohms. The opening of the last contact point 71   35    A potential
problem with the measurement of results in an infinite reading.
resistor Rp is that one edge of this resistor is Fig. 2 shows another
resistance which has not   exposed at the surface being lapped. Likewise,
the been previously discussed in detail. This is the   ends of fingers
51-55 and of conductors 61-65 are resistance R which in Fig. 4 is formed as
part of    similarly exposed. Since the lap is copper, one leg 46 and has a
nominal value of about 9.3 ohms.  40   would think that the resistances
would be shorted This resistance is created by making leg 46 a long  out,
thus preventing accurate measurement during thin path to pad 48 to which it
is connected.      lapping. Fortunately, this shorting out can be avoid-
Resistor R is fabricated at the same time as resis-  ed by using very small
voltages because the pres- tor Rb, i.e., it is made in the same permalloy
ence of oil and diamond grit on the lap provides an plating step as when
the second pole is formed.  45  effective insulating layer to very small
voltages. We Thus the ratio of Rb to R should always be the     have noted
some leakages to the lap where the same slider to slider if all the
resistor Rb elements  voltage was greater than 700 millivolts, however. are
intact. Resistor R has been provided so that   Thus, it Is preferable to
limit measuring voltages to this ratio can be measured as a continuity
check   values below 700 millivolts, perhaps even at or on the resistive
elements of resistor Rb. Thus R/Rb   so  below about 100 millivolts, is
measured on wafer to insure that there are no       In order to make the
four-probe resistance defects in the elements of resistor Rb that could
measurements on the ELG's during lapping, we cause the ELG to give
erroneous values of throat   need a stable current source and accurate
voltage height during lapping.                             measuring
circuitry. We have found that a constant Successful lapping under ELG
control depends   55  current is conveniently provided by an isolated on
being able to accurately measure resistances     power source through an
LM134-type integrated- Rb and Rp. This measurement is complicated by
circuit current regulator. 



the fact that the resistances are rather low. In fact, 6    11
EP0357203B1                        12 In order to make the accurate voltage
measure-  amount of pressure applied to each end of each ments that are
required, we have chosen a com-     bar being lapped. Thus these pressures
can be mercial instrumentation module that is specially   controlled so as
to achieve uniform throat height designed for measuring small voltages.
This mod-   across the bar. Another solenoid for each bar is ule, a Datel
SDAS-8, measures any of eight inputs   5   actuated to retract the bar from
the lapping plate according to external digital commands. When the   when
the desired throat height has been reached. measurement is made, the
voltage expressed in       An additional air valve may be used to apply
pres- digital form appears at the output of the SDAS.    sure near the
center of the bar for extra lapping Unlike other modules that are available
to perform  control. This would be best facilitated by the use of this
function, the Datel has very low values of drift  10  greater than two ELGs
per bar. and excellent isolation between inputs. This latter    A basic
equation for determining the resistance characteristic is important since
the module is con-  Rp of sensor Rp is as follows: nected to several
different ELG's. Without adequate isolation, the voltage measurement
obtained for    (1)   Rp = PL/A, one ELG would be affected by the voltages
present   15 on all the others. Another advantage of the SDAS is  where:
that it provides a differential measurement of volt-   Rp is the
resistance, age. Thus several ELG's can be connected in            P is the
resistivity of the material from which series and the voltage drop across
one ELG can be  the resistor is made, measured without being affected by
the voltage   20    L is the length of the resistor, and drops across the
other ELGs.                           A is the cross-sectional area of the
resistor. Fig. 6 shows measuring device connections for   If the resistor
has a rectangular cross-section, the one bar. Note that two channels of the
SDAS are    equation becomes used for each ELG, making a total of four used
for each bar. Diode 200 is provided to keep voltage   25  (2)   Rp = PL/hT,
applied to the ELG below approximately 700 mil- livolts. A fifth channel is
used to monitor the current  wherein: by measuring the voltage drop across
a precision       h is the height of resistor Rp, and series resistor Rx.
The remaining channels of the      T is the thickness of resistor Rp. SDAS
are used for other ELG's on other bars. In  30   In applying equation (2)
to resistance Rp, a our ELG-controlled lapping machine, each "spin-
number of simplifications can be made. The only die" has four bars to be
lapped and three SDAS's    parameter of P, L, h and T that changes during
to make the measurements.                          lapping is height h of
resistor Rp as the air bearing The voltage readings from the SDAS's do not
surface is lapped away. Therefore, the following give the throat height
directly. Several arithmetic  35  equation can be written for Rp:
calculations must be done to obtain this informa- tion. These are performed
by a host computer, the  (3)   Rp = K/h, results possibly being displayed
on a terminal. The necessary connections between the SDAS's and       where
K is a constant. the computer must be carried through slip rings   40
This equation can be rewritten in terms of since the spindle which carries
the pieces to be   throat height relative to the position of Rp far edge
lapped normally rotates during the lapping process.  17 (shown in Figs. 2
and 3) which is offset some A block diagram of the arrangement we have used
distance G from the zero throat height plane. This is shown in Fig. 7,
where respective pairs of ELG's  edge is desirably at a nominal 200
microinch offset from respective bars can be conducted through a   45
beyond the zero throat height position. The actual multiplexer 202,
amplifier 93, A/D converter 94 and  offset distance G varies, of course,
from water to slip rings 96 to the host computer 98. Note that this  wafer.
Furthermore, if the throat height with respect arrangement has the
advantage that low level sig-  to the zero throat height plane is
represented by nals do not have to be passed through the slip     the
letter z, then h = z + G, and then the equation rings. The voltages across
the ELG's are digitized   50  for Rp becomes: by SDAS's mounted on the
rotating spindle along with the bars being lapped. It is only the high
level  (4)   Rp = K/(z + G). digitized ouput of the SDAS (and power and
control signals) that have to travel through the slip rings.  Inverting
this equation, we get: Although it is not shown in Fig. 7, additional slip
55 rings are used to return the control signals from the  (5)   z = K/Rp -
G. 



computer to the spindle. These signals control so- lenoid-operated air
valves which determine the 7    13                EP 0 357 203 B1
14 Equation (5) can be used to determine throat   (5a)   z = K (Rp' - Rs) -
G. height from the measured values of resistor Rp. In order to make this
calculation, however, K and G  The procedure for applying above equations
(1a - must be known. The value of K can be determined    5a) includes
measuring the resistance Rp'(at time by measuring the resistance of Rp
before the bar   5   O) before lapping (at a known height h0), lapping is
lapped or even before the wafer is cut into bars.  until a first
calibration event is detected and mea- The height h of the resistor Rp is
known quite    suring Rp'(at time-1; at a known height z1), lapping
precisely since it is determined by the accuracy of  until a second
calibration event is detected and the lithographic process. In the above
embodiment,  measuring Rp'(at time-2; at a known height z2), this height
might be 20 microns (800 microinches),  10  simultaneously solving for G,
K, Rs the following and lithographic tolerances will certainly be small
equations: compared to this figure. Thus, since Rp and h are both known
before lapping begins, the value of K  Rp'(O) = K/h + Rs, can be readily
calculated using equation (3). In  Rp'(1) = K/(zI + G) + Rs, practice, Rp
is measured for each ELG before  15  Rp'(2) = K/(z2 + G) + Rs and lapping,
and this data is stored by computer 98. The data is later retrieved by the
computer to    then calculating a current value of lapping height calculate
K.                                      zcurrent, using the currently read
value of Rp'(at In this embodiment, the lithographic masks are
time-current) and the values of G, K and Rs deter- preferably designed so
that offset G will be 5   20  mined above, by solving the following
equation: microns (200 microinches). Since alignment and other tolerances
will affect this quantity, this offset  zcurrent = K/(Rp'current - Rs) - G.
