WO 01/99112 PCT/ US01/ 18971 DI SC DRI VE WTH LAYERED WRITE COL FIELD OF THE
| NVENTI ON This invention relates to disc drive storage devices. In

particul avQot/bgis2 i nvention relates to read/ wite heads fpeTr/@sahsdiisc drive
storage devices. 5 BACKGROUND OF THE | NVENTION After a disc drive is

energi zed, it warnms up and has a tenperature rise. In particular, there
are large tenperature rises in the heads used in a disc drive. The heads

i ncl ude magnetic transducers deposited on slider substrates. The magnetic
transducers carry read8G DRIVE WATHELANKEREDAWRITE CGORL i n t he heads. The
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fast transi response. wi'te coil passes through a "window' in a
wite core sheadsinchele maphetihiransdiiertsdepasitedidie skdasishlsiratzs. The magnstie

pover | 0ssesTHHKRHES Vit CRRgi AR AT 197 iR BOfh e PEETpe Socee ™
through {he RafrN@d riswinteneadfis ldge Vechis thOheads havecd shiall suffaee hrear eased
magnetic coercivities of newer higher areal density magnetic discs and the
decreased wrintrelatipp tavihgamounhnefi heat that is dissivated 18 Hie rhreaghic ansaygers.

magnet onotive force or anpere- Ny E N W cQl hely 4-84r easi ng
power | osses in tﬁ’an‘?rtgﬁ@%ﬁe&%&ﬁ?g&e&é{;&é St gd?n%ghgﬁ%%er%sducer has

scal ed down aéns_;tga,emmﬂasﬁaltsiﬁaais dnhatiaghbic papneivity.0F#h dndrerseherealr depsitcoi | have

i ncreased, |eading to higher nagnetic T
the dimensions of the magnétic transducer, such as write tip width and gap, are

15 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

20 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

25  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.



transducer tenperatures and reliability problenms. WO 01/99112 -2

PCT/ US01/ 18971 A disc drive is needed with a nagnetic transducer that can
be used wohyhigh performance discs, while reducing relipoOrAUsey18priobl ens
associated wth higher power |osses and high tenperatures in the magnetic
transducer. SUMVARY OF THE I NVENTION 5 A disc drive includes a disc and a
read/ wite head accessing the disc. The head includes a thermally
conductive substrate and a wite coil vgrndow surrounded by a shared pol e
piece thermally coupled to the substrate, a central core, a wite pole
piece and a wite g bot t I ce has
mul tiple turns théﬁgﬁ%%veb%ﬂegdndggﬁ %vve&% %Z@%r%%&%%?@%t%%{% %rugﬁd ﬁ;n?lhe 10
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have top narrowed reql ons passing through the w ndow. ‘«I}}ﬁ% top turns are
fewer in nubigher pawerf 9%@%@%@@%?#%6%’@ hB2ERTHCHAEIHRS. These and
various other features as vxngl\ggqu@Prﬂtt NV haracteri ze the present
invention will be apparent mﬁ%“!‘h%@i‘om ng 15 detailed
description and rexidw drivetineludssodisatand adreadiwniis heBRIa&IéssEE@GRI @5c.ON OF THE

DRAWNGS FIG 1 ill trat t
il lustrates Ehédﬁla@\a;csﬁeg\ﬁe%n%ﬁb’zgqrglﬁf‘&eﬁ ?‘éh%{ra ¥ e%:“(ﬁrf o cﬁﬂ er%g,‘é'd/ wite
head of a di é%&‘ldg%lﬁ’lb?%dshlaf%ﬁ old PcARRARAAS 86hp wdtia) ﬂle%umtaseomﬁtrmal 20
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readiwrite h?lgrrowed 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
characte\rize the present invention will be apparent upon reading of the following
15  detailed description and review of the associated drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

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
20  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



