10

15

20

25

30

OPTI CAL SW TCHES AND LOQ C GATES EMPLOYI NG SAME
REFERENCE TO RELATED APPLI CATI ONS Reference is made to
WO 2088/1269900wi ng rel at ed applications, the di sclP6ILEY8890494

whi ch are hereby incorporated by reference. U S.

Patent Application Serial No. 11/734,747, filed April
12, 2007 and entitled LI GHT ACTI VATED OPTI CAL SW TCH
THAT | NCLUDES A Pl EZCELECTRI C ELEMENT W TH LAYERS OF

Pl EZCELECTRI C MATERI AL HAVI NG DI FFERENT PI EZOELECTRI C
CHARACTERI STICS; U.S. Patent Application Serial No.
11/734, 750, filed April 12, 2007 and entitled LIGHT
ACT! VFER AP SWEAC LY D ThBIc CNGHIESPAORTREEARETR C
ELEMENT AND A CONDUCTI VE LAYER; and U.S. Provi sional
Patent Application Serial No. 60/911, 469, filed April

12, 2007 an ' ]L(S@ Bﬁgp L SI GNALS.

U. S. Patent d%gﬁlﬁclggﬁon eﬁA?é F%@? 3, filed

Cct ober 15, 2007, which is a continuation of U.S.

Patent 7,283,698. Priority. of the fall own . -

2pp! 1 cat REREnES ety (b4 tlRuinedalist 257 itseRns, the dislosures of
which/d3€ Borbby i,nc&x?bl(aée)d fefembé.i ) U S. Patent Application

Serial No. 11/734,747, filed April 12, 2007 and

enti t | edUiS Eatenpdpplisrtion Serql) a1 7§47 ¢, FilpdrApNCLYRe87 and

e A FV R B PRERERI I Ko T ¢ [t INCEUBES A

PIEFOELETERIG BIENENTSWIPH: BAYERSH I RIEHOEBEETRIC NGATERIAL
fi i 7 itled LI GHT
H&@ﬁﬁ%‘é@@‘ﬁ %@&M&%WK% EZOELECTRI C
ELEVENT WBIND PAtcONPbdatiVEE SeANERD. BnTB459, fiRsdubal 0222007 and

entitkd” b EnoACHIVATER. | OEFiS aariavi ool TNAEibES

P SEYESTRIEEPEMENT ENDWRINON TG ERT £8ERL add1vent i on
relates to light activated switches and | O?I c gates
general | V._S. Provisional Patent Application Serial No. 60/911,469, filed April 12,

2007 and entitled LOGIC GATES FOR OPTICAL SIGNALS.

U.S. Patent Application Serial No. 11/974,483, filed October 15, 2007,

which is a continuation of U.S. Patent 7,283,698.

Priority of the following applications is hereby claimed under 37 CFR
1.78(a)(1), (a)(4) and (5)(i):

U.S. Patent Application Serial No. 11/734,747, filed April 12, 2007 and
entitled LIGHT ACTIVATED OPTICAL SWITCH .THAT INCLUDES A
PIEZOELECTRIC ELEMENT WITH LAYERS OF PIEZOELECTRIC MATERIAL
HAVING DIFFERENT PIEZOELECTRIC CHARACTERISTICS;

U.S. Patent Application Serial No. 11/734,750, filed April 12, 2007 and
entitted LIGHT ACTIVATED OPTICAL SWITCH THAT INCLUDES A
PIEZOELECTRIC ELEMENT AND A CONDUCTIVE LAYER; and

U.S. Provisional Patent Application Serial No. 60/911,469, filed April 12,
2007 and entitled LOGIC GATES FOR OPTICAL SIGNALS.
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BACKGROUND COF THE | NVENTI ON The U.S. Patents of the

present inventor, Dr. Gary Neal Poovey, U S. Patent
woOlaens/ 1260872, 536 and 7, 283, 698, the di scl osur esprof/Iudvng 600494

are hereby incorporated by reference, together with

the publications |isted hereinbel ow, the disclosures

of which are hereby incorporated by reference, are

believed to represent the current state of the art:

U S. Patent Nos. 6FBIA) OFITHENWENAION 5, 414, 789;

2,936, 380; 3,680,080; 3,965,388, 3,995, 311; 4, 023, 887;

4,128, 300; 4, 262,992; 4,689, 793; 4,764, 889; 4,978, 842

5 078 464 he prddeflt h9bntion, rbfkBesOré8igh a&@s&téﬁsﬁvltc@eQQﬁ’dT > gates
9, 840; 7, 263, 262; 3,987, 310; 4,053,794; 6, 757,

geéerg ¥ 427: 6,320,994: 6,487,333; 6,178,033; b5, 425, 115
6,075,512, 6, 699AERERAY ; 5;
6, 320, 994; 5, 134, 946; d7t,lg%g(?%$§;‘%r§,"ﬁ4ﬁ,i?§g; 4,961, 618;
2,936, 380; 3,680, 080; 3,965, 388; 3,995, 311 4,023, 887;
4,128, 30 023,887; 4,12 992;
4 689, 793‘h %36? %é% Oﬁmﬁﬁésé&%inviﬁt% rYé"‘ﬁ‘%"’&W» Us.
Pagent D0s. 5672, B6b46 7(288,698,, tﬂ.@&sasauesauf%ﬁchma he&bﬁ Qféo?%%ted by
263, 26 999, 284; 5, 315, 422;
refbrefis tGsker g5 paBicaorgiisrreabay B discipiwerolybich are

hefebe ifko
eNogl %??‘3?25%%*?“&2?88%@3’2%%7@%‘64 00912{ éf&%m‘% art

2004/ 003 P Patont Mosi 6,694.4bki4e361,638; 51414,78%%9363R0e Scfisa,080;

SBEERIEL oL SRS I SHAEN, BP0 ROk s v

5,078:\A6A1 5,609, ¥ kg 46,07 HirHpMa8B321 aposyed m;maj 7 36’3 264018987,310;

S5 B RS S A e
e oAt 21
25&?335 SEFOGR0; 3965 a5 |3p9&§t31r1e$ 837 4,128390:1.89%. 71 1¢ 4,023,887;
4,128 8084 2@8@92014%399'93""4“}64@%9 4 b@ﬁ&lfﬁoeg}?rﬁggﬁ‘@%’o 5,109,156

activation |ight responsive pi ezo

3,146,074%; iakfess?a‘ﬁs 6,@05 691c|6aﬁﬁ>g§401 5260723 6;161,#@&,@999&2&4@5 315,422;
S 38T 1 895 1R gt LESERN 5800500 ODEHEL I an

el ement Wk mlbhm&dlﬁagenadtpmﬁhtidhans ghb03/e B3RS YEUBAETR5407;
2004065055981 and 2004/0037708.

Alexei Grigoriev, et al., “Subnanosecond piezoelectric x-ray switch”,
Applied Physics Letters 89, 021109, 2006.
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the activation |ight responsive piezoelectric el enent
bei ng associated with the |ight passageway and being

wopersaténse such that changes in the shape of tReT/IL2008/000494

pi ezoel ectric el ement cause changes in the changeabl e
cross-sectional area of the |ight passageway
sufficient to govern the passage of light along the
| i ght passageway. Preferably, the |ight passageway,
t he pi ezoel ect r iSUMMARYt OBNDHE eV VENTION | ve el enent
are configured and operative such that inpingenent of
activation light within a first range of threshol d
| evel s oITht hgesehemQeitRA! Jeblss B KBTAL i Hﬁ/@& oﬁopgalls'“gdaﬁes logic
ass ema to prevent passage of Ilgh of a'ftirst

& eﬁﬁ‘@ Qﬁ“’ ¢émakgt hs t her et hr ough and |n'p| ngerrent of

activati giefelig Iﬂ{us\éﬂr&nhgifﬂ %@&?Mer\%ﬁgg 9efe e %51204]1‘8?1& of the

l evel s, I'ying out I'r'st ran
PrPSévfelrlsentlon atlhetlcml ewm@i mcludrng el ement causes the l'i ght

passage al e jof ht of a range
of wav er\g% éb aS?%SW é"t%hChaPﬁeaé %?ﬁagﬁ%te"\ﬂxr RRig
pr ef er r edn ewthemdionsight 9éspbhved pREGIMciid) éRMehP BssobiBRd with the

nductive el enent, conprises a |layer of a conductive
g srEs IV, i ARG O BHHesRoB Y Blegociseiricrmlement being operative to

chiig@zReh&fetih 're%p@ﬁs%'i@%twa? &ﬂfl?‘ft ?19*)1)11 1n?|?l?er CaRe!l ectric

el'ement conprises at |east "Biezoel ectric
mat eri al 2 kendugvai¢lementeoperativey @ssloelatedlvuth the piezoelectric element

X rdan th a preferred
e M ?ﬁrgga[c'u%t; q}slr% F%Sgsent ?Sﬁ@’eeﬁ Yon, the at |east two
| ayer S ofhe piczztieh érghf feSpdisive Fplie’zbelbc&ioie elidehEb&RS associated with

ori ent at s. Preferably, the conductive
theg héﬁ?e RS P%evmysﬁ%fgg’ﬁmﬁef’%@h"et sy Biprchagges tigethe shape of the
pidab&E8t eRtreht cAls€ WRitges Il tHRCHRA Bféecr st ctbnB] erfeg JFGhk light

enbodi ment . of the present inven ere I's a

PRI sutbigiqnf torgovermihe E@ssagserf _zlzlghtwéoltgihd lightqpassageway.
cctt vt Akl BBk A0 b s By g e

pat hway, gdast one°c
corjdugiice glememtnatrn gonfigirhé rand hbpelatlgen ahchl thghimjfiagagst of activation

gl R ch PSRRI WORE o Br Riedpeuntiomrcrton fhe it

passdpeivay it pmawpiegigaaf aphit oFal firSWahgdof ﬂ/ﬁ'l'él'éﬂgﬁﬁ thé’re{h'r&u% and
ass a changeabl e cross-secti onal area;

im m@%‘f“&’éﬁ?‘b glt; within pessprmdspuge of reskold develss lying outside
of ﬂieeﬂﬁﬂtraxﬂg%sgp kab&d1aMdBIst B thé gJ;ézo egl?@geq%%(nt {di8es the light

activation I|i ght resp onsi ve pl1 rc elenen
Paspageway tplosit passage of li ght of a first range of wavelengths therethrough.

In accordance with a preferred embodiment of the present invention, the

conductive element comprises a layer of a conductive material extending along a surface
of the piezoelectric element.

Preferably, the piezoelectric element comprises at least two layers of
piezoelectric material having different piezoelectric characteristics.

In accordance with a preferred embodiment of the present invention, the at

least two layers of piezoelectric material have different crystal orientations.
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change its shape in response to activation |ight
i npi ngi ng thereon, the activation |ight responsive
woizemaeéosaetri ¢ el enent including at | east two Paysr®0%0600494
pi ezoel ectric material having different piezoelectric
characteristics, the piezoelectric el enment being
associated with the |ight passageway and bei ng
operative such that changes in the shape of the
pi ezoel edtrefemblyl theenndictivs dlembitrigdispésad beteveehBRIRPE B the
igzrogg-se ti onal area of the 1ight passageway
PleapPer S govern the passage of |ight along the
li ght pags agewRlice Witk b Ol enitbRirhéd BE (HRPPSBHAINENAHBA There
. t@e pi ezoel ectric el ement are configured and lgé)e_r ative
is al5e RTqviied 2 1ight eryetee aperativededirpettheretivation light ewd sigaal light into

e . ' lect
Rt LI R, 0,0 B EERR A e

signpl lighypasses theough tist passaggeaf wavel engt hs t her et hr ough
ht, wi thi seco

and i npi nt,;.0f activation. li d
r angengf Q\Q‘ﬁ{r{g@%‘&f & F%‘i?é‘%lag?e it %Eﬁf‘?r%‘?dd%mg‘? IRy ?{I‘ghgtpresent
inveatige thete i proasded|ad dpeiv lswitclomcludmgpi €zoel ectric

el ement causes the |ight passageway to all ow passage
of 1ight aiiﬁﬁtd”aﬁsraﬁg‘f’ax g%ﬁ%?haﬁmleéﬁ@@@ﬁgctmélr%ﬁm@ggh.

Addi t i ongh la¥tivafioR QfgR Q@s‘%%ﬁ\w %ﬁz@el&'ﬁ&f 5 fngﬁlt Q%IB&gJeHe\Wth the
. of the present Invention there I's provi ded a 1ogic
lightpassagewpydhnactivationebight respensiee mpetvalecimiy cméne hsing @perative to

ad. NOR. f unctignal ity including
ch%{ge:}lgglé%p%glﬁ éesgp?lsle W é‘]wl%c%ggg?ﬂgglgg %Wean ght, the at
| east onélecatﬁﬂi‘i'qtiah lighad lﬁasﬂibnlsﬁg Ipwibéladtriael%hﬁﬁﬁﬂnclluhglgtat least two
ssagewa ving a. ngeabl.e cross-sectional area;.
lgyglﬁé "y %18%(%%\1/6&?}‘}00 gter | tﬁ?\g%cfhgfgr@gt Piszeplestae ghagacteristics, the
pieebeletiié eRARAC béihgGsiWclded Fih | thd MohPARSAIINDhand e operative
ctivation |ight responsive piezoelectric elenent
suqfe thaty cHpRgeatinviBe t haph £ (il i niezogleelie ¢lemews panss ehtmges in the
haAGEANAEIoSNsdcti Rl ; .activatio
chiELNEL S sco OB ol TR TG Bl pASHERBH- I ER 1 EBerR The passage
of light eloing theadllighit pissadesvalyi ght passageway and bei ng
operati v t hat nges in the shape, of the
pi ezoel elgrf3 fél%lag’Tyél eﬁ@nﬁggaa%séag‘?ﬁ’ﬁﬁgaé@ Bﬁ’ Pf?éo‘?!?f‘éﬁ@ eApnent are
condigosed-and opératied sueh eigat dhpinpendt ghhctﬁﬂd{i&} Hglﬁ?%itlﬁﬁ)agi?éf%ﬂke of

REOTRERTE B eag e s i prven
et PR R0 00,0l SO0 B s o
activati light iwithirc a second ratiggiof #ireshnldolevls, ilging tootsiatech fftheofirst range
of hil&hak lle‘?@ss,‘tonotﬂg pliei:zggtect’r?’l\é\'ieﬁe%]e'nt causes the light passageway to allow
passage of light of a first range of wavelengths therethrough.

Additionally in accordance with a preferred embodiment of the present
invention there is provided a logic gate including at least one gate having at least one of
NOT, AND, OR, NAND and NOR functionality including at least one optical switch
actuated by light, the at least one optical switch including:

a signal light passageway having a changeable cross-sectional area; and
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In accordance with a preferred enbodi nent of the

present invention, the signal |ight has a wavel ength
wohosh2emsogr eat er than that of the activation PCGML2008/000494
Preferably, the signal |ight has a wavel ength which is

approximately twice that of the activation light. In

accordance with a preferred enbodi nent of the present

invention, the signal |ight has a wavel ength of 1500

nm and tan;;awionahgm W_T_ﬁiogﬁ?e_ Ip&ﬁg%lgcim(\/ elemgl | Héss!éf:i_ateddwith the
i 20..nm. There i.s additional|ly provided
ighep ésgaé%?g%ghcé agmé‘?aﬁm‘gﬁlé?t_erﬁﬂ’f’?%e BifERstAcHriselementibsiag operative to
chpngesiershapenineedponse ta attb@tion H%ﬁt@m fn?}HthéigorI}DT _

function |It¥. and wherein the at 'east one opti cal

swi tch cg}&ﬁ'“ iyation ight prspensiyisniezapleen elemean being essetiated with
thé Night igamakewdydhd N eRgdh xi mat el

.twice t hath of the actg?\(/)g?rlxlg‘he P‘?%hh{cl%ft T%gﬁéegi isnn?he SlYape of the
piczaeleetrip iamept spupei cawzes fin decdndgeable wbishseatigtab biehrdEdhe light

grhad . ntion.a |ogic gate
Supr ov?go:%gwlq\i&e F %ﬁa {ogﬁgﬂ?ltlégﬂgﬁané\ﬁgﬂlgpwag#ge Y] east
one opt i Ba¢fegwblytheowgic s ca lSbNiglceuans ili%ﬁﬂhcoﬁ%ﬁs%lﬁpplying

rei.n. the signal light has a wavel ength greate
the QAR il o6 B R0 g o $Eh, and yehicty gatey sjanal light which
cartine igtthlrigformbtici toand iSACAA sk IbAYbEe iR Rt €Cei Vi ng

signal ljght; a first light conduit”receiving a first
por t i on Bfacepidangegwih a|nreftred embodimdntaef thaerdsentsinvention, the
' a, second

sigh&13io6it h43RUba [ I.t -rece.vin
g}r;or tgiﬁon gi;u] %Vﬁgngﬁéﬂg& 4%%%@“?}23@ gﬁa\l}é’g {hﬁtac{’Y?émﬁihng?
| ogi ¢ i niyeferably,hihe dighaldight lesnduidvielehgb @itiehg appriokinSdtely twice
thaPQ¥Fthé 02k Jﬁgﬁsi gnal light received at the second
ogi C | npu?; fourth light conduit receiving a second

porti on Infactdrdamieguie! a lpteérved &AKINGENAIE thh greﬁ&ﬁ.qﬁ\gention the
ut ; wavel ength nodifier operative to’

. |l ogi ¢ 1 nput ; firs lifier
signpl et b & pavelenssh @% $240 mn. arktheagtivatiah dislyt hivea sewelagth of
appkdgibteBOTSUN. t 0 the wavel ength of the activation

light; a second wavel ength nodifier operative to

decr easdhereeis addisipesilytriioGfed inactirditce avithngprereerefl @iiboliment

o e B85 4 B AR 5 RS e s
onepiptise svitchemiprigést a aihgledptibel switch and wherein the signal light has a
wavelength of approximately twice that of the activation light.

