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| NVENTION ° This invention relates to disc drive storage devices. In
particul arWOPPE 12 nvention rel ate ite heads for peunisodigao: drive
storage devices. ' S BACKGROUND Oﬁwﬁ‘lﬂmﬁb@mﬁmum After a disc drive is
energized, it warnms up and has a t ise. In particular, there are
| arge tenperature rises in the heads U8®#¥*in a disc drive. The heads

i ncl ude magnetic transducers deposited on slider substrates. The magnetic
transducers carry read/WSG BRIV BAIE L AXERERVWRITTERILi n t he heads. The
10 tenperature rise in the hedd&LDsOF&ie NEEATION he heads have a snal |
surface area in reJFati,on t.0 t.hle anmount of heat that, is issi,pa]ted in the
‘magneti c transducef &S MYPrHapasates;ig K %%‘fef YPregh deviges c Iypartigular.ithis i scs
have i ncreased, I i ' Oﬁ%g j.G.coercivity
Wth incr easggxgtgglre%gegz? %eéwxf[ﬁgﬁg%%eqﬁ}s?%g?%?d r?ﬁgt g%ﬁcgs'transducer,
'such as wsite tip width anBAGEOGREOUBNRIATHE INVENMEIGr r espondi ngl y

smal ler. Wth increagsed. areal density and rotational speeds, the erating
frequency of the ngrct F6° HiiknSRIBE 7SIk PEEDEED AP At HPEE e I

capaci tances pRqau fHefe £01drg0eRthetAuRG ISR 18 heh® RREIAS Gis@biitdertdi gher
frequenci es and provide fast transient response. The wite coil passes

t hr ough a " wiledésincludeanagnetietramndacaers degasited on ahder tshbstrates nbmwmiagnatisde
smal l er 20 tq_reduce inductance. in_ the ite coi|l. Wth the. snmaller w ndow,
there are i nctfaélﬁglécc?rsp(%gy Iieg‘@g@ge icﬁrrteﬂgm%# tgt?n%’}el heah o0y %}E’upgﬁgy I&)ﬁer e the
wite coijo pasmpsrablt eidgh thhBedtRlis RWRAbccuhRARNM ek hhften Whdll SurfRE Brea
structure. The increased magnetic coercivities of newer higher areal

densi ty magnefireladpn stba asonnfeoldertthalisie dismpricd in the macaetic carsdheres.t o

i ncrease the need {25 r]ﬂ'glggtﬂgm'v .Qr r -turns in the wite
coil, further i ncr%a%%‘%é’ p we‘r%e osséénsC%iJr]]&t%rgve\?\irﬁll?gpsgélg?‘?e lfﬁlfégsegi %aqof t he
magnet i c trandsdsiegrofafiens cpdedd addwhgattid firr@aine Withencredsbirebindnpioyer

| osses in the wite coil have increased, |eading to higher magnetic
transducer tchpEHRERHS of NP @Al tTAnsJuGsF.oBFla A Write tipevidth and)gppparep

PCT/ USQOL/ 5897, } IS SmRggded; i I : at can
be used Wll th Iﬁaﬁ gﬁﬁ%%’% %lr ncgzlé1 @]&scs}twmﬁgfegse{aggﬁgf rcllgnstrnrgl ?gcgiqﬁﬁl?/ﬁ%r obl ens
‘associ at ed widphedsi gtier opemsting | Grsgesicandf hitgh maempese atrasdscdrn itdreasemgnet i c.
transducer.

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

o
W

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.
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SUMVARY CF 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 wi tveogobd1imi ndow surrounded by a shared pol e pi ece teheruymihgpscoupl ed
to the substrate, a central core, a wite pole piece and a wite gap. A
bottom coil adjacent the shared pole piece has nultiple turns that have
bott om narrowed regi ons passing through the 10 window. A top coil adjacent
the wite pole piece has nultiple turns-4hat have top narrowed regions
passi ng through the wi ndow. The top turns are fewer in nunber and flattened

lative to the bottomt . These.,and . her. feat el |
vant ages whi ch oAb PEr Bactie Gre danteteht BierbAtimnr b apsdRalt upon
readi ng of thﬁgh%érme&rﬂgcelaisdﬁt@hih@@ledﬂl@rggr %_ﬂ%ia%%%‘@blérﬁé’ia%%c@ited Relth

associ ated draw ngs. BRI EF DESCRI PTI ON . NG FIG 1 illustrates a
di sc drive stbighgepavevilesses ddigptepipeipureaindde magnetinegnsduesiv of a bott om

