Title: DISC DRIVE WTH LAYERED WRITE COL [err] Abstragt; J@Ni drive
(100) includes a disc (126) and a read/wite head (140) % 35@'[

di sc. The h%q) ﬂg}( udes a thermally conductive substrate (164) and

wite coil w ndow (172) surrounded by a shared pol e pieB€T ﬁ"?’é%”"c her mally
coupled to the substrate, a central core (174), a wite pole piece (160)
and a wite gap (176). A bottomcoil (152) adjacent the shared pol e piece
has multiple turns that have bottom narrowed.regions (180) passing
through the w ndow. A t DISCDRIVE VEH BAVEREM WRIEE \@OILe pol e pi ece has
mul tiple turns that have top BELD wd*mmmg 82) passing through the
w ndow. Thetoptur s are fe and fl attened lvetothe
bottom turns. ’ﬁﬁf"‘ﬁ %ﬁff’é@’f% 8?7“6%6‘3‘71%%9?’1 %@“ SVE W TH
LAYERED WRI TE ﬁ%dnonﬁlﬁés%ﬁd/WHEdeMhmléEMe stovdgendeiiogs. r el ates to di sc
drive storage devices. In B%Ck CL mM@m relates to
read/wite heads for such gFsT=dar+v S.

After a disc drive is energized, it warms up and has a temperature rise. In

particular, there are large temperature rises in the heads used in a disc drive. The
heads include magnetic transducers deposited on slider substrates. The magnetic
transducers carry read/write currents that generate heat in the heads. The

10  temperature rise in the heads is large because the heads have a small surface area
in relation to the amount of heat that is dissipated in the magnetic transducers.

In newer, higher performance disc drives, the discs have increased areal
density, rotational speeds and magnetic coercivity. With increased areal density,
the dimensions of the magnetic transducer, such as write tip width and gap, are

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 l
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.
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BRIEF DESCRI ION 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
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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
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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.
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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.
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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.
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illustrated b
y 5% 8 V¥1e 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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bottom coi |l [ayer) ity L h ke, 174 in order
to heat 25 sink theeiﬁg%r&gl%%ggan%%a@ggiﬁ)?ﬂnﬁég%ar%‘a’gcl@26§ aﬁc}Xﬁl ‘g/heget current
density into theadstifbetHd cicesssimnthei diggr (126). t Abe caadivaitet heatd (300, yi4@nd

LD O e bl e somBE B CHLRALP ol it bRy O phRONCL | €
material inthe witer cor ructure can reddée the he witer
dynami ¢ r esponsed/vrite beidi(t 100 0h inclidesct Wiite coih windoe @Vﬁ:)umromﬂedria'gmetl c

terial
e epe” ek i kbR Al CSERCYe Kifhdada®a MIPRRS VO
joule heat: ng €iHderverite pele piseed160) andiatyritegap (13A) Thpﬁsﬁéévntmhqaﬂléloﬂn ter ((:258)
structure |ess f rive
i ncrudgs a di s(%Q(?)f%ﬁdegQ%%@é@d?v??ﬂ@‘%%gﬂ%&ﬁ%%%&é%% Vﬁga?\g the disc
(126). The Wea@memélrﬂ@aqf ¢oilgons thaphave botiane harrpeied apgmbéltii?)ena@u(glM) f or med
of thermally coy t? Q”ﬁl T%E%&zﬁt%q{e g JQ@)aszso(lﬁ&Qdes 14 i ncl udes

awite coil W|nd surroun e plece (170)
thermal |y couplce’él(]t5é) @da@e@tm\wtap@e 01136?49150)611%@819FOQIPIIE@%O“‘MM?S awite

pol e piece (16Qy t@pMﬂo%v@dQ%Qns((i-gﬁl)ass;ﬁg%&fgﬁq{e%&o%(IT' dI'h@lgp) h140)

i ncludes a bottom coil Lacent t he shared pol e piece aving a

10 bott om pl ur @iurality ef C%ldwsmﬁ %elﬁaw%tvewa\f@mbat%ﬁﬁm? slREYe tPé’gq ons (180)

passi ng th{souq,t;tt&{q?lmhgd@%ﬁ%%)(lf,ﬂhe read/ wite head (100, 140) also
i ncludes a top coi adj acent 'the wite pol e piece (160) havi ng a

