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of the two pole tips is removed. In the normal process, the ion beam is
impinged upon the head normal to the Background of the Invention
wafer surface during the first part of the milling proo- ess. This vertical
milling leads to redeposition of mag- The present invention relates to
design of a mag-   5   netic material across the gap where it has been ex-
netic recording head to minimize undershoots in     posed during the
milling process. This causes a mag- readback pulses.
netic short, which is removed by further milling. Magnetic recording heads
are used to record and    The track trimming process as described above
read information made up of alternative magnetiza-  is ordinarily employed
in the industry for obtaining tion patterns on a magnetic recording medium.
It is  10  uniform widths for both poles, where ninety degree desirable to
have the highest level of signal-to-noise  walls are sought in the
longitudinal direction. In prac- ratio arising from the interaction between
the record-  tice, however, the process results in approximately ing head
and medium. When reading recorded data    830 wall angles. Such a deviation
from the [err] angle from a recording medium a higher signal-to-noise ra-
happens to reduce the magnitude of the undershoots tio takes the form of a
desired central pulse achieving   15  from a recording head up to two
percent. However, a higher amplitude relative to background interfer-  the
attendant increase of the first pole in width at the ence (from neighboring
pulses and other sources).  gap leads to increased read/write fringing.
When a thin film magnetic recording head passes    Undershoots can also be
reduced by producing over a magnetic medium during the read operation,
particularly thick poles -- on the order of seven mi- the generated
waveform contains a leading and a   20  crons in thickness. Such reduction
can amount to four trailing undershoot in addition to the central pulse.
percent in the size of the undershoots. However, this These undershoots
contain high frequency compo-    reduction does not outweigh the
substantial increase nents which are comparable to the central pulse. If
in processing complexity to achieve such thick poles, the central pulse
were isolated, the magnitude of the  particularly for poles made in the
track trimming proc- undershoots would be approximately five percent to  25
ess. For example, Inordinate trimming times would be fifteen percent of the
amplitude of the isolated pulse.  required for the thicker poles. These
undershoots can lead to a forty percent reduc-   Japanese patent
publication No 62-287411 dis- tion in the amplitude threshold margin of a
central  closes a thin film magnetic head having non-rectan- pulse and the
pulse shape effects can reduce the win-  gular first and second pole tips
separated by a gap. dow margin by fifty percent.                  30  This
patent has as an objective the elimination of un- There are various known
methods for making thin  dershoots. European patent application No 0 185
406 film recording heads. In one typical method, an insu-  discloses a
magnetic head in which the first and sec- lating base layer of A1203 is
deposited on a substrate.  ond poles each include a rectangular portion and
a One such substrate is known In the industry as ALSI-  portion in the form
of a quadrilateral having two par- MAG. Next, a seed layer, such as NiFe,
is sputtered   35  allel sides and two non-parallel sides. Japanese pa-
over the insulating base layer of Al203. Photoresist is  tent publication
No. 61-194619 discloses a method of then spun over the seed layer and a
pole piece pat-  manufacturing a thin film head having pole portions tern
is formed In the photoresist by photolithographic  of differing widths. IBM
Technical Disclosure Bulletin techniques. After the resist is developed
pole materi-  Vol. 24, No. 3, August 1981, "Manufacture of Thin al, such as
NiFe, is deposited through the mask by   4o  Film Magnetic Head" discloses
a tapered thin film means of electroplating.                           head
resulting from ion beam etching. Afterthe plating of the first pole piece,
a gap layer  US-A-4,799,118 shows a thin film head with ta- is deposited,
such as a thin layer of Al203. Acoll struc-  pered pole portions - both
tapering away from the gap ture with surrounding layers of insulation is
also  - although it does not approach the undershoot prob- formed at the
yoke of the pole structure. The second   45  lem. pole piece is next plated
onto this structure. Normally  EP-0333347, which Is prior art only by
virtue of the width of the second pole at its tip (i.e. at the air  Article
54(3) EPC, discloses various configurations of bearing surface) is plated
to be narrower than the  magnetic poles of recording heads having side
width of the first pole at its tip. This configuration is  shields.
designed to avoid magnetic shorts occurring between   50 the two pole
pieces.                               Summary of the Invention Both pole
pieces are plated to be considerably wider than the final pole width
desired. Thereafter, a  The present invention provides a thin film mag-
thick resist is patterned on the second pole tip and  netic recording head
as characterized by claim 1. The over the yoke. The width of this pattern
ultimately will  55  present Invention also provides a process for making
determine the final width of the poles of the gap. Next,  thin film heads
as characterized by claim 18. by a process known as ion milling, the excess
mag-     The present invention is directed to reduction of netic material
which has been plated along the width  leading and trailing undershoots as
will permit man- 2  



3                  EP0356126B1                     4 ufacture of a
recording head having increased signal-  ure 1, It may be said that the
leading undershoot 12 -to-noise ratio. The Invention reduces amplitude  Is
defined between the first two zero points A, B, the changes and peak shifts
caused by undershoots, as  central pulse being defined between the second
and permits improved reading and writing between a re-  third zero points
B, C, and the trailing undershoot be- cording head and magnetic medium The
new config-   5   ing defined between the third and fourth zero points
uration of the first pole piece can reduce the leading  C D. Furthermore in
relative size if waveform T were undershoot In a waveform developed by the
head    measured as a 500 nanosecond pulse from the first from a transition
on a magnetic medium. The new   to the fourth zero point, it typically
would have about configuration of the second pole piece can reduce the  a
250 nanosecond duration from the second to the trailing undershoot in a
waveform developed by the   10  third zero point for the duration of the
central pulse. head from a transition on a magnetic medium.
However, In practice, many bits of data are Other advantages and features
will become ap-  sought to be densely packed on a recording medium. parent
from the following description of the preferred  Hence, the desirefor high
signal-to-noise ratio directs embodiment and from the claims.
attention to the need for reduction of Interference 15  from overlapping
leading and trailing undershoots Brief Description of the Drawings
which impinge upon adjacent central pulse portions of transitions being
read by the head. Where the un- Figure 1 is a graphic representation of a
typical  dershoots 12 and 14 overlap with the central portion waveform from
a single transition generated by a thin  10 of preceding or succeeding
pulses, amplitude film magnetic recording head.                20  changes
and peak shifts will be noted. These ampli- Figure 2a Is a cross-sectional
view of half of the  tude changes can result from the partial enhance-
longitudinal magnetic field distribution from a mag-  ment and cancellation
of the central portion by the netic recording head having rectangular
poles.    overimpinging information fromthe priorornext pulse Figure 2b is
a cross-sectional view of half of the  undershoot, with peak shifts causing
the peak of the longitudinal magnetic field distribution from a mag-  25
central portion to be displaced in time away from its netic recording head
having trapezoidal poles.    ideal location at the center of the waveform.
