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1 *@00002* Antenna assenbly including a m cro-notor
Field of the invention The present invention rela \\ \\
generally to an antenna assenbly including an i\m“\
rotated by a mcro-notor. 5 Background of the «159159*

I nvention Many portabl e devices include an
omi -directional antenna which is able to perfo

dat'a tranem s5ion-or racept ont Such an antonna. (AN

not need to be scanned or steered in a correct .
direction before it is used, so an omi- directional "G00
antenna makes it possible for the portable device to

respond to an Znht&haassarhblydneidind & mierotrhetor

surroundi ng space instantly, regardless of any shift

irln_..the ser's position. However, the density of the
ei—é%m%#é@lﬁg?i eld wthin such an antenna when an
el ectromagnetic signal is received is |ower than for

a THee rebeMNialve Aid e RélatesCaelsarBlly & BAIENRA asBeib® including an
ant enna gai n. Converselg;)}r since the antenna gain is

| PRtena etatad bygiMi@PdRoTopagat i on 15 profile, the
wi de spread of radiation generated by the antenna

I @%Rgr#ﬁg cﬁ'fh% ﬁ%@rleﬂ\/\er In addition, it increases
t ' with nei ghbourl ng wreless

devi ces, as conpared to an antenna with a focused
r Maryt portatleadevigaoindiwe bn amei-disediionat ahtesmanwhicheisdable to

oPRBLB Y BelafahemisSn dieherton. syhgmAnEnRa dags not need to

Phavéskhned 6f sicRnéd Yin [ 8BrreemBiredtionNBEIcPS 1i0[3 QSed, so an omni-
reception over an increased range (i.e. an increased

didgealienal fantennanmakes dnpegsibledenthe pleitakje deyice to respond to an

BBl e e et i sbfrnnghl 6ads HBal,. FBRERIRRs of any

okhifhi thechiser sspositien ng\Aﬁek/éHSthé&I@tilty rbftthéSeIectromagnetlc field
reference, but they are 25 clearly at | east several

c¥ithinstgsla @an wﬁe@natwwn @%‘?'P@?ﬁ@m@%ﬂ"? Sigiighds recaiwdhs lower

than for a directional antenna, causing a reduction in the antenna gain.
Conversely, since the antenna gain is linked to the radiation propagation
profile, the wide spread of radiation generated by the antenna lowers the RF
beam power. In addition, it increases the risk of interfering with neighbouring
wireless devices, as compared to an antenna with a focused radiation beam

profile.

In the rather different field of antennas located on vehicles, it has been
proposed to rotate a focused radiating antenna to provide sufficiently high
power transmission or reception over an increased range (i.e. an increased
distance from the antenna). Such a device is illustrated in US 5,485,169,
which shows an antenna rotated by a complex motor mechanism. The
dimensions of the mechanism are not illustrated in this reference, but they are
clearly at least several centimetres. A relatively strong electromagnetic beam
having the capacity to reach further than the field generated by an omni-



10

15

20

25

havi ng the capacity to reach further than the field
generated by an ommi 2 directional antenna is revol ved
in a conplete circular path. In this way, the
connectivity of the tel ecommunication signal can be

i mproved. Sunmary of the invention 5 The present
invention ains to provide a n and useful antenna
assenbly. In general terns, t present invention
proposes that an antenna assenbly includes a

m cro-notor having a rotor, a stator and a drive
mechanismfor rotating the rotor relative to the
sdiectionabantérna i cevalyed froaneomatete eirsularvpatholn this way, the
electri a g?uctlve | ayers.arranged to acnjas an
aoanRe Ry ! yiR Beaitn B it B ER s

el ectromagneti ¢ beam The two conductive |ayers are

el ectrically coupled (either by electrical connection
or by capacitance) to respective portions of the
stator, so that the voltage between the conductive

I apLef the | 8] | ed (when an RF signal is to be
transmtted) or nmeasured 15 (when an RF signal is to
be received). By the term"mcro-notor” is inplied a
d@hieqerebant ingentiomesigiscoprovideleenewdand usefulrantenmaeasseambly.
Such a device nay be manufactured using a precision

AR SEE Fe USRaP B 3RS i g assemoy
fﬂjﬂﬂud@ b%ldréﬁﬁtﬂt'oﬂq\%wri@ ael*dt&era gft6r ahBea Hive mechanism for
manuf acturing process is pref erably as part of a batch

prefating therretasrglstive totthe statarniin thearatioeare)formed at least two

<SR @TRERENels 2PBrBRh Yol & iy P iperating a

r padib fréqudey RF)eglecpomagnstic heantXTite tRBdcorluctive layers are
including the shaft, is Iess than 5mm and nore

pﬁ!ﬁcém%ﬁleyc@%lgdcheQrﬁﬁ efertrical 9@'§1ﬁqt'gﬁt op e fABACIHaNce) to
a?é?ﬂ%tﬁée%ﬁ & Bfd P%gt?f“%%. fhat e Vﬁﬁ%@gé%ﬁagﬁeonductwe

tem of consuner roni cs, suc
t d’émsmmecmmmﬂed (when an RF signal is to be transmitted) or measured

(when an RF signal is to be received).