There is additionally provided in accordance with a preferred embodiment
of the present invention a logic gate providing AND functionality and wherein the at least
one optical switch comprises a single optical switch and wherein the signal light has a
wavelength greater than that of the activation light, the logic gate also including:

first and second logic inputs receiving signal light;

a first light conduit receiving a first portion of the signal light received at
the first logic input;

a second light conduit receiving a second portion of the signal light

received at the first logic input;
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second light conduit to that the activation light; a

second phase matcher which matches the phase of the
woi2gist12elsong the fourth light conduit to the aeCTARIDLOV0494

l'ight; and a phase shifter operative to cause

wavel engt h reduced and phase matched |ight along the

second and fourth light conduits to be nmutually out of

phase by 180 degrees, light along the first and third

|i ght coruhird dighte¢amduis uguelvitgsa Asst posiogEkhd sighl lipRRedeived at
ﬂé%e&ﬂﬁlo éjc%l switch; and wavel ength reduced and

phase chB ’light along the second and fourth Iight

condui ts abéjun Hptipbdriditt REGVRET a Weddhdagshibh Btethe signal light
actiyvation Ilqht, as activation'light to the optlcaT
regehy ¢4 therseqnd Ipgic A8m¥tit i onal |y provided in accordance

W th a prefgr gﬂg%) . r Lavention, a
.logic gl;iaelpr gﬁ?e(}i ng Eﬁ%uﬂ%faﬁlggé‘?id? ?/rg%tﬁ(fh ah“éay glie'ﬁgqh of the
light alopg fhetseenndilight candirit ththe ovapelesgh ofithkiactivatioptighal

switch a ng optic switch anqg wherein th

si gnal | Pgﬁ?o“ﬁ;‘ga 5%\5\‘%‘@&?%‘%?%01’&@3%{{3 & g‘?‘ﬁ%ﬁ?e ﬁl‘?a‘f’a"&fenﬁﬂi‘eo“he
light alongthedourtt light coriduit tb @l Wangdngthad 9 Adhvhtits gy, first

and second. | ogic inputs receiving signal Iight inputs;

i ot e S AR PPegRis e reRialy the: hage.of thedegnt Hon: the
seydddlgh@nkui@fo hbOAbetlvadba 1igl; the first input to the

wavel ength of the activationh [ight; a second

wavel engtsesridi thags mefremphich maychische pbeset dfethe light along the
foVaY B&1R Qe dRitqb ¢ - Liaht, the second input to the

vvave% engt 10{3 t}tﬁlhagﬂg%{okvl%ﬁ’gnal ight;a third wavel ength

nodi f i er a pheeahifiee operatiectocans: winelshaueteddgidna@liphase matched

. 8] light fro he first optical switch; a first
igft S08E il Fibpd S poFn GebSrandBis fdbe kel oot plasse by 150
defrcesst wavel ength nodifier to a first |light absorber; a

second Ii[l%% conduiit su [yi_ng part of the light from
the firstétialpaedhgtit fril dight eonelwigs Heiimgssupplied asad signal light

inputtd B8 optieal Sitdh; hi@ht conduit supplying part of the

light fromthe second wavel ength nodifier to a second

| i ght ab®avelsgth reduced and phase matched light along the second and fourth
light conduits being supplied together with additional activation light as activation light
to the optical switch.

There is additionally provided in accordance with a preferred embodiment
of the present invention a logic gate providing NAND functionality and wherein the first
optical switch comprises a first optical switch and a second optical switch and wherein
the signal light has a wavelength greater than that of the activation light, the logic gate
also including:

first and second logic inputs receiving signal light inputs;

a first wavelength modifier operative to decrease the wavelength of signal
light at the first input to the wavelength of the activation light;

a second wavelength modifier operative to decrease the wavelength of

signal light at the second input to the wavelength of the activation light;
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a fourth light conduit supplying part of the Iight
fromthe second wavel ength nodifier to the first

wopbisaaéosswi t ch; a fifth |ight conduit supplyi RGTSLDN&000494

light fromthe first optical switch to the third

wavel ength nodifier; and a sixth |light conduit

supplying I'ight wavel ength nodified light fromthe

third wavel ength nodifier to the second optical swtch

as act i vagitbind |Wwayklengfihmndifies opeidiivd analebrgaser dei Wadklddth of
Siac?gr d[a}.nce Wlfth a _.preferred enbodi nent of the present

PO Bl they Hﬂioftlgﬂﬁgltﬁ’ovi ding OR functionality and

wher ei N tahBrslight@R%Hui® hd 5@k oS Yol § t%ﬂf{' ¢

si.ngl eagpti cal gswi tch gﬁ)ﬁh‘%rﬁei r(1) tﬁeﬁ% gna qeisglﬁt a7ﬁ‘ée§ength
m%dlaﬁ"\fél Heftlighyalksatbsy; t han that of the activation

l'ight, the.lag I Is ipg: first and.secon

I qgi ¢ input s@é%&?%lﬁaﬁg |}gpr%¥\lﬁ§ i"#‘gﬁf&%‘éu& &0 E‘ffllisg}ivaveqength
meogitier te tg firshepdical ssvitcbper at i ve to decrease t he

I nput to

wavel ength_,of . the |ight. al ong. the first |ight
t he vvavelaeﬁlbnf llggt tcﬁgglﬂf:tsiug {0gn Pt g‘l‘ff they l‘ggfcé}f%“ the second
wanaleafta myddifieradafseedid 0ipky kbber; t 0 decrease the

wavel ength _of the |ight along the second |ight input
to the wlvEUEhgfightorondyis élﬂilpg B8 ipgrt Y g light fifangtthe second

waYBRESth FddHG o ARETr&{dpYiBallsR;eRt Ch the phase of
wavel engt h nodi fied I'i ght %romthe first wavel ength

nodi fi er atfdthnlight lsondvé suhplyimgosigaa tlight from thé ikt optcal switch to
the BARNTRA lg@(iiﬁgreamoper ative to match the phase of

the light fromithé’second wavel ength nodifier to match

t he phase softh tlight eomiduiatsieplying gfzht wavdlédg®t nlodei¥d light from the
rt of the light fromthe firs

. dui, t .\ ) omtneg
thl%ﬁg{ Vﬁ*“‘?’i’ﬁﬁlc’uﬁgﬁh}%‘gt%égg TePaid eRtisRk sVl of peivatien Kghdond
|'i ght comHetetis SddRRINKILN Brdvddel iﬁ)facctoﬂﬁmhé QR@) afgﬁ%@ré&@nbodimem
[ 1 ght absorber;a

%econd phase matcher to a second g
of theg eSephiRERntion; o logic; gate reviding QR denstiomdlity end whettehi thel at least

one% Ib;_ftg%al gﬁg%gbm%ﬁg %%{n%ﬂ:t ﬁ@fc%lll %1{0512%&'3' }%2‘%%? fitl{eggﬁgrtla (?ight has a
wav¢iengtibgrentor thandet bf gietactivationtliyht, fthe Iopic garRSsormREIGHIAE: t O
1? g u ?;J }1 F{igﬁ?n%zs%ﬁ% 1? gitg rﬂ}%&?ﬁeﬁ%é g@“flé}:‘l%?l{w‘ép}?‘gg h? from
t he secom dirﬂhﬁﬁelength modifier operative to decrease the wavelength of the
light along the first light input to the wavelength of the activation light;
a second wavelength modifier operative to decrease the wavelength of the
light along the second light input to the wavelength ;)f the activation light;
a first phase matcher operative to match the phase of wavelength modified
light from the first wavelength modifier to match the phase of actuation light;
a second phase matcher operative to match the phase of the light from the
second wavelength modifier to match the phase of the actuation light;
a first light conduit supplying part of the light from the first phase matcher
to a first light absorber;
a second light conduit supplying part of the light from the second phase

matcher to a second light absorber;
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mat cher to a second phase shifter, thereby to cause
light fromthe first phase nmatcher to be out of phase

woi20d3/12é080 suppl i ed activation light, a fifth | PgiaL2008/000494

conduit supplying light fromthe first phase shifter
to the optical swtch; and a sixth |light conduit
supplying light fromthe second phase shifter to the
optical switch, the optical switch receiving the
activati carﬁrbtimiateshmﬁbrsi gnal light fromthe fifth and
sixth |ight c %glt There is additionally provided
i n accor ef erred enbodi nent of the

present |anm@t i @ndemi & OVEdhE
functionalit a%g wher ei np?ﬁ ]l[%[ [ east gﬁe fmm | the first phase

magher inthedirsim §%.esshfﬁqr,stherabndt03c@wri¢gho froimcthe ﬁwmphaﬂa esatered to be
ou%%lﬁt‘sé‘“ﬁtﬁ%esa{cﬂoﬁlon 1 @as a wavel ength greater than

of the act ght, the logic gate al so

i ncl udi ng fofmtln skrghﬁ@da&csuﬁdyihggiaﬁ oﬂmelﬂlghtr £6Ri thé Becond phase
t h nodifier

n ht a f| wave
PR ok B lies prisbdn S e loam SRt ghee matcher to
bealupoftphiabew i ﬂfetsubplgdatacnmuh ligh, t he wavel ength of the

activation 1%,11 glé a second wavel ength nodifier
operativé & Bir eenduite wapivingelight from dhe finss phiaghshifter to the

opﬁbgg:g@lt@}hgn@econd light input to the wavel ength of the
activation Ii g first and second |ight conduits
B

suppl yi ng sidly }etrmﬁumq:’p‘lylagi lightgfom fthe secohe phase shifefdo the

wavel ength nodifiers; a power limter receiving
OPP%gﬁgﬁ?hr’om the first wavel ength nodifier and second

wavel engthe Optudalfslvxéfch\tb@ntlﬂgitHe%ﬂeﬁIngl@ghft lah@ kigAfdlight from the
uits and being operative to maintain

econd .| nd
fi Bﬁflxghlt' Poﬁcﬁ'étﬁef romat a predeternined power |evel;
a tirhérd id Adififional PedvideIUR Féké/dr@&cp WA 2 | Egrﬁteﬁ %nlbogﬁ;ent of the

fromthe power Iimter to the first op
presefit iaveRtoR Bdagie eatroprorviding PR dunetionglityi aydabhdreigtthe i least one

e L T ——
hasof wavedengtit grvaien tham ihagdSﬁ the aciivatiod it fmeﬂd)gb bate eREicluding:
suppl yi ﬁr %%t 98 Lhe Icshrlecgecliwwal\s/lel al It %thl Moaifier to
the secold %eﬁ%ﬂ 3%‘31“8%‘ g signal light inputs;
a first wavelength modifier operative to decrease the wavelength of the
light along the first light input to the wavelength of the activation light;
a second wavelength modifier operative to decrease the wavelength of the
light along the second light input to the wavelength of the activation light;
first and second light conduits supplying wavelength modified light from
the first and second wavelength modifiers;
a power limiter receiving light from the first wavelength modifier and
second wavelength modifier via the respective first and second light conduits and being
operative to maintain light output therefrom at a predetermined power level;

a third light conduit supplying power limited light from the power limiter
to the first optical switch;
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There is still further provided in accordance with a

preferred enbodi nent of the present invention a |logic
wgavm/ipeénsvi di ng OR functionality and wherei n tRETAL2008/000494

| east one optical switch conprises a single optical

switch and wherein the signal |ight has a wavel ength

greater than that of the activation light, the logic

gate also including: first and second |logic inputs

recei vi ng thirgvavelengthtmodifiéd te6diving glnak hgtdUkdm the first optical
receive

. iving a first pprtion of the sjgnal |ight rec _
st Bnd brif Spernlifs o' deRisate the vewelgnath of Hieilieb A e Wavelength of
the agtiwhtionigehs, sagcond portion of the signal |ight

received at the first logic input; a third |ight

condui t AWl [ighy cendyit sypphdng light fom theethird gyevelengtyodifier

toﬂﬁos@&dﬁgq)pagalgaﬁdﬁecond logic input; a fourth |ight
condui t receiving a second portion of the signal I|ight

r ecei ved Theretihefilk Buthadpiovigied in agotdanee Wwith atprefared enbddiment
h of  the

ifier. tive. to, decrease e wavel en
of Rl in0BRIoR M Eielie OLAIRCOR Hinc Bty ABY agisinsthg ap leas
onebptited switth vahprises hisgple opticaPS0iRth MAEhREE e ¢ h'tlfli'gﬁf has a

operative tg decrease the wavel ength of the |ight
WaXF‘Sﬂ%}‘ greater Ban et of (i ackiyainm ltghfaélg% legiogated!sonigelnding:

the acti wag hmeb&mbgicaﬂ%t&eeﬂ%g s?ﬂ&lﬁ [. operative to
cause wavel ength nodrfied Iight Fromtie first
wavel engt Hrsidight ¢aaduit sedstyinga ficst ppttias @f ithe I8l dighyreesived at
theWhto i t to the light fromthe second wavel ength
ermrdi ?éle?r&ﬁ?’he optical swtch receiving light fromthe

first and seondlightgbindoiindudiviag 4 becon@qnbniar BheBighl light
rec@f‘?/gé‘;ti 8l faaq t.he gase shifter. Additionally there’is

provided a |%%j?81p8 te wherein the at |east one optical

swi tch i s thiehBiht UeAdS BEiARS § FirR§dritRr FRALoVE ligﬂtdreceived at

| ogi ¢ functionality enploying or nore |ogic gatés as
theé%‘g)éﬁil%‘amﬁé‘iiei nabove. Further in accordance with a

o ovi ded o oo oE bl ot Ble® 3 kol KB bier Sl i
receiyeft #tgtlie seFond lagid idputa si gnal 1ight; a piezoelectric ‘
el enent Q%irsq%a@teleﬁgthtrplgdiﬁglggl%ratﬁfg gndeelcr;easaent?)e wavelength of the

light along the second light conduit to the wavelength of the activation light;

a second wavelength modifier operative to decrease the wavelength of the
light along the fourth light conduit to the wavelength of the activation light; and

a phase shifter operative to cause wavelength modified light from the first
wavelength modifier to be out of phase by 180 degrees with respect to the light from the
second wavelength modifier,

the optical switch receiving light from the first and third light conduits,
the second wavelength modifier and the phase shifter.

