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(57) Abstract: A disc drive (100) includes a disc (126) and a read/write head (140) accessing the disc. The head includes a thermally
conductive substrate (164) and a write coil window (172) surrounded by a shared pole piece (170) thermally coupled to the substrate,
a central core (174), a write pole piece (160) and a write gap (176). A bottom coil (152) adjacent the shared pole piece has multiple
turns that have bottom narrowed regions (180) passing through the window. A top coil (156) adjacent the write pole piece has

multiple turns that have top narrowed regions (182) passing through the window. The top turns are fewer in number and flattened

relative to the bottom turns.
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FI ELD OF THE I NVENTION This invention relates to disc driv @ e
devices. In particular, this invention relates to read/\]/rg \{23@@% for
such di sc dgiovs, ﬁtlé)rage devices. 5 BACKGROUND OF THE | NVENTI ON Afte

disc drive I's energized, it warns up and has a tenperat GFEUPGIATL | n
particular, there are Iarge tenperature rises in the heads used in a disc
drive. The heads include magnetic transducers deposited on slider
substrates. The magneti-c transducers carry read/wite currents that
generate heat in the hepiSC DRIVE WITIEEIRYERED WRITE€OIL t he heads is |arge
because the heads have a snal FIEW OBRJEIFANYVENTIONTI el ati on to the anount of

heat that is dissipated in t n transdycers n hi gher

perf or mance disc drived °“Pﬂ’ére§?tg%§ cﬁsﬁ\f@vf ﬁtefaéag%war ghparpﬂ'@”ﬁ’s@

rotational spenskntion eblaigsgo rhd/oriedeadsifor sush didVdrive storageatrsieek. ar eal densi ty,

t he di nensi ons of the mgn%@@@m&%@wite tip wdth and
gap, are 15° made correspon eased areal density and
rotational speeds, Aﬁdﬂedﬁaeﬂﬁtm agrdized it onms upfandlkaeamgﬁﬁwre:mterhnsducer '
i ncreases. | nduct ) an(il paci t.ances .i &53 ;\gﬁ ilh to be

smal ler to opeP%ﬁ’ ?rﬁﬁre *We?% CTtpI S R Heh it itk Vﬁs ® r ansi ent
response. The headd mclcudn ﬂnagna&smmw:érs depghlteao \shdedmbstratas EheutidgheticcOr e
structure, and_this w ndow i | %q redu e jn ance in the
wite coil. W ERRSEYEESSTRER| SR dowemtgh ?ege&e’%e g%ei&e go | osses in
the wri te aoi | temperaturecrite & thy heakdeis dargdtecause the heads havpa&nﬂbsurfacreramagh t he
narrowed “w ndgw lgﬁ%to:iﬁa Vwohrtlt%f ﬁea tlg &usgf%?!tjedefn thl_ eﬁg&%&&grsn'agnetl ¢

coercivities of*'f ar ea densh dirscs and the
decreased wite ti rin\muierhhlghmrlperfmmhnceldm rdewethe Idxscsrhawmc@&ed areal

magnet onot i ve for [,.a t [ t i ncreasing
power | osses i n ﬁyé r@?tfop%ggeﬁf Enlfl.lrﬁ%g ot cer?wM.t\fﬁﬁl ﬁgﬂe&set} L%tdr an ’ducer has
scal ed down at thehlgngmives oﬂthemaglhmtrarhéampomh ab psedp Wldthtahégw,latee coil have

ol abi 111y pr e sk gl GBHR\ I 5R030 el s B PG ena

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.



-2 Adisc drive is needed with a magnetic transducer that can b§ LihEd W th
hi gh performance discs, while reducing reliability probl.é B4t ed

wi th highe | osses and hi gh tenperatures in the nm
transducer.w@%g{ OF THE INVENTION 5 A disc drive i ncI"G@H%‘"Q”d}sc and a
read/ wite head accessing the disc. The head includes a thermally
conductive substrate and a wite coil w ndow surrounded by a shared pole
piece thermally coupled to the substraf2e, a central core, a wite pole
piece and a wite gap. A bottom coil adjacent the shared pole piece has
nmul tiple turns that ve ho ough the 10
w ndow. A top coil é acdgg {Stngége&]%t§g%g?éf%%agsc%§wﬁa rrulquuﬁrde‘}’jﬁ rns that
have top narr ch@dparfegnams disess sihilg reducmglgbhabﬂn@ wiohkons!. asi:loxatetlopitli urns are

fewer in numberangd, i Aleha glga?érﬁbgw& sif b R0t Loy ns. These and

vari ous ot her res as we ages aracterize the
present invention wll y MM the follow ng 15

detail ed descriptio : | r :
DESCRI PTI ONOF THE Wﬂﬁ% h &9 Lfﬁ ?P%é?gag{vgﬁstggea& &%S%lg? or age
device. FIG 2 Thelbgst inalalés aathmmalilwagnductelwSolﬁstratelmdtaowmtmoﬂamnduwte coil in