Figure 2c Is a central view of recording medium   Turning to Figure 2a, a
view of an exemplary with a single transition recorded thereon.
magnetic recording head 19 is shown as seen by the Figure 3 is a
cross-sectional view of the pole tips  magnetic recording medium. Itwill be
noted, however, of a magnetic recording head made in accordance  3o  that
only one half of the head 19 is shown from the with the present invention.
track center line. The head is comprised of two rec- Figure 4 is a
cross-sectional view of the pole tips  tangular pole pieces, P1 and P2,
defining a gap g of a magnetic recording head made In accordance
therebetween. Furthermore, in Figure 2a field con- with the present
invention.                       tours have been plotted upon and in
relation to head 35  19 and pole pieces P1, P2 and gap g. Thus, It will be
Description of the Preferred Embodiment           seen In Figure 2a that
around the leading horizontal wall 21 of pole piece P1 a contour of plus
six is defined When a data bit Is recorded on a magnetic me-  in the
longitudinal direction. In this exemplary em- dium it may be understood as
taking the form of a col-  bodiment maximum field intensity (B max) is
identi- lection (called a "transition") of magnetic charges  40  fied at a
level of plus twenty two at a point within this stored on a section (called
a "track") of the medium.  first contour. Next, it will be seen that a
second con- Atypical waveform generated by a thin film recording  tour is
defined which encompasses a portion of pole head reading a single
transition on a magnetic me-  P1 and a portion of pole P2 substantially
centered dium track is shown in Figure 1. Here the central
aboutgapgandhavingafluxdensityof-6.Withinthis pulse 10 is arbitrarily shown
having negative ampli-  45  -6 contour it will be seen that a -18 contour
is defined tude. The waveform is flanked by a leading under-  having a -42
contour defined therein, all substantially shoot 12 and trailing undershoot
14, each of which  centered about gap g. having positive amplitudes. In
Figure 1, the readback  The maximum flux density at the gap itself is
waveform T is seen to begin at zero amplitude (arbi-  shown as equal to
-150. An additional contour is trary units) and to gradually rise up to a
peak of 100  50  shown partially including and extending beyond the at the
leading undershoot and then gradually to fall  upper wall 23 of pole piece
P2 having a flux density backdown to a transition pointatzero, whereupon
the  of +6, and within which a location is identified as hav- central pulse
10 begins to fall to a low point of -850.  ing maximum flux density of +17.
Of course, it will be The central pulse 10 then rises back up to a zero
appreciated that gradients will be defined within and point, whereupon the
trailing undershoot 14 begins  55   between the contours shown, such that,
for example, its ascent to approximately 60 units and thereafter  the flux
density in a thin region 25 located adjacent descends to zero, where
waveform T terminates.    wall 27 of pole piece P2 will be between -42
and-150 Therefore, looking at the isolated waveform T of Fig-  units.
Likewise, the upper wall 23 of pole piece P2 in- 



3    5              EP0356126B1                     6 side the +8
contourring will have a flux density some-  the longitudinal field.
Furthermore, one half of the where within the range of +6 and +17.
track on the recording medium which is created dur- It will be appreciated
that the magnetic recording  ing the write function of the recording head
is indicat- medium will pass by the pole pieces and the gap from  ed by the
double ended arrow extending between the P1 to g to P2 In the direction
indicated by the arrow   5   center line and a line parallel thereto. This
arrow fur- In Figure 2c. For that reason, the influence that pole  ther
Indicates that the track width is essentially de- piece P has upon the
medium during recording will be  fined by the width Wg of gap g, except for
fringing. overridden by the flux at the gap and at the adjacent  It Is a
characteristic of the recording medium that region of pole piece P2. The
track width of recorded  the characteristics of the magnetic field of the
record- data created in the medium caused by the action of  10  ing head in
the write mode will cause a corresponding the recording head 19 will be
approximately the width  magnetic alignment of the material in the magnetic
Wg of the recording head at the gap, except for fring-  storage medium. By
the principle of reciprocity, this ing.
recorded information will tend to cause a like re- In the read cycle,
however, the fields at the lead-  sponse In the recording head during the
read mode. ing edge of pole piece P1 and at the trailing edge of  15
Hence, all other things being equal, a head which has pole piece P2 will
both have an influence upon the  a longitudinal flux pattern at Its gap ten
microns wide waveform derived from the recording medium. In fact,  might
create a ten micron wide track on the medium, the longitudinal field
leading pole piece P1 will cause  except that transverse field components
which may a major component of leading undershoot 12 and the  lie at the
fringes of the gap may extend the transition longitudinal field attendant
upperwall 23 of pole piece  20  width. As a result, the magnetization in
the recorded P2 will impose a significant portion of trailing under-  track
mayappeartogradually translatefrom substan- shoot 14 upon the waveform T.
tially longitudinal in the centerof the tracktosubstan- It will be
appreciated by those skilled In the art  tially transverse out at the track
edge corresponding that Figure 2a only plots the contours of longitudinal
to substantially longitudinal fields at the head center fields for the
rectangular poles. Corresponding con-  25  and substantially transverse
fields at the sides of the tours could be drawn fortransverse fields of
magnetic  head. recording head 19, but have been omitted for simpli-  Thus
it will be appreciated that the longitudinal city of description only.
