"Optical fibre switch" Cross-Reference to Related Applications The present
application clains priority from New Zeal and Provi sional Patent Application
No 534883wbizb@d2035724 August 2004, the contents of whi clrcamz2003000p0or at ed
herein by reference. Field of the Invention This invention relates to
switching. More particularly, the invention relates to switching in optical
fibres and, nore specifically, to an optical fibre swtch. Background to
the Invention Optical fibre signal transm ssion has becone a critical part
of the tel ecomunications industry, particularly in areas where signals my
be susceptible to noise. Duri ng 80ptigal fibrerseifch8i on, it may be necessary

for the opté&pak- £Ot ] 266 en a nunber of optical fibres in a
transm ssi o g, i.nvol ves I&anl cally gperated
systenms using miegpreseng aplélfqaae@ claighPrigiy, from @5%%4% Rioxisipmal Rateny gt

pat hs. Thesgpplioans@rmbemmst e and24 dyegdse 2008, flaet cdnbaiis refcaihcatd y
novi ng parts are Sdﬁ} SY action is slow and the systens are
suscept i Bl enPYPPIRTd fekein }éﬁﬁgf@e of the Invention According to the

i nvention, there is provided an optical fibre switch which includes: an
opti cal fi PERICHF Y Thverftio ransducer carried on the conduit, the transducer

converting ne forminto nechanical energy so that the
appl i cation of drieinventing feéaet‘FSrﬁSPI [ygtehings ore partienarly. ihe shentiomrelaies tone
transducer whitchihg inRptitA fibhetand Mb&SpeafieAdtd adptical fitie seaadui t; and an
I nput egﬁ)r gy applying arrangement arranged on the transducer for applying
the external stimulus. The optical fibre conduit may be a single optical
fibre. I n oBadkgromuditn thieHavaiancal fibre conduit nmay have a single conduit
for guiding a |i e tii cal e,C t y Jpe
condui t containi gpbﬁngl e(%]%l?ag%nsm?%(gp ﬁag bebditl A pHR b i
telecommunlcatlons industry, partlcularly in areas where signals may be susceptible to

noise. During signal transmission, it may be necessary for the optical beam to be
15 switched between a number of optical fibres in a transmission path. Optical fibre
switching involves mechanically operated systems using mirrors to reflect light and, in
so doing, change the light paths. - These are complex systems and, due to the fact that
mechanically moving parts are used, switching action is slow and the systems are
susceptible to failures.
20

Summary of the Invention

According to the invention, there is provided an optical fibre switch which
includes:

an optical fibre conduit;

25 a transducer carried on the conduit, the transducer converting input energy of
one form 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 arranged on the transducer for applying

30 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 transducer may- convert input electrical energy into mechanical energy.

35 More particularly, the transducer may be of the type comprising dielectric materials
that undergo mechanical deformation upon the application of a voltage to the material.



The transducer may convert input electrical energy into nmechanical energy.
More particularly, the transducer may be of the type conprising dielectric
mat er i al swphade/aapsder go nechani cal def ormati on upon t he appiNzZedsiom1ef a
voltage to the material.The transducer nay be a sleeve, forned as a tube or
a coating, of a piezoelectric material which, when the external stinulus is
applied to the sleeve, causes a change ih the mechanical condition of the
sl eeve. More particularly, the application of the voltage may cause the

sl eeve to bend tQ enable controll tchln to be effected. The input
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be deposi t egbndbnthiditRPbAAIR . for mer functioning as a cathode. A stai nI ess

steel container in which the forage s ar.ranged. My act ashagge ano After
deposi tion of t erZeIZOB piricmaten r’inﬁy%‘ FRjppsfectricfs af“@)‘Fﬁ’@rter aY)‘BgB out
in a furnacdedtmnieehardcdl teuplfg taelitciertt] dueferdbs thmyietdedsridie capnid mdtehal t he

t ube to fori | a housing in which the
transducléj(r) 1'311&1'3%% Igagéégtgngttgggzyp‘%'ﬁﬁa ¥th%lﬂ% gglgdwt are arranged. A

combi nati on of tie sleevpguacbe formed yhe dgpesitien techiigee. c deraipartidwlarkyi theray be
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conpri se a suspaiiongodealepodited anra gdpmt@fom&t funatidriigeaeddathbdd. ha stainless
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of the PZT particles on the former, the former may be burnt out in a furnace to leave

the PZT tube. Electrodes may then be applied to the tube to form the sleeve.

