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01] The present invention relates to cooling actuator coils,

ticularly, to coils used in Lorenz force actuators and notors
ographic tools to levitate and drive stages. Related Art
[ 0002] A Lorenz force actuator consistsS of two physically separate magnetic
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A Lorenz force actuator consists of two physically separate magnetic
components. The first component is typically a drive coil through which a
current is passed. The second component consists of an assembly of
permanent magnets, often in combination with additional high permeability
material, that together generates a strong magnetic field that passes through
the coil. The interaction between the current flowing through the coil and the
magnetic field generated by the permanent magnet assembly produces both a
force on the coil, and an equal and opposite reaction force on the permanent
magnet assembly. The portion of the coil in the strong magnetic field can be
referred to as the active portion of the coil. Heat dissipated in the coil can
cause an excessive rise in temperature, unless the coil is adequately cooled by
conducting heat to a circulating cooling fluid.

In some cases, thin cooling jackets attached to the faces of the active
portion of the coil are required to augment the flow of heat to the cooling
fluid. Such cooling jackets are typically made of ceramics, such as silicon
nitride, that offer a good combination of both high electrical resistivity and
heat conductivity, and therefore efficiently transfer heat without causing
undesirable eddy cwrrent damping effects due to the strong magnetic field.

Stainless steel is also used, but has neither high electrical resistivity nor
high thermal conductivity. Fill polymers have high resistivity, but relatively
poor thermal conductivity, and cannot, in general, be used to seal cooling
water. Ceramics arc brittle, expensive to manufacture, and might not

(especially for thin sections) reliably carry the water without leakage.

and



undesi rabl e eddy current danping effects due to the strong nmagnetic field.

[ 0004} Stainless steel is also used, but has neither high electrical
resistivity nor high thermal conductivity. Fill polyners have high
resistivity, but relatively poor thermal conductivity, and cannot, in
general, be used to seal cooling water. Ceramics are brittle, expensive to
manuf acture, and m ght not (especially for thin sections) reliably carry
the water without |eakage..2 SUMVARY O THE | NVENTI ON [ 0005] The present
invention is directed to an actuator coil cooling systemthat

substantially obviates one or nore of the problens and di sadvant ages of the
related art. 100061 An enbogh f ynvention includes a
Lorentz actuator coil w tﬁ%%?tqﬁat@%ﬁgﬁﬁgo$hat has a cool i ng tube
with liquid flowng through it wapped around its periphery. Aplurality
of el ect r[bﬁ(ﬂﬂl y ingyl g&feé‘eﬂt invifeoftid di&te&%’%lua&?@&%liﬁsﬁkﬁi #fa 3¢
arranged genérally transverse to active portions of t race track w ndi ng
so as to condgchstantially fhvaatest dne ar et ofitic problerds angl disadvardagesof theg t ube with
i nt roduci ng sing_ﬂia&%rgant eddy current effects [00071 hi another aspect,
there is provided a coil plate assenbly including a base plate. A cooling
t ube has [@0®5pol i ngAhl ambddimentvofthetpresentt invantign inchidep b Uloddnitd yetedtorr ace track
coils are arranged,symmetrical.ly around the base plate. a er pendi cul ar
Co the base pE encd Bive dack Sipdind MR AR b ieptitegol i eRBEN: i g+ ha
generates a nagoedh i€ whippbdlarolfEitCRiphdty. Aplerality offeiiRpRElRInGMREd,a peri phery
of the race track.w _nding. Eac,h race trackgéﬁoil f]s’rther I ncl udes a
plurality of IthCE'Bir‘}cﬁ?E yohixe $PY HE 2HARESA SERFTYWHESYrSF P 2y er se to at

I eas: ptlzrt | Opsrtidhs b thelraéeCirdck aGiiding 36128 Go S6hdas Reat HOMAUE fack@ak from the
racetrac

winding to the cooling tube with introducing significant eddy current effects

[0007] In another aspect, there is provided a coil plate assembly including a
base plate. A cooling tube has a cooling fluid flowing therethrough. A
plurality of race track coils are arranged symmetrically around the base plate
and perpendicular to the base plate. Each race track coil includes a race track
winding that generates a magnetic field. The cooling tube is wrapped around a
periphery of the race track winding. Each race track coil further includes a
plurality of thermal conductive strips arranged generally transverse to at least
portions of the race track winding so as to conduct heat from the racetrack
winding to the cooling tube.