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS I n t he enbodi nents
illustrated below, a wite coil in a disc drive head is fornmed as nultiple
| ayers ofw@pipdh2wite coils. A bottomspiral wite coil,POT/US@/1397199112 -3
PCT/ USOL/ 18971 first layer, is adjacent a shared pole piece and is narrowed
where it passes through a wwndowin a wite coil wndow. A top spiral
wite coil, or second layer, is adjacent a wite pole piece and is al so
narrowed where it passes through the wimdow. The turns of the top spiral
wite coil are fewer in nunber and 5 flattened in conparison to the turns

in the bottomwi.ite coil. The arra nt |t ] I 1 the top
layers fl att Std?PFort A8t g%%cpﬁgfa%fp ]teF%%Isl?g? nta\h?lg%l t‘f%e?% Etpi% \/\S/trs i&t e coil,
decreases thenb@anh WREDKTAtdlieSe coil twiadowi Aetopaipiral Wiitdoil,andseenttdances t he

reliability and anbi ent tenperature range of the disc drive head. 10 Local
oper ating t elayer.as adiaeent A vattapplediessiand i§ s narsrved Wags dmasses trattyucer can

be very high_.and.the wl i rature . . r h; Iy
activated el gbet W&'atﬂh%ﬁuﬁgnéftﬁlg%ﬁ& %ﬂl \gnfeé?%bé?%%mﬁg%agl?gn P?Imﬁ? is
exceeded, 5sh@kitesddriationgaciash fcthe tuink i dghbdttoen vmseitait.i iibe pmamgemaht t hat

surrounds the wite coil. 15 H gh operatin enper at ures | he transducer
can al so i ndeé avdbpigilayers pathdhe g‘?? Fﬁgs%‘?’g?éﬂgp@s i‘ﬁ%rfw%‘i Beaﬁlﬁféﬂ?f%%m e for
efficient m Ife ite! larla gieerded cRnRs Nedne et soipf

| ocal i zed thgllr?)?rﬁaltﬁi/ t#ﬁ&%{gd@dg?meegsgs and 0t he e!ﬁﬁbteri nsi ¢ magnetostriction in
the witer pefirdowatadicahaced theselidnlityiand antiewgemaperapiaragae ohpiedlisc duri ng
and after operation, of the witer. An extended 20 'settling' period between
the terninat i9GNe8fadhe wite operation and error free initiation of the

read opergtion canplesiubperatiC RnGRARGRS ih M Whike lcoit akindbweastSa whdghetic t he
witer can inpact the expansion of the pole tip materials, causing a

vari ation in tieshsluetf eau ibeevers dpgh anil che pettreeil tomperivid GIdARPFRARedi a on
the disc. At tl?el:rgnre]dl? raeé\alvatgc? rf!lselcttrclmei\isg'ration 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



25 these variations in separation can lead to errors or a head crash.

Runni ng at high frequencies present in a high performance disc drive, the
witer headsil/eqa1ziue to joule heating in the coils and eddpCT/uRsEIsP71l 0sses
in the core. The coils can break down under the applied current pul ses due
to thermally activated mgration. The insul ator between the coils can
break down WO 01/99112 -4 PCT/USOL/ 18971 (thermally) causing coil to coil
shorting. The witer coil/insul ator/yol%b region can expand and produce a
noi sy and inefficient flux transfer domain state, requiring even nore
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100 i ncl udes B di 8¢ pac g storage surfaces 106°that are 15
typi cal | y | ayexdsr périivn@fiétei teansdatoer isakduchdt Thisdighetsoweradere @ ithrgshared

m crostructure fabrication techni s. .The di s¢ _pac 6,1 es. @ stack
of multiple @M etW@Xln}ugh&v}r‘;ﬁ?ﬁ%%gn%tggﬁatacgg@ﬁtﬂpghf_ﬁ% Ihﬁcr}%%g’s&g head 110
W th a regd/ whbdses %h%%f&j%ﬁi—f?ﬁfthfs%agn@@&ﬁa&ﬁ@@ibﬁ%y@fssC surface. The head 110

is typically formed using mcrostructure fabrication techni qu&hse. D sc pack
126 is spun or rotWitethegwesshbimmeriipnamersofithy thesmalprablemy fowdnierdse head

St or age. surt A TEEo TRt T el eI lE ) TS head aseendly 112 is
actuated to nove nMadi@l i an ehdodiniane of @ disc drive storage device 100 is illustrated.
Disc dri\ve 100 includes a disc pack 126 having storage surfaces 106 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 112 includes a head 110 with a read/write transducer for
each stacked disc surface. The head 110 is typically formed using microstructure
fabrication techniques. Disc pack 126 is spun or rotated as shown by arrow 107 to
20  allow read/write head assembly 112 to access different rotational locations for data
on the storage surfaces 106 on the disc pack 126.