a read/wite QW ﬁﬁd%@'eé?ec%ﬁx@ﬁ%ﬂgtcoﬁ lé&"\!o%?ess‘?lpéﬂ% o UL

bott om spi ral tes a cutaway view of a top
spiral wite c@oﬂe,awntr mbanﬁcv\md:ewnhsam Aobottemdiotl adidednt the shededede | ow

associ at ed Wt B od i APhRl vk Soith harrdlefEregons bhid5p b die CUt VY

obl i que view of top an tomspiral wit col n aread/ wite head of
a disc driv®., 28ndomGA tap ¢dill adiseantthe writerpolsirideg bes ryylinle blrnstthﬁ@hmdomot tom

spiral wite c T PRWEN

| LLUSTRATI VE E%B &Néqu%% ﬁ%ﬁ%ﬁ ﬁrbnﬁghg“:ﬁ ?rqutgsﬁf Pt ieﬁ%‘d éi&Le ow, a i te
coi | in a di scnumberantfaten¢dyelativertortha bettonpiyimsi pl e | ayers of spiral wite
coils. A bottom spi ffdse Wit GarfoBl | othe?' febtufds e welO4s advantages which

charactc;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 niultiple layers of spiral write coils. A bottom spiral write coil, or



WO 01/99112 PCT/ USOL/ 18971 -3 first layer, is adjacent a shave&uﬁol e piece
and is narrowed where it passes through a windowin a w ndow.

A top spira coil, or second layer, is adjacent a wite pole piece
and is al so&vr?\;“:l}?%l\?ed where it passes through the wi ndofFT¥Ha l%r ns of the
top spiral wite coil are fewer in nunber and 5 flattened in conparison to

the turns in the bottomwite coil. The arrangenment of nultiple |ayers
with the top |ayers flattened provi des-3-nproved heat transfer fromthe
top wite coil, decreases the |ocal terrperatures inthe wite coil w ndow

And enhances il 30 dichan o T8 Wieds RS halfea PHE Sprche U

drive head. 10 Hdow of a
magnetic t ranslduwa mrdob'em\ﬁewmekmgrvmdw tﬁh@pvvpxralezvmglcbﬂ toersmmat ure can
approach a i t [ I

el ectrom grati gﬁW J%faig&ta%eegm gf% aﬁcﬁf?a&o?ﬁoﬁ}dt@gggt %%%@rr& rough the
i nsul ati ng nmat dhs windowatTheunme ofiths top b;araerlttaectnbarb fevied itinghbepped at i ng
tenperatures iy, n t he
witer pol e? thmattghgggﬁ unséélﬂgq]btf) for e F(@?‘lg)n wsr%%@iﬁelt Th§%1?§n§eﬁnét ?ansm ssion
due to the con‘mfnadtlpédl‘ammtbﬂheltalmtab'erzﬂdﬁmhépmldbs)nmpmgth@tB'ansﬁsses and
the intrinsic ost.r i ;Eg i terd se domaln
states can cha%gpggp?% b u@?hg&é elécgd ta%y §| on ﬁ vv-rg&?

ext ended 20 ' seotindawigpd qybancwthbeeﬂmbhw anchembremrtvmmatm r@ge pme Wist t e
operation and g % aPree initiation of the read operation can result.
Such changes in the ocal stress within the witer can inpact the

expansi on of0 t he polkocal ppevating riprapesaturesins i rvgyite coih windowoef 4 magustic ef f ect i ve
separati on bet Uaalbd)Seah R fligh N TRl Wted Do Afipbllife oo apflofih. 21 €2l
densities, ese variations I n separation caR | ead rrors or a head
crash. Runni ng thqrmhlbgwmte‘heleﬁ@megatmné@eht%m ﬁusmlwoww Haitde di sc
drive, the widglileaict dieuitlien bQut Brbugh &%%sma&lg Batt® taOhukuR9d eddy
current losses In thé core. The coils can break down under the applied
current pul ses thjwritegoil.

15 High operating temperatures in the transducer can also induce domain

D

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



thermally activated mgration. The insul ator between the coils br eak
down 1 9 NOV 2004 WD 01/99112 PCT/ USOL/ 18971 -4 (thermal §\3 Nﬂryuiﬁﬂg coi l
to coil shoglydigespfNe Witer coil/insulator/yoke region can expand and
produce a noisy and inefficient flux transfer domain statEUSOIEGLi ring
even nore current to be driven into the witer to switch the nedia.
Changes in the witer yoke can vary the effective pole tip recession 5
(PTR), altering the head-nedia separat#en (HVS) substantially during a
wite cycle. Should the shared pole between the reader and the witer get
hot due to its { ; e ef fi Gl 2 ol | el ds reduce
the tenperatur éthg@ﬁpﬁeéa%hega@ﬁg 5%1??}03%%1&% ? @??ﬁ%ﬁ%ﬁ%@ﬁ&g r? 1‘%fluced. Thi s
hi gh t enper at urcen efpandh@nd lpeodact a poisy ahd mreffivienh Buxrdpansferndomain emte, densi ty

