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*159159* AN ELECTROVAGNETI C MOTOR T

T e B

el ectromagnetic m cromotor. | Background 10 As *

el ectroni c devices becone smaller, there is increas

dermna Tor smidgr cetwenphendc merrhe,mero NN

devi ces, such as mcro fans in nobile tel ephones, o *G00002*
.Jmcro punps in nmedical applications. Typically such
Fieldh cr o- mot ors include a stator having wi ndings, a rotor
15 with magnets and a shaft / bearing arrangenent to
couple the rotor to the stator. |In sone portable
Thegprebéentinventioraretatiesto ramyeleetrsmagaetie dndtor, \pastiatlaiynthough not
?hpck | oads nd different orjientations. Consequently
solely 16,29 axial glesirPRIAAnelif MICEAROBELr i ng  prevents t he
rotor frominpacting the stator, which would ot herw se
reduce the life 20 of the notor and cause undesirable
Backgeseundari ati ons. Summary In general ternms in a first
aspect the invention proposes a Tetrahedral Anorphous
25 Carbon (TAC) |ayer as an axial and/or thrust

As BRRIroAR: ddVités MRohRY enfdiier, athepdtigdecrebsingdde®and for smaller
coefficient of friction, increased surface hardness

actuatersor For axampleemigleanackispstaiadacrepsing Beiagiyseg in electronic
r ] A NE e Nent pe | | . .

douNBL 83349 i CPEHAE BIBHEES B Rl it g acca

applicationguTgpically sudhatricrabmotors irclsdeahstatoahdving windings, a rotor

with magnets and a shaft / bearing arrangement to couple the rotor to the stator.

In some portable applications a motor may be subjected to vibration, shock loads
and different orientations. Consequently it may be desirable that the bearing
prevents the rotor from impacting the stator, which would otherwise reduce the life

of the motor and cause undesirable speed variations.
Summary

In general terms in a first aspect the invention proposes a Tetrahedral Amorphous
Carbon (TAC) layer as an axial and/or thrust bearing. This may have the
advantage of reduced coefficient of friction, increased surface hardness and/or

increased wear resistance.

In a specific expression of the invention there is provided an electromagnetic
motor comprising

a stator,

a rotor configured to rotate about the stator, and

a Tetrahedral Amorphous Carbon (TAC) layer on a least one bearing

surface between the stator and the rotor.
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a Tetrahedral Anorphous Carbon (TAC) |ayer on a | east
one bearing surface between the stator and the rotor.
2 The rotor may conprise a bushing, the stator
conprises a shaft and the notor may be an axial type
m cronotor with the bushing_configured to rotate about
the shaft. 5 The TAC | ayerzrmy be provided on a
contact surface of the bushing. The bushing nay

oeCHHY 3, LR udnd e St LBt BCp AR ke mot

maycbetn axiahtypet micromotat with itife Bukhivg cOMigliRddfo Fetdte about the
s a{turther conprise a conductive |layer under the TAC

ayer. 15 The conductive |ayer may be el enent al
titanium Brief description of the drawings 20 In
order that the present invention may be nore readily
Theund@ayerodaybd providedon a portatt surfacef dfetbe bushiige shal |
now be described, by way of non-limtative exanple
only, one or nore enbodi nents of the inventions, wth

Thertﬁfsﬁi‘rﬁj]%y.t&n%}%eaé poiy'rﬂéf?t rated by the acconpanying
drawi ngs, "in which: Fr'gure 1 is a perspective view of

a notor according to an exenplary enbodi nent, 25

R gur [ fl ow diagram of t ho f
The A 1l b e et B SER el silacs SiRe shaftpl ar
enbodi ment, and Figure 3 is a perspective view of
apparatus for depositing the thin filmbearing |ayer
The shaft{eay gemipfigeisnmeta) or énatalligalipyt ai | ed descri ption An
axial type electromagnetic mcro notor 100 is shown in
Figure 1 according to an exenplary enbodi nent, having

Theanotot ataylfdithen dompsisa taocoridiftivd esy/es luatder thd NACUdgsr. a
plurality of wi ndings or coils 106 and the rotor

includes a plurality of
The conductive layer may be elemental titanium.