Additionally there is provided a logic gate wherein the at least one optical

switch is constructed as described hereinabove and logic functionality employing or more

logic gates as described hereinabove.
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a conductive |layer adjacent to the piezoelectric

el ement; wherein passage of the signal Iight through
woOheossizgnsal channel is controlled by the appli earimwooéo0494

an activation light to the piezoelectric el enent and

wherei n the conductive | ayer enhances an electrica

field applied to the piezoelectric elenent in response

to the activation light. Preferably, the conductive

| ayer i s Fadher éul dcoordarmagr fahe a Oprefcied PERBABMESt bF Ghe fpresent

. ment. lIn accaordance wth a preferred enbodi nent o
ln?%%lgioﬁﬂjé%eeﬁtpr‘?vﬁ%gjrﬁ“i ghficalyyyiichdnglyding:of the activati on

li ght t oatsh@alRiheae bafiidutdd 18/o8RAkihaUsss. t he shape of
the piezoelectric el ement to change such that the

signal | ?QWO?Iﬁtﬁ@?leﬁlﬁn@di@elﬁd@ thetsigneligtantéipandli gnal

chanber § Eorelifler sNCeR I8 iCIARAR: sERTRE! ort ar

Pr ef er abMpagreirhpassrige 06 tiessignal kgt h:l&gmli thé @i]fgﬁsl o&glﬁﬁ[ isi @Atrolled
nce, Wt referre

t . . . .
byghe RGBT 37 o P AEECEAER Fushplegndledtit efimenband wherein the
condwetientiayeophirses adteldctasl fel apsitar® thb q;ie%@ré@trigl eylement in

di ffgrﬁ%t {)i ezo?J ctric characteristics. Prefera
ePRECLO YN igher i s adhered between two | ayers of

the pi ezpRkesy,ithe SbRINER e ' b e Rl Y. 1 i
provi ded in ac%or%lance Wi tlﬁ;Tég?{)gdg%%ﬁgg Sﬁéﬂrt;%géflrtr%rﬁlezgfﬂecmc
elefneat. pr esent i nvention a method for operating an

oPt sl | Bk e e 2 e, e,

applicetige bl dterdotivaticantigit tankl plezdddattic OlRMAOSHINE! th¥ @hape of the
iekgdecrtria acetntt 0 theﬁﬁjl ezqel ectri.c el ement; and

P OT MR R (Pengs YAk thag e signal Hehtds aelorbletq pass through the
sigrdleh®mikl.t 0 change the state of the optical swtch;

wherein the conductive | ayer enhances an el ectri cal

field appeieetdlt dhe sienyi chenedl somprisesed chapnhter ithat rig Sidlod seith a
corhfftedsitie ARRLiLED activation light.Preferably, applying

the activation light to the piezoelectric el enent

causes thefesthlpehopicrdetecpicdantn corrisa: RirdEsTithd €hamber.
h h.that the signal light is not able to pass
change Sy %ccotrdance With & I1\')§;’(al}el‘red érgbodirlngnt of the present in\Pention, the

piezoelectric element comprises at least two layers that have different piezoelectric
characteristics.
Preferably, the conductive layer is adhered between two layers of the piezoelectric

element.
There is additionally provided in accordance with a preferred embodiment
of the present invention a method for operating an optical switch, the method including:
applying a signal light to an optical switch that comprises a piezoelectric
element and at least one conductive layer adjacent to the piezoelectric element; and
applying an activation light to the piezoelectric element to change the state
of the optical switch;
wherein the conductive layer enhances an electrical field applied to the

piezoelectric element in response to the applied activation light.

10
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through the optical switch. Preferably, applying the

activation light conprises applying two |ight signals,
wohosh2erse out of phase with each other, to theCcT/IL2008/000494

pi ezoel ectric el ement and then renoving one of the

light signals, leaving the remaining |ight signal as

the activation light. There is additionally provided a

nmet hod for operating an optical switch, the nethod

I ncl Rreferahly, applyingnihe aictvegioal light @hthet siefoefdc@idadlement causes the

chanpel , .t he si. | channel being adj acent to a
shApS Obid BlsEpTIecTiir SERE: Prilienaccughifhse bieroia! Hehtiia st bt pass
theoal Ul dp¥ical lsdiel.; and applying an activation light to

the piezoelectric elenment to change the shape of the

pi ezoel e®referebly) anpliingsihehactivation Hehts peynierises japhlyiigs two light
i Ay SRk r I.NG: ugh_ the.si anal . channel
S SR e oRDRERARE ] B er BF nR ARl BT Hrbipt and then
refipeing cap pifiteel light sipmlpilentel tet emaintlgelighttsigrnal e SROAG R ation
lidyp the applied activation light. Additionally there is
gtBr'ovi ded an optical switch including: a signal channel

conf i gur Gtereds g&ﬂid&laﬂzﬁir&ﬂ%d b1 @Bhod FoPbREARLEM! dptiCal switch,
e signal channel; "a conductive

hele&gnt dj acent to t

t.?§§ d ing 1t to the piezoelectric elenment; and neans
for appl yi N AhhVabhop Li t i.ezoelectri .
el ement .t%m%ﬁgnge%%he g‘?fa%eho%é‘r‘] eC%BliIl%;’ogﬂeeégﬁl céi'ame(i being

adigeenrine piszrstectriraelemens tlsit grealiacentghat lesst pnevenluetive lagsn and

passi ng the. sianal, chapnel.; erein the

conduct i wﬁlﬁg@g%l aec(rt? Y egglgn%e&lgcﬁlﬁo\ggfmﬁ %PIHeI&ptﬁl ¢hagee the
shipe dfhibe piczadedtde blemene befehbt the si@SPRSESs tReviehRd from passing
ha&&ihed.aét vation light. There is additionally
thrg ﬁaéﬁn “Hod for operating an optical switch, the

et hod | RhEéRI A6 coRMRLYE 18R eRh MR at ko lafricapﬁardl agﬁger:]c% to the

.optical switch that conpri'ses a piezoelectric e
Ple?ﬁ‘ﬂe‘ﬁil%%lé@P@dﬁ Fesponse égrihatappliesl agtivatipndight.east t wo

e1et) SAAMERISAREL o OALH! Sl NG Gt = o
act i vat i @sighal ghanneloconfigupl ez geles siphdl lighement to
change tep pelezsoteﬁ:tcteric element adjacent to the signal channel;
a conductive layer adjacent to the piezoelectric element; and
means for applying an activation light to the piezoelectric element to
change the shape of the piezoelectric element such that the signal light is prevented from
passing through the signal channel;
wherein the conductive layer enhances an electrical field applied to the
piezoelectric element in response to the applied activation light.
There is additionally provided a method for operating an optical switch,
the method including: ‘
applying a signal light to an optical switch that comprises a piezoelectric
element, the piezoelectric element including at least two layers of piezoelectric material

that have different piezoelectric characteristics; and

11



10

15

20

25

30

of the optical switch. Preferably, applying the

activation light to the piezoelectric el enent causes
woOhessihegse of the piezoelectric el ement to chaRgQ®&1520041000494

that the signal light is not able to pass through the

optical switch. Preferably, the change in the shape of

the piezoelectric el enent causes a change in a

di mensi on of a signal channel of the optical swtch.

I n accor daplymgwintadtivatiph ¢ighr toele FieRRACTRIYlerfént td6hange the state
MQ%eS%%H |y ntion, applying the activation |ight

C 7ﬁﬁigé§vg plying two light signals, which are out of

phase with each other, to the piezoelectric el enent

and t hen removi ng one of the light signals, |eaving

t he TrefsisPly. 9gplyingHhe ptijrmtipn dight fetheqtiezpalectoin dlénghit catises the
haSCH 1HaBRS oM il f.er enmodi ment . of .present
M R A S

throngly theloptical iswiteh.enent enhances an el ectrical field
in response to

appl i ed t pigzqel ectric el ene

t he appl Ii’geéergfgly i \'/;%t @’@Hg‘f fthe s amequtﬁ«; giezpelesing elomaricrauses a
chargedpt diradnsioni df aRighaicheghien 8 thd oplicil Svirah annel

configured to guide a signal light; and a

pi ezoel edt APEOTEANSEYIEh aoprafesisd qmabadiment efnthle pliesambdhyention,

app PR gRhSIRRESH i c6th VDG4 RN el idh0
pﬂg gyegr s of pi ezcl)_éel gct??% Etﬁ%‘%lgﬁggﬁ’btl%gﬁlﬁlg@%%f@f%? @ifyof phase
with; casl ethebite ithe pibzoeketrisrdlenént snd earreinovipg 9aa g theflight signals,
' ' . t he si.gnal .channel is controlled
‘eaﬁiy‘@?ﬁéefe%%%ﬁ%%%‘#%%953‘@5 e Rt edh | ght to the
pi ezoel el adcerdeh@nwiti a prefefred alabydinRBPbS §:8tHr&BntOhvédiRn, the
ht to the piezoelectric el enment causes

activation | I
°°’%“f¥‘8ﬁ‘§%iap¥8r fiabet 18 ths iszoelertric elpmaming enhancep angeleettiesl field

lRRdto tHeiczbalBatic bieAlht i %Pa%%l the
amiigﬁ%l g%annel}cTﬁetg“%§ﬁ§?§§Q€P§V@ g a Xé?ﬁ@gggor

oper at i nfheshis@hoipseMidesignt epticat sveitabein¢lodingnc| udi ng:

appl yi ng, @S l a_signal apnel . the

si gnal %a%%e?ﬂ%elelndagg Jré(gteorﬁuﬁ%a %{g?ﬁq iiggtefl%%t ric

el enent & higrodietriatlementsadjhosnt tayier Sg@il @z ethe plidzbslectric
elefBLi€ e uldrf ha{ ha%/g\ﬂdi fferent piezoelectric )

SR MElines A At Zwoiadpgry i 9 gpisrrelictiics atatesial 1 theghbaveo ditferent
pietdetecicchaekrgbtidsc el ement to change the

wherein passage of the signal light through the signal channel is controlled

by the application of an activation light to the piezoelectric element.

Preferably, application of the activation light to the piezoelectric element causes
the shape of the piezoelectric element to change such that the signal light is not able to
pass through the signal channel.

There is also provided a method for operating an optical switch, the
method including:

applying a signal light to a signal channel, the signal channel being
adjacent to a piezoelectric element that has at least two layers of piezoelectric material

that have different piezoelectric characteristics; and

12
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shape of the piezoelectric el enent such that the

signal light is prevented from passi-ng through the
weigisakeshannel . Additionally there is provi deBCaML2008/000494

optical switch including: a signal channel configured

to guide a signal light; a piezoelectric el enent

adj acent to the signal channel, the piezoelectric

el enent including at |least two different |ayers that

have di f fapplging pi eatdatiec tlight t bHRr piet®Ndciid ERmeAN D change the

ans_ for. applying an activation. light to the
sh %%@&eé’é?zroiggc% Cee?r%mnttsﬁdb hie %lw?élabtp@ rsevented from passing -
thpjugh del sggial ¢ianmdlement such that the signal light is
prevented from passing through the signa
channel . éﬁﬂﬁmné%s@mepspm@ammumwmcmm@r esent

i nventi og ginhil cpt appreciated nore
fully fror%*gfnhec ﬁgfe?g@mﬁfﬁyegiggglaﬁg&sﬁ%@g ion, taken
i N conj uAdu¢zonleoiiiceléthent ddipetmigs the sibc bhanflg thel flezoelectric
LC opfi,cal switch that includes a sjgnal | )
elet aknleﬁlugfr%lg gE 6?a3L d&% gft?‘?r%nteiaé(ﬁrénfhaén@vﬁhg‘tﬂ%r@t piezoelectric
chemeterigick;eddby an activation light; Fig. IBillustrates

t he piezoeleg%ric glenment fromFig. IAin an activated
state thEEANSIEIARPLYIRG amaqtivationlight énthe piezoglectric element to
chatkitheadhapdloft thé Bie | hesi N S0
T e el B S B B b BT TR s pF e fom
passHig thiougly testanpl chaptadrent of Fig. 1A when the
pi ezoel ectric element is in a non-activated state,
taken along the lines HA-IIAin Fig. IA Fig. 2Bis a
cross-sectional view of the signal channel and the
pi ezoel ectric element fromFig. |B when the
pi ezoel ectric element is in an activated state, taken
along the lines IIB-1IBin Fig. IB;, Fig. 3 depicts a
graph of optical signal attenuation vs. a dinension of
a signal channel; Figs. 4A and 4B illustrate a
techni que for changing the state of an optical switch
that involves applying an activation |ight having a
shorter wavel ength than the signal light; Figs. 5A and
5B illustrate a technique for changing the state of an
opti cal

13
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switch in which applying the activation Iight involves

providing two light signals, which are out of phase
woi0ds/1eesh ot her, to the piezoel ectric el ement PanaL10nE00494

renovi ng one of the light signals, |eaving the

remai ning light signal as the activation light; Fig.

6A depicts an enbodi nent of a light activated optica

switch that includes a signal channel, a piezoelectric

el enent, and a conductive |ayer adjacent to the

pi ezoel ectri o [ r he .

pi ezoel ectri ?ﬁ@?ﬁ#%ﬁﬁ%ﬂf}g@wgﬁ%ﬁﬁ ated state

that results fromthe application of an activation

l'ight to the piezoelectric element; Fig. 7 illustrates

the acti dmedresgnt iayeadion Wil be upderstopd amcﬁ@mcgarwd ware fally from

] . N | . . . .

el od oSO RRE S b BBl il e ot e which:

opti cal g .t th dapicdemcoptival] seiicly ¢haniindludesf 2 signalechtaonel and a

Fiags.. 4 A - 7. Fg. .9 depic an_enbodi t of an
P lgzﬁg l|Se((%tartllc eéqu%ndatﬂg ‘aﬁorg&”]e@ EY a Sﬁﬁ’lag?n 4t is used to
coupl e t IFég. SliByitiabtrdtésOfit piddelbdific @menafro@NFigl YAtiniaRtativated
tgﬁﬁsane %égnq% channel ; Fig.. 10A depicts an )
state gtreris frgip the agplicelien f a1 Activatiinhight i thy Pieraeleqitis element;
than twopayeRsiOfa RiRZQELBRAN View BSE ”tﬂeals'igﬂaf MNehannel and the
.different piezoelectric characteristics, g. 10B
pierepleetric demenitsddiigrelh vdfenathe ipigroeladtic \edemesnt dpin ealon-activated
i | el wae ¢tive layer sandw ched
Stag%mttgﬂv\%gﬁwtﬂ%h% lg%glrﬂg\ gfﬁg%?pgg%(iel ectric elenent; Fig.
10C d(ﬁpi ®ig 2Bris l&enﬂmﬂka@ﬁ'?ﬁql ®ervxaoﬂ thg hignzﬂehzhr}tﬁl adl thppiegddlectric
SWi that includes .nultiple conductive | ayers
CIHRTOEREE: Bt Hepiraele ey ieas Sbenaetiriie Srieakan slong
th&iiges [IEDRJAF £11B; an enbodi ment of a |ight activated
optical switch that includes a nultilayer ) ]
pi ezoel e&i& iScdpictire graphrmf epticalngigral iattenuyatige vs.om dinpgmsion of a
sidhaf fiIghedt sides of the signal channel; Fig. 10E
epi cts an enbodi ment of a light activated optical
swi tch t Rags. 4hehdidBdllestratd 4 iecbyigue for ehamdirertheistate of an optical
el nt. and a cpnductive |.ayer, on each of two sjdes of
soiikf T G esrieRRETE oo g RofE &b o saEen the
sighal lighlet activated optical switch that includes a

signal channe|l and_a piezoelectric _elenent, where a ]
portion 68StHeasq gRdllustrate a technique for changing the state of an optical

switch in which applying the activation light involves providing two light signals, which
are out of phase with each other, to the piezoeleciric element and then removing one of
the light signals, leaving the remaining light signal as the activation light;

Fig. 6A depicts an embodiment of a light activated optical switch that
includes a signal channel, a piezoelectric element, and a conductive layer adjacent to the
piezoelectric element;

Fig. 6B illustrates the piezoelectric element of Fig. 6A in an activated state

- that results from the application of an activation light to the piezoelectric element;

Fig. 7 illustrates the action of an electrical field of the light on the

electrons of a conductive layer;
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channel includes a chanber that is filled with a

conpressible material; Fig. 1lIBillustrates the
woiemaeéosaetri c el enent fromFig. 1l A in an act PCaTE®d08/000494

state that results fromthe application of an

activation light to the piezoelectric elenent; Fig.