6)
top plurality of coitlls folbe H%defsf‘}‘?étthah%‘i?%tmw ey ehrecteditishad( 182) passi ng
through the wi Rd@Wdeds/odvariold 8mbddnents 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



plurality of coil turns (156) being fewer in nunber and E@VGZ@E rel ative
to the 15 bottomplurality of coil turns (152). It is 1 u rstood

t hat even ta,gtbg/ﬁ%ﬁunerous characteristics and advantages of various
enbodi nents' of the invention have been set forth in thePC¥BYUYBhg
description, together with details of the structure and function of

vari ous .enbodi nrents of the invention, this disclosure is illustrative
only, and 20 changes may be nade in det®il, especially in matters of
structure and arrangenent of parts within the principles of the present
invention to t el : ani ng of
the terns in vmhtﬁ%%ﬂé%ehgd %g%%&{e%gé&%g&. fﬁ@elﬁ?éélhﬁ%&?é%@%%ﬁ%?%ﬁé){%ﬁml e, the
particul ar el entbintfdmgsd, i aill/be appgocinted bithoss skilled ip dhretartdhat the teashingscat i on f or
the read/wite gﬁ%gc i s 5 [ 1t alEd ' h anme
functionality wt J%ggglﬁ%%%ragh%%dﬁgOﬁ%?%ig&%%?%pﬁsrsf ?kegf t he present

i nvention. |n anahestruptare fabgicatioh proceskas, withputrepastingfoom thisecopp pihd spititt o magnet i c
core structuges ls ch as transformers and i nductors, :

parti cul arl;gv\hoen Qu%sﬁﬁtrrl%gﬁgyi c core structures are fabricated using thin
filmor other mcrostructure fabrication techniques. In addition, although
1 9 Nov 2004 WO 01/99112 PCT/ US01/ 18971 -9 the preferred enbodi nent
described herein is directed to a read/wite head for a thin film head,
it wll be appreciated by those skilled in the art that the teachings of
the present invention can be applied to other fabrication processes, |ike
nanostructure fabrication processes, w thout departing fromthe scope and
spirit 5 of the present invention. -10"WHAT IS CLAIMED I'S: 19 NOV 2004 5
1. Aread/wite head accessing the disc, conprising: a substrate forned of
thermal |y conductive nmaterial; a wite coil w ndow surrounded by a shared
pole piece thermally coupled to the substrate, a central core, a wite
pol e 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
t hat pass through




the wite coil wi ndow and that are horizontally narrowed relative to
opposite turns of the bottomcoil; a top coil adjacent the’ QA'NG\éZﬂMe
pi ece having a top plurality of coi1®urns that have top narrowed turns
that pass through the wite coil 15 wi ndow and that are horizontally

narrowed rel ative to opposite turns of the top coil; the top plurality of
coil turns being fewer in nunber and vertically flattened relative to the
bottom mﬁmﬁiurns; and the top narrowed turns overlying the

bottom the wite coil w ndow and the top narrowed turns

being vertically flattened 20 relative to the bottomnnarrowed turns in
t he 3“ te &oid regdfdiehead acrpssingdheldise.icomphisiag: of Cl aim 1 wherein the top
plurality of coil turns dubsteat¢ fspmediofitheadaltynonduciiveasdtérialf he t op narrowed
turns. 25 3. The read/ wrwtie ¢whdimbwGuaioimdedbe s shired polespidsetheRAlR i S
truncated al ong a coupled tdhe\saissirate & cEftitll Eéve, £ @t pUlé pleb@atPPwit ed
turns. 4. The read/ witeebbesfl il 4djaden? Nd8hBED RIP Plebé Havitle DGRktom
gengpated in the typali@Oomail @URANAUAVE Hoﬁoﬁ%%eﬂ u rtﬁﬁ%s& Bﬁgﬁ%
d r

erein
i al

4
i d d d
\cheeBgt t E)lrjnr (r:lgi Itoatrigggggtﬁgéi@jg%ﬁrﬁ eth%rtgg% ié\%% thoﬁtagﬁ?e FAct o?egllépﬂlgt
that is electrical Pnsula in n&