is not known exactly for any particular ELG. How- ever, sensor Rb can be
used to determine height z     The computer monitors Rb and decides when
above the zero throat height plane, because the   25  a breakaway has been
actuated. This process is relative location of the air bearing surface to
the  not quite as simple as it would at first seem. The zero throat height
plane will be accurately known  resistance that sensor Rb will have after
each as soon as lapping progresses to the point where  breakaway occurs is
not exactly known. But it is the first breakaway occurs (i.e. when the
first con-  known that the resistance value of resistor Rb will tact point
75 is broken), since location of the con-  30  increase approximately 50%
after each contact tact points relative to the zero throat height plane is
point is opened. Furthermore, the break does not accurately established in
the lithographic process.  occur instantaneously, but gradually over a
throat The lapping-machine computer 98 can then use      height change of
at least 50 nanometres (several equation (5) to determine offset G using
known    microinches). Hence, a fairly complicated algorithm values of Rp,
K and z. For accuracy, this computa-  35   must be invoked to be certain
that the computer tion of offset G is repeated at the occurrence of  never
makes a mistake as to which of the contact each breakaway. In between
breakaways, the com-   points is being opened. puter continually calculates
and displays momen-     The computer must somehow know when the tary throat
height z by using equation (5) and the  resistance change due to the
opening of a contact most recent breakaway value of offset G.     40  point
has concluded and when any succeeding The above procedure compensates for
the fact   change is to be attributed to the next resistor break that there
is a lead resistance Rs in series with Rp  event. As stated above, resistor
Rb preferably is that has been ignored in the above equations. What
designed so that its resistance increases about is actually measured is Rp'
= Rp + Rs. If neces-  50% at each breakaway. The computer is therefore
sary, resistance Rs could be included in the equa-  45  programmed to
monitor resistance and to begin to tions and evaluated as part of the above
process.  decide that the first breakaway event has occurred Such precision
may be required for some ad-       if resistance of resistor Rb increases
by 25% from vanced designs. The above equations 1-5 would be  its
pre-lapping value. In fact, the resistance of Rb written as follows:
will continue to increase until it reaches about 50  150% of its initial
value, but the computer ignores (1a)   Rp' = Rs + PL/A,
this additional change. After detecting the 25% increase, the computer then
monitors the value of (2a)   Rp' = Rs + PL/hT,
throat height z obtained from equation (5). When throat height z changes by
half the amount ex- (3a)   Rp' = K/h + Rs,                        55
pected to be measured to the next breakaway 



event, the computer notes the value of Rb. By this (4a)   Rp' = K/(z + G) +
Rs                       time all resistance changes due to the first
break- away event should have been completed. There- 8    15
EP 0 357 203 B1                    16 fore, the computer can regard this
value of Rb (e.g.   tially avoids electrical shorting from said elec- 1.34
ohms) as a new reference. It then begins to       tronic machining guide
(10) to said electrically look for a 25% increase in this value. This same
conductive material of said lap. process is repeated until the last
breakaway event occurs.                                        5   2. The
method of claim 1, wherein The present invention requires at least three
said workpiece (20) comprises a plurality contact pads, and preferably five
contact pads 28,     of rails (23, 25, 18) protruding from said work- 30,
36, 34 and 48 corresponding to the five test       piece (20) prior to
lapping and configured to points TP1-TP5 of Fig. 2, respectively. In any
be machined at approximately identical rates, event, it should be
appreciated that the present  10       at least one of said rails (23, 25)
contains invention requires a single additional contact pad     at least
one transducer (13, 15) constructed for 48 to be added to a two-head
slider, or two addi-      maximum  performance when said surface tional
pads in a single-head slider. Hence, since      (ABS) of said workpiece
(20) is lapped down to our ELG Is formed with minimal added process
said desired height plane; and steps and puts only minimal demand on
essential  15        at least one other of said rails (18) con- surface
areas, an ELG may be fabricated In prac-       tains said electronic
machining guide (10). tice of the present invention within each slider on a
wafer with little or no additional overhead.       3.  The method of claim
2, wherein said rail (18) Other embodiments are within the claims.
containing said electronic machining guide (10) 20      comprises a dummy
structure (57) constructed Claims
to match approximately an analogous structure located in said rail (23, 25)
containing said 1. A method of lapping a surface (ABS) of a
transducer (13, 15). workpiece (20) down to a desired height plane, said
workpiece (20) comprising an electronic  25  4. The method of claim 3,
wherein said dummy machining guide (10), said method comprising
structure (57) causes said rail (18) containing the steps of electrically
connecting a sensing     said electronic machining guide (10) to be circuit
(90,91,92) across said electronic ma-      machined at a rate approximating
a rate at chining guide (10), machining said surface         which said
rail (23, 25) containing said trans- (ABS) of said workplace (20) while
said sens-  30  ducer (13, 15) is machined. ing circuit (90,91,92) monitors
said electronic machining guide (10), analyzing output of said  5. The
method of claim 3, wherein sensing circuit (90,91,92) as an indication of
said electronic machining guide (10) com- progress of machining of said
surface (ABS) of     prises a resistive sensor (Rb), and said workpiece
(20), and determining, based   35       said dummy structure (57) aids in
con- on  said  output of said  sensing  circuit         struction of said
resistive sensor (Rb). (90,91,92) when said workplace (20) has been
machined to said desired height plane so that   6. The method of claim 1,
wherein machining of said surface (ABS) of said work-          said
electronic machining guide (10) com- piece (20) can be terminated at an
appropriate  40  prises an analog resistive sensor (Rp), and point in time,
said lapping process not shorting       said analog resistive sensor (Rp)
com- elements of said machining guide;                  prises a plurality
of physically separate resis- said method being characterized in that
tive segments (Rp1, Rp2, Rp3) electrically con- said method further
comprises providing a lap      nected to each other by electrical
conductors comprising electrically conductive material and   45  (42, 44),
to provide a configuration of said having a lapping surface that includes
elec-       analog resistive sensor (Rp) unlikely to result trically
insulating material, and said step of     in delamination. machining said
surface (ABS) of said work- piece (20) while said sensing circuit
(90,91,92)  7. The method of claim 1, wherein said resistive monitors said
electronic machining guide (10)  50  conductors (61, 62, 63, 64, 65) of
said discrete comprises lapping said workplace (20) using        resistive
sensor (Rb) have resistances chosen said lap, so that said lapping surface
contacts    so that the total resistance of said discrete said exposed
electrically conductive portion of    resistive sensor (Rb) changes by a
percentage said electronic machining guide (10), while ap-    that is
approximately the same when at least 



plying a voltage to said exposed electrically  55  two different ones of
said electrical contact conductive portion of said electronic machining
points (71, 72, 73, 74, 75) are broken. guide (10) to determine lapping
progress, and limiting said voltage to a value that substan- 9    15
EP 0 357 203 B1                     16 fore, the computer can regard this
value of Rb (e.g.   tially avoids electrical shorting from said elec- 1.34
ohms) as a new reference. It then begins to       tronic machining guide
(10) to said electrically look for a 25% increase in this value. This same
conductive material of said lap. process is repeated until the last
breakaway event occurs.                                        5   2. The
method of claim 1, wherein The present invention requires at least three
said workpiece (20) comprises a plurality contact pads, and preferably five
contact pads 28,     of rails (23, 25, 18) protruding from said work- 30,
36, 34 and 48 corresponding to the five test       piece (20) prior to
lapping and configured to points TP1-TP5 of Fig. 2, respectively. In any
be machined at approximately identical rates, event, it should be
appreciated that the present  10       at least one of said rails (23, 25)
contains invention requires a single additional contact pad     at least
one transducer (13, 15) constructed for 48 to be added to a two-head
slider, or two addi-      maximum  performance when said surface tional
pads In a single-head slider. Hence, since      (ABS) of said workplace
(20) is lapped down to our ELG is formed with minimal added process
said desired height plane; and steps and puts only minimal demand on
essential  15        at least one other of said rails (18) con- surface
areas, an ELG may be fabricated in prac-       tains said electronic
machining guide (10). tice of the present invention within each slider on a
wafer with little or no additional overhead.        3. The method of claim
2, wherein said rail (18) Other embodiments are within the claims.