Nevertheless, these trans-  fields of the magnetic head 29 will cause the
magne- verse fields also impact upon the undershoots. In  tization of the
medium to be oriented In that same fact the transverse signal may be
thought of as being  3o  longitudinal direction. Hence, where the magnetic
sinusoidal about the center of waveform T, such that  medium travels In a
longitudinal direction indicated by it is additive and contributes to the
leading under-  the arrow of Figure 2b, and where there are no trans- shoot
12 and Is subtractive and lessens the trailing  verse fields imposed on the
medium, then the mag- undershoot 14.
netization will be substantially oriented along the One characteristic of a
recording medium is Its  35  longitudinal axis. However, where there are
trans- coercivity. This is the amount of magnetic field need-  verse fields
and insubstantial longitudinal fields, the ed to change the magnetic medium
from one magnet-  magnetic charges will be oriented transverse to the ic
state to another. For example, if the coercivity of a  longitudinal axis.
recording medium used in conjunction with the head    Referring to Figure
2c, which is a conceptual view 19 of Figure 2a were established at a value
of 50 (in  40  of a recorded track on a magnetic medium, a transi- the same
arbitrary units as used in Figure 2a) then as  tion 41 is shown comprised
of a multiplicity of charg- the medium approached gap g, it would
eventually be  es. These charges have an orientation based upon subjected
to a field which is equal to and then greater  the longitudinal or
transverse characteristics of the than the coercivity value. As a result, a
state change  field having been impinged thereupon, indicated by would be
effected in the medium. As the medium con-  45  the elongated arrow. A
first portion of charges is tinued to pass in the direction of the arrow
past the  aligned longitudinally indicative of a fairlystrong long- gap
region, further areas of the magnetic field (below  itudinal field with
minimal transverse components 50 units) would be insufficientto changethe
state just  having influenced these charges. However, as the recorded.
charges begin to approach the outside of the track Amore detailed
description of the recording func-  5o  (which corresponds to the outside
edge of the head tion in conjunction with behaviour of the field of the
where transverse fields are strongest) the charges pole pieces will be
explained with respect to Figure  gradually begin to assume a transverse
orientation 2b, which is a view from the recording medium of the
(representative of a diminishing longitudinal and an longitudinal magnetic
field distribution from pole  increasing transverse field influence). It
should be pieces P1 and P2 of a trapezoidal recording head 29.  55  further
appreciated that transition 41 is representa- Again, it will be appreciated
that only the right half of  tive of one half of a track as could be
recorded by the 



the trapezoidal recording head Is shown from the cen-  one half of a head
shown in Figures 2a or 2b. ter line. Also, contour lines are drawn only
showing  The amplitude generated by the recording head 4    7
EP0356 126B1                    8 29 upon reading transition 41 essentially
will be de-  transverse field is extended further out, this offset re-
termined by the magnetization pattern on the track  duces most of the
contribution to the leading under- and their location relative to the
fields of the head with  shootfrom the transverse magnetization that
nowwill which they interact. Furthermore, in general, a longi-  not be read
by the substantially longitudinal fields at tudinal field will not convolve
with a magnetization   5   pole P1. As a result, the leading
undershootwaveform pattern in the medium which has been oriented sub-
becomes shallower, perhaps reduced to 80 units, stantially transversely.
Likewise, a transverse field  having lost the 20 unit transverse field
contribution. will not convolve with a substantially longitudinally  As
well, the maximum longitudinal field having been oriented magnetization
pattern in the transition.  reduced from +22 to +13 results in a lower
value of Returning to Figure 2a, It will be seen that where  10
longitudinal component read at pole P1, for example the recorded transition
begins to come adjacent to re-  60 instead of 80 units. Hence, the leading
undershoot cording head 19, the magnetization of the medium will  12 can be
reduced from 100 units to 80 units by this first interact with the magnetic
field at the leading  arrangement. Furthermore, shallower undershoots edge
21 of pole piece P1 as will create the leading un-  contain fewer high
frequency components to interfere dershoot 12. As the transition is read by
the gap Itwill  15  with the central pulse 10 and produce less of a peak
create the central pulse 10. As the transition is read  shift as will
displace location of the central pulse peak at the trailing edge 23 of pole
piece P2, the trailing un-  within the detection window. dershoot 14 will
be read. Hence, these three regions  The trapezoidal portion of the P2 pole
in Figure are the regions of interest during the reading function  2b
results in the outer edge 33 of P2 pole being nar- of the magnetic head,
the internal portions of the pole  20  rower compared to its width at the
gap. This is coun- pieces P1 and P2 resulting in low fields, except for
terproductive in that the maximum value of the nega- high transverse fields
along the sidewalls.       tive longitudinal field is actually increased In
this It will be recalled that the magnetization pattern  case, from the +17
of Figure 2a to the +18 of Figure of the transition will have been aligned
during the  2b. However, such a narrower edge width confines write cycle
according to the longitudinal and trans-  25  the active region of the pole
P2 during read to a small verse fields of pole P2 at region 25. Hence,
longitu-  part of the longitudinal component of the transition, dinal and
transverse components, as written, charac-  thus reducing the read
longitudinal signal substantial- teristic of the field at region 25, can
determine under-  ly. Furthermore the transverse field at the outer edge
shoots 12 and 14 when read by the head. For exam-  33 from this new
trapezoidal pole piece P2, is offset ple, as seen in Figure 1, undershoot
12 peaks at 100  so  transversely compared to where the transverse mag-
units and may have a longitudinal component of 80  netization was recorded
into the transition by the P2 units and a transverse component of 20 units
for the  pole at the gap. Such an offset negates the readback configuration
of signal 2a. Undershoot 14 peaks at 6O  signal from the transverse
recording, which increases units, which includes a longitudinal component
of 80  the undershoot, but not as much as the decrease ex- units combined
with a transverse component of -20   35  perienced from the lowered
longitudinal signal read units, for the configuration of Figure 2a. Hence,
it will  by P2. As stated earlier, the voltage from the trans- be
understood that the transverse component is    verse recording is actually
reducing the trailing un- asymmetrical, adding to the leading undershoot
and  dershoot. Hence, this design of Figure 2b will accom- reducing the
trailing undershoot.                 plish a reduction in the trailing
undershoot only if the It should also be appreciated that a rectangular  40
width at the outer edge of P2 is made significantly pole geometry, as in
Fig. 2a, leads to large transverse  narrower than the gap width so that the
longitudinal fields in the fringe zones and also at the outer edges
component is reduced by an amount greater than the of the poles.
amount of increase suffered from elimination of the Returning now to Figure
2b, it will be seen that  transverse signal. the trapezoidal configuration
of head 29 Includes a   45  Turning now to Figure 3, which Is a cross-
shortened outside wall 33 of pole piece P2 and an  sectional view of a
first preferred embodiment of the elongated wall 31 of pole piece P1.
Nevertheless, the  present invention, pole tips P1 and P2 define a gap
width of the gap, as measured at wail 37 of pole piece  16. Walls 18, 20,
22 and 24 are substantially at [err] P2, remains equal to Wg, which is also
given as the  with respect to gap 16. However, pole P1 further in- width of
the track.                          so  cludes a trapezoidal portion 26.