t hat can be appli t ad . . . hility of the
magneti c stabi Pélq?gr'?’lgtggenl%%ee%%g Pﬁ%ﬁ‘%&%ggﬁﬁ?’ﬁs\%ﬁ?iﬁgﬁ%&%ny of the

t hermal probl ens f oGhatgésninHbe daiter ook caphvaue theoeffeatincepaké ¢ip reivessims ar e

greatly redyce n P=Yeanleel LS [l e device
T00 15”11 bt r DS ot plB R EkRRG! GRlisPaffuafiafly Wil SRROC ©

st orage sur f aceycldGboulfhthe sharesl poletbetwepi theitedader hed/tbe writst gerhigtrveitaitsrat er i al

t hat are deposi - US] ' / ' | [ f&She The disc
pack 126 i ncl u3%%9%&%%13{%@8@%5%@%&%%3?{%@&3%ﬁlﬁ%ﬁge {elr%gg%{fW| t%e head
assenbly 112 i mesderchostion ofithedransiocepdsirpdugedy dhis/highi terapergtar ofithe shargdor  each
stacked disc s i ' I '

m crostruct ure%{egﬁﬁsctg{ﬁgﬁﬁ ta%ccﬁ‘lgla&gg&y%hg%h%é irleggdjlfhg%éaggrha%dr rot at ed
as shown byl0ar isegsesclp sabilitnofihe magneticatpbiliation laverad assenmbly 112 to access
di fferent rotati onakyiQealrtseftonvemtond@h of 8 theifal phobleal Sounlid Rags 106 on
t he disc pack 126. Read/wite head asseml%-@llz is actuated to nove
radial |y, rel atofbighpeforppnce disgdrivsnar gregtly re@isedshown by arrow 122 to access

different radial | ogAtiGONSnkRbodif@t 8f Lliscldife H6REARGS1I0i80RSa%dS Of disc
pack 126. Typically, the ‘actuation of 25 read/wite head assenbly 112 is

provi ded by a Rifc@edioP Brindet 2 fiipg pactol 26 dhapipg sloragp sustaces 1890i et |%fles a r ot or
116 that pi M0t SyfRiRidyRrs1aOmagheticd hahidD thet 4rd Bedosited 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 aécess 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.



actuates the read/ wite head assenbly 112. Disc drive 100 incllﬁ es
electronic circuitry 130 for controlling the operatior ng(ﬂ\ha sc drive
100 and tr?#?fofg%;}pg data in and out of the disc drive, 1 9 NOV 2004 WO
01/ 99112 PCTTU&01/18971 -5 The internal arrangenent of PREUSAwite head
110 includes multiple layers of spiral coils and is explained in nore
detail below in connection with an exanple illustrated in FIGS. 2-5.

FIGS. 2-4 illustrate three views of tra¥ling edge of a thin film

read/ wite 5 head 140. Each viewin FIGS. 2-4 is sectioned or cutaway

along two planes to ' : -Of ' ead 140.
Eachgvi ew !On FI GS. ?ﬁ“ﬁ%‘zﬁ a}é&?ére&ua drRe MRl }}ew?qufgﬁlg%%%lﬁgg XZ pl ane

ont cutaway surface
that is per pendpystd eiispitabecils apd is explained in gnora defail belowdn copaetionMith anl ong an XY
pl ane. Front c axilﬁlg&g@qgﬁégz_ggasses approxi mately through a center of
a magnetic read/wilte transducer 146. 10 FIG 2 has a side cutaway surface

150 al ong a ZY pl an&lGS¢Bdisillngjrate thuse viewn ofbiailing eder efomthinofiln re®Pwrite| G 3 has
a side cutaway : ' | of a top
cor 156, P TP ARE BachMo PLORBO4 s RoBiRd ob ARy Mord BOBERRTO T

exposi ng a por téxpepeyhrioys feturas Oﬁﬁieé?aé'fv@éfehei@mo-IE?OWVHWIB@I%éé{)@FOOd by
those skilled 'Qﬁgxh%uamy bifake ?Jmeaunk M5k BlehO Rt isefdelBeui# 14 aREf NOt 15
drawn to scale and, 1n particular, the thickness in‘the X direction of a
refractory matlkepiieg sufsce Hidseeperely elgegyeeXdiBeper BionteuiawaysurfmetléZring to
FIGS. 2-4, the peadiyddRatlfatoddhd defiel stERaghetiiread Rl qratditcer 1AL 1S

formed of thernal lé conductive material. Substrate 164 serves as a
heat si nk f o0 t &G hts afidlecpisiay syrfece 0 alang aety planersxpesnecdortiongl aThe

substrate 20 16gorom dafieifser a6y 3f1as 'EE&HefJu%Waﬁ!ﬁuﬁAcethQiaQ@:%'aYZY gcting
ceramc material, such as a m xture of _alum num_oxide (A1203) and

titani um car bi d&PPSHEG) portigshek ¢ fApscoily lgpe FlG o has afat§d‘3' NtW@'SWfWeISF-ef ractory
m’sl}] erial 162 i SaISllﬁpé)ZYtﬁQ}e@iﬁfééﬁ% 8 phisibd afsuﬂf@ﬂpm plgdi tib@! ert wﬂlenbar_s als
other Corrponentl?ndergogc{gy %osetskielleg?rgtnheeta}tqchatcrthaer{ﬁ o & SIG%r %— S gt vely

15  drawn to scale and, in particular, the thickness in the X direction of a refractory

ustrations in 4 are not
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 (A1,0;) 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.