containing said electronic machining guide (10) 20      comprises a dummy
structure (57) constructed Claims
to match approximately an analogous structure located in said rail (23, 25)
containing said 1. A method of lapping a surface (ABS) of a
transducer (13, 15). workpiece (20) down to a desired height plane, said
workpiece (20) comprising an electronic  25  4. The method of claim 3,
wherein said dummy machining guide (10), said method comprising
structure (57) causes said rail (18) containing the steps of electrically
connecting a sensing     said electronic machining guide (10) to be circuit
(90,91,92) across said electronic ma-       machined at a rate
approximating a rate at chining guide (10), machining said surface
which said rail (23, 25) containing said trans- (ABS) of said workplace
(20) while said sens-  30   ducer (13, 16) is machined. ing circuit
(90,91,92) monitors said electronic machining guide (10), analyzing output
of said  5. The method of claim 3, wherein sensing circuit (90,91,92) as an
indication of         said electronic machining guide (10) com- progress of
machining of said surface (ABS) of      prises a resistive sensor (Rb), and
said workpiece (20), and determining, based   35       said dummy structure
(57) aids in con- on  said  output of said  sensing  circuit
struction of said resistive sensor (Rb). (90,91,92) when said workpiece
(20) has been machined to said desired height plane so that   6. The method
of claim 1, wherein machining of said surface (ABS) of said work-
said electronic machining guide (10) com- piece (20) can be terminated at
an appropriate  40  prises an analog resistive sensor (Rp), and point in
time, said lapping process not shorting       said analog resistive sensor
(Rp) com- elements of said machining guide;                   prises a
plurality of physically separate resis- said method being characterized in
that         tive segments (Rp1, Rp2, Rp3) electrically con- said method
further comprises providing a lap       nected to each other by electrical
conductors comprising electrically conductive material and   45  (42, 44),
to provide a configuration of said having a lapping surface that includes
elec-        analog resistive sensor (Rp) unlikely to result trically
insulating material, and said step of      in delamination. machining said
surface (ABS) of said work- piece (20) while said sensing circuit
(90,91,92)  7. The method of claim 1, wherein said resistive monitors said
electronic machining guide (10)  50  conductors (61, 62, 63, 64, 65) of
said discrete comprises lapping said workpiece (20) using        resistive
sensor (Rb) have resistances chosen said lap, so that said lapping surface
contacts     so that the total resistance of said discrete said exposed
electrically conductive portion of     resistive sensor (Rb) changes by a
percentage 



said electronic machining guide (10), while ap-    that is approximately
the same when at least plying a voltage to said exposed electrically  55
two different ones of said electrical contact conductive portion of said
electronic machining     points (71, 72, 73, 74, 75) are broken. guide (10)
to determine lapping progress, and limiting said voltage to a value that
substan- 9    17                  EP 0 357 203 B1                      18 *
C  L  M  S  * 8. The method of claim 1, wherein said electronic
piece (20) has been machined to an extent machining guide (10) further
comprises a re-           such that said electrical contact point should
sistive integrity sensor (R), fabricated during a      be completely
broken, and plating step simultaneously with said discrete
monitoring the resistance of said discrete resistive sensor (Rb), so that
the resistance of   5   resistive sensor (Rb) until the resistance of said
resistive integrity sensor (R) can be com-       said discrete resistive
sensor (Rb) increases pared with the resistance of said discrete resis-
by an amount sufficient to indicate substantial tive sensor (Rb) before
machining to determine         breaking in another one of said electrical
con- whether said discrete resistive sensor (Rb) is        tact points.
defective.                                    10 12. The method of claim 1,
wherein 9. The method of claim 8, wherein said resistive              said
workplace (20) comprises at least one integrity sensor (R) comprises a lead
(46) con-        transducer (13, 15) electrically connected to a necting
said electronic machining guide (10)           plurality of electrical
contact pads (28, 30, 34, with an electrical contact pad (48).          15
36) Incorporated into said workplace, and said step of electrically
connecting a sens- 10. The method of claim 1, wherein
ing circuit (90, 91, 92) across said electronic said workpiece (20)
comprises at least one         machining guide (10) comprises electrically
transducer (13, 15) electrically connected to a        connecting said
sensing circuit (90, 91, 92) to plurality of electrical contact pads (28,
30, 34,   20  an electrical contact pad (30, 34) to which said 36)
incorporated into said workplace,                  transducer (13, 15) is
electrically connected, so said sensing circuit (90, 91, 92) comproses
that said electrical contact pad (30, 34) serves a current source (90) and
a voltmeter (91, 92),        a dual purpose of providing electrical current
and                                                   to said electronic
machining guide (10) during said step of electrically connecting said   25
said step of machining said surface of said sensing circuit (90, 91, 92)
across said elec-         workpiece (20) and providing electrical current
tronic machining guide (10) comprises elec-           to said transducer
(13, 15) during use of said trically connecting said current source (90) to
transducer. one of said electrical contact pads (28, 36) to which said
transducer (13, 15) is electrically   30   13. The method of claim 1,
wherein connected, and electrically connecting said                said
workpiece (20) comprises at least one voltmeter (91, 92) to another one of
said elec-       transducer (13, 15), trical contact pads (30, 34) to which
said trans-         said workplace (20) is a slider, and ducer (13, 15) is
electrically connected.                  said transducer (13, 15) is a thin
film head. 35 11. The method of claim 1, wherein                     14.
The method of claim 1, wherein said electronic machining guide (10) com-
said workpiece (20) comprises a plurality prises an analog resistive sensor
(Rp), and a          of transducers (13,15), and discrete resistive sensor
(Rb) comprising a plu-           said step of electrically connecting said
rality of resistive conductors (61, 62, 63, 64,   40   sensing circuit (90,
91, 92) across said elec- 65) having a plurality of respective electrical
tronic machining guide (10) comprises elec- contact points (71, 72, 73, 74,
75) configured         trically connecting said sensing circuit (90, 91, to
be broken at different times during machin-         92) to a plurality of
electrical contact pads (30, ing, and said step of analyzing output of said
34) to which respective ones of said plurality of sensing circuit (90, 91,
92) as an indication of   45  transducers (13, 15) are electrically
connected. progress of machining of said surface (ABS) of said workpiece
(20) comprises the consecutive      15. The method of claim 14, wherein
steps of                                                  said electronic
machining guide (10) com- monitoring the resistance of said discrete
prises an analog resistive sensor (Rp) and a resistive sensor (Rb) until
the resistance of   50     discrete resistive sensor (Rb), said discrete
resistive sensor (Rb) increases              said step of electrically
connecting said 



by an amount sufficient to indicate substantial        sensing circuit (90,
91, 92) across said elec- breaking in one of said electrical contact
tronic machining guide (10) comprises elec- points,
trically connecting said sensing circuit (90, 91, monitoring the resistance
of said analog   55      92) across said analog resistive sensor (Rp)
resistive sensor (Rp) until the resistance of          and electrically
connecting said sensing circuit said analog resistive sensor (Rp) increases
by         (90, 91, 92) across said discrete resistive sen- an amount
sufficient to indicate that said work-       sor (Rb), 10    19
EP 0 357 203 B1                     20 *  C   L   M   S * said step of
electrically connecting said    18. The method of claim 1, wherein sensing
circuit (90, 91, 92) across said analog         said electronic machining
guide (10) com- resistive sensor (Rp) comprises electrically         prises
a discrete resistive sensor (Rb) compris- connecting said sensing circuit
(90, 91, 92) to     ing a plurality of conductors (61, 62, 63, 64, a first
electrical contact pad (30) to which a   5   65) having a plurality of
respective electrical first one of said transducers (13) is electrically
contact points (71, 72, 73, 74, 75) configured connected, and to a second
electrical contact        to be broken at different times during machin-
pad (48), and                                        Ing, and a resistive
integrity sensor (R) fab- said step of electrically connecting said
ricated during a plating step simultaneously sensing circuit (90, 91, 92)
across said discrete   10  with said discrete resistive sensor (Rb),
resistive sensor (Rb) comprises electrically            and said method
further comprises the connecting said sensing circuit (90, 91, 92) to
step of measuring the ratio of the resistance of said second electrical
contact pad (48) and to      said resistive integrity sensor (R) to the
resis- a third electrical contact pad (34) to which a       tance of said
discrete resistive sensor (Rb) to second one of said transducers (15) is
elec-   15    determine whether said discrete resistive sen- trically
connected.                                  sor (Rb) contains any defects
that could cause said electronic machining guide (10) to provide 16. The
method of claim 1, wherein                      erroneous outputs during
said step of machin- said workplace (20) comprises a plurality        Ing
said surface (ABS) of said workplace (20). of rails (23, 25, 18) protruding
from said work-  20 piece (20) prior to machining and configured to  19.
