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pr‘esent, i nvention relates to a linear no Y g aﬁfi@dl arly relates to a
|near notor able to use a stacked nenber cormr'h?af
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is conprised ofisasopl aten (stator) 10 conprised of a magnetic 'thic ate on
whose surface is repeatedly formed pPEBEERIBBISGND at a spatial period 15 of

the dot pit vabl e nenber (traveling nmenber) 20 conprised of a
per manent mmmwm IﬂmHngener ating a bias magnetic flux, first and second
yokes Y1 (Y2) lggn ed 1o the magneti g @R Hodface to be arranged in
parallel to the ditection of advance and provided with first and second 20
branched nagnetic path legs A and A (B and B ), series-connected first and
second A-phase excitation caqils and CA" wound around the first and
second branéhed nagﬁ'@tqwlﬁé‘ﬁh FF&&@ A and A" of the first yoke Y1,

series-connected firgle gpdsageo Gridhaseeexeebatd anl Zvespirct @B made CB
wound around the first and second branched magnetic path | egs B and B of

the second yokea¥icarichitlyo qrdladasedich & pridieadt MFoFolddr KR &%¢ RA' (KB

and KB') fornmed at .each of the botto d f i a@}fgtﬁeccgﬁg kganched
magnetic path ISFEER Wamk‘er(@%rdlﬁr% %gn%pgrurxlgﬁget égtn# i the direction of

advance at intefpahsedfcddedmdr thie daitaqudch(flatdare, each branched
magnetic path leg may be formed with only one pole tooth, but in the event
of several ,10t he spatBAFKGRRABE fHTY with respect to the cl osest ~r 2 _
PCT/ JP01/ 01533 dots of the t S A d1% e SagkyeRuntiR@ar Wdeoknt erval
bet ween the first br%x&%%w{éla%n% %}qfolatcﬁq eg A (aB) ar¥d second branched
nmagneti c path |£g MowBih FEGsel2sait Hat cohpripati af prdsdsemi(Ehatespect to

the cl osest dots are 5 shifted in the diregt.iqn aof advanc | P/ 2.
Further, the int@reRIPHetsRent thd BT bﬁ&ﬁ%é’gaﬁ‘aegr?& iwgmg")aét %§géc ' and

the first branched, gBoneLhey PALId % i dn sebto thiala téyeashel imix fihses
with respect to the closest dots are shifted in the direction of %dv%nce by
10 exact|y B 4.oFhthemdvabp etk fhend2® nevabd emesbari Heth v 1Ry SE°SHT 'por t

and floats slightly above the surface qof ¥-Rkowg pressuri zed
air. As shown i#f° ‘ﬁ‘pﬁ’f}@,é P?f %Fﬁrﬁhaélseentch‘rggggtta%ﬁrﬁgeﬁl Irust}rtygt ed polarity

is flown 15 thrﬂg%geeﬂeyfmﬁ,tsmaaézsdoéemeafmeamd StorbrRigsh e
excitation coils and CB'" of the second yoke Y2, not_only tha lbilasto
magnetic flux dobetovaghetperhahenturfRfe: tMPH AT AFET Hd A3 hati ng

magnetic flux d%g to the 'So%c8@dacf‘\?%fﬂ3@5h88bz%}ildéé3€viahefiwapas&bcmm
strengthened to y generalte a concentrated magnetic flux portion a in the
air gap betygenpihacpeliembgethikBpaoh Lhessacend brdfchad Belgnetic path |eg

B' and the closest dots Dl and .and stronagl netical :Lhe pole
teeth KB to théeé‘ll6§é§f’n88F§e5?%éﬁﬁgD§.ndAFg ¥n§ﬁga§ %%%a!te%éﬁg@r%%gti c flux

25 is applied tqsihe ERlAd et hoGBaoirdiies friest i bs anchiederagaatiangzd | eg
Bin a direction canceling out the bias magnetic fl ux, so_an _extinguished

magnetic flux poegnenil peghf deged? erdt Re Pt Hére Heddt M Sralgretic 1 ux
compri sed of the oqneenty et ed IRGIGLIC kUK oLLAR BOgnagsoRdcEaREbAd

erliles-

25 coils CB and CB' wound around the first and second branched
magnetic path legs B and B' of the second yoke Y2, and
two pole teeth (projecting poles) KA and KA’ (KB and KB')
formed at each of the bottom ends of the first and second
branched magnetic path legs A and A' (B and B') and arranged

30 in the direction of advance at intervals of 1/2 of the
dot pitch P. Here, each branched magnetic path leg may
be formed with only one pole tooth, but in the event of

several,thespatialphaseheldwithrespecttx>theclosest



30 magnetic path leg B of the second yoke Y2 branched via the inside of
the ‘pl aten 10 passes through the first and second branched magnetic path
legs A and A' of the first yoke Y1, but the pole teeth KA of the first

br anched - 3 PCT/JP01/01533 magnetic path leg A are delayed in the
direction of advance by exactly P/4 with respect to the cl @sgsty,gdetsss D15
and D14. Therefore, the closest dots D15 and D14 pull the pole teeth KA in
the direction ghtadymene giyewmedbrarthedtIse paghet I & $hem: z}'ﬁ‘& ThEEPE L teeth

KA" of the second branched nagnetic th leg A, _.pr d,i.g hhegdi pagtion of
advance by exab?ltyePP4t%Ftﬁng§p E?nfggegh@agpggégt ngﬁs DIO and D9 due to

t he ot her branched il H8ondeser dundl Yegt he @' pskstsebtsoDiBaknd D9
pull the pole tsggfjﬁgaK%le}lrclﬁfo a 8Inr ection opposite to the di rgc%i on gf
advance. Ther efcpie sphft@atthphaseisnwilid tiespeeitofCobh8dGAREESENEERe® Pl | back
force in the reverse direction natch each qther perfectlyandp/me first
yoke Y1 as & wesdiidtied & dhCed TR D|ns,or%aatdl3|’r lljlsc% ﬁboggncﬁed rryggn/eti c flux
portion dis 1 rat efein di& Al be GRBehaiieescbhae IparctabnhgRALSE t he
first br anched%nl%g:n@%trscgggt% l eg A and the cl osest dots, D15 gﬂd D14, while
a pul | back for gathr anched amgnebéctites poreehed MagngeherBREd FR%tRe air

gap between the pole teeth KA' .of the .sec nehaed reghatd ccpadde  eg A
and 20 the cl osiestsHot¥P %ntd“wpasolat%h%dal%f yoke Y1 itself becones a

stabl e point of{he SLanatd G.al tdactiem ipotent idlredidon ofs aewmss RYFI G
12B, if an A-phase current of the illustrated polarity is supplied to only
the 25 ternonalexadftihePf4rst and second A-phase excitation coils CA and
CA'" of the first yoke Y1, t air styeen phesbokezbaed fir KA eaftitde
first branched magneT}i‘% "B’é’taﬁ’ieegeﬂggﬁdpt he cl o{Es)estS dots D15 and D14
swi tches from what hats e ddhe ltihedly bbanehetenagngere ¢f SEDRYGET d 30
i nedi ately before to the concentrated nagnetic_ f1ux portjon g conprised of
t he bias magnetie lﬁYde‘b‘V%usPJE%’eS‘é‘F’c%‘?‘?ma?’r]ﬁg Badye jerI‘ur{(i("f)'rom the second
excitation coil CA supe Jr Whi Lgethe1poteateet pokK&rioy thefieennd ~r
- 4 PCT/JP0O1/ oﬁ%%agga%{gﬁgg magneti?: path leg A swtch fromdt he ugéback
branched magnet karbligk quory ithre tetminaks & th§uf SHel aRsgRECPR T X POt ti on
b. so the closest dots D15 and D14 stropgly etdLalday ydawvhe e e
teeth KA and ad®&feétrA§ 8™t ﬁPﬂlgf‘ %gcfﬂ’g g? tohfremcgrr%valfl e rrerrytyer 20. On the
other hand, a bkﬁﬂghgﬂenﬁgagthsgﬁbuxctelﬁﬁrauéheocoheenera@@dnﬁagﬁ@%?é flux
at the first branched magnetic path leg A of the first }éok@ QnetQ%QUHH t he
i nsi de of the pMatiemt B0 spathes LUprOFgH1hB2EPESEC % 888nd° br'anched
magnetic path |l egs B and 10 B ' t SEEAL Vke arda stheerplieer ettt KB of
the first branch 1ﬁ’€§ﬁé)Pi Eoﬁét %fBI e%eeB swtch fromthe extingui shed
magnetic flyy Peihiean de 10 doe enitrastedbmanaiedd crfdnet POTHLR Borti i <d,
while the pole teeth KB! of the second hranched, td GeRahia bednBheaw tch
from the concentrigt 6@P1BerU§RBtL FRe 1R} et|;toer rlcﬁ'loﬁ&aqf%nct e Sul | back branched
magnetic flux poiid Q& pHef ofdy &' swe tWetbrosastchong o 2mé Pawaphase
current, the novabl e nenber 20 advances by exactly P/4. |f Bi,ng(l)ug{jgg t he
excitation pattertnsomflyFinGIneCaaiy BEY iilth %P]t"i/\d:-e;ﬂﬂjsé( current, there
are four 20 excitation patterns h It LOReERLL Sng S ddVe Oite fnanund of
t he excitation p%tlt‘%%er%ts!%ottﬁeﬁﬂoavng({)f)%'rer}’éﬁ%g'r 50" advances ?our ti mes and
proceeds by gaxacily,one: éd ted vwe tdond ki stranti. of nchenef o e et iedhe
swi tching of "the two-phase current. a thrust force is ensrg‘ggckﬁé Jikg pole

magnetic path leg B in a direction canceilll

magnetic flux, so an extinguished magnetic flux portion

b is formed. On the other hand, the magnetic flux comprised

of the concentrated magnetic flux from the second branched

30 magnetic path leg B' of the second yoke Y2 branched via
the inside of the platen 10 passes through the first and

second branched magnetic path legs A and A’ of the first

yoke Y1, but the pole teeth KA of the first branched



25 teeth noving fromthe thrust branched magnetic flux portion d to the
cgncentrated magnetic fl ux portion a. To realize a planar |inear notor
havi ng a novabl e nmenber which noves planarly in the Y-axis and Y-axial
di rection using such a Sawyer | i near m)_t%',_ for exanple, 30 as seen in
Japanese Unexami ned Patent Publication (Kokai) No. 9-26194¢,, a%:506mn in

FIG 13 and FIG 14, there are provided a%I.aten 1Q forned OE the Rlaten
surface with squgnetiopaitaten Aers erayehdsdhs 4 TG rHoR ahd - 5

PCT/ JPO1/ 01533 conposi t e noyabl e, member . compri Of & s X S STvablamarenber s
20 having strip#- §h§5§ﬁypg2¥e‘6fthr%%féecfe{e?hé%dcalnds KA" (KB and KB')

paral l el to thg, Y- axi s, ag-abled 0168¥etidotoniby 5t ied Wlkipall ldbke®IGh and
Y-axi s novabl e % renbers 20Y havi ng stripe-shaped péoj ectiggaggkgdteeth KA
and KA (KB andekBh) Xpadal tbe térersixnalfsadngrasl 8Yt 8 fove®in only the