[0008] Additional features and advantages of the invention will be set forth in
the description that follows, and in part will be apparent from the description,
or may be leamed by practice of the invention. The advantages of the
invention will be realized and attained by the structure and particularly pointed
out in the written description and claims hereof as well as the appended
drawings.

[0009] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory and are

intended to provide further explanation of the invention as claimed.



wi nding to the cooling tube. [00081 Additional features and advantages of
the invention will be set forth in the description that follows, and in
part will be apparent fromthe description, or may be | earned by practice
of the invention. The advantages of the invention will be realized and
attained by the structure and particularly pointed out in the witten
description and cl ains hereof as well as the appended draw ngs. 100091 It
is to be understood that both the foregoing general description and the
followi ng detail ed description are exenplary and explanatory and are

I ntended to provide further explanation of the invention as clainmed. -3
BRI EF DESCRI PTION OF TH yi ng draw ngs, which
are included to |IIustr§¥§E?§%g§§Pgry en%ogﬁ%ents oggthe i nvention and are
i ncorporated in and constitute a part of this specification, illustrate
enbodi ne f thepiv n S | serve to
expl ai n mﬁg“‘gn nC| gs&g§ﬂ1€&§n§| ﬂ{éﬁﬂ? h@ﬁlcw %ljaemd}?lggm&n%; 19{[1%18{1%1] FIG 1
illustrates aesmlaryscmbcbdemm |ofpthet mverdivenind, aef inperpozaitsbdr nadt of t he

present i nvent | 0 tr S er ' of a coil
assenbl y of t {8 GF“@%%%F%LFEI\'/%% “‘ﬁd“"ﬁéﬁl}iﬁ*‘%ﬁ"ﬁﬁgv W%%m MENTS OF
THE | NVENTI O\Ia{xd)@dg’k}heRehdr d¢irec desaiiptionneeaved éo eppleini the deimmiplest of thee

enbodi nent s of t he resent .invention, exanples of which are illustrated in
the acconpanyH§ Yy Mﬁ@@?‘“ﬂg&

[0011] FIG. 1 illustrates a short stroke coil plate assembly of one embodiment

of the present invention.
[0012) FIG. 2 illustrates another embodiment of a coil assembly of the present

invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0013} Reference will now be made in detail to the embodiments of the
present invention, examples of which are illustrated in the accompanying

drawings.

[0014} A number of applications exist for the present invention. These
inchide electromagnetic force actuators, and linear motors used in precision
wafer and reticle stages, such as those used in semiconductor manufacturing,
although the invention is not limited to these applications.

[0015] In a typical photolithographic tool, the wafer is mounted on a stage,
and has several degrees of freedom, X, Y, Z, and possibly some degrees of
rotational freedom. Some systems also include wafer stages that have a long
stroke stage that operates in conjunction with a magnetically levitated short
stroke stage. The long stroke stage is typically guided by conventional
bearings and driven by linear motors, and provides large-scale X, Y motion.
The short stroke stage is servo-controlled to provide ultra-precise positioning
in six degrees of freedom, In such systems, the wafer itself is mounted on an
electro-magnetically levitated, monolithic component of the short stroke stage.
This monolithic component includes permanent magnets that generate strong
magnetic fields that interact with short stroke actuator coils that are part of a