Preferably this por- However, according to the configuration of Figure
tion has an angle [err] In the range of 30 to 70. In this 2b, the wider
outer edge of pole P1 at its wall 31 push-  embodiment the size of the
undershoots will depend es out the transverse field in a transverse
direction  on the widths of the poles P1 and P2, i.e. the width of (away
from the center line). Therefore, an offset Is in-  wall 32 and wall 34,
and the thicknesses of P1 and P2. 



troduced between where the transverse component  so  In order to maintain
the size of the undershoots at a exists in the transition as recorded at
pole P2 nearthe  low level, thewidth of outer edge 32 of pole P1 should gap
and where the transverse field is pushed out to  be wider than the width at
the gap, perhaps by a few the outer edge of pole P1 during read. Hence as
the  microns. 5    9                   EP0356126B1                     10
Turning now to the embodiment of Figure 4, there  fined on pole piece P1.
This is the geometry shown as shown a cross-sectional view of the pole tips
ac-  for pole piece P1 In Figures 3 and 4. A resist pattern cording to a
second preferred embodiment of the    is formed on pole P2 using a narrowed
mask and is present invention where again the walls 18,,20, 22  followed by
an ion milling step in order to realize the and 24 are substantially
perpendicular to gap 16. In   5   trapezoidal geometry shown for pole piece
P2 in Fig- this embodiment, the pole piece P2 includes a trape-  ure 4.
zoidal portion 30, while pole P1 includes trapezoidal  Other embodiments
are within the present inven- portion 26. The size of the undershoots, once
again,  tion. For example, where pole tips have been descri- will depend on
the widths of outer edge 32 of pole P1  bed having rectangular and
trapezoidal regions, such and outer edge 34 of pole P2. To keep the size of
the   10  pole tips can be defined as having reduced and en- undershoots
small, width [err] of pole P1 at the outer  larged regions of whatever
geometry and can be fab- edge 32 should be a few microns wider than the
width  ricated without the use of the ion-milling process. The Wg at the
gap. The width [err] of outer edge 34 of pole  latter configuration will
function in a manner analo- P2 should at least be a few microns narrower
than the  gous to the embodiments described above. width [err] Angles [err]
preferably should be in the   15 range of [err]  each. Furthermore, P1 and
P2 should be made as thick as possible, where P1 pole height  Claims (or
thickness) T1 and P2 pole height T2 each should be about three microns or
greater.                 1.  A thin film magnetic recording head having two
The configurations of Figures 3 and 4 will reduce   20  poles (P1,P2), each
pole (P1,P2) terminating in a the fields and the width of the field region
that lead to  pole tip in a plane defining an air bearing surface the
undershoots sought to be reduced by the inven-    for cooperation with a
magnetic medium operat- tion in the manner described above. These configur-
ing essentially parallel to the air bearing surface, ations prevent reading
of transverse magnetizations   wherein a first of the poles (P1) is defined
as the in the media by the transverse head fields because  25   first pole
that the magnetic medium passes in its the transverse fields have been
offset during writing  running direction and a second of the poles (P2)
relative to the transverse fields of the head while   is defined as the
second pole that the magnetic reading the undershoots. This results in a
higher sig-  medium passes in its running direction, the pole nal-to-noise
ratio for the head. In addition, the rectan-  tips being separated by a gap
layer (16) extend- gular configuration of each pole piece at the gap re-
30  ing in width transversely between the pole tips gion leads to about a
0.25 micron reduction in write  and essentially transverse to the running
direc- and read fringing at the gap compared to non-rectan-  tion of the
medium, each pole tip having a pair of gular heads produced currently by
the track trimming  sidewalls (18,20,22,24), process. A reduction In
fringing allows the poles to be     the magnetic head being characterized
by made wider for a given track pitch, thus further In-  35  a first region
(26) and a transversely narrower creasing the head signal strength.
second region being defined by the sidewalls of Referring again to the
description of ion milling as  the tip of the first pole (P1) in the plane
of the air part of the process for making thin film heads, it will  bearing
surface, the second region being adja- be appreciated that the present
invention is most     cent to the gap layer (16), respective sidewalls of
easily achieved within the track trimming step of the   40  the first
region being substantially non-parallel recording head manufacturing
process. In particular,  with eacn other and not collinear with respective
pole P2 has been formed on top of pole P1 with an in-  sidewalls (18,20) of
the second  region, and the tip sulating gap defined in between. Both poles
will have  of the second pole (P2) having a minimum trans- been plated to
be considerably wider than the final   verse width which Is less than or
equal to the pole width to be desired. In such case, a thick resist   45
transverse width of the first pole tip adjacent to Is patterned by means of
a mask on the P2 pole tip    the gap layer (16) and a maximum transverse
and overthe rest of the yoke. The width of this pattern  width which Is
equal to said transverse width, will ultimately determine the final gap
width. By      wherein said recording head does not include means of ion
milling, the excess magnetic material    side shields. along the width of
the two poles will be removed. The   50 resist pattern is then stripped
from the top of P2, with  2. The head of claim I wherein the area of the
sec- a resulting cross-section of the pole tips being slightly  ond pole
tip in the plane of the air bearing surface 



trapezoidal, as suggested by the embodiment of Fig-   is less than the area
of the first pole-tip.- ure 2b. However, if the milling is not allowed to
proceed  55  3. The head of claim I wherein the area of the sec- through
the entire excess of width of the P1 pole, then  ond pole tip in the plane
of the air bearing surface a substantially trapezoidal portion 26 will also
be de-  Includes a third and a fourth region, the third re- gion being
adjacent to the gap layer (16), and the 6    9                   EP 0
356126 B1                 10 Turning now to the embodiment of Figure 4,
there  fined on pole piece P1. This is the geometry shown as shown a
cross-sectional view of the pole tips ac-  for pole piece P1 in Figures 3
and 4. A resist pattern cording to a second preferred embodiment of the
Is formed on pole P2 using a narrowed mask and is present Invention where
again the walls 18, 20, 22  followed by an ion milling step In order to
realize the and 24 are substantially perpendicular to gap 16. In   5
trapezoidal geometry shown for pole piece P2 in Fig- this embodiment, the
pole piece P2 includes a trape-  ure 4. zoidal portion 30, while pole P1
includes trapezoidal  Other embodiments are within the present inven-