Y-axial direction - all connec b rfaPh 2t S3QekBnapidngiedar
per pendi cul &r PeRAEtRsh P* aﬂ#%&?t 10 %%%Qge%ﬁce the vibration or

pul sation of th% mRvakl g.BMhers A2Q¥oc2@Y) iduthagdi hecadonned, adsa’®dun in
FIG 15, the yo ds Y1 and Y2 may be given three brfnche&gJ g%gfgeﬂg %h

| egs, the nutualy exeacddyeRddnwishaseserett &Pi GRecHI PECEL, “CF7 and (cu ,
Cv, and CW) wound 15 around. it g{hq{b%jm%gr&t'i c fpakh hAegordinylyand W
(U, VvV, and WP 94548 Eﬂ?e%t'}b ]gs]%r current supplliced to these coils. As a

field of use of e 1 Fanamld rear Diotorl)l frive @ediwpltertth&Pe 35 known

a devi ce nounting system 20 providi ng a_ novabl e nenber. NG Pl anarly at
(ﬁif%ﬁﬁb? %f @%Wé%

t he bott omisur faachi usfc td gt ARAPHetd L "With “an actuator for

sliding in the nor di regti en, k¢t he HRt amesurbacer ofatdrec plaadethehi | e
hol di ng an el ec%%n&coraee’vﬁ%ee gﬁé %nserti ng the el ectronic devi %er to

i a
through hol e etgy1 Bk mowmubstr ahe aevanged irretl hdid &7.° ﬁégﬁlraten

serving as the stator essential for the planar |JneasJRtarls baikekead on
its surface witeepfegehy RRE B tiynoq‘ae ma ralsx%etc ., so is conprised

of a single thi’f}lfaﬁ)_lfg,e IBgnetic PRieEhad fadietdsteelx pate)or ot el 30 of
a block material. Therefore, if this thick plat ma%ﬁet%__c Qﬁtﬂ'cﬁ{ t'hf% used
as the platsn, genedayeduin erite RarupaprIRevreeh SMUESCE tRE Mmaghetic T ux
bassing thr ough, { he, i 5] 0ey, 08 f1gnRL AL &faciOLén AR dRgREII TG e dot
D15 and D14, while a pullback force branched magnetic flux
portion c is generated in the air gap between the pole
teeth KA’ of the second branched magnetic path leg a' and
20 the closest dots D10 and D9, sO the first yoke Y1 itself
becomes a stable point of the magnetic attraction
potential.
Next, as shown in FIG. 12B, if an A-phase current
of the illustrated polarity is supplied to only the
25 terminals of the first and second A-phase excitation coils
cA and CA' of the first yoke Y1, the air gap between the
pole teeth KA of the first branched magnetic path leg A
and the closest dots D15 and D14 switches from what had
been the thrust branched magnetic flux portion ]
30 immediately before to the concentrated magnetic flux
portion a comprised of the bias magnetic flux plus the

alternating magnetic flux from the second excitation coil

CA superposed, while the pole teeth KA' of the second



characteristic is poor and the power loss (iron loss) |large and therefore
it,is difficult to obtain a high speed, high thrust force novabl e menber
and a large current capacity is required. As will be understood fromthe
characteristic 5 curve a of the dependengy of the thrust force versus speed
shown in FIG 16, the higher the frequency the driving perjiQdif:uEient
(current pulse) is made and the higher the speed of the gdvanﬁg a Qe nor e
rapi dly the thgushchedceadattsc apaith heegn®hsworsd £RETeffcPE 9.%speed X
thrust 10 force/ power consunpti o beco The, pr N+ § Nt orsat ook note
of the fact thbarapghed E%%%gg?% F%uéu%%ggggnt etgcgﬁgr%ﬁggﬂﬁ? the eddy
force and realjze a, biop; 5 {60 t ushe andsksghdeftsi®lermyd Alar

| i near notor by 8S|ng a stacked nenber conprised 15 of a ﬁhurég'ﬁéqﬁ)
magneti ¢ sheet §t¢baylexenpietically drarsehePols: LRBFR ¥haR“1® m‘é usi ng the
paral |l el sheet edge surfaces of. the s ﬁ?ﬂg) (syrdrcecwheneawdiges of
plurality of shkB&USCtappedrsiat 58%’??‘(’3‘%@%2{% e plggt' e%?] and forming the
platen dots arranged iy hafRldtve byugtihEogn2theroncehs rpitademr et ate.
Since an eddy current does not easily pass thnoESh the s qg{%%eip£9§{aces
(j oi ned surfaceggxoht tihe fagabthea f2agnge 16,P7 Bt §%8i %t ance becones

hi gher and occurrence of an e Curtent b res $e6.ses0thtough
expected to beyﬁﬁ?%ltélﬁ%ugf}ég:ﬂ%ézé égsg %’fg es%ééggﬁhi gﬁﬁthrust, hi gh

ef ficiency plang, ldnear Mt Wecddd Makinp adheagngtdic paitd tedth Bof
nonoaxi al novabl e nmenber and the row of g%gse t I%&%DK%O%S faci pRg-Lhe same
mat ch and meki ) ¢hethoreerrtdtek sragetit® A9 5t on, exti ngui shed
magnetic flux portiqn,.and hranc MRgNe kG itkyXs por tiren ektingst sbednched
magneti c fl ux 6ﬁﬁﬁqéh#QaW3g6%Fﬁ%a§EgBrancﬁig magnetic flux_partion) nove in
a cyclic manneryahang ¢ heLwowatitient itortd rtheh & hragiebr@nchedy Mpenes <

PCT/ JP01/ 01533 forned in the_ plane includi t TOWS, eghgBhpaxi a
novabl e menber &dva RISt EPDy t'HE Y oW rpe%gel2 o%,ee%ﬂtl)\q{ eﬁ@tﬁggdi rection of
arrangenent of gpaen@ﬁgg gia%glteftircowaeﬁ id¢ prondadmt ronvelk eaneesdraded row
of closest dots TS e sheet edge direction of the m ngﬁi% §$E§g€3@ t he
magnet i ¢ Ci {<uUiha§oét I bef lady @eeitdgnnagirttine PRuxPREX Y % ve

t hi cknesses of the magneti ¢ sheefs_ i rakl gl rforhbesy ot ertngusf acles, so
advance of a nohbakiBP*hb¥AbEe ﬁée %?O?%’t %gs%%e%ﬁedge di recti on becomes
possi bl e and th w@bﬁﬁgséocagyaﬂtageﬁeCﬁOVbblebmamhed.zqh@dﬁﬁﬁﬁ%§ PYux in

the stacked nenber, however, is refracted or_ blocked at | PbResh sdir f aces
and the magneti expesiztRitce Ifsimeyrding e ?§Chg?gé?:?3)aaltlt%;éerﬁiossi bl'e to form

a magnetic circypt for ad i DoryBOpakike Eluxedd, aknnget heenbonsl
direction of thnggof‘ﬁgd?gal‘fgggg and adgance of the nonogaxi al mﬁvaglng
menber in the nexpakadibecbaaneshst pé jtdenedcitALALBs SPdiPectPoRY

per pendi cul ar to the sheet edge,directi LS,kMP i BheanThenehpee, 20p
until now, everyon8dnhgs é?“\?eﬁgﬁqu8ﬁ188vgg)8rt)rgr§ﬁ%'o?ﬁg bab

advances four times and proceeds by exactly one pitch worth

of distance. In the process of the switching of the

two-phase current, a thrust force is generated at the pole

25 teeth moving from the thrust branched magnetic flux

portion d to the concentrated magnetic flux portion a.

To realize a planar linear motor having a movable

member which moves planarly in the Y-axis and Y-axial

direction using such a Sawyer linear motor, for example,

30 as seen in Japanese Unexamined Patent Publication (Kokai)

No. 9-261944, as shown in FIG. 13 and FIG. 14, there are

provided a platen 10 formed on the platen surface with

square-top platen dots D arranged in a matrix and a



20 planar linear notor using a stacked nenber as a platen. Therefore, in
visew of, t he above problem the object of the present invention is to
reali ze a nonoaxi al novabl e nmenber giving thrust in the normal direction of
the joined surfaces of a stacked nenber_ apnd thereby enabling 25 utilization
of the stacked nenber of the nmagnetic sheets as a platen and, omhele a high
speed, high thrust, high efficiency linear nptor. D SCLOSURE G:b | NVENTI ON
To sol ve the abswgoptoblmayabhe menper deemReE 8y ¢hel 3¢t dA8HP T hvent i on
is to forma magnetic circuit for _generati G| i1 A ux
(concent r at ed HeBRe¥$ ¢ 1AV i S ﬁ@ﬁgg’%#%glngtgfgggﬁgg?n}fg%?% novabl e
nenber al ong t he,spget x@dge dixsertpore viel heo stiaekednentzerd akle &

PCT/ JPQOL/ 01533 and causi ng nagnetic coupling between ogne set of P(Iae teeth
of the novabl emoeabén antlyt hbepKasshatiofsr PRt AR %iin%raﬁ%?e‘&?}’%ﬁ of the
joined surfaces of the_stacked nenber ghLhg- rsdieneeseh of
pole teeth in QeBbEFédéﬁérﬁ?ﬁéBgsgg fggyf)ﬁéégar% gg?%ggﬂ?pﬁw thin one pitch
in the normal dhreghi gR ofxs hénd atmpdpara! pepsto Thiae X saxiheand exehe
invention provides a |linear notor provided with,a plat grf havri“gg gdpglgten
surface formedtai nhva phuerly t §hefY F%dten s tHPangadti AOARREFT X and 10

an X-axi s novabl e el enent _havi | e tgethpabkebenhavimgra set of at
| east 2n (wher & FYPR°Z ipllifagéaeg%ofal%gglr ‘?erTxDng) SO|EGD tgetnh for generating an

advanci ng magneth g tfilbwsnwipt.h the cl osest dots anong the platen dots,
wherein the platen has the parallel sheet edge surfaces .of t. tacked
menber conpbi sed of Fup&hsizur &Pi ¥§90Fe ratfh &t ga§ﬁ88tc§r§fualcskaetd%t%oégt er as

the platen and wherein t nyyber: 3y MRaNeld & neeeldvanicet, haspahewnoot h
pattern are ar FENG&d énteg\?)aelztlnsy in g(qual) spati al phase relation wi tES he

cl osest dots anrapged i3, tdhwe ghees vdgeddyV?awmy b8 2DV eV IR EEcPFBRT t he
magneti c sheets. Further, the 2n nunber qof l.e . fortheHaglee tooth
pattern are arﬁf@rﬂg@f%‘—téﬁ’g‘@réda%'t htirfﬁe %ugtu(fglqypi#ﬁ%%e‘lnn "ti)he nor mal

di rection of thag{(giogancqg,rgggiaicsesmgf dwhe amagiaet i(cushext's. ad@eCWpawiabdphase
held with respect to the closest dot arranged in 25 the nornal

cu' r(qi;ti on is
shi fted by iisncreements wie theanped Magrise @ Heraitt: U('P/VZn)a.ndI'hat 15, the

spatial phases held by the pole t VR esReGH t @uibpe ieldosesthaates,
when any spati al 'pﬁﬁgewi)s 5. %% tglgselmg ed as p-P/4, p, pt+p/ 4, and p+P/2

when n=2, as p-RiBsp-P/6, p, p+P/ 6, 30 p+P/3, and p+P/2 when n=3) and as
e R L L R
of the pole tOO%QrpgﬁéﬁgfehaYEereC&s.Hnowﬁ{37d£§ﬂé@lﬁﬁﬁhting system
20 providing a movable member moving planarly at the bottom
surface of a platen held suspended down with an actuator
for sliding in the normal direction of the bottom surface
of the platen while holding an electromnic device and
inserting the electronic device into a through hole etc.
25 of a substrate arranged under the platen.