Read/write head assembly 112 is actuated to move radially, relative to
the disc pack 126, as shown by arrow 122 to access different radial locations for
data on the storage surfaces 106 of disc pack 126. Typically, the actuation of

25  read/write head assembly 112 is provided by a voice coil motor 118. Voice coil
motor 118 includes a rotor 116 that pivots on axle 120 and an arm 114 that
actuates the read/write head assembly 112. Disc drive 100 includes electronic
circuitry 130 for controlling the operation of the disc drive 100 and transferring

data in and out of the disc drive.



the di sc pack 126, as shown by arrow 122 to access different radial

| ocations for data on the storage surfaces 106 of disc pack 126.

Typi cal | wovheoiaxrtuati on of 25 read/wite head assenbly 1peT/USOY8OMI ded by
a voice coil notor 118. Voice coil notor 118 includes a rotor 116 that
pivots on axle 120 and an arm 114 that actuates the read/wite head
assenbly 112. Disc drive 100 includes electronic circuitry 130 for
controlling the operation of the disc dPT ve 100 .and transferring data in
and out of the disc drive. WD 01/99112 -5 PCT/ USQOL/ 18971 The i nternal
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understood by those skilled in the art that the.i -at ] L GS. 2-4
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Referring to FIGS. 2-4, the read/wite head 140 inclgdez{a sgytiﬁgte 164
that is fornebbtisin coidrlddl | F1G ohdas @i side galeway sirfacs bt plang 464 8des as a

e e O WSO IS B, TS iy Ly e e
ceram ¢ mat er ylghg aSX¥¢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  drawn to scale and, in particular, the thickness in the X direction of a refractory
material 162 has been exaggerated for clarity.
Referring to FIGS. 2-4, 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
20 164 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 “AlTiC”.
The refractory material 162 is deposited on the substrate 164 in multiple
layers as other components layers of the magnetic transducer 146 are selectively
25  deposited in the refractory material. Refractory material 162 is a material
chosen for stability at high operating temperatures, low loss dielectric properties
and good thermal conduction properties. Refractory material 162 typical

comprises thin film deposits of alumina, silicon nitride or diamond-like carbon.



as a mxture of alum num oxide (A1203) and titanium carbide (TiC),
sonetines referred to as "AITIiC'. The refractory material 162 is deposited
on the swabtreie2 164 in nmultiple |ayers as other conponer€CEUS@y®pH of the
magneti c transducer 146 are selectively 25 deposited in the refractory
material. Refractory material 162 is a material chosen for stability at

hi gh operating tenperatures, low | oss dielectric properties and good

t hermal conduction properties. Refract o‘Py material 162 typical conprises
thin filmdeposits of alumna, silicon nitride or dianmond-1ike carbon. WO
01/99112 PCT/ US01/ : -(P‘an!yg,%% this@ d '
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i

to the shared pole piece 170. The bottom coil 152 is adjacent_the shared
pol e pi ece 17mbsirate,Rapentral ¢nse i dhn the wirig paly piste 460 pnd avige epil 7halie? bot t om

narrowed regions. 1 assin r | | 32 hhe 156 1S
adj acent the Wfise{rgg%ﬁnﬁeﬁeﬁ,gﬁ%ﬁ#%ﬁ%@%ﬁ%&ﬁﬁ%%naé %t%gﬁ%f{"gp“é’? IO!:?)% | turns
t hat havenqt opfilliag riesvedp.r eiconsnifdeassiaiigc ldyor 00§ Rohdetswhendvord #Be The t op

plurality of coil turns 156 is fewer in nunper and flattened relative to
the bottom plWHgmolgPisse 168 to theshagedmple pigsfel Wop plurality of coil turns

