
;tue3e?^6?[l.6T6=D-    DISC DRIVE WITH LAYERED WRITE COIL FIELD OF THE
INVENTION ` This invention relates to disc drive storage devices. In
particular, this invention relates to read/write heads for such disc drive
storage devices. ' S BACKGROUND OF THE INVENTION After a disc drive is
energized, it warms up and has a temperature rise. In particular, there are
large temperature rises in the heads used in a disc drive. The heads
include magnetic transducers deposited on slider substrates. The magnetic
transducers carry read/write currents that generate heat in the heads. The
10 temperature rise in the heads is large because the heads have a small
surface area in relation to the amount of heat that is dissipated in the
magnetic transducers. In newer, higher performance disc drives, the discs
have increased areal density, rotational speeds and magnetic coercivity
With increased areal density, the dimensions of the magnetic transducer,
such as write tip width and gap, are areal 1 s made correspondingly
smaller. With increased areal density and rotational speeds, the operating
frequency of the magnetic transducer increases. Inductances and
capacitances in a write coil need to be smaller to operate at the higher
frequencies and provide fast transient response. The write coil passes
through a "window" in a write core structure, and this window is made
smaller 2o to reduce inductance in the write coil. With the smaller window,
there are increased power losses in the write coil, particularly where the
write coil passes through the narrowed "window" of the write core
structure. The increased magnetic coercivities of newer higher areal
density magnetic discs and the decreased write tip width combine to
increase the need ?5 for magnetomotive force or ampere-turns in the write
coil, further increasing power losses in the write coil. This size of the
magnetic transducer has scaled down at the same time ' that the power
losses in the write coil have increased, leading to higher magnetic
transducer temperatures and reliability problems.    w0 (11/l)112 -2
PCT/USO1/18971 A disc drive is needed with a magnetic transducer that can
be used with ` high performance discs, while reducing reliability problems
associated with higher power losses and high temperatures in the magnetic.
transducer. 



SUMMARY OF THE INVENTION 5 A disc drive includes a disc and a read/write
head accessing the disc. The head includes a thermally conductive substrate
and a write coil window surrounded by a shared pole piece thermally coupled
to the substrate, a central core, a write pole piece and a write gap. A
bottom coil adjacent the shared pole piece has multiple turns that have
bottom narrowed regions passing through the 1o window. A top coil adjacent
the write pole piece has multiple turns that have top narrowed regions
passing through the window. The top turns are fewer in number and flattened
relative to the bottom turns. These and various other features as well as
advantages which characterize the present invention will be apparent upon
reading of the following 15 detailed description and review of the
associated drawings. BRIEF DESCRIPTION OF THE DRAWING FIG. 1 illustrates a
disc drive storage device. FIG. 2 illustrates a cutaway view of a bottom
spiral write coil in a read/write head of a disc drive and heat flow
associated with the bottom spiral 2o write coil. FIG. 3 illustrates a
cutaway view of a top spiral write coil in a read/write head of a disc
drive and heat flow associated with the top spiral write coil. FIG. 4
illustrates a cutaway oblique view of top and bottom spiral write coils in
a read/write head of a disc drive. 25 FIG. 5 illustrates an oblique view of
top and bottom spiral write coils in a read/write head. DETAILED
DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS In the embodiments illustrated
below, a write coil in a disc drive head is formed as multiple layers of
spiral write coils. A bottom spiral write coil, or   V1'O 111 /99112
PCT/US(i l /I897I ., _J_ first layer, is adjacent a shared pole piece and
is narrowed where it passes 