The platen serving as the stator essential for the
planar linear motor is formed on its surface with platen
dots arranged in a matrix etc., 8O is comprised of a single
thick plate magnetic material (thick steel plate) formed

30 of a block material. Therefore, if this thi;k plate
magnetic material is used as the platen, an eddy current

naturally occurs due to the magnetic flux passing through

the inside of the platen, so the AC magnetizing




spatial phases held with respect to the closest dots arrayed in the sheet
edge direction (Y-axial direction) of magnetic sheet, the X-axis novable
menber does not receive a thrust force to the Y-axial direction, but the 5
2n nunber of pole teeth of the pole pattern of the X-axis novabl e nenber
are arranged staggered shifted in phase in one dot pitch PPJT? Ptotg}e(,lgg mal
direction of the joined surfaces of the nagnetic sheets, so fie magneti c
circuit for thenadyapsingthagrepborfandthe Hawaredoar oigamecehb@ P edge

direction of the stacked nenber. Furgher, the n . _of & teehh of
the pole patteandoﬁh@h%f%%%itslﬁo@la’{)‘{]ec%tn‘%&O%g?/:é}{g%gtligg‘l S%ﬁgsés f\gtel d with

respect to the _cl oses iy R@anar makgdi ¢eetémn afpadiecy oi ned
surface of thetﬁﬁaﬁgt%%gghkﬁéfﬁsﬁgﬁby exactly g15 i ncrenents of the
spatial phase disffegenced (Rs2w)ll o nadasstecd8diinn £§s BT TAREEL W Th t he
cl osest dots arranged in the X-axial direction, the thrust force in the
X-axi al direct icapvact stbheedspemdgnan afhshenthinberf BICHYFESHESAREDT t he
pole tooth pattern laterally elongated 20 in the Y-axial gkregti.omn ue to
the cycle of cetbwnatinofFI6f. tihe EdscBAPP&LedRadREA ERFYux Snd™ b dliched
magnetic flux, and the X-axis,mva S nghat tReahiynén the
X-axi al di rect PEF QG <t 59620 | 589&%1?3 i %e%gigoﬂ%aggl nthis V\%.I;/) si nce
it is possible @ £gaLa%E @nBR WAKicd, Theabdre repbdlygtve MG TURtUEPTER t he
normal direction of the joined surfaces of tIgﬁ'ést,acked(msrrtggrx ]:1;1 LSt
possibl e to redalie @md jthet MEEhoMo 58t 4PReGEMEFHEPCSr iBGREL e Sheers as a
pl aten and possi ble to _provj hoheRefd,. high thrust, high

ef ficiency 1Bi n a?rrcrﬁftp(?rw%nl'hdeo %ﬁjﬁ%st?lc{ﬂgr%e acts on the pole teeth swtching
from the branched megnetiresfdnx ingeniersoheekt rated frediretficCtf FERE Bt the

branched magnetic flux and concentrated | lr_- 301233
magnetic flux odcRos®iPA &t éBPHISFSdF}F?e#%Cn 3% ees,fgghz]aeprgcq)it gti onal

moment acting of) 4 Be X33% § NIYRRLEATNPEGh QtGtiist  abharniagieky finiehey
forward and reverse directions . The hi gher the speed of novenent, h%wever,
the smaller 5 tgteanat ilimdat heotat &1y oredin oy id S4E e WMERPeEs FEEP LS Sthe
speed of travel. The pol e, teet.h where. i | $hedTRINSthE ckinds s
portion occldrs @ff R} r?%%t%ﬁgtq‘a?%%%légie%)a&%f pg?] a pl tch) anmong the pol e
teeth fromthe pplgst afbhe Wigse 1 hen)l0 concenthatparabgletskedt vdRcurs .
In the case of a platen using a magnetic sheet 6 having a.thick ofgw thin
hal f a pitch, téerfageetes ehecuF?chesd n%ﬂ“%?%nbsYﬂta‘g%e“élﬁe%%g%(?ﬁsr ection
i nherently finds.it_ ha LAy Jegnetis £RUPALaATBeW ths pohe pEetdmmhere
ext i ngui shed ma%%fé ?{glhguéglgﬁpartsg%%cur, so there is no need to_generate
an alternating smgreidntfd tkeqflat et dongtdreanged v nek MEtFd*sRY (ff THE Di as
magnetic flux and the degree of freedom sign. & &, | hefeasediodd) dde case
of a two-ph#se FFﬁethﬁvgb‘?‘?e’Ph%ug A f al é)%?ﬂlg%eé%i?#(g ence held by an pole
tooth of the ZOeQﬁM?“bééEeéhﬁaﬁgﬁt tBef buxcpedt inneahdcehe (poleedeet h of
the pair of branched nagnetic fluxes with respect to the c%osessit 9ac}§<.$ei S
P/ 4, while the spafhaksphafetl masnatde K&EGHSy tHE PBFESPbot® bi-bne
branched magnetjc flux and.the I 1.0n0eL LheaRt bgsy béareded camgriesic
flux is P/2. 25!°Fﬁ°{“ﬁ8 géglelegf a§8t ﬁ?%g?phgse Ii near not prij the spatj al
phase differ encguﬁgkdsbﬁdansaoﬁe t eothpettefeteoheenes aiele ne@retd £ ¢ ux
and the pole teeth of the pair of hranched magneti.c .f es1hLh {esPset to
t he cl osest 28ot & héf,gblﬁr,’ewgi I@Q%et%%ﬁq’aﬁ‘l@ a gf&icflfegrégnéé&%% t%e pol e
tooth of 30 oneml%rt%r}ched magnetic flux and the pole tooth of the other
branched magneti ¢ TT'ux with respect to the closest dots is P/3. The{ﬁf ore,
in the case of a threg-pakseglthrearwrt oelei teesh et SR o 18¥23-°
mRgneti ¢ Sheet‘ﬁgggéi and the row of closest platen dots facing the same

match and making the concentrated magnetic flux portion,

30 extinguished magnetic flux portion, and branched magnetic
flux portion (thrust pranched magnetic flux portion and
pullback branched magnetic flux portion) move in a cyclic

manner along the row direction in the magnetic circult



] - 11 PCT/JP01/01533 thickness of not nore than 1/3 of the pitch. In
general, 'in the case of an n-phase linear notor, it is preferable to use a
magneti ¢ sheet having a thickness of not nore than 1/n of the pitch. The
greater the nunber of phases, 5 the thinngr the sheets. Wth three or nore
phases, magnetic coupling is hard to occur at both of the p&j/gpoqymggjl e
teeth where the weak branched magnetic flux occurs, so the excess ,magnetic
coupl i Nng consupBgéd St apRi Byahkeipcbyd £8Si Ve i HPYE: f ERAIMERPHE put to

use in the thrust 10 force of the progressiqn. Rathet hpgheg, effd.ci ency
can be expect wOVabthb@éﬂ%VQﬁ&éﬁl%ém&ﬁ GV ﬁ%rfg}:ggg'l n°t he

perpendi cul ar djrection_ c IHRdde ¥raxhée pevahloe trewber ofi theg
thrust in the Eh%e‘?l%%%télgl ro:f;:%%g‘#n herefore, the ﬁresent i nvention is not
linmted to theyd5oXxaxlSmevBbemanhber aofi @oRDOp| ahdfesFndaFs mbf or™@and has

sufficient value of use as, a one-di nensi onal || near, or Lisediof a
pl at en usi ng asbeatkeds erekiyesc bt &anESdﬁ?%?e%%%ee%%ﬁénﬁgrgngi%i nglt hr ust

in a normal direction ?Lrt PRe) QhPRM Shg T ©of ¢ thenstiac kedmednber theo
Further, since®tAé platen I's a stacked member of magnetic she_;Lets,\x}qt may be
a stacked menbemiwikhlespleastifc aheotaan erdiensbh@atisc iRaPéredie s IR Ened

between dots in the X-axial direction. Further, 1t 18 Nolo/R@a&Saahieto
provi de recessé@l@@tdv\ééﬁfﬁﬁésdo?%.ad?"f?é’cpef é’tfe% “(\:%{lhé% I:aol be 25 fabricated

easily. Further, @%@% gnet k€1 bhwe cdtie boosedbiedanddhe hbgHer
efficiency can lﬁekggn%rsl uted to . Note that the spatial phase relationship

bet ween t hgpseta®@fam@ors afart Hee mivbinedenber si de and the set of cl osest

dots of the platen side is relative,. sq.i o0 @iV i RYwaveiragger ed
arrangement in the pHEEFEIS: ?ft&h‘%’hilﬁl gzn}%%;sttt%ﬁg( bol'e teeth of the novable

menber, it is alSO.ossd e Booie@® @t stingghsbtedrsantprentath e phase
rel ationship anong the platen dots arranged in , §1~ achélel g%‘ys{%% 01533
the X-axial di medrieniofeshe tgngechs Sigd: ¥t t1HEN AKTE novdbie nmenber

has a group of patterns conprised & P& 0L AvRALL R Mmagnenped 1ux
repeatedly in tﬁ% tlr?oﬁ"hﬁl mggﬁggﬁgo%%ﬁ the joined surfaces, it isn%g(?si ble 5
to obtain sfabl£ éfqvehe ancrhiaghdbueputonf of heh&- axisefoYabf 2CHe . A

pair of patterns are fornmed conprised of the abo e;Lophh pathein as a
first pole tootihdmltl@%r‘hfaﬁ]aeagg’é?}%ﬁbagoﬁngv?%g hM%g)?gLerﬁ separated in the

normal 10 di rec%?@ ££ gmdhenti §5inoelsuimnids patterniofies sienlerear
arrangenent of e TITst pole tooth pattern and, the stgg erfg artapgenent
of the second pebetpat tbertardgki AéreghaeR) | éSabBAPSEHBX: df PEEETON (i ne

passing through the pattern center. Bojh.SLagggred &h'aeeendphsnaref ian 15
spatial phase rBPaPPgh hf’BwheF\d'eW?ﬁgrégge%t to the cl osest dots_ arranged

in the norrrg(% d'Fngggiromiatea&haojteh:nedisgrﬁasengEdtmemhﬁQn@‘Ei% RI2e?R- of
pol e

the first ooth pattern and the second tooth I r egh vety.
Since a forward and FegseferPot i BhEY ‘Frgrfghet % |°r¥uﬁ0?t§%§3%§nl'y€ﬁg 3

of the present invention is to realize a monoaxial movable

member giving thrust in the normal direction of the joined

gurfaces of a stacked member and thereby enabling
25 utilization of the stacked member of the magnetic sheets
as a platen and provide a high speed, high thrust, high
efficiency linear motor.
DISCLOSURE OF INVENTION
. To solve the above problem, the means devised by the
30 present invention is to form a magnetic circuit for
generating an advancing magnetic flux (concentrated
magnetic flux and branched magnetic flux) for the movable

memberalongthesheetedgedirectrnuofthestackedmember



20 act on the X-axis novabl e nenber, the rotational nonments are cancel ed
oyt ‘and it is possible to elinmnate rotational vibration. Wen the X-axis
novabl e menber has a group of patterns conprised of the first pole pattern
and second pole pattern 25 arranged alterpately repeatedly in the nornal
direction of the joined surfaces, it is’ p%s'si ble to again obtain stable
travel and high output of the X-axis novable menber. It isPPretef4sie to
configure the phanaiudimeabgAet 9k dBuglhmabeveeXnaxies spbvabbelredreth and
Y-axi s novabl e 30 nmenber noving in the sheet edge directjon of the niagneti C
sheets connect e Eheamovabpkanemper pehdi ERe P13 EFRr TR M, R4 ¢ wo

i agonal 1y wi tAieesesdnrof §4 JaRhbR qRTdsee TEE ERS BLec R i

of the plane ofyt hercapgRag teafpeablieonenbet afidpaierangethhénpeal e tooth
pattern of one %—axis nmovabl e menber and the pole tooth pattern of the
other X-axi § novalkeserpibed $paelal PSS Eéiﬁglm‘hlB Wi PrEPHE