25 deposited in the refractory material. Refractory materlgb is a
materi al chosen for stability at high operating tenperat & \ | oss
dielectric @59)?/95{1 2| es and good thermal conduction properties. Refractory
mat eri al typl cal conprises thin filmdeposits of aPCHPIIY189% | i con
nitride or di anond-1i ke carbon. 1 9 NOV 2004 WO 01/99112 PCT/ USO1/ 18971 -6,
Magneti c transducer 146 includes a nmagnetoresistive read sensor 166

deposi ted between a read pole 168 and ab-shared pole 170. The '

magnet oresi stive read sensor 166, the read pole 168 and the shared pole

170 are tenper atur ey salsl dhiRoGORIAGRES + WARELANEHALLANAAN 1Be adver sel y

af fected by heat dg 10| ni ng trons o e magneti c
transducer 146.deposiie beéwctsemlreamm&d\ﬁﬂmmrbpm h&t%mmmreﬂlsymn FIG 4)
s surtounded oy LAy 583" &€ 08 1@1eole%cﬁd%ﬂ9sha$eag1&ﬂe %&é}sﬁé}‘.@u A OUP! €d T o
the substrate, a central core he writ I ece Sandawrlte
gap 176. In a ssmsgtvermomntm\@emmeraw|% tga@ﬂvm@ymff@btadé:w beat

non- nagneti c NolcTo) ¢.nonmagnetic nmetallic
| ayer 178 cosngﬁégﬁéat %@oﬁ%ﬁﬁl&hﬁt?{%a&gﬁ |1e1%egh§60 to the shared pole
pi ece 170. The bot t dmveits [coil 5pinday é&?a@@m mbﬁé aopptetaly p@lfﬂGpﬁbae 170 and
has a bottom pkbalicd ¥y dh i ?é?ﬁa% . I €gi ons
180 passi ng throughétﬁ% vﬁ ﬁ%)%/cvl &Mé %é 2?(% otgﬁcglt lwgﬁgeg acent t he
wite pole piecubsisls, %%ngﬁcforrals?4athwptem°lmpsﬂcﬂ§f>e@rladmwg shmat have
top narrowed I ggimRS &ﬁzﬁmﬁm gatphmtmhld&h@nmra%%é&&al 184 178P
plurality of coil turns 156 is fewer in nunber and flattened relative to
the bottom B urftlling the gep.c Jhp noppegneticsmetalifp, dayero L 8ppanduaty bapt frem tBo)i | turns

156 have top wigaegsle pred %Soéa@éha?&%&'pie%e jfee top narrowed regions. The
top coils 156 have Iarger wi d and cross-sectional area than the 20

bottom coils 152. TH&e B‘Fqn%c‘%isz iscadiageng theeshared pplsepiec 7R @ndvhas &r core 174

for increased faad ﬁ&ﬂdy%rlcanu&xkz;rmatgﬁvé t&towliahewed:wgﬁmﬁéo pakiigg shar ed
pole 170 is trupcate bet.ween t he centrgﬂéﬁcore 174 and

(0)
the top w denedhioag ﬁgv"ﬁégv 17I2t Tl?estom &‘gl P86t ebiospihe WEea
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.



170 extends little beyond the region 174 connecting the writeri | e 160 to
the 25 shared pole 170. This truncation cools the high HOQBND\H ty

regi ons of j1, yet restricts the capacitance confrjbuti fromthe
GVB%%/%H gé’%{ﬁ%i"#a?]h

back portion of the coils (which are wider than the re e w ndow
172) to the shared pole 170 of the witer. F1 9 NOV 2004 WO 01/99112

PCT/ USOL/ 18971 -7 A portion of heat generated in the top narrowed regions
182 is conducted through the top widenéd regions 184 to the substrate 164
as illustrated by arrows 188 (FIG 3). The bottomcoil 152 and the top

col | 156 are enbeddetlifofornts 5@&%@%%%{%%3%@%0@% i SoflRHLT! C2!

insulating and thermally con tive. ry materia

pref erably conpthrosghthaiapevifened regiohs 4 taithe sibstrate 164 dsiilbustrated by archavsor

di anond- | i ke cajggomig.THe 1ho j ' ' oi | wi ndow
172 include an | (rjldgecri ?u;r% ?%%%gggn%ﬁtgﬁgq@egﬁfé%dq%%:kgqbwjag\?t%h a
cross-section tighactory maitrlal 16% thatatsi elestrical inswlating sand desrinally evinduativeut er turn