portion 26. The size of the undershoots, once again,  tion. For example,
where pole tips have been descri- will depend on the widths of outer edge
32 of pole P1  bed having rectangular and trapezoidal regions, such and
outer edge 34 of pole P2. To keep the size of the   10  pole tips can be
defined as having reduced and en- undershoots small, width [err] of pole P1
at the outer  larged regions of whatever geometry and can be fab- edge 32
should be a few microns wider than the width  ricated without the use of
the ion-milling process. The Wg at the gap. The width [err] of outer edge
34 of pole  latter configuration will function in a manner analo- P2 should
at least be afew microns narrowerthan the  gous to the embodiments
described above. width [err]  Angles [err] preferably should be in the   15
range of [err]  each. Furthermore, P1 and P2 should be made as thick as
possible, where P1 pole height  Claims (or thickness) TI and P2 pole height
T2 each should be about three microns or greater.                 1. A thin
film magnetic recording head having two The configurations of Figures 3 and
4 will reduce  20  poles (P1,P2), each pole (P1,P2) terminating in a the
fields and the width of the field region that lead to  polo tip In a plane
defining an air bearing surface the undershoots sought to be reduced by the
Inven-    for cooperation with a magnetic medium operat- tion In the manner
described above. These configur-   ing essentially parallel to the air
bearing surface, ations prevent reading of transverse magnetizations
wherein a first of the poles (P1) is defined as the in the media by the
transverse head fields because  25  first pole that the magnetic medium
passes In its the transverse fields have been offset during writing
running direction and a second of the poles (P2) relative to the transverse
fields of the head while   Is defined as the second pole that the magnetic
reading the undershoots. This results In a higher sig-  medium passes In
Its running direction, the pole nal-to-noise ratio for the head. In
addition, the rectan-  tips being separated by a gap layer (16) extend-
gular configuration of each pole piece at the gap re-  30  Ing In width
transversely between the pole tips gion leads to about a 0.25 micron
reduction in write  and essentially transverse to the running direc- and
read fringing at the gap compared to non-rectan-  tion of the medium, each
pole tip having a pair of gular heads produced currently by the
tracktrimming   sidewalls (18,20,22,24), process. A reduction in fringing
allows the poles to be     the magnetic head being characterized by made
wider for a given track pitch, thus further in-  35  a first region (28)
and a transversely narrower creasing the head signal strength.
second region being defined by the sidewalls of Referring again to the
description of ion milling as  the tip of the first pole (P1) in the plane
of the air part of the process for making thin film heads, it will  bearing
surface, the second region being adja- be appreciated that the present
invention is most     cent to the gap layer (16), respective sidewalls of
easily achieved within the track trimming step of the   40  the first
region being substantially non-parallel recording head manufacturing
process. In particular,  with each other and not collinear with respective
pole P2 has been formed on top of pole P1 with an in-
sidewalls(18,20)ofthe second region, and the tip sulating gap defined in
between. Both poles will have  of the second pole (P2) having a minimum
trans- been plated to be considerably wider than the final   verse width
which is less than or equal to the pole width to be desired. In such case,
a thick resist  45  transverse width of the first pole tip adjacent to Is
patterned by means of a mask on the P2 pole tip    the gap layer (18) and a
maximum transverse and overthe rest of the yoke. The width of this pattern
width which Is equal to said transverse width, will ultimately determine
the final gap width. By     wherein said recording head does not include
means of ion milling, the excess magnetic material    side shields. along
the width of the two poles will be removed. The   50 



resist pattern is then stripped from the top of P2, with  2. The head of
claim 1 wherein the area of the sec- a resulting cross-section of the pole
tips being slightly  ond pole tip in the plane of the air bearing surface
trapezoidal, as suggested by the embodiment of Fig-   is less than the area
of the first pole tip. ure 2b. However, if the milling is not allowed to
proceed  65   3   The head of claim 1  wherein the area of the sec through
the entire excess of width of the P1 pole, then  ond pole tip in the plane
of the air bearing surface a substantially trapezoidal portion 26 will also
be de-  includes a third and a fourth region, the third re- gion being
adjacent to the gap layer (16), and the 6    11           EP 0 356 126 B1
12 area of the third region being greater than the  17. The head of claim I
wherein the second pole tip area of the fourth region (30).
comprises a third region and a fourth region, the third region being
adjacent to the gap layer (18) 4. The head of claim 3 wherein the third
region com-   and the sidewalls of the fourth region (30) being prises a
rectangle and the fourth region (30) com-   5  flared at between about 30
degrees to 70 de- prises a quadrilateral having two parallel and two  grees
with respect to the transverse axis of the non-parallel sides, and the
first region comprises  head. a quadrilateral having two parallel and two
non- parallel sides.                                1  Aprocessformaking
thinfilm heads, including an 10      on-wafer track trimming process, in
which a 5. The head of claim 3 wherein the non-parallel side   workpiece is
comprised of a wafer having thereon walls of the first region (26) are at
angles be-   at least one thin film head with a first pole piece tween 30
and 70 degrees relative to the gap layer  (P1) slightly wider in
cross-section than a second (18).
pole piece (P2) in cross-section, wherein the first 15      pole piece (P1)
is defined as the first pole piece 6. The head of claim I wherein the
non-parallel side   approached by a magnetic medium in its running walls of
the first region (26) are at angles be-   direction, the first and second
pole pieces tween 30 and 70 degrees relative to the gap layer  (P1,P2)
being separated by a gap (18) of an In- (16).
sulating material, the first and second pole pieces 20      (P1,P2) having
In cross-section side walls 7. The head of daim I wherein the first region
com-   (18,20,22,24) substantially perpendicular to the prises a
quadrilateral having two parallel and two  gap (16), non-parallel sides.
the process being characterised by the steps comprising: a) initiating
trimming to define 8. The head of claim 7 wherein the second region   25
substantially perpendicular side walls (22,24) rel- comprises a rectangle.
ative to the gap (16); and b) trimming a portion of the first pole piece
(P1) in a manner such that its 9. The head of claim 7 wherein the second
pole tip     side walls (18,20) are each approximately per- comprises a
rectangle.                             pendicularto the gap (16) nearthe
gap and leav- 30     ing an untrimmed portion of the first pole piece 10.