'spiral wite coil in a read/ w4 { ive and heat flow
associated with the bottom S%M? efag i HE?‘HQV & 3illustrates a
cutaway vigw of a to@ispr@l intiddsea dBklandn geatifatte Mebd acmﬁd% glhe disdi SC
drive and heat flow associated with the top spiral wite coil. FIG 4

i | lustrates albathgsdynchiies qubesnaly endusipyeapebstaiet & & prital coilr Windowoi | s in
a read/wite Qﬁﬁ i rive.. F il r obl | vi ew of
top and bottom sg‘ln(ragﬁl B%gi S?%regdjlo}/esp Lle%esglebgaall/ \%é‘%ptléeﬂsiﬁ)ea%%ﬁ@%}ﬁ’ %éﬁgﬂgl

DESCRI PTI ON Ckork /4 WETRATIE Wie cEMBORWENESp | A Holtemesdioatj aeent theishingd tpodd ed
below, a wite coil in a disc drive head is fornmed as nmultiple | ayers of
spiral wite Ri§FS has muliple Grspitiave Rpfiew nagioped gegions pasging fhropgly 1he

PCT/US(i ko /'l 33dow. A to fl?ﬁﬁ%edt%’e%ritei ol AfleBS B mABRALER RRHavPI&Fe and

. 0
i's narrowed ere It passe
narrowed regions passing through the window. The top tums are fewer in

number and flattened relative to the bottom turns.
These and wvarious 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 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 iliustrated below, a write coil in a disc drive head is

formed as multiple layers of spiral write coils. A bottom spiral write coil, or



through a wwindowin a wite coil window A top spiral wite coil, or
second |l ayer, is adjacent a mte pole piece and is al so narrowed where it
passes t h@aghoithe wi ndow. The turns of the top spiral wircg/xoiisoare
fewer in nunber and 5 flattened in conparison to the turns in the bottom
wite coil. The arrangenent of nultiple layers with the top |ayers
flattened provides inproved heat transfer fromthe top wite coil,
decreases the |l ocal tenperatures in the-write coil w ndow and enhances the
reliability and anbi ent tenperature range of the disc drive head. 1o Local
operating tenperatures in.a wite coil.w ndow of, a magnetic tr.ansducer can
be very high Qi ¥ o7 PsCaliq Shurgeris Bits dul is JproRen wiehds Ravey
‘activated el eglb@il GNANIOW ihi Askite VBRRihBb S, Bl RBtdpAal Grad ot dd fcbnd S
exceeded short citcuits can occur through the insulating naterial that
surrounds t helagey,ivadiatant a ¥aiteipels P@?ﬁélﬁag ingfse aarpevet whes it prstedrprginsducer

‘can al so i nduge donmi n ates i h iLtar | es, t ha e suifable for
ef ficient magﬁngt ik V/UX%E]I@ at}lllénrsriOsr}stlil%ﬁo%@@owﬁ%eg%gﬁﬁ neg%l; et TLJL‘ 31&%5} 8’1“!

| ocal i zed § hefigmddeyt ihndugRAEsT 10058 @srna il thehbotioM Kirlds teil. "aP8 ahesdechiegt i on in
the witer pole materials. These domain states can change rapidly during
and after opePhiiuwirlefaerewifithetop lapers flagpatpogides dppioyed heah disnsfgr bet ween

the termnati 0 ite op [ d r LNk that . the
read operati oﬁgrcnafrtlheﬁg u}%{itE e q{gg]taeﬁg%sﬁlgnlot% ﬁeﬁ{md%gﬁqglg% g iés%lgvﬁ? in&% he
witer can inpaciovt hed exipmosd the rofiatiilig andl enliieng tempativad sange afi giendjsa
variation in the effective separation between the head and the nedia on the
disc. At hi gthéY%h‘Faddensi ties, 25 these variations in separation can |ead