192 of the top regi ' | L s WL 0 oW portion of

the heat gense)r a?%&fe?fﬁﬁt erﬁ?%lﬁdgrlb'?a%%&i%g c%bﬁs?ség%éc aié\%& h?&oad‘gﬁlg?’he central

core 174 to thesikaopaitride as dipgyndibke datbget r at ed by arrow 196. . The

read/wite transduc ] TV . ' connect
T K s ol i

the magnetoresi stor 166 "an | ] e bottomcoll- 152 and
15 the top coi | nesdyme 150 adipesnh e centab eqrp d &4 with it aesssectiap that is| smsdlr at ed) .

The bottom coi | relbfide BRGrdsBSectiPofGRicktel Rfh RRGIRESbFRARWI FRASE G 1N

series electrically by a via so that the sane current wite current flows
in both the lbot VBl <8 windoyp A pertiom of thedlipatc ggneratedan thy gnerstum 199sisr at es an

obli que view of c&m@&teﬁ%o@?ﬁ {HR Bt cae 19 itd SneCbktiutd Tka AQnbdGih®Fd/ Write
head 140 illustrated in GS. 2-4. FIG 5 is not cutaway through a center

of the read/vvri%r@“tpénsduber. 146, and better illustrates the spiral
arrangenment of the bk teavaé tradsadee®Nd6 R6 thMYeSs ids shétbas via 200 to

connect the magnetoresistor 166 and the write coil (i.e., the bottom coil 152 and
15  the top coil 156) to extemnal 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
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joul e heating ?ﬁ’é‘i‘?g’z‘%ﬁﬁdﬁé&@??fe@%ﬁ”@ﬁ% Pegaﬁ?é %(f)egggg@}l%atbﬁg&&i ter core
struct ure | ess cafrenhlossegivi the weitet cope stubtgreiless of Tsignificasipooblema di sc drive (100)
i ncludes a disc (12 re i (,290, 1 Nng the disc
(126). The read/ wri %cﬁﬂggaﬁ?’fo%%/%%;ﬁ%ﬂﬁgﬁg Suad‘g% %%8%%?%%@5#3164) f or med
of thermally cdbeafucioDy &40 eacenssizg theTdiss (186)d/ Whe readiwaitedhdad 1000, 140) i ncl udes
a wite coil, w 1 r r e._piece 70)
thermal |y cguplng: W%(at %@%azﬁé{@g?e Hg‘ﬁ)tﬁ ac rftglgdélgtg}go?ég&?l?ﬁ% awite
pol e pi ece (16@9adavride headi(l 101403 prcluddsa) writkleeil mirddwwil72)swheadedtyG0,  140)

| ot udes a bot \OmE8i pedh WARE orb BE SHELALRRL BPA EaRA(D) havi NG &

10 bottom plura coil t’hat™ have om t owed regi ons (180)
passi ng t hr oudgV4.leevnite pelopie¢el(Y60) andrheriteczapl (Wip). t Bhelreadtivritd 3@d (1080) al so

P el ud ‘ ; : " . .
top piarality: dffadipdet 38bGRLRC A% Il FarbObSe AUECE) B L3V 00 5
t hrough t helowi fattem plupality offted twopthaphaye hettany nasfowed ragionsi(188) Rash® being

fewer in nunmber,gng dhi %Idﬁ{x}gﬁzﬁ.e‘rﬁé e%(ﬁwﬁf} ﬁe'ﬁ'@(loﬁ,gljgﬁél&qmlﬁﬂey'é%ﬂ ty of coil

}
turns (152). It Is to be underStood that even't nuner ous
char act eri st i c$0hfiF6) ediacamitthayurite pole piges @ 6Q) haipe @ tapehradityef il @rsvent i on

have been set fyr B&eit@ ,;aplt%weg &(é)i?ﬂsqil 81 phleRE %ﬁ@}@m,ﬁ&g&?m‘rw@@ﬁm details

of the structure and function _various enbodi nents of the invention,
this di scl osur @rality pf epdk tuee (158) bring fewerig nppbeianh Jatoehsslaie R in
detail, espgCi ablidm phdl®f §Rb% s (f2p.uct ure and