The switch may include a housing in which the transducer and its associated
optical fibre conduit are arranged. A combination of the transducer with the optical

25 fibre conduit therein may be mounted in a cantilevered arrangement in the housing.

The switch may include a latching arrangement for latching at least the optical
fibre conduit in a desired position in the housing. The latching arrangement may
comprise a latching element carried proximate a free end of the cantilevered
combination and at least one retaining member arranged in the housing to hold at least

30 the optical fibre conduit in its switched position. The switch may comprise as many
retaining members as there are switched positions to which the cantilevered
combination is to be switched.

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

35 arrangement.



conbi nati on and at | east one retaining nenber arranged in the housing to
hold at |east the optical fibre conduit inits switched position. The
swW t ch mayocosgankse as nany retaining nenbers as there acenaiismoexdes
positions to which the cantil evered conbination is to be switched. The at
| east one retaining nenber may be a magnetic device and the | atching

el ement may conprise a nmagnetically respbnsive elenent carried by the
cantil evered arrangenent. The transducer may be a snug fit over the optical
fibre conduit. Instead, the transducer_ nay he a rat ng fit over the

| i
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t he transducer hﬂi" beﬁn def | ect eg to.t he (?eil reiﬁ EOSI tion b¥ téhe ¢
appl i cation of elEdAEfi0garanegment may bejseq Whprecthe, ransdyeet is g ratding ftovery
t hat positite.oplibd fepecomduiti sorthatf whee thpytransdydee has beeadieflected o theatesired )
di sconti nued & [ L1 tn the
ousi ng. hcisy ey Y dpbfekioRITIRRical Sndrl BF obfot Kibed ERRIS BN, 0°,
switch trandigtpesitionn tie appbication T gnengy dy thegrangdyserisgherediseantinped erallew  and

an i nput en&%%mkmb@&uﬂ{%aﬁgﬁ?ﬂéiti@ﬁ ﬁﬁtﬂgﬁgus%g.the sl eeve for applying an
external stinul g& to,.t he sl eeve.

he piezoel ectric material . be a
pi ezoel ectric cerSFdngde & POl ASPFRY ‘fﬁﬁengﬁqtg’& %%dﬁd?ﬁ?%‘g&}/@oﬁ‘ﬁ‘lt‘?}hg
coef fi ci ent trariddedee mdilidhyinclutkes pi ezoel ectric ceramic nmaterial is |ead

zirconatg titan ' - W t._dopi ng. The sl eeve may be forned
by a dep@sitiona%Sg%%gi%géngkg?gﬁ%ﬁaﬁ%glaggl y, the sl eeve may be forned by
an el ect r ophor etdncingetpensrgy epplying ravangrmeny amwangadnen thet $leeviediomapplying an

subsequent | ¥ tBRLINGinBIOY KL siddie. | nput energy appl yi ng arrangenent may be in
the formof an ei.ect.rod assenbly carried on an external surface of the
c

sl eeve. The el ectiedierosssicinaferialmay e piggoelpctricecegamic fpaterial havigg adighy s ed
el ectrodes electrongeitlaical tdoaplilgecvetfidiadt. diréferdbly)ghdpietdbetarudd cérmicshmaryial i n

L1 o0 1 SR B LR PRI Uy et el v oround
pi ezoel ectri ¢ mekherslegve may be formed by a deposition technique. More particularly, the
sleeve may be formed by an electrophoretic deposition technique on a former, the
former subsequently being removed. '
The input energy applying arrangement may be in the form of an electrode
20 assembly carried on an external surface of the sleeve. The electrode assembly may
comprise at least two pairs of opposed electrodes arranged on 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.
25

Brief Description of the Drawings

Embodiments of the invention are now described, by way of example, with
reference to the accompanying diagrammafcic drawings in which:-
Figure 1 shows a schematic end view of an optical fibre switch, in accordance
30 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
35 2and 3, in use; '
Figure 5 shows a side view of a further embodiment of the optical fibre switch;