The method of claim 1, wherein said voltage is be lapped at approximately
identical rates, one     less than 700 millivolts. of said rails containing
said electronic machin- ing guide,
20. The method of claim 19, wherein said voltage said rail (18) containing
said electronic ma-  25  is at or below 100 millivolts. chining guide (10)
is located between two of said rails (23, 25) each containing a transducer
21. The method of claim 1, wherein said lapping (13, 15), and
surface of said lap comprises a layer of at said step of electrically
connecting said        least diamond grit sufficient to insulate elec-
sensing circuit (90, 91, 92) across said elec-   30  trically said exposed
conductive portion of said tronic machining guide (10) comprises elec-
lapping guide from said conductive material of trically connecting said
sensing circuit (90, 91,    said lap when a sufficiently small voltage is
92) to a plurality of electrical contact pads (30,   present on said
exposed conductive portion of 34) to which respective ones of said trans-
said lapping guide. ducers (13, 15) are electrically connected.  35 22. The
method of claim 21, wherein said layer 17. The method of claim 1, wherein
further comprises oil. said electronic machining guide (10) com- prises a
discrete resistive sensor (Rb) compris-  23. The method of claim 1, wherein
said exposed ing a plurality of resistive conductors (61, 62,  40
electrically conductive portion of said electron- 63, 64, 65) having
differing resistances and        ic lapping guide comprises an analog
resistive connected with each other in parallel by means       sensor. of a
plurality of electrical contact points (71, 72, 73, 74, 75), and
24. The method of claim 1, wherein said exposed said step of machining said
surface (ABS)   45   electrically conductive portion of said electron- of
said workpiece (20) while said sensing cir-       ic lapping guide
comprises a conductor con- cuit (90, 91, 92) monitors said electronic ma-
structed to be broken when said workplace has chining guide (10) comprises
causing said plu-       been lapped to a predetermined throat height.
rality of electrical contact points (71, 72, 73, 



74, 75) to be broken at different times during   so  25. The method of
claim  1, wherein said elec- machining to cause the total resistance of
said     trically conductive material of said lap com- discrete resistive
sensor (Rb) to change by a        prises copper. percentage that is
approximately the same when at least two different ones of said elec-
PatentansprUche trical contact points (71, 72, 73, 74, 75) are   55 broken.
1. Verfahren zum LAppen einer Oberfl~che (ABS) eines Werksttckes (20) herab
bis zu einem gewUnschten H-6henniveau, wobei das Werk-    21
EP 0 357 203 B1                   22       1   111111 11111 liii 111111 * C
L   M   S* stUck (20) eine elektronische BearbeitungsfUh-     enthalt. rung
(10) hat und das Verfahren die folgenden Schrifte aufweist: elektrisches
Verbinden elner  3. Verfahren nach Anspruch 2, be! dem  die s_
FUhlerschaltung (90, 91, 92) Ober der elektroni-    Schiene (18), die die
elektronische Bearbei- schen BearbeitungsfUhrung (10), Bearbeiten   5
tungsfUhrung (10) enthalt, eine Blindstruktur der Oberflache (ABS) des
WerkstUckes (20),         (57) umfaBt, die gestaltet ist, um ungefahr an
wahrend die FUhlerschaltung (90, 91, 92) die       elne analoge Struktur
angepalt zu sein, die in elektronische BearbeitungsfUhrung (10) Ober-
der Schlene (23, 25) liegt, die den Wandler wacht, Analysieren einer
Ausgangssignales der      (13, 15) enthalt. FUhlerschaltung (90, 91, 92)
als ein Anzeichen   tO eines Fortschreitens des Bearbeitens der        4.
Verfahren nach Anspruch 3, bei der die Blind- Oberflache (ABS) des
Werkst~ckes (20), und         struktur (57) die Schiene (18), die die
elektroni- Bestimmen aufgrund des Ausgangssignales            sche
Bearbeltungsflhrung (10) enthalt, veran- der FUhlerschaltung (90, 91, 92),
wenn das         la~t, mit einer Rate bearbeitet zu werden, die Werkstlck
(20) bis zu dem gewUnschten Ho-   is     an elne Rate angenghert Ist, mIt
der die Schle- henniveau bearbeitet wurde, so daB das Bear-       ne (23,
25), die den Wandler (13, 15) enthait, beiten der Oberflache (ABS) des
Werkstickes        bearbeitet wird. (20) zu einem geeigneten Zeitpunkt
beendet werden kann, wobei der Lappprozel die Ele-      5. Verfahren nach
Anspruch 3, bei dem mente der BearbeitungsfUhrung nicht kurz-  20
die elektronische BearbeitungsfUhrung (10) schlieBt.
einen WiderstandsfOhler (Rb) umfaBt und dadurch gekennzeichnet, daR das
Verfahren              die Blindstruktur (57) den Aufbau des Wi- weiterhin
aufweist: Vorsehen eines L~ppwerk-       derstandsfUhlers (Rb) unterstUtzt.