[0014] A nunber of applications exist for the present invention. These

I ncl ude el ectromagnetic force actuators, and linear notors used in
precision wafer and reticle stages, such as those used in seniconductor
manuf acturing, although the inventionis not limted to these
applications. [0015] In a typical photolithographic tool, the wafer is
nmounted on a stage, and has several degrees of freedom X, Y, Z, and

possi bly some degrees of rotational fgpeedom Some systems also include
waf er stages that have a long stroke stage that operates in conjunction
with a magnetically levitated short stroke stage. The long stroke stage is

b ovi s | B oE RN SbE G SRy TRt S oL ppls et s ety T 0TS, AN

servo-cont r ol Ingainted oprtop ofl ehelthbving pomtng qiake longsiroig: stage. Sloterdegr ees of
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stage- This Wé@irhﬁam@foeﬁ@%ﬁa{tahm}dagﬂﬁ ic TRI¥6 Rfe FREHIRY Sodld@at generat e
strong [Bgnetlc fields that interact with short stroke actuator coils that

are part [8916) -4 sEpargeneraien |ofpheat ebyskaphs yotuatpes Stsapantly $9RS coi |l plate
assembly 1 tyRdribsYond BHABHIGE AlvdraaRhmbAC THVERAMRORRPREELAM the | ong
stroke stage. Lorenz coils are frequently used in such actuator

appl i cati ons, shm&stmke aptyatphessemblipsi Whistented 1o be imya close pesimisn@ st rong
magneti c flel ds. ko easily cooled. [0016] The generation of heat by
Lorenz actuators requent |y causes distortions and difficulties in wafer
al i gnment[00I7hi s i sEpatwicaltytondictive coiboma sednies efﬁeqmaﬂmmuamqmmr

assenblies, which need to belnv ) |rrit fer itself.
[0017] Electr |n&aghlf ‘au‘E“{“F 75 aGYf yg?'i §°§ cro?o IF%%tlbrcha y conductive
strips outside the area that has the highest magnetic ﬁeld strength. Either a coil

wound with insulated copper or aluminum wire, or a series of insulated copper
or aluminum strips, efficiently conduct heat without introducing eddy current
damping. FIG. 1 illustrates one such technique. A thin walled stainless steel
water cooling tube is wrapped around the outside of an actuator coil on three
sides. Insulated copper or aluminum wire is wrapped around both the coil and
the cooling tubes. The ends of the resulting coil are electrically isolated so
that the electromotive force (EMF) developed in the coil produces no loop
current. By using a reasonable wire size, eddy currents in the wire are
minimized. In the case of aluminum wire, aluminum oxide can be used to
provide sufficient insulation while maximizing heat transfer.

[0018] As may be further seen in FIG. 1, a short stroke coil plate assembly
101 includes a base plate 120. Although not shown in this figure, the wafer is

mounted on a monolithic block directly above it. Magnetic components in the
monolithic block (such as NdFeB magnets) generate an intense magnetic field
that interacts with the current flowing through the coils, generating the Lorenz
forces on the monolithic block that control its motion. As further shown in
FIG. 1, the assembly 101 includes a plurality of actuator coil assemblies
102A-102D, arranged (in this example} in a square pattern. Each actuator coil
assembly 102 includes a racetrack-wound coil 103 (only one coil 103 is shown

in FIG.1 for clarity). Instead of a racetrack winding, a flat coil, or



may be used to transfer actuator coil heat to water cooling tubes |ocated
outside the area that has the highest nagnetic field strength. Either a

coil wound with insulated copper or alumnumw re, or a series of
i nsul ated copper or alumnumstrips, efficiently conduct heat w thout
I ntroduci ng eddy current danping. FIG 1 illustrates one such technique. A

thin walled stainless steel water cooling tube is wapped around the
outside of an actuator coil on three _sides. Insulated copper or alum num
wire is wapped around both the coil and the cooling tubes. The ends of
the resulting coil are electrically isolated so that the el ectronotive

force (EMF) deve ed | the current using a
reasonabl e wi 1° iqulélg @Q?Iym(a}ﬁ Fe‘ﬁ?‘g (}ﬂe"‘fﬁg‘s\%‘rsgmﬁrgl e n‘1r'fi?1"‘§éid>‘1 In the case
of al um num wicbrtactathnché1coil 1031 dbie aBrdvk coid @08 indy alpé b/feftered td 43 @l ent

i nsul ation while maxi.m zi.ng nsfer 0018] As, may further seen in
FIG 1, a shorftudpr gpxe et ‘L;ﬂ?‘gfté"'f sﬂéenﬁ?tgﬁtéfm’ll Lﬁ lfésw?gb'a@gé plate 120.
Al t hough not ghaide fbﬁmaﬁbrﬁn&ﬁgamplaﬁ@%cmmgaﬁm nounted on a nonolithic