to errors,gr a_heads grastherRNAtheRhudl o f GRAEREERABK SSON udslcd N O

performance di sc drive, eats up due to jou heating 1 n the
coil s and eddyacuiuc@ntad bssesy iliglt hed gbhe evritth@ilcmnisratan dmeglpraisivre under
the applied cyrre pul.ses, due to. thermally tivated mgration. .The

| nsul ator  bet teErAnacEa TS s eiaiondaui Wi Seedre e it 1ro71
(thermal l'y) causiens GRb} clrBuitOiah B&Y thidigh IO Bisuktih@ matial (HahsiHoahas / yoke
region ' can expand and produce a noisy and inefficrent flux transfer

domai n state,ﬂﬁe\@liierdoﬂg even nore current to be driven into the witer to
switch the media. Changss by (G Hhdf& iR Grafi@ho¥ P LS iShLEGolaky PO! ©

tip reces i on
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 afier 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 wvariation 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



5 (PTR), altering the head-nedi a separation (HVS) substantially during a
write cycle. Should the shared pol e between the reader and the witer get
hot due t ovowsvaperati on, then the efficiency by which the pghigdigsoreduce
the tenperature of the reader portion of the transducer is reduced. This
hi gh tenperature of the shared pole limts the maxi numcurrent density that
can be applied to the reader, and to stresses the stability of the magnetic
stabilization layers. Wth the present ifivention, many of the thernal

probl ens found in heads of high performance disc drives are greatly
reduced. In Fl I n _enbodi.mrent .of. a.disc, drive storage device .00 is
st rated.  Gremdp] ataneenE bl odnd e SSERATROREUS e
surfaces 106 thatexpifl a2 yRiveald YoilsyedsinefficlEe TRE GaXSReAbhint fiale are
deposited using mcrostructure fabrication techniques. The disc pack 126

i ncl udes a st agguirdig enghtmqae euérs ¢s baddvaratortbewrimrito ewheatheagebabl y | |2

‘i ncl udes a head | wWth a radewitg transdu erﬁﬁo%.eac ﬁtacked.disc
surface. The head BsS Iy b CRIEY YPBF fal VY ﬁlbe EFOERUEHH EFSB cati on

techni que Di seppRkaitdhg tife BoMAmEBdia sOpREtRh @SMVSHoWRstPYiaBy daVind 7 wiigs 20
allow read/wite head assenb[gi/ élgl 2 to access different rotational
B

| ocations f or creleaShenld the skared bstrden dhesreadrs an therriigr set hphdre 1B
Read/write he%ger%ﬁgeﬂ%{?’%%%ﬁidi&\gﬁ‘fﬁ%%@\?&gthte%h@&égﬁﬁg'tlfi‘é {e&pﬁg%tgr%'q\f?het o the

di sc pack I26,%as sho arro 0 access ren ocati ons

for data on tlhedst psréige of theftBmeductOB refucdi s Thpatih tederalieiofahd yhardche
actuation of 25 read/wite head assenbly 112 is provided by a voice, coil
motor | 18. VBPEdimbs thepppgmum gursstdgely thatrndie appled knathegieadirsash axl e

120 and ap,ar r%%éfs %PS%P?I H%%ima?ﬁ&ié&?ﬁé%%}oh?aﬂﬁad assenbly 112. Disc

drive 100 1nclu nrc circurtry or “controlling the operation
of the disc drive Mih drpréseanaflationngatkadthe theamal publeok folvel iditeeddri ve.
1'1"001/991 12 PCT/US(11/189?1 .5 The internal arrangenment of the
read/ wite hegﬁhlﬁh}@e&ﬁwwsélmﬂi"?ﬁfs gFeéyt)ééF%‘:{”G? ‘spiral coils and is

explained in nore ‘i‘fr“}«"ﬁFJ 1, B8 AWoli HPBPE st @AVE%bRARBXATTY 8 ifnldrhr ated in
FIGS. 2-5. FIGS, 2-4 illustrate three views of trailing edge of a thin film

read/ wite 5 hesdddv) ] 0Eanindes ewdist pRkGE6 Raving stosapet dufaeas BR6 that away al ong