12A depicts an enbodi nent of a |light activated optical

switch that includes a signal channel, a piezoelectric

el ement , Figd8 aiepiotsdambbﬁ{@l |svyieh sﬁﬁbﬁcﬂéﬁﬁ lufcﬁlﬁw% light activated
e signal channel is

i zoe% ctac e Ln which t
Opglﬁa P EQF ‘T’Sicﬂg %ﬁ&e VB refprenesdodigs 18 elsement  and
conduct i \5% | ByePictRhE efnBSIBENt &F (&Fﬁe L %gaﬁh%&%fp?gﬂ %oupler

the circ erence of the oFltlca
thatip H%e@rt‘éﬁ‘é@kt the signeldight sk th ectisktomlightfinto theRiage sighal éhannel;

an actlv t esults froamt Ilcat i 0
of an actl jat %o(ﬁebﬁtg ﬂf&{lﬂ;o 8“%#@2%8%%’2??’[0 ﬂas more
tha tyvo lagas dﬁpezﬂabc‘m@ reatérad Mﬁmnﬁff@‘fent@lézloglbbtrla@har‘d@tél‘iﬂéﬂlcs

optical swt hat des a si.g channel ,
t Pans par IE)B éé’éﬁtseﬁli‘ Fl“g) E‘P’@Hﬁ At a q%‘?& a‘&l‘@&ﬁld%lcﬁl\/%“wh that
indlades raa:dndmﬂﬂé lalyer stah@wiéh&lz&@\bé’éhttWOQafell@Mleio@lewicceﬁEment

t he S|gng channel i ncl udes the transparent
pi ezoel eéts i18CIpiEnan embedimegBof Fllllgbt ﬂ@tt\@@dt dpgical switch that

inddi 8 ORLRDId IcbnRIcEVE 1 i vat ed
State TR Foaded grlyc‘)%ngig dﬁh&le §é%¥)| th B iuffaer” piczoelectric

element;vation |ight to the pi ezoel ect r| c element; . Fi gs
14A and e I|f d..illus ons, of .an opti cal
switch, %%Bég@oc}e anc \7&5‘1? pAimsnt L‘Ef“‘é’r"f“@d optichl switch that

incdurdes dmmﬂnlayerfplézimelebﬂhesbﬁmﬁent Eﬁtﬁﬁlbbrﬁﬁlwtl% B$er Moadiﬁet%ﬁt%ldes
and

e.crpss-sectional views of the signal channel

Ofﬁﬁélgﬁlﬁg%l%‘i‘ei’ctrl c elenent of Figs. 14A and 14B, taken

al ong t heigl it O tepi¥A- AVAmbdkikbst of L4

Fg. Lae: *Fi gs PR A b of 4 néﬁﬁ%t%g@a%\éﬁcéﬁwmh that
incfy %frwétflmﬁ@e@pel@mrl@plpme@tl and wicoudyctive layecar eeh oftwe $illes of
theXstdnaPORLAGr preferred enbodi ment of the present

el gé\?gntl oﬂ‘g Figs. 17A and 17B are cross-sectional views

of the slr"lgn blA cdbpmtsedn amnbbditentpifex tightesdtivhted paeas %Rvu@ﬁ that

- XVITA

16A t | the | XVI |
PN TRE WO e .
chahB8 1ﬂ<rlﬁd£ IarmhmﬁérQﬁht iid filtwid & BSApREsii nARidafal swi tch,

i n accordance WI th still another preferred énbodi nent
of the pgriésdfillpsitatssithepiezaeiegtiic demend fomi Big. At in an activated

stat 128 fesARCEbAMRY appliEWRNQF al BGivaLSD ﬁéht(fg i r}‘)?elzzoe gL h efement;

Fig. 12A depicts an embodiment of a light activated optical switch that
includes a signal channel, a piezoelectric element, and a conductive layer adjacent to the
piezoelectric element in which the signal channel is an optical fiber and the piezoelectric
element and conductive layer are formed in a band entirely around the circumference of
the optical fiber;

Fig. 12B illustrates the piezoelectric element from Fig. 12A in an activated
state that results from the application of an activation light to the piezoelectric element;

Fig. 13A depicts an embodiment of a light activated optical switch that

includes a signal channel, a transparent piezoelectric element, and a conductive layer
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pi ezoel ectric element of Figs. 18A and 18B, taken

along the lines XTXA-XI XA in Fig. 18A and XI XB-XI XB i n
woi2gs/128B) Fig. 20 is a schematic drawi ng of arPCOGL84/000494

NOT gate; Fig. 2 1 is a schematic drawi ng of a | ogical

AND gate that uses an optical switch; Fig. 22 is a

second schematic drawing of a |ogical AND gate that

uses optical switches; Fig. 23 is a schenmatic draw ng
adisicent tb tgi pedoeleRrigatemdnb af whish $heOfirial Shangi¥ll ih€lh8S tBO Bansparent
i‘phglsg .mafchlpg devices; Fig. 24 is a schematic draw n
PIEPEEHIGSISMSMt OR gate that uses optical switches and a

ower |i Fig @3B il ' ' ! ' f
p d aRfafeh the phzoblectfic _%Fegﬁﬁﬁﬁbnﬁ ﬁé.%ﬁﬁ E‘E Bc{i\,ated

| ogi cal OR gate that usés an optical swtch:
st eputis Gthe ppipticativENfEnGItivatipintlight touthe pigzariiciniaglement;

sw t ches e t S, \ 2. a .l oqgic .
oo L RS OO Ry Ty B R T e,
acenrdanes il agatherprefetrad emboditibntadf thdyresedginvegiings

conf or N e negeded specificatiqn for each kind of

gat e. Thlélg?'i % argf 135%?@ cross-segtionglidews, ptothg siggalk qglallfmel and the

picapeleatiectement I Figs. 084 asd 1a80dalRg a‘fdﬂgQFé‘ ths@@VAg}WA'hiﬁ Fig. 14A
e

' usi.ng |li1ght actuated optical swtches, t
an#%&ﬁe%&%@gﬁﬂﬁ;have dimensions that will fit within
sem condgigt 016 A Qi C 6BE S Wimbi | ; ters w |l .
be abl e tg be made t hat %ﬁﬁgilﬁﬁgﬁg%oﬁﬁ%go 1 Fswitch, in

acqofdaneyith yetenether preferred egbadimentlofths pretant fnvefition;
transi st ed 6gi c gates switch in E-9 seconds,

_and thi sl%“?' %ﬁ S dhlggsaﬁggg)s%?ecﬁpgﬂs"ilﬂsoqﬁgﬁé%ﬁl° @‘P{’?fand the

piegeelentric ¢lembrnt of Figst 16A @hd t1BBLRKEH L1680 ei [Thed @@IIA—{%(VI%A in Fig.

ec 3@51 gﬁq . gates based on |ight actuated sw tches
16‘% lﬁ(? e_Wﬁ #B,Zg&gfgg ¥9Ban transi stor based | ogic gates.
An opt i crfs. WAL ghd 1188 446 @fnRtifRldoiRbeH£RANRE! a&ﬂic@i switch, in
t to taﬁe Sl gna‘iV ?

- piezoelectric elenent that 1s adjacen
accpidaperawith stkanethey prefestedrembodinesme of the peasgesnwhtipe i n
r esponses; ty ' ' -and th i ezoel ectrjc
el onent &° 108 A8 10BAke OB ieBlibuel Vs T S et ana ehe
piezngtastrichelemertt of Fliigsn  8A iand SIBBp eakef aldng thé BREEKECA IXIXA in Fig.
18 RIRBB SAYESR £, GURNIC

Fig. 20 is a schematic drawing of a logical NOT gate;

4

Fig. 21 is a schematic drawing of a logical AND gate that uses an
optical switch;

Fig. 22 is a second schematic drawing of a logical AND gate that uses
optical switches;

Fig. 23 is a schematic drawing of a logical OR gate that uses optical
switches and phase matching devices;

Fig. 24 is a schematic drawing of a logical OR gate that uses optical
switches and a power limiter; and

Fig. 25 is a schematic drawing of a logical OR gate that uses an optical

switch.
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in a dinension of the signal channel. For exanple, the
change in shape of the piezoelectric elenent causes a
wdizomngesm of the signal channel to be reducedpPCamL2008/000494
enough that a signal light is no | onger able to pass
t hrough the signal channel. Using this phenonenon, the
state of the optical swtch is controlled by
controlling the application of the activation light to
t he piezoelectric elenent. In an enbodi nent, the
optical sw ! ' | light to pass through
tﬁe si gnal @ﬁiﬁﬂe‘%ﬁmlﬁﬁpﬁwgﬁﬁ@ﬁm PN s not
applied to the piezoelectric elenment and bl ocks the

signal light from passing through the signal channel
when t he LAt agaated aptiqal Rvitshes arspised tb canstrhes AND, OR, and NOR

I e .shape

lo%lb gﬁ%g gc £ i eﬁ% gﬁ% 1%5?@(?@% e%alpes are %Fesg?d Wotgaq !ih@ Qptput of

the, Jogie gates p@lfgtmst toeths ingedddd speeifiostion foh eaiwﬁﬁlﬁldﬁga&f Th& light
of the

h d d he abi |
mg?)’@fes'zagéé‘%ﬂl \%r‘. it:lr% us ¢ %:n fc’alt%{f]gh%ﬁ@ gatlgfh é}}é no extegnal hattpsy, isarequired

usmgtlrgha acteatbd «bpfmﬂl tswitbhdshehel 16Yi8 rgfatef@ Rwillt e Qihﬁf&ﬁ%@ Ghdt Vil fit
pi ezoel ectri

Q@F st tmo | ayers o
‘“ﬁ%ﬂ% e ‘Pﬁqg sigh Jipensionsng dlfferentplezoelectrlc
v ct e e A SELERLLE HREEE) YU Bt

the | ayers are sel ect en
eleptﬁléa]pql@la@fer@@qspsitqys ef mmordva:d:dl]d)glc gﬂbetwltdhaneﬂﬂa)ﬂyéeonds and

tl
B N QT L

nmbodi nmen
IOEdﬁ‘@mnds e Logiceptasbateal it HightCR At SOARRELEH I BCmEHENBRE than
Uaﬁ@&%r b|Is foflClent shape change in response to
an -ac é@gﬁﬁaeﬁght to block a signal Iight from

paSSI ng ARTopHEN stvitch G des rbaﬂgl%h chiiri1 a}ni{\ Spﬁ@iogfe?trl d:iement

n switch 100 that includes a signa
t a‘éﬁ% a afﬁ“éf%éh%éf@lﬁ'c clanagle ntThiQnemnl&ctlrhaﬂementcmhgesl $tage in

respdhsé b ﬂ?ééti(z@ﬁbrfﬁflgﬂt aﬂﬁﬂthe E?oeisecgnal eﬁnz anel acfﬁ]@t“ée to the

transm ssion o fogteghic s
sigipd Chanadl sugh hhat ﬁﬁwe:hamgrla Isha;dean? i ple@efe@frﬁ&ﬂ’erﬁ%t Baulsbod Ehange
ation of structures, which

t t
in GFERLor® 'R el HhnRle R e e ntlBREE o b the

plemtebtrlcf‘ﬁﬂémﬁtt Ghees b ldﬁﬁerﬁﬁiﬂ (foﬁé@l%‘ﬂﬂ cﬁérgﬁf‘{o lgeh@&'ﬂ:%h far enough

that ludﬁ1 for exanple, an optica trates
a ﬁéhgnﬁ ight, 15 Rplomgebakle terpast Heeughy ﬁ!qsfpal?émhannel Usmg this

hebRERR] BElsthe channe
P ean opti cal ° V\/a(\)/fgiﬁ‘%,l|§15ﬁc,%l i‘ﬁ%&gg C{;}rﬁﬁjﬂlg? %?,% tﬁ(gr%ﬁ W& agpica 1bn of
the @@}ﬁ@gg@, dichi to tﬂmtpngpdbqtrlc elenivat. e rb ad iembbdineht, Fhe) o%tlcﬁl switch

allotzv@ | dﬁ%lﬁi‘ ﬁ%létﬁ%ﬂ%@&e J;Pﬁé)uggftgr Slgp%lgc%ﬁplilrte?&% hétq%rylgtllq)tg light is not
applﬁeﬂr WEtUe plezqelezidetlembriti aid BISRE t@) signal light from passing through the
signal channel when the activation light is applied to the piezoelectric element. Because
the shape of the piezoelectric element determines whether or not light passes through the
signal channel, the function of the optical switch depends on the ability of the
piezoelectric element to change shape.

In accordance with an embodiment of the invention, the piezoelectric

element has at least two layers of piezoelectric material with each layer having different
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Exanpl es of piezoelectric material that can be used to

formthe piezoelectric elenent include crystalline
woizemaeéosaetri ¢ material such as quartz (Si O2), PCTAII008W00494

ni obate (LiNbO ), lead zirconate (PbzrQ3), |ead

titanate (PbTi @3), and lead zirconate titanate.

Exanpl es of piezoelectric naterials that can be

oriented in a magnetic field are I ead zirconate and

pibzeltctrictchamtterigics] &ae piekzelaadd ¢hatdcterBlidof tkdRYérs arNElected to
exanpl es of transparent

Lithiumniobate ar
OIS T TR T e A A A —————
pelﬂﬁﬁmﬁice'o@ @il optioB) SvAXB! $n érpém%lﬁmmsthg I&b@%&ﬁ'c RfilhdtEristics of

mat eri al havi ngo different piezoelett r|
the fayiesscare selgetpe §0 prdicep pieapdpairipielment et exlbits sufficient shape

|
CHIRR BonS! i S, Byt (EHRRL o AL T Moot poven =
signat ¢hakagle i n response to the same el ectr| cal field; 2)
diff t t field, f
0117 PR o b SR L G et 0
and|agsit¢doelealricidleheht hew hn@that fsi dofitrolRdd l%nérﬁﬁdti‘%ﬁtlﬁ{‘ﬁ%ﬂth The glgnal

hot hfr Iatgr expands in response to an electrica
ChAGE & %Hé?ﬁdmé?%?ﬁls&ht wihintgonfigehetep ala @lgileﬁnedtpath The

ménﬁpclfahﬁeﬁtm R B?‘é'l%;lt %]ﬁ%l?% %lfr n(;r d%ﬁibﬂ{a'u‘oh Z)? Struc)tures which

ferent strains yste
Cagy gﬂlidé light wilpa @ qoafioeskareaylong ﬁ ﬂeﬁmﬂdt path‘rpS!ﬂmturesthaBOan form the

gl HEHRT o % R 5t e ol o etvalyn s ltium niobate or

ottier stramsparsnt Pleeogiéorioeheddld chathRcRAE ef i siéral Schafine an optlcal
|ez§eletr| rlal are a function of, for exa

t
Wl ELES g GeehaRIORK (7 GG § amPRgEblP aRater. (Inghe pyBediment of
Flg?fl!AeﬂIe%igrﬁﬂclﬁﬁnél h@foﬂh@@@jfé %BBlﬁtﬁlcrI%?F% g fgse)meg@p' ng

evels wthin the piezo€el ectric mater
density &ke tM@Zosleétilée?]@meflﬁ d Ofrmise foraied 5f pibzoeleoirit material.