X-direction line passing thr cent @5 PALRL af shkeakkane. The
rotational nonefit Qg‘ﬁo&togf“ﬁg gg%tgé:%q%gi %? o?et ﬁelpleaneS of the conposite
nmovabl e nenber act s thiafulitsanedes by eisentthé nfvenwacd amdvidesr se ldneéet i ons,

the rotational noments are canceled out, and the rotational. 10 yibration of
the conposite mokaE RroEhded vidhad SRRV HRI & Pﬂ?ﬁ%’?@&lr r?&etgeregore

stable travel in.the X axial  di 1 90e ANgb s Y @indlid a6t kORa€@Nxbend
real i zed from Iw&vﬁhs%eé(éa?rbgéép ‘tgg i 'gh speed travel. BRI EF' DESCRI PTI ON OF
DRAW NGS 150F| Gn k-axis penvspict ielemengwhefvinige ageperlgl oot §ALE&ETEHN of a

2-phase planar |linear notor according . tq a first di ; h esent
S ent oh PG & et sty Peonds R et R e e the

notor. 20 FIG & i%,3)PhafeVievtrl téPeysnatd Binphasadvehatingnshgpebétween
the pole teeth of the X-axis novable nenber and platen dots. FIG 4.is a

4
side view of arfDeawishnbhabt osesbdiotseamons the ddabqmdodisre¥PPER125
FIGS. 5A to 5D are sleac%?i{g a%sn\étih%v\%aorfalgmé Ssté-?ete?é%b%e al 3 ddie dd a8 -B',

line B-B. line &% In i's a schematic plan
view of an p axd ga dva e hesma ey @ grtoup lofr idttherafs rearatg ot h a
first pole 30 tooth pattern and second pol e topth I;l)att rn. FIL.G eri Spd pl an
view of the relshéestes dtisheroestex- % SPAoRbbt SeTSd V- axi'E

movabl e member Snur@eq‘ Sk iﬁa&@ﬁrép@é%éﬁleoﬂ/i% ot ecsshemiitern are
arranged laterally in equal spatial phase relation with

the closest dots arranged in the sheet edge direction

20 (Y-direction) of the magnetic sheets. Further, the 2n
number of pole teeth of the pole tooth pattern are arranged
staggered within one dot pitch (P) in the normal direction
of the joined surfaces of the magnetic sheets. The spatial
phase held with respect to the closest dot arranged in

25 the normal direction is shifted by increments of the

spatial phase difference (P/2n). That is, the spatial
phases held by the pole teeth with respect to the closest
dots, when any spatial phase is p, are assigned as p-P/4,
p., p+P/4, and p+P/2 when n=2, as p-P/3, p-P/6, p, pP*P/6,
30 p+P/3, and p+P/2 when n=3, and as p-3p/8, p-P/4, p-P/8,
p, p+P/8, p+P/4, p+3P/8, and p+P/2 when n=4. |
According to this configuration, since all of the

2n number of pole teeth of the pole tooth pattern have



v - 14 PCT/JPQL/ 01533 configuration of an X-axis novable nmenber in a

3-phase planar linear notor according to a second enbodi nent of the present

invention. FIG 9 is a plan view of the relative spatial phase 5 between

the pole teeth of the X-axis novable nenbgr_and platen dots. FIG 10 is a

side view of the X-axis novabl e nenber seen in the X-axial ﬁj/gﬁq;glq FI GS.
e Li '

£y
11A to 11F are sectional views of the states 10 cut al ong { ne W-WwW

line V-V, |ipgathial phhbae MeWi Wibk YewpeahdtPi hBeCLPFRSEIEOtS. FIGS.
12A to 12D are grogressi ve views of the eration r § 4y ihe
principle of aasaayed #bt bRe(8Weepnd %elggﬁa?tﬁ%?ogfjagg%la%ﬂ%i s a
perspective vie ggg;lg?&écgﬁ%u C¢@nki.gurat hevabl eamembeentibenaho®- phase

pl anar | i near tor A'is a plan view of a two-phase Bl anar |inear
nmotor in FIG 13cefkG aldBristaforghttasitde Vi-axigh hEe26188me Pt otdhase

planar linear notor, and FIG_14Cis a_front vie t 005 phase

li near notof. RrGrumbaretf é’cblledﬁe\ﬁtjfwogf Egec%%iv%\r%aﬁ’{)tneta]{}ﬁtof]f?gg?phaze pl anar

| i near notor, ﬁ'oglalp].%Bmieﬁb%rr iagfat aSirde gwicewtal glelte ds amm fithdeenplpaesepl anar
an I i

| i near notor, 15C is a 25 front view of the sane théee-.ghasg
linear notor. BhGonk6dbs pigehph b thedmymals i rer 4ind Ofaraét éPiEtf ¢

curves of the dependency _of_ the_ thrust t fettihecmpvabke
menber in the GALESGHTPE FRE ‘B?%?Eﬁlfsglgé%?%bkwnat?%flﬁglg%gﬁé is a stacked

menber . 30 BEST JYODE FOR, SARRYS NG qA 8t T IuNVENTE €hnéd rastorintidei ABRELFI G 1
is a perspective view of the general configuration of_a %-ﬁhazﬁél anar
li near notao accwaidigectiors ofPahe PFEBEEIYMPEL  iFY%: Biibo it  of the

present invention; FIG_2 is r.spect.iv. |18 f ¢ @l nX-PXi shdvablies menber
in the notor; FYEPe¥F i P ea?lte\?elete}\l/vogl? étkheg 13s/dpat irsa%lT phase rel ationship

bet ween the polgJastd imbdie Peaxispamidblphas aremedid aridpres@ectotts, FIG
4 is a side view of an X-axis novabl e menber. seen in, the X axial,digection;
and FI GS. 5A t otsD ciras asdc GodiFaP FFRaRE Sof Pt AR sTATR3! Ut “%T'ohg the 11 ne

B -B, line B-B line Aré beNBadndrkb Eh&etd. sof eed hat dxaddl@ 1 to
FIG 3, porti ot} eegségﬁrfefbéacse %ﬁ?)éeeloa?n FIG 13 and FIG 14 are assigned
the same refser enger memtal of avite exps bial | Dhase e EERTORTE bR/ oM t 1 T3

magnetic couplings are caused with the closest dots

arranged in the X-axial direction, the thrust force in
the X-axial direction acts successively on the 2n number
ofpoleteethcﬂithepoletoothpatternlaterallyelongated

20 in the Y-axial direction due to the cycle of combination
of the concentrated magnetic flux and branched magnetic
flux, and the X-axis movable member moves translationally
in the X-axial direction due to so-called "crawling
motion".

25 In this way, since it is possible to realize a
monoaxial movable member giving thrust in the normal
direction of the joined surfaces of the stacked member,
it is possible to realize utilization of a stacked member
of magnetic sheets as a platen and possible to provide

30 a high speed, high thrust, high efficiency linear motor.
The thrust force acts on the pole teeth switching from
the branched magnetic flux to the concentrated magnetic

flux, but the branched magnetic flux and concentrated



The two-phase planar linear notor of this enbodinent is conprised of a
plyat'en:50 having a platen surface 51 forned with a plurality of platen dots
D arranged in a 15 matrix and a conposite novabl e nmenber 70 conprised of
two X-axis nmovabl e nenbers 60X and two_Y;gxis novabl e menbers 20Y connected
by a support plate 30 in an in-plane perpendicular relatiopghif, / lba
conposite novabl e nenber 70 has a pressurized air ejection port (nqgt. shown)
and 20 noves phagaetycwiite ddomt iatgPoliegheryhapbyvet  Her St RO Sthe

pl aten 50 by the blown pressurized ajr. This ; Rhase - ale Indd@r not or
i s enpl oyed foR ERBAPIENAS ‘Hﬂm??:tt%%?”h%n%‘} etfﬁél\?%e I'C test handler is

provided wth gcse%aﬁtéf@w&ﬁr iwhisl fohdsr@andCratet e @5 ettignsposi tion
by suction, novées it to a test position, then descends to _contin to press

down terminal sTak hhehk€ ohet hpekC gbcRevemerta BPBEREEr nfRBISTFHEST t hen

suitably thereafter raises the IC and ins 11,1 Qa8 e%isheR@Stbite Wth
this IC test h&h@l BatiemRE H éﬂt%gl%agﬁ%%%ap%fr?%gu?}sper?ggd upsi de down

fromthe ill usts%%%gd $t at.gveThe conmposite novabl e nenber 70 noves planarly
al ong the platen surface directly under the pl aten.S% gsi ng tpe coNtf ast
transfer as a base. The pébe PETtHPOISREIT PHE1IpONLERCEOTFENE s acked

menber conprised of a %Icural i#]%fgrmggf&‘éﬁt?%ts 1§ stackest wogetéer . As

shown in FIG POoZtdoB BFcBrs paral eet edge surfaces are used as
the platen surfacs ShnelhR1ERARRIGC tybretthed pblar ¢ckah whamsl ENSilicon

steel sheets coated with insulating filnms of for_e le_0Q. t mm
t hi ckness. 1The chotc ey ttret: es¥ m?ﬁéeﬁllat@r?’ﬂ&tcé’“ﬁs('oﬁ%)%g; f"zsi? gpjgral %é?tgrsl f or

exanpl e several mm _ Each of €. )z8¥i Sa9PYab & iRy ss 2FYwishannbaabl e 10
nmenber advanci My 3¢ Fh8‘33988§geé§885i raecti%ln (Y-axi al direction) of the

magneti c sheets, bitEME EhéShagmet seconttwiok §orved(¥Ryng| i@ sheethgIpsst

have stripe-shaped projecting pole teeth KA and o piarall el
with the X-axi sinstrn gotheradty WJ;%& axr%ﬂagﬁéﬁ&%gﬁ of the first
and second bra“&&f&[%@%ﬁ P D o8 wh@rsl At igBuasileB Dagre tie ffbKst

e -

yoke Y1 of each © axli's novabl e nenbers 60X are flat in trr\let\l(-n xi al
direction ag shewts ocEh, do didrsaie neyBarISIAEPAPTBLESHS A ERPESHect to

20 the closest dots D arranged in th e :e@g_;a dirrgetiionial tihe viagnetic
sheets T. The IB¥RAST r‘fltuﬁ‘eog-aaﬁitﬁ SH??e‘%‘? on of tﬁe%pol e teeth KAX and

KA X (KBX and KR Xeaf€ 1@x phiighese aeogtde off | bregdomniof heepier ek dots D.
The intervals between themare also two pitches worth of 2% | t e
However, the poiecteesedKAKn akie ke %e (KB P 18835 dr'd Fepeat edl’y arrayed

for each dot pitch (one [ j B gl Pyt e poreatodth ect i Gine
(X-axi al direct FBﬁfg%? Pﬁgg%o?%feggghggeaces ofB?t,he magneti c sheets T to form
rows of teebph. AsnsbavRatadFhGnEtand RGPt igre ap8l 8R80PP LRt HF KAX Und

KA X (KBX, KB X) conprising a laterall r.ra et.: cRol est oot he patrer n)
fitting in one bh?cﬂa%e"%?‘f%”ﬁg%beét"? gee%élcf \%lgt%%ie% gﬁgﬁdot S%i tch in the
normel directi 0%118%etslﬂedj09isn§3 syif aprs1 of thbespaghel i thadeel st ference