Brief Description of the Drawi ngs Enbodi nents of the invention are now
descri bed, by way of exanple, with reference to the acconpanyi ng

di agr ammawoeoav@wésngs i n which: - Figure 1 shows a schenmetiranzzom/ovore of an
optical fibre switch, in accordance with a first enbodi nent of one aspect
of the invention; Figure 2 shows a schematic end view of anot her enbodi nent
of the optical fibre switch; Figure 3 shows a schematic side view of the
optical fibre switch of Figure 2; Figure 4 shows a schenatic representation
of the optical fibre switch of Figures 2 and 3, in use; ure 5 shows a
side view of a figYR& shawoaisidenvieyr of pet @meéaﬁmquwn@tsqﬁ 8@hc,>nracghﬁérea
shows a si ovitthew of yet anot her enbodi nent of the optical fibre swtch;

Fi gure 7 shows ﬁgn fgew of adswtc?ﬁﬁ/tranéﬁutcer in accordgnce wi,th an
embodi ment of a 6%‘}{& ST A $d; FHEW; OR B IR TaBsduaer 18 ashjdancy WA AR of
defl ection mb@imwttoﬂambthmpmefﬂw imedintion;hi ckness; and Figure 9 shows a
series ofg repre tol t of

t he opti caI fi b?géusrg\nst%ﬁ. sgiegfgpﬁgg%gg%fro?&ff%%%% ﬁﬁﬁsld %ﬁ‘ypwgwﬂﬂlﬁs@% ment s
In the dravﬂflﬁlgs, reference nunber 10 generally designates an optical fibre

switch, in accolanes® Whdws @nsaﬁeh @@éﬁeé@ﬁtabbﬂ’s b &N bp&Btion! BE yetvafahthdi0

I ncl udes an tical fibre co In the enbodi nent of the invention
i |l ustrat eoelﬁ?lﬁ)dﬁpﬁfﬂroéﬂf Qqticel rﬁ?‘é{WF gs, the conduit 12 surrounds a bundl e
of optical fibres 14. In the enbodinent of the invention illustrated in

Fi gure %OOngtQﬂ djlfﬂw gg@i ‘;ﬂﬁ E%Jngf’al fd @&dﬁ ng t 12 is a single optical
fibre co T ' conduit 12, the transducer
16 converting i Apuhe erewmngs,ceeferenaer gymbart ) perdrally dlasigeaies gy . optigalefibre

parti cul ar l yitchhi debarassieapith &HEHHixhéﬁ@ oPthelifR¥Eod.8 Of piezoelectric
mat eri al appli egl_to ths ondwt 12. Th ﬁf)l eeve 18 of dRe transducer 16 is

applied by way dfeaspichilfqgingludessan apficst fibrecanduit 1i2q) Indhe embadiment of the
surface of ihbentioarithstiateldn Rigigt @ast,thé dawih@ewr cbBdoit 12 Rarrbimi adbisdle J6 i s

appl i ed llgy &d@%al fibres 14. In the embodiment of the invention illustrated in Figure 2 of the
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

20 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

25 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.

30 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,.4,Ti,)O3; + 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

35 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



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
rangi ng iwoa2bssom 0.1 nmillinmetres to a nunber of cencrazes/vomis
dianeter, i.e. in the range of a single fibre 14 to a | arge bundl e of
optical fibres 14. In addition, mcro-sized transducers 16 can al so 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
t he transducer 16 has the regblred dielectric and piezoelectric properties.

The nat eri afor dic defvedBdaciude Bb(Za)x.NboPe pad PY(ScaxDibeLhdlbdi@r ¢ampasindsy I

mat eri al ofy F&eﬁ&nﬁﬁ EmERAtoH, & FletcllRfic) éRadidmberiAPbNthg Mevt h% Qe
Pb(Zr1- Ti X%J + do n%&gg.brtlves It will be appreciated that the

proportion Bfeopped be changed to inpart different characteristics
to the coati ng IArnsnttdnehe naagd tloat,nind tHeyerhbelipempef Figese df of e dasatngsgthes to

oF Bment < 1 neffter doisioroRRL S BIANE of s 120 Bl widh e shifleet 010
i ncl ude Nb5arsm,ge¢extemlly@f the(mlvel\mmmmndwt é2eém the emhbodiment of Yhe inyeniion

material's Wil E@Yn li'%uk'@ 8d§ Ofhet J}Qwﬁig‘é‘eth% tiLa%s&ﬁE& lJl@eis RRbhES 1o ﬁ@\@&é@ala”d
Pb(Sc 1- 5Nbx%a€%Pg Ti oun preferred inplenentation,

pi ezoel ect ri¥ %Prt‘icé HHF C‘PIHjé“tsll eeve 18 is |lead zirconate t| tanate

(PZT). It is tohe mtdhdla Ragher inlalddbeaxenﬁmdemm p;ﬁlyiﬁ @ufaﬁgém@ft 20h€The
dr aw ngs, t he transducp&i