Exgﬁﬁfék ¥ zoélQ&Pp'nEﬁ&ﬁJl s "l 8 bgal}sgé Iﬁggltf%rln} et Igll%o%rqyfﬁ-}c ealement

Stitlency o e pl 6206l ectrig
1noﬂthﬂ@rcmtalllmeqn@m¢1eotfrlct1ﬁmwml eucheds equﬁntz Siont Bthih hioBte {(DANbO3),

Iectr et i r e electric material.
FiRCorats PEAT ‘Ba)e‘f%if i @DT&{?Q %354 lead girgonalgrtitangte, Fxppules of
pleﬁ(ﬁelcmtt@czmaieﬁﬁlts the cHpbebichkedGa R r&%n@ﬁ@ﬁﬁﬂ @fk RYd zitQnate and lead
e, mani pulating one or nore of t

t‘taﬁi‘fﬁ\?élqaé ElftenRiedifaniag- SQuareand liummichatare eEamples efjteansparent

pleggel&ltﬁczlggtleﬁglgrl c material that exhibit different
degrees of expansion and/or shrinkage in response to

t he sanelhs picroclestic tlemlent $04 hama‘e@ammb layess 806 and 108 of

..t 0O cause piezoel.ectri
pieBleRRT Sl T B Mg Sy PRl RodReRudRen (e ditfren
piezldctrint cb}ﬂfactdrlghis offtl diefafPlafers infayl MBludslifaC&AM @M?Hﬁ‘ferent
i ezoel ectric whi ch 'are adhered to each

f t,
g ot PG IS AOHIE | SHREReR) B Eponse ipaiid same. clectical field; 2)

different responses to the same electrical field, for example, one of the layers expands in

response to an electrical field having a first orientation and the other layer expands in
response to an electrical field having a second orientation that is perpendicular to the first

orientation; 3) different polarities; 4) different strains; 5) different hysteresis; 6) different
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di fferent anmounts in response to the sane activation

light, the piezoelectric elenent will bend. In an
wensdizemnt , t he piezoelectric el enent incl udeBCamL2008/000494

| east two | ayers of piezoelectric material, having

di fferent piezoelectric characteristics, which are

formed as a nonolithic elenent. For exanple, the

pi ezoel ectric elenment is formed by building layers of
capicitanesse §) rdifferomit mnpedhndaﬁ; 8 iftdrerR akistings: g)salmrem thermal

m con to essin hni ques, e.g., crystal
hlsé?%%t ﬂl‘{jgjéﬁlgrgﬁir‘? tg Ctr%‘Bﬂﬂql" ﬁ‘ﬁﬁ’n%{; ‘on i rrplgant at |)/on etc.
I'n an entradipi@mlecttid @hdrﬁi(&fsﬁcsof)f 4 ?Fez@él@&t‘?@ hﬁ&lrfa% Ere a function

thent have different crystal entatlions so
ofy 108 cxgmpleaybihe type pbnitzosledize ermtetr;al,ta thhersstatmrientation of the

plé%t)@l@&hb Citerfal: %QQO%Eg Eevﬁémm theté)lrfe%géla i ez erja; ﬁglaq,]densny of

crystal ori erit are p
they piezpeledtric amjtrﬁaé;r Sg oo doide dénsitgt oft ﬂﬁspleﬂiwecﬁ‘fc \h’{h@erlal 6) the
r he pi.ezoel.ectric. element is made o
e BoRlinldly B O chipelreticomabrial: 71 ol Erat ek of the
pldzaglecrtﬁc afatdriaf 23) ehe eleétt SmAPAERS h@iorﬂ;‘ Y H{égplgiofefe@i];rﬁnrhatenal The
d gzoelectrlc characteristics, the response o
e%ﬁ PUEPEIettri chasacioriste of eashibeyes ef pierastectris wpteiiafi ae be achieved

by 06t &fdmpidMntdaly u%mg %ﬁ% ﬁfﬁm&he 436 Ji)de%ﬁfl ea%%t%%t%rs 1)

Characterlstlcs 0 ayers can pe ge
maxi mi zeltt #eembedimenth &rygfs mﬂplbmelqatrﬁ:zmeteﬁal fhaC eghibiRifferent

de%’@esr &6 @9}?&?@10 antd/n% émk%/g%t Jlélgg‘ﬁh? fto ﬁ%&ﬁ rqep’@&alt geld are

ysteresi s
1ntegnatnql] nto h@leabﬁicmﬁrméleﬁﬁﬂ thlcezse Qh@ﬁ%fde@ec&ic%f@rﬁént t@@ﬁjan d shape
ce the anoynt of hea{ enerated by the switchin
or {) i %fa}%onsbb%%;,t activatign i - oA @ampisaiif evo rdjgcent layers of a
1eﬁbﬂl?dc@ﬁ(ﬁ@1 théntFvBich b ddfield CRARE: b
p g fid Ae néht) Bc e d ¢ @W) ?ﬁﬁ?ﬁ%e?i@o}%%&ho?@é% g {1‘5 expand
differeahampunty in Weﬁp%S%mnﬂla@@mv acte»@tlem dight, tHerplethelectrlc element will
benﬁonhf"%h' éfﬁﬁo%ﬂnﬁg afg, dplfggo%lecg eeﬁg{gpéhne Lfdg %@%g:t\%!) Clﬁ)éers of

el ement 1s unc rom .l

plemienﬁic matatia, thVlrtgldiffpreﬁﬂplek(ﬁdﬁctricﬁclﬁka%fé?ﬁhcsl Shidhears ¥@hRd as

{ﬁﬁ% enent in the abﬁence of an activation |ight

STDSH; nEf SRl ghe |piezoslgeirip; cdorert de formed by building
laye&b efgidzobkctliashaafidl Yool topt off Sach r@hél‘oﬁ’su?é:gér}{ﬁb cﬁ)trv\gﬁgcessmg

The flat shape of the piezoelectric elenent
te"lg‘n“t}ﬁﬁl e.8i (Jhysta] 1growd, slgpesition sputteringe i gnplantahamnﬁb In an

embbdfiné@, thd @dy@@to?%ebﬁe%otéfecﬁic%n%herlt 'h?%t di i?:reg Frg?tg@orﬁ%atmns so

eX|t|nF t hé signal anne
that he e lagers rr¢spomi di[ﬁfermtljt Mthersamﬂ ebeetricabfield. %ﬁb}@arﬁﬂl@tthe two

1 cation of £n activation |
LR CRerE R NG AT SN WL —
embiilignent, Bt ldahte)na(blf ithealby @8 of the piezbsle@fP leleffint B iR of an organic
gt?zoelectrlc el enent by

mat

Using a piezoelectric element with layers of piezoelectric material having
different piezoelectric characteristics, the response of the piezoelectric element can be
selected to optimize on/off switching. For example, the piezoelectric characteristics of
the layers can be selected to: 1) maximize the shape change of the piezoelectric element

in response to the activation light; 2) minimize hysteresis; 3) reduce the amount of power
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directing the activation light into the signal channe
102 in parallel with the signal light 110. The
wacbisviasason | i ght supplies an electrical fiel dpCinat2008/000494

effects the piezoelectric material. In the activated
state, the shape of the piezoelectric el enent changes
shape enough that the signal |light is blocked from

passi ng through the signal channel. The bl ocki ng of
requiredstogrhahgel the Ishapesofithel picadcdeattiiiy element, andk 4pfedibethe amount of

signal Ii exi t.he signal channel. Once the

heggc% qd&%’%? Ej‘ﬂ'ﬁt&\%ggﬁe SWEVED f rom t he signal channel,
the pi ez@epsiohiof e GARAL sWiRhU00depRtddlis FQr MBs E¥ABGscribed
and the signal |light is able once again to

pass
withhFefergheettadigs §AanddRarfisd 1A jiisHaise eméerosﬂeetve element 104 in a
nofSicliVatd ateOfIntthe nbi-84R 58 Csfa&é “Eheeé Bf' tﬁ'egp eio@lectr element is

response to the activation |1ght caus t he s ape
unghanghé figime itd apreal state, avhereethe nponal Irs@a’ng of therpdeasblgctric element is

[ S: I.on I nel
BP0 8 5 85 o i AL P ot s
1A, tlee memwctrmfmﬂﬁﬂmit issredictliyeflg ie fealoncdctivate @ 5teRE Mhe @it shape of

n the |ezoele trligelenen

o i zogtichpogiomentPus & peget skt £ e b buodibs et chana) 104

as Afdi¢hR1 15 @8 @gnﬂh%ﬂﬂ&lterﬁ@cﬁnﬁ ReitiRk @Heoﬁérﬁ& Eidnfele! ement  of
Fig. 1B when the piezoelectric élenment is in an

act i vat edigs 8 dlustrsies; the piegeslecitie dlement B4 inhan activated state that
resf?l'lt@ ﬁ%ﬂ {hE Egblfcaﬁ{)r? BEM ac?lﬁtgﬂ‘rjrlg%l't 'ﬁ?tot t?g Pﬁé‘z@&@étrl& Fﬁ%@ﬁé In the

and reduce east
emblodimmegk of Asg.i 1B, ub¢ raivaton high g&appﬁéd andleZIBezdeteetnc element by

CI,0SSs sectl f the n hann
iR AR DR gL B B cratfy SisBp IR BRIl B it g
1100NTAE tack PdtRe Iiglﬁt ﬁlpf)h_'ésgan 2fctefial FREN thad dffRts the piezoelectric
nbodi ment of Fi g 2B, there is still an opening

mqtﬁlat? hdnghg ﬁ‘é%lvaéq‘i‘aﬂ?‘@ thﬁ c?lza@v%ﬁnthmﬁ?wl@étqsu dormet shpnges shape
en&!lg%nﬁgtt th%%gﬂa? llgﬂt Erﬁo&gﬂ'fyﬂ ggssﬁ{gaﬁgo#ﬁﬁ‘l th@g v\i]}ﬁﬁﬁ& The

is stil elnglnte3|
blqcheagmfélz@elgeaitlrght: lselhéwm by :f,ha lack hétlmﬂlgrmhhg]d exitigethe Slgnal

0 h na i S s
o DB B9 o 08 BTSN ARG e
elehteat signato 1csl"tmmne] shagd#ndaheé kiighal light & aﬁlegmaé agdigtit pds®through
Jpass t hr oggh t he signal channel is a function of the
thefighah iBAE! of the signal channel and of the wavel ength

of the shgn@dsclibedNbboveN 880R1a! of |thd f}}wz!aélébt% 8lement 104 in
shorter wavelength is able to pass t hrough a signal

respeniriel theviacHvaiosnlight dr 2 lapees she shapieaef thegpiezdelepirisgelement to
chin%g,%g%reﬁ‘?}fﬁlsﬁ%% kPeas’tj: dr9-dinte d}%ﬁ)?ll (ﬁ{tﬁe legil %thn%f 1(?50&) c%gllge Fig.

2Acih anareds- se;t;r;ll;l }x/leg/tn asf\alds;edlgnai dﬁlatmel and tt}iEBplemelecaic demgadlof Fig.
1Aavtvltle(relntf’lléjl %)ilegc?eleﬁ:tc]r{f1 PelShent 38 f.ndaI don-activated state. Fig. 2B is a cross-sectional
view of the signal channel and the piezoelectric element of Fig. 1B when the
piezoelectric element is in an activated state. In the activated state, the piezoelectric
element extends into the signal channel and reduces at least one dimension of the signal
channel. As illustrated in Figs. 2A and 2B, the cross-sectional area of the signal channel

is smaller in the activated state (Fig. 2B) than it is in the non-activated state (Fig. 2A).
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once the signal channel dinension reaches a certain

di mension, referred to herein as the cutoff dinension.
weéaoosazenspl e, at a di mension smaller than the earmff008/000494

di mension (e.g., about 5 angstrons), the attenuation

rapidly rises and at a dinension |arger than the

cutof f dinension, the attenuation rapidly falls. The

sharp response to a change in the signal channel

di mensi or\sageeu ird the renbod nodni oﬂFigsnkAGﬂI&B,&ﬁeﬂel’iQiisﬁlataﬁd,ﬁgrnng in

[ 3 fast on/off sw tching by toggling.the

e AR 202 Bventhon B Bierahinc et 16 W st vt st
Altiigh ehers i tstihem HRhMeen 81 sighal BhaREL SVenSTRE] He %ﬂa%g#ectric
lthetcut of f di mension. As described above, the state o
PR Sigpthegctixgipd states e opening i thesisrpl shanaphis yinalj eaough that the
sigh@l Lyt 110Nis!H18dKed o 1R Hg ' i t 104
Act i.%/qgti on I ght can _eSSa Stlhlwclelgﬁ;E gé eglpcﬁlgg%ez.rglg}erqughty of a
sigipk Helit to pgish ghrdughf theesignat eldmielgises furBtioe o Xlenin®dhyions of the
idnacda i tivation light to the
signREHRh SR bEhe AR AR PRt 3Bt e Eiafaheinaashorter
wavelgagth 4s\able 5BpassitiougifA sipnel dHBnid] Wit 4 &h&lled SRERYHOHEn light
haI/igr a?hanlg‘ign 1th state of optical switch 100 that

TRV ﬁ ?ﬂgﬁb an activation |light 112 having a
shorter Pigysldprida Lhph Jrpsiiendar bidiihs imensi
.Referring to, Flpg. 4A, gheh%plti ca as%t% tl(:;l‘.égs'iasdlfnﬁn%\lﬂn of a
sighl deagel e Hluswatad i Fig: Bothel ongleal signadpyteinedion ehtiyes rapidly
ond¥ @& BWSICIHG el he .signal |ight 110 .

passe%ht hr ough(?ithrﬁ‘!éﬁ%snlltn g%gﬁ%eiﬁ g%é]ael? dimy .Sloﬂsrqfaffiﬁlstf’:hﬁfeé‘ﬂas the
cutoff dingnsiatB, Ferotxiamate, aha dingdnkiof kthailer @ ticeditd® dihéision (e.g.,

' Lectric element 104 to chapge the state of the
abd SHAERfieh s EIBOR TP aARIEl 5% B9 & & dimenionferes thendhe cutoft
dinteneioacthe \aatehutioh irghillly 1hAs. C TUS 8 figspghﬁz&ei @l‘fa{ngb Gn tl}e signal
ge o

el nt 104 to change shape and bl oCck the pass
Chafiﬂgr@w}?éﬂn ok the ewoffihinaension; areindicated lirc Rigndyeinatileg fast on/off

itdhii i ¥ i.on 4 ight 112 has horter
Wl O iRifl S RG BE Ol R BARpBE of 18 Sletel channel
swifghgs havesnchegnanlatger ohemallet tham theantdff ditendid@ i s short

enough t i.vation li 112 is still able to
pass thr%ﬁgﬁgﬁﬁeéia és‘&lgog‘]’ ﬁ’afhecsr‘iaéﬁ r‘?g:%}t‘ee%tﬁcah/ﬁ@@fd? H&0 g ertivated by
applyiig ahacti®ridrslight 120 tofh piizadlectriCti@medBl 04, | ARG ESoH: in be
Gass Itﬂ which the activation |ight 112, which _has a
APPURG P e \RIFRoelsich clement upias s‘ihé%@m |t¢ckhiquest 0, Seme axkbmplary
tecHnfquea$s Applyanis Aett ij e e, .
o ol “PhMD b AR IR0 RO BRASlecHIe ol MR sIRa with

o .
refesgnce o Kigs. Adte5B. t echni que for changing the state of an
opti cal i 0 i i.ch, appl yi the .actjvation )
Tight | it 3’32*‘%%%#@?%%*% %ecﬁ‘i'ﬁaﬁ‘i i Yrugiog fho ptatenef optical
switgh B0 thetiinyolesseapplytingfin pbtageomilight BT haahd 8 shoft& WwiRlength

pezoelectric el enent 104,
thanPth& élggalehght 1705 'R% enqng to Iéllg. 4A, the optical switch 100 is in an on state

when no activation light is applied to the piezoelectric element 104 and the signal light

110 passes through the signal channel 102. As illustrated in Fig. 4B, activation light 112
is applied to the piezoelectric element 104 to change the state of the optical switch 100
from on to off. In the off state, the activation light 112 causes the piezoelectric element

104 to change shape and block the passage of the signal light 110 through the signal
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and then renoving one of the light signals, |ight

signal 112A in the illustrated enbodi nent, |eaving the
woeomimnensy | i ght signal, |ight signal 112B in POEIL2008/000494

illustrated enbodi nent, as the activation light. In

this enbodi nent, the two signals 112A and 112B are out

of phase wth each other such that their electrica

fields effectively cancel each other out (e.g., 180
chdegl 462 futhinéxapiphes @e. acBeativmslight DE2 hywa ﬂili'te@ﬁvapéléx@h than the

sigBlE I BePRg R pvaleBibiarhergivaden bR is hort enough

thﬁltﬁei@cﬁivﬁﬁ&ﬂl tQl2 gl abdio JabethRhuBR IR lcharfel
i's not é%%lv at ed. Cnch%he o#%the ﬁ%%ﬂf %.S§§E§Rﬂ§nﬂw

OPPé?Prc?\‘/‘é‘G 10Qds by auceff plater KipedB) llbfstr@ﬂqe theeqasé ini whichitighactivation
light QW@' whith s ! £ 08¢ Her Q@a@ L;?cﬂ tﬁ&ﬁ t tgr&eﬁeh%hl? gksngtf._lff do pass

|g t S| gha acti vates e plezoe
thiopgh the lsanalaalesndi he2 svegwdienlth@dmtlc&]]@w&hd 0Ddd in the off state

125 pastiaig d hg aBH e L §aiot bk sbaimbe abte of i optical
switels 0D e dvhi&lo sqﬁplym fehePh @A BRI LNt 1ﬁv@l|v@d"'§rr(‘)%dll%td/§ llglﬁt signals
pha