PCT/ JP01/ 01533 urther, the spatial phases hel ith respec
cl osest dots ar hadgetyi phe kmomrmtl’ﬁioré@tnieoﬁrépggfﬁ: ?‘?%Heggci %%é’gn%ﬂfs of

the spatial pha%%edég{grégg¥%.g%/€ﬁe other branched magnetic flux is P/2.
25 In the case of a three-phase linear motor, the spatial

phase difference held by an pole tooth of the concentrated

magnetic flux and the pole teeth of the pair of branched

magnetic fluxes with respect to the closest dots is P/6,

while the spatial phase difference of the pole tooth of

30 one branched magnetic flux and the pole tooth of the other

branched magnetic flux with respect to the closest dots

is P/3. Therefore, in the case of a three-phase linear

motor, it is preferable to use a magnetic sheet with a



In the pole tooth pattern 61 surrounded by the two-dot 5 chain line in FIG
3, the:pole tooth KAx is in register with the closest dot D, a concentrated
magnetic flux portion a occurs in the air gap as shown in FIG 5D, the pole
tooth KA ' x is staggered by exactly half glpi_tch with respect to the cl osest
dot D, the air gap as shown in FIG 10 5C beconmes an exti ngui,sfiedh.8pgneti c
flux portion b, the pole tooth KBx is staggered advanced b exactlaf/ P/ 4
fromthe closeshidrheBs ¢henat maap tdleewd /Bnofl Ehe sl beRomBd S Wack
branched magnetic flux portion c, the pol, o] ' X1 LSy stpgoed et del ayed
by exactly P/4ifrbhetdese|ds&sh nI5°L"&0°’te % %5%3 {“Hgl%frlgah shown in FIG 5A
becones the thl{:gsgsgrgnﬁ?bggt%ggggg@ hhyxnpgoat thhcBneEachfXnaki Bondvabl e
menber 60X has a group of "patterns conprised of the above gr pu ofegol e
tooth patternst@inr epradedthe pichk- Bhealorgerest t8f RFMRSHng: p‘?‘f%‘h peri od.
20 The pole teeth KAx and KA x (KBx and, KB; X eachppekephagth , pattern 61
al | have eglal t8gathapngrasde \ﬁ/ﬁ“leﬁtrsespgé'?ht )(gh'?fﬁee closest dots D ar r anged
in the sheet e i 8C AR 1G ¥g@Xisah adiar @et beehroh tt be thmgfettheh@étd T) so
whil e the X- axg‘%%r?%\;algl e rrgrrbergaGOX does not receive thrus forgeugg in the
Y-axi al direct io@npol e eptlhewb epe Hheake ak P RARCHEBRIBAH KEWY* PFE W t hi n
one pitch in the X-axial directiop, s dfs id L Uit skepptihg aH¥anci ng
magnetic flux iS® FBPH@HCSFﬁn@agﬂggféﬁee?&)eggea g'f rection of the stacked
menber. In the state Shown ikncit Gt B saadckhGe Putexoi taei b 3¢ shavEtdue to
A-phase current) ,” the pole tooth KB x generates a, thr ust 1EbrcairL cgagnetic
flux portian d,fead rft ke PredEEss HFOBW iStg prichyhee o plhase urrent to
t he B-phase current, a thrust f €¢ a5l $5 Ao I81 PUHEBDOHiving Rhrust- 18
PCT/ JP01/ 01533 %‘efﬁeﬁﬁaﬁe%fpé“x?% i%ec?i on, in the second switching
process, a thrugi fuy G @i lhe dioler tioot wopRax g Witd XrexiYaP*+
direction, in the third switching process, .a ru r i et ilhe pole
tooth KBx in theovekie alembedi B4¥EPEntRERYE i1 EtE‘ee ?%ﬁ%?h&%\n@t clhieng lprocess,
a thrust force Acts. pfldhecpol g do0kh Iived pisies & mat al il vedt oo
X-axial direction thrust' force acts successivel y on . the four POl e %esth of
each pol e tEot hx pat i €movib 1l ememildry of| drijate@tiat tA8eFFaRP 5P A& %on by
the cycle of 10 conbipation of the con t edipedaebhaifl ixeppmidwyr a and
branched nmagnet $effiekepbrid o c?g, uﬁﬁe%%b%ygtﬂ%e X-axi s rovabl e menber 60X
noves translatigpahlyséd bbeaXpaxtah dsirgt & ontbykadswenhetedndcawl i ng
motion". OF course, It noves transl ational I\r/ in hge -:ilxi gl ng%{qggti on even
15 in the case mbnaapial emovahpri BEGPEF F1BLBEKAAYEFi &' 21 R this way,
since it is posgible to reali i Xe@8Xk 5y FRYED! 61 MERNYEs L HORe i wémiget hr ust
in the normal d ?Eﬁfltéﬂnog%t %égj 2?%8 surfaces of the stacked member, it is
possi bl e t 0,4 eal Faecubil, i gattoniof paaseacked AeABked B HRGHRTIRC kheets T
as the platen 50. As wi || be understood f haragh gk 3kl 6rcelENer (3 of
t he dependency é&heeRé:t hFuBRY DT c® %/tearcg(uesc{ g‘péntg%q:s%om |En FIG 16, even if
meking the frqu%ﬂ@&%&1t1|aem<artie\faap.%r isadl deldichedt becwereandogs| $&) thiegher and
maki ng the speed orf advance higher, the thrust 25 force does t%ﬁ%rfa@khethat
nuch up to the ki-gkispedireetion. Er4Har) LtAPeforRECFE2HeconBs possi bl e
to realize a high speed, high thrust, d Riygh Affiesl engy diiseare notor. The
spatial phase r&lf&S6F$hi°S eetevr\l/eé:;\ll’et r(lié)at%'si de Eglae teeth KAX and KA X (KBX
and KB X) of,seaghpfidstedreyahhe . 3funenber BoX1andaghenpyntbhc doiik B0

arranged in the X-axial direction at the _platen 50_si ' LAt e £ 0SO
i nstead of givi e aeduggdered ark (r%tfl&ﬁ'ﬁﬁﬁyt ﬁaemp%$ed°t%e€erﬁh KAX and KA' X

(KBX and KB x) , it ib?ot‘peo%iiap,l @hgosrg?lﬁ/falapﬁbéggﬁéﬁdtionship between the
set of poles of the movable member side and the set of

closest dots of the platen side is relative, so instead

30 of giving a staggered arrangement in the phase

relationship among the pole teeth of the movable member,

it is also possible to give a staggered arrangement 1n
the phase relationship among the platen dots arranged in



- 19 PCT/JPO1/ 01533 arrangenent anong the platen dots D arranged in the
X~axial direction at' the platen 50 side. The nunber of dots on the platen
surface, however, is enornous, so this would be disadvantageous in the
production of the platen 50. 5 It would gg real i zabl e however in the case
of a platen of a small area or with the devel opment of high, pr.eci,$iQen
techni ques for production of platens. Since a thrust force acts on the pole
teeth switchingyfremadhrastedtanched ttegreststerf |abdgortion d to a 10

concentrated magnetic flux portion a, the thrust bran NetieG nisl UX
portion d and the c‘@h@@ﬁthﬁa%e@‘h%t@ﬁé’taﬂoéef‘f‘?f&%ﬁ Pon gglggg)c(g?%at tehgspol e

teeth of the opposite yokes a.rLatat Horak rAVERdn@ed i repart ddiey Xnaxi s
novabl e nenbergglﬁg(rb%%%r%gianpzjﬁteert%gteIif/ forgvard and reverse directions 15
and the X-axi sy eVl IMerbet 66X afovks jtriarest avrbaaesy idl SRPARLH the
rotational vibration. The higher the speed of trayvel rv_ipessmaller
the ratio of the pbta@noﬁéﬁbgﬁbiﬁéﬂ’ﬁﬁ %gﬂh?’%gp%%’fp?% ?ﬁﬂ%e’éd of travel .
Here, consideri nﬁ %?g Irne!n%%'konshi p between the dot 20 pitch P of the platen
50 (same as pi P@R28F “pGFe teéth of X-axis novabl e member. 60X)_and the
magnetic sheets T, ahgaihisckpesseahst heenberred CRIBIESIHOfaiPBLTITES or
nore than the dot pitch, but for achieving,hi S Lohethr sk, aand

hi gh effici encpoliet tiethr @ﬁértéﬁlnyalsegs\ff‘ﬁgﬁ Eggfhgggg? g%tcﬁ. Taki ng note

of the pole teeth whetaithe exti pguirshadsepgratiea fhuxhponbrwalb occurs in
the magnetic circuit, 'the pole teeth have no direct relev nce 1o épgdthrust
force or stgbilditecafidnheroovis Einektrale FREFLARBL TR - 56 - 3AT 855 gned
in series. Further, the 30 pole teeth I extizRge-ghedgmageetic fl ux
portion b occu@§nﬁqgﬁﬂ@nﬁh€fnﬁsf gﬁﬁﬁﬁ %é%p%pgttegfh fromthe pole teeth
where the conceptyated magrahigembhixopagiid @ecandcpol ¢ . patgEn BF€al P&t al
phase difference of half a - 20 PCT/JPQL/ 01533 pitcthTQ &%nge n@s in
thi s enbodi nentsynine thhie @domtoths Pt &t BACEECR st ME RAFT1T “Sheet's f avi ng
a thickness within half of a pit t oG Y dd@isidn tforared ial ong t he
sheet edge diréﬁﬁ?ﬁf?rﬁﬁﬂ%ﬁﬁ1y]%ﬁﬁhgn%% Eard to hold 5 magnetic coupling
with pole tget f’sd;‘!\h?i’é?l t hrea ©x ta TR Ssdvesch imadreettd o i gFRaStorF O s, so
there is no need to generate an al{ernating_magnet] UX o@f £ 1% gbrarat h
exactly extingutles et CRE SHi B2 HE ét“i‘ghﬁi Pu%mggd&%%%c%iegrge of ?r eedom of
design is increg€ﬁgacg@i§fi§hgl AD: an b age wfe Usimeg: @odteadieedPenber
as a platen. Furiher, since the platen 50 is a stacked ngnbeé ofsq%%%etic
sheets T, it neyabeesn sirackbd smadret tapth 2B SESBERSF Vionmetal i c

mat eri al s sandw ched between dots in raxi Al ShESet s Oful BaMddesly it is
not necessary 1% F%r%?ﬁgiﬂﬁgr58%§§%% %gfﬁgéﬁ%t e dots . The platen can al so
be fabricatgd easilyn Fiy bheixid heviasakagembagnethe Fout ket b@Edtded and
a higher efficiency can be contributed t0. T roup. of hhrsdiown i n
FIG 3 correspoatds @naetethortraid of #%PO@?&ESF%‘% ﬁelggpgg%go%%q%at tern 61
anong the four tﬁgegtggnpole tooth patterns repeated at one-pitch intervals
in the X-axial diPE8tion. Here, if the pole tooth pattern 61_is r@g%kéhe
first pole tooth pattwaen, tiead -beri soxawmh ks nggbeRdRe RrEEE® 9§ P Y Lecond
pole tooth pattern 25 62 rel ati to the 1R Keon K@ ote sdXteamnd

Kb' X is fornmed &paPEifeEmt i effgg?tﬁé’l & I’E)%% #rggttern i ?he X axi al
direction) gnd if. Lhe St a9¢ered tankanggeanedal thetspatpuhaphdseection

rel ati onship hel’d "W th respect to the closest dots %rr%nged kg tRe o Xnaxi al
direction of thefpahe 3®inest Fuchrcega Xt kBx POREIP IS *Ph&fif'sC pol e tooth

pattern stable travel and high output of the X-axis movable member.