Phal | conductive. 35 6, The
read/write head of @ aiffPBC g‘ﬁgﬁeﬂf & 8P¥1§é¥% aWﬁgé‘rt?%Pl“E,ag‘r%PPses
material sel ect ed PHEWPE HEt Bavs PP narimsd s dhatipagsthrqugh theawriigesoil
di aBnd- 1 i ke car BYRIOW @nG thatrpre hpezentaldy Rasroned delgtivadoapprsite s of thet he t op
narrowed turns in temeoilithe eppiiralitywf peibwrishsingifewenin mmeberand n adj acent
the central core wettivaly flateredgelativeon thebattans plusakiay bf coél tatrisyand o a
cross-section of an outtks tapurarroskd thiras bogriyieg thevetotriiatowed thihe in e t €
coi | window. 45 8.wiitheofleaadowidnd theash ahrréhéd fards BEAS Slefticallp Flattedd of the

heaogener at ed i n rélagve fotA€bottoni RarkSwsdREHGh @ WhteQBfRvihd®v central core to
the substrate. 1 9 NOV 2004 -11 9. The read/wite head of daim1 wherein

the wite gap includes a nonmagnetic netallic |ayer.

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.



5 10. The read/wite head of Claim9 wherein the nonmagreqiNO\e4 | ic

| ayer conducts heat fromthe wite PO ol e piece to the shared pol e piece.
11. Aread/wite head, conprising: a Head/wite head with a top coil and a
bottomcoil in a vvrite portion of 10 the head fornmed on a substrate; the
read/wite head accessing a disc; means for conducting heat froma top
coil in thg r,lehade ?le%fi g? a guqﬁtrate i n._the read/wite head; and
the top cofl cﬁlﬁ r‘% 53 AL HaMeh WheFaIR then Rrite, 2ap Hislydes & nanmagRetic owed
in awite w relative to opposite turns of the top coil and
that overlie 15 bottom narrowed turns of the bottomcoil, the bottom

narr dwed t &P-rEhegerd{ritkgad b ilain § whereinihschonmaghesiométaBicdayer condubtsw

rel ati ve to digpofsemahe writespodd pietreto theshaoed podé piecand t he top narrowed turns
being vertically flattened relative to the bottomnarrowed turns. 20 12.
A net hod ofl.rarsatibverdte head) campgsigw i t e head, conprising: formng a
read/wite head subsid/atiee lﬁB‘adtMQfmblcksﬂ%ﬁd‘ﬂ%&ém%oﬂ% Ewrﬁé goméﬂbfound' ng a
writg coi |l WithelRdifBrrhdior @ﬁjﬂs%tbitﬁe it hBafaceBA piece
thermal |y coupl ed ok G SHAR: tl‘n@atff’mﬁ?%&{ 118?[? v)é\{] agﬁg' e piece and
a wite gap,sugérapilﬁ\{h%egg/\& dlo ol j acen liﬁe ared pol e pi ece

ur ns

havi ng a bottom hat h ve battom narrowed turns

that are horizonta lgfp clgggl;lc;\}&gagl;o&%oygd yn E‘ﬂ gPP@“?‘?ﬂt HTONGE Bot t om
coi | _and that? t§§{ 18 Igl#{Eve tQ,0ppRSItE fyrps i thatipyerdiet op coi |
adj ddent the wed Girag ef the DAttemcal), the betom ngrr @wedmmngturns t hat
have top nar h&¥ié qulnéh%wﬁ@rqoﬂdﬁnmw yelatmertowegomteltmm vktheo
opposite tur rbgttgm QOHealtd)tﬂJem naregmditinas beiag serticaltyfjattenbé relativiedo c |
w ndow; the thogompglamosledtwnef coil turns being fewer in nunber and
vertically flattened relative to the bottomplurality of coil turns; and
POs20i oni N tA¢hethoid dm[ahemdmﬁ]grar}gadmng\@ﬁh|@n{p|@i@mlgot tomnarrowed turns in
35 the wite coil fenidsWresMdriRHRRA Nbsirhe o?%nﬂé‘ﬂ QCﬁ\Wrﬁﬁcﬁ be .
vertically f|att%{iFrQur{ g%wl ¢ Mhﬂ?g%& ot O‘H? dHH PeHatbd'gdfle W 1 ¢ ©

T

coil w ndow | ovi di ng
the top plur tﬂ-aﬁ C urns vm ened Tt &’gl %13 %83%%'9@ t he

topgarr oved 't prov1émg£%ottg§1tc% %djoa]::enct]tl?é srRarle% [Io e élre]ce'\erha%?nngpar ll)ost{orr]r?

