WO 95/ 3493 g}ric nmotor The invention relates to an electric notor with
a statlonary and a novabl e active notor part, one of the PGEIBS0943% ot or
parts conprising a notor wi nding and the “other a notor nmagnet, an air gap
bei ng forﬁ&g@c n said active notor parts, while the 5 notor winding is
built up On etlc resin carrier foil and is fornmed through | ocal
renoval of copper material with which the synthetic resin foil had
previously been fully coated. The invention further relates to a hard di sk
drive provided with said electric notor. 10 EP 410 293 Bl di scl oses an

el ectric nmotor in which a permanent nmagnetic hollow cylinder is arranged on
a central shaft fixedly connected to a rotatable hub. The pernmanent

magheti c holl ow cylinder is surrounded by a netal plating stator which is

aranged on a stationar t 0i | ndi nq i nser.ted
[ nt'ogsl ots of the 15 %W%I a%ﬁ%n'g%?ﬁ'é&@eﬁﬂ o*‘ﬂtan@" S
provi ded aetilieahoter pare, meldlthqtmwtinmotdpdns(h’oﬁ@yﬁhmamﬁm anfitfe

interactiQ bet en t he slotted tatgr a t he rmlt ol e magneti zed
per manent éﬂ"&i&'@?& NeJBOQF Rarts, Wehile sheyt

torque smknz:ho quj hesnheaﬁieslfoﬂm@fsfeﬁnedvmf& 0caf age
val ue is zero, @Ed V\/m ch 20 accordl ngey do not contribute to e nom nal

torque. THERQV3] ol conper matesial with which the syathetic resin foil had\previonsiy deen fullyat i ons,
and rot at p@fegpeed fluctuations; in addition, they increase the required
initial torque, which is a crltlcal quantity particularly for hard disk
drives. The manuf acturMianimmﬁmlmnlammdlhagtdukdhm)pmwdaﬂem&bsmd:opper
tracks pr&%q%%synt hetic resin foils are so etched that only planar
coil windrngsr 'n. 25 Such notor wi ndings are capabl e of perfect

oper ati®on and present no problens as long as the foils are not be Probl ens

g?hg :Msge Q?ﬁﬁrgr t echngP&@%SﬂsS%&ﬁF%%gg@gﬁ%%Mé?e
ﬁnreg?\lést h?‘%%wunmsm?eﬁﬁ%%s rrusteagﬁc%?eat g%ﬁatflhe egg@? rrg{“of
rotation Permangntimagnetic, linder is surrounded by a metal plating stator which is
amngedonasmnomrybasepammsumrhasaconwmdmgmsemdmslotsofthz
15 stack of iron laminations. The bearing of the hub is provided radially and axially by means
of hydrodynamic bearings. o
Themteracuonbetweentheslottedstatorandthemlﬂnpolemagneuzed
permanent magnets causes so-called detent torques. These are moments of torque which
chnngepeﬁodicaﬂywiththediskmtaﬁon.whoseavengevalueiszem.andwhich
20 accordingly do not contribute to the nominal torque. The retentive moments cause acoustic
noises, mechanical vibrations, and rotation speed fluctuations; in addition, they increase the
required initial torque, which is a critical quantity particularly for hard disk drives.
The manufacture of planar motor windings is known, whereby copper
~ tracks provided on synthetic resin foils are so etched that only planar coil windings remain.
25 Suchmomrwmdmgsmcapabkofpeﬁectoperaumandpmsemmpmblemsaslongasme |
foils are not bent. . .
. Problems do arise, however, when such a winding is shaped into a
cylinder. Then the otherwise simple technology leads to short-circuits between the conductor
tracks. In addition, such windings cannot be made sufficiently round. This means that
30 . unnecessarily wide air gaps must be created. The exact motor rotation is impaired thereby.



WO 95/ 34934 2 These problens arise especially in small notors which are
used foWOPAR®3di sk drives. It is an object of the i nvenPCDIBISO04280Vi de an
electric nmotor of the kind nentioned in2the opening paragraph which
operates with narrow tol erances in the air gap and 5 in its bearings, so as
t o achi e¥hesg pyeRlems arise: sneciallycp smaflimotars which are aiged-forihardegisk) drivese or di ng t o
the invention, this object is achieved in that the synthetic resin carrier
foil and the planar coils adhering thereto are provided with an adhesive -
filler material such Blisan objectof thesinvention|td provide: anélecdtri¢ imotor of thegkipd f or ned