Cor s 9tto, (Put GRDRCHSHng Ardpbuiilas shitgrinetry s Phir o bRt SlschBoS S i
12. In the anbedicnemt paif dfhepposedenleciordes | 24us tThat edctradefi2guare Grthwizondlly

draw ngs, | l()k? %{c\:ctlt@ the S%PBtbl‘?:&’tr&d%s Ebe &?éfo Ghd 3lecddd ?&gléﬁre t7?

single optlca dul er I ncl ud nput
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arranged on26aapprbipé|tcaﬂ1embleye18mer surface of the sleeve 18. A sw tch

transducer 16 1 sad USSR RdaTy B SHAe 40P i o8003 TPl g s ducer 16

conprises the sleeve Orie hater r'odes
20, 24 and %h@mqvgqy supply rstck pepyeltagg generator, 28 associated with it.

In the case of the embodiment shown in Figure 1, and as shown schematically in

20 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 interposed between
aligned ends of the bundle 30 and the downstream bundle.

25 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

30 exiting the optical fibre 32.1 is directed, via the switch 10, into the optical fibre of the
downstream bundle aligned with the optical 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.

35 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



As shown schematically in Figure 4 of the draw ngs, each pair of electrodes
22, 24 has a power supply, such as a voltage generator, 28 associated with
it. In theocasmreds7t he enbodi nent shown in Figure 1, angcasnzathmwoo216
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.

Anot her bundl e (not shown but referred t® bel ow for ease of reference as

t he "downstream bundl e") of optical fibres is arranged at an opposed end of
the switch 10. In other words, the switch 10 is |nterposed bet ween al i gned
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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

25 optical fibres 12, 36, for example, 125 pm 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.

30 In the embodiment illustrated in Figure 6 of the drawings, the transducer 16
need only deflect the radius of an optical fibre to 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.



34. The optical fibres 36 are of the sanme dianeter as the optical fibre
conduit 12 and are separated by a spacer 37. Due to the cantil evered
mount i ng wb 2véwm2tssansducer 16 within the housing 34, onpChevzappldoeati on of
a voltage fromthe power supplies 28 to the el ectrodes 22, 24, the sleeve
18 of the transducer 16 can bend in the direction of arrows 38. In the
enbodi nent shown in Figure 5 of the drawi ngs, when the transducer 16 is in
a rest condition, i.e. where no voltage is applied to its el ectrodes 22,
24, the input optical fibre 12 is aIi%E[ed wi.th one of the output qptical

[

fibres 36. In the tissaRhodinentsi6\ipases i may deaoiothe irder fa3f HESto pidsvet he
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di anet er 50f the optical fibres 12, 36, for exanple, 125 nmin order to
perform sw tch&gg/if;gn;(gngyout put optical fibre 36 to the other. The

benefit of ¢hisS—afrargerent- is that, in the rest condition, @)light path is
still formed betwdehDPte input optical fibre 12 and that output opti cal

fibre 36 in alignnent wth the input optical fibre 12 when the transducer
16 is in itghéest condition. In the enbodiment illustrated in Figure 6 of

t he draw ngg,i &Q%Cﬁé&ﬁf‘%ﬁﬁ]ﬁ%@?%ed only deflect the radius of an opti cal
g pa e

fibre to create a | . ween the input optical fibre 12 and the
desi r ed 18ut guts thppicgegletiipeanstagt, However, in this enbodi nent, when the

t ransducer SRRNAT iescent, non-active condition, the input optical
fibre 12 isﬂ‘?lso{héiah&é |‘%trlllﬂan€€it with either of the output optical fibres 36.In

this embodi #ééiﬂi?lqnlgﬁl@gﬁh@&lﬁe@?wmay be of the order of 20 mmto achieve

i sol ation bet wegdinhBedibmeet oot skeade fd,fide 12 and the output optical fibres
36 when the t.r?hg:s lglc(gr 16 is . inits rest condition. The deflection of the

transducer 165 &30 8f B slrgvailB-equati on (1) bel ow. where: z is the
defl ectilgn of tMhesbtayel 18, fixdd ht 260V hrd thedempeh oftheiskeec® 1S istd3bumad foshet he

appl ied vol f 89° The piezoelectric constant is 150 x 1072m/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,
20 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
25 diameter of the tube. The outer diameter of a standard, single-mode or multi-mode
optical fibre is 125 pym. To avoid reducing the thickness of the input optical fibre, the
inner diameter of the piezoelectric tube should be made just greater than 125 ym in
order to achieve maximum deflection.
Also from equation (1) above and the graph shown in Figure 8, it will be noted
30 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 um. In this case, a sleeve 18 with an inner
diameter of 130 um will need to have a wall thickness of less than 170 pm. A sleeve



