1 "Optical fibre swtch”™ Cross-Reference to Related Applications The
present application clains priority from New Zeal and Provi sional Patent
Application No 534883 filed on 24 Auglist 2004, the contents of which are
i ncorporated herein by reference. Field of the Invention This invention
relates to switching. More particularly, the invention relates to
switching in optical fibres ari@ptival 6beporitdhi''cal |y, to an optical fibre
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Summary of the Invention
According to the invention, there is provided an optical fibre switch which

includes:

an optical fibre conduit;

a piezoelectric sleeve transducer mounted about the conduit, the transducer
converting input electrical energy into mechanical energy so that the application of an
external stimulus causes a change in condition of the transducer which imparts that
change in condition to the conduit; and

an input energy applying arrangement comprising an electrode assembly
arranged on at least an outer surface of the sleeve transducer for applying the external
stimulus.

The optical fibre conduit may be a single optical fibre. In other words, the
optical fibre conduit may have a single conduit for guiding a light beam. Instead, the
optical fibre conduit may be a conduit containing a bundle of optical fibres.

The electrode assembly may comprise at least two pairs of opposed electrodes
arranged on the outer surface of the sleeve for effecting bending of the sleeve in the
desired direction. The electrode assembly may further include a ground electrode
arranged on an operatively inner surface of the sleeve of piezoelectric material. It will
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The at least one retaining member may be a magnetic device and the latching
element may comprise a magnetically responsive element carried by the cantilevered
arrangement.

The transducer may be a snug fit over the optical fibre conduit. Instead, the
transducer may be a rattling fit over the optical fibre conduit.

The latching arrangement may be used where the transducer is a raftling fit
over the optical fibre conduit so that, when the transducer has been deflected to the
desired position by the application of electrical energy, the optical fibre conduit is
retained in that position. The application of energy to the transducer is then
discontinued to allow the transducer to return to its rest position in the housing.

The electrode assembly may comprise a coating of a conductive material
applied at least to the outer surface of the sleeve.

According to a second aspect of the invention, there is provided a switch
transducer which includes

a sleeve of a piezoelectric material; and
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Embodiments of the invention are now described, by way of example, with

reference to the accompanying diagrammatic drawings in which:-

Figure 1 shows a schematic end view of an optical fibre switch, in accordance
with a first embodiment of one aspect of the invention;

Figure 2 shows a schematic end view of another embodiment of the optical
fibre switch;

Figure 3 shows a schematic side view of the optical fibre switch of Figure 2;

Figure 4 shows a schematic representation of the optical fibre switch of
Figures 2 and 3, in use;

Figure 5 shows a side view of a further embodiment of the optical fibre switch;




Figure 2 shows a schematic end view of another enbodi nent of the optical
fibre swtch; Figure 3 shows a schenmatic side view of the optical fibre
switch of Figure 2; Figure 4 shows a schematic representation of the
optical fibre switch of Figures 2 and 3, in use; Figure 5 shows a side
view of a fin-ther enbodi ment of the optical fibre switch; 4 Figure 6
shows a side view of yet another enbodi Aent of the optical fibre swtch;
Figure 7 shows an end view of a switch transducer i n accordance with an
enbodi ment of apother aspect of the inventign; gure 8 shows a graph of
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drawings, the optical fibre conduit 12 is a single optical fibre conduit.

A transducer 16 is carried on the conduit 12, the transducer 16 converting input
electrical energy into mechanical energy. More particularly, the transducer comprises a
sleeve 18 of piezoelectric material applied to the conduit 12. The sleeve 18 of the
transducer 16 is applied by way of applying a coating of the material on to an external -
surface of the conduit 12. Instead, the sleeve 18 of the transducer 16 is applied by way
of a tube of, or containing, piezoelectric material, the tube being placed about the
conduit 12,

The transducer 16 can be applied to conduits 12 ranging in size from 0.1
millimetres to a number of centimetres in diameter, i.e. in the range of a single fibre 14
to a large bundle of optical fibres 14. In addition, micro-sized transducers 16 can also
be fabricated. The transducer 16, as applied to the conduit 12, is heat treated to achieve
the desired phase and microstructure and to ensure that the transducer 16 has the
required dielectric and piezoelectric properties.