bl ock directly above it. gnetic conmponents in the nonolithic block (such

as NdFeB @#8Het s) géwek%&@b%mlﬁtmee%w#ﬂéeerﬁlf&s@fﬂwamphem@r acts with
the curtent flegu falddcaH Wechfbfy £62 | B tnXHHoRIAAY of diS1d BEGRAE mfOT CES ON f he

monol i thic block that contr It's notion own rn FIG 1, the
assenbly 101 143 isuused toecopl alt fonr eajlsoTheropling wbe tH includesantinpug fuid1 02A- 102D,

Rssenbly 102 Couol PiHh 1Py JafUR! SuBR ol ooElind SRR 10E) 05 1
shown i n Fl GConngction porterlil2) 112lﬂrm esed tofonaeat tocefluid sdpplyi systemdnota fl at coil ,
o el L PP b I Sl sy PRI P, G4 B L bBL 2019
to as an current to the actuator coil assembhes 102A-102D, respectively.
[0020] Cooling jackets 110A-110D are also used to conduct the heat from the
racetrack coils 103 to the cooling tube 113. Note that the cooling jacket 110 is
located in an area where the magnetic force is not as strong as elsewhere in the
actuator coil assemblies 102. Therefore, the problems caused by eddy cusrents
are minimized.
[0021] Note further that although the actuator coil assemblies 102A-102D are
shown as having a center opening, which is preferred to reduce unwanted
_ acoustic coupling, it is also possible to not have such an opening.
[0022] The assembly 101 also includes four focusing coils 106A-106C, which
are used for Z-axis positioning of the monolithic block on which the wafer
rests. Connectors 108A-108D are used to supply current to the focusing
actuators 106A-106D, respectively. Since the amount of Z-axis motion is
usually relatively small, the focusing cotls 106A-106C may be rclatively small
as well. The position of the wafer in X, Y, Z space is thus magnetically
controlled through the use of the actuator coil assemblies 102 and the focusing
coils 106.
[0023) Note also that ethylene glycol may be used, in addition to water, as the
cooling fluid that flows through the cooling tube 113. Note also that in the
embodiment of FIG. 1, the thermal conductive strips 111 are wound into a

coil pattern. The thermal conductive strips 111 may be made of any metal,



actuator drive coil. Collectively, the actuator coil assenblies 102A-102D
provide for notion in the X, Y plane, including rotation. [0014] A cooling
tube 113 is "wapped” around three sides of the periphery of each actuator
coil assenmbly 102. In this enbodinment, a single cooling tube 113 is used
to cool all four coils. The cooling tube 113 includes an input fluid
connecting portion 104, and an output fluid connecting portion 105.
Connection ports 112A, 112B are used tg connect to a fluid supply system
(not shown in this figure). Electrical connectors 107A-107D are used to
supply current to the actuator coil assenblies 102A-102D, respectively.

[ 0020] Cooling_jagckets || OA-11 are al so used too conduct the heat fromthe
racetrack coi ﬁ%&%@ %““r"ﬁ‘é sgéor%:?ﬁla ﬂ%ﬁﬁﬁe iaféé.%o fi%wt“ﬁa?ucﬁﬁé BT ng j acket

110 is | ocat gthirldds aeelapéld, allagingm| Be. Maghatively, fegpdphite bSgraghitedfibesst r ong as
el sewhere in the  actuator coil aﬁl?enbl les 102. Th,erﬁfore, t he probl ens

caused by eddy"a e Ba¢-s Notg Alsq,{hah the shggmaliqogouchivisias A L fraRsferigal ) ¢ hough

the actuator @RohgtsaRIEdnE fattldy INmlEAEROE (WS WanARtiGAHivERe tieent er
opening, which is preferred to reduce unwanted acoustic coupling, it is

al so possi bl e PhpiRbiranspereokiling opethesseadivm). [ 0022] The assenbly 101 al so
i ncl udes [pa34 focugutn&g@%‘h%ﬁﬂv@%{(&ﬁ%m%ﬁﬁ caiﬁsearg%%fiﬂhé: fx1°s
ic blo on whi Fhe wa rests. Connectors

positioning of the nonolit C C er _
| OSA- 108D ar e ituwilibe appresiatadythatumenerar fewertthay Heousedi Fgr exapipleatimihe 106A- 106D,

espectt el v RGeSl PR SqplHl by S el

position of theusef el assemblicy 10Zmap be a@sdds(ot inmmeagses; ondypbiey whemnt r ol | ed