zeuges mit einern elektrisch leitenden Material und mit einer
Iappoberflache, die ein elek-  25  6. Verfahren nach Anspruch 1, bei dem
trisch isolierendes Material enthalt und dag der       die elektronische
BearbeitungsfUhrung (10) Schritt des Bearbeitens der Oberflache (ABS)
einen analogen WiderstandsfUhler (Rp) umfalt des WerkstUckes (20), wahrend
die FUhler-          und schaitung (90, 91, 92) die elektronische Bear-
der analoge WiderstandsfUhler (Rp) eine beitungsfUhrung (10) Uberwacht, ein
Lappen   3o    Vielzahl von physikalisch getrennten Wider- des WerkstUckes
(20) mittels des Lappwerk-         standssegmenten (Rpi, Rp2, Rp3) umfa~t,
die zeuges, so daS die Lappoberflache den freilie-     elektrisch
miteinander durch elektrische Leiter genden elektrisch leitenden Teil der
elektroni-    (42, 44) verbunden sind, um eine Konfiguration schen
BearbeitungsfUhrung (10) berUhrt, wah-       des analogen
Widerstandsflhlers (Rp) zu lie- rend eine Spannung an dem  freiliegenden
3s       fern, der unahnlich zu einer Entlaminierung elektrisch leitenden
Teil der elektronischen Be-   fUhrt. arbeitungsfUhrung (10) liegt, um den
LAppfort- schrint zu bestimmen, und ein Begrenzen der     7. Verfahren nach
Anspruch 1, bei dem die Wi- Spannung auf einen Wert, der im wesentlichen
derstandslelter (61, 62, 83, 64, 65) des diskre- einen elektrischen
KurzschluB von der elektro-  4o  ten Widerstandsfflhlers (Rb)
Widerstandswerte nischen  BearbeitungsfUhrung (10) zu dam           haben,
die derart gewAhlt sind, daB der Ge- elektrisch leitenden Material des
Lappwerkzeu-     samtwiderstandswert des diskreten  Wider- ges verhindert,
umfalt.                            standsfUhlers (Rb) sich um einen
Prozentsatz verandert, der ungafahr der gleiche ist, wenn 2. Verfahren nach
Anspruch 1, bei dem:         45      wenigstens zwei verschiedene einzelne
der das WerkstUck (20) eine Vielzahl von            elektrischen
Kontaktpunkte (71, 72, 73, 74, 75) Schianen (23, 25, 18) umfa~t, die von
dem          gebrochen sind. WerkstUck (20) vor dern Bearbeiten vorstehen 



und fUr ein Bearbeiten bei im wesentlichen      8. Verfahren nach Anspruch
1, bei dern die elek- identischen Raten ausgestaltet sind,       50
tronische BearbeitungsfUhrung (10) aulerdem wobei wenigstens eine der
Schienen (23,         einen WiderstandsintegritatsfUhler (R) umfalt, 25)
wenigstens einen Wandler (13, 15) enthait,     der wahrend eines
Plattierschrittes gleichzeitig der fUr eine maximale Leistung konstruiert
ist,    mit dem diskreten WiderstandsfUhler (Rb) her- wenn die Oberflache
(ABS) des WerkstUckes          gestellt ist, so daB der Widerstandswert des
(20) herab bis zu dem gewUnschten Hohenni-  55
WiderstandsintegritatsFUhlers (R) mit dem Wi- veau gelappt ist, und
derstandswert des diskreten WiderstandsfUh- wenigstens eine andere der
Schienen (18)        lers (Rb) vor einem Bearbeiten verglichen wer- die
elektronische BearbeitungsfUhrung (10)         den kann, um zu bestimmen,
ob der diskrete 12    23                 EP 0 357 203 B1
24 * C   L  M   S * Widerstandsfthler (Rb) defekt ist.                 daB
der elektrische Kontaktpunkt volistindig unterbrochen werden solite, und 9.
Verfahren nach Anspruch 8, bei dem der WI-              Oberwachen des
Widerstandswertes des derstandsintegritatsfUhler (R) eine Leitung (46)
diskreten WiderstandsfUhlers (Rb), bis der WI- umfal3t, die die
elektronische Bearbeitungsf[h-   5  derstandswert des diskreten
Widerstandsfflh- rung (10) mit einem elektrischen Kontaktkissen     lers
(Rb) um einen Betrag anwachst, der aus- (48) verbindet.
reichend ist, um ein wesentliches Unterbre- chen in einem anderen der
elektrischen Kon- 10. Verfahren nach Anspruch 1, bei dern
taktpunkte anzuzeigen. das WerkstUck (20) wenigstens einen   10 Wandler
(13, 15) umfalt, der elektrlsch mit     12. Verfahren nach Anspruch 1, bei
dem einer Vieizahl von elektrischen Kontaktkissen          cias WerkstOck
(20) wenigstens einen (28, 30, 34, 36) verbunden ist, die In dem
Wandler (13, 15) umfaSt, der elektrisch mit Werksttck enthalten sind,
einer Vieizahl von elektrischen Kontaktkissen die Flhlerschaltung (90, 91,
92) eine   15      (28, 30, 34, 36) verbunden ist, die in dem Stromquelle
(90) und ein Voltmeter (91, 92)        WerkstUck enthalten sind, und
umfaBt, und                                            der Schritt des
elektrischen Verbindens ei- der Schritt des elekctrischen Verbindens
ner FOhlerschaltung (90, 91, 92) Uber der elek- der F~hlerschaltung (90,
91, 92) Uber der elek-    tronischen BearbeitungsfUhrung (10) ein elek-
tronischen BearbeitungsfUhrung (10) ein elek-  20  trisches Verbinden der
FUhlerschaltung (90, trisches Verbinden der Stromquelle (90) mit        91,
92) mit einem elektrischen Kontaktkissen einem der elektrischen
Kontaktkissen (28, 36),     (30, 34), mit dem der Wandler (13, 15) elek-
mit dem der Wandler (13, 15) elektrisch ver-       trisch verbunden ist,
umfaBt, so daB das elek- bunden ist, und ein elektrisches Verbinden des
trische Kontaktkissen (30, 34) far einen Dop- Voltmeters (91, 92) mit elnem
anderen der  25     pelzweck des Lieferns eines elektrischen Stro-
elektrischen Kontaktkissen (30, 34), mit dem       mes zu der
elektronischen BearbeitungsfOh- der Wandler (13, 15) elektrisch verbunden
ist,     rung (10) wahrend des Schrittes des Bearbel- umfaBt.
tens der Oberfilche des WerkstUckes (20) und des Liefems eines elektrischen
Stromes zu 11. Verfahren nach Anspruch 1, be! dem        30       dem
Wandler (13, 15) wahrend eines Gebrau- die. elektronische
BearbeitungsfUhrung (10)     ches des Wandlers dient. einen analogen
WiderstandsfUhler (Rp) und ei- nen diskreten WiderstandsfUhler (Rb) aus
einer  13 Verfahren nach Anspruch 1, be! dem Vieizahl von Widerstandaleitem
(61, 62, 63, 64,        das Werkstilck wenigstens einen Wandler 65) mit
einer Vieizahl von jeweiligen elektri-  35  (13, 15) umfalt, schen
Kontaktpunkten (71, 72, 73, 74, 75), die         das WerkstUck (20) ein
Schieber ist und gestaltet sind, um zu verschiedenen Zeiten             der
Wandler (13, 15) ein DUnnfilmkopf ist. wahrend eines mechanischen
Bearbeitens un- terbrochen zu werden, umfai~t, und bei dem      14.