bet ween the.(i?l%ai.v' dual conductor tr.gcks thr h the r.enoval. of t.he 10
coppor | nimeEiquR i e e Hatibtabh mic cperdia AR Jatrof SIEHIEY ip Toe,tin zun. g
rounggg ﬁyictig bk s, S0 QB t6 achiévera I consth iml dperd mmm%mmai‘eﬁ&yy and eve][ll y
rounded an i ch renders, possible snmall_ air, gaps and an exact support o
the hub. The result iM%@%W%'%R&J%‘%M‘HM di sks can be

i ncreased Wi th sugg spnthRicesi %ﬂ-ﬁrl{muﬁkﬁlﬁﬁedls]aﬁh&h#(%gﬂ' proVided®

not or w ndi ng canﬁ%e made sulfhfici ently round. There w | [ be r?(;ﬁe

short-circuits bewithen adhesivefillen materiak suchithat the adhesive filemmaterial-fillsoyp t he

i nvention, the ad i faiql. _ ' Ll )l _ el LY
such that the pl ?%@ﬁu%i@a%#@@%%‘@ﬁ@@%@%ﬁ ed
therdBy with a dicopper mawtialsandi ity as if said gaps were still filled with
t he renoved copper. An ched foi.l wll behave |ike a ngn:etched foil as a
result of this trﬁi'ﬁl?.ss"ﬁ% c@"ﬁ“ﬁ 2 EM“&H%?‘EEH"@%'W@%WI ‘a perfectly
round shape, this is SuchQ hétdf hasod i sbchitely aﬂ:@vedimuﬁ&dtalisal ,‘

ue i

e

invention. In a further enbodi ment of the invention, a polynmerizing g
used as Whichendepossible smafl| iz gapsapd an exact support af the- hub. he Tesits that then

rendg
or i noPiekoB eBABS BE had difs GBS ciasts with Bk fhofl W e for ¥ faf °C1 €1
- provil@e dlshdmledl sk drive 'accp‘rdi-n’g_ to the invention with inproved _
L ST, T o A Pkl e Y 5.
one of tihertcireuits betweenrhndividuahntras..conpri sing a notor w nding and the ot her
Wi e the motor w ndilig REDEAAOEHS ot HepHABoRcibe adbetive ller sl | ot 1 s
formed tfinmydhe p4sHas b EBilRY suth tERARRES plafidtcdhdittortdcks of the coils are
20 interconnected thereby with a dimensional stability as if said gaps were still filled with the
removed copper. An etched foil will behave like a non-etched foil as a result of this trick.
Since a non-etched foil can be wound into a perfectly round shape, this is also true for the
prepared foil according to the invention. _
In a further embodiment of the invention.apoly'merizihgglueisusedas
25  the adhesive filler material. . ~ | -
In a further embodiment of the invention, the adhesive filler material is
provided by means of silk-screen printing or roller coating.
" It is another object of the invention to provide a hard disk drive according
to the invention with improved characteristics. This object is achieved by providing a hard
30 disk drive with an electric motor with a stationary and a movable active motor part, one of
the two active motor parts comprising a motor winding and the other a motor magnet, an air
gap being formed between said active motor parts, while the motor winding is built up on a
synthetic resin carrier foil and is formed through local removal of copper material with-
which the synthetic resin foil had previously been fully coated, the synthetic resin carrier foil



whi ch tths nthetic resin foil had previously been fully coated, the
synt het i Q PPcarrl er foil ‘WO 95/ 34934 3 and the pl MBWOMB adheri ng
thereto being provided with an adhesive Biller material such that the

adhesi ve fi Ier materjal , fi.ll s forned between the individual

conduct or F%‘h‘gﬂmf’ﬂ%g ﬁ)&ﬁﬁ%%m vided Wighan adbsm filler materiak such that

assenbl y t&tﬁhﬁﬁ@ﬁnemﬂeﬁﬁmamslfbﬂeab%&éﬁ &?.dﬁ%th {}g&g The
erence ra

invention will be explained.dn nore detail W ng,
in which threngh the seraoual 9 mmmmml andthaammbl}dihukstdbﬂmmmgtweund
non- ferroﬂﬁo?ﬁ ‘ﬁ) and a jacket-type soft magnetic yoke