0 P2, 0, SXBREAEL U5l S0 gl oS SRALNG] Lol ik e V1o

per pendi cul ar fiigicaorbEhnRfRs. MY dsdiphaced iddudB netak by maltipladias 44t ane.
Front cutaway surface | 42 passes approximately through a center of a

magnet i ¢ readfsu{wideheathaawnlly 112ecluies rhed D0 aresilawite tieasdager 4o f ace
150, 019 2 LB 05 EURPSIAR. REYALPTIER A B Aol hes 2
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.



exposing a portion of a top coil 156. FIG 4 has a side cutaway surface |58
al ong a ZY pl ane exposing a portion of a wite pole piece 160. It wll be
under st oodV®yY1/#H1dxe skilled in the art that the illustrati eas/isor/fdees. 2-4
are not 15 dramto scale and, in particular, the thickness in the X
direction of a refractory material 162 has been exaggerated for clarity.
Referring to FIGS) ?-4, the read/wite head 140 includes a substrate 164
that is formed of thermally conductive miterial. Substrate 164 serves as a
heat si nk for the heat generated in the nagnetic transducer 146. The

substrate 20 104 1 sulriEl ol 8ot LARIRG RO AN SR £l L ueRnduEH 0

ceram c materi al , ure o um num oxi 't ani um

‘car bi de (TiC) ,le&s%ﬁiﬁdﬁﬂﬁ&diﬁfaﬂﬂﬁﬁd&ﬁlﬂn@cﬁirf'rﬁbrﬁd@fail'rﬁwow@ﬁ cagieotion wahani al 1
b? is deposited on the substrate }QA in nmultiple |layers as other conponents
| ayers of the cHagnetilestiafedis dile8r 2146 are sel ectively 25 deposited in the

layers of the g are sel 5
CCabili Ly al i gh Gparat gt Ehparer U8 ot tallE Aot Bud ARTRAREY, oo

and good t hker mghd ¢oMdisehiview pri PERL 2-dsis sRefohad botiytaway atongl twoGRartey po cal
conprises thin film d_epotsi ts of  al um na, Bi licon nitride or_diamnd-1ike
carbon.  ~' 4'%pserayoysiizatugespEthe gsaddyrigbead MgnEasieviewdnddus ef-411us

el udes a_mgnenarEshall MR At SERRCE 200 dIRRON! bl BRtige & pipad pol e

168 and a share e magnetoresistive read nsor e read
pol e 168 and tieerighanrfae dddegdnéthllyr dote apétatplare. Fengichtaveaycamfponén s whose

operation can be adversely affected by heat 5 generated.in adjoin
Portions of { REVFRGHEPY @A ASTUELR FHB Sho RRETE oA (i RABAEPS {Lhown
nost conpligt elpfGl 0 hEd Ssidd euda$va§ WaFRHNORLIBY: § b SHAL 8 RBIE: RirB6Eo240. that
is thermally coupled to the
bottom coil 152. FIG. 3 has a side cutaway surface 154 along a ZY plane
exposing a portion of a top coil 156. FIG. 4 has a side cutaway surface 158
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 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 trom 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.



substrate, a central core 174, the wite pole piece 160 and a wite gap
176. In a preferred arrangenent, wite gap 176 includes a non-nmagnetic
metal |ay®o0™®1t20 filling the gap. The nonmagnetic netal | pcTiuayersyli78
conducts heat fromthe wite pole piece 160 to the shared pole piece 170.
The bottomcoil 152 is adjacent the shared pole piece 170 and has a bottom
plurality of coil turns that have bottom narrowed regi ons 180 passing