ESE?UQh the u ee gle Mfuestxﬁgn lilsaélgﬂg gn%i ins??ns&ﬂg%l\a{!oex'gs, %)% aasqgglé Qeegr;eo&u sing coils
freedom is necessary).

{0025] As an alternative, it is possible to have the strips 111 as small tubes,
through which cooling fluid flows. In either case, the direction of the heat
transfer is generally transverse to the direction of the racetrack winding.

[0026] As another alternative, it is possible to use a series of stacked insulated
wire staples in place of the continuous coil winding of the strips 111.

[0027] Another embodiment, illustrated in FIG. 2, uses a series of copper or
aluminum strips attached to a thin electrically insulating fiberglass plate. The
strips are cemented to both the actuator drive coil surface and the water
cooling tube. The common elements with FIG.1 have becen labeled
identically. Additionally, a thin fiberglass sheet 202 is used as an electrical
insulator. Furthermore, the thermal conductive strips 111 are not wound mto a
coil, but are laid side-by-side. As in FIG. 1, the direction of heat transfer is
generally transverse to the direction of the racetrack winding of the coil 103.

[0028) Further, with regard to FIG, 2, the fiberglass sheeting 201 may be
peeled off during manufacturing, or it may be left in place, to minimize
manufacturing costs. _

{0029] The proposed approach is less costly to manufacture than conventional
art, and may improve both performance and reliability.

[0030] It will be understood by those skilled in the art that various changes in
form and details may be made therein without departing from the spirit and



[0023] Note also that ethylene glycol may be used, in addition to water, as
the cooling fluid that flows through the cooling tube 113. Note al so that
i'n the enbodinent of FIG 1, the thermal conductive strips 111 are wound
into a coil pattern. The thermal conductive strips 111 may be nmade of any
metal, 6 including relatively soft netals that are easy to work with, such
as copper, stainless steel, gold, alumnum etc. Alternatively, graphite
or graphite fibers may be used. Note also that the thermal conductive
strips Il transfer heat through conduction, rather than convection (where
convection involves the physical transport of fluid or other nediun).

100241 Althou h fo I drlv oi l,s d four focusjng c s, are omn in FIG
1, it will gg’oPﬁéfieqﬂf‘aéng}eq"BWélﬁk‘ﬁso ﬂﬂfe‘& b3 exarrpl e, in
the case of amu %&ml 6f ﬂicagesanM%ﬂndnhstﬁmldnyan&d Gfhited b3l &5 apmcl cable, only

two actuator coil_ assenblies 102 be used (or in me cases, only one,
where the solPROYdjesibad xemplagy SWB"%W@"%!XP‘E Sti"Hldo'P"né]FgWS‘r Y ¥nly a single
degree of fr%%?d&nbéwﬁﬁﬂﬁ?&lﬁfvxﬂ clhiBR2RA thAS eglivaldrtgr Native, it is possible
to have the strips Il as small %u bes, through which cooling fluid flows.
In either case, the direction of the heat transfer is generally transverse
to the direction of the racetrack w nding. [00261 As anot her alternative,

it is possible to use a series of stacked insulated wre staples in place
of the continuous coil wi nding of the strips 111. [00271 Anot her

enbodi nent~ illustrated in FIG 2, uses a series of copper or alum num
strips attached to a thin electrically insulating fiberglass plate- The
strips are cenented to both the actuator drive coil surface and the water
cooling tube. The common elenments with FIG 1 have been | abel ed