sur roundi ng e C con |gura ‘ion and 10 fixedly connected to the coil
configdration, Fig. |b shows a nodification of the spindl e motor of Fig.
la, in which the yoke s connected to t yb, Fi shows a foil wth
pl anar coil wi ndings, ﬁ'gm"%“q@ E@Bt‘?&ﬁ”ﬁ W‘hdF exence to thei ¢ h
deposi t edd@™Rs lin Which ngs - 15 taken on the line Ill-11l in Fig. 2 Fig 4
shows the cylindricall bent wi ndi ng, consisting of three winding strips
fromFig. 2, in persp o shows @ e mator for 8 handdisk drive with ameatferrous’ r om

fgecfg;\s{eg‘ect 1 0 a Spl nd?é @%F&ﬁﬁ?ﬁ@cl S uéﬁwﬁ’ﬁt ?%%W‘g&?%fh ve

mot or lﬂorﬁnaﬂyjmmﬂmwd configurationyjg appl i ances. A notor shaft 2 of this

spindle notor la is fi onnect Q0 aplate 2 of a %S‘E)‘S i sk hqusi ng
(not shown). Two hydro ?%%‘2&35?‘3%8 g’a’nl’fﬂﬁc
around thmerynkedsaiméae&wmmp 25 shaft portion renote fromthe plate 3.

A further hydrodynam pLr be ng 4 IS present close to a support plate
8. The hub 6 Journalleﬁ‘goh%ﬁg‘? ings¢ ati on possibility has

an inner hub .portion Wi b cRdds-5E %0&5@
outside 6b is fastenegﬁg per manent ngg%?ago?gtfg? w'intggn t %{3%
gener dPedtaken om the lineJI-BhiEig. 2, and present at its outside 7a is
perpendi cular to the ogs4 Showd nd'cyfifkirkGny bect WARShS, Rnfibiing’of tiree winding
strips from Fig. 2, inperspectivé view.and |
Fig. Sshowsacut-musecuonfromthecurvedwmdmgdemonsu-aungm
absolute roundness. :

Fig. la shows in cross-section a spindle motor 1a which is used in
parﬁcularasadtivemotorforlnrd'disksindata-processingappliames.Amotorshaftz-of
thisspindlemoﬁorlaisﬁxedlyconnectedtoaplate3ofaharddiskhousing(notshown). _
Two hydrodynamic axial bearings 5a and 5b support a hub 6 around the motor shaft 2 in the

25 shaft portion remote from the plate 3. A further hydrodynamic spiral bearing 4 is present
close to a support plate 8. The hub 6 jmimalled on the motor shaft 2 with rotation possibility
'has an inner hub portion 6a which surrounds the motor shaft 2 and on whose outside 6b is
fastened a permanent magnetic rotor magnet 7. The field generated by the rotor magnet 7
and present at its outside 7a is perpendicular to the axis of rotation 16. A support plate 8 is

30 arranged on the motor shaft 2. This plate carries on-its outside a coil configuration 9 which
belongstothemotorstatorandwhichisyettobedescribedbelow.andayoke10whichis
also to be described below. The hub 6 further comprises an outer hub portion 6¢ which with
its bell shape surrounds the yoke 10. .

Theco:lconﬁgumuon9compnsesabentfoﬂwmdmgwhxchlsdescnbed



30 arranged on the notor shaft 2. This plate carries on its outside a coil
conf i guWex9584938 whi ch bel ongs to the notor stator and WRCTABIS®0428t t o be
desri bed bel ow, and a yoke 10 which is 4l so to be descri bed bel ow. The hub
6 further conprises an outer hub portion 6c which with its bell shape

sur r oundirthércbelayk.cThecsupprore plats 8 in this mgtor sonstuconcspporissibe jackiteype jokel

\[I)MI Q?Ieng ﬁﬁ]&ﬁéﬁs‘ﬁ#or c%g@{ r u%@%ppor?@cﬁﬂé -ty&@gkzuggog} soft

nagnet i copsttuetion,| tworait fapsddtandd? fe forinetihef which tieooei ajeigapt 10separatesthé hi s
construct t-wo ai.r nd 12 ar formed,  of which t air gap
11 separygk‘ﬁgommbg%&qéﬁ\% ajf g3pd mtﬁ%tbﬁt‘m??' Wﬁ*ﬁ@ﬁ%&%r at es
the rot Qonfiptaddn 9. fromthe coil 5 configuration 9. Fig. 1b shows in '

cross-section a spindle notor I b in a nodified arrangement. The spindle
motor of Fig. 2 corr &$Hothshows in pross-paction a spipdismotor glﬂd!ﬁeﬂn many