t hrough the wi ndow 172. The top coil | 58 i s adj acent the wite pol e piece
160 15 and has a top plurality of coil turns that have top narrowed regi ons
182 passing throug M p i . i 156 is
fewer in nunber angkgﬁ g?(twé%ggﬁrcé{g# ?égag%égt SA %@?k’%@tﬁ%b‘%rf azl%l %efg%g 51%Soil
turns 152. Thdepmjtedbetmakbn byeaf pdeilbS tud ashalt&bpdiav 0.t The wmagenedsisegt ons 184

opposite the top narro egions.. The top _coils 156 have |l arger w dth and
cross- sect | on&fadaicasor \F,l\gqc: thﬁgeaggpglgt 1@@'@&11355}’!”@21?01?%0%?If§mPfET2t,ur‘?L S6 are

writer core |0 UG oRRo RS e St B TR ARt P e een

the centrab cgeeerdizdimatoinhe papond adehedhagegiconssdi8dr 146 i s desirabl e t hat

t he shared pole 170 extends, little ond the region | 74 conpnecting the
witer pole 160 to‘t Hﬁ“@SC%IHa‘F’@&OB'oIqZ%l@g‘?WW’HP%Stt“rq}‘i’i&lﬁftelyohnglg[gsl'sﬂg% hi gh

power density o 8difaBs B t8hkOd lpold/ pleck €S | tgmEA 'a%zp
contribution fsr%%lnt he k%Ia(t:k g%rti (%)r? o? etche cbitlﬁaisif\/\tﬁi ch @?g&' de?0 tt ean t he

regi on in thesvistrdtswe lcg@yaltcore Hbt, sheawsts godd piede7 Do(bdnd hevrine gapet76. Inwd
01/99112 7 PCL/USO 1 /1897 1 'Af portli Bn fdheat gener‘%t ed ip t he .égop
narrowed regi SHECTTELAFAEERITHL FPEg S2P 1] dﬁ‘gH EHNIBPAGR A HRER L BIFohY 184 to
the substnat efilifify g ddp UThE fﬁoﬂﬁlagb{etﬁ‘f fewliclBer F1&GcoRuctsThet TRkt e coi |
152 and the top coil 156 are enbedded in a refractory material 162 that is

el ectrical institapelagiesadop hetheshpipddgledierilVe, 5 The refractory materi al
é?;rr&rqgf Ielr E‘tejl é’afggﬁ%!:so%?toﬁq%&i il%b 1§lJa(dJ]dcglqsc tﬁé léﬁqrg(?’pofei Hegé)r]?aiatnﬁihdaes} 27
bottom plurality of coil tuns that have bottom narrowed regions 180 passing
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.



The top narrowed regions 182 in the wite coil wndow |72 include an inner
turn 190 adj acent the central core 174 wite a cross-section that is small
rel ati ve wo avyonoss-section of an outer turn 192 of the topcnassiowst regi on
inthe 1 o wite coil wndow 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/wite transducer 146 al so includes vies
such as via 200 to connect the nagnetoredrstor 166 and the wite coil

(i.e., the bottomcoil 152 and t s the top coil 156) to external electrical
contacts (not illus rated) 52 and the t .coi | are
preferably connect €§PPHO0E Orfrhcgé1t @ng{ glnagl}qrgpwrrgw\egée%%nst - f‘%d“ggﬁ’e
‘current wite EiER e tbh Weren rOQ6M T180RRS LubeRi 164 135211@&@&& Be ab@Ryscoi |

| 56. FIG S illustrates an obquue view of top and bottomspiral wite

coils in 20 th88r@ad/ i The hedemied 33 asd rﬂaﬁt éQP il HIS6Sire 2nabed@gdain 5 is not

cutaway throu a.cente read/ sduceyr .,146

illustrates t%gﬁgcﬁ?rr"a?la erlf‘gﬁééﬁ% tIS(? L&gmgc%} thfgﬂa g,naoqcﬁrg IY%p coi |
156. Points ofTHa giestore uhdtemdl Iiﬂﬂ§telfétawliyt dsumrpﬁsré@ 180ktisl fidieas AR@Lind ur ns of
the bottom coil Iayer) are pl aced Iin close proximty to the yoke 174 in

order to heat s#®oginiideRedisawar-lgesaimaned by these regions of highest
current density intg t e Bt i,ty and
e B AL L, RS TP