identically. Additionally, a thin fiberglass sheet 207. is used as an

el ectrical insulator. Furthernore, the thermal conductive strips | | | arc
not wound into a coil, but are laid side-by-side. As in FIG 1, the
direction of heat transfer is generally transverse to the direction of the
racetrack wi nding of the coil 103. [00281 Further, with regard to FIG 2,
the fiberglass sheeting 201 may be peeled off during manufacturing, or it
may be left in place, to mnimze mngfacturing costs. [00291 The proposed
approach is less costly to nmanufacture than conventional art, and nmay

i nprove both performance and reliability. [0030] It wll be understood by
those skilled in the art that various changes in formand details may be
made therein without departing fromthe spirit and -7 scope of the

i nventi on as JEHAAE GLAIMED Bppended cl aims. Thus, the breadth and scope
of the present invention should not be |imted by any of the
above-descri bed exenpl ary enbodi nents, but should be defined only in
accordance with thé fol ABAFHRICIICEIPHERSENd t hei r equival ents. -8 WHAT IS

CLAIMED I'S: | . An actuat i S : il i i current to
2180 &fog%'éb-?n?g%aanféﬁ't to ObrM d GndzALlY e

forma magnetic field generated rate magnetic conponents; a cooling
tube havi ng ca@otarated by sepirdtetniagngticgompenreatshr ough in proximity of the coil

ai d coi | of wire: and eainedte e FREIARI AL MeBudoR EOTLY O,
general ly proximity of the coil of wire but outside the coil of wire, and wrapped around
a periphery of said coil of wire; and
a plurality of thermal conductive strips arranged generally
transverse to at least portions of said coil of wire so as to conduct heat from

said coil of wire to said cooling tube.

2. The actuator coil of claim 1, further comprising a cooling

jacket around one side of said coi! of wire and around said cooling tube.

3 The actuator coil of claim 1, wherein said plurality of thermal

conductive strips are arranged in a coil.

4. The actuator coil of claim 1, wherein said plurality of thermal

conductive strips are arranged side-by-side.

S. The actuator coil of claim 1, wherein each of said plurality of
thermal conductive strips includes a microtube with a cooling liquid flowing
therethrough.

6. The actuator coil of claim 1, wherein said plurality of thermal

conductive strips are formed of a metal.

7. The actuator coil of claim 1, wherein said plurality of thermal
conductive strips are formed of any one of steel, gold, aluminum, copper,

graphitc and graphite fibers.



transverse to at |east portions of said coil of wire so as to conduct heat
from.said coil of wire to said cooling tube. 2. The actuator coil of claim
1, further conprising a cooling jacket around one side of said coil of
wire and around said cooling tube. 3. The actuator coil of claim1, wherein
said plurality of thermal conductive strips are arranged in a coil. 4. The
actuator coil of claiml, wherein said plurality of thermal conductive
strips are arranged side-by-side. 5. The actuator coil of claim1, wherein
each of said plurality of thermal conductive strips includes a mcrotube
with a cooling liquid flowng thcrethrough. 6. The actuator coil of claim
1, wherein said plurality of thermal conductive strips are forned of a
metal. 7. The actuator coil of claim1l, wherein said plurality of thermnal
conductive strips 8rc fTDie®tuatdr @ilyofosiginol, #he&eih, saffotadl oflviteiimam copper,
graphite and g&g&hite fibers -9 8. The actuator coil of claim1, wherein
said coil of ackvigding 5ot rack wi nding. 9. The actuator coil of claim 1,
wherein said coil of wire is a flat coil 10. The actuator coil of claim1,
wherein said coil of wire is a pluraLitY of QvenlapPing_coiIs. 11. A coi

pl ate assenbly Con%ri siﬁ'&: ach.atoggglbobq:lalpé,,whcrcm said coil of wire is a flat

coil.

10.  The actuator coil of claim 1, wherein said coil of wire is a

plurality of overlapping coils.

11. A coil plate assembly comprising:

a base plate;

a cooling tube having a cooling fluid flowing therethrough,

a plurality of coil windings arranged symmetrically around said
base plate and perpendicular to said base plate, each coil winding generating a
magnetic field, wherein said cooling tube is wrapped around a periphery of
said coil winding;

each coil winding further including a plurality of thermal
conductive strips arranged generally transverse to at least portions of said race
track winding so as to conduct heat from said coil winding to said cooling

tube.