By the term “micro-motor” is implied a device having dimensions on the order
of millimetres. Such a device may be manufactured using a precision
moulding process, such as injection moulding (e.g. using a polymer material),
or using a semiconductor fabrication technique. In either case, the
manufacturing process is preferably as part of a batch process. Preferably,
the maximum diameter of the rotor perpendicular to the axis is less than
10mm, such as about 7.5mm. Preferably the thickness of the rotor in the
direction along the axis, and not including the shaft, is less than 5mm, and

more preferably less than 2mm.

The resultant antenna assembly may be small enough to be incorporated into
an item of consumer electronics, such as a portable telecommunication
device, for example a wireless sensor system or mobile phone. Preferably the
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device, for exanple a wirel ess sensor systemor nobile
phone. Preferably the 3 item of consuner electronics

is one having an electrically-insulating protective

case. Unlike known antennas for nobile phones, certain
enbodi nents of the present invention can generate an

el ectromagneti ¢ beamwhich is gonfined to a narrow

angular width, so its RF strength is concentrated to

reach further, 5 and w thout causing stray

interference to any nei ghbouring devices. Preferably,

the present antenna assenbly does not use surface

r gemeet cansumer electeonichis ene bavingwynmelectrically-insulating protective
I n 4 he rotor . preferably includes a wall .

o KPS AU Bpafth Al Tsld BRahes 4t smpediments of the
I pkéent diibritiohitant gérftte Aflelecdomadifetie! R wiah I}sl confined to

conductive layers on its respective sides. The wa
f @neanrewsanglanwidih aae disnBFf strengdb dptdoppeaniiated to reach further,

| BRER SHughg Ry Triel BRRER P OV Seuabf

be upstanding from the plane of the rotor disk. The
s Pagfarabiny theopreseat antdnmacassainisly duist notpgdeandiface reftadtion to

the base. The base, may, for ex le, be a circuit

boleel Belearamparels Wave.lnstansh e rtanpreferablignghes a wal
oﬁxfé?ﬂgﬁ EEFHIIeV?d’ tﬁ@g&tagigﬁﬁ id 10F MG Rotdr ShEE Wit St 138t part of
rotor disk. It my be tornmed of a netallic naterial.

Thiee dlectricatiy coadustive layersedr itabespective sidese Iherwalbfunctions as

It COWE” sefs a %?r rmnecmr magnet at acg.edfto t he rotor If th
wWANCHMERPE TaE fRCARTPA 2119 Yansimission o) radig, freqhegiey: eeray. If the
St&bPis foPmicdadks Bidenb AR fldtGalorcdisk, &RE WaIPKAY B Bpstanding from
magnetic field 20 generated by the permanent nmagnet,

atite plaeecafyihe refocisk. t orque to rotate the rotor disk.
The drive circuitry may conprise multiple conductors

' %@tﬁgtorqﬁé‘{ cb%rptrf%'é.ac‘%g?%ooé Jhaf tﬁ?srtg??&ﬁgtfrdm%gtbase. The

to generate the require orqué ~ W t i it ni mam

ebasé may|for spampleahe 4 cirownik boamksudte ai prihied direvie bowrd (PCB).
tion. 25 As in kno m cr o- not or s,

f:ﬁlggﬁ%%&érgirﬁ‘%@;o& may ks g}rgﬁ%e [REEN g sleeve In trtueh (reotor disk. It

may be formed of a metallic material.

The drive mechanism is preferably a brushless-motor. It comprises a
permanent magnet attached to the rotor which interacts with drive circuitry
formed on the stator to transmit electrical current though the magnetic field
generated by the permanent magnet, and thereby induce a torque to rotate
the rotor disk. The drive circuitry may comprise multiple conductors located
near to the surface of the permanent magnet to generate the required torque
with minimum electrical input, and to maximize the induced energy for the
rotation.