relrabrlrty of the wi sign,
materi al in tHenartuiret 9O€ adjacait thictental care reduil 4 besdsdctiyn iﬂlilattlkl%m\all’li ter
dynam c response.. In addition a reduction in fa,rtle anount of nagneti

material experP@HES ify? PIFBERIECROGAN PHIEH HERJY2 0 dheiop nagropeq agier i the
PCT/ USO1/ 1897 1@ ool %%kke Ao Hﬁfn 6PHS hEB WS efafed GNERT inhBe1IR Ul feating

effects produced by e curr osses In the witer core structure |ess
of a signifi ca:rmndlp:rt@blt‘r&rmoti thecamtrthlusoren) 74atodihecsudsirate 16404) illusicdtedlés a di sc
(126) and a read h ( 100, | 40) accessing the disc ( 126). The read head
(100, | 40) 57" s a substrate (164) fornmed of thermally conductive

material. The read/wd t@dhaad téansé&er |14@)alkd‘%d¥@'&% ﬁawshérﬁas:%l 20p ngow
(1 72) surrounded by a shared gr ece 170) thermally coupled to the

substrate { 16@)1n60éthﬁemtagrmtorcmter {Gbrangd, tha WIFtE tcell g ethpibeem(cpgd0)2and a
write gap (sl 7??1% hThe ] lggg C'ﬁtérnal € e%grw%hg(mta%td'gr?oﬁ éli]ug ra‘rcc!'ﬁ)S %hg %Btttoonrp c(dcfl |

(152) adj aden e pi
152 and the top c011 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



| 0 bottom pluratily of coil turns that have bottom narrowed regi ons {180)
passi ng through the window (172). The read/wite head (100, 140) also

i ncl udes av@opvadi|l (1 S6) adjacent the wite pole piece (26EDUshawong a top
plurality of coil turns that have top narrowed regi ons (182) passing

t hrough the window (172). The top plurality of coil turns (156) being fewer
in nunber and flattened relative to the 15 bottomplurality of coil turns
(152). It is to be understood that even-$hough numerous characteristics and
advant ages of various enbodi nents of the invention have been set forth in

Funct i on of | vAPTOE BiE0MRRE Brepsls T Mfind eribdS aRebiayy &L
illustrative emkdnt 16936k iAQhENRANGRErIENIche: IBBE6f 4 SlglgtaithrovigReci al Iy in
matters of structure and arrangenent of parts within the principles of the
present invention tl8 conelusign]a gige drite i(HY) datladesy dish €12) eadia geadéweile meani ng
of the ternms |n i t ) cl.ai re RLe el a e, the
particul ar el %%%iﬁ?gﬁhnéﬁﬁgéﬁge%g‘gggﬁﬁldﬁ% g% 6sheT[H)é(:lrr%ai c‘aﬁ%rheggpqliﬁg’a{f? @n for
the read/ wit gicheRd adub@ra?d (0@d)nfcined ngf shmbBntdoatihdtive hQasane The
functionality without departing fromthe scope and spirit of the present

i nvention. | nreadfwritehepd eldinpt®), inglydes it Fohwindewh &l B shiretnded birdgnet i ¢
core structur rally, C r fd i c

par i cul arly e BFfedicet 10 Reifly ARDICAERAE sBbl e PIEh BhRral corey ¢ i
filmor other (I4grostiteustieipiect dis0) et 2 onitd gahfii7queThe taadadte heain(106) t hough
WO 01 /99112 P US01/18971 -9 the ef erred enpodi nent .described herein is
directed to agédaﬁwl?%bwmC%r<1§5>tarﬁlarfe¥lﬁ \ihﬁgﬁ@afapol‘?tpl%m< 7Pda¥PBreci at ed
by those $Kil{gghhhiiRenAs cdiNBnst g KRAUYBESnBlovtdiE LIRS BIRD) | ion can
be appli ezé(t o] glt@%ﬂé:b ‘%lggtl)l cacf ilon}npsr ocesses, |1 k% noa}noste?auct glr e) Pgééﬁ%:ati on
processes, Wi though thepaintiowd172)oichead/ooipe heatl(19p] t4Q) atsb ihtledgsratent