1125 §?§§€ ﬁ this case because the two out of
nhigh are qub pt pheep Wisthisash efher, tq the piegoelsggc sloent 104
an@f théd Ge@B{in®f o838 &hd 'lgﬁ Senal l%h} %@@l S lﬁghm?ly &fle illustrated

| eavi ng the remai ni ng ht™si g
empediment. i leaving gha l“em'ﬂfl@lnadtghv (ﬂgnah lighg tsignak tlil 9t iastht hilustrated

d. bl k th f
emBhgiﬁg-:ﬁth Elg?l{e a%tl ?{‘il%ﬁ%ht( 3h1f§1 %glbg(&l?r}%{} Wevqpql %%?sg f]l‘?‘%[ #pd112B
arecas @)f phhgeow i ehdheothdargsrmah tlgdn ativdietlecttital addshélFectively carllcel each

f the t i ght na
ot Bl RN Eonlan deien BHch o Benise fieyhto eyt phage,Sighals cancel
cadhVEthE0®, tle QH@ &Rb 008 of pheet sith&y %stﬁﬁ{lﬁé(deghﬂg %Eﬁedhto the

activation Ii % Anot her technique for optim
piegegleciinrelpmantdi4ethe pigreclenttic elament 19ti$ vetlactiviteds O dne of the

llgl?cnﬁ ‘i;selst R3fhoStEGhd %fé@ﬂrm&ll ﬁélg Jf”ﬁ‘é %ngan?’ ﬁglﬁé@fi rs{gg?lt %Hm longer

pi ezoel ectric élenent I n fresponse
caricie]gd\tout amd the cemalningdight signdncivitsdhepivzosiéctiibelement. Fig. SA

BB ) PPl IO OIS U U et SRt 120
and llg?ﬂﬂ pesbiny Zﬂirﬁﬁiglﬂtﬂb isigahl chahriet 102.0 ABTIRSHIBEA EB& e, the piezoelectric
electrical field that is applied to the piezoelectric

elergprinh0f s net aciwaieshiadhis Gaqel‘l@"@}@? thedmiognit of phase lightesignals cancel
each ‘éﬂﬁ:‘i" Bl \Iﬁ‘ Fi@ %8l ofesF the o?k)ﬁé;ste rl@HtSSIgr{aflse P f Lol defeavmg

that are drawn fO and co ace a Jacen
the g¢raaipingdight signali1d¢2B [ae theractivaten lighe %h¢ hatbvatiom hghtgictwates the

e PRE RSB TR TSNS R8Tt ad AT T
actieatiantigg ih rthlsedaea)tthm@gh the eighalt dhahndlS RPAotRE chibolifd®ent, the

| e Oele |1 C e |n response to the aCt|Vat|0n
poviik G Bt Buhe fc P T 41 Bamerareaciahons (i olhepdieisignal to

ove?r?g@mif(l:dnngt@her%eéffe@trtﬂa*@'ﬁﬁ pRVidillEhPLERAGhERERL C €l ement
Another technlque for optimizing the performance of a light activated

optical switch is to enhance the electrical field that is applied to the piezoelectric element

in response to the activation light. In accordance with an embodiment of the invention, at

least one conductive layer is located adjacent to the piezoelectric element of a light
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to enhance the performance of the optical sw tch. For

exanpl e, the enhanced electrical field contributed
wonws1éns0 adj acent conductive | ayer enabl es t heCT/IL2008/000494

pi ezoel ectric element to be activated with | ower power

and/ or qui cker than is possible when there is not a

conductive | ayer adjacent to the piezoelectric

el enent. Wthout the conductive |layer the electric

activatbdiopticat bweitectol enhhndéﬁhé éllé‘[hcamﬂé[tﬁth@ﬁsmlé &BtolthE piezoelectric
a_conductive layer is

1 oel ectric ek en
oI I pBoRts e A efiay Lehts (B cadueive lgue hoh droecalastrons o
elgbabh Qfo%@ 18kt SHeSREKS S aﬁéf cbli&et &k CstéJngEe %&Jgﬁeqlt? t]{n?ﬁleéoelectrlc

activation light. The electric
elemaiit yhen Shpsactivetiorniaghs ficanphipd tf the pibzoéletttie emenu aTheepllection

I ectr
o3y 0 b BB H LGl vt
to Iﬂil@jpiBZ(Eiﬁsttrtdﬂdemblﬁah respofiseetb dheofictivaorg AgHie rB@ ehaic@e Slectrical

e ca of di spers d char matter i s composed .
ﬁeo Caﬁlct;bsl gﬂ@“?f‘e‘%ﬁﬂ’? YA g’g‘i‘e PEZfesrie ﬁlémegpand ultimately

to @hismes ﬁecbdrfdﬂnéﬁdéflff thSoftichl §9id. FdrRxhBpR, ﬁl@%ﬁhﬁtﬁ:@d electrical
E{ ectric field of the expressed charges adds to
field equiributeq framdhe pdingrat aenductae laver lengfles tn q!nqznde@fn‘: ek:mem to

beOddtilA8d RiifiZ ‘Rﬁi/&cé](ﬁiréf a%d rlcléets tl? h?snéc?sglb}eaw%%rtl rtﬁ%\}% not a

nove in netal ctor es can
copdyctiveslafisrodingenttto the pﬁzgeleﬁﬁc dbments an enbodi nent of a

Si gnal - ohRLft S80S BYRLepRrc et olht safbaionHentgtone

acta,\camsi uthe ipiezotlagtet eléh@enad jweaNd chadichite PdyeE LAt HieCconductive
4. The signal chapnel 122 an plezoefectrlc

laYST %WBH?S %%Efv'eéﬂ@t arergfherects dismessed fs dherdlasesie f¢Jd wé the activation
lighd. tTHe ietrid §eld b?ﬁféeéaﬁ&PJd'cﬁax%le?f@gtto E}%Aé AAES688%f the activation

necessarily include differe ers o pi ezoel ectr
lightat lar thig casanthe Ppiatpelpetrie memnézso@it@bummby the electric ﬁeld of the

actﬁ;ﬂﬁéf?ﬁ £ ded fhgselecﬁk figlgnoqucﬁ lgétgaregy Eﬁr§§§ gﬂ tﬁ%{:ﬁs&ogfh (Elgpersed

con ive materi al such
changgs ainsitersis |compnsedogfsitive hn@ ae@itive ShhrgePsd HROEIndMst dspersed

J | h
the%rliﬁegg%@a%sts%f dlﬁlgﬁlé P}a% g reliségtrt]llagie o ég%ﬁgstseq? L‘,]éarges adds to the
cleateio dittd | ofethk aytivatiofd libkt At gL et éh S %ﬁ:‘igelgé rib rla-efement is

plezoelectrlc el enent 124. For exanpl e, e con uctive
enhancedr  Elastrapy mpyvedapmstal sandistass, n’ﬂ}toposstmef hades ofn tneve in a
senRbG@a&bectric el ement 124 using a nmetal deposition

technique. In an alternative enbodi nent, the

conduct iRig GAagepictd 26 einbodimentsaf 2oligha a&amddmwiuﬂts@ﬁtch 120 that

oL 120V e SOBRALE ERPLAFS SIRLEIS 1o
adjazptti athespiezoelecttitOcle@pihtCtRd The fighal @l'ﬁmha [WWVand piezoelectric
elergeenst(i54 ared51m11ar to those described above, although the piezoelectric element 124
does not necessarily include different layers of piezoelectric material having different
piezoelectric characteristics. The conductive layer 126 is a highly conductive material
such as lead, tungsten, other metals, silicon doped with boron, silicon doped with arsenic,
doped gallium arsenide, and/or other semiconductor materials. In an embodiment, the

conductive layer 126 is adhered to a surface of the piezoelectric element 124. For
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with reference to Figs. 6A and 6B. Fig. 6A illustrates

the piezoelectric elenent 124 in a non-activated
webteaisa26dsm t he non-activated state, the shape 8ETHI®08/000494

pi ezoel ectric element 124 is unchanged fromits norma

state, where the normal state of the piezoelectric

element 124 is the state of the elenent in the absence

of an activation light. In the enbodi ment of Fig. 6A,
exainplepi thz aehéwntive Cla}aérem%tmdyZ%ei depbsitddCah | ¥ mhadjad sinFadeh®f the

non-acti vat ed 2%2 The flat shape of the
piggoglegigiceglement P4 wsing & %?pgwgwwwhw 128 @y alternative
enftRRFmdrl] He0EbrldfGive RS 18639 T8inel26r @SsehtiCinalied nil¥erial with

the si gnal light 128 entering and exiting the si gna?
poghiyp eenegative clirges themmiove wtqagpésnly hegabive gbaspesct ri c

el enment C t.ahe ds; from

t he appl %é{a#lg%%g%&a@t%%t sSA\(;/l%\c i%[r% 1B %%i lﬂg'gg {shnow V described
wigh efoehedo Figs. 6Aanmd 6B. Bd. 6A ﬂltisiﬂﬁeseﬂib@dhzﬁelﬂttrlofe]eﬁiegt 124ina

6B, ..t t light 129 i to the .
by burLar: Il Shesneesad g SBbt nEfeiaebrsclegiont 124
is hn@hhgékﬁﬂom ﬁtschdnhﬁl Shtgwhere MR AGHnal ddtel &F tﬁé‘bfélzbeﬁ%cztm ERment

t he si ht 128. Wen the activation l'i ght
124 dpthe é%‘tet 4 ﬂﬂﬁh eERiAp diecabsnce oéa@aﬁémuow Pehs. B eembpdiment of
f t
B R et 12 i, AR HE oS PUE s The e
Sh@@t ¢fvféﬁ @iezetlegtds element hipes @fSlgnhllehght €28ebgmby thl:ough the signal

sha h that t a
onisET2E o Bicaliata Rt SHER TG T2 Srbrink pd Srperccrenheranne!
12222. The bl ocking of the signal light 128 is indicated
by the I ack f the signal light 128 exjiting the signal
channel g 'I"Hl%\S ik ‘?B’rﬁ’éq’el%ﬂtrécc?lt%@ﬁ%t Rdain anrpstivated state that
resRite BRI B Eﬁﬁli%aﬁ'@lt STan3ktivatfdh GBI 18 eﬂteﬁ%w cldhdnf®24.

conductive | ayer 126, cause dn |ncr
thegrahadiment of Eigg 6B e a¢tgvaaprphgl@,td 20 ds amhecbtoe&le elegedledtge element

nt ncrease |
IZ@g%gﬂlegl{i:n[g% tﬁé?g{l ?%H] Iﬁso tggs %ganelxﬂelg% iy R%raﬁeel With the
sigoanlight t1R§.e W]mneﬁhe ]a%vamr)ﬂ\hgﬂe $2Sbfsr@bhéds td thatpi¢zdeletisie element,
' t ude of the ri}gange in

fo xanpl e, increasin
freg ﬁkﬁg“’%srng L 5 85 wither ?éfree CtivgAlay§rnk40eal Honearsst the
piespedriatieMbhiCIR4 "R thé a&pateACkdié, Ghe El%@%tft %e?é%ﬁ%selement

shape, and/or reducing the anount of activation

124 ghangesthape enqugh dha ﬂtl%@g%?ééighébﬁffsﬁé}b@ké% @@gepassgg tPVrough the
mghalllldﬂﬁﬁr{e@t@f The bfb%{gi'ng Q)E 8l§e ﬁgna]? lll%ﬁtlt fifﬁllnéleﬁ{?(fj?%ﬁ% Bk of the

the activation ectrons o
sigeankight t I%eexltily@rthd.ﬁfgn@lf clidngsl. 12 &fiet &dlitidmal Felegtrods near the

rface qf Ih cond | ayer 126
pieRLBE il CohOR A RrBIRE b T GORfhetig f i aiitse an
1ncr@sd ineths elcbmicefieadd thahgs @p}m@dl% thé%nbz%)é%&trﬂ:%ﬁatfeﬁéltd"f%ﬁézoelectrlc

n]the activation |I?
element The increase in the electrical field that is associated with the conductive

layer 126 provides benefits that include, for example, increasing the magnitude of the
change in shape of the piezoelectric element 124, increasing the speed at which the
piezoelectric element 124 changes shape, and/or reducing the amount of activation light

required to achieve the desired shape change.
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129. The conb-like structure in Fig. 7 represents the

el ectrical field under the influence of the conductive
woOaymri2d@6. Each tooth 136 of the conb-like stPATAL20688/000494

represents a portion of the electrical field and sone

of the teeth have wi de extensions 138 at their ends.

These wi de extensions 138 represent the larger field

that is contributed by the charges that nove in the

conduct i \Feg.|7aiflestrai@Ghé¢ batoniof afdjeagRal fidld 180 the activation light

128, R BT o/ ahE PG ey 0GR Hibho OACHAARL Bl Brurtace
132219 ths SurfRPIEIRN taRiubvelRReD 6l hBRSt ﬂa%oactiV%iﬁyg ig#€ 129 and the

g;ec ric field is negative the charges In
SURIAF Lk 1svBe purjase of Sl eanduetivievlayer @@ fathestfromethe @ativation light

gt oo b BT Lol { (e AT BR G §F inuence

oftthe corductjes layer tIR@ dimnlluodth VIS6| efythe combelikicOstiudtird dbiesents a
f f  t.he canducti | ayer and, enhance the .
polity ft-the ]e?%’g %! tﬁFﬁ i eopBrh et ﬁ%xﬁew tensionpl38 at their

enghs. e Thide, witle expaispas 190 mépiemﬂleh&?_eyﬁeldpﬂhﬁtz geéo%ﬁit{uitelfd by the
|

al s are not conductors but electric materi al s.

e
Ch%g?s:‘i&‘%‘ Rils i) the gpndyctivedasien 42¢ Bt ediacant fethe piezogeats element
124.ERY BlthrbRaNAt Hgbvah Yesforkb Rrde 'e%%ffc:f{%kag(%@[lgg%{v%&&& light 12 are

shown), the teeth 136 on the co ure
repigspated dyedaslgdsings d40.3Viam theetactridi fipld 8 oemaiicd sheasharges in the

¥ ' - 150 that includes, .a |ight .
co Rkl ke LR Rob R b iuiiROLR Bt bondueive aver
and eflgmen tle hegakivgsicldl AWherd thel blecteiptfietdils poMitivenths YhABH in the

150..0f Fig. 8 al i ncl tivation |ight tem
Co'ifg‘ﬁf“(’)%}??/%"%‘%ec%’u@g §‘|e€ffﬁu§fg%s kefts eic\r/)@q‘#cﬁ% éﬁ;rygr‘e an@?@n@e the
eleatiic dlAd. VAtheddonlii@Re 16817615 ot {)%%t, nUEEa&QE 'V\{E)ﬁ{dl lgﬁ%et Elause

. s%%t em 150 is optically connected to a signa
Piegesigqie mgtsripls arepedicppdustass hwtzdiclpétrjtmatedibls. | Referniag to Fig. 7, if

ki ' j ght 161 i,s pr.ovi ded
e woef 170 1k reliovhd oWl 4 pifgforcely v EpBiiGowm,
thederth 436 eicthievambdike trgdttre 16B1d Imvphoek@dasdofsol 38ha thahi cal

switch 2 yi.a.an actj.vation |ight th 164 and the
si gnal Ilqsléh%/ d%pé%ﬂ aﬁé’ﬁ%lc ﬁ‘é(ltgl? @Pﬁgqm ﬂ?@ﬂlat sludssa light activated
optiwal switthi 150 asidgévribdbdbove vigoRtkdRE tdtigs LOUR efhe]fﬁﬁcal switch
of the optical switch 152 goes through an

The out put tch
Sysigtht ﬂn% 08 4 S850 inqhedes @p; apvation lighyisystemstdmwitich includes an
tiOSS B dolifRe i drddtd ABivAfior AblkV@hkBhler 18Nt THE B swi
e 1t he i%z oe| eg?ﬁg céngﬁgedrrﬁltvgﬂé%rg%i éllgh%&/lkwr H%f 1%eT%%§’ P %%all switch
systeq) 1 thisiggicaliy, cormectedrbmdisigant light sbinge 180 tb heceive a signal light

16185k ' N u 156 .i.s i ght squrce such as .
SRR U BR8N FEpR 0l
152avia acsipnatlight phihgle2 midt in bétivatdes lipRd1 63 & ReVRIEH % S optical
£n9: t he d sireq, VeL?EEth intensity, phase of the
SW‘%{Et IS% Xia g ac 1iv©tmn jeht pat and the signal light path 162. The signal light
161 and activation light 163 are combined at a coupler 166. The output of the optical
switch 152 goes through an output path 168.
The activation light system 154 controls the application of activation light
163 to the piezoelectric element (not shown) of the optical switch 152. In the

embodiment of Fig. 8, the activation light source 156 is a light source such as a light
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relation to the other light in the signal channel, and

pol ari zation, and the activation |ight controller 158
woanisrieémsot he transm ssion of the activation | pgIILZD6S000494

fromthe activation light system In an enbodi nent,

the intensity of the activation |ight 163 nust be

great enough to sufficiently change the shape of the

pi ezoel ectric element of the optical switch 152 and in
erdiRing"BRde NERD) drh® 1aset emi deMerdfes taheadi/hatiord lighth vxhﬂhgfh% desired