It is preferable to configure the planar linear motor

by the above X-axis movable member and Y-axis movable

30 member moving in the sheet edge direction of the magnetic

sheets connected in an in-plane perpendicular

relationship, but here two ¥-axis movable members and two

v-axis movable members are arranged diagonally with



and the staggered arrangenent are line symmetric with respect to the
Xsdirection line L1 passing through the pattern center,-a forward and
reverse rotational nonent - 21 PCT/JP01/01533 act simnultaneously on the
X-axi s novabl e nmenber 60X, so the rotati gal_ nonments are cancel ed out and
the rotational vibration can be elimnated. This is because tgg 1|9§)I_,,«§;3tooth
KB' X of the first pole tooth pattern and the pole tooth 5 REX B ]jne second
pol e tooth pattespeb2, té&hth@edm terobbiKBXo hithde fanespipbhe ¢S PeR t ern
61 and the pole tooth Ka' X of the second pole 5100 h g?lttert@ 62, g(hg pol e
tooth KA X of mhwablesrepbpE 20613 fRRISM AR thEOF6 ePESSER KBX 0f ~ t he
second pol e toQth_pat , h o] tgeth L0oKAXpQttehe 6Efrshepol e
tooth pattern 1%&nd %nﬁgg]ﬁg emtgggﬁtﬁ %’;HX‘ZE]‘? tﬁﬁe second pole tooth pattern
62 have the sagehspali-akiphasesablict membspedtineo syp@etrdsadtydyts? In this
enbodi nent, as expl ai ned above, , X-axi s vabl e nenmber.s. 6 - AX|i
novabl e nenber §eBO¥Chr kO BhecEnAeELEHIPA AT R2FFAARE tb}élf%lg%iaﬁ% g(reﬁ&%

relationship to fiorma Gomp e PRV 3k tTRHREr méRenfsalsdOmtiencehGer?, the

two X-axis novaBI'€ menbers gégzteand two Y-axis nmovabl e menbers 20Y are
arranged di agopaliny wift kheeppecte bd the cemresifsi RPVePor PRBLEFaAETS! the
conposite novabl e nenber 20 70, and the pale tooth tar f ong of
the X-axis nov&til“éﬂﬁ;@@t?@r“ssWokn(ﬁ%ﬁﬁgﬁr%aaﬂéﬁ%v%ag dlqexg%tg?on%") B, B)
and the pole tqqf tarns 6l of ahe cahken caf culte Xndxichenwoabléomedber s
60X (branched ?r%gér%etltq?%apath | egs Aa, A, B, B ) are arranged tgl Se i ne
symet ri ¢ aboutvitthe tZmrXodi thet conppPEh&e FOHaRLE MR Peouth & HECCENFEP poi nt
O of the plane_. The r.otational men 0 nfef RPivHe R-akithe

pl ane of the cé??p@éi%nﬁﬁ\?éiblaéldngﬁﬁé?k9%Qa%§%£glgrrﬁﬁet aneously in the forward
and reverse di rgctd AiSon WA MOLatiiaanal reereanscan ebe arsel ik dfiromAS™ he
rotational 30 vibration of the conposite novable nmenber 70 as a whole can
be elininated ameaheredirle &2 dbiE t9RRRA §HAY%e X-axial direction and
Y-axial direction c e T i pE Y SPeess travel to high speed
travel . f - 22 P%%EOII?%%% etg:lgndEL Enmbodi nent FIG 8 is a perspective
vi ew of thesschematigreont i gairatpensmdcaive-akes pbvelbe IeReBRt in a

t hree- phase planar |inear notor accotding to_a_seco j Ay the
present inventieRiFEaeien f A éﬁpﬁ?iaés\ﬁ/ 8?‘—"{1% ?le g%ur\%@‘g%%u a=o phlans%e
between the polg,tgetly 0f afnds st O¥abhe prebent amvehaien. dots, FIG 10
I's a side view of an X-axis novable menber seen in the X-axjal direction,
and FIGS. 11A to 11FFh€e BetsionnersPecsive YhevwsPht 28 RufXLf oRgv 3P the
line W-W, line V-V ILge UO-U, line WW line V-V, and line U U in
FIG 9. Note thBE™PR*Fie “BStBOEPES. 11A to 11F, portions the same as in
FIG 15 are,@ssignedribe same aepeamnetenuntrahs andtéapl Bhaskons ther eof

are omtted. Further, portions the sane as ip the first :
relatiogship between the po%e teeph of é%e X-axis movable

member and platen dots.

FIG. 4 is a side view of an X-axis movable member
seen in the X-axial direction.
25 FIGS. 5A to 5D are sectional views of the states cut
along the line B’-B', line B-B, line A'-A’, and line A-A
in FIG. 3.
FIG. 6 is a schematic plan view of an X-axis movable
member having a group of patterns having both a first pole
30 tooth pattern and second pole tooth pattern.
FIG. 7 is a plan view of the relative arrangement
of X-axis movable members and Y-axis movable members.

FIG. 8 is a perspective view of the schematic



15 enbodiment will not be alluded to. The six pole teeth KUX, KVX) KWK

KY X, KV'X, and KW X of an pole tooth pattern 81 in one pitch in the
X-axial direction in an X-axis novabl e nmenber 80W of the present enbodi nent
are arranged staggered in the one-dot pitgh 20 P in the normal direction of
the joined surfaces of the magnetic sheets T. Further, they.,haye spatial
phases held with respect to the closest dots arranged in the pornal
direction shiféefbyutracteneof sanfXtaelspreyalpl RO fFRrdnt @ F%). The
pole tooth KUX in the pole tooth 25 pattern %gpee%g@@-tﬂ&gwdot
chain line in H&ay Jrén?ﬁrr‘&%}:%’fe?c‘gﬂ#rf%egoélag;%ést ot B A concentr at ed
magnetic fl ux Qggtéggsgngcgﬂ{,gnwoﬁhe air gap shown in FIG 11F and the

pol e tooth KvX'i's Staggered advanced by exactly P/3 with respect to the
closest dot D, in Fr@:.39 14F nlen ailevwgas bbeoresa thee iRAL HhRHRSF
magnetic flux not shown and the_po t PO K ] agger ed, el &y eth by
exact |y P/35frBﬁFWﬁ@nCFBEegf’Raofgf)lfga%g %%e %*%L%B agai n a weak branched
magneti c fl ux gﬁg%}]sdg%_shown in the - 23 PCT/JP01/ 01533 air gap. The
pole tooth KU X I's staggered del ayed by exactly half a pitch vvithlgeel;spect
to the closest dot.FAs.showhsim Fdg VERY ofh&hgi £-§%H=pBRBARES (HE"

exti ngui shed magneti,c flux_paortion .the pole tooth KV X is staggered
del ayed 5 by ef&EPI $PPrESF Fofre g g?(’):gggflggdt D, the air gap shown in FIG
11B becones the thruysigghr anghed magnetriecsébuxopaitvbawd ahdthéespdtesSt oot h
KW X is staggered advanced by exactly P/6 with respect taq,the, closest dot
D, and the1air cgap aslooan the ELGe ?El'ﬁ(}(bejc’dh%sv avpulsllllﬁlﬁcly ﬁfangﬁgaoﬁgﬁ’
magnetic flux partion.c. T XS g2k mgnber 80X has a group of
patterns corrprﬁ&é‘c? &Pﬁheﬁln}gllérltae}égtsh pattern 81 repeated in the X-axial
direction at one- pi tratsd .Ntieyayacs.12m atre P rogressivgs & igwan&t thfear notor,

a 15 concentrated magnetic flux _portion and, a branc i WX
portion cd sep®ardtiodr € fefSParedae Fﬁ% 5okds* eé’%%g.gg?%%sﬁ?gbbecause

the excitation &%—}ﬂsé he; sade hasyg are wound separately around the
yokes Y1 and YZ2. rest of the configuration of the three-phase 20 pl anar

linear notos of thi sEshAd menta azar aBse tie oo QU dthrF FrE™ate S i r st

enbodi ment. Even in such a three-ph angl 14 naar 1Qnayd N i@ same way
as the first erﬁﬁfhﬁ%‘fﬁa}t’f?ni%Pp%s%%bs\feeﬂtlo realil 7é an X.axi s novabl e member

80X giving thrygdicdh the 25 normal direction of the joined surfaces of the

stacked nenber, so use of the stacked nenber_of the netic s as
the platen 50 can beFH@8le YPadeiz ALY 1PERF f‘aH”Bhpg?gg %ilagrhagggge%,a-gh' gh

thrust, and high efficie pl ana Dt Dk g bELONTES; PoSSd . vidd The fiod e
teeth where th %&?fnbﬁigﬁé’éd Jfrggnlglt:?rg fl ux porti%n b occurs differ the
most, that i, Hahé tofo -ampisech]anaprigndre porert edthFiPom thé Spditd Fdet h

wnere the concentateg RgNELLE LLUROLLI PIhgaGRYES: . 1N the case 1, f

FIG. 15A is a plan view of a conventional three-phase
planar linear motor, FIG. 15B is a right side view of the
same three-phase planar linear motor, and FIG. 15C is a

25 front view of the same three-phase linear motor.

FIG. 16 is a graph of a comparison of the
characteristic curves of the dependency of the thrust
versus the speed of the movable member in the cases where
the platen is a block material and is a stacked member.

30 BEST MODE FOR CARRYING OUT THE INVENTION

First Embodiment

FIG. 1 is a perspective view of the general

configuration of a 2-phase planar linear motor according



- 24 PCT/JP01/01533 of a platen using a magnetic sheet having a thickness
of. within half a pitch, the magnetic circuit fornmed along the sheet edge
direction inherently finds it hard to hold nagnetic coupling with pole
teeth where the extinguished 5 magnetic flux portion occurs, so there is no
need to generate an alternating magnetic A ux of a strength_ e agt VA
extingui shing the bias magnetic flux and the degree of freé’&Tmof/ dasi gnis
i ncreased. In theaca@sesaf eabbldieenphade tpeapaesentednveptdernof FLfi-s 2

enbodi nent, the 10 spatial phase, difference held b I ot a
concentrated mi§ndtPErEPEITAKE YheY p‘b{learl g(étaﬁ“c?f mtér({@%gae:o?‘eg\?tegr %ﬂcﬁéa
magneti c fluxes wth %%%pe%ti%oatEQaﬁlQ%%%toqokﬁei%p8k6a1W@mb®ethe spati al

phase difference of 'thé pol'e tooth of one branched magnetic flux portion c
and 15 the pol eeleatibnehipnbeheeebr tne red artigeshi ef fihis ¥odtiSoRoY2Ri €h

respect to the closest dots is P/3. Therefore, .in.the e, of, Ayt hree- phase
| i near not of, imm@rpﬁéﬁe?h%F%nt#%egann et iacsslhge}’fg\n‘%t%é)gnt ic&ness of

not nore than /3 of & he W CheMrgnethe ROURliiang awirkltibe ;exhidngacshed 20

magnetic flux part IS hard to occur due to the joined surfaces, the

i nval i d magnet isa fdousDcamebeereianal, vaeds st futharfdias GidgRderg E86pl i ng
is hard to occur, at hoth of, the pair .of polg t h, ¢ apd; gEn ElLG 11)
where the thin %r%&?‘eﬁ'n&dﬁa B 18 RO, EERN ERCASRILETELD

ccur, "so e magnetic 25 coupling

consuned in stoppig chR&@ PROBIESSI @8 FScCU, @lolrtdrthscahebsameitas chose in
the thrust force of the progression. Note that it_is of course_ al so

possi bl e taor ealn &IG. fiduralphaS orl higgera 453w nidtore 2™ JRISH AL

APPLI CABI LI TY As explai ned, above, the |insal, Imiqr; pcaos dimoe &t he present
i nvention has d‘%‘?fgf’a%ﬁ &7 oVt alen"’lrrél;lngf)rlegr gi Vi ng thrust in a nornal

direction of the joifes tsiy-ideee planar linear 26 toRCILIFOUS GIEREigfenthe
st acked menber, so use pf the stacked nenber of the rrﬁ?gneti cmspe??I S AS t he
pl aten can be neslecomreisedlohim RIMTYh 3P I gh RHF LY, SHhe” |g?|

ef ficiency nDtpgogggdbﬁigﬁogigffraf9t§so§uﬁi@@éﬁ 8% s USCa FPAnHEd Yim Na a

device 5 nmountihg systeny but  also an I C test handler or other various

types of equi preftrox drethi nemposite, movable member 70 comprised of two
X-axis movable members 60X and two Y-axis movable members
20Y.connected by a support plate 30 in an in-plane
perpendicular relationship. The composite movable member
70 has a pressurized air ejection port (not shown) and

20 moves planarly while floating slightly above the surface

of the platen 50 by the blown pressurized air.