Verfahren nach Anspruch 1, bei dem der Schritt des Analysieren eines
Ausgangssi-  40      das WerkstUck (20) eine Vieizahl von gnales der
FUhlerschaltung (90, 91, 92) als ein    Wandlern (13,15) umfaft, und
Anzeichen eines Fortschreitens des Bearbei-            der Schritt des
elektrischen Verbindens tens der Oberflache (ABS) des WerkstUckes
der Fahlerschaltung (90, 91, 92) Ober der elek- (20)  die  folgenden
aufeinanderfolgenden         tronischen BearbeitungsfUhrung (10) ein elek-
Schritte umfafBt:                          45      trisches Verbinden der
FUhlerschaltung (90, Oberwachen des Widerstandswertes des            91,
92) mit einer Vieizahl von elektrischen Kon- 



diskreten WiderstandsfUhlers (Rb) bis der Wi-      taktkissen (30, 34)
umfaft, mit denen die jewei- derstandswert des diskreten WiderstandsfUh-
ligen Wandler der VieIzahl von Wandlern (13, lers (Rb) um einen Betrag
zunimmt, der aus-        15) elektrisch verbunden sind. reicht, um ein
wesentliches Unterbrechen in  50 einem der elektrischen Kontaktpunkte
anzuzel-   15. Verfahren nach Anspruch 14, bei dem gen,
die elektronische BearbeitungsfUhrung (10) Oberwachen des Widerstandswertes
des            einen analogen Widerstandsflhler (Rp) und ei- analogen
WiderstandsfUhlers (Rp), bis der WI-      nen diskreten WiderstandsfUhler
(Rb) umfa~t, derstandswert des analogen WiderstandsfUh-  ss         der
Schritt des elektrischen Verbindens lers (Rp) um einen Betrag zunimmt, der
ausrei-     der FUhlerschaltung (90, 91, 92) Ober der elek- chend ist, um
anzuzeigen, daBl das Werkstick       tronischen BearbeitungsfUhrung (10)
ein elek- (20) in einem AusmaB derart bearbeitet wurde,      trisches
Verbinden der FUhlerschaltung (90, 13    25                 EP0357 203 81
26 91, 92) Ober dem analogen WiderstandsfUhler        den, damit der
Gesamtwiderstandswert des (Rp) und ein elektrisches Verbinden der FUh-
diskreten Widerstandsf~hlers (Rb) sich um ei- lerschaltung (90, 91, 92)
Ober dem diskreten       nen Prozentsatz andert, der ungefahr der gisi- Y>
WiderstandsfUhler (Rb) umfaBt,                      che ist, wenn
wenigstens zwei verschiedene der Schritt des elektrischen Verbindens   5
Kontaktpunkte der elektrischen Kontaktpunkte der FUhlerschaltung (90, 91,
92) Uber dem          (71, 72, 73, 74, 75) unterbrochen werden. analogen
WiderstandsfUhler (Rp) ein elektri- sches Verbinden der FUhlerschaltung
(90, 91,    18. Verfahren nach Anspruch 1, bei dem 92) mit dem ersten
elektrischen Kontaktkissen          die elektronische Bearbeitungsfuhrung
(10) (30), mit dem ein erster der Wandler (13) elek-  10  einen diskreten
WiderstandsfUhler (Rb) aus ei- trisch verbunden ist, und mit einem zweiten
ner Vielzahl von Leltern (61, 62, 63, 64, 65) mit elektrischen
Kontaktkissen (48) umfa~t, und        elner Vielzahl von jeweiligen
elektrischen Kon- der Schritt des elektrischen Verbindens
taktpunkten (71, 72, 73, 74, 75), die gestaltet der FUhlerschaltung (90,
91, 92) Uber dem          sind, um zu verschiedenen Zeiten w~hrend
diskreten WiderstandsfUhler (Rb) ein elektri-  1s  sines Bearbeitens
unterbrochen zu werden, sches Verbinden der FUhlerschaltung (90, 91,
und oinen Widerstandsintegritatsftlhler (R), der 92) mit dem zweiten
elektrischen Kontaktkis-       w~hrend sines Plattierschrittes gleichzeitig
mit sen (48) und mit einem dritten elektrischen        dem diskreten
WlderstandsftJhler (Rb) herge- Kontaktkissen (34), mit dem eln zweiter der
stellt ist, umfaBt, Wandler (15) elektrisch verbunden Ist, umfaBt.   20
wobel das Verfahren welterhin aufwelst den Schritt sines Messens des
Verhaltnisses 16. Verfahren nach Anspruch 1, bei dern                des
Widerstandswertes des Widerstandsinte- das WerkstUck (20) sine Vielzahl von
gritatsfUhlers (R) zu dem Widerstandswert des Schienen (23, 25, 18) umfalt,
die von dem          diskreten WiderstandsfUhlers (Rb), um zu be- Werkstick
(20) vor elnem Bearbeiten vorste-  25    stimmen, ob der diskrete
WiderstandsfUhler hen und gestaltet sind, um mit im wesentlichen     (Rb)
irgendwelche Defekte enthalt, die die gleichen Raten gelappt zu werden,
wobei eine       elektronische BearbeitungsfUhrung (10) veran- dieser
Schienen eine elektronische Bearbei-        lassen k6nnten, fehlerhafte
Ausgangssignale tungsflhrung enthalt,                              w~hrend
des Schrittes des Bearbeitens der die die elektronische Bearbeitungsfahrung
30  Oberflache (ABS) des WerkstOckes (20) zu (10) enthaltende Schlene (18)
zwlschen zwei        liefern. der Schienen (23, 25) liegt, deren jede
einoen Wandler (13, 15) enthilt, und                   19. Verfahren nach
Anspruch 1, be! dem die Span- der Schritt des elektrischen Verbindens
nung weniger als 700 Millivolt betragt. der FUhlerschaltung (90, 91, 92)
Uber der elek-  35 tronischen BearbeitungsfUhrung (10) ein elek-   20.
Verfahren nach Anspruch 19, bei dem  die trisches Verbinden der
FOhlerschaltung (90,        Spannung bei odor unter 100 Millivolt liegt.
91, 92) mit einer Vieizahl von elektrischen Kon- taktkissen (30, 34)
umfaet, mit denen jewellige  21. Verfahren nach Anspruch 1, bel dem die
Lapp- der Wandler (13, 15) elektrisch verbunden   40     oberflache des
Llppwerkzeuges sine Schicht sind.
von wenigstens Diamrantstaub umfalt, der aus- reichend ist, um elektrisch
den freillegenden 17. Verfahren nach Anspruch 1, bei dern
leitenden Teil der LUppfUhrung von dem lelten- die elektronische
Bearbeltungsf~hrung (10)      den Material des Lappwerkzeuges zu Isolieren,
eonen diskreten WiderstandcsfUhler (Rb) umfaBt,  45  wenn sine ausrelchend
klelne Spannung an 



der sine Vielzahl von Widerstandsleitern (61,      dem freiliegenden
leitenden Teil der LappfUh- 62, 63, 64, 65) hat, die verschiedene Wider-
rung liegt. standswerte haben und miteinander parallel mittels einer
Vieizahl von elektrischen Kontakt-  22. Verfahren nach Anspruch 21, bei dem
die punkten (71, 72, 73, 74, 75) verbunden sind,  so   Schicht augerdem Oi
umfalt. und der Schritt des Bearbeltens der Oberflache  23. Verfahren nach
Anspruch 1, bei dem der frel- (ABS) des WerkstUckes (20), wahrend die FUh-
liegende elektrisch leitende Toil der elektroni- lerschaltung (90, 91, 92)
die elektronische Be-    schen L~ppfOhrung elnen analogen Wider-
arbeitungsfUhrung (10) Uberwacht, umfa~t, daB   55  standsfUhler umfaBt.
die Visizahl von elektrischen Kontaktpunkten (71, 72, 73, 74, 75) zu
verschiedenen Zeiten    24. Verfahren nach Anspruch 1, bei dem der frei-
wahrend sines Bearbeltens unterbrochen wer-        liegende elektrisch
leitende Tell der elektroni- 14    27                 EP 0 357 203 B1
28   |      ||||| |||||  1|||| |    ||I C   L   M   S   I schen L~ppfUhrung
einen Leiter umfalBt, der      2. Proced6 selon la revendication 1, dans
lequel gestaltet ist, um  unterbrochen zu werden,           ladite piece a
usiner (20) comprend une plura- wenn das WerkstOck bis auf eine vorbestimm-
lite de rails (23, 25, 18) faisant saillie sur ladite te Bruchdicken-H6he
gelAppt wurde.                   piece a usiner (20) avant le rodage et
configu- a       r~s de manibre a 8tre usines a des vitesses 25. Verfahren
nach Anspruch 1, bei dem das elek-        sensiblement identiques, trisch
leitende Material des LAppwerkczeuges            au moins un desdits rails
(23, 25) contient Kupfer unfaBt.                                       au
moins un transducteur (13, 15) construit pour que sa performance soit
maximale lors- Revendicatlons                                  10      quo
ladite surface (ABS) de ladite plce a usiner (20) est r8dee au plan de la
hauteur 1. Procedd de rodage d'une surface (ABS) d'une          desirde; et
piece a usiner (20) au plan d'une hauteur               au moins un autre
desdits rails (18) recherchee, ladite pibce a usiner (20) compre-
contient ledit guide d'usinage electronique nant un guide d'usinage
electronique (10), ledit  15  (10). procde comprenant les etapes de
connexion 6lectrique d'un circuit de detection (90, 91, 92)  3. Proced4
selon la revendication 2, dans lequel avec ledit guide d'usinage
6lectronique (10),       ledit rail (18) contenant ledit guide d'usinage
d'usinage de ladite surface (ABS) de ladite          6lectronique (10)
comprend un structure facti- piece a usiner (20), pendant que ledit circuit
20   ce (57), construite pour correspondre approxi- de d~tection (90, 91,
92) contrOle ledit guide       mativement A une structure analogue situde
d'usinage electronique (10), d'analyse du si-        dans ledit rail (23,
25) contenant ledit transduc- gnal de sortie dudit circuit de d6tection
(90,       teur (13, 15). 91, 92) en tant qu'indication de l'avancement du
rodage de ladite surface (ABS) de ladite  25   4. Proced6 selon la
revendication 3, dans lequel pikce A usiner (20), et de determination, sur
la    ladite structure factice (57) d~termine l'usinage base dudit signal
de sortie dudit circuit de         dudit rail (18) contenant ledit guide
d'usinage detection (90, 91, 92), du moment oD ladite          electronique
(10) a une vitesse approchant la pibce a usiner (20) a ete r8dee au plan de
vitesse a laquelle est usine ledit rail (23, 25) hauteur recherchee de
maniere a ce quo ladite  30    contenant ledit transducteur (13, 15).