(esPec el P N0 BELS 1 4E PESRHLS e MSmBAE MR SISV 21,
t he pl atmany mmemmmmmmmmm ntnnmﬁeretﬁemuhgﬁlsod&aam c
Shart 2 menpREncs offie mﬂﬁgﬁéwgiba??eﬁ»%%xﬁ% it e "G bR 4
presemt diskdcusing (ﬂot srﬁgmsbcsuppdrome mapeait 7 i S
and up b PatioR of s, waﬁwﬁm & gl 3. K 8 O oi|
\éMoR](‘j: S&WI‘% adj ol ns aang‘f':{pmg;gtaﬂpﬁtﬁsbQ e alr gagﬁa% g‘ggﬁeed oﬁOIt Ihe
out si de fasteredjondhetub 6pe yoke 10 of soft magnetic nmateri aI This yoke-10 is
shape. 1 n (hi e const AN EBER Bk & R priifed Y e motl sl 2 a3 silSnf 3N, |,
air gﬁps:oﬁﬁgmﬁbnmwhﬁtmhmthofhebewieﬂavmdggmwm bé deseribed-furthet betowoke 10
mmgnet | T S fef%ﬂ?%effm%aw” pefon. 3 e . i g S50 4 A LA ScRoBE { e
space f Qyn thé Guiside by %ﬂfyoaé 10 Of 86 imaiiétié watsrial. This Joke? 16 Rofkediy plan
view three foil w nd| n 21, 22, These t hree
at the inside 14 oftbehubG ‘which also has a jacket shape.. In this construction,
accordingly, there are again two air gaps: the air gaps 12 and 13, of which the one air gap
20 l3separatestheyoke10fromthecoxlconﬁgmuon9andtheotheraxrgaplZseparatesthe
rotor magnet 7 from the coil configuration 9.
maunerhubpomon&pmvxdesspaceforthemounungofomor
several hard disks.
Fig.zshowsinplanviewthmfoil'windingszo, 21, 22, Thes;ethrae_
25 foils are to be rolled 50 as to form a three-phase winding for the hard disk motor. The rolled
- state is shown in perspective view in Fig. 4. Each single foil comprises, as Fig. 3 shows, a
central synthetic resin foil 23 on whose two surfaces 23a-and 23b copper foils 24 and 25
have been provided. The copper foils 24 and 25 were so etched in a generally known etching
treatment that gaps 26 are created which separate individual copper conductor tracks 27 from
30 oneanother,asisvisible_inFig.3.Planarcoilwinding328werethusformedonthefoi123
on both sides, which serve for motor excitation. The coils of the two foil sides are
electrically interconnected from the upper to the lower side. :
In a silk-screen printing or roller coating process, thegapsZGarefilledupthh
anadhesiye filler material. The adhesive filler material is a polymerizing glue. The glue has

A



25 foil I be rolled so as to forma three-phase w-ndin or the hard
di sk rmts‘géggq‘i?g"rol |l ed state is shown in perspective vi eff ’Hg’ﬂoﬁ‘ns4 Each
single foil conprlses as Fig. 3 shows, central synthetlc resin foil 23

on 1SS S 67 APl b O B o RS, Wi, o,

et chi ng tif @ahafmei sd mblemshe?ﬁameoﬁmwr&ﬂcmmbf ﬂerban&i@mxadém&wh digpper
conductor_tracks, 27 from 30 ...0ne angther, as is visible in Fig. Pl anar

coi L wi ndherehy with adimensional siabilifyy Wpﬁgﬁlw%s%‘h lﬂﬁqm@%m%ﬂch serve

Tg[ e?gf)ﬁﬁe d?@gﬁqﬁ%@ﬁ%%%ﬁg tv{?tlﬁ‘ ower Ssi gdﬂe?ﬁé s(ﬁf‘lﬁédscreeﬁégrf)‘%crﬂ%t| ng

or r ol § errounshshape, ipthe coptinuous) statga Thanks to the filling ofl thegaps 26 with thel ladhssive

ol e has Tk e L RCEcRed, g 4 i Rmpei ISy BT e it o T

conductorwihdmgkmcmt,lzam?élhd@ghtoﬂﬂme- witiding MY perfectly oundeshape) For abl e

that the Ianar conductor tracks 29 of th 0|I are |nterconnect? agai n
t her eby §(§n§9°“’§t’aﬁ5?§s‘ opin;whi the foils; 20, o g
wth the zlem\gdﬁegmevéﬂrwaeyt etchr ng, the copper woul d have al | owed