Lis the length of the sleeve 18, D is the inner dianeter of the sleeve
18,and T is the thickness of the sleeve 18. The voltage Vis fixed at 200V
and t he |wogbds/mbssthe sl eeve 18 is assuned to be 1 cm Poe/NnesmedR6ctric
constant is 150 x 10 12rn/V. A graph of deflections of piezoelectric

sl eeves 18 against wall thickness is set out in Figure 8 of the draw ngs.
The di nensions of the sleeve 18 are detddfmned by three factors, the length
L, the inner diameter D and the wall thickness T . Increasing the length
of the sleeve 18 has the greatest effect on inproving its deflection since,
from equat i Bhwith  lpsgeninner ¢iamgtsr sl nped tochave @ggmaw wgl BY &ger toj ashigive the t he
square of tdagel ®RAGétHN, Fi gure 8 shows that at the sane wall thickness,

sl eeve 18 with Il e nner di amet ater d I Qn. refore
TS rot o b1 Fof dheEbdiBBR Ao Bl 4% Gevires Sisdstioeien g g

di amet er ofsleevstl8rvdtrid atmastghefadude)fmn dpsnbatllﬂbm:)ﬁkwthnﬂm@éﬁ pin. bit és pc&sﬂ:ReS mm
iF amoter Sort Rt b e | AIE STl WIE chiiPL FoP BELGRL, 3 Lo bl ke .
in order todlamhﬁeéQ% Foaun eamrhenerd well thigknessy of aipfte 339 Bguat i on (1) above and
the graph shown (igind~ bﬂéﬁ(ﬁ)h%retlctde%ilhorp EEPO} ?e@hﬁlaﬁ‘és %fé@véshl'maiefhetxja Quivdd | of
the sleeve 18, the g ter "H: etILectlon Thus, bae%ﬁi?eeve 18 fghoul d be
made as thi m&ESIf:“i‘FecaE eTﬂ? abricadiop of glgevsa| 1 §\hy gonsistefiopr main agai n
t]9 Fi gure SstegsheA ﬁe@ﬂa&t&m ﬁfpréﬁaﬁedsdlﬁan@tvitﬁahpmlclbsaaxatchhga@ in §d3perd;i(ﬂ1rf8t er
of an opt, C. 12 i's

e oo, UGS GfatlCliala’ s BEalBlod & Moo U Yfinfs Mot 0"
170 mm A stostamerinwhibh thelrad égepladednisrusel] amast anodevi Al valtegelof up toalM0aV ishi nner
wal | in orda;pht@ba%bﬁm éahﬁdégﬂgt&eidoestd s%gt%osftﬂ)?l oﬁfrﬁ?@ﬁzmtge 3 east

Fi gure 6 of t e draw ng | ection o eeve
the radius ©thegrap tf‘r&ﬂ ' Theographite 1M is Kubssausmtlynbumtouf in pSuranest followaneef or e

to use a thwhkiskthd ugaeen"rtutéala&e ciateed. FUhe elaiEUee 22026 Uhe ﬂt’bag‘rbﬁﬂd aRctromer
di anet er, .of | thickness of up to 330 Usi ng

avie I
el ectroplﬁor%‘%?‘rg g@begsqsﬂgosﬁtvﬁr@\%)q t echni ques, sl eeves 18 of the required
di nensi ons can Be thoemboldiméhe desdritied abows) thd sls¢veelfes d tugyfithDthecosicslt s of
four main

fibre conduit 12. Figure 9 shows another embodiment of the invention in which the

sleeve 18 of the transducer 16 is a rattling fit over the optical fibre conduit 12. By

"rattling fit" is meant that the optical fibre conduit 12 can move laterally within the

20 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

25 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.