As in known micro-motors, the clearance between the rotating magnet and
stationery coil winding is low, so their respective surfaces may come into
physical contact should there be imbalance in the rotational motion, or if a
shock is applied to the rotor. Similarly, there may be shocks when the rotor
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stationery coil winding is low, so their respective
surfaces may conme into physical contact should there
be i nbal ance in the rotational notion, or if a shock
is applied to the rotor. Simlarly, there may be
shocks when the rotor 4 disk collides with the shaft.
Accordingly, danping is useful, to stabilize the

spi nni ng not or whenever surfack collisions occur. Some
| evel of danping is provided if the rotor is forned

i ncluding polyneric material which has natura

el astic characteristics, since it provides direct

cdiski collices twitl'sth& shafthA&cBordingly s dampingiigl useful to stabilize the

P Pt B o B BEH S 0P8 A8 o i
r pkSVidéd |fﬁh@\4”bﬂﬁ i 3IhEd irfthadihg polyiAglHE natBAalolRiBASHas natural
producti on and assenbly than using suppl enentary

delastiagcherasteristigeh sincer dl Ipsevidear difgel. cushioning to soften the

i infoR S, AhdonntaMyEieDEe AR dcetne MRBtromht surtace

aaBradion N UG Ghatehidl ﬁﬂﬂ%rﬂléﬁ ef tNEdt6k talprovide Haiding@nables
of the rotor, to reduce frictional resistance and

i gapiessand r@weamuamﬁle@%orbfandwea%ﬁmﬂhatha@suﬁlﬂgysunwi@mentary
dr, to rotate the rotor
dbﬁﬁ{"gd h{ége ¥?§F¥S?& e[e?(rg)\r%ghﬁg a required angul ar

position, such as the one which is neasured to 15 have
h inWeat-rasisrtans filpm eslucg aasdigamehdwtikesbaibont (i Catriay beh dormed on

glﬁ? agé%{%s the rp A t th eﬁlcﬁ-[%\%il U:G)\lr%hq,g\to cOntact during

Cirétatibh " Bf NRE erfore)%BmPétﬁJ&y fﬂ@ﬁ@rﬁeﬁdré&létangéeﬁha' fhease the
pul ses, such that the rotor disk 1s rotated

sir@pusmesa oftppraspenna asgamblys nay be generated by a
processor. 20 The antenna assenbly nay i nclude a

S AT e i B kB Rty risrdier il PleF i 6 rect the
diaskenriaoto & eequitsenanguiar positiok, rsmihl asgthenoméd mticH lkemeasured to

antenna is directed. Thus, the user a ve about
wheNg iohiest WaYa-BIaNaLeABraodgHaich i dymically B diFection towards 2

aRikSMantenna with which the antenna assembly is communicating). The
drive circuitry may for example by powered with electrical pulses, such that
the rotor disk is rotated step-wise. Appropriate pulses may be generated by a

processor.

The antenna assembly may include a system for tracking motion of the
electronic device and accordingly compensating by rotating the rotor disk, to
keep constant the direction in which the antenna is directed. Thus, the user
can move about without the communication signal provided by the antenna

assembly being lost.
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assenbly being lost. 55 10 Brief Description of The
Figures Preferred features of the invention will now
be descri bed, for the sake of illustration only, with
reference to the followng figures in which: Fig. 1,
whi ch is conposed of Figs. 1(a) and 1(b), shows an
itemof consuner el ectronics Lncluding an antenna
assenbly which is a first enbodi nent of the
invention; Fig. 2, which is conposed of Figs. 2(a) and
2(b), shows the construction of the antenna assenbly
of Fig. 1, and Fig. 3 is another view of the antenna
aBrathescoption ¢f The FAiwures| ed Description of the

enbodi nent s Referrlng firstly to Fig. 1(a) an

s BT Rs 3R R PRERERS iBholy b AARTREN Bor thé sale ot
elilkastratioh ahly, withhretérenge 2o BAfollawind figuresne wiedte. The
item 1_includes an enbodi nent of the invention which

|s an Figt &nwhichds epmppsed of Figsa (A1 iashawsan igm of
| Ui
ﬁ‘%ﬁ%'eﬁh% E@gﬁage ap 8%@%@‘%&?&9%%?&%& firgt
tmnbmﬁnmlnteﬂthe infemtiomt or di sk 101. As shown in F| g.
1(b), the radiation wall 200 is capabl e of
t r ansniFig.i 2ygvkioh é8 eemposed)ntFigs. Beyran@io®(b,Gshoas thiel vy
ina.gertain ul.ar range n f yecejving
elc(?@ﬂ% %fﬁ%ggqr%lréqu mRﬁ'Ogrfo%r i froma
dlrectl t e rotor
£ %“'asr%“%@%‘wé%@&ﬁ%a@%%%%s%@V i el ar
path so that the wall surface noves through 360
degrees at a constant angul ar speed. Thus, the
elRetailedBesetiptiorvefthe Epabodimentsat ed about the axis of

the rotation, providing 25 telecomunication signa
coverage in the user's surroundi ngs.