Brief description of the drawings

In order that the present invention may be more readily understood and put into
practical effect, there shall now be described, by way of non-limitative example
only, one or more embodiments of the inventions, with reference to and as
illustrated by the accompanying drawings, in which:

Figure 1 is a perspective view of a motor according to an exemplary embodiment,
Figure 2 is a flow diagram of a method of manufacturing a bearing according to an
exemplary embodiment, and

Figure 3 is a perspective view of apparatus for depositing the thin film bearing

layer on the bushing in Figure 1.
Detailed description
An axial type electromagnetic micro motor 100 is shown in Figure 1 according to

an exemplary embodiment, having a rotor 102 and a stator 104. The stator
includes a plurality of windings or coils 106 and the rotor includes a plurality of
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3 magnets or poles 108. Wen current is flow ng

through the windings 106 in a specific sequence, a

rotating nmagnetic field is induced in the air-gap 110

between the rotor 102 and the stator 104. The magnets

108 rotate in synchronismwth the rotating nmagnetic

field. Thus the speed of rofation can be controlled by
magness orfpaefdA8y Bhemeurgent isnfiowingt theough éhenydndiogs 106 in a

ool e a0l Rl M o e
the axtoet @2 byd plee geatdi t04.aTheanadetbADS rblate il Rgnahrodishg with the

106 are | o?at ed on or. in the base 112. The rotor 102
rotafing magRete fifidy fihus hesisreed @intrtation c@gnpeagontrolled by the
i i ' 18 ext ing axially fromthe
frqu?ééy%ﬂg.%%%ﬁﬂts |‘&%ﬂ%ir% 1|E{st~éj'gener al Iy perpendi cul ar
to the disk 116, and is parallel to the shaft 114 and

- AX| i th the shafi. 114, | ith tf f
The' i g et 8 158114 5P anat- bt D e, 28y drom the
basé.| THY st 344 64 géﬁévaﬂ? ﬁgfbbédiﬁcmé‘%tthé%s%nﬂ?ﬁ TI?%Windings 106

thrust clearance on ase 112 to allow smooth
are logatad on or rutherhase 1 12ndds fadon €02 holudesaa itin flat didke116 and

o L AR, BB B Bt B %ol kel 0. e

busHiRg 108 i¥e@neralfy perpBhdicli?as thédiskal 16 aHd isWdrakd to the shaft
contact, and hence, reduces the frictional resistance.

114 13ndhge@xiahyith the sba’, 1 1dneImuser withdhei lotor 202 in @acggon the
. . . ' | .

s 10, 145000306 TRSAIER kB on pHIEL s g a v

thrustr deadede @m theebdseat 12t allov saesoth betatiornbiitheheet andesirable

., 102 th t 104, a. tecti nd/
vibratsgy PS¢ GRtorofid maybie Giites. ol BusABLTAS has Boskrved

bottdrAlddgd a28WHBYY cBAtaMIBEsON 1RhahBealr &g profilefmpffises the
for exanple the inner surface 122 of the bushing 118,

area Rt surfaca zongact: aed dmenngs iedyces ithe ductional sesistance. In most

onp ARl i b, BREGE AR, FEREBRmy ety

upwhalgtiregtedpr ot ect the conponents from danmage and
reduce friction. For exanple, the base 112 and shaft
114 may be made froma hard netallic

A thin layer of conformal coating may be provided on the bearing surfaces
between the rotor 102 and the stator 104, as a protective and/or Iubrication layer.
For example, a Diamond Like Carbon (DLC) layer may be provided on the bearing
surfaces, for example the inner surface 122 of the bushing 118, the end 124 of the
bushing, the curved outer surface 126 of the shaft 114, and/or the contact portion
128 of base 112 around the shaft 114. The DLC layer may protect the

components from damage and reduce friction.