The material of the sleeve 18 is, preferably, a piezoelectric ceramic material of
the general formula Pb(Zr,Ti)O; and is mainly of the form Pb(Zr;,,Tix)O; + doping
additives. It will be appreciated that the proportion of Pb and Ti can be changed to
impart different characteristics to the coating. Another way to modify the properties of
the coating is to dope the material with Lanthanum to form (Pb,La)Zr,Ti)O;. Other
doping elements that could be used to modify the properties of the material include Nb,
Sb, Fe, Ta, Cr, Co, Mn and rare-earth elements. Yet other materials which may be used




be fabricated. The transducer 16, as applied to the conduit 12, is heat
treated to achieve the desired phase and mcrostructure and to ensure that
the transducer 16 has the required dielectric and piezoelectric
properties. The material of the sleeve 18 is, preferably, a piezoelectric
ceramic material of - the general formula Pb(Zr, Ti)03 and is mainly of the

formPb(zri.. ,Ti,)O3 + doping additives. It will be appreciated that the
proportion of Pb and Ti can be changed to irrpart different characteristics
to the coating. Another tQ rmdlf the per t he coatln is to
ope. ¢ he. mibraBt sleovg 1 pinclieiBoEAmaRp-Ir A P SE Vs Or PrEDs comonndsi o ng

el ements t Eaﬁreféﬁﬁ& dnip&m@ﬁdmma rﬁ)éiﬂoénécmb&:eﬁ:ﬂb ahdteitdl off the RRet@ 1 8rik adad
i ncl ude Nb and rare-earth elenents. Yet other

material s t%'ﬁhﬂg??%&i 5 for t he sl eeve 18 include Pb(Zni_x, NoOG3 and
Pb( Sci . . Nbx) CB- Buoi 128 notedpibatyds . the remlmdpn@'fteafrﬁlgmm’bld'n&nt(kawmgs, the

i | t naf 1 t
ey T PEEREETS Bt Y ol ErLp e IS S Nt o il st ot
drawi ngs, @ranged edrexiesaelbeef ti_ls egmlemasgnd% %uhuﬁhé em odimgnt of the inventionner

wor ds, thejihispardUacFigh® 2 of Bé ANARSS, AKé Hahsduodr 06 ié ﬁ%mvﬂ ﬂxg'éiz?er{iﬁndu' t
I gure 0 e

Inthee odi_nent. qf the venti.on..illustrated in
draW| ngs, ﬂ‘lrgg"teroﬁm ? R%"Eﬁl?%‘fp&ﬂnf‘%'al?o the external surface of the
single optical Théswitclo b0 fudthet Znclides mvmputhenbfgyfapplymg arrangemskns 26n Theput
t 20
compri ses. L e ?%%?‘9@‘%’5%%3@? bbfinef B3 ot B SRl Lo
opposed el agd raoanLPaHTﬂ% oppesed ralenteodest 241 o The tqlﬂsggd%ﬂ P4 arerorthagensliyi t h
respect toafrhegeRaiith Rlsp&d t%?ﬂfe%ﬁsof?e?ecu'ﬁdébr @z‘”ﬂ ﬁbﬁfcﬂ é18Rodé @ 6((Fidivd ?) i) is

arranged on an peratlve I nner s rfa% s eeve 18. A swtch
t r ansducer 8§ ey tpper g fh‘bﬁ e?"i‘? 84rawi ngs. The transducer
16 conprises tha meh\t&nﬁc&caf ldis&llumuemddhd? ¢ U offdieadrawingsi The trhﬁsducer

oo e 8, L B0 kL e SRS
suppl y, sulhapplied toalhetslwedénerat or, 28 associated with it. In the case of
e o M0 BB PO e i g ¢
bundl o 30 298 fPOWCTRURPLY) Fuch app ve Bagecganeraiayy 2 associated 3ithdf. bundl e (not
shown but ref er Inele base of the embodiment shown in Figure 1, and as shown schematically in
Figure 4 of the drawings, a switch 10 is placed at the end of an optical fibre bundle 30
having a plurality of optical fibres 32. Another bundle (not shown but referred to
below for ease of reference as the "downstream bundle") of optical fibres is arranged at
an opposed end of the switch 10. In other words, the switch 10 is inferposed between
aligned ends of the bundle 30 and the downstream bundle,