12.  The coil plate assembly of claim 11, further comprising a
plurality of focusing coils mounted on said base plate.

13.  The coil plate assembly of claim 11, further comprising a
cooling jacket around one side of said coil winding and around said cooling

tube.

14.  The coil plate assembly of claim 11, wherein said plurality of

thermal conductive strips are arranged in a coil.



a cooling tube having a cooling fluid flowing therethrough; a plurality of
coil w ndings arranged symmetrically around said base plate and

perpendi cul ar to said base plate, each coil wi nding generating a nagnetic
field, wherein said cooling tube is wapped around a periphery of said
coil w nding; each coil wnding further including a plurality of thernal
conductive strips arranged generally transverse to at |east portions of
said race track winding so as to condgct heat fromsaid coil winding to
said cooling tube. 12. The coil plate assenbly of claim 11, further
conprising a plurality of focusing coils mounted on said base plate. 13.
The coil plate assenbly of claim 11, further conprising a cooling jacket
around one side of said coil w nding and around said cooling tube. 14. The
coil plate assenbl y5.0f Theadaih fldte asdambly of cdamdl 1p whemin dayd pifiralityhefr mal
conductive strips are arranged in a coil.. -10 15. The coil plate assenbly
of claim11, ﬁlicﬁng‘%ﬁlﬂcgﬁ?ﬁaé?ﬁagf’gﬁ&'d?%?‘ | conductive strips are
arranged si de-by-side. 16. The coil plate assenbly of claim 11, wherein

each of said plurality_of thermal conductive rips .includes m cr ot ube
with a cooling |idtid Theofethglaisnasenhly figHaim { wheig gaeh ;ﬂ?éﬁg assenbly of

claim 11, whepgirdits dfdhdndl adrdhdtivef strips"REITMds £ actbtbé WBthsA Icblgar e for med
of a netal. 1§_. The coil plate assenbly of claim 11, wherein said plurality
of liquid flowing therethrough.

17.  The coil plate assembly of claim 11, wherein said plurality of

thermal conductive strips are formed of a metal.

18.  The coil plate assembly of claim 11, wherein said plurality of
thermal conductive strips are formed of any onec of steel, gold, aluminum,

copper, graphite and graphite fibers,

19.  The coil plate assembly of claim 11, wherein said plurality of
thermal conductive strips includes a plurality of stacked insulated wire staples.

20. The actuator coil of claim 11, wherein said coil of wire is a

racetrack winding.

21. The actuator coil of claim 11, wherein said coil of wire is a flat

coil.

22, The actuator coil of claim 11, wherein said coil of wire is a

plurality of overlapping coils.

23. A motor coil comprising:
a coil of wire carrying current to form a magnetic field

generated by separate magnetic components;



thermal conductive strips are fornmed of any one of steel, gold, alum num
copper, graphite and graphite fibers. 19. The coil plate assenbly of claim
11, wherein said plurality of thermal conductive strips includes a
plurality of stacked insulated wire staples. 20. The actuator coil of claim
11, wherein said coil of wire is a racetrack winding. 21. The actuator
coil of claim1l, wherein said coil of wire is a flat coil. 22. The
actuator coil of claim 11, wherein saig_coil of wire is a plurality of
overl apping coils. 23. A notor coil conprising: a coil of wire carrying
current to forma magnetic field generated by separate nagnetic
conponents; -11 a cooli t Vi ng C i o0 U |_ow t her et hr ough
in proximty of the 0041?006#423\/}]&2]1%5% %:'u?llgé ?}gmbk#gjwé'g% Fhe% W el? and w apped
around a per ippixémiyy of the avitlofcwird hudfoutsideahe aniicbfavifel andabiapyedadrovnder mal
conductive strips.arr ed geperal | transverse to at |east portions of
said coil of ngﬁp@g‘gggﬁd’o’gf?ﬁﬂﬁﬁ’tm eat from said coil of wire to said

cooling tube. a plurality of thermal conductive strips arranged generally
transverse to at least portions of said coil of wire so as to conduct heat from

said coil of wire to said cooling tube.