surface (ABS) de ladite piece h usiner (20) puisse Otre termin6e A un
instant appropri6      5. Proc6d6 selon la revendication 3, dans loquel
dans le temps, ledit procede de rodage ne           ledit guide d'usinage
6lectronique (10) corn- court-circuitant pas les elements dudit guide
prend un d6tecteur resistif (Rb), et d'usinage;
35          ladite structure factice (57) contribue a la ledit procede
dtant caracterise en ce quo        construction dudit detecteur resistif
(Rb). Iedit procede comprend en outre la fourniture d'un outil de rodage
comprenant un mat6riau      6. Proced6 selon la revendication 1, dans
lequel 6lectroconducteur at une surface de rodage              ledit guide
d'usinage electronique (10) qui inclut un mat~riau electriquement isolant,
40   comprend un d6tecteur resistif analogique et en ce que ladite etape de
rodage de ladite       (Rp), et surface (ABS) de ladite piAce a usiner (20)
ledit d6tecteur resistif analogique (Rp) pendant quo ledit circuit de
detection (90, 91,      comprend une pluralit6 de segments resistifs 



92) controle ledit guide d'usinage electronique      physiquement separes
(Rp1, Rp2, Rp3) dlectrl- (10) comprend le rodage de ladite piece A   45
quement relies les uns aux autres par des usiner (20) au moyen dudit outil
de rodage, de       conducteurs electriques (42, 44), dans le but manibre A
ce quo ladite surface de rodage            de fournir une configuration
dudit d6tecteur fasse contact avec ladite partie electroconduc-
rdsistif analogique (Rp) peu vulnerable au d6- trice exposee dudit guide
d'usinage electroni-       collement Interlaminaire. quo (10), pendant
qu'une tension est appliqude   50 a ladite partie electroconductrice
exposee du-   7. Procedd  selon la revendication 1, dans lequel dit guide
d'usinage 6lectronique (10) afin de       les conducteurs resistifs (61,
62, 63, 64, 65) determiner l'avancement du rodage, et la limi-       dudit
d6tecteur resistif discret (Rb) ont des tation de ladite tension A une
valour qui 6vite     resistances cholsies de manibre & ce que la
essentiellement la mise en court-circuit 6lectri-  55  resistance totale
dudit detecteur resistif discret que dudit guide d'usinage 6lectronique
(10)          (Rb) varie d'un pourcentage qui eot approxima- avec ledit
materiau electroconducteur dudit ou-      tivement le mOme que lorsqu'au
momns deux til A r8der.                                         points
differents desdits points de contact 15    29                 EP 0 357 203
B1                      30    I 11111|| 111111 IlIJI 11111 11111 * C   L
M   S i electrique (71, 72, 73, 74, 75) sont rompus.         to d'une
quantite suffisante pour indiquer la rupture substantielle de l'un desdits
points de 8. Proc6d6 selon la revendication 1, dens lequel         contact
dlectrique, !    ledit guide d'usinage dlectronique (10) com-
contr8le de la resistance dudit detecteur prend en outre un ddtecteur
d'intdgritd rdsistif   5  resistif analogique (Rp) jusqu'a ce que la resis-
(R), fabriqu4 durant une etape de m6tallisation      tance dudit detecteur
resistif analogique (Rp) en m~me temps que ledit d~tectour rtsistif
augmento d'une quantit6 suffisante pour indi- discret (Rb), de manlere & co
que la r6sistance      quer que ladite plce ao usiner (20) a 6te usi- dudit
detecteur d'intdgrit6 r6sistif (R) puisse      neo au point que ledit point
de contact ilectri- Atre compar6e A la resistance dudit detecteur   iO
que devralt Atre completement rompu, et resistif discret (Rb) avant
l'usinage afin de de-        contr8le de la resistance dudit detecteur
terminer si ledit d6tectour r6sistif discret (Rb)    resistif discret (Rb)
jusqu'a co quo la resistan- est defectueux.
ce dudit d6tecteur r6sistif discret (Rb) augmen- to d'une quantite
suffisante pour indiquer la 9. Proc6d4 selon la revendication 8, dans
loquel  15     rupture substantielle d'un autre desdits points ledit
d6tecteur d'integrite resistif (R) comprend    de contact electrique. un
conducteur (46) reliant ledit guide d'usinage electronique (10) a une
pastille de contact       12. Procede selon la revendication 1, dans lequel
6lectrique (48).                                         ladite pilce &
usiner (20) comprend au 20      moins un transducteur (13, 15)
6lectriquement 10. Proc~d4 selon la revendication 1, dans lequel
relid a une pluralit4 de pastilles de contact ladite piece a usiner (20)
comprend au            electrique (28, 30, 34, 36) incorporees dans moins
un transducteur (13, 15) reli4 dlectrique-     ladite pibce a usiner, et
ment a une pluralite de pastilles de contact             ladite etape de
mise en circuit electrique electrique (28, 30, 34, 36) incorpor6es dans
25    d'un circuit de d6tection (90, 91, 92) avec ledit ladite piece a
usiner,                               guide d'usinage 6lectronique (10)
comprend la ledit circuit de detection (90, 91, 92) corn-     mise en
circuit dlectrique dudit circuit de d6- prend une source de courant (90) et
un volt-         tection (90, 91, 92) avec une pastille de mbtre (91, 92),
et                                   contact electrique (30, 34) a laquelle
ledit ladite 4tape de mise on circuit electrique   so  transducteur (13,
15) est 4lectriquement relid, dudit circuit de d6tection (90, 91, 92) avec
ledit   de maniere a ce que ladite pastille de contact guide d'usinage
dlectronique (10) comprond la        dlectrique (30, 34) assure une double
fonction mise en circuit electrique de ladite source de       consistant a
fournir un courant electrique audit courant (90) avec I'une des pastilles
de contact     guide d'usinage electronique (10) durant ladito electrique
(28, 36) & laquelle ledit transductour   35  6tape d'usinage de ladite
surface (ABS) de (13, 15) est relie dlectriquement, et la mise en
ladite pihce a usiner (20) et de fournir un circuit electrique dudit
voltmbtre (91, 92) avec     courant dlectrique audit transducteur (13, 15)
une autre desdites pastilles de contact 6lectri-     durant l'utilisation
dudit transductour. Q      quqe (30, 34) A laquelle ledit transductour (13,
15) est 4lectriquement reli6.               40  13  Proc6d6 selon la
revendication 1, dans loquel ladite piece & usiner (20) comprend au 



11. Procede selon la revendication 1, dans lequel        moins un
transducteur (13, 15), ledit guide d'usinage electronique (10)
ladito piece & usiner (20) est une pice comprend  un d6tecteur resistif
analogique           coulissante, et (Rp), et un d6tectour r6sistif discret
(Rb) com-   45    ledit transducteur (13, 15) est une tote a prenant une
pluralite de conducteurs rdsistifs       couche mince. (61, 62, 63, 64, 65)
comportant une pluralit4 de points de contact electrique respectifs (71,