30 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

35 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



steps. A powder of PZT is prepared and individual particles are charged in
suspension in s suitable organic liquid. A graphite rod is used as a

cat hode awd 2a062235ml ess steel container, in which the redrinz2psaoeds is
used as an anode. A voltage of up to 1000 V is applied between the cathode
and the anode to cause deposition of the PZT particles on to the graphite
rod. The graphite rod is subsequently b#rnt out in a furnace foll ow ng
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 ments described
above, the With#hedowsr puipyt optigel fitre 36nTB%é“RPéﬁ prenergy; t9rthe elgetardes 22026 ¢ff gur e
9 shows anohb@anshibadigTs discHitinub®sd et sRBvd 18 ¥ iddpheitsret@vRdili8n.0f t he

transducer 16 is,a rattling fit .over the optical fibre conduit 12. By
Crattiing ficr b nadvenfige of fis pbodibent et &R agri EorfBUQHY mapiein s

| at eral | y vdupplyroftvoliagd teahetraiBduder h61is obiviideds| eeve 18 noving. In this

enbodi nent, the L,cal i hr j Is t.chi t 40.
The Iatc%i ng ar rlgﬁsgfgrgirﬁlédiﬁ %%‘.’%n%{rakggsfltge nlggér?gtgﬁéh%eéhgl %P%gmﬁer%’fe}%}g%g&n
associ at ed eitersiedawiiching gevicespis ibuiater; thersbp empmvinggietatideiency andsgsonsiase

l'at chi ng el gipRéity danl chtieal! i€ Hethof | IBdGitRn! heRo&tA RS swilt® 1038 1dwe& \edned

conbi nation of the transducer, 16 anqg. .the jnput optical fibre 12. Th

ot i N1 g RS TR BAGR AR A St Chen SR oo OGRS Dt e

dr awi ngs, imed¢haalchldevive. optical fibre 12 is held in alignment with the
upper out\put opt fib . due. t | - I I .

magnet i (L:itz(i)l |y hellla%g{l/mto h’e&gﬁéé}c%he_ g?rﬁend.e@nﬁg&lﬁg%‘s d?ﬂggé?éﬁségﬁéggr?n B8 is in
its rest coemdicel eampiter systemssthe seitch d@exill2find p@dy @pplicatioy i geehytempltenthen

it is desirgdehR 15prdvidt hlter SRdEMEr §isRh@. conduit 12 into alignment with
the | ower output_ optical fihr t he el ectr_od&g 22, 26, as the case may

e, 36,
be, of the trandtd¥ rbqua?%at@%ivw@?eé@aStsgll@édge At that inymerust YglalipRsev e 18
in the diregid (ﬁnnﬁfdif&mﬁm 4fmy DI madé gﬁms)tlieh(ﬁldeﬁegmia%gslﬁivﬁﬂﬁf ﬁtthégsp'vftﬁdﬁf
engage t with.the upper. retajni er .42, en.the.free end,o e
ol Sove 18 citmpeips O henf BECRE Pt G sobifinon B vefiforh B bRy
| at chi ng el dasentedd 4AThesprasegh embeoditriexts faed, dhdygfordydo bowensidemerhat albraspdcts as ng
nmenber 42 sg.tdhaty i b ical fibre 12 is nowin alignnentwith the
| ower out pul{tﬂu%)ptl SEP&PFQ%{ lgtggThe supply of energy to the el ectrodes 22,
26 of the transducer 16 is discontinued so that the sleeve 18 again adopts

its rest condition. It is an advantage of this enbodi nent that the need to
continuously maintain a



supply of voltage to the transducer 16 is obviated. It is a particular
advant age of the invention that the need for nechanically operated

sW t chi ngwoevésrsssys obvi at ed t hereby i nproving the eff ipcirevimyosanekicar ryi ng
capacity of an optical fibre network. In addition, the cost of the switch
10 is I ower than an equival ent nechani cal device and has reduced energy

| osses in conparison with a mechanical d@vice. In addition, the applicant
is of the view that with the devel opments occurring in optical conputer
systens the switch 10 will find ready application in such conputer systens
to provide ¢LAIMS: and snal | er systens. It will be appreciated by persons
skilled in t.he g opttbatﬁmm@ysvhy@rmahd@ns and/ or nodifications may be
made to the inventi 13‘%{ own. i n the specific enbodinents without
departing from taﬂé’pgfﬁ [%F¢ 8% spe of the invention as broadly descri bed.
The present enb@dﬁrmducseraamedtdneﬂmfamméult tthe mnsthiei clevedingninpibtl eneeypefct s as