The head of claim I wherein the first pole tip has  (P1) away from the gap
(16), the untrimmed por- a leading edge (32) wider than the gap layerwidth
tion of the first pole piece (P1) being wider than [err]
Its trimmed portion. 11. The head of claim 10 wherein the second pole tip
35  19. The process of claim 18, further comprising the has a trailing edge
(34) narrower than the gap     additional stop of: c) trimming the
untrimmed por- layer width [err]                                  tion of
the first pole piece (P1) at respective an- gles to create an outwardly
tapering section (26) 12. The head of claim 11 wherein the second pole tip
having inclined walls. trailing edge width [err] is a few microns narrow-
40 er than the gap layer width [err]               20. The process of claim
19, wherein the respective angles defined by the outwardly tapering section
13. The head of claim 10 wherein the first pole tip   (26) are defined
between approximately 30 and leading edge width [err]  is a few microns
greater   70 degrees. than the gap layer width [err]              45 21.
The process of daim 19, further comprising the 14. The head of claim 13
wherein the second pole tip   additional step of: d) trimming the walls of
the trailing edge width [err] is a few microns narrow-  second pole piece
(P2) near the edge of the sec- er than the gap layer width [err]
ond pole piece (P2) not near the gap to define an 



50     inwardly tapering section (30) having inclined 15 The head of claim
I wherein the second pole tip     walls. has a trailing edge (34) narrower
than the gap layer width [err]                               22. The
process of claim 19, wherein each of said in- clined walls of the inwardly
tapering section (30) 16. The head of claim I wherein the thickness of  55
are inclined at an angle of approximately 30 to 70 each pole tip measured
along the longitudinal      degrees. axis of the head is about three
microns. 23. The process of claim 18, wherein step a) further 7    13
EP 0 356 126 B1                 14 comprises leaving an untrimmed portion
of the      ein Rechteckaufweist und dervierte Bereich (30) second pole
piece (P2) narrowerthan its trimmed    sin Viereck mitzwei parallelen und
zwei nichtpar- portion, and trimming the untrimmed portion of     allelen
Seiten aufweist, und wobel der erste Be- the second pole piece (P2) at
respective angles   reich ein Viereck mit zwei parallelen und zwei to
create an Inwardly tapering section (30) having   5  nichtparallelen Seiten
aufweist, Inclined walls. 5. Kopf nach Anspruch 3, wobei die
nichtparallelen Seitenwande des ersten Berelchs (26) In Winkeln
Patentanspriiche                                      zwlschen 30 und 70
Grad In bezug auf die Spalt- 10     schicht (16) liegen. 1. Magnetischer
Dflnnfilm-Aufzeichnungskopf mit zwei Polen (P1, P2), von denenjederPol (P1,
P2)  6. Kopf nach Anspruch 1, wobel die nichtparallelen in elner Polspltze
in einer Ebene endigt, die eine  Seitenwande des ersten Bereichs (26) In
Winkeln Luftlagerflache frir eln Zusammenwirken mit ci-   zwischen 30 und
70 Grad In bezug auf die Spalt- nem Magnetaufzelchnungsmedium bildet, das
15     schicht (16) iegen. im wesentlichen parallel zu der Luftlagerfilche
arbeitet, wobei sin erster der Pole (P1) als der er-  7. Kopf nach Anspruch
1, wobel der erste Berelch ste Pol definiert ist, an dem das
Magnetaufzelch-  sin Viereck mitzwei parallelen und zwei nichtpar-
nungsmedium in selner Laufrichtung vorbellfuft,    allelen Seiten aufwelst.
und emn zwelter der Pole (P2) als der zweitb Pol  20 definiert Ist, an dem
das Magnetaufzeichnungs-  8. Kopf nach Anspruch 7, wobei der zweibt Bereich
medium in selner Laufrichtung vorbeillauft, die   sin Rechteck aufwelst.
Polspitzen durch elne Spaltschicht (16) getrennt sind, die sich in der
Brelt querzwiachen den Pol-  9. Kopf nach Anspruch 7, wobei die zweite
Polspit- spitzen und im wesentlichen quer zur Laufrich-  26  ze ein
Rechteck aufwelst. tung des Aufzeichnungsmedlums erstreckt, und jede
Polspitze eln Paar Seltenwinde (18,20,22,  10. Kopf nach Anspruch 1, wobel
die erste Polspitze 24) aufwelst,
elnen voreilenden Rand (32) aufwelst, der brelter wobei der Magnetkopf
gekennzelchnet Ist durch      als die Spaltschicht-Breite (W9) ist. einen
ersten Bereich (26) und einen In Querrich-  30 tung schmaleren zweiten
Bereich, die durch die  11. Kopf nach Anspruch 10, wobei die zweite
Polspit- Seltenwande der Spitze des ersten Pole (P1) in     ze einen
nacheilenden Rand (34) aufweist, der der Ebene der Luftlagerflache gebildet
werden,     schmaler als die Spaltschicht-Breite (W.) ist. wobei derzweibt
Bereich an die Spaltschicht (16) angrenzt, jeweilige Seitenwande des ersten
Be-  35  12. Kopf nach Anspruch 11, wobei die Breite (W02) reichs im
wesentlichen nichtparallel zueinander    des nacheilenden Rands der zweiten
Polspitze und nicht kollinear zu jeweiligen Seitenwanden     emn paar
Mlkrometer schmaler als die Spalt- (18,20) des zweiten Bereichs sind und
die Spitze   schicht-Breite (W9) !St. deszweiten Pols (P2) elne minimale
Quer-Breibt, die Idelnerals die odergleich der Quer-Breite der  4o  13.
Kopf nach Anspruch 10, wobei die Brelte (W01) an die Spaltschicht (18)
angrenzenden ersten       des vorellenden Rands der ersten Polspitze sin
Polspitze ist, und eine maximale Quer-Breite auf-  paar Mlkrometer grOSer
als die Spaltschicht- weist, die glelch der Quer-Breite ist,
Breite (W.) ist. wobei der Aufzeichnungskopf keine Seitenab- schirmungen
enthilt.                      45  14. Kopf nach Anspruch 13, wobel die
Breite (W02) des nachellenden Rands der zweiten Polspitze 2. Kopf nach
Anspruch 1, wobel die Flachederzwei-     ein paar Mikrometer schmaler als
die Spelt- 



ten Polspitze in der Ebene der Luftlagerflache     schicht-Brelte (W.) Ist.