i ti . WO 9112 -10 WHAT IS CLAI IS 1. A disc dri
oo Lo ne. ped) Uit Adieent T8 Yipteol o4 MDD i fited Wiz SE e Cooms ¢ e
disc, compri siighad BpSihshElaidel el ggésé%%w@hlme G«gﬂ@wm%;).em@t@ri al; a

wite coil w ndow surrounded b%’ as i'ece thermally coupled to
t he substrat epluzalggmdcall tems €156 beirig lewpo lrenphbeend ithtianagr ietadivgapthea bot t om

coil adjacent,the shared | i ~having a bottom 1o plurality of coil
turns thaggha%ﬁ%tp?lg?nﬁtﬁaor?g%ﬁé%ngggrgns passi ng through the wi ndow, and a

top coil adjacent ffietobd tulcpRdb®l hhesen ietighGuanet @R cphrddiadidticy ae@f coi |l turns
that have top narrowed _regi ons_ passing through the wi ndow the top
plurality of advantagss AEvasusgmpadistentsPi1he HyRpan hae besnaet ©rBdn i ative to
t he bottom pl -ty foye) e i ri f .Ml wherein
the top pl urarqrf@édlg‘f’ dg%flﬁg%%rt%%gﬂr%yé%t%qpm%Dgéﬁegséglrc {eu\é?%%sfu%gdggfte the top
narrowed regi emsousEmbidanelits of e invenddn, Ghiaidmcswhees Biustrative osharetl pol e is

tnncated al ong a |ine _rzbg bet ween .t]he ce Lyr.al core%fand t he tdop wi dened
regi ons. #° Tﬂléa’_ grseay \?éadBfm BB B U T B A heat  gener at ed
in the top nahxgyRethdnedf SRS Withit aRAHGRIed dTRYGRdR Ve ML dRed regions to

the substrate. 5.7 The disc drive of Clairn 1 wherein the bottomcoil and
the top coil &xtencindisddddyithe brondgeneeal srapningtdrthatermhintwhich tieect ri cal
i nsul ating angppt)errll LB langs grg e%;%’r%‘sjs‘é&t !F\éxe ¢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



6. The disc drive of Claim5 wherein the refractory material conprises
material selected fromthe group: alumna, silicon nitride and di anond-Ii ke
carbon. 7WOM&%isc drive of Claim1 wherein the top narromedusegisons in
the wite coil w ndow include an inner turn adjacent the central core with

a cross-section that VIO 111/91112 PCT/USO /18971 -1 | is small relative
to a cross-section of an outer turn of the top narrowed region in the wite
coil windov,.~ 8. The disc drive of C afm 7 wherein a portion of the heat

generated in the inner turn is conducted through the central core to the
substrate. 5 . Jé?en%p%ﬁmgafn}l’egt 8%; r%gd i 085 &ledh *éere%/g&f? 8aR gl udes a
nonmagnetic netal ' c Tayer. FORE N SEUEFT VESGY &AM 9 Wherei R ¢ he
nonmagnet i ¢ nehialfllinchdadytewilConsppedcsarbi®ny tHos@sRilleinvihé 1@ tHRO ke Phdtest o t he
shared pole piece. 11. A disc drive, conprising:. to a readlwrite head with
a top coil and®fHhayessmnyertionican e applicd thother &brisptiamEonssses: b2 med on a
substrate; th g I i SC: f anduct i ng
neat 1 rom a t aa ol abfelt bRt AR A athRlng AR (ERTDe ol 508

readl ~~, ~r 5t e ofiéa&tbredeht ihventidnnet hod of manufacturing a disc drive,
conprising: providing a disc; formng a read/ wite head substrate of
thermal |y conductive material; surrounding a wite coil wndovrr in the
readlv~rrite head with a shared pole piece thermally coupled to the
substrate, a central core, a 20 wite pole piece and a uTite gap; providing
a bottomcoil adjacent the shared pole piece having a bottomplurality of
coil turns that have bottom narrowed regions passing through the w ndo~.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 regi ons passing through
the ~indow, the top plurality of coil trns being fewer in nunmber and
flattened relative to the bottomplurality of coil turns. WO (1 1/99112
-12 13. The nethod of Caim 12 and further conprising: PCIT/USOL/ 18971
providing the top plurality of coil turns with top wi dened regi ons opposite
the top narrowed regions. 14. The nethod of Caim 13 further conprising: 5
truncating the shared pole along a |ine between the central core and the
top wi dened regions.