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:



truncating the shared pole along a |line between the central core and the
top w dened turns. 45 15. The nethod of C aim 13 further 1cgrm]\] 00lp: -12 1
9 NOV 2004 conducting a portion of hek}- generated in the top narrowed
turns through the top widened turns to the substrate. 16. The net hod of
Caim12 further conprising: 5 enbedding the bottomcoil and the top coil
in a refractory neoadgdingapertidnsof hehtegenerated|in thestop atirowedituehst her mal | y
conducti ve. ZXifrougithertep wadbned tuGhsiorthd Sublstrateher conpri sing: sel ecting the
refractory material fromthe group: alumna, silicon nitride 10 and

di amond- | i k& Thermahod 318Clalhe2 fiep Goprith@l m 12 further conprising:
i ncl gding, in the dntidMag iSstolt/édiPandind B Miiih & r ck]oryﬂnih‘i‘éﬁ’éﬁ tidfis 01
turn ad acenfelécﬁfbafﬁﬁﬁlﬁﬁsg &1 Gelfhdif) AnglQge; Section that is’smallrelative

to a 15 cross-section of an outer “turn of the top narrowed turns in the
wite coil ;A The t hod of Cl.aim 18 further conprising:

conduct i nglg%g%th%&gqcmlﬁ'ﬁhe%‘@gpﬁ;% in the inner turn through the
central core tq tHK&® tf{is Fﬁ?ﬁig‘.cwfb T an‘b? BOYPo3luming sifigon pifridener
con% i sing: iaﬁgldt?&?c}‘i‘&' Cf8MPRgnetic netallic layer in the wite gap. 21.
A magnetic coil assenbly, conprising: 25 a substrate fornmed of thermally
conduct i vel%ﬂihéﬁnﬁhqd%félﬂgméi furtheocemptising:t ure surrounding a wite coil
wi ndow, the magnetindudiogyrie thettop atmowed tuedstdithegwateaoilevipdéw am t hat i s

thermal | y coumeedurhadidoentshibsémel eore veittbo tiogssatioh tRdjiasaml rdlitfeGs e

portison, t he chsb{sestionaiflan bak Agn af BRtéPRArRIwEGALNs Yn fe vk ol Wi, hat have
bottom narrowed turns that are horizontally 30 narrowed relative to

OPPOSL 1€ M. e Bhthry OO I St Eﬂ%ﬁgi . pass through the write coil
i ndow; d t b t [ofeY] e top,coi aving a
o S e o
BRTT S s SHPPASt o
20. The method of Claim 12 further comprising:

hor %ont ally narr
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.



opposite turns of the top coil and that pass through the i A
w ndow, 35 the top plurality of coil turns being fewer iavﬁtﬁmé&ﬂ%d

vertically flattened relative to t el jottom plurality of coil turns, and
the top narrowed turns overlying the bottomnarrowed turns in the wite

ol at i ve (815 ThafiebeRo BRERBNPG CHIS) VReith Rl harefycall aneh fob end 2
The magnetic *Cot .a&s(%g]r’?ﬁlayregﬁac@%mﬁwﬁifi El‘se?lﬁCtgcﬂoiPE‘h?ﬂPgo‘I‘n% ma)bher at ed
in the top F8PPYSHE turns is conducted through the opposite turns of the
top S{gil to the substrate. 1 9 NOV 2004 -13 23. The magnetic coil

asserbl y of4-dhgi magnetighepidi assemblybef tClaineo21 wabreteinhthet ogfractiry matesial
enbedded i n &ompfisesonaiesialisalected fiton thatgroup: eluatiha, isdibn nitdé aid digmand-
thermal |y cdikdgetbone. 5 24. The magnetic coil assenbly of Claim21
wherein the refractory material conprises material selected fromthe
group: al ups.rme Miapnetioncdil fasdeddIAHE ClamiOId furthek @oRAHRAR: a ZentrdiNGorfBINEL | C
coi lipassenbl yyiteiflthRé Bpldartdidd'@EnsCRAMRE WHiBLoR wRRbWAhcIBE Gn inddd (Aer i n
the top narr %ﬁﬁgeﬁtqh@%eh@alt&{%‘«mht & C%Ejse&f[o:fl&ﬂ g N

adj acent the central care a I; SOE on}ﬂ lﬁa .#s%lfr%{é'leltgpaglrcg}sf've to a
cross- section o ar?nou{eeFd%urﬁh (%§ g%go"?eoptuﬂlgl’ g‘ﬁe"&n ﬁf’ﬂg"lpchf’vf'he wite

coil w ndow.