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



arrangenment of parts within the principles of the preseﬁn i@ewkon to the
full extent indicated by the broad general neaning of He r in which
the appen i are expressed. For exanple, the particular el enments
may vary gggeo?{%iﬁ#gson the particular application for tRe"POYEPHite head
while 25 maintaining substantially the same functionality w thout
departing fromthe scope and spirit of the present invention. In a
further exanple, the invention can be-%pplied to magnetic core structures
generally, such as transforners and inductors, particularly when such
magnetic core i ATy t.hi i er
m crostructur e%%%?fegg‘t??%%at gfgﬂcﬁ%&aﬁé&s&gﬁlﬁﬁgg%tﬂtg%Fbagwﬂol%é%?o%Qg Nov 2004
WO 01/ 99112 PCTthinStm/hegbit will & appreciptedbthossdkibedsio dieraetrthat thedeachibged herein is
directed to a rgafl WLl : Jahi ' i s be

appreci ated by thosﬁggégﬁﬁﬁa%%qicﬁeh pléésgéﬁéﬂf&lﬁ%%%? g)é:h%sens‘é‘isﬂké of the present
i nvention can benegipétingdabrication processeswithont departing foomeths eeppe bdkapirit
nanostructurg f j i cesses, W thout departing fromthe scope and
spirit 5 ofbet h‘gfq%érﬁeigstg}g%ieﬁ{?ghti on. -10 WHAT IS CLAIMED I'S: 19 NOV 2004 5
1. Aread/wite head accessing the disc, conprising: a substrate forned of
thermal ly conductive material; a wite coil w ndow surrounded by a shared
pole piece thermally coupled to the substrate, a central core, a wite
pole piece and a wite gap; a bottomcoil adjacent the shared pole piece
having a bottom 10 plurality of coil turns that have bottom narrowed turns
that pass through the wite coil w ndow and that are horizontally
narrowed relative to opposite turns of the bottomcoil; a top coil

adj acent the wite pole piece having a top plurality of coil turns that
have top narrowed turns that pass through the wite coil



15 wi ndow and that are horizontally narrowed relative to qpﬁ)o |te turns of
the top coil; the top plurality of cgjl turns being fewern and
vertically flattened relative to the bYottomplurality of coil turns and
the top narrowed turns overlying the bottomnnarrowed turns in the wite
coil w ndow and the top narrowed turns being vertically flattened 20
relative to the bottom narrowed turns in the wite coil w ndow. 2. The
read/ wrige wherein the top plurality of coil turns have
top w Rhsh : te the top narrowed turns. 25 3. The read/wite
head of O aim 2 wherein the shared pole is truncated along a line between
the éentral- cbreadiyritethnad acspssinigdbadyc toompsising: The read/wite head of

Cl ai 2 wherein a porti crsubftrateformge nfthatreallyi qontlineti ve aymater®d; nar r owed t urns
i's conducted through t hewtitpcail damded sutfonadddoby hahsed poleapiece thernlilB
read/write head ofcoGpled ra the whisstiaieNa tértrah Obre CAWEIR pol@Piécd ARl 4 RRILCRIp, are
enbedded in a refract ory bsesHdol aajﬁ@tm itife QhAEd 1 feablebélsﬁélvﬂatg q)o@taﬂl
thengal 'y conductgivglity35 &nl t-ﬁ VWHO& m 'tH&t the

refractory materig \; aﬁum na,
silicon nitride arbg élé oH dgé?gﬁhat at® _ La'il?”ﬁa | feiﬁ’nvga
Claiml wherein th {ﬁ:g tntewrltecml dow. i ncl ude
an inner turn adj acent at ﬁj?%ﬁn rv\émﬁnpf’ péecfthﬁ‘élggé‘éﬁl?P]b‘FfH’ttlﬁaf is
small relative to 08 Vg8 a& %‘feltBPln?}?o“él Hnsdhatipasstheoueh the Wiats collr r owed
turdS in the wi t"8neQY pnduhgtiag hongomsallympsrowedaplative © appasitesumsiofthe 7
wherein a porti on tei ceiliéhtnienplujalityof ceilitirns heirg fevenay nuraben apd conduct ed
t hrough t he cent r afertisel g flatbenet eelgtinestorthe botton Plutdiivy 806 tufirk; hd The
read/ wite head of d aithe bpwhaensied tirhe overiyigg tebottom nedesved tomeimgRet i C
metal lic |ayer. 5 vifte cbllewindad/ andi the tb;ﬁﬂﬁir@@eﬁ@h%&n%ft@aﬂy tflaGened
nonragneti c net al Irtlativetoahe Botsh GhrFowed turns in the write coil window.

r/ﬂ)

2. The read/write head of Claim 1 wherein the top plurality of coil turns have top
widened turns opposite the top narrowed turns.
25
3. The read/write head of Claim 2 wherein the shared pole is truncated along a line
between the central core and the top widened turns.

4. The read/write head of Claim2 wherein a portion of heat generated in the top
30 narrowed turns is conducted through the top widened turns to the substrate.

5. The read/write head of Claim 1 wherein the bottom coil and the top coil are
embedded in a refractory material that is electrical insulating and thermally
conductive.

35

6. The read/write head of Claim 5 wherein the refractory material comprises
material selected from the group: alumina, silicon nitride and diamond-like
carbon.

40 7. The read/write head of Claim 1 wherein the top narrowed turns 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 turns in the
write coil window.