As an example, should it be desired to switch a light beam exiting an optical
fibre 32.1 of the bundle 30 into an optical fibre of the downstream bundle aligned with
the optical fibre 32.2 of the bundle 30, an appropriate voltage is applied to the pairs of
electrodes 22 and 24 of the switch 10, via the power supplies 28, to cause the switch 10
to bend to the position as shown in Figure 4 of the drawings. As a result, a light beam
exiting the optical fibre 32.1 is directed, via the switch 10, into the optical fibre of the
downstream bundle aligned with the optica! fibre 32.2 of the bundle 30.

It will be appreciated that, by appropriate application of a voltage to the
electrodes 22, 24 via the power supplies 28, the sleeve 18 of the transducer 16 of the
switch 10 is made to bend in any desired direction in a fast and accurate manner.
Hence, rapid switching in an optical fibre network can be achieved. Further, it will be
appreciated that, if the bundle 30 and/or the downstream bundle carries the transducer




bel ow for ease of reference as the "downstream bundl e") of optical fibres
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direction o arlrn t¥1vS emgodlment shown in Figure 6 of the drawings, when the transducer 16 is
in its rest condition, the input optical fibre 12 is aligned with the spacer 37 between the
output optical fibres 36.

In the case of the embodiment shown in Figure 5 of the drawings, the deflection
of the tube of the sleeve 18 of the transducer 16 needs to be at least the diameter of the
optical fibres 12, 36, for example, 125 um in order to perform switching from one
output optical fibre 36 to the other. The benefit of this arrangement is that, in the rest
condition, a light path is still formed between the input optical fibre 12 and that output
optical fibre 36 in alignment with the input optical fibre 12 when the transducer 16 is in

its rest condition.

In the embodiment illustrated in Figure 6 of the drawings, the transducer 16
need only deflect the radius of an optical fibre fo create a light path between the input
optical fibre 12 and the desired output optical fibre 36. However, in this embodiment,
when the transducer 16 is in a quiescent, non-active condition, the input optical fibre 12
is not in alignment with either of the output optical fibres 36.




In the enbodi nent shown in Figure 5 of the drawi ngs, when the transducer 16
Is in arest condition, i.e. where no voltage is applied to its el ectrodes
22, 24, the input optical fibre 12 is aligned with one of the output
optical fibres 36. In the enbodi nent shown in Figure 6 of the draw ngs,
when the transducer 16 is in its rest condition, the input optical fibre
12 is aligned with the spacer 37 betweeW the output optical fibres 36. In
the case of the enbodi ment shown in Figure 5 of the draw ngs, the
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defl ection : er 16 is cal cul ated using equation (1) bel ow.
2xF2 xd31xﬁ§<§}ekh%filé‘??§l where; 4' is the deflection of the sleeve 18,

d3l is theLd$ﬂ¥g@lﬁb9fﬂ1§Sb‘Qm1&nt, Vis the applied voltage, L is the
length of e b améedihthetdPof theldk@ve 188hd di aneter of the sleeve 18,and T is

the thi ckn?si% tl(%l.c th&c%es?slo% Veesl%e%e 18.

The voltage ¥ is fixed at 200V and the length of the sleeve 18 is assumed to be
1 cm. The piezoelectric constant is 150 x 10" m/V.

A graph of deflections of piezoelectric sleeves 18 against wall thickness is set
out in Figure 8 of the drawings.

The dimensions of the sleeve 18 are determined by three factors, the length L,
the inner diameter D and the wall thickness 7. Increasing the length of the sleeve 18
has the greatest effect on improving its deflection since, from equation (1) it will be
noted that deflection is proportional to the square of the length.