Referring firstly to Fig. 1(a) an application of an embodiment of the invention
is shown as a component of an item 1 of portable consumer electronics, such
as a PDA, mobile phone, etc. The item 1 includes an embodiment of the
invention which is an antenna assembly 100 in a region indicated by the circle
10. The antenna assembly 100 includes a radiation wall 200, C-shaped in this
case, mounted at the radial edge of a rotor disk 101. As shown in Fig. 1(b),
the radiation wall 200 is capable of transmitting an electromagnetic beam 900
radially in a certain angular range, and of receiving electromagnetic radiation
which arrives from a direction within this range. The rotation of the rotor disk
101 carries the radiation wall 100 in a circular path so that the wall surface
moves through 360 degrees at a constant angular speed. Thus, the
electromagnetic beam 900 is rotated about the axis of the rotation, providing

telecommunication signal coverage in the user's surroundings.

The construction of the rotor assembly is shown in Fig. 2. The rotor disk 101
defines a sleeve extending along its axis of symmetry for receiving a shaft

106. The rotor disk also includes a ring-shaped step, creating a recess for
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The construction of the rotor assenbly is shown in
Fig. 2. The rotor disk 101 defines a sleeve extending
along its axis of symmetry for receiving a shaft 106.
The rotor disk also includes a ring-shaped step,
creating a recess for 6 housing a magnet 102 and a
yoke 103. The rotor disk 101 is nmainly conposed of a
non- conductive dielectric material, but the rotor disk
101 has two electrically conductive surface |ayers
(for exanple, of gold (Au) or titanium (Ti)) which
function respectively as electrode |ayers. A first
elheusingda Mmagnet 1102 Bandaai ygker 108.ckhbesradér aliskut104 is mainly

cSaThAS R L SoR g ehetve, A ot e riah BLEES 5PIE7 disk 101 has
amive Rsctiedlly cotictivdSuFaselegeratibr 8karhpRr, bPheId (?:Nu? bor titanium
101 and the upper planar surface (as viewed in Fi

2 (&) wbichtfuactias mspartively as elegragieslayersed first el@,ctrogé dayer 104

| B 3, FERABAE 1 185,58 B, FchRYEF i o by

abaventionl lcodfifg proeedsovarthel inner cencdvac eudhcd It antenna wall
rotor disk 101 and the radi all%aouter surface of the

sedp: the slasyeowall &f dhe Hptat sk 10drardiéhe eppet lpéanalay%mce (as
1 ' ' f : t -
[Vl 245 5 ofF SOFPRR A8 ALl S iayer i
I @rmnr&ietﬂ%hel@écdndgelebeodedayeramais fantnedneoating the outer radial
Te

[o30) icatjon is 0 d by controllin or 15
SeuERFRe! e hieBRa albE00.The TowPt nGRS" BuTARRAT fiorotor disk 101
el agt i '

SPLng vagially Blfer Siffacd ¥ the BB POTrobRsteAhlcknBss R each of
pithenclaybrs €10y 4D8cis csevgnalt inticimmeters {demeanepleduat least 2
to_.ch carriers, wthin the dielectric b
- SHERARLS Hh 1685 valh 10 raDgtaTsE TR 705 together act
aggerdn y ahftfinade Tefectthifichfigh B NpeHafrhed Oy 26bntrolling, or
upst andj n[g froma generally flat stationary stator

y

b@iternetivelysmensuring:| thaatalteges petweer theelegiradgblayees ¢a4, 105.

‘ e e o
188 SRt QeSS4 BEAMP el e o rainng
r plarte ouhet® drhelestroenaynetibewase de\generatetidélie ftorcHaige carriers

Ir%t‘?\lin &%dgie%%%rict goéyoéfa rto?oradriglngtt he shaft 106 with fow

The stator 120 for the antenna assembly includes a cylindrical pin shaft 106
upstanding from a generally flat stationary stator body 120. Such a cylindrical
profile can be fabricated from a steel rod by precision machining. The shaft
106 is formed with sufficiently high precision in relation to the size of the
sleeve in order for the rotor body 101 to rotate around the shaft 106 with low
eccentricity.