For example, the base 112 and shaft 114 may be made from a hard metallic
material, such as steel, for providing a rigid axis of rotation. The base 112 and

shaft may have a TAC layer 130 to protect against abrasive wear.

The bushing 118 may be made from a polymer, such as poly-carbonate (PC). A
thin film bearing layer 120 may be deposited on the axial 122 and thrust 124
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of rotation. The base 112 and shaft nmay have a TAC

| ayer 130 to protect agai nst abrasive wear. The

bushing 118 may be made from a pol ynmer, such as

pol y-carbonate (PC). A thin filmbearing | ayer 120

may be deposited on the axial 122 and thrust 124 4
beaﬂ@ﬁﬁUﬁf@cgamaawl@hlr@é1%usThengmﬁm beasingnlayer i1t may be a

mulﬁ@e’r%ahﬁ%%ﬁg%@wﬁ nag\u gbﬁ'n%@ée{f/re lggﬁi JS& ag Bfanium or

gold iof abdwmmnpmgmlﬁr@‘ssamdt af. dutemDLfG dayers Suchngs dletrahedral

er ch as Tetrahedral Anorphous Carbon
Amqrph sE‘ar Q%ﬁé@' @ﬂﬁ'@é‘@ thickResgave experimental |y
observed that a notor simlar to the exanple

enbodi nent descri bed above, survived at |east 109
We chales erpeniradntaly abbasived. thae af aidtomi sigilanptovikee rdxample

emBpRe Rl ERd Ahses U Ve doasts] O Glgheidadl dbtason. The

foIIoMPﬁ’gierﬁro@e%eqP@\A%f‘e §Is‘o réeoRidgra Coefficient of
Friction (Initial) 0.27 0.15 Critical Scratch Load 17g

25 g Water Contact Angl e 790 800 The bearing 120 on
Tab%h‘?' rotor 102 or the bearing 130 on the stator 104 may
e " manuf actured according to the nmethod 200 shown in
FiRroper®y Manufacturing may Renédfted" a8 DafAB coated
process where nultiple motors are forned 15
simultaneously At 202 the disk 116 and the bushing

1Hardnese| eaned. At 204 the d0SR GR8 is nadied6.AGPa
206 a titanium |l ayer is deposited on the bushing 118.

AR IR Re%L Fant um 1 ay S CREn { no2Bithers B

and stator conponents may be assenbl ed and coupl ed

t @ssfficient direrictivmgIitialyi m | ar equppment nay be usgd in
a simlar fashion

Critical Scratch Load 17 g 25¢g

Water Contact Angle 79° 80°

The bearing 120 on the rotor 102 or the bearing 130 on the stator 104 may be
manufactured according to the method 200 shown in Figure 2. Manufacturing
may be done in a batch process where multiple motors are formed
simultaneously. At 202 the disk 116 and the bushing 118 are cleaned. At 204 the
disk 116 is masked. At 206 a titanium layer ié deposited on the bushing 118. At
208 a Tetrahedral Amorphous Carbon (TAC) layer is deposited on the titanium
layer. Then the other rotor and stator components may be assembled and
coupled together. The same or similar equipment may be used in a similar fashion
to deposit the bearing 130 on the stator 104. For example the deposition
equipment may be a Large Batch Coating System as marketed by Nanofilm
Technologies International Pte. Ltd. of Singapore; modified according to the

exemplary embodiment.
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20 to deposit the bearing 130 on the stator 104. For
exanpl e the deposition equipnent nay be a Large Batch
Coating System as narketed by Nanofilm Technol ogi es
International Pte. Ltd. of Singapore; nodified
according to the exenplary_enbodinment. 5 C eaning
202 the disk and the bushing may include rinsing the