` through a window in a write coil window. A top spiral write coil, or
second layer, is adjacent a mite pole piece and is also narrowed where it
passes through  the window. The turns of the top spiral write coil are
fewer in number and 5 flattened in comparison to the turns in the bottom
write coil. The arrangement of multiple layers with the top layers
flattened provides improved heat transfer from the top write coil,
decreases the local temperatures in the write coil window and enhances the
reliability and ambient temperature range of the disc drive head. 1o Local
operating temperatures in a write coil window of a magnetic transducer can
be very high and the write coil temperature can approach a thermally
activated electromigration limit. When this electromigration limit is
exceeded short circuits can occur through the insulating material that
surrounds the write coil. 15 High operating temperatures in the transducer
can also induce domain states in the writer poles that are unsuitable for
efficient magnetic flux transmission due to the combined effects of
localized thermally induced stresses and the intrinsic magnetostriction in
the writer pole materials. These domain states can change rapidly during
and after operation of the writer. An extended 20 'settling' period between
the termination of the write operation and error free initiation of the
read operation can result. Such changes in the local stress within the
writer can impact the expansion of the pole tip materials, causing a
variation in the effective separation between the head and the media on the
disc. At high areal densities, 25 these variations in separation can lead
to errors or a head crash. Running at high frequencies present in a high
performance disc drive, the writer heats up due to joule heating in the
coils and eddy current losses in the core. The coils can break down under
the applied current pulses due to thermally activated migration. The
insulator between the coils can break down   V'O l11/99112 PCT/USO1/1R9?1
(thermally) causing coil to coil shorting. The writer coil/insulator/yoke
region ' can expand and produce a noisy and inefficient flux transfer
domain state, requiring even more current to be driven into the writer to
switch the media. Changes in the writer yoke can vary the effective pole
tip recession 



5 (PTR), altering the head-media separation (HMS) substantially during a
write cycle. Should the shared pole between the reader and the writer get
hot due to its operation, then the efficiency by which the shields reduce
the temperature of the reader portion of the transducer is reduced. This
high temperature of the shared pole limits the maximum current density that
can be applied to the reader, and to stresses the stability of the magnetic
stabilization layers. With the present invention, many of the thermal
problems found in heads of high performance disc drives are greatly
reduced. In FIG. l, an embodiment of a disc drive storage device l00 is
illustrated. Disc drive 100 includes a disc. pack 126 having storage
surfaces I06 that are 15 typically layers of magnetic material that are
deposited using microstructure fabrication techniques. The disc pack 126
includes a stack of multiple discs and the read/write head assembly I I2
includes a head I 10 with a rad/write transducer for each stacked disc
surface. The head 110 is typically formed using microstructure fabrication
technique Disc pack 126 is spun or rotated as shown by arrow 107 to 2o
allow read/write head assembly 1 I2 to access different rotational
locations for data on the storage surfaces 106 on the disc pack 136.
Read/write head assembly 112 is actuated to move radially relative to the
disc pack I26, as shown by arrow I22 to access different radial locations
for data on the storage surfaces 106 of disc pack l26. Typically, the
actuation of 25 read/write head assembly 112 is provided by a voice coil
motor I 18. Voice coil motor 1l8 includes a rotor 1l6 that pivots on axle
120 and an arm 114 that actuates the read/write head assembly 112. Disc
drive l00 includes electronic circuitry 130 for controlling the operation
of the disc drive 100 and transferring data in and out of the disc drive.
1'I'O 01/991 l2 PCT/US(I1/189?I _5_ The internal arrangement of the
read/write head 110 includes multiple layers of spiral coils and is
explained in more detail below in connection with an example illustrated in
FIGS. 2-5. FIGS, 2-4 illustrate three views of trailing edge of a thin film
read/write 5 head 140, Each view in FIGS. 2-4 is sectioned or cutaway along
two planes to expose various features of the read/write head l40. Each view
in FIGS. 2-4 has a front cutaway surface 142 along an XZ plane that is
perpendicular to an air bearing surface I44 Generally along an XY plane.
Front cutaway surface l42 passes approximately through a center of a
magnetic read/write transducer 146. 10 FIG. 2 has a side cutaway surface
150 along a ZY plane exposing a portion of a bottom coil I52. FIG. 3 has a
side cutaway surface 154 along a ZY plane 