Idelner als die Flache der ersten Polspitze ist. 50  15. Kopf nach Anspruch
1, wobei die zweite Polspit- 3. Kopf nach Anspruch 1, wobel die Fliche
derzwei-    ze einen nachellenden Rand (34) aufweist, der ten Polspitze in
der Ebene der Luftlagerfllche ci-  schmaler als die Spaltschicht-Breite
(W9) ist. nen dritten und einen vierten Bereich enthilt, wo- bei der dritte
Bereich an die Spaltschicht (16) an-  16 Kopf nach Anspruch 1, wobel die
Dickejeder Pol- grenzt und die Flache des dritten Bereichs groer  55
spitze langs der LAngsachse des Kopfe gemes- als die Fliche des vierten
Bereichs (30) 1st       sen etwa drel Mikrometer betragt. 4. Kopf nach
Anspruch 3, wobel der dritt Bereich   17. Kopf nach Anspruch 1, wobel die
zweite Polspit- 8    ze oenen dritten Bereich und oinen vierten Be-     den
Abschnitts (30) in einem Winkel von unge- reich aufweist, wobel der dritte
Bereich an die   fahr 30 bis 70 Grad schlef steht. Spaltachicht (16)
angrenzt und die Seitenwande des vierten Bereichs (30) mit zwischen etwa 30
23. Verfahren nach Anspruch 18, wobel der Verfah- Grad bis 70 Grad in bezug
auf die Querachae des   5  rensschritt a) weiterhin umfal~t, eonen unge-
Kopfs konbach erweltert sind.                      trlmmten Teil des
zweiten Polachuhs (P2) stehen zu lassen, der schmaler als sein getrimmter
Tell 18. Verfahren zur Herstellung von DCInnfilm-Kopfen,   ist, und den
ungetrimmten Tell des zweiten Pol- welches gin waferseitiges
Spur-Trimmverfahren      schuhs (P2) mit jewelligen Winkeln zu trimmen,
umfaat, be! dam ein Werkstick ause inem Wafer  10  um einen sich nach innen
verjngenden Ab- besteht, auf dam sich wenigatens sin D0nnfilm-     schnitt
(30) mit schiefen Wanden zu erzeugen. Kopf mit einem ersten Polschuh (P1)
befindet, der etwas breiter im Querschnitt ala sin zweiter Polschuh (P2) im
Querschnitt let, wobel dererste  Revendications Polschuh (P1) als dererste
Polachuh definbert !st,  15 der von einem Magnetaufzeichnungamedium in
1. Tete d'enregistrement magnetiquo a couche min- seiner Laufrichtung
erreicht wird, der erste und   ce munie de deux p8les (P1, P2), chacun des
p8- der zweite Polschuh (P1, P2) durch elnen Spalt    lea (P1, P2) se
terminant par une points polaire (16) aus einem isollerenden Material
getrennt      dans un plan qui definit une surface formant sind und der
erste und der zweite Polschuh (P1,  20  coussin d'air destinoa a cooperer
avec un sup- P2) im Querschnitt SeitenwAnde (18, 20,22, 24)     port
magnetique agissant essentiellement paral- aufweisen, die im wesentlichen
senkrecht zu       lIlement t la surface formant coussin d'air, dans dom
Spalt (16) sind,                              laquelle un premier (P1) des
poles est defini wobel das Verfahren durch die folgenden Verfah-    comme
Is premier pole devant lequel le support rensschritte gekennzeichnet ist a)
ein Trimmen   25  magn~tique passe dans son sens de deplace- elnzuleiten,
um im wesentlichen senkrechte Sei-    ment, tandis qu'un second (P2) des
poles est de- tenwAnde (22,24) In bezug auf den Spalt (16) zu    fini comme
Is second p81e devant lequel le sup- bilden; und b) einen Tell des erston
Polachuhs     port magnetique passe dans son sons de d6pla- (P1) auf sine
solche Weise zu trimmen, daS seine   cement, les pointos polaires etant
separ6es par SeltenwAnde (18,20) in der Nahe des Spaltsjede   3o  une
couche d'entrefer (16) qul s'6tend transver- ungefahr senkrecht zu dem
Spalt (16) sind, und     salement- en largeur entre les pointes polaires et
einen ungetrlmmten Tell des ersten Polachuhs       essentiellement
transversalement par rapport au (PI)fern von dem Spalt (16)
stehenzulassen,wo-     sons de doplacement du support, chaque pointe be!
der ungetrimmte Tell des ersten Polachuhs      polaire comportant deux
parois laterales (18,20, (P1) breiter als sein getrimmter Tell ist.  35
22,24), Ia tote magnetique etant caractfria6e par 19. Verfahren nach
Anspruch 18, das weiterhin den     une premiere zone (26) et par une
seconde zone zusatzlichen Verfahrensschritt umfaNt: c) den
tranaversalement plus 6troite dhfinles par lee pa- ungetrimmten Tell des
ersten Polschuhs (P1) mit    role laterales de la points du premier pole
(P1) jeweiligen Winkeln zu trimmen, um eonen sich   40  dans le plan de la
surface formant coussin d'air, nach au~en verjungenden Abschnitt (26) mit
la seconds zone etant adjacent. a la couche schlefen Winden zu erzeugen.
d'entrefer (18), des parole laterales respectives de la premeire zone etant
sensiblement non pa- 20. Verfahren nach Anspruch 19, wobel die durch
ralleles entre elles et non colineaires avec des den sich nach augen
verjungenden Abschnitt  45     parole laterales (18,20) respectives de la
secon- (26) gebildeten jewelligen Winkel zwischen un-     de zone, et la
pointb du second p8le (P2) presen- gefahr 30 und 70 Grad gebildet werden.
tant une largeur transversale minimale inferieure 



ou egale a la largeur transversale de la premibre 21. Verfahren nach
Anspruch 19, dos weiterhin den     pointo polaire a proximite de la couche
d'entrefer zusitzlichen Verfahrensschritt umfaft: d) die  5o  (16) et une
largeur transversale maximale. gale Winde des zweiten Polachuhs (P2) in der
Nihe       a ladite largeur transversale, ladite tete d'enre- des Rands des
zweiten Polschuhs (P2) zu trim-      gistrement ne comportant pas d'ecran
lateral. men, der nicht In der Nahe des Spalts liegt, um el- nen sich nach
innen vej(Ingenden Abschnitt (30)  2. Tte selon la revendication 1, dans
laquelle la mit schiofen Wfinden zu bilden.            ss     surface de la
seconde pointe polaire dans le plan de la surface formant coussin d'air est
inferleure 22. Verfahren nach Anspruch 19, wobel jede der        a la
surface de la premiere pointe polaire. schiefen Wande des sich nach innen
vejiOngen- 9    17                  EP 0 356 126 B1                 18 3.