156 have top w de i Sl i K i . The
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top coils 156 have [arger w ross-sectio rea than the 20 bottom
coils 152. Thstiooi phrdlB of 68 tarms thetphavel wstemt wartdveednregions 188 rmassimgt f or

through\the window 172. The top coil 156 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 156 have top widened regions 184 opposite the top narrowed
regions. The top coils 156 have larger width and cross-sectional area than the

20  bottom coils 152. The coils 152, 156 are kept close to the writer core 174 for
increased head conduction through the writer core 174.

The shared pole 170 is truncated along a line 186 between the central
core 174 and the top widened regions 184. It is desirable that the shared pole
170 extends little beyond the region 174 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 172) to the shared pole 170 of

the writer.



i ncreased head conduction through the witer core 174. The shared pole 170
is truncated along a line 186 between the central core 174 and the top

wi dened me@ouoy12484. It is desirable that the shared pol ePCL/TS0E8PBENS
little beyond the region 174 connecting the witer pole 160 to the 25
shared pole 170. This truncation cools the high power density regions of
the <coil, yet restricts the capamtance contribution fromthe back portion
of the coils (which are wider than the’region in the window 172) to. the
shared pole 170 of the witer. V\D 01/99112 PCT/ US01/ 18971 -7 A portion of
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to a cross-section of an outer turn 192 of the top narrowed region in the
10 write coi | siliFangatiadesr dsmqngdrliksicapios- heat generated in the inner turn 190

i's conducted throggh, afh%nfo% x@émﬁ?ﬁ@ i thel Writeh&ibWhRbial 2 H6rhddsn

illustrated by arrow ead/wite transducer 146 al so includes
Vi as such as inner @80 190 adprerédbe cérgramgreel B withsy orosg-6Rtiandhathe smallt e coil

(i.e., the bottomcoil 152 d 15 the.to oeternal | ectrical
cont acts (notreﬁqtqvagq PETEFeC *Pﬂepfl%t H9§f‘§lfh%ﬁ’(§’) r{aﬁrgv\z[e PeLOt " 186 are
pref er abl yy cORRRCESH WiRdSRT AeSorBbe OF the AbdtYgdi¥raled’ i theSnkhaim t199 §ame
current wite current flows in both the bottomcoil 152 and the top coil

156. FIG 5 itdnduetedttbrouglh thebrengiab coreely4to thepsubstratgokttors dhysiraipd Wit e
coils in 20 the rﬁgd/vvrlte head 140 illustrated in FIGS. 2-4. FIG 5 is
not cutaway tHfou

.The read/write transducer 146 also includes vias such as via 200 to

connect the magnetoresistor 166 and the write coil (i.e., the bottom coil 152 and
15  the top coil 156) to external electrical contacts (not illustrated). The bottom coil
152 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 156.
,‘ FIG. 5 illustrates an oblique view of top and bottom spiral write coils in
20  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



center of the read/wite transducer 146, and better illustrates the spiral
arrangenent of the bottomcoil 152 and the top coil 156. Points of highest
current oeasi/minithin the coils (the inner turns of the PoDUS@MSen |

| ayer) are placed in close proximty 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 inprove the current density and reliability of the
writer design. Reduction of the vol umeSof magnetic material in the witer
core structure can reduce the delay in the witer dynanm c response. In
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read/wite hepd,. &:b?% 7%)(3 }ﬂﬁhﬁagﬁc&ltpmt IoOIﬁb @,Qésltra{el(‘ié’z)) adimegRbrd he

shared pol e piece V|ng al tomplurality o coil turns that
have bottom mh74)om&d1t$p@ie@me(h®0m@amtﬂgap flﬂﬁbughenf%é/vmtﬁ&md((lﬁle,z) The