163 i1 s _greater than the intensity of the S|gnal ‘
chegeteriyies, &y dhe dgtiredovavelegite intorsityophase it 9@3t1¥?élﬁn B@ht in

reﬁlﬁg{[l Ec?fhg Ythdy 9@‘& [€fn thd g%aglh‘%afﬁﬁy %!n? '}QL altiz&on! Qﬁd ﬁfe%ﬂ#/atlon light

descr | ove e wavel ength
cmtrelltacﬁSvcalntrols the dransmiggon of Qwoactlvmulgght bR efrom the activation

R 0 Y B RO DB mus b g

endOgH toaduﬁﬁhlaF@ (Iiglh@gesth@ Siedpe loif gietp1élzﬁalec@1c]lcelamdne Sf thé fogtical switch
actlvatlon t.em 154 onfjgured. to
Yr 9 i ¢ %ﬁw%ﬁedﬁt@ml@hﬁ {8 scvriond! bé?%éﬁ gregies than the

mt?eﬁ%t}l bf m@néﬁgﬁi’ll fiicgt abt. V‘ﬁﬁéswa\}:e%r tgﬁ%émeeactl'vﬁtl&f‘ﬁ ht 163 can be
di ment, "the "activation is switched on

shaﬁer astlpngsy thﬂnéb@: Wﬁﬂelﬁn@h of 6)@ tSIg\Ila]t leght dpt.i daldessibed gbovienif the
Wm?e&l?@e t F}; ac | va éon @ﬁ%%}}%rt‘l)%}gﬁgﬂntﬁé QJt]chtz?I{:p@‘R 98¢ rid] pass

rov I’n-ano
thmm‘gh) tiersigvial clannd! ERerowhérathe piezsel éatirieldment/io bdtivatedcind the signal

. Ot . d' ments, other swi tches nay be enpl oyed to
@6&%%’8?’@ ‘activation light 163. The signal |ight

source lGQeaemetioh ﬁghtt $yStei 168 @hn bé edHfiohfel tb Eﬂiwdesthe activation
swi tched on and off the optical swtch 1

light | 16dete the niisal ﬁW@u@ﬁZ tihemypt fidkerens Waveh Eslzgémﬂaple in one
nFAoQﬁK&ﬁi nﬁt}é g%ﬁﬁﬁﬁ I11 t M‘f ﬁLéqhtc{l IPQﬁd Gﬁl etcSll,iH ﬁg%)actlvated

n an € I ment e signal fit sourc
optioali sydtchs imaareher tegrbotlinadnt thaam&tn oa dgiigiot & Chjiagfai toyprovide the

n. opti.cal signal . frequen of
aclione it d 63y ot et e o BEP uribe o ShuRl o, and in
otheggii‘tboaﬁﬂentsh athet lSwD&He@ lm?aykbé dnijoyRidgo &bnﬂrd)lghé aaBMt’imehght 163.
1 is.an optical signal t cQ ni cat es
Thesgpe] Heldsrirege 90 enggates ﬁwvwhh@%ﬁl fihad 4t @ﬁl&?‘ed on and off by
th@@ aﬂgvklﬁ’éh 142 'eC all@%d }0 P kg ol et 'tﬁ:’élts'w@@h l1i59hhd blocked
that 1s ou @y the activation light source 156

frqm @sssnmthm@ghihﬂ mltc @htlélz) diatan, enfhpdirestdnipe eignaliéght source
16|%)I iJ gﬁ'o}p 01%%2{%\%1‘%&‘ p’?l%/ t gl%g% 1|tsVa ilt%lﬁci %il?nofgl?ﬁnggg l{)ltp%aq %1gnal
(ngQ dntehﬁﬁneﬁ ot amphﬂudy nebdglatiod). datm embndlmaef dliel gignal tiplet 161 that is
al i ded.to th tical tch.l
b7 he shusitpie TG o nie st fleoRim s el ata in
soﬁﬂé@va@% IgV alripBifude 08 leqd@y hiddlilABon, logic, etc.) while the activation light

163 that is output by the activation light source 156 does not communicate digital data.

For example, the signal light 161 may carry digital data in a modulated light format while
the activation light 163 is not modulated to carry digital data.

In operation, the signal light 161 is provided to the optical switch 152 via
the signal light source 160 and the application of the activation light 163 to the

piezoelectric element of the optical switch 152 is controlled by the activation light system
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pi ezoel ectric element of the optical switch 152 is
controlled by the activation |ight systenml54. In one
wentsdizemnt , the signal |ight 161 passes througoTahm®os/000494
optical switch 152 when the activation |ight system
154 does not provide an activation [ight 163 to the
optical swtch 152 and is bl ocked from passi ng through
the optical switch 152 when the activation |ight
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activefival light spisterahih daee pavideaatacovation dight 163tto thehwptisalnsvitch 152.
signal c el ...Fiqg..9 depicts.an. e di ment _of an
opti cal Isil\?vlq ChP tiqggggﬁcghegn&sg{@ga\yltl&é picase ﬁ%glﬁshi@ 7 B, the
sigmab dighDamd gtlvatioh éight gieakankingtted ihbthe aBfhe toihaBChintRL. i Qhrious
; l.i ght 163 |nt8 t he éiarre si.gnal channel 122. In the
e%w%&af Fihbe Wed o gombine ihesignad fight andghe actiyatien Hefetiigtojthe same
sighiall Blédnnél. IG, PAePickOay embtidindst i LiRGr 15220 '
%itivé?ion [ htpf63 t?ayels iﬁﬁgéfggg%H%ﬁaﬁiE%t pd%ﬂ&ﬁwd
coyplar 164 ihat iaysedrio geunle theistgnallighe 161 Fitkthe athation lightt1636dto the
. ' I i e led i,nto the. §j I .
AR TARa] B2 B Miboaf Y RIS Do Penal gl 6 travels in
signpbtighti patkd 6R2hatch ad thsigigh fiber, tdnd ﬂhb:adﬁt/a’tii)heﬁght 163 travels in
odi t .0 ig., 9 an gptical, co er i.s. shown, L.
<P G a6 5B GursE VR Bt P eptlaiebf giind activtion
light 963 aib todplell e tRC bighat éaAndli B byl B bPHA1 LhEpISAT8s. 1t i
signal channel 122 céﬁﬁbe usgd. Ei&i. 1d§-1OE qpig?S fis
apprepipter dhit: altioyah i fhesillystratedeembegimentcaf; Riat @ dnoypticaladoupler is
howh, LS SuBROfd VLN i G0S. LA -
S e a0 Bl e SRR 6 Cord B3 e B i
163 pito thel sammgisigodl chael h22rndfe uske pi ezoel ectric el enent

172 has re t.ha N rs 17 f piezoelectric .
mat er ol FRFORAT 0 i e s ot abe i dyateckoptica
switches héestilibeds biseedith niden®nto FligsFiig 19, e 10A depicts an
i ezoelectric el ement ‘172 has four |ayers 174 of
mBpTIE! ekt dicht pRitvaRaptcal kb IdRdoarhiahthe piRgoelectric cloment

178 BlofNthah d¥ENyels’ #70bf PlebF Bt REnbtefial Rt rd:liﬁ}t-l:reﬁgﬁ?zr?electric

have a different” piezoelectric characteristic an
chagaderipties. e FbtheiiHesttatedt enabadirhéns of Hig. | 1y grespiedoelectric element 172

i £ s rjal v | ternati,n ez ectric
B RELERYL PP RE A AT, ) AP, R s 17
of pierdedactracnmiatarislcsagie vt a diffepine pleedeleduic Chdray@issic hid it afbther

erent. variations. 10B depicts an

j | ud dif Fi g.
et R Ot Sl (a5erm oF Rl PoBtS el Bhvesoliereiing miczoplectrc
chatdvieiaties. TORHYU be/ghdeRYRd thaA8hd SurSiR AN &RETREAME S e WRetric

I a%ers 180 of a piezoel ectric
layers 174 can include many different variations.

Fig. 10B depicts an embodiment of a light activated optical switch 176 in
which a conductive layer 178 is sandwiched between two layers 180 of a piezoelectric
element 182, This embodiment allows the piezoelectric element 182 to be oriented by

placing charges on the conductive layer 178 and causes the change in shape of each layer
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el ement 182. This enbodi nent allows the piezoelectric
el ement 182 to be oriented by placing charges on the
woaonuesisve | ayer 178 and causes the change i nPeinap®o©600494
each | ayer180 of the piezoelectric elenent 182 to be
enhanced because of the proximty of the piezoelectric
| ayers 180 to the conductive layer 178. Fig. 10C
depi cts an enbodi ment of a |ight activated opti cal
186veft thb pl@belectriohslahentUlsdithl R &PRLLE tHe¥Risk Y QRS pldXBnfY OfF the
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% RIS SRYLE L7 O coudiictive gwterial Retwgem disi pisgociestic lgyererl 8tsoallow
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el ement 187, ene e m t|p e conduct

orienfgiens by) qpﬁwlrt%‘%?%téﬂ]@sqogdmwﬁ ﬂﬁ:—}’e{:ﬂ 182 odhéscanables the action of
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low a reduction in era ure

Ofﬁﬁéw@@ﬂe@npﬁbnaheﬂﬁht must be raised to in order to
oelectric

change the atio f th i e eri
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piesbegrioélembet tpibe mhg&t IThe nfiGIE B&ndh@tl\QQaﬁerﬂ@ﬁWQ redhBfon in
tive ers all'ow the managenent of

the e R, F L3 ieelasi Samentimest lraiseih -t e {0 change the
orlﬁ{!é‘tﬁinccﬁ"th&ﬁ@i&%%fd RhtbiG, f’x hﬁﬁlp‘fﬁ&dﬂ%ﬁ&tl\%%}ge‘f%al o B8 change

rranaged to nmake the optical swtch easi
in ghape of (eg pigzoalesitni alem@mt toabﬂjerdlsaa@hd | Theamuéipho dcbmhmtwe layers

allcgvpec di lﬁgn%g&ﬁ%n)} le(?%/ 8{%% cﬁl fical Eag%r%ln &F’arqu",lcgrlgit g@ﬁr ptplyswal

C on uctiv
cha&tqtfmstlcﬁrﬁ thd bﬁldﬁbmitcthtth ibe nﬁinagdﬂ 6 tiales ther ShtiealswiRh easier to be

f or , usi ng known sem conduct or
consTRE s MR iBRhn R8T o, g o Spesimapt ok diiereay lavers of
pieftRRREid nfferiab RIAHT M EhdudtRR afBk aams Aokl | xl?té: mdn%llﬁl(?g“astack
cases, the hysteresis of a piézoelectric elenent
StrYCiuge.¢ Wemlémcwt%plq stglture can \bat@un@btfpc akarspie,t uslmg known
minlcth s & 0
SCh hanged T lltrgg?n&gl etrest a u‘%h eZé) IS/%%{ rre[ f%(%‘??ﬂé’nslpmgrmg’
wn@@Dbmahqswuons t hi ck Iayer of | ead Z|rconate titonate
(PZT) g, degps ited on a substrate. | ayer of PZT
has a gi'¥ {} SQme cases, the hysteresis of a plezoe ectrlc ¢lement can limit how

quickly a light activated optical switch, which is made with a piezoelectric element, can

be changed from one state to another. In an embodiment, a 3000 angstroms thick layer of
lead zirconate titonate (PZT) is deposited on a substrate. The layer of PZT has a given
percentage of lead and a given percentage of zirconium and titanjum. Next, a 3000
angstrom layer of PZT is deposited on the first layer, with this layer having more lead
and zirconium while reducing the percentage of titanium on top of that. Using these

layers, the hysteresis that the resulting piezoelectric element displays is reduced in
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percentage of |ead and a given percentage of zirconium
and titanium Next, a 3000 angstrom | ayer of PZT is
wdepssizéosd on the first layer, with this | ayer POBAILI0g8/000494
nore | ead and zirconi um whil e reducing the percentage
of titaniumon top of that. Using these |ayers, the
hysteresis that the resulting piezoelectric el enent
di splays is reduced i nconparison to a piezoelectric
copipfiedtt td BatiedeRstricodletnare! tistedsds ok aﬁclh@e\’ Sinsilar |1£ye¥§3r & more
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plé’io%Fle%ice&érﬁérﬁ dah YTeRbriGANY. D f1RBF @ segeéaog{teiaﬁ{xeéon { conductive

his is deposited upon a conductlve
lagqref@p eleetricifigldiofghe adtivation lighits erhahded to make e hightrectidattdoptical

! Eval ed optical switch that responds
S“g\%g?}hﬁrésb gg fa 'd) depi cts an enbodi ment of a |ight
act | vat etﬂlg)ﬂDDCdéplﬁWlah @mbb3Endnbar ai 1k Wesatell optlcal sw1tch 188

thqu I (%layer Eiﬁ‘ ezoel eciric ie enment 189 on _ one_ side
et S H Bl oot priohabi.en ws Tdghise tgnalghannel 190
ant Vedn8udHios 18fers 1IN0 1%2HA&! 0f196hal TAshre 5196’”31611(: eOfes \}Mﬁge of the

switch is enhanced by a nultiplicity of con
S“i“ﬁ?ésr@h&@fd briagnultigicigesicondscve laydsod9hrent of a |ight

activate t cl ud
il 1§ ay ol b0k 88%eE h biodiient A AR ECHARD Bjenl it o2 that
in¢ledegra m@élayer plme!ﬁcn‘eselelﬁera 194 gmhb cohdetied 1a48819d éh &% sides
e Cross-sectional, view
of SR ¢ e b 198 P srbeBhech e IEPISS YD R8T ecHonal view of
aneipaﬁﬂi Mibetrthdt chidedly plezydedtdy lembRt dHach écﬁ‘ldﬁct%n%{er formed in a
ely arqund the circunference of the optica

r
ba‘F‘iP kelyprpup e drryaderrrasiof tharpticaldther. In thiscorhodimaitshe fiber

is B Rpredlble fib@riafl| A depi cts an enbodi ment of a Iight
activated optical switch 200 that includes a signal

channel Pg2114 dspistoel embediment eﬁmrhghﬁ@ztwa‘&dcbpacal switch 200

tf RANED e E4flond R, RSB e 2o 8 sdResye taver

206;0Mhnrea$otﬁ(m asfahe islgabl chbheel dadTides SSdhahB MBS Hatls AP with a
en or a

b f. h as .argon or _nitro
CO‘HE‘E‘%@SH%F‘%% eaco%fér glg@ulﬁ?fg%ltfgw he.efop IﬁX%m P4 3 g@nsuch as
argbﬂbi?@ﬁtrog-gﬁ Qr QNARRAAl #eB af IaI petioft {jlsttllih?e 6P TRAIRRA Hl%b%ﬁ The

al is adjacent to the piezoelectric elenment
Ch%l?.h,eﬁ 29315{164 Yéh ﬂleecp@mr@@foh rpatetiad ieadjacotitodbapiexgedauttic element

204 8, b R GARIGHAOUER, 25 LYELE AT RSH YA S v
activaterhby an potivation light. tThen embodietent? G pidzoci@eirie Raeint 20 forms a
Porﬁf)l&ﬁg%g C&ﬁ?lg%gdér |%];1 etm %dl%r?e%?%? eagtoa4pcl)r?101]; ?)% ’pllsedchgglber 204 is
formed by a transparent material.

Operation of the optical switch 200 depicted in Fig. 11A is now described
with reference to Figs. 11A and 11B. Fig. 11A illustrates the piezoelectric element 204
in a non-activated state. In the non-activated state, the shape of the piezoelectric element
204 is unchanged from its normal state, where the normal state of the piezoelectric
element 204 is the state of the element in the absence of an activation light. In the

embodiment of Fig. 11A, the piezoelectric element 204 is basically flat in the non-
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OQperation of the optical switch 200 depicted in Fig.