Cleaping Zi)?ﬁthﬁrﬁjsls Rad thadhishing ey inclisier dnging the disk hi6 egd the
bushlﬂpa‘l Pq\ﬁ b dhER 'Fﬁgs C|rr gl digiRe R4ty O¥h %IWW'E% by blow

gen gas. eani ng process Tty T

drylm\g)alsnsglrmmogencga]zt affhisarieanine IProcesw imang rem@de most surface
adhesion_of thin filmon the axial 122 and thrust

conBainaR IRHProTIonaE G900 adNRBRsShNR I a1 thadald 22end thrust
ng the disk 116 and the
124%:16% bt %l&rf%gé(% gﬂgiebﬂ?ﬁqr@fggbﬂﬁa g

|ng 1 er 300 as shown in Figure 3.
The hol der 300 is nmounted on a novable platform 302,

mashihecof 85 IRk shbheludzCsdrifagrhe stk Ll trdad tos biagng 118 onto
a helger36d d®L5RbWhGnHiguRS 3. STRE Hdder 300/ fr‘hdUHt@& of‘nt 8&hovable
whi ch are bolted together sandw ching the disk 116.

platfpra 3@swhish ¢as bes retpiask 6d that (ﬂﬂ@rbL@hlrmoéﬁBLfeeesabeanlasma

orsdbgnC PR ol 0 B 1 gk Rk 8, Ben o0

alundibim forosteeh extiish ér@aboriéd)rt@gétaeplsaﬁmchmgi the® didkMt6. The
t he d%osmlon of the thin film 15 bearlng_l er to
578

bushing 1 &sisi fposed . thisuahsan iapgrpos 3PReatithe senire oftherplateg. The

e EMSRLES o 0ot HRATAGESNR AR Mk 11

frorr’ddm]Eriai iheat fidm thehplakmmssandf td himit tHeadepositiay esf thanthin film

be urat on of exposure to the 20 plasna.
bear&q) f%ﬁ‘ez*e%s*t' trahedral Anor phous Car bon ( TAC)

| ayer rray include applying a negative electrostatic
potential to the holder 300. The titaniumlayer then
Dep@@b@ﬁ@ﬁﬁw@@aﬂﬁaww layerrjay inglude ditecting ttdamibe plasma towards

e GRS 60, 08" SR GEE RRALI A% e PEVRD WaSoR oo

thickaeiss O@fcmenﬂtaﬁnﬁh ddyétueah e BelcRRARbYVEUrafibh asfeelPoitire to the

and they penetrate into the
plasma.

Depositing 208 the Tetrahedral Amorphous Carbon (TAC) layer may include
applying a negative electrostatic potential to the holder 300. The titanium layer
then becomes negatively charged which attracts the positively charged DLC
plasma 304. Carbon ions are pulled towards the polymer surface at high
approaching energy due to the negative voltage bias, and they penetrate into the
soft polymer surface upon impact. Strong binding of DLC ions and polymer
surface occurs so that the subsequent discharged densely packed DLC ions form

a hard smooth surface.

In order to deposit a uniform layer of TAC on the inner axial bearing surface 122,
it may be necessary to provide plasma from two or more directions. This may be
achieved with plasma sources from more than one direction and/or relative

movement of the bushing and the plasma source during deposition.
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soft polymer surface upon inpact. Strong bindi ng of
DLC i ons and pol ynmer surface occurs so that the
subsequent di scharged densely packed DLC ions form a
hard snmooth surface. 30 In order to deposit a uniform
| ayer of TAC on the inner axial bearing surface 122,

it may be necessary to provide plasma fromtwo or nore
directions. This may be achieved with plasm sources

As ée;é?ﬂqnpg §aﬂvo°ﬁ§\/§ihb|%8{ﬂa°£blﬁegé 9b6 %&%Hﬁ\é&sit%%%%(l}ards a

sha source’