read/ wite h 0, 140) als t the

wite pole pﬁggk("(cg §aI]?8%f?rﬁgf°§ 153 ?)cf I}{e i u?@ﬁ ﬂl%g ave top
narrowed pediygasn %?s)htﬁ@? §6lﬂﬁ1rﬁ§1ﬂﬁtlﬁ£wtlﬁtﬁtdm ﬁﬁi@dwédll%gkms 189) tp@mrrg urality
of coil turns (15 bei'ng fewer in nunber and flattened relative to the 15

bot t om pl ur althnoygbﬁhﬁzmndomﬂﬁg) (Thpyeadfvrite head (B, dhetlsor Bslydesaioneyen
houalh Turer o 536125 bG8 08 pigd (o) Memsacpiaay cpsbpingent o
with detail s tRit Habe i Haoined ecgities (lBR)Qassing dirough the window (172). The top
pluralit§ 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

20  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 and
inductors, particularly when such magnetic core structures are fabricated using

thin film or other microstructure fabrication techniques. In addition, although



vari ous enbodi nents of the invention, this disclosure is illustrative only,

and 20 changes may be nade in detail, especially in nmatters of structure
and arrangengni2 of parts within the principles of the prpreBUSI/IBYANtIi ON tO
the full extent indicated by the broad general neaning of the terns in

whi ch the appended clains are expressed. For exanple, the particul ar

el ements may vary depending on the particular application for the

read/ wite head while 25 maintaining su%StantiaIIy the sane functionality
wi t hout departing fromthe scope and spirit of the present invention. In a
further example he i nvent| ' I i ructures
generally, s uthﬁ p%le el??'daerﬁn \slt?ogimneeq{r? S &gﬁg e&’ﬁerz]rg’@g % g{?g‘fté%gﬁalig %(gl%g% g&r ef8?15 such
magneti ¢ cor ehfl filehebdess wall Be hpaedisiad byl those siglled 1 the it lihat die toadhdmgs

m crostructure fabrication techniques. In additjon, althoug? WO 01/99112 -9
PCT/ USOL/ 189 7af theypresnt fnsieprtion eaavs dPRAsH to ptheg Aalsicationsproresses lf r ected to a
read/ wite he 4.0 £ (o W ] : L s hose
skilled in t h‘gag‘z?l%tgjc{‘ﬁ%f&b?’ﬁ%lJt‘fe‘lég%“{g%é“"ﬂéém\tﬂ‘ﬁ%&%r%gg%ﬂhig Seceld Uirk 1ObS |
appl i ed t & otdfahe preberit daiehidon. pr ocesses, |i ke nanostructure fabrication
processes, w thout departing fromthe scope and spirit 5 of the present

i nvention. WO 01/99112 PCT/USOL/ 18971 -10 5 10 15 the w ndow, the top
plurality of coil turns being fewer in nunber and flattened relative to
the bottomplurality of coil turns. 2. The disc drive of Claim1 wherein
the top plurality of coil turns have top w dened regions opposite the top
narrowed regi ons. ~



3. The disc drive of Caim2 wherein the shared pole is truncated al ong a
line 20 between the central core and the top w dened regions. 4. The disc
drive of wibai/mi22 wherein a portion of heat generated in theTwsq/18oxar r owed
regions is conducted through the top wi dened regions to the substrate. 5.
The disc drive of Caiml wherein the bottomcoil and the top coil are
enbedded in a refractory material that f’rs el ectrical insulating and
thermally 25 conductive. 6. The disc dthve of Caimb5 wherein the
refractory material conprises material selected fromthe group: al um na,
silicon ni trngﬁAaIng éﬂﬁ By ig. ke carbon. 7. The disc drive of aiml
wherein the t-op—na'r-r-owedmr‘erm—bns in the wite coil w ndow include an inner
turn adj acent]. Ahdiscérive, admprdgirgw t h a cross-section that WHAT IS CLAI MED
IS: 1. Adisc drive, conprising: a disc; and a read/wite head accessing
the disc, conpri siaff§$°58n§ubstrate formed of thermally conductive material;
a wite coll w nd%vi‘e?df&?i%ﬁ%cpé’ssﬁgiﬁ@cﬁﬁg cBRpfsiRpece thermally coupled to
the substrate, a central core, a wite pole piece. and a wite gap; a
bottom coisl adj acent t heubkteatetbrpedef ficevellheondngtive aetiakn plural ity of