Friction between the sleeve and shaft 106 can be reduced by depositing a film
of a material such as Diamond-Like-Carbon (DLC), of few micrometers in
thickness, on the curved wall of the sleeve of the rotor disk 101. Deposition of
such a layer provides a lubricating effect with good adhesion and chemically

inertness. The film also has an extremely high mechanical hardness which
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eccentricity. 25 Friction between the sleeve and shaft
106 can be reduced by depositing a film of a materi al
such as Di anond- Li ke- Carbon (DLC), of few mcroneters
in thickness, on the curved wall of the sleeve of the
rotor disk 101. Deposition of such a |ayer provides a
| ubricating effect with good aghesion and chem cally
inertness. The filmalso has ah extrenely high
mechani cal hardness which 7 reduces wear and surface
resi stance at the contact. This makes the film
desirable for a high-speed nmechanism The film may be
depddtescaveay angsiuriace nipsistandee @t dhe eendeci. ZEhis onakes the film

Filtered- thod c- Vacupym Ar c F r 0OCess .
o ieBirablsl TS Siaa8eE, PRrhEhaRT, ThecHn), ey “BR! deapsited by
I %Wuttérlhgfmel‘:ﬁémdél Ugipdeizatisn, Bt ByPa OFiREfed-Cafithid-Yacuum-Arc
the filmthickness. The mechanical force to drive the

rdF@NAis@@ﬁgw whichy can raglhiiede pdew;temperagie sgnfasnal film at low

o R EPEFLR uriRl e B g R PO AR R0 o)

The drive circuitry 110 has a thickness slightly nore

t Mdre mleehanigaloforceatodd iventha @omwemllbly ]ccirpaledércotdrlpaéh is induced
wi_ ndi ngs for generating 10 el ectrica e t.o i nduce
tm'nt@%avtﬂ% Membtneoverm@%mg nsi.102\ansh Ehin @leqtilsal circuitry

99®Y iBESR ALY, Ewsﬁ%wnfhéfaﬂﬂ%r&&h'ﬁ@% hf{ﬁfékﬁeés slightly

concentrated to one side e surface o
dinsdrelihbnithe ctater,i anyl tbetairesyplated Copmer cqmlpﬂmdmgs fier generatlng

2 Sl 46 SoRhobde REESNERS IEARCL 102 ML Wichetc

T@e‘hé@éte@ Wyl thieZdetehant AlRMeRNd21H8BRTfiINEd Bh&'c@né@ntrated to one
strength, the rotation direction and speed o

r Sids oatf@&sqrwa:@fnthserotqmlsban;byc@waftmlg tbe reuemv(eaeagpper in

of ey BB, Go PR R ERAEEL Wil 1l T8 Reabitty

penmmm Iroﬁ@@ﬁetplé@a 03 Tfh%tﬁ@'dopﬁm&lrﬂg ﬂ%éﬂé&l@fﬂ RRadetic field
mé]net 102 of uniform ¢thickness com

renpt). Yigc RotRYoRHERGHON: %Baﬁ@e?d:»rﬁfcﬁ)e zgt%owpbs‘l% can be
ol afr%%% S@Htr%‘l‘ied TBenRFEMBE GRfendRE " Slaki Ry intb "ConSd&tation of the

dimensions of the proposed structure, it is suggested that the permanent
magnet 102 is formed as a ring-shaped bond magnet 102 of uniform
thickness composed of a material such as Samarium-Cobalt (Sm-Co)
composite magnetic alloy. The permanent magnet 102, the yoke plate 103

and the rotor disk 101 can be fixed to each other using instant adhesive.

As shown in FIG. 2(b), the lower segment of cylindrical shaft 106 is integral
with a shaft base 107 which projects radially outwardly from the shaft 106.
The shaft base 107 may be 25% higher in diameter than the cylindrical shaft
106. The shaft base 107 functions as a stationary platform for supporting part
of the rotor assembly during the rotation. Another metallic ring 109, preferably
made of steel, is provided encircling the base of the shaft 106 at the base
section. The upper surface of the ring 109 is preferably at the same height as
the upper surface of the shaft base 107, so the ring 109 forms a second
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and the rotor disk 101 can be fixed to each other
usi ng i nstant adhesive. As shown in FIG 2(b), the

| oner segnent of cylindrical shaft 106 is integra
with a shaft base 107 which projects radially
outwardly fromthe shaft 106. The shaft base 107 may
be 25% hi gher in dianmeter thangthe cylindrical shaft
25 106. The shaft base 107 fun%tlons as a stationary
platformfor supporting part of the rotor assenbly
during the rotation. Another netallic ring 109,

preferably made of steel, is provided encircling the
batationary plataiar (Theoshaft bere 1sand dee tringn109aee separated and

ndnRBR. PlecRaty st b3 B RS nlbolHabBitioe ayricn i

t kandwithetiOsetivee®he ragiapallSusfaebs @f 2bidottivel l@éﬂ@s To® 109 in
shaft base 107 and the ring 109 are separated an

nﬁbwmqucélpeoqrppe%ﬁ apd.vﬂuc%b@w%sheamsal%eemaen@@ﬁs\/‘ew 109 in

wi ched between the radi al wall
sur aec'égﬁ(e)yﬁ(lt:%{rbu ?lve ases 107, 109 in the

production process and which holds the netallic
c dygpinecioter diSk,1010@tates i gpfixaxk speed lits Iaweehpmlon rests against