-flrstckexpmsehdo:imo 6f the tmsemg at Biffprest Slied wogleSVA e basming has a

306, 308 are, pos ned towards a first open
'Oniﬁﬁrﬁéwﬁ%@b%ﬂh'ﬁa té% D%W%ﬁemce@.ar?&ppaﬁ@@ $88Cqghe Each
pIa§PHa°' Kbl RStilRd oWRPHS Wek 'Bﬁ%hﬁ\g & aZﬁ% o hé'@gnéﬁbcthetl!?ﬁgnudmal

pl'asma sources are opposite space
axn%&bm cd hesilsaharglagtmaﬂnds’immomuhm pigsma saumrmjs% 2308 eovers

to the |l.on |tud s 31 The di schar gi | asma
the y8aer Aok Biler fiesihs of i< adiebnemnBes ifie: 122 BeBolipRly and
thusiy| RNRIvel® UhifOrn® tHidkridie fimi al bearing surface 122
concurrently and thus may achieve a uniformthickness

film 10 The platformmy be rotated (for exanple

Thel bR 129 e, S92 L ot 2 b

mot8HGo ﬁBﬁBthmdlscb@rg@hg prisath 804 &o%&@ﬂla@ﬁ@%dr@e@BdGOBOS can
t he bushi ng, y further inprove the uniformty

be djrected ta ﬁcwﬁaqpn%mtﬁr@dppétffeommag whichr gy fyghes tmmove
the Q’h%@rn‘ilgﬁ ofthaSiE. P4t i gltﬁéﬁﬁﬁﬁ]ﬁmé’ygmrw o%%@?%itgr}ﬂe plasma

a second posi
304dinreetﬂdsthrolhgmtf@ﬁ"lfutshend@jmahdaaobecﬁhd pos@idn with the plasma 304

t hi.cknes y be selected by the duration of exposure.
dlre?tgdttﬁg)u Itggrﬁ?.coﬁ‘agnghi ckness of the TAC film may be

chosen according to the application and/or the

requi red wear resistance E@rformance 20 I'n batch
ThepTASeﬁtm rihicknaes gnay de Ise tezb@yotheadueatm ofirexposure to the

pIasgﬁaEj ﬁ’gr?m%eggﬁ tégoﬁéﬁé?ﬁa{ﬁiﬁ%’e bga glsgn Cgcsc%rdltngeto the

application and/or the required wear resistance performance.

In batch processing, the stator base 300 of a large number of motors may be a
silicon substrate. In this case, the substrate may be diced to singulate each

separate motor.

One application for an embodiment of the present invention is as a MEMS micro-
cooler fan to dissipate heat in a portable device. For example an etched silicon
fin-like-disc ("propeller") may be attached by adhesive to the top surface of the
rotor, such that it forms a propeller for air convection. Alternatively the fins could
be moulded directly into the upper surface of the disk 116. The propeller and rotor
may rotate within a housing, which in turn draws in air towards the propeller, and
projects the air out. For example, a 6 coil 8 pole configuration might be controlled
to rotate at between 5000-8000RPM. The fan and the motor together might be

2mm thick and 12mm in diameter.
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separate notor. 25 One application for an enbodi nent
of the present invention is as a MEMS m cro- cool er
fan to dissipate heat in a portable device. For
exanpl e an etched silicon fin-like-disc ("propeller™)
may be attached by adhesive_to the top surface of the
rotor, such that it forns al ropeller for air
Notaljafeaturemof ihetexamaplaneeybodiméntimay indlutle:be noul ded

t,0 surface of the disk 116. The
the ?At?l%&{e% rrﬁagnbae -giﬁjg’lfﬂ'ggg MG .