coil turns that have bottam narrowed regi o assi ng thr t i ndow,
and a top coil adjacent® YHE SR Vi Wé’“ﬁ}l%‘g% %@%ecgpqlgg?e%?l@}eﬁgltlw of

coil turns that have top nardoaprd th et QBSrAEIStenttal ErOUOWrIWDII pRBd 12

PCT/ USO01/ 18971 -11 is small relative to a cross-section of an outer turn of

the top narrowed region in ande wiietg8Pcoi | wi ndow. 8. The disc drive of
Claim7 wherein a portio f the er.ated | . J r i's
conduct ed through the caeﬁ?t?%}l Cé)glr g&?%ngﬁlgb E]E i Pg{éeﬁlg& havitig'a bétidh

10 ‘ 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.
2. 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 truncated along a line
20  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
narrowed regions is conducted through the top widened regions to the substrate.
5. The disc drive of Claim 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



5 9. The disc drive of Caim1l wherein the wite gap includes a nonmagnetic
netallic layer. 10. The disc drive of Claim9 wherein the nonnagnetic

nmet al | i c Wayepdieonducts heat fromthe wite pole piece tpBCT80stsaried pol e
piece. 11. A disc drive, conprising: 10 a read/wite head with a top coil

and a bottomcoil in a wite portion of the head formed on a substrate;
the read/wite head accessing a disc; and neans for conducting heat.froma
top coil inthe read/wite head to a stbsStrate in the read/wite head. 15

12. A nmethod of manufacturing a disc drive, conprising: providing a disc;
formng a read/wj A S L rare’ t r{&lnl &g)gﬁ; eri:al ;

sur roundi ng Zig\?w%ftlég%ﬁ(}%aﬂva %%ﬁ%&} ﬁifaanrgeﬁgécf/wrl etﬁ%e ﬁoz()ﬁeda% lﬁgrngd pol e
pi ece t her malthy weitigdiediddowt he substrate, a central core, a 20 wite pole

piece and a wite gap; . provjding ottom coi |l adjacent the shared pole
pi ece having & ﬁé@%bﬁ‘hdrﬁ{eu‘i’%ﬂaﬂl? 731""%‘6‘8}“ % RRTHED togé}t‘e ﬁeaq;egeggrla{e rHlntg?rowed

regi ons Dass e iioushuhe igew. Bt BEeMh Haadcdiep ool | adj acent the

wite pole piece wth atop p 25 coll turns that have top
narrowed regi &nsTheadisé dejve lof diigim fl heherein tbkowrite Igep timpugdsua adiarmsgnefic coi |
turns being fewer, in nunber and flattened relative to the bottomplurality
of coil turns‘?’et@éjcé‘iy/eégllz -12 PCT/ US01/ 18971 13. The method of Caim 12

and further cPiiesdifddrite VCHiIND WhGeih e Mkl mtalkiayert dbnscted th top
wi dened regions opposite the top narrowed regions. 14. The nethod of C aim
13 further colmat fremrilye write pole piece to the shared pole piece.
11. A disc drive, comprising:
10 a read/write head with a top coil and a bottom coil in a write portion of
the head formed on a substrate; the read/write head accessing a
disc; and
means for conducting heat from a top coil in the read/write head to a
) substrate in the read/write head.
15 12. 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 window in the read/write head with a shared
pole piece thermally coupled to the substrate, a central core, a
20 write pole piece and a write 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 window; and
providing a top coil adjacent the write pole piece with a top plurality of
25 coil turns that have top narrowed regions passing through the

window; the top plurality of coil turns being fewer in number and

flattened relative to the bottom plurality of coil turns.