11 ustratd ve, ot @&F x{)&@gﬁmen %7%% @&Qn&%f Gbk dgan&uﬁmé &Ia a@' ch

i ncl udes: an optica re con ucer carrie con

the transdutehangs iy epndition pﬁmttra@ﬁ@rcgywmc iparty that changenia ceaditiento éhfrer gy

so that thesoagpitismati on of an external stinulus causes a change in

condition of the tra sducer i.ch i arts t hat c¢han ond t|on to the
ol forafe gt

conduit; and an aflr}BEu DY RPPIIPS T eg}epgﬁ@%qgg {01 cf)rn o (Rgplying

transducer theextappl stimgjus.he external stimulus. 2. The switch of claim1l1 in
which thg optical fibre conduit is a single optical fibre having a single

conduit for guiding a |ight beam 3 The switch of claim1 in which the
optical fib#e cohgumitchotglaimridini whigl theatnticalfibre lsarduiteis ¢fsingle pptigal fibtsr es.

4. The swi tRiffa & e@gﬁd&gfoggﬁdgfgeaq%w&rﬁl ains in which the transducer
converts input electrical energy into nmechanical energy. 5. The switch of

claim4 in which the transducer conprises dielectric crystals that undergo
mechani cal 3t r estheypadtoh bfielainplih odiichathe optical fibletcagéuit 3 4 dvRdait y&itaihing a

15 bundle of optical fibres.

4. The switch of any one of the preceding claims in which the transducer converts

input electrical energy into mechanical energy.

20 5. The switch of claim 4 in which the transducer comprises dielectric crystals that
undergo mechanical stress upon the application of a voltage to the crystals.

6. The switch of claim 5 in which the transducer is a sleeve of a piezoelectric
material which, when the external stimulus is applied to the sleeve, causes a change in
25 the mechanical condition of the sleeve.

7. The switch of claim 6 in which the input energy applying arrangement is in the
form of an electrode assembly carried on an external surface of the piezoelectric
material.

30
8. The switch of claim 7 in which the electrode assembly comprises at least two
pairs of opposed electrodes arranged on the coating for effecting bending of the conduit

in the desired direction.



6. The switch of claim5 in which the transducer is a sleeve of a

pi ezoel ectric material which, when the external stinmulus is applied to the
sl eeve, owoes/@23hange in the nechanical condition of thenheswee21d. The
switch of claim®6 in which the input energy applying arrangenent is in the
formof an el ectrode assenbly carried on an external surface of the

pi ezoel ectric material. 8. The switch ofllclaim 7 in which the el ectrode
assenbly conprises at |east two pairs of opposed el ectrodes arranged on the
coating for_effecting bending of the conduit in the desired direction.?9.
The switch Of cldieriwatedrotcelaimy/ gorjchaign dm Whigh theedegiode asseasiy iRelpdes|audes a

ground el ecgroaitbelastf@RGEAnGH GNardOsi@ivielCinyier stffate SLiht Aevedbf pibefdcaRve of
pi ezoel ectric malterial. 10. The switch of any one of clains 6 to 9 in which

the pi ezoelB2FPPc material is a piezoelectric ceramc material having a

hi gh el ectronechani cal coupling coefficient. 11. The switch of claim110 in
whi ch the pjezoeghctfilch ] L @lto ioSip I & j - (GPZT) .
12. The switch o an;{cor{g%gl?rggfgmag{ltgt%ﬁnﬁ%%éﬁﬁie&isﬁ%ggedv}ggﬁga lggamad by
a deposi t i dietaslasHicigeamig gnaterid hayipg a highreleatramechanicah counling coeféicienkeve i s
formed by an el ectrophoretic deposition technique on a former, the forner
subsequent | y. bei renpved. . 14. The swi,t¢ch of a one of .the precedi ng
olaine whi chi ndCREa f G@itmglg H‘ooﬁﬁlféhﬁkeh%‘e%qei%g&8@?“%&‘136%@?dbﬂ?35a|

fi bre conduitconate titemawr(§&d). 15. The switch of claim 14 in which a

combi natjipon of the transducer with the optical fibre conduit therein is
mounted in a cantilevered arrangenent in the housing. 16. The switch of

cl ai m 14 orl%| aiTheisviighi ethanynepaigeslaim|Gatoc bl g verel gestesre sderhed bhiang at
| east the bsifibn fdchhigueonduit in a desired position in the housing. 17.
The switch of claim 16 in which the |atching arrangenent conprises a

| atching el enent carried proxinate a free end of the cantil evered

conbi nat i onl3and Tk dveacht ofoclaini dRainnwhigh thebkevals foiged bynar bRchoplirdtiy t 0

cui ton o g RERGR: o b ARFERT kel Sekdaptl) BARERARRBE: ' 7S 2 mgnet i ¢

14.  The switch of any one of the preceding claims which includes a housing in
which the transducer and the optical fibre conduit are arranged.