exposing a portion of a top coil I56. FIG. 4 has a side cutaway surface l58
along a ZY plane exposing a portion of a write pole piece 160. It will be
understood by those skilled in the art that the illustrations in FIGS. 2-4
are not 15 dram to scale and, in particular, the thickness in the X
direction of a refractory material l62 has been exaggerated for clarity.
Referring to FIGS) ?-4, the read/write head 140 includes a substrate 164
that is formed of thermally conductive material. Substrate 164 serves as a
heatsink for the heat generated in the magnetic transducer 146. The
substrate 2o 164 is preferably formed from an electrically conducting
ceramic material, such as a mixture of aluminum oxide (A1?03) and titanium
carbide (TiC), sometimes referred to as "AITiC" The refractory material 1
b? is deposited on the substrate 164 in multiple layers as other components
layers of the magnetic transducer I46 are selectively 25 deposited in the
refractory material, Refractory material 162 is a material chosen fox
stability at high operating temperatures, low loss dielectric properties
and good thermal conduction properties. Refractory material l62 typical
comprises thin film deposits of alumina, silicon nitride or diamond-like
carbon.   ~'4'O (l1/99112 -6 PCT/US(I1/18971 Magnetic transducer l46
includes a magnetoresistive read sensor 166 ' deposited between a read pole
168 and a shared pole 170. The magnetoresistive read sensor 166, the read
pole 168 and the shared pole l70 are temperature sensitive components whose
operation can be adversely affected by heat 5 generated in adjoining
portions of the magnetic transducer I46. A write coil window 172 (shown
most completely in FIG. 4) is surrounded by the shared pole piece 170, that
is thermally coupled to the 



substrate, a central core I74, the write pole piece 160 and a write gap
176. In a preferred arrangement, write gap 176 includes a non-magnetic
metal layer l78 to filling the gap. The nonmagnetic metallic layer 178
conducts heat from the write pole piece I60 to the shared pole piece 170.
The bottom coil 152 is adjacent the shared pole piece 170 and has a bottom
plurality of coil turns that have bottom narrowed regions 180 passing
through the window 172. The top coil I 56 is adjacent the write pole piece
160 15 and has a top plurality of coil turns that have top narrowed regions
182 passing through the window 172. The top plurality of coil turns 156 is
fewer in number and flattened relative to the bottom plurality of coil
turns 152. The top plurality of coil turns 15b have top widened regions 184
opposite the top narrowed regions. The top coils l56 have larger width and
cross-sectional area than the 2o bottom coils l 52. The coils l52, 1 S6 are
kept close to the writer core 174 for increased head conduction through the
writer core l74. The shared pole l70 is truncated along a line 186 between
the central core 174 and the top widened regions 184. It is desirable that
the shared pole I70 extends little beyond the region l74 connecting the
writer pole 160 to the 25 shared pole 170. This truncation cools the high
power density regions of the coil, yet restricts the capacitance
contribution from the back portion of the coils (which are wider than the
region in the window l72) to the shared pole 170 of the writer.   w0
01/99112 _7_ PCT/USO 1 /189? 1 A portion of heat generated in the top
narrowed regions 182 is conducted ` through the top widened regions 184 to
the substrate 164 as illustrated by arrows 188 (FIG. 3). The bottom coil
152 and the top coil 156 are embedded in a refractory material I62 that is
electrical insulating and thermally conductive, 5 The refractory material
16? preferably comprises material such as alumina, silicon nitride or
diamond-like carbon. 