fe selon la revendication 1, dans laquelle la  14. Trte solon la
revendication 13, dans iaqu...._ surface de la seconde pointe polaire dane
lI plan  largeur (W2.) du bord arriere de la seconde points do la surface
formant coussin d'air comprend une   polaire est do quelques microns plus
etroit quo trolsieme zone et une quatrieme zone, la troisie-  la largeur
(W.) de la couche d'entrefer. me zone etant adjacente a la couche
d'entrefer   5 (16), et la surface de la troisibme zone etant su-  15.  te
solon la revendlcation 1, dans laquelle la se- peieure a la surface de la
quatrieme zone (30).    conde pointe polaire possede un bord arribre (34)
plus etrolt quo la largeur (W.) de la couche d'en- 4. life solon la
revendicatbon 3, dans laquelle la    trefer. troisieme zone consisto en un
rectangle et la qua-  10 tribme zone (30) en un quadrilatbre qul posside
16. le solon la revendication 1, dans laquelle deux cotes paralliles et
deux c6tes non paralle-   I'epaisseur de chaque points polaire, mesuree le
les, tandis quo la premiere zone consisfo en un    long de l'axe
longitudinal de la tfte est d'environ quadrilatere qui possbde deux cotes
parallolos et  trois microns. deux cotes non paralliloes.                15
17. life solon la revendlcation 1, dans laquelle la se- 5.  fe solon la
revendication 3, dans laqudllo les     conde points polaire comprend une
troisibme parois laterales non paralleles de la premibre     zone et une
quatrieme zone, la trolsibme zone zone (26) sont disposees suivant des
angles qui    otant adjacenbo a la couche d'entrefer (16) et les se situent
entre 30 et 70 degres par rapport a la  20  parols laterales de la
quatribme zone (30) otant couche d'entrefer (16).
ovasees sulvant des angles qui se situent entre environ 30 degros et 70
degros par rapport A 'axe 6.  oif solon la revendicatlon 1, dans laquelle
les    transversal do la tofe. parols latfirales non parallbles de la
premlere zone (26) sont disposees sulvant des angles qui  25  18. Procedo
pourfabriquerdes fotes A coucho mince, se situent entre 30 et 70 degres par
rapport A la  comprenant un procede d'usinage de pistes sur couche
d'entrefer (16).                            plaquetto, solon lequel une
plbce A usiner consis- to on une plaquotte comportant sur elle au moins 7.
life solon la rovendication 1, dans laquelle la     uneote A couche mince
pourvue d'une premibre premlire zone consista en un quadrilatfre qui  30
plbce polaire (P1) logbrement plus large en seo- possede deux cotes
paralleles et deux cotfs non    tion transversalo qu'une seconds plece
polaire parallbles.                                        (P2) consideree
en section transversale, selon lequel la promlibre pibce polaire (P1) est
dMfinie 8. life selon la revendication 7, dans laquelle la se-  comme la
premibre plice polaire approchee par conde zone consisfs on un rectangle.
35      un support magnotique dans son sons de depla- cement, les premibre
et secondo pleces polaires 9.  fife selon la revendication 7, dana laquelle
la se-  (P1, P2) etant separees par un entrefer (16) falt conde poinfe
polaire consisfe en un rectangle.     d'un materiau isolant, les premibre
et seconds pieces polaires (P1, P2) ayant en section trans- 10. lei selon
la revendication 1, dans laquello la  40  versale des parois laterales (18,
20, 22, 24) sen- premibre pointf polaire possbde un bord avant
siblemont perpendiculaires A l'entrefer (16), (32) plus large quo la
largeur (W,)de la couche         le procede etant caracterise parles etapes
d'entrefer.                                        qui consistent A : a)
commencer un usinage pour difinlrdes parolb laterales (22,24) sensiblement
11. le solon la revendication 10, dens laquelle la  45  perpendiculaires
par rapport A l'entrefer (16); ot 



secondo pointe polaire possbde un bord arriere     b) usiner une partie do
la premiere place polaire (34) plus etroit quo la largeur (Wg) de la couche
(P1) de telle fagon que ses parois latfrales (18, d'entrefer.
20) solent chacune approximativement perpendi- culaires A l'entrefer (16) A
proximift de celul-ci, 12. lite selon la revendication 11, dans laquelle la
5o  en laissant non usinee une partie de la premiere largeur (W20) du bord
arriore de la secondo pointo  piece polalre (P1), eloignee de l'entrefer
(16), la polaire est de quelques microns plus otroife quo   partie non
usinie do la premibre piece polaire la largeur (W.) de la couche
d'entrofer.           (P1) etant plus large quo sa partle usinee. 13. lite
solon la revendlcation 10, dans laquelle la  55   19. Procidi solon la
revendication 18, comprenant largeur (W',) du bord avant do la premibre
pointo  on outre l'etape supplementaire qui consisfe a: polaire est de
quelques microns sup6rieure A la    c) usiner la partle non usin6e de la
premibre plece largeur (W.) de la couche d'entrefer.              polaire
(P1) suivant des angles respectifs afin de 10    19                  EP 0
356126 B1                   20 crder une section (28) croissanto vers
I'exterieur, qui possede des parols inclinoes.
- *   C   L   M   S   * 20. Proodd selon la revendication 19, selon lequel
les angles respectifs definis par la section (26)   5 croissante vers
I'exterieur sort dMfinis pour so el- tuer entre approximativement 30 et 70
degros. 21. Proodd selon la revendication 19, comprenant en outre l'tape
supplementaire qui consist A:   10 d) usiner les parole do la secondo pice
polaire (P2) A proximite du bord de la secondo plce po- laire (P2) dloigne
de l'entrefer afin de definir une section (30) docroissanto vers
l'interieur, qui pos- sede des parois incllnees.                  15 22.
Procodd selon la rovendication 19, selon lequel chacune desdites parols
inciinoes de la section (30) ddcroissanto vers l'interieur oet Inclineo
sui- vant un angle d'approximativement 30 A 70 de-  20 K>      gres. 23.
Proodd selon la revendication 18, selon lequel l'etape a) consisto
ogalement a laisser non usi- nee uno partie de la seconde plce polaire (P2)
25 plus otroibt que sa partie usinde, et A usiner la partle non usinoe de
la seconde plce polaire (P2) suivant des angles roespectifs afin de crder
une section (30) decroissanto vers l'interieur, qui possede des parols
inclindes.               30 35 40 45 50 55    