Figure 8 shows that, at the same wall thickness, a sleeve 18 with a smaller inner
diameter has a greater deflection. Therefore it is preferable to decrease the inner
diameter of the tube. The outer diameter of a standard, single-mode or multi-mode
optical fibre is 125 pm. To avoid reduciilg the thickness of the input optical fibre, the
inner diameter of the piezoelectric tube should be made just greater than 125 pym in
order to achieve maximum deflection.

Also from equation (1) above and the graph shown in Figure 8, it will be noted
that the thinner the wall of the sleeve 18, the greater the deflection. Thus, the sleeve 18
should be made as thin as the EPD technique, described below, allows.

Referring again to Figure 5, the deflection of the sleeve 18 must be at least the
diameter of an optical fibre 12 which is 125 pm. In this case, a sleeve 18 with an inner
diameter of 130 um will need to have a wall thickness of less than 170 um. A sleeve
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by three factors, the length L, the inner diameter D and the wall
thickness T. Increasing the length of tBe sleeve 18 has the greatest
effect on inproving its deflection since, fromequation (1) it will be
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four main steds théepibadiewents dészribedsatmve pthe estesiend 8iis disnungl fiit lonfthe bptidads ar e

charged i “fgféz‘{r%‘gﬁﬁft 32, HiPurd 9;91%&6\%%?0&9&%% &:Lé:ﬂ‘vadga ﬁhv%[zﬁéﬁ‘ hicﬁdth s used

as a cat ho cont al ner aced,
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"rattling fit" is meant that the optical fibre conduit 12 can move laterally within the
sleeve 18 without the sleeve 18 moving. In this embodiment, the optical fibre switch
10 includes a latching arrangement 40. The latching arrangement 40 comprises a
magnetic retaining member 42 associated with each output' optical fibre 36. A
magnetically responsive latching element 44 is carried proximate a free end of the
cantilevered combination of the transducer 16 and the input optical fibre 12. The
retaining members 42 are permanent magnets.

As shown in Figure 9 of the drawings, initially the optical fibre 12 is held in
alignment with the upper output optical fibre 36 due to the latching element 44 being
magnetically held by the upper retaining member 42. The transducer 16 is in its rest
condition due to its electrodes 22, 26 not being energised.

When it is desired to switch the optical fibre conduit 12 into alignment with the
lower output optical fibre 36, the electrodes 22, 26, as the case may be, of the
transducer 16 are energised to cause deflection of the sleeve 18 in the direction or
arrow 46. This urges the latching element 42 out of engagement with the upper
retaining member 42. When the free end of the sleeve 18 of the transducer 16 reaches
its maximum arc of travel, the latching element 44 is magnetically held by the lower
magnetic retaining member 42 so that the input optical fibre 12 is now in alignment




appl i ed between the cathode and the anode to cause deposition of the PZT
particles on to the graphite rod. The graphite rod is subsequently burnt
out in a furnace following which the "green" tubes are sintered. The

el ectrodes 22, 26 and the ground el ectrode 24 are applied using silver
paint. In the enbodi nents descri bed above, the sleeve 18 is a snug fit on
the optical fibre conduit 12. Figure 99shows anot her enbodi nent of the
invention in which the sleeve 18 of the transducer 16 is arattling fit
over the optical fibre conduit 12. By "rattl fit" is neant that the
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tothetran ucer IS O |ated It is a particular advantage of the

invention that the need for nechanically operated switching devices is
obvi ated thereby inproving the efficiency and carrying




capacity of an optical fibre network. In addition, the cost of the switch
10 is lower than an equival ent nmechani cal device and has reduced energy

| osses in comparison with a nechani c¥l device. In addition, the applicant
is of the viewthat with the devel opnents occurring in optical conput er
systens the swtch 10 wll find ready application in such conputer systens

to provi ddLABdber and snmll er systems It will be appreciated by persons
skilled ijn the as rﬁmgl{"@greg% ihdds: ons and/or nodifications nay be
madetothelnve tion ass |nt espeC|f|c enbodi mnents w t hout

departing frogneptca fibre @Onéﬂltscope of the invention as broadly described.
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ext er nal Js causes nge in condition of the transducer which
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appl yi ng aiﬂ;aﬁgag@rnm&as@ BBl Lo Bl bdvRASnSRRENRY bppiSfiloAROBKcAR) a1 | €ast
an outer surface of the sleeve transducer for appl ylngp ext er nal

sti nul us.Stimuluspe switch of claim1 in which the optical fibre conduit is a
single optical fibre haV|ng a single conduit for guiding a |light beam 3