prope may rotate within a housing,

the WACCIAyeNmiay Haver 8 96rfadce aéfdrte@wfés Iéa'?sMFHGm@' l er, and
rojects the air out. For exanp 6 coil 8 poI e
the % ﬁ# lPyeF EaYRve yhelastic emwléﬁ Pte@rf Ieaet 2486Fa; at

the %ﬁgg@gre AR R ERHCal BELAARIYE diEad sy t 0get her

the beating emydie trfmuéat&mrddabwa endthdd lmn’(prmng.l ncl ude: the

TAC | ayer mthlck the TAC | a er may have a

suPfQeend & eq)'ééé'f)th os@rstator; 4Rd TAC | ayer

”aﬂlraéf{rﬁ;’ %ns@ur@étdfCDﬁPr%HdJElk%f CéfbdrP@LCﬁi‘)fa%ﬁE@ af tRe bearing
ayer have a critica atch'load of at

surfaeafronptyy ot n@reeiaecmgws*ray be manufactured by a nethod

aneP S 0%, o BRI ey a5 ABEY B Rafv, REleEs % pLc
plashed Rrthé &aringy 36MHEcat whBRIM]RE | BAringUshds&e fl'fagnétléﬁﬁgltudmal
or more directions; 10 directing a source of DLC

axisp pag tiensgUreesnare Seaged ant PPRPSItRoSiges of dBe dengitudinal axis and

oA PhalrRRRL! 18 K50 AT e BEREA g

the spethed wayofupthert corapdiss rofatingetHeobgatingli surfacex relaived to the
oriented at an acute angle to the |ongitudinal axis
sourcg R dL PasRari ng surface; the met hod may further

the ﬁ\%‘fﬁ&d ﬁ\%yrfGFtﬁéi &%Ph@e E%%h éa%?ag&; t?qéfoFé)dl?éhEimg the

sourcé of asng; e met od
SOUF@@mirDlsféptﬂsemah@etmmrl ng surface before directing

the tnbe%hog orH:rn(/: efuﬂfnerch‘:gn%ri%g |reactt|ntghe s%lﬂsrcr:]e 'S titanium plasma at the
bearing surface after cleaning the bearing surface and before directing the source
of DLC plasma at the bearing surface;

directing the source of DLC plasma at the bearing surface comprises applying a
negative voltage to the bearing surface; .

the method may further comprise heat shielding and/or masking a non bearing
surface and exposing the bearing surface before directing the source of DLC
plasma at the bearing surface;

the DLC plasma may be Tetrahedral Amorphous Carbon (TAC) plasma;

the source of DLC plasma may be Filtered Cathodic Vacuum Arc (FCVA);

the bearing surface may be a polymer;

the bearing surface may be a bushing on the rotor;

the bushing may be oriented at a first position wherein the DLC plasma is directed
through an opening at a first end of the bushing and subsequently oriented at a
second position wherein the DLC plasma is directed through an opening at a
second opposed end of the bushing;

the bearing surface may be a metal;
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the nethod may further conprise directing a source of
titanium plasma at the bearing surface after cleaning
the bearing surface and before directing the source

20 of DLC plasna at the bearing surface; directing the
source of DLC plasma at the bearlng surface conprises

ppl.ying a negative vo to the bearing surface;
the Pﬁ%"%ﬁH@@CWYfQﬁ‘@ﬁ@ﬁ Qﬁ\'ﬁ%ﬁl%@toﬁeat shi el di ng and/ or
e exposi ng the
the [ROTS! B9y d age E@?BQnmgﬂﬁBﬁﬁ a 95 P 9

earing’sur ore recting e source of DLC 25
a plpraiﬂ;ym)f ahotohe nhmabéngaaufrabaﬂed tbgeth@tﬁh Hatctnes, iwith hestator of