45 8. The read/write head of Claim 7 wherein a portion of the heat generated in the
inner turn is conducted through the central core to the substrate.



heat fromthe wite pole piece to the shared pole piece.q gJN[]\AZ[]@!ﬁdlwrite

head, conprising: a read/wite head wth a top coil and a bottomcoil in a
wite portion of 10 the head forned on a substrate; the read/wite head
accessing a disc; nmeans for conducting heat froma top coil in the

read/ wite head to a substrate in the read/wite head; and the top coil

I ncl udi ng topmnacr ur ns at are horizontally pnarrowed in a wite
coil wi ndo?\i Plé S grﬁ%kféﬁg%ﬁaémt ﬁr T ttf%gr’lt%ﬁgﬂ:&cﬁu‘i&ﬁé ROPIMAZPAE | i e 15
bot t om nar r oBYNGIHE of the bottom coil, the bottom narrowed turns being
horizontally narrowed in the wite coil w ndow relative to opposite turns
of tRe boﬂé/-&hedéﬁq/wﬂ%hﬁaﬂr@ Glaim 9 avhetsige thetnonmaghesicmetabictlayealcoydifdtsat t ened
rel ati ve to theat frgmotthewriteepolopieck tothmshar@pol@piede.met hod of manufacturing a
read/ wite head, conprising: formng a read/ wite head substrate of
thermal | y tbndloeatiweite treddscombiisingur rounding a wite coil w ndow in the
read/wite head widrBadwsibeliead il £topRbR&Rd b BEHERIch itf & Wit FortiBn bfie
subgprate, a ReRAIFbrRa éh a SubMrhtk Sthb AaB/vi€ BEaPileRingd dikE 9aP; 25

provi ding a bott om,&Qk ko adhdRBRb hb ?{'0?1?9'@ cdfl ?la@%egcﬁﬁls ?K%ﬁ%q%%ebonom

plurality of | r . ) tom narrowe
hori zontal |y sﬁﬁ%{a}éﬂtﬁéﬁa@r}tgg %0 rgd

Rued’ icu% pbposi.te t rgs f the Pottomcoil and
that pass through tTher irlle} B PP l}‘ggl\ﬁfi 'gps)i'@ ?rﬁg“?ﬂz‘?‘ﬁ YROWEdiin c ent
the wite polaew‘g'ieé’ﬁ’ VAREHY E1R0S 1B PAPSIP tyrme,pf the éppuehiih and thatoverist have t op
nar fdwed t ur ROUPRArVEd HyRS obihe Rritgm car rthoubettems natrowed fuans keifosi t e t ur ns
of the top cdorizemally mrownsss thenwdiegeiltwindew irelativedp loppsitd suvns bhithet op
plurality of begpm qoily argl the toponaieowed tims heinp eertigaltly flattened adlativeftd dhet ened
rel ative to botembotrowedprus.al ity of coil turns; and positioning the top
narrowed turns to overlie the bottomnarrowed turns in 35 the wite coil
wi ndow, andz.s"hﬁié'tﬂwdfhﬁnhfh@tlﬂi&éraqmﬁwﬂéﬁd,tdénﬂﬁisﬂﬁft!Ca'!y flattened
relative to the babinay AR Hetld Bibsirite P thethhilPedrlbevd Msteys); 13. The
method of O aim 1%@8%1@5%& GRSt thee Y iviltd Weall Witk Lhalld il ' 1Y Of

coil turns Wb tRRMIJeBESed Y5 BR substrate, a central core, a write pole piece and a
write gap;

25 providing a bottom coil adjacent the shared pole piece having a bottom
plurality of coil turns that have bottom narrowed turns that are horizontally
narrowed relative to opposite turns of the bottom coil and that pass through the
write coil window;

providing a top coil adjacent the write pole piece with a top plurality of

30 coil turns that have top narrowed turns that are horizontally narrowed relative to
opposite turns of the top coil and that pass through the write coil window; the top
plurality of coil turns being fewer in number and vertically flattened relative to
the bottom plurality of coil turns; and

positioning the top narrowed turns to overlie the bottom narrowed turns in

35 the write coil window, and shaping the top narrowed turns to be vertically

flattened relative to the bottom narrowed turns in the write coil window.

[~

13. The method of Claim 12 and further comprising:
providing the top plurality of coil turns with top widened turns
40 opposite the top narrowed turns. '

14. The method of Claim 13 further comprising:
truncating the shared pole along a line between the central core and the
top widened turns.
45
15. The method of Claim 13 further comprising:



40 opposite the top narrowed turns. 14. The nethod of Caim 13 further
conprising: truncating the shared pole along a |line bet wdeq NG\e 208t r al
core and the top wi dened turns. 45 1B .- The nethod of C aim 13 further
conprising: -12 1 9 NOV 2004 conducting a portion of heat generated in the
top narrowed turns through the top widened turns to the substrate. 16.
The met hod of C aMﬁ’ﬂd‘ZCtmglatm@tOmﬁrmangenm@tedﬁnmd:tepdannqwdlmn’mottom coil and
the top coil through theftopetidengd hrhetoi the sibisaatei s el ectrical i nsul ating and
thermal 'y conductive. 17. The nethod of Claim16 further conprising:
sel ecting lGieTheafistAcd of QlaifRll @ Firter E6MPRidiNe group: alunina, silicon nitride