The switgh of | ai tica bre ndui.t dui t
containi o o TBEANIER o Tat § G phepsPELPIdH SbroBdRE A SrelkipReRate ¢ e
pr ecedi ngla‘zlhlglarmglmcaﬁﬂumfoxtgmdmgadtght)liﬁrmssenbl y conprises at |east two
pairs of opposed el ectrodes arranged on the outer surface of the sleeve
for effecting bending of the sleeve in the desired direction. 5 The switch
of any orfe of Thaewgeleebelpiny! in whinh theiopiidat Abrerendmié ét 3 eandud soviaiiing
i ncl udes aangaRWIdpREAHEQJe arranged on an operatively inner surface of the
sl eeve. 6. The svmtch of any one of the preceding clains in which
pi ezoel ectric materi al

4, The switch of any one of the preceding claims in which the electrode assembly

comprises at least two pairs of opposed electrodes arranged on the outer surface of the
sleeve for effecting bending of the sleeve in the desired direction.

5. The switch of any one of the preceding claims in which the electrode assembly

includes a ground electrode arranged on an operatively inner surface of the sleeve.

6. The switch of any one of the preceding claims in which piezoelectric material
of the sleeve is a piezoelectric ceramic material having a high electromechanical
coupling coefficient.

7. The switch of claim 6 in which the piezoelectric ceramic material is lead
zirconate titanate (PZT).

8. The switch of any one of the preceding claims in which the sleeve is formed by
a deposition technique.
9. The switch of claim & in which the sleeve is formed by an electrophoretic

deposition technique on a former, the former subsequently being removed.




of the sleeve is a piezoelectric ceramc material having a high

el ectronmechani cal coupling coefficient. 7. The switch of claim6 in which
the piezoelectric ceramic material isliead zirconate titanate (PZT). 8.
The switch of any one of the preceding clains in which the sleeve is forned
by a deposition technique. 9. The switch of claim8 in which the sleeve is
formed bylGan dhecwitzhhafratyi ane dethegpreceding eleimm whishancladésoa hensing lwe f or ner

subsequeq&,ﬂj'ﬁhﬁﬁi ?m%%g%ﬁtica}%bf%ﬁ%gﬂﬁ%ﬁ%ﬂ{a?%e@ny one of the preceding

claims which 1'ncludes a gin nsducer and the optical
fibre conduit are arranged. 11. The switch of claim10 in which a

conbi nat !IQU Oﬁhk%ikh%ﬁauﬁ?rlo%tﬂhicﬁ% cORbing@én fo!f Bk ramdaibé witHQh@i nis
mounted in a cantil evered ar.ranq%gré%nt n using. 12.. The switch of

t.he h
cl ai m 10 Bficd e randuffiihergin iy g laawale%lﬁwgfi) g AR the Bousiigat chi ng at
| east the optical fibre conduit in a desired position in the housing. 13.
The swit of .elaim12.in.whi.ch the tching.akra nt__conpris a
[ atchi ng 12l e s of i 0 A LoMRS e B AR PR peR
conbi nat ilachiagdt kestltbaepticahBbrerconduininrmdesind positen mrthetiowsing. he housing to
hold at | east the optical fibre conduit in its switched position. 14. The
switch of claim13 in which the at | east one retaining nenber is a
magnet i ¢ ldevi d&e awitch rEclpiag i yhighdhe tchivgyrangsment cospprises & latehing
r fes ponsi \eﬁem?h?ﬁ@i%ﬂ lﬁ@sﬁféi_a@h ﬁlhfe bﬁ@ofﬁ@%ﬂ%@{rﬁ&cﬁrﬁbﬁﬂg@{@m at 18t oddre S}N! tCh
of any one of e precedi ng.cl ai in whi e . transdu is a.snug fi
over o TS MeRsE STcis it (e haysing 6 holg pes thepgscah Bbs ouluit i S 1o 14
i n whi ch itshlsevitchedpabitéeey. is a rattling fit over the optical fibre conduit.
17. The switch of any one of the preceding clains in which the el ectrode