This two-phase planar linear motor is employed for
example as an IC test handler. The IC test handler is
provided with a contact transfer which holds an IC at the

25 entry position by suction, moves it to a test position,
then descends to continue to press down terminals of the
IC on the IC socket for a predetermined time, then suitably
thereafter raises the IC and inserts it in an exit
position. With this IC test handler, the platen 50 is

30 supported suspended upside down from the illustrated
state. The composite movable member 70 moves planarly

along the platen surface directly under the platen 50 using

the contrast transfer as a base.



PCT/ JP01/ 01533 CLAIMS 1. A linear notor provided with a platen havi
phaten:surface formed with a plurality of platen dots arlroanged in anga?rix
5 and an X-axis novable el enent having an pole tooth pattern having a set
of at least 2n (where n is an integer of % or nore) pole teeth for
generating an advancing magnetic flux Wi th fhe closest dots amon fhe
pl aten dots, said linear notor characterized in that the pﬁ%&é’ﬂlﬁég 10 the
paral | el sheet edgerwsairfacesn 50 the stackeddrenigre ot dfofa Pplural ity
of magnetic sheets stacked together as the platen surface, the 251l nunber of
;rglggte_tl c Lee_t mbiralmtsp;ﬂfemﬁsaﬁﬁlﬁaﬂ%%s£étéFﬁéﬂg‘é%lg‘FE\%’F alr}'%/ 5 r?wg

i on havin qu ) tal ph r i i H50S
arranged in th]grl ?ﬂ%‘gt gaagré&)i%i%i r%’c??lg% o%%%gam%%wcégiﬂfﬁthe t2ndOtS
nunber of pol e;f&elfe®fas henpobeatent buptacersl arBharmagryed &t TRt ed
within one dot pitch (P) in the normal direction of the |oined surfaces of
'Ejh;a nmagnet i _s'he@l?%,f@hdel‘[ﬁ’é?%ﬁaﬁé%cﬂlhaﬂee‘?ﬂel%ih?i\ﬂ% cr‘%%'%i)ee%tw%% t he cl osest
ot arranged | 5, DOLTRL L (S ¢ 88 el LIEDxd 0o AN e { e
spatial phase diTferenc n). 2. Alinear notor as set forth in claiml
char acteri zed tRethat pheck- axi shaowbhbten néeberD hienea Sg?radlﬁ;?]ofpeﬁaitqdér ns ’
conprised of the pole tooth pattern arranged repeatedly in the nornal
dlhrectl on. 25 3s far| preuPlADEBYCL&1sBl forth in claim 1, characterized in
{ at ,sal d X-axis noyah}e,remhery has: saidh f0le readlhspabtei s amavdbirest pole
ooth pattern, and a second pole tooth pattern formed apart fromthe first
FﬁleefFOOEhlm?t mtefnbflﬁnatihenndmgab’.ndithecsb@n,t phgesfaygereanaf¥ apgefent of

irst pole _tooth pattern and the 30 sta red
pol e tooth pat 8éFRCtACBpalt afhe “Igéﬁlefﬁ(fllgbfggg r|I§harl‘;Heer ?E?E?%gﬁ%?cﬂfg‘? 3e\$vio?ﬁ
respect to the,gkasest debs, aniaeged ichet basnor makvedste¢beonhabetdhe joi ned
surfaces of the magnetic sheets being line symetric with respect ta the
X-direction |ipeopassiing phteue tth&rparddih. (5P &.ndAKPi)nB%aﬁ;Fgrma@l set
forth in any Orﬁg g%_%l ainms 1 to 3, characterized by having a conposite
novabl e member 6npri?&ed 'of said X-axis novabl e menber and a Y-axis novabl e
menber novipg in thenshgel eetdgecninmctnarka) (K aad k't )c ofhsbest Evhhect ed
in an in-plane perpendicul ar relationship. 10 % Al near Rt oy 8§, et
forth in clai mad clegoad STEAEH ST MRS tthio Port sdied SxPaging rmvngI e menber s
?nd two of sai g,)Y-gglg,%gDy?pg@ JERDeY B &F ec2éH angechdlizagnnnd Inowdkile r espect
0 a center point 1n the plane of the conposite novable nenber and in that
:)Qleep'?l et Loot Ptnmﬂotea*rs:?$0ﬁ¢ aoree fifatt e XhexiYs adpdblde restiens agndRPE ™ he
: 00 patterns of the other of the X-axi e.,h ¢
symmetric w th ¥edpéet 4t(‘?n_é1n il regcutalqor?plal@r%gﬁpgg\élg% rg'regggﬁggﬁgecg%tngr
point in thg plane.ci®bsdd iqway DRiamedsdn frort khertarjgendiskctianns 1
to 5, characterized in that the thickness of the netic sheets 20 is a
thickness of noif rove mawRe hiet (SRIRE DI oM Y9 ardh B S -2 A | | near
motor as set forlf i &l Al phaLACLEERZRA idl RAL K8y WhickBgssack said
magneti c sheets i’s 2 tHhi ckness of not nmore than 1/n the pitch of the platen
dot s. two pitches’ worth of length of the platen dots D. The

. AU, % Ah

A9 A AY% A% A % A A AL A A 9. A% A% A . Aby% A% A . .

A% Al. A, . Au, Amtenals jwe?&s?ﬁﬁiﬂﬁ%ﬁg %Q‘i‘%%j{%ﬁtjcca%a%léfga calcalc
a] ;Oa] caj éﬁ](ga] cad g L alikRl Sl £2]19R) paheatealnagraked] kakcakBajaoal KB'y)

(V+}++' - - & Y-&re- t i ' '

(v 3: Y e p:;e;:ﬁ c@rpsontaxedi foy] eafl af et b h] LT AR 3 ca] ca]

cherltlelebasnalae e g paepilapplarlapien i
of the joined surfaces of the magnetic sheets T to form
rows of teeth. As shown in FIG. 3 and FIG. 5, the pole
30 teeth KAy and KA’y (KBx, KB'x) comprising a laterally
arranged set (pole tooth pattern) fitting in one pitch

are arranged staggered within one dot pitch in the normal

direction of the joined surfaces of the magnetic sheets



21 ga} ca} ga} ca} ca} caljcalcalc aUc

.ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]calca]c I'M OO7 =QDQS RCUWB
XTXXCXXLYSZI N\ \\ \ AnrannaMovbedd| wr mhe”Y] ca] c}a] ﬂafglafga] cal cg]:ca] c% 9a$2a] cal
gglggl(gg} gz]ztr:s]og\ell]z}c?t}csiﬂﬁg]hf?l’c?] (t:)a] ca] ¢a] ca] ca] ca] ca] ca] ca] calddirijkl ms
a) ca] ca] cal] ca] cal] ca] ca] ca] ca] ga]gc!a])ch?c;ﬂ:;?] caLgaLg?Lga%écg‘?}%?gﬁghca] cale

fiplwnhcY]]ca]ca
a] ca] ca] ca] ca] ca] cgfgigggfgfiﬁﬂmtfﬂ%%%d}% %a"tlaf]rba’]?%ﬂ%‘] c%ﬂ;gecg} gg} g
a] ca] ] ca] ca] caféaféa}i Eh ] ]"Ea'}lé%] A € ]}r }é’ég}l f%a caj ca%:ca] ca]

E:a]ca]ca]ca zX9 .ll 109
) : 102@«&' ()--! 8;5 Y09 %’g Pg ‘i A\/I%&M& ﬁ?%siomenfe I;é/éLV\UGQ 10 10!
1098 ()--! “1109%&16)thd pouw&t@ patXernlm/&u(ryoun@edlhﬂo@fﬁe(‘swo 2| $

JnK, @ 109vir&' 31 '
109&' ()-3 1@J&éhaﬂ§%&gzggggg 310%w&t£) pole %60§h(%AXI%Qgﬁﬁgtéglster

?%ﬁg%&gﬁ’;’%%}%;%%o%%gks%' @ 1098 §) =3hk@ 10%@el) mdbnetic flux

portion a occurs in the air gap as shown in FIG. 5D, the
pole tooth KA’y is staggered by exactly half a pitch with
respect to the closest dot D, the air gap as shown in FIG.

10 5C becomes an extinguished magnetic flux portion b, the
pole tooth KBy is staggered advanced by exactly P/4 from
the closest dot D, the air gap shown in FIG. 5B becomes
a pullback branched magnetic flux portion ¢, the pole tooth
KB'y is staggered delayed by exactly P/4 from the closest

15 dot D, and the air gap shown in FIG. 5A becomes the thrust
branching magnetic flux portion d. Each X-axis movable
member 60X has a group of patterns comprised of the above
group of pole tooth patterns 61 repeated in the X-axial
direction at a one-pitch period.

20 " The pole teeth KAy and KA’y (KBx and KB'y) of each pole
toothpatternfﬂ.allhaveequalspatialphaseswithrespect
to the closest dots D arranged in the sheet edge direction
(Y-axial direction) of the magnet sheets T, so while the
X-axis movable member 60X does not receive thrust force

25 in the Y-axial direction, the pole teeth KAy and KA'y (KBx
and KB'yx) fit within one pitch in the X-axial direction,
so a magnetic circuit for the advancing magnetic flux is
formed along the sheet edge direction of the stacked
member. In the state shown in FIG. 3 and FIG. 5 (excitation

30 state due to A-phase current), the pole tooth KB'y generates
a thrust branched magnetic flux portion 4, so in the
process of switching from the A-phase current to the

B-phase current, a thrust force acts on the pole tooth
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thrust force acts on the pole tooth KBy in the X-axial
5 direction, and in the fourth switching process, a thrust
force acts on the pole tooth KAy in the X-axial direction.
An X-axial direction thrust force acts successively on
the four pole teeth of each pole tooth pattern 61 laterally
elongated in the Y-axial direction by the cycle of
10 combination of the concentrated magnetic flux portion a
and branched magnetic flux portion cd, whereby the X-axis
movable member 60X moves translationally in the X-axial
direction by a so-called "crawling motion". Of course,
it moves translationally in the X-axial direction even
15 in the case of a platen comprised of a block material.
In this way, since it is possible to realize an X-axis
movable member 60X giving thrust in the normal direction
of the joined surfaces of the stacked member, it is
possible to realize utilization of a stacked member of

20 magnetic sheets T as the platen 50. As will be understood

from the characteristic curve P of the dependency of the

thrust force versus speed shown in FIG. 16, even if making

the frequency of the drive period current (current pulse)
higher and making the speed of advance higher, the thrust

25 force does not fall that much up to the high speed region
(2 m/sec). Therefore, it becomes possible to realize a
high speed, high thrust, and high efficiency linear motor.