The top narrowed regions l82 in the write coil window l72 include an inner
turn 190 adjacent the central core 174 write a cross-section that is small
relative to a cross-section of an outer turn l92 of the top narrowed region
in the 1 o write coil window. A portion of the heat generated in the inner
turn 190 is conducted through the central core 174 to the substrate 164 as
illustrated by arrow 196. .The read/write transducer 146 also includes vies
such as via 200 to connect the magnetoresistor 166 and the write coil
(i.e., the bottom coil l52 and t s the top coil 156) to external electrical
contacts (not illustrated). The bottom coil l52 and the top coil 156 are
preferably connected in series electrically by a via so that the same
current write current flows in both the bottom coil 152 and the top coil
l56. FIG. S illustrates an oblique view of top and bottom spiral write
coils in 2o the read/write head 140 illustrated in FIGS. 2-4. FIG. 5 is not
cutaway through a center of the read/write transducer 146, and better
illustrates the spiral arrangement of the bottom coil 152 and the top coil
156. Points of highest current density within the coils {the inner turns of
the bottom coil layer) are placed in close proximity to the yoke 174 in
order to heat 25 sink the power generated by these regions of highest
current density into the shared pole, and improve the current density and
reliability of the writer design, Reduction of the volume of magnetic
material in the writer core structure can reduce the delay in the writer
dynamic response. In addition a reduction in the amount of magnetic
material experiencing intense high frequency fields   V~O (>1/99112
PCT/US01/18971 _g_ from the writer coils tends to render the joule heating
effects produced by eddy current losses in the writer core structure less
of a significant problem. In conclusion, a disc drive (100) includes a disc
(I26) and a read head ( 100, l 40) accessing the disc ( 126). The read head
(100, l 40) 5 includes a substrate (164) formed of thermally conductive
material. The read/write head (I 10, l40) includes a write coil window
(l72) surrounded by a shared pole piece ( 170) thermally coupled to the
substrate { 164), a central core (174), a write pole piece (160) and a
write gap (l76). The read/write head (l00, 140) includes a bottom coil
(l52) adjacent the shared pole piece (170) having a 



l0 bottom pluratily of coil turns that have bottom narrowed regions {180)
passing through the window (I72). The read/write head (100, 140) also
includes a top coil (I S6) adjacent the write pole piece (160) having a top
plurality of coil turns that have top narrowed regions (182) passing
through the window (172). The top plurality of coil turns (156) being fewer
in number and flattened relative to the 15 bottom plurality of coil turns
(152). It is to be understood that even though numerous characteristics and
advantages of various embodiments of the invention have been set forth in
the foregoing description, together with details of the structure and
function of various embodiments of the invention, this disclosure is
illustrative only. and 2o changes may be made in detail, especially in
matters of structure and arrangement of parts within the principles of the
present invention to the full extent indicated by the broad general meaning
of the terms in which the appended claims are expressed. For example, the
particular elements may vary depending on the particular application for
the read/write head while 25 maintaining substantially the same
functionality without departing from the scope and spirit of the present
invention. In a further example, the invention can be applied to magnetic
core structures generally, such as transformers acid inductors,
particularly when such magnetic core structures are fabricated using thin
film or other microstructure fabrication techniques. In addition, although
WO 0l/99112 PCTIUS01/18971 -9 the preferred embodiment described herein is
directed to a read/write head for a thin film head, it will be appreciated
by those skilled in the art that the teachings of the present invention can
be applied to other fabrication processes, like nanostructure fabrication
processes, without departing from the scope and spirit of the present
invention.   WO 01I99112 -10 WHAT IS CLAIMED IS: 1. A disc drive,
comprising: PCT/USO1/18971 a disc; and a read/w~rite head accessing the
disc, comprising: 5 a substrate formed of thermally conductive material; a
write coil window surrounded by a shared pole piece thermally coupled to
the substrate, a central core, a write pole piece and a write gap; a bottom
coil adjacent the shared pole piece having a bottom 1o plurality of coil
turns that have bottom narrowed regions passing through the window; and a
top coil adjacent the write pole piece having a top plurality of coil turns
that have top narrowed regions passing through the window; the top
plurality of coil turns being fewer in 15 number and flattened relative to
the bottom plurality of coil turns. ?. The disc drive of Claim 1 wherein
the top plurality of coil turns have top widened regions opposite the top
narrowed regions. 3. The disc drive of Claim 2 wherein the shared pole is
tnmcated along a line 2o between the central core and the top widened
regions. 4. The disc drive of Claim 2 wherein a portion of heat generated
in the top naixowed regions is conducted through the top widened regions to
the substrate. 5. The disc drive of Clairn 1 wherein the bottom coil and
the top coil are embedded in a refractory material that is electrical
insulating and thermally 25 conductive. 