5 truncating the shared pole along a |line between the central core and the
top w dened regions. 15. The nethod of Caim 13 further conprising:
conducti mgoal/panii on of heat generated in the top narroweBCT/®g§01018371 t hr ough
the top widened regions to the substrate. 10 16. The nmethod of Caim 12
further conprising: enbedding the bottomcoil and the top coil in a
refractory material that is electrical _insulating and, thermally
conductive. 17. The method of O ai m 16 ¥art her conprising: selecting the
refractory material fromthe group: alumna, silicon nitride 15 and

di anond- | i ke ;garhon. .18, Jhe. ' ' .urther conprising:

i ncludi ng, I r%gt E@e oeﬁh%da?ﬁ%ngﬁégg?g%eﬁﬁﬁanvéi te coil w ndow, an inner
turn adj acent the pe@Adingl theotdd rdlitp off osis-tamst ivith tdpatvidened magions r el at i ve
to a cross-section of an outer turn of éhe,top narrowed 20 region in the
wite coil window 19. OPResieebe P ISFOPEATTRIA- f urt her conpri sing:
conducting a [ : ;o the inner turn through the
central corelfagf{l¢1lglgghﬁgs%%:¢g%lgf?§2%. Iﬁée&ﬁrgtghﬂ(g; of Claim12 further ,
conpri sing: 25 i natundativg the rshaned goket dlongreliat bevvdeaytbe cémiral herevemidithe gap.

21. A magnetic coil assenbly, gonépri sing: a substrate forned of thermally
conductive material; V@Eﬁé@f 5°e1q- pCT/ US01/ 18971 a magnetic core
structure sursOuRdiignéd ¥ ClafinQ9ithrit B@pkisihpe Magnetic core structure
including a core portion that is thermally coupled to the substrate; a
bott om coi | adj aceondudimgcamoriar of dwat génsrased tipnthe dpp NaERPNied 1821988 t om

through the top widened regions to the substrate.

10 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:
gelecting the refractory material from the group: alumina, silicon nitride
15 and diamond-like carbon.
18. The method of Claim 1 further comprising:
including, in the top narrowed regions in the write coil window, an inner
turn adjacent the central core with a cross-section that is small
relative to a cross-section of an outer turn of the top narrowed
20 region in the write coil window.
19. The method of Claim 18 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;



5 plurality of coil turns that have bottom narrowed regi ons passing
through the wi ndow, and a top coil overlying the bottomcoil, the top coil
having awepuvplzality of coil turns that have top narr oReTUS@QISOTIS

passi ng through the w ndow, the top plurality of coil turns being fewer in
nunber and 10 flattened relative to the bottomplurality of coil turns.

22. The magnetic coil assenbly of O aim21 wherein a portion of heat
generated in the top narrowed regions 1's” conducted through the top w dened
regions to the substrate. 23. The nmmgnetic coil assembly of Oaim21

wherein the bottom.coil.. t D 20l ey IcTa gy f.r act or
material that is 8IeEY nggreisﬁﬁtfléetsi%%(ﬁgé ldtvflﬁetr r?am coﬁéh%?li%%%&lcm. Thg
magnetic coil assenbly cofe shtuie Zichwiigy £ coret foatiore tiranet theymatiyt @pkad
conprises nmaterial selected fromthe group: alumina, silicon nitride and
di anond-1i ke carbon. 200 $5 SubHiEtsagnetic coil assenbly of C aim21 further

conpri sing a oot 3oy bl Gl B SHEHD chRSkah, Y NS 5P EAAAEabBbRE Wi Le

coil window include an'inner”turn adjacent the central core with a
cross-seckion that is gmblityraficailitums that hawr betom seeewaeshregionsipassinger t urn
of the top narrowed re%%ﬂgﬁﬁlet‘ggdwv;i;ng coi l w ndow.

2 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

10 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 widened
regions to the substrate.
23. The magnetic coil assembly of Claim 21 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 narrowed regions in the write coil window include an inner turn

~ adjacent the central core with a cross-section that is small relative to a cross-

section of an outer turn of the top narrowed region in the write coil window.