23R8 BapTsurngrt BRhENS 1Y, et e SleitiBlel st Wb in electrical
S EBRRYCE mdhqhtecgnm B&se 18290 tﬂaee@bﬁ%éﬂé% J0 Wi F.gggé Te shaft

in electrical contact w'th haft base 107/,
ré)@lsenm?agnoemdwheﬂayen P4 glectricallgh@dncurpently, ﬂWeIectrode layer

ds the | t tly, -
21081 dn Bt o Cie kg Db, rBie et B2 i Fio
t hle BledtlcdiRF dirduitlyeis (previgad WHikie ks #0dlekttichl Bontadt with the ring
El ectrical RF circuitry is provided which is in

el188: randathie aickitty /RR restaklishi Agdataosignahdink us of the antenna
link out of th
clafsggllnthuﬁﬁg ﬁ?;&gspﬁg 1%%&%5%& ink out o e

ant enna e rotor 101 as an
antenna. The el ectrical connection 121 between the
s Hdnfet elbakieall Odnreadtion MR febetineenathe shift bhise €02 @nditbalearth, and

T TN
dad b?hwérrésﬁéé{% dd?\dheﬁr%éﬂso\fvh%ﬂ%re-méd $b M 5tator 120.

rray act ual y be a circuit board, such as a common

The stgtor 120 may actually be a circuit board, such as a common printed
circuit board (PCB), and this case any of the electrical connections 121, 122
and the drive circuitry 110 may be thin electrical conductor patterns
manufactured by precision wiring technology on the surface of the board. The
geometry of each of the conductor leads is carefully selected so that a robust
communications route can be established between the stationary and moving

bodies, without stray electromagnetic interference.

At the end of the process of assembling the antenna assembly, a small
conductive metal ring 111 is attached at the upper end of the steel shaft 106,
just above the top surface of the rotor disk 101. This ring 111 restricts the
axial displacement of the rotor disk 101 to assure undisturbed and consistent
electrical connection between the rotor disk 101 and the PCB 120.
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circuit board (PCB), and this case any of the

el ectrical connections 121, 122 and the drive
circuitry 110 may be thin electrical conductor
patterns 20 manufactured by precision wring

technol ogy on the surface of the board. The geonetry
of each of the conductor |eads,is carefully selected
so that a robust conmunicati %s route can be
establ i shed between the stationary and novi ng bodies,
wi thout stray el ectromagnetic interference. At the end
of the process of assenbling the antenna assenbly, a

srPaeieralzls, Henmmtmue eiaraeter iaf ghe 1rotorspameadinsdarato thee axis is

T, 50 Bl "5, 98, B0 5 1R, RS b P i e
t mecﬁtm alorly thd amm Meabled froaT vmle%( tﬂ@loW@st part of rotor
assure undi sturbed and consi stent el ect

c oertstthenshaft Wednthenlowarmast pask ommealﬁuelt H@4hd@ ihep location
9P |
o LTI o 6 oL R 6o, e ey 00 i toss

akblman 5mndnand Mioee preferabdys kessftham@mmt or i n the
direction along the axis, e.g. neasured fromwhere the
ts the sh

| MBRhaB the, iers Ao 40P e rshowin M Fig: 21sBGiAlY savering aimost

flé'lltthérMcef bPEd ?&o?tcﬁékoﬁ Oﬁ' ts ié %t@%&@ﬁw%éﬁum of the
of the lTayer 104) is less than 5mm and nore

presthadibent.| Bes examplemostAbf Kbedayehd OHaperﬂ‘,lelOpwamﬂ‘jb facing

*RBrREP EE 108 agtoP isk, 71,5 el Sl HipwAea Bl S konduction patn

NexREs dromf it ehaft dbadena 07efd alé NEgHcavE OsutXTIRIf ethBD@all 200.
of the layer 104 on the upwardly faci n[gy 10, surface of

¢ ISimilathy Mes iR’ thetayem! G o rine downwarely faetng: siface of the rotor
CRGLFH1 2n R Bmi tr<§V| %{P'?Pi%thfcﬁ@@uéq &h%sét%q[)cgrnqhe ring

concave surtace O

t H@9ltatee cébﬁﬁemsurlféma dmvev\mlmgo.f aci ng surface of the
rotor di sk 101 can be omtted, provided that a