15, The method of Caim 13 further conprising: conducting a portion of heat
generated in the top narrowed regi ons through the top w dened regions to

t he subst vade1/99102 16. The nmethod of C aim 12 further conpripgirngi ebeddi ng
the bottomcoil and the top coil in a refractory material that is

el ectrical insulating and thermally conductive. 17. The nethod of C aim 16
further conprising: selecting the refractory material fromthe group:
alumna, silicon nitride 15 and di amond=14-ke carbon. 18. T he method of
Claim2l1 further conprising: including, in the top narrowed regions in the
wite coil w @gﬁwTﬁncg' ﬂ@ﬁﬁﬂlg‘n adj acent the central core ~. vith a
Cross-section i "ative to a cross-section of an outer turn of
the top narroved 4 dre@l esmprisihgte write coil wi ndow. 19. The method of
Claim1l S further conprising: conducting a portion of the heat generated in
the inner turn thr@uls: &k central core to the substrate. 20. The method of

Claim12 further c 1,S1:NG. I in etic netallic layer in
the wite gap. 21. %%#Agﬁgjg}eggggﬁgg%gg{een%fcs,cglg@ﬁn%rg sing: a substrate forned

of thernal by conducti ve amabgfdt@formed of dren@lly &9libetivel3atB&dl, USUL/ 1897t a
magnetic core structure surrounding a wite coil w _ndow, the magnetic core
structure including a cérdigsetliwmdpnsuupandeddyshajedcrnlppige therpkdy

substrate; a bottomcoil adj rti . i.l..havi ng
a bottom5 plurality of coil %§W%g&$%§%ﬁgaﬁago%eﬁg% é\%%%%&f@é%?%hg
passi ng through the w ndow, andaantitegapoil overlying the bottomcoil, the

top coil having a top plurality tur t hat. have top narrowed

f coil S
regi ons passing through? pritags ﬁﬁavﬁcﬁi“}’?ét f}{?psr}tﬁ‘ﬁi]r BPletBecst %‘%‘GW at BTN bei ng
fever i nymher and 10 11 at  gnedel BiMenanig, OO ALHSAL koAl coi

turns. 22. The magnetic coil "asse alm 21 wherein a portfon of heat
generated in the top narrowegassugg thneughshewmdioet; eddt hr ough the top uri dened
regions to the substrate. 23.. The etic cojl .assenmbly of aim?.1
wherein the bottom coi | ?dfif Cfﬂ@gh%e?to%e JEiF pSI'eeplg%E%'&%ait?P _ﬁwaéw 8t ory
material that is electrical i.pguldkiing hapsdphRbEalt e GORdpaking ehrogdh The
magnetic coil assembly of Claim21 wherein the refractory matéri al

conprises material selected fhowindey;dholpp: platalith elacoilsiumsclomingiewver de and
di amond- | i1l§e car bon. 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

N
W

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



20 25. The magnetic coil assenbly of Caim?21 further conprising a central
core, wherein the top nan~owed regions in the wite coil w ndow i nclude an
i nner turwoadjvacient the central core with a cross-section pdRUSHisissTRI |
relative to a crosssection of an outer turn of the top narrowed region in
the wite coil window .A .AL.A39. A3L.A9. A, L. A L.A(9.A &.A L. AaL . AL
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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.
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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;
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| " #$UR' () * +, -27.01D35640tic coil assembly of Claim 21 wherein a portion of heat

<:>?@\BCDEFG_&e‘%}lé}a%\pﬁ]qﬁ%T%%MédAmé%gg(?se E%&Jct%ldn@)?cﬁl%ﬁsthe 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.