assenbly conprises a coating of a conductive material applied at least to
t he out erl4sur The esvitcht ol clagheld én vilgch Ahewt tledst onarstiieg ndmbdr isnel udes a

sl eeve OfmanBiieZReIcRChid thdBAiBhing! cleMBht RBmpARK! 2 CREERYicARP ¥pBEsive
arrangenent” arranged on the_ sl eeve tfor applying an
element carried by the cantilevered arrangement.

15.  The switch of any one of the preceding claims in which the transducer is a
snug fit over the optical fibre conduit.

16.  The switch of any one of claims 1 to 14 in which the transducer is a rattling fit

over the optical fibre conduit.

17.  The switch of any one of the preceding claims in which the electrode assembly
comprises a coating of a conductive material applied at least to the outer surface of the
sleeve.

18. A switch transducer which includes

a sleeve of a piezoelectric material; and

an input energy applying arrangement arranged on the sleeve for applying an
external stimulus to the sleeve, the input energy applying arrangement comprising an
electrode assembly carried on at least an outer surface of the sleeve.

19. The transducer of claim 18 in which the piezoelectric material is a

piezoelectric ceramic material having a high electromechanical coupling coefficient.




external stinmulus to the sleeve, the input energy applying arrangenent
conprising an electrode assenbly carried on at | east an outer surface of
the sleeve. 19. The transducer of cld&?m 18 in which the pi ezoel ectric
material is a piezoelectric ceramc material having a high

el ectromechani cal coupling coefficient. 12 20. The transducer of claim 19
i n whi ch2f8he {Phe treesducerrdofcclajmy Erincwhishdhe piezodleqtae geramic wetesigkistlpadanat e
(PZT) . 2%ir.ddee fitamedeeey, of any one of claims 18 to 20 in which the sleeve
is formed by a depositi'on technique. 22. The transducer of claim2l in
which the sleeve is formed by an el ectrophoretic deposition technique on a

former, the fmha&anﬁuba&ﬁw%tohy obelafifis 1862 th whith thé eleévenio fokmaey byof any
i ich the el ectrode assenbly conprises a

one of cladms.18 to%%Z in
plural i t { S6PORILLEPYYEE carried on the outer surface of the sleeve. 24. The
transducer of claim23 in which the el ectrode assenbly conprises at | east

two pai rgg.of ?RP usér?c&*cg%ﬁ iﬁrvvlﬁgggﬁs@&vk %@g&vgﬁ{é%&c&s@ u&t'wg

bendi ng the "sleeve in esire ection. 2 t ransducer of
cl ai m 23 deposition tasmiquepnshiosmer, the former subsraugatbebging remayedudes a gr ound
el ectrode arranged on an operatively inner surface of the sleeve of

pi ezoel ectric terial. 26. The transdyger _qf. any .one of clains to 25 in
whi ch t hé3el e&hF Garsdyee ong §ng éigéo8§é{li“ﬂé°1b?‘ee??‘??gﬂ%eisf’v‘é§ynat erial
appl i ed abmpfigsta gloratiheofeléctiodedisaiaetomnfhetoneer saifamwd the sleeve.

24.  The transducer of claim 23 in which the electrode assembly comprises at least
two pairs of opposed electrodes arranged on the sleeve for effecting bending of the

sleeve in the desired direction.

25.  The transducer of claim 23 or claim 24 in which the electrode assembly
includes a ground electrode arranged on an operatively inner surface of the sleeve of

piezoelectric material.

26.  The transducer of any one of claims 18 to 25 in which the electrode assembly
comprises a coating of a conductive material applied at least to the outer surface of the

sleeve.