itself to be shaped into a perfectly 5 round shape in the continuous

statel0Thanks to the fHheiperfgctsurvagise gendsrszitpossible torkeep thecair gap of the anoteyt ue,

this is n hree foil
W ndi ngsas%il Ware rér?igO%’Whre r%se W‘l}wperfectly

round shdyydrodynamie spiraiagmova/bamgﬂag Sb&ndricmﬂ'hapafwymumndmgammh t he

perfect curvatures the fOJ|S 2Q, .21 and., ar e hovvn even er.
The perf ¢ g%ﬁ‘\ﬁﬂ‘ﬂf %]tﬁ??%’ﬁ%ﬁgw gﬁ W@t%t or

smal | . lewmmmmmdr sl e wp@rmﬁmm@meﬁrhxsi er life

construction of the hydrodynam c spiral groove bearings 5a, 5b and 5c. The
per f edd | yandéon aHowp for; Widermanyfacturing-tolsrances. A pagking density-of, the bawdi ni ni ze

t he radr%,%pa%smmw he notor, and thus the deviation of
the roto eresult o IS IS tnat the notor has a longer life 15
and/or allows for wi dé?ogmatmﬂrldegoﬁlhedmm the foiljbetweerthk icoppediensi t y

enoral 1Ak b € Rccde 5 sbrostinnlf 2B, andt, boftel ol Bbicedad 12

t hi cknes shicknesp pf approxiimately 210 k], and the copper f0| | s are provided to a

t hi ckness of approximately 110 [err].




WD 95/ 34934 6 1. An electric notor with a stationary and a
nmovab| WOA8849%94 notor part, one of the two active not orPGHBIYIMEri sing a
not or wi nding and the _other a notor net, an air gap being formed between
said active notor parts, while the notor wi ndi ng (9) is built up on a

‘synt hetGleAPMS: n carri ﬂ fred through |ocal renoval of copper
material 5 wth whi chE”II luul m,m" SI n foil (23) had previously been
fully coated, characterizéd tn 1 the synthetic resin :
carrierfoil (23) and the planar c0| S (28) adhering thereto are provided

wi th an adhesive filler material (30) such that the adhesive filler

material (30) fills up gaps (26) formed between-the individual conductor
tracks 10 : through-the renmoval of the copper material, and the -

iﬁi?ﬁtﬁﬂ??”%?éfbgﬁw Vi B ifBblc 45 o FE e P B o v
filler vé Miotb? paris dniprising Axhotop wirkling id the Oher W @ibotormagrieticanp| anar

conductor trac (27) of the coils (28) are interconnected therebzﬂagal n

Wit h amuMmgq mmwwqgosm Jéhile theomotor winding (9)is built) g wi t h

the re WWWQ daim
2, char cﬁ?%n@ﬁ%e aa?]dem \Wﬁ%&terl al (30 e sane ![I me

al s0S cowier whichethel pynthetic resin feik (23) had previonsiy ibeenfully » Gharagterizedainethat 4.
An electric notor as clainmed in Claim 2, characterlzed in that a 20
pol ymeri zing glue is used as the adhe5|ve filler material. 5.

An electric mt%ewlﬁﬁﬂwﬁeﬂfdl @3) and/ the planaf cﬂﬂstS]adhaﬁnﬁthemtﬁlare
characterized in that the adheslv ?rsuc?x |smgr i de means of
si | k-screen pri rrpYidedswith 3p adhes eﬂﬁ’ﬁ -t%“i. Ego - ‘&ﬁ drive
~provided with a%ﬂkﬁﬂt(éoﬁu@wwqwﬂm betwésh)the individua? Soridudiof tradkst O 5.

10 - through the removal. of the copper material, and.
- the assembly thus stabilized is wound into an evenly rounded cylinder.
2. An electric motor as claimed in Claim 1, characterized in that the

adhesive filler material (30) filling the gaps has a stability such that the planar conductor
tracks (27) of the coils (28) are interconnected thereby again with a dimensional stability as if
15 said gaps (26) were still filled with the removed copper.

3. Anelectricmotorasc_la’imedinClaimz,characterimdinthatthe
adhesive filler material (30) at the same time also covers the upper surfaces of the planar
coils (28) with a layer.
4. An electric motor as claimed in Claim 2, characterized in that a

20 polymerizing glue is used as the adhesive filler material.
5. An electric motor as claimed in one or several of the Claims 2 to 4,
characterized in that the adhesive filler material is provided by means of silk-screen printing
or roller coating. |
6. Hard disk drive provided with an electric motor according to any of the

25 claims 1 to S.