10 apd di amond- 1 i l@gﬂjégﬂﬂalfh T t rising:
e e AR STl e T
Cross-

turn adj acent the centra core w section that |3 smal | rel athl ve
toa 15 c a Jrn of the top narrowed turns in the
wite coil Wsﬁg%&ﬁ&ﬁ&&\ﬁ%?ﬂg rh“t?& 18 fulrot her conpri si %u
condycting a pqrt |S81ﬁCt F?@E?EYW re@n}'ﬁgme lpmaa, silieon riffdéugh t he
cen:1 core dl“\’?@’ng chtc]a 8: 20 20. The nethod of O aim12 further
corrpr|5| ng: including a nonmagnetic netallic layer in the wite gap. 21.
A magnet i cl1&dihe rags @l,alméﬁrglmh@rn@npﬁﬁng substrate formed of thermally
conductive mat er i ahludinggiy tet top nawowedturnsdh tireewsterdolluwiddag, za Wi te coi l
wi ndow, the rmgnetmadjacentahs tentel vore willch Uebseigectiofi A iPhAIP RelithRttoias
thedfal |y coupdsededtiontofan sutes turkbethe tép RAFIWRIN t6MIs lin BRI vATE Bbil Widdwr €
portion, the bottomcoil having a bottom

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
20. The method of Claim 12 further comprising:
including a nonmagnetic metallic layer in the write gap.

21. A magnetic coil assembly, comprising:

25 a substrate formed of thermally conductive material;

a magnetic core structure surrounding a write coil window, the magnetic
core structure including a core potion that is thermally coupled to the substrate;

a bottom coil adjacent the core portion, the bottom coil having a bottom
plurality of coil turns that have bottom narrowed turns that are horizontally

30 narrowed relative to opposite turns of the bottom coil and that pass through the
write coil window; and

a top coil overlying the bottom coil, the top coil having a top plurality of
coil turns that have top narrowed turns that are horizontally narrowed relative to
opposite turns of the top coil and that pass through the write coil window;

35 the top plurality of coil turns being fewer in number and vertically
flattened relative to the bottom plurality of coil turns, and the top narrowed turns
overlying the bottom narrowed turns in the write coil window and the top
narrowed turns being vertically flattened relative to the bottom narrowed turns in
the write coil window.

40

22. The magnetic coil assembly of Claim 21 wherein a portion of heat generated in
the top narrowed turns is conducted through the opposite turns of the top coil to
the substrate.



plurality of coil turns that have bottom narrowed turns th m§
hori zontally 30 narrowed rel ative ton]gapposMe turns of t ﬂolt:oil and
that pass through the wite coil ow, and a top coil overlying the

bottomcoil, the top coil having a top pI urality of <coil turns that have
top narro r & arro relatlve ite
turns of tﬂgﬂ 1 Iﬂféfe @EOI% w@ r?"ﬁ “P&’ %(Bt m 5 the

top plurali ty dqed ] 1Hrahlse rt?%‘i gff%‘tﬁé Snﬁlﬁf)tE‘Fa antPlatng 2 thpgna y

flattened rel 8??1‘{? Fo the bottomplurality of coil turns, and the top
narrowed turns overlying the bottomnarrowed turns in the wite coil
wi ndéw and?4-Hhet Bagnetisr coileassemblys obeClagn vk twheatiny thel aiftaetoeyl metediti ve t o
t he bottom n&PmpHess maferal selected fiwnwihie tgeoupo Rlumina) didivon 4@rid@ andlfiemdagnet i ¢
coi | assenbl yikefcaBoni m 21 wherein a portion of heat generated in the top
narrowed turns is conducted through the opposite tur ns of the top coil to

the substr28.&helmAgild 28iD4ssebl?df JlARn rmgﬂﬁiﬂeﬁ sﬁ%sﬁ@ah ¥31080rE) @l m 21
whengi n the ReH@MtEOdp ﬂ&?b\ﬁéﬂetuhﬁpmct‘ﬂb wri rc%ll Sflciufle 3n i err%f ory
material t hatadjaéelﬁHﬁEtcE fﬁl ha£| M%léoh ﬁg I‘Xallr f;e(mﬁ,gct [ ve

WE

Th t
€ magneti ¢ (£Qlon F9H% d’g Pl om r ) pumgluﬁ n"g‘teé:f’t i éB‘ﬁf}/‘Yn tr| de and

conprises material selecC
di anond- |ike carbon. 25. The magnetlc coil assenbly of Caim21 further
conprising a central core, 10 wherein the top narrowed turns in the wite
coil wi ndow 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 turns in the wite coil w ndow.