6. The disc drive of Claim 5 wherein the refractory material comprises
material selected from the group: alumina, silicon nitride and diamond-like
carbon. 7. The disc drive of Claim 1 wherein the top narrowed regions in
the write coil window include an inner turn adjacent the central core with
a cross-section that   Vl0 111/91112 PCT/USOl/18971 -I l is small relative
to a cross-section of an outer turn of the top narrowed region in the write
coil windov,.~. 8. The disc drive of Claim 7 wherein a portion of the heat
generated in the inner turn is conducted through the central core to the
substrate. 5 9. The disc drive of Claim 1 wherein the write gap includes a
nonmagnetic metallic layer. 10. The disc drive of Claim 9 wherein the
nonmagnetic metallic layer conducts heat from the write pole piece to the
shared pole piece. 11. A disc drive, comprising: to a readlw-rite head with
a top coil and a bottom coil in a write portion of the head formed on a
substrate; the read/ivrite head accessing a disc; and means for conducting
heat from a top coil in the read/write head to a substrate in the
readl~~,~rite head. 15 1?, A method of manufacturing a disc drive,
comprising: providing a disc; forming a read/write head substrate of
thermally conductive material; surrounding a write coil windovrr in the
readlv~rrite head with a shared pole piece thermally coupled to the
substrate, a central core, a 2o write pole piece and a uTite gap; providing
a bottom coil adjacent the shared pole piece having a bottom plurality of
coil turns that have bottom narrowed regions passing through the windo~.v;
and providing a top coil adj acent the v~~rite pole piece with a top
plurality of 25 coil turns that have top narrowed regions passing through
the ~indow; the top plurality of coil trns being fewer in number and
flattened relative to the bottom plurality of coil turns.   WO (l1/99112
-I2 13. The method of Claim 12 and further comprising: PCT/USO1/18971
providing the top plurality of coil turns with top widened regions opposite
the top narrowed regions. 14. The method of Claim 13 further comprising: 5
truncating the shared pole along a line between the central core and the
top widened regions. 



15, The method of Claim 13 further comprising: conducting a portion of heat
generated in the top narrowed regions through the top widened regions to
the substrate. l0 16. The method of Claim 12 further comprising: embedding
the bottom coil and the top coil in a refractory material that is
electrical insulating and thermally conductive. 17. The method of Claim 16
further comprising: selecting the refractory material from the group:
alumina, silicon nitride 15 and diamond-like carbon. 18. T'he method of
Claim 1 further comprising: including, in the top narrowed regions in the
write coil window, an inner turn adjacent the central core ~.vith a
cross-section that is small relative to a cross-section of an outer turn of
the top narrowed 2o region in the write coil window. 19. The method of
Claim 1 S further comprising: conducting a portion of the heat generated in
the inner turn through the central core to the substrate. 20. The method of
Claim 12 further comprising: 25 including a nonmagnetic metallic layer in
the write gap. 21. A magnetic coil assembly, comprising: a substrate formed
of thermally conductive material;   ~?4~0 01/99112 -13 PCT/USU1/1897t a
magnetic core structure surrounding a wite coil window, the magnetic core
structure including a core portion that is thermally coupled to the
substrate; a bottom coil adjacent the core portion, the bottom coil having
a bottom 5 plurality of coil turns that have bottom narrowed regions
passing through the window; and a top coil overlying the bottom coil, the
top coil having a top plurality of coil turns that have top narrowed
regions passing through the window; the top plurality of coil turns being
fewer in number and l0 flattened relative to the bottom plurality of coil
turns. 22. The magnetic coil assembly of Claim 21 wherein a portion of heat
generated in the top narrowed regions is conducted through the top uridened
regions to the substrate. 23. The magnetic coil assembly of Claim ? 1
wherein the bottom coil and the 15 top coil are embedded in a refractory
material that is electrical insulating and thermally conductive. 24. The
magnetic coil assembly of Claim 21 wherein the refractory material
comprises material selected from the group: alumina, silicon nitride and
diamond-like carbon. 



20 25. The magnetic coil assembly of Claim 21 further comprising a central
core, wherein the top nan~owed regions in the write coil window include an
inner turn adjacent the central core with a cross-section that is small
relative to a crosssection of an outer turn of the top narrowed region in
the write coil window. .A .AL.A39.A3L.A9.A;L.A;L.A(9.A;&0.A L.AaL .A;L
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