YRR BB o1 T ol Sl o 6 sk W gigect he
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signal gain. The circuitry 110 may for example by powered with electrical
pulses, such that the rotor disk 101 is rotated step-wise. Appropriate pulses
may be generated by a processor located on the PCB 120. The system may
include a system for tracking motion of the electronic device 1 (i.e. motion of
the user) and accordingly compensating by rotating the rotor disk 101, thereby
by keeping constant the direction in which the beam 900 is directed. Thus, the
user can move about without the communication signal provided by the
antenna assembly being lost. Alternatively, or additionally, the processor may
use a feedback mechanism in which it constantly measures the quality of

communication and varies the angle of the rotor to maximise this quality.

The rotor disk 101 functions both as a revolving platform and as a micro-

antenna. In order to play these two roles, it is preferably constructed by
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antenna to a required angul ar position, such as the
one havi ng hi ghest wave signal gain. The circuitry
110 may for exanple by powered with electrica

pul ses, such that the rotor disk 101 is rotated
step-w se. Appropriate pulses may be generated by a
processor |ocated on the PCB % 0. The system may 20

i nclude a system for tracking tion of the electronic
device 1 (i.e. notion of the user) and accordingly
conpensating by rotating the rotor disk 101, thereby
by keeping constant the direction in which the beam
9woouldingi a enatedal rraweg twiockeyus@terial chasactedstinst a high dielectric

Wi t hout .t he cou atlon Si rovi,ded

DRt 8508 st fBL Horif) of (RB0 U Bhging naturall. The
a(fdirﬁétoﬂﬁéﬂabtertshé éﬁrféﬁ%é§%er@fﬁc@ﬁcyﬁﬁ é!eét&ﬁﬁb@ﬁé’tlc coupling in
mechani smin which it constantly neasures the qQualit

y
ofthe cianna.c whilenthen tattedr charactesistie ives fthe hadvantage taf shock

B4 gL BBl oo b Sgectng e
I matedeal of theplotyr diBk IO 1tinslude! rebust molléi:dlﬁretﬁcﬁfdilbd; )and durability
construc ed by 10 noul ding a material having qg)ép{e for the

medansd |t eﬁaalaeemew d\éostaenglgﬁean@|pé@~°ztt0ﬁcarecanau
arl"ﬁ'teﬁdHi %e%&eﬁi{fé t}?%o&é gL g%_f; fR2nPr 98 %rg"%v"fm ?%%Igh dielectric

nat ura char acter | st| ances
efconstaab ¢y ) sﬂcblaed?cvlpM@ylrdine;DtrGumrldegm\IDF)t he
antenna, while the latter characteristic gives the

of .sh ' to. th ha
ot e ReBAtSN i sihBe TR e 4 otar cdPacs 1L fsuires a high
miirééléi%h éﬁprbé‘% fPERefilyTEddEd thHickiRsE VPeakh component to the

| ecul ar ‘bondi ng and ddrability against thernal
mswedrwmensms withpueevery saci§cingsstaueiuegd pigidis| The micro-

| Shffior, 5 R TRER by CR 38 TR il porypriona
Pohaehrﬁmgl tecbhlneid@y- Rk uprdfeablyP\dh)evetiO ukingt € precision injection
fabri catl on of the proposed thin rotary device 100
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Like the inner surface of the sleeve of the rotor disk 101, the radial surface of
the shaft 106 is also coated with DLC to reduce probable radial contact
resistance during the spinning. However, the upper (in Fig. 2(a)) planar
surfaces of the shaft base 107 and outer contact ring 109 are not coated with
DLC to enable them to make good electrical contact with the electrode layers
104, 105 of the rotor disk 101.

In other embodiments, the antenna assembly may be varied such that
electrical signals can be communicated to one or both of the conductive
layers 104, 105 without them physical contacting the stator. This can be
achieved by arranging for each conductive layer 104, 105 to be electrically in
contact with a respective first electrically conductive surface positioned very



machi ni ng technol ogy, is preferably achieved using a
preci sion injection 15 noul ding nmethod. In the
process, nultiple identical conmponents may be nmade in
batches with accurate control of surface snoothness as
well as the tolerances for the bearing clearances.
Li ke the inner surface of the1 | eeve of the rotor disk
101, the radial surface of the shaft 106 is al so
coated with DLC to reduce probable radial contact 20
resi stance during the spinning. However, the upper (in
F| 2(a)) planar surfaces of the shaft base 107 and
ase b sespactive sevondr eleatsicaliy ondudliver sutace ten the stator.
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conductive surfaces can be used to nsmt
signals to the | ayers 104, 105 when there is
sufficient electrical potential across them 5