The spatial phase relationship between the X-side

pole teeth KAy and KA'’x (KBy and KB'yx) of each X-axis movable

30 member 60X and the platen dots D arranged in the X-axial
direction at the platen 50 side is relative, so instead

of giving a staggered arrangement among the pole teeth

KAy, and KA'yx (KBy and KB'y), it is possible to give a staggered
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arrangement among the platen dots D arranged in the X-axial

) -
' (

direction at the platen 50 side. The number of dots on
the platen surface, however, is enormous, so this would
be disadvantageous in the production of the platen 50.
It would be realizable however in the case of a platen
of a small area or with the development of high precision
techniques for production of platens.

Since a thrust force acts on the pole teeth switching
from a thrust branched magnetic flux portion d to a
concentrated magnetic flux portion a, the thrust branched
magnetic flux portion d and the concentrated magnetic flux
portion a occur at the pole teeth of the opposite yokes,
so a rotational moment acting on the X-axis movable member
60X occurs in alternately forward and reverse directions
and the X-axis movable member 60X moves translationally
along with the rotational vibration. The higher the speed
of travel, however, the smaller the ratio of the rotational
vibration with respect to the speed of travel.

Here, considering the relationship between the dot
pitch P'of the platen 50 (samé as pitch of pole teeth of
X-axis movable member 60X) and the magnetic sheets T, the
thickness of the magnetic sheets T may be less or more
than the dot pitch, but for achieving high speed, high
thrust, and high efficiency, it is preferably less than
the dot pitch. Taking note of the pole teeth where the
extinguished magnetic flux portion b occurs in the
magnetic circuit, the pole teeth have no direct relevance
to the thrust force or stability of the movable member.
They are just so to say assigned in series. Further, the
pole teeth where the extinguished magnetic flux portion
b occurs differ the most among the pole teeth from the
pole teeth where the concentrated magnetic flux portion

a occurs. There is a spatial phase difference of half a

109M
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the sheet edge direction inherently finds it hard to hold
5 magnetic coupling with pole teeth where the extinguished
magnetic flux portiom occurs, soO there is no need to
generate an alternating magnetic flux of a strength
exactly extinguishing the bias magnetic flux and the
degree of freedom of design is increased. This is also
10 an advantage of using a stacked member as a platen.
Further, since the platen 50 is a stacked member of
magnetic sheets T, it may be a stacked member with plastic
or other nonmetallic materials sandwiched between dots
in the X-axial direction. Further, it is not necessary
15 to provide recesses between the dots. The platen can also
be fabricated easily. Further, the leakage magnetic flux
can be reduced and a higher efficiency can be contributed
to.
The group of pole teeth shown in FIG. 3 corresponds
20 to an array of for example the pole tooth pattern 61 among
the four types of pole tooth patterns repeated at one-pitch
intervals in the X-axial direction. Here, if the pole tooth
pattern 61 is made the first pole tooth pattern, and for
example, as shown in FIG. 6, if a second pole tooth pattern
25 62 relating to the pole teeth Kay, Ka'y, Kby, and Kb’y is
formed apart from the first pole tooth pattern in the X
axial direction, and if the staggered arrangement of the
spatial phase relationship held with respect to the
closest dots arranged in the X-axial direction of the pole
30 teeth KAyx, KA'yx, KByx, KBy of the first pole tooth pattern
and the staggered arrangement are line symmetric with
respect to the X-direction line L; passing through the

pattern center, a forward and reverse rotational moment
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Kay of the second pole tooth pattern 62, the pole tooth
KBy of the first pole tooth pattern 61 and the pole tooth
Ka'y of the second pole tooth pattern 62, the pole tooth
Ka'y of the first pole tooth pattern and the pole tooth
Kby of the second pole tooth pattern 62, and the pole tooth
10 KAy of the first pole tooth pattern 61 and the pole tooth
Kb’y of the second pole tooth pattern 62 have the same
spatial phases with respect to the closest dots.
In this embodiment, as explained above, X-axis
movable members 60X and Y-axis movable members 20Y are
15 connected in an in-plane perpendicular relationship to
form a composite movable member 70. As shown in FIG. 7,
the two X-axis movable members 60X and two Y-axis movable
members 20Y are arranged diagonally with respect to the
center point O of the plane of the composite movable member
20 70, and the pole tooth patterns 61 of one of the X-axis
movable members 60X (branched magnetic path legs A, A,
B, B') and the pole tooth patterns 61 of the other of the
X-axis movable members 60X (branched magnetic path legs
A, A', B, B') are arranged to be line symmetric about the
75 X-direction line L, passing through the center point O
of the plane. The rotational moment about the center point
O of the plane of the composite movable member 70 acts
simultaneously in the forward and reverse directions, the
rotational moments are canceled out, and the rotational
30 vibration of the composite movable member 70 as a whole
can be eliminated and therefore stable travel in the
X-axial direction and Y-axial direction can be realized

from low speed travel to high speed travel.
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planar linear motor according to a second embodiment of
5 the present invention, FIG. 9 is a plan view of the relative
spatial phase between the pole teeth of an X-axis movable
member and platen dots, FIG. 10 is a side view of an X-axis
movable member seen in the X-axial direction, and FIGS.
11A to 11F are sectional views of the states cut along
10 the line W-W', line V'-V', line U'-U’, line W-W, line V-V,
and line U-U in FIG. 9. Note that in FIG. 8 to FIGS. 1llA
to 11F, portions the same as in FIG. 15 are assigned the
same reference numerals and explanations thereof are
omitted. Further, portions the same as in the first
15 embodiment will not be alluded to.

The six pole teeth KUy, KVy, KWy, KUy, KV'y, and KW'y
of an pole tooth pattern 81 in one pitch in the X-axial
direction in an X-axis movable member 80W of the present
embodiment are arranged staggered in the one-dot pitch

20 P in the normal direction of the joined surfaces of the
magnetic sheets T. Further, they have spatial phases held
with respect to the closest dots arranged in the normal
direction shifted by increments of the spatial phase
difference (P/6). The pole tooth XUy in the pole tooth

25 pattern 81 surrounded by the two-dot chain line in FIG.
9 is in register with the closest dot D. A concentrated
magnetic flux portion a occurs in the air gap shown in
FIG. 11F and the pole tooth KVy is staggered advanced by
exactly P/3 with respect to the closest dot D; in FIG.

30 11E, the air gap becomes the weak branched magnetic flux
not shown and the pole tooth KWy is staggered delayed by
exactly P/3 from the closest dot D; and in FIG. 11D, again

a weak branched magnetic flux results not shown in the

6! ( yt
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in FIG. 11B becomes the thrust branched magnetic flux
portioﬁ d and the pole tooth KWy is staggered advanced
by exactly P/6 with respect to the closest dot D, and the
air gap shown in FIG. 11A becomes a pullback branched

10 magnetic.flux portion c. The X-axis movable member 80X
has a group of patterns comprised of the pole tooth pattern
81 repeated in the X-axial direction at one-pitch
intervals.

In this three-phase planar linear motor, a

15 concentrated magnetic flux portion a and a branched
magnetic flux portion cd separately are generated at the
yokes Y1 and Y2. This is because the excitation coils of
the same phase are wound separately around the yokes Y1
and Y2. The rest of the configuration of the three-phase

20 planar linear motor of this embodiment can use the
configuration of the first embodiment.

Even in such a three-phase planar linear motor, in
the same way as the first embodiment, it is possible to
realize an X-axis movable member 80X giving thrust in the

25 normal direction of the joined surfaces of the stacked
member, so use of the stacked member of the magnetic sheets
T as the platen 50 can be made practical and realization
of a high speed, high thrust, and high efficiency planar
motor becomes possible.

30 The pole teeth where the extinguished magnetic flux
portion b occurs differ the most, that is, half of a pitch,
among the pole teeth from the pole teeth where the

concentrated magnetic flux portion a occurs. In the case
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the sheet edge direction inherently finds it hard to hold
magnetic coupling with pole teeth where the extinguished
5 magnetic flux portion occurs, so there is no need to
generate an alternating magnetic flux of a strength
exactly extinguishing the bias magnetic flux and the
degree of freedom of design is increased. In the case of
a three-phase planar linear motor of this embodiment, the
10 spatial phase difference held by an pole tooth of a
concentrated magnetic flux and the pole teeth of the pair
of branched magnetic fluxes with respect to the closest
dots is P/6, while the spatial phase difference of the
pole tooth of one branched magnetic flux portion ¢ and
15 the pole tooth of another branched magnetic flux portion
d with respect to the closest dots is P/3. Therefore, in
the case of a three-phase linear motor, it is preferable
to use a magnetic sheet with a thickness of not more than
1/3 of the pitch. Magnetic coupling with the extinguished
20 magnetic flux part b is hard to occur due to the joined
surfaces, the invalid magnetic flux can be reduced, and
simultaneously magnetic coupling is hard to océur at both
of the pair of pole teeth (KVy and KWy in FIG. 11) where
the thin branched magnetic fluxes occur, so the magnetic
25 coupling consumed in stopping the progression is cut off
and can be put to use in the thrust force of the
progression.
Note that it is of course also possible to realize
a four-phase or higher linear motor.
30 INDUSTRIAL APPLICABILITY
As explained above, the linear motor according to

the present invention has a monoaxial movable member

giving thrust in a normal direction of the joined surfaces
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can be provided, so is suitable for use not only in a device
5 mounting system, but also an IC test handler or other

various types of equipment or machinery.
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1. A linear motor provided with a platen having a platen
surface formed with a plurality of platen dots arranged in amatrix
and an X-axis movable element having an pole tooth pattern having
a set of at least 2n (where n is an integer of 2 or more) pole
teeth for generating an advancing magnetic flux with the closest
dots among the platen dots,

said linear motor characterized in that the platen has
the parallel sheet edge surfaces of the stacked member comprised
of a plurality of magnetic sheets stacked together as the platen
surface, the 2n number of magnetic teeth of the pole tooth pattern
are arranged laterally in a relation having an equal spatial phase
relation held with the closest dots arranged in the sheet edge
direction of the magnetic sheets, the 2n number of pole teeth of
the pole tooth pattern are arranged staggered within one dot pitch
(P) in the normal direction of the joined surfaces of the magnetic
sheets, and the spatial phase held with respect to the closest
dot arranged in the normal direction is shifted by increments of
the spatial phase difference (P/2n).

2, A linear motor as set forth in claim 1, characterized
in that the X-axis movable member has a group of patterns comprised
of the pole tooth pattern arranged repeatedly in the normal
direction.

3. A linear motor as set forth im claim 1,characterized in
that said X-axis movable member has said pole tooth pattern as
a first pole tooth pattern, and a second pole tooth pattern formed
apart from the first pole tooth pattern in the normal direction,
the staggered arrangement of the first pole tooth pattern and the

staggered arrangement of the second pole tooth pattern in spatial
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phase relationship held with respect to the closest dots arranged
in the normal direction of the joined surfaces of the magnetic
sheets being line symmetric with respect to the X-direction line
passing through the pattern.

4. A linear motor as set forth in any one of claims 1
to 3, characterizedknrhavingaacompositemovablemembercomprised
of said X-axis movable member and a Y-axis movable member moving
in the sheet edge direction of the magnetic sheets connected in
an in-plane perpendicular relationship.

5. A linear motor as set forth in claim 4, characterized
in that two of said X-axis movable members and two of said Y-axis
movable members are arranged diagonally with respect to a center
point in the plane of the composite movable member and in that
the pole tooth patterns of one of the X-axis movable members and
the poie tooth patterns of the other of the X-axis movable members
are line symmetric with respect to an X-direction line passing
through the center point in the plane.

6. A linear motor as set forth in any one of claims 1
to 5, characterized in that the thickness of the magnetic sheets
is a thickness of not more than half the pitch of the platen dots.

7. A linear motor as set forth in claim 6, characterized
in that the thickness of said magnetic sheets is a thickness of

not more than 1/n the pitch of the platen dots.