20 15.  The switch of claim 14 in which a combination of the transducer with the optical
fibre conduit therein is mounted in a cantilevered arrangement in the housing.

16.  The switch of claim 14 or claim 15 which includes a latching arrangement for
latching at least the optical fibre conduit in a desired position in the housing.

25
17.  The switch of claim 16 in which the latching arrangement comprises a latching
element carried proximate a free end of the cantilevered combination and at least one
retaining member arranged in the housing to hold at least the optical fibre conduit in its
switched position.

30
18.  The switch of claim 17 in which the at least one retaining member is a magnetic
device and the latching element comprises a magnetically responsive element carried

by the cantilevered arrangement.

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



device and the latching el enent conprises a magnetically responsive el enent
carried by the cantilevered arrangenent. 19. The switch of any one of the
pr ecedi ngwol2asemz23sn whi ch the transducer is a snug fit eeenNzbesoogtscal
fibre conduit.20. The switch of any one of clains 1 to 18 in which the
transducer is a rattling fit over the optical fibre conduit. 21. A switch
transducer which includes a sleeve of aldiezoelectric material; and an

i nput energy applying arrangenent arranged on the sleeve for applying an
external stinmulus to the sleeve. 22. The transducer of claim2 1 in which
the piezoelectric material is a piezoelectric ceramc material having a

hi gh el ect rQOEChPlEB ﬁﬂl'tchC&LHthld?ﬁ dmmmsq'tsnu m%ﬁuchTﬂh@ tiah@dl&@ﬁﬁ%rra&fmg?ﬁal m 22
in which the zoel e ramc material is lead zirconate titanate

(PZT). 24. %K %‘?{ECGE%QFCB? Yhy one of claims 2 1 to 23 in which the

sl eeve is for rred by a deposition technique. 25. The transducer of claim 24

in which ghzl sl eﬁ‘égvlt'cﬁ %@@gﬁ%ﬁcﬁ@cﬁ}gg&t rophoretic deposition techni que on

a former, e forner renoved. 26. The transducer of any
one of claims 2 qsl@@/ezéamlﬁmlie@twcwﬁéeri pad energy applying arrangenent is

in the formof ag, ﬁipﬁﬁéﬁ ‘? ?El@tﬂﬂr‘m é’xhéﬂte.ﬂraﬂ@ecﬁﬂn% Sl fo'ilbﬁf)%% gf the

pi ezoel ectric maerllg etrans ucer of claim26 in whic
el ectrode aS¥EHB}sH Hi)W sleeYe- | east two pairs of opposed el ectrodes
arranged on the coating for effecting bendl ng of the condwt in the desired

di rectiofy, 25 nbﬂ; {rgn%aﬁc%lfj%? la?m 29' 'WIHJ %ogl é{‘ng { é&la is @ pleEoeFi‘

el ectrode” aSse e arra an el’%.ettl vel y
i nner sur f aceramic mhterlsll hawing adilglp ﬁbzm@h@c&lanmd aoupleng caqefﬁment

23.  The transducer of claim 22 in which the piezoelectric ceramic material is lead
zirconate titanate (PZT).

15
24.  The transducer of any one of claims 21 to 23 in which the sleeve is formed by a
deposition technique.

25.  The transducer of claim 24 in which the sleeve is formed by an electrophoretic
20 deposition technique on a former, the former subsequently being removed.

26.  The transducer of any one of claims 21 to 25 in which the input energy applying
arrangement is in the form of an electrode assembly carried on an external surface of
the piezoelectric material.

25
27.  The transducer of claim 26 in which the electrode assembly comprises at least
two pairs of opposed electrodes arranged on the coating for effecting bending of the
conduit in the desired direction.

30 28.  The transducer of claim 26 or claim 27 in which the electrode assembly includes
a ground electrode arranged on an operatively inner surface of the sleeve of
piezoelectric material.