Al t hough only a single enbodi mrent of the invention has
been described, many variations are possible within
the scope of the invention, as will be clear to a
skill ed reader. For exanple, the geonetry of the wall
200 may be nodified to fit the RF propagation

requi renents of the application. 12 Cains 1. An
antenna assenbly including a mcro-notor having a
rotor, a stator
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and a drive nmechanismfor rotating the rotor relative
to the stator, at |least two electrically conductive

| ayers being fornmed on the rotor, the 5 conductive

| ayers being electrically coupled to respective
portions of the stator and being arranged to act as an
antenna for generating a radlq requency (RF)

el ectromagnetic beam 2. An antenna assenbly according
toclaiml1 in which the rotor conprises: 10 a rotor

di sk defining a sleeve for receiving a shaft of the
stator; and a wall upstanding fromthe disk, at |east
p&lainsg the electrically conductive |ayers being

| ocat ed on respective sides of the wall. 3. An antenna

assenbl [ 5]95. etn’ﬂ: i C e i

zlnvex Ayno%ﬁ%t?];ngsur ace ﬁ#lgzcj:'f' g(}lé1 %@“?‘P &%1 E‘%@’% iOt%rf‘ a stator
t lamdravtinive eieshanisn for rétatingtthe metoa selatite 3o thecstatbrng to
claim2 or claim3 in vvhich the rotor disk and wall
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rotor disk I nc yner erl
a@ndnbeingsanangsd &z cot disngn tamtemya dér genenating a gadioi frequency

' fricti reducing filmis formed on at | east
EQF%?&%CFH@?QWE ace of the sleeve and/or the
outer surface of the shaft. 13 7. An antenna assenbly

agcor diAry AteAny aémslyn@c@bmuﬁglfb vdraieh 1 hp GhighOthe rotor
is aprinted circuit board (PCB). 8. An antenna

a$e8ISESaccordi ng to any pr ecedi ng claimin which the
rotor includes a pernmanent nmagnet and the stator

| ncl udes, g5 yigk EleﬁﬁlH{;tef %’iﬁé\% n};o'? ?&anté Fgaﬁ‘pf E@gﬁﬁfdr and

field to I1nteract w
per manent nagnet .
a wall upstanding from the disk, at least part of the electrically

conductive layers being located on respective sides of the wall.

3. An antenna assembly according to claim 2 in which the wall is convex
on its surface directed away from the axis of the rotor disk.

4, An antenna assembly according to claim 2 or claim 3 in which the rotor
disk and wall include dielectric material having a dielectric constant of at least
3.

5. An antenna assembly according to claim 2, claim 3 or claim 4 in which

the rotor disk and wall include polymer material.

6. An antenna assembly according to any of claims 2 to 5 in which a
friction-reducing film is formed on at least part of the inner surface of the

sleeve and/or the outer surface of the shaft.
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9. An antenna assenbly according to any preceding
claimfurther including a processor arranged to power
the drive nechanismto rotate the rotor relative to
the stator to direct the antenna to a required angul ar
position. 10 10. An antenna system according to claim
9 including a notion sensor fﬁr tracki ng noti on of
the stator, the processor bei 8 arranged to conpensate
for the notion by rotating the rotor disk to keep
constant the direction in which the antenna is
directed. 11. An antenna assenbly according to any
pr/ecediAgaoteaina assaenmbly raadeeding 3o camd peededing elaimsin which the

[ [ ti.ve. firs uctive surfaces which
w&%&gpglﬁ gﬁﬁ%&c%rﬁﬁg&oa\;é {%Bﬂg'spect i ve second

conductive surfaces on the stator. 12. An antenna
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conductive | ayers include respective tirst conductive
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c i ye . sur .0 S . abk.

c SRTRFHINGS b mdetic el o kg vt e, kB 8D of the
apeemahgnt magnetdi ng to any preceding claim

9. An antenna assembly according to any preceding claim further
including a processor arranged to power the drive mechanism to rotate the

rotor relative to the stator to direct the antenna to a required angular position.

10.  An antenna system according to claim 9 including a motion sensor for
tracking motion of the stator, the processor being arranged to compensate for
the motion by rotating the rotor disk to keep constant the direction in which the
antenna is directed.

11.  An antenna assembly according to any preceding claim in which the
conductive layers include respective first conductive surfaces which make
sliding contact with respective second conductive surfaces on the stator.

12.  An antenna assembly according to any preceding claim in which the
conductive layers include respective first conductive surfaces capacitatively
coupled to respective second conductive surfaces on the stator.

13. A portable consumer electronics item including an antenna assembly

according to any preceding claim.