72,  14. Proced4 selon la revendication 1, dans lequel 73, 74, 75)
configures pour Atre rompus &                ladito piace A usiner (20)
comprend une differents moments au cours de l'usinage, et  5o     pluralit4
de transducteurs (13, 15), et ladite 4tape d'analyse du signal de sortie
dudit         ladite 4tape de mise en circuit 6lectrique circuit de
detection (90, 91, 92) en tant qu'indi-   dudit circuit de detection (90,
91, 92) avoc ledit cation de l'avancement de l'usinage de ladite
guide d'usinage leictronique (10) comprend la surface (ABS) de ladite piece
a usiner (20)          mise en circuit electrique dudit circuit de de-
comprend les etapes consecutives de          55      tection (90, 91, 92)
avec une pluralite de pastil- contr8le de la resistance dudit d6tecteur
les de contact electrique (30, 34) auxquelles r6sistif discret (Rb) jusqu'A
ce quo la rdsistan-    les transducteurs respectifs de ladito pluralite ce
dudit d6tecteur resistif discret (Rb) augmen-     de transducteurs (13, 15)
sont electriquement 16    31                 EP 0357 203 B1
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differentes et connectes les uns aux autres en parallele au moyen d'une
pluralite de points de 15. Procede selon la revendication 14, dans lequel,
contact 6lectrique (71, 72, 73, 74, 75), et ledit guide d'usinage
electronique (10)              ladite etape d'usinage de ladite surface
comprend un d6tecteur resistif analogique (Rp)   5   (ABS) de ladite piece
a usiner (20) pendant et un detecteur resistif discret (Rb),
quo ledit circuit de detection (90, 91, 92) ladite etape de miss en circuit
6lectrique        contr8le ledit guide d'usinage 6lectronique (10) dudit
circuit de detection (90, 91, 92) avec ledit   comprend la rupture de
ladite pluralltM  de guide d'usinage electronique (10) comprend la
points de contact electrique (71, 72, 73, 74, 75) mise en circuit
6lectrique dudit circuit de de-   io  A differents instants durant
l'usinage dans le tection (90, 91, 92) avec ledit detecteur resistif   but
de falre varier la resistance total. dudit analogique (Rp) et la mise on
circuit electrique     detectour resistif discret (Rb) d'un pourcentage
dudit circuit de detection (90, 91, 92) avec ledit   qui est
approximativement le m8me quo lors- d6tecteur resistif discret (Rb),
qu'au moins deux points differents desdits ladite 6tape de mise en circuit
electrique   t6   points de contact electrique (71, 72, 73, 74, 75) dudit
circuit de detection (90, 91, 92) avec ledit   sont rompus. d6tecteur
resistif analogique (Rp) comprend la mise en circuit electrique dudit
circuit de de-   18. Le procdd6 selon la revendication 1, dans le- tection
(90, 91, 92) avec une premiere pastille      quel de contact electrique
(30) A laquelle un pre-   20       ledit guide d'usinage 6lectronique (10)
mier desdits transducteurs (13) est electrique-      comprend un detecteur
resistif discret (Rb) ment reli6, et avec une seconde pastille de
comprenant une pluralit6 de conducteurs (61, contact electrique (48), et
61, 63, 64, 65) comportant une pluralit6 de ladite 6tape de mise en circuit
6lectrique        points de contact electrique (71, 72, 73, 74, 75) dudit
circuit de detection (90, 91, 92) avec ledit  25  configures pour 8tre
rompus A differents ins- d6tecteur r6sistif discret (Rb) comprend la
tants au cours de l'usinage, et un detecteur miso on circuit electrique
dudit circuit de d6-      d'int6grit4 resistif (R) fabriqu4 durant une
6tape tection (90, 91, 92) avec ladite seconde pastille    de mdtallisation
en meme temps quo le detec- de contact 6lectrique (48) et avec une troisib-
tour r~sistif discret (Rb), me pastille de contact electrique (34) a
laquel-  30     et ledit proced6 comprend en outre l'etape le un deuxieme
desdits transducteurs (15) est        de mesure du rapport de la resistance
dudit 6lectriquement reliM.                                d6tecteur
d'int~grit6 resistif (R) sur la rdsistan- co dudit d~tecteur resistif
discret (Rb) pour 16. Proc6de selon la revendication 1, dans lequel
determiner si ledit detecteur r6sistif discret ladite piece & usiner (20)
comprend une   35     (Rb) contient un defaut qui pourrait entralher la
pluralit6 de rails (23, 25, 18) faisant saillie sur  foumiture de signaux
de sortie erronds par ladite plce, & usiner (20) avant le rodage et
ledit guide d'usinage electronique (10) durant configures pour etre r8d6s A
des vitesses ap-        ladite etape d'usinage de ladite surface (ABS) K>
proximativement identiques, I'un desdits rails        de ladite piece &
usiner (20). contenant ledit guide d'usinage 6lectronique,  40 



ledit rail (18) contenant ledit guide d'usina-  19. Procede selon la
revendication 1, dans lequal go electronique (10) est situe entre deux des-
ladite tension est inf~rieure A 700 millivolts. dits rails (23, 25)
contenant chacun un trans- ducteur (13, 15), et
20. Procede selon la revendication 19, dans lequel ladite 6tape de miso en
circuit 6lectrique   45  ladite tension est 6gale ou inferieure & 100 dudit
circuit de detection (90, 91, 92) avoc ledit   millivolts. guide d'usinage
electronique (10) comprend la mise en circuit electrique dudit circuit de
de-   21. Proc6de selon la revendication 1, dans lequel tection (90, 91,
92) avec une pluralite de pastil-   ladite surface de rodage dudit outil de
rodage les de contact 6lectrique (30, 34) auxquelles   6o   comprend une
couche de particules de dia- les transducteurs respectifs desdits transduc-
mant au moins suffisante pour isolor electri- teurs (13, 15) sont relids
electriquement.            quement ladite partie conductrice exposee du-
dit guide de rodage dudit materiau conducteur 17. Procede selon la
revendication 1, dans lequel        dudit outil de rodage lorsqu'une
tension suffi- ledit guide d'usinage electronique (10)  66       samment
faible est presente sur ladite partie comprend un d6tecteur resistif
discret (Rb)          conductrice exposee dudit guide de rodage. comprenant
une pluralite de conducteurs resis- tifs (61, 61, 63, 64, 65) ayant des
resistances 17    22. Proc~d6 selon la revendication 21, dans loquel ladite
couche comprend en outre de I'huile. 23. Proced4 selon la revendication 1,
dans loquel ladite partie electroconductrice expos~e dudit   5 guide de
rodage comprend un detecteur resis- tif analogique. 24. Procedd selon la
revendication 1, dans lequel ladite partle electroconductrice exposde dudit
10 guide de rodage comprend un conducteur construit pour 8tre rompu lorsque
ladite place b usiner a 4$ r8d~e jusqu'A une hauteur de gorge
pr6d~termin~e. 15 25. Proc~d4 selon la revendication 1, dans lequel ledit
materiau electroconducteur dudit outil de rodage contient du cuivre. 20 25
30 35 40 45 50 55 18    