Tetr r al r phous Car bon | asma; . the source
cacti; MB{E BFIRGNAARGY BoSHheiials o aNBatIE CCREGSIRG spipUlatng the
sub§FA¥AD sephfte RBRAIrAGIORUT Face may be a pol ymer; (he

r

beari ng u ace nay e a bushing on the rotor; 30 the
bushlng nay be oriented at a first position wher ei n

whilst fa peeRirn TSyt b the, VeRtidh raite BFall ddsdbgdp deta

marfy v&rRERAE e Possidle Mtﬁrneﬂh@ éd@e@f@h@'@?émlohsaéjwm%é Bar to a
through an opening at a second opposed end of th

skillgds@4Ry; the bearing surface may be a netal; 8 the
beari ng surface may be a shaft on the stator; t he
notor nmay be an axial type micronotor; and/or a
plurality of notors nay be manufactured together in
batches, with a stator of each notor being part of a
substrate, and further conprising singulating the 5
substrate to separate each notor. Whilst the preferred
enbodi nents of the invention have been described in
detail, many variations are possible within the scope
of the invention as will be clear to a skilled
reader. 10 9
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LI ST OF REFERENCES 100 notor 5 102 rotor 104 stator
106 wi ndings 108 poles 110 air gap 10 112 base 114
shaft 116 disk 118 bushing 120 bearing |layer 15 122
axi al bearing surface of 118 124 thrust bearing
surface of 118 126 curved §gter surface of 114 128
contact portion of 112 200 thod of manufacturing 20
202 cl eaning 204 masking 206 deposit Ti 208 deposit
TAC 300 hol der 25 302 platform 304 plasma 306 upper
pl asma source 308 |ower plasma source 310 aperture

LISBORBREFAERENCES nal axis

100
102
104
106
108
110
112
114
116
118
120
122
124
126
128
200
202
204
206
208
300
302
304
306
308
310
312

motor

rotor

stator

windings

poles

air gap

base

shaft

disk

bushing

bearing layer

axial bearing surface of 118
thrust bearing surface of 118
curved outer surface of 114
contact portion of 112
method of manufacturing
cleaning

masking

deposit Ti

deposit TAC

holder

platform

plasma

upper plasma source

lower plasma source
aperture

longitudinal axis
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10 dainms: 5 1. An electromagnetic notor conprising
a stator, a rotor configured to rotate about the
stator, and a Tetrahedral Anorphous Carbon (TAC) | ayer
on a | east one bearing surface between the stator and

the rotor. 10 2. The notor abs claimed in claiml1l

wherein the rotor conpri ses% bushi ng, the stator

conprises a shaft and the notor is an axial type

m cronotor with the bushing configured to rotate

about the shaft. 15 3. The notor as clainmed in claim?2
Clainher ein the TAC | ayer is provided on a contact

surface of the bushing. 4. The notor as clainmed in

claim3 wherein the bushing conprises a polynmer. 20

1. 2 Aﬂ@e@@%@%qﬁ%ifh@t&?@o%ﬁrié\ﬂgi one of claims 2 to 4

wherein t ayer 1s ~provided on a contact
suafsda@rof the shaft. 6. The notor as clainmed in claim

5 wherein the shaft conprises netal .or netallic

al Iazf?.{?rfé’ gur 1o ¥otaie Uiﬁ%ﬁ %@_EPW Andny one of the

Pr aCPdiraNedrafi Afhof ougecaﬂ%mr(fmmglatyér C&P%U‘Féés\fe%[w bearing
| ayer under the TAC layer. 8. The 'nofor as clainmed In

surfatebatvweaththesstatarlamddbadatori ve | ayer is el enmental 30
titani um

2. The motor as claimed in claim 1 wherein the rotor comprises a bushing, the
stator comprises a shaft and the motor is an axial type micromotor with the

bushing configured to rotate about the shaft.

3. The motor as claimed in claim 2 wherein the TAC layer is provided on a

contact surface of the bushing.
4, The motor as claimed in claim 3 wherein the bushing comprises a polymer.

5. The motor as claimed in any one of claims 2 to 4 wherein the TAC layer is

provided on a contact surface of the shaft.

6. The motor as claimed in claim 5 wherein the shaft comprises a metal or

metallic alloy.

7. The motor as claimed in any one of the preceding claims further comprising

a conductive layer under the TAC layer.

8. The motor as claimed in claim 5 wherein the conductive layer is elemental

titanium.