HA is now described with reference to Figs. H A and
WolB00sAReNso HA i | | ustrates the piezoel ectric el eremaLD081000494

in a non-activated state. In the non-activated state,

the shape of the piezoelectric element 204 is

unchanged fromits normal state, where the nornal

state of the piezoelectric elenent 204 is the state of
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el&Ghaf %14 42 LeEoeﬁ)e%fr?cl Fl%lnﬁ%“ gqﬁk ppo%ru%lleg r1]1%0 oth? S él'r 208, thereby

When 't he ac i'vation I's applie
copnpee,_ssag ¢l copressivte mate’tiM withiive thi cemmeblecnf 'thé zﬁiti@ﬁle@ istate, the

r.ot rudes into, the er 208, thereb . . .
s o MR PiRESToct™ Bletet DB Behast cpugh T i siggal light 210 is
blﬁk&ﬂrﬁ@fn pdsBing hEroagh theasi gl %ﬁa&x‘h@l, 2620 eTﬁJ‘E]B@le o?'ﬁfe signal light
21@ ﬁgelectrlc el enent 204 ch anges enough that th

feated drtholpek pthg sigapklight 2ddepiting ith«vgslgrm dnpgnneltm When

i R b

20éxstenagp itheorgialjstate albaimgehe Sigaal ligh’elhl(lth@assc tIn\t]aH absence of the
ved fr the s channge 2

b0 54212 SETRAEe P EBper el R e o

he]&pls koonatungy tltehﬂezselgétﬁb eleh@ht 20449 its@qoRAsStatd. N t he absence

of the ag@ Xg%é&n [ight 212, the_pressure of the

conpr ess pists 3 empedimeat efhahght adfiygteReangisalt gvitch 220

thak @tdlidas br&grﬁl %El%f b GidloBRBRk ffent 9?11 taﬁdné) E(Smfuctlve layer

st at e. %9 elcfsaneMdemm 0
226, adincent & mlf::@alectm elesher A0 witielt thie rscgnabdxanaelsm}malan optical

B
enteble'rrenwnd rthammdunﬁ‘dsrenabl gﬁ ahe ctiaieslelfibdR?2 Fig. arpsodtligates the
el S piTEosl Sehrle e etenl, 20t 200 Sentueliye
theﬁlelt‘zggﬂtefftgtﬁ Slséﬁtﬁrr]lﬁmét ReneRinge@ Froh #EFormbl Gate I4Aere the normal state
of the piezoelectric element 224 is the state of the element in the absence of an activation
light. In the embodiment of Fig. 12A, the piezoelectric element 224 is basically flat in
the non-activated state. The flat shape of the piezoelectric element 224 allows a signal
light 230 to pass through the signal channel 222 as indicated by the signal light 230
entering and exiting the signal channel 222. Fig. 12B illustrates the piezoelectric element

224 in an activated state that results from the application of an activation light 232 to the
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pi ezoel ectric elenment 224 in a non-activated state. In
the non-activated state, the shape of the
woiemaeéosaetri ¢ el enent 224 is unchanged from i PETADIONEO00494
state, where the normal state of the piezoelectric
el ement 224 is the state of the element in the absence
of an activation light. In the enbodi ment of Fig. 12A
the piezoelectric elenent 224 is basically flat in the
pinzneleatrici elahed 2datlp. thé' mmbbﬂla”Iens bfipig. d2B1 the activation light 232 is

electr C
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change in shape of the piezoelectric el enent 224
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24y SRR e O Sl sPFisho P4 R Bl il sl G g 2 i
méddoflaatdnkpiferit Mdtdrial BRI foRins sf1843€a podioh betheisipnal cHahghR42. Fig.

230 is able once agal nto pass t hrough t he 5 %nal
13/ dlwrbates sthe prszgeleqtain Jerpett éHain artsBicAcHEsied sktsy |Inghe non-

actiGhtbd §ard t}f%%thhﬁé‘l)f BWi&Be184A: blRafent mzié%ﬁh ge?d @0a its normal

channel 242, pi ezoel ectric el enent

stforehere the @orraal@tatm@haaiemrlq fdernmt 264 @’ztb@ ptalstof the element in
thgI gg‘n%n% %Aéd' 'cﬂvéﬁﬂ)‘ CP httheI Rhg % gﬁ ;ﬁ G % ggrﬁ%Px tl%4fne%§electrlc
t'5 and forms &t ofeast Fa

anspar e eri a
elgaedt a4 1sifasicb]ld§y ﬁatgﬁ glhe mneétecﬂétﬁte. Hihg fladlhape of the piezoelectric

illustrates the pi.ezo ctric.,ele t
clemept 264 Alawea Sepd Gt 5506 st broHel @%%‘%‘EP §@%W1§1 242 ps indicated
byS!ha Remaf ligMeso 'eﬁi’eﬁﬁ% Q64 @kﬁng ki@ pal édhnbB2420ChigN o888l il lustrates
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thp piezendectide plegent Weintanagrvated state that sesalty frompige @ppligatipn of an
I
ac'gg%c 6)3:31 ré‘gt 21&8 I'Efi?ég pf'é%%e%géttil% Qlte}ngﬂt 1 ﬁlte elﬂ%dhﬁé:ﬁt of Fl% 13B, the

|ezoe ectric
aciigsativadightil$3/isfapalied to thé plemﬂ\scaﬁx dlentre 344 baldfrectﬁgethé hcitvatlon

35S L GRS B0 SR T S B s v
staté)dh& sHapél of the piezoelectric element 244 changes enough that the signal light 250
is blocked from passing through the signal channel 242. For example, the change in
shape of the piezoelectric element 244 has the effect of squeezing the signal channel 242
like a belt to choke the passage of the signal light 250. The blocking of the signal light
250 is indicated by the lack of the signal light 250 exiting the signal channel 242. Once
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by the signal light 250 entering and exiting the

signal channel 242. Fig. 13B illustrates the
woizemaeéosat ri ¢ el ement 244 in an activated staPeTahRnbs/000494

results fromthe application of an activation |ight
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signal channel. In an the ele

101?+8em€te{sr(ef?°0@lﬁh R iscthe elepieic é“wlct igvioke and Pas powghn waaﬁgj Ulsing this
releftitoﬁaitt 1§ uH@ Read xgoLl'ﬂlg heJePopte{i' %8 %altfvlfb 1111 rl‘fF 5 o Burth of a

annel descri

mlqrcm étaanetlua)tﬂ V(dtSl dman eﬁbﬁilmle&tr,‘ thid v}ohfageisd:mplbyé@té Sctivate a light
e a li switch is

SRS T S R AT RS e s
thrduigh thd) @@ﬁzﬁbhaﬂ_rfé@ oP@y Block Ghe/ §ighA ighH Bk PRsiNB t:BusS the signal
charvl\gell)t t g e[)E(an;](DI%r{)% tl(1:e SPI)ZC change that 10 volts could cause is as follows: In a
channel that is 2065 angstroms in height, 10 volts will change that size by 40 angstroms
when lead zicronate titonate is used. Lead zicronate titonate has a piezoelectric strain
coefficient of 3.90 times 10E-10 meters/volt. 818 nm light (8180 angstroms), commonly
used for fiber optics, will be able to travel in a channel just bigger than 2045 angstroms

and will not travel down a channel smaller. When the 2065 angstroms channel changes
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Is used to make this calculation. Were nD is 4 pi
X10E-7 Weber /anp-neter, ¢ is 3 X 10E+8 neters /
woeeesndeosk i s the electric field in volts, andperirs2008/000494
power in watts. Using this relation, it is found that
the vol tage devel oped by a 150-mlliwatt signal in a
fourth of a mcron channel is 10 volts. In an
enbodi ment, this voltage is enployed to activate a
tol20¢rh angstroglg,ethe signgltlightawillsbid bloé‘ketio Liight Bf 80564ngstidmd W@velength

¥ h ht. t th
o T PSSP b S0 svich
caR @8 SiAed b bPbERL & BRe & TUIRL1 sRBANSID fastd) £33 'Lf%f: ga’gf_f&“?s that

size change that 10 volts could cause is as fo
the glegiric pnd feagnethtields of thedmhhhgst orothe medivmitiough which the llght

t Eze trons when
ot ot s D AP s BT T DR i
witgdvesthe decilodd efattencation pei mile oftidviet foe e signaBisO folioves

lcgerr;nlagl ;re L?g@é (11/22@/?0)3'/‘%]@%/%%@/ q%zgg)el %?lte&g gs 2rave|

inac haaneK is UsdonNar@ 6! the Raterd fat MRSl meadhgm’{@l late made

v k wn_a channel smaller. Wen t
of IR ug ek b S e Pordetan suase o 2 ebadigstt oni ono e lisit giraaptical
swlltblﬁllikt m&%tiyl leRE tid %&ﬁpswﬁdhgﬂéy A8 tﬁﬁ Q&gﬁ/rtgcg gﬁaplt'l of Fig. 3, but

wav el engt or shorter coul ass t
thes grgplalis efvem den illugtrasive ipghtosesct Tkreai@cbr @p$a '@dlmslm qurauomris the

t t i d
e, o 1610 W Bl pliaR 7 il ) S slend o0tk Sl i in
ratnmgamst thee eliidéf fodquedng () abtheltaxgheQNTHID Q?L[H@iﬂitl ok FHeOLE) mode
or he

f ch the lig ra qgs The equati on
° XVPY%R{?B?%‘H“ Eﬂ%F"’%ﬂ menty i Sl%eﬁéaf de WavRgyisley aiecrbiosen so that
thivhid ete vhl |deleV odsitte. dogd B ?elé’cfonafst ﬁﬁlﬂ@d QNI fcid? Whveguide

of travel for the signal is as ftol
lwwpﬁnﬁqrz&) given sigpaly ﬂle eitgruption lﬁcrﬁ)aseB/aE)tME( §ir¢ bHhe -sig)lal channel

TN T At e T
pages2682)f R}ldfooEnglmds I—Elndbm)kl Wiritbem lgnﬁ@ddcri&ﬁfermﬁlﬂﬂ d PBlished by

g tlcal his nostly lead, the optica

Nk%ﬁatgﬁ ﬁgﬁﬁﬁ% I?ﬂYﬂB%ﬁ%&%ctly the graph of Fig. 3, but
t he gr apRefereng i‘d ﬁﬂwfnﬂide it Figs 14 AL Wligh H%@%@ﬁi op-mgl switch 300

r.case "a eequatlonlsthelengt of asuﬁ;

thabfn ydgs Wb elpaa@el 39ecand @(ﬁ)@]@ﬁ]@y ((ff[:)le@ﬁlefﬂm}g el¢rgends which are
preﬂ#zﬂﬂﬁ uﬁ@z‘%ﬁl&@%ﬁ@éﬁ dloci}%' tHe rl ﬁ%ﬂ% &'7‘151 g ecilébgffn ln the illustrated

frequenc equati on
embq@mmgohreenmeradiﬁl mm@momazmtelctm elbme:am 3@an0|5 PRAt306 are

i t;he wave U|des ar,e c that this is
disiBfied @67 the "RALETRY SER Haniel I i eofuatipi spicing
then‘ebmérr |m|sng)evmegpﬂeﬁkﬁﬂ&mmasman§ 3081303 1368 lsSécﬂmhed by

he att nuat on J ncr as the size of the si
an %‘iﬁ‘é(ﬁ'ﬁ‘é} Tighir | T sighel %@6‘8‘2@&% guides the angmiggion ﬁé? h‘t within a

confih@PaeNEMNnL & deBRE R, ThE SigRA“AEARN305isArmed by a light guiding
structure, or combination of structures, which can guide light within a confined area
along a defined path. Structures that can form the signal channel include, for example, an
optical fiber, substrates such as lithium niobate or other transparent piezoelectric

materials that include a signal channel, an optical waveguide, and a chamber for holding
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page 263 of Radi o Engi neers' Handbook witten by

Frederi ck Terman, and published by McG aw Hi || Book
wGaopanyso | nc, 1943. Reference is now nmade to PCHILDASY00494

which illustrates an optical switch 300 that includes

a signal channel 302 and a plurality of piezoelectric

el ements which are preferably unevenly spaced al ong

the I ength of the signal channel 302. In the

[ odj t ract I

a icbmypfbdipt Qﬂat@ﬂi@l I8l ntgl 5 ang 228% fife ﬁg&&&‘ cfhnnel 302 is

plezoelectrlc el enment s
prgfesably formedibup sregolithés ligh gulldlrngeletrmt sign aI channel 302

the ot op SORdbAoMleRRCURT L 305 S0 BR300 B BEREDIS formed of
piezwrtecwicl matexb@l aixaaqﬂes\/cﬁ‘tplmfnelecf:tﬁhtmar‘fﬁm ﬂfdrt] gadlbe leﬁ?tbeform the
n o W I N a confi ned

.302 %ujds etr sm ssi.o0
piggoglecitic eﬁ ﬂé‘-’ﬁhf%ocr&{ﬁ hne PHEodrgHamatsiah fagh apguartz (Si0y),
lithiireebbeng éLleO!}]Dt 16Hdi Sikddparet {P‘BZF@'J)eleaQ it '(Pl?flb?ﬁ b lead

structures, which can guide l'ight within a confinéd
ziggppafe Hiapg Examplen éﬂplsmellﬁctr& mafetials dhat canale erianteddn mmagnetic

ﬁélﬁ‘ %resfegcf‘ giéc&llaéneﬂﬁl lehd ﬁ{aﬂgg or fl zqé%ﬁ';&% %%aél?a%f o(gé%rgz?ind lithium

strates such as I|t rumnio
nltﬂm&nap axamplepofernspasertt lplezoeiattec imatesialshat i ncl ude a

For ol i G ABHEEE e AT bl 0 0O e Brehcelude o

lea?si: tﬁb gayelﬁA(ﬁ tape F08goabicstastted netial %aﬁhgfcﬁfféﬂéhﬁ’ piezoelectric
mpnol i thic Ilght gui di ng el enment.

ChﬁTa&tEE}%théc J?‘P diffgrentpigzeelsginc CB@rscta%ﬂlcs eéﬂardeff?rp@tf leyeeisb Bg7 and
3080 %c‘ﬁfdep kS ZoahBe: 1) Qh{lf@xfe rees E&%’{%h{?ﬁo fnd/or %hrmkage in
t use

pi ezoel ectric materi al orm
regpoasede theciamieelastrinatfield; Z)rihffelﬁd resppssealtd thesame electrical field, for

i ez0 rj erjial ,such as rtz (g l.ithium
xBnBROPAETE hE A" FhBas B dechBpd i olsitroRt pgly' hebind ™ first
oriehtaaotaami t&le’kmilﬁeG@yeT @@nﬂ%&e@oh@@l{ﬁ&h&é&dﬁ@ﬂ ﬁblg -having a second

S i ezoelectri¢ materials_that can be
O“SP‘i EE? “Fﬁ’elg’ ﬁé@ﬁ@t ‘ioeﬁ? f est griefittiong Jdiffereptpplprdiognd) different
strhﬁ@dS)t tifRPsk hySteresRA@) Zihi%r@xﬁaé aditah@R! 9 -di et FnfRBshces; 8)
| ithium niobate are exanples o transparent

diffprentgesigbtitiess Mretiereatl thermm chigprioso ehé di) idéffestrndlentomagnetic
histQ4bs, 305 and 306 preferably each include at |east two
ayers 307 and 308 of piezoelectric material having
di f f er enOpgiagaoef the bpiical switctadbedépidtedin. Flghmﬁdisfrfow @d3tribed

.Ri el ectric charac I Sti |ffer
B SRR Ehes RTHATHEL! P Po0 Mt e e rist e 204,
305! ea@ﬂem Bf a epopRElVABd 3B, On SAE IOk AGRVALEH SRRDARS 8hdR of the
same electrical field; 2) different responses to

Pl%ﬂ%@%%%éle@eéféﬁoﬂc%@5 ARcbpp st Wh@gaﬁﬁto@ ity nernel state where the
no}@ I%%% %H@Pfétﬁoél&tﬁceél%gﬁg 308, B 254866 id 8stald & e element in
the absence of an activation light. In the embodiment of Fig. 14A, the piezoelectric
elements 304, 305 and 306 are basically flat in the non-activated state. The flat shape of
the piezoelectric elements 304, 305 and 306 allows a signal light 310 to pass through the
signal channel 302 as indicated by the signal light 310 entering and exiting the signal

channel 302.
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orientation and the other |ayer expands in response to

an electrical field having a second orientation that
wo0@aresndi cul ar to the first orientation; 3)PCT/IL2008/000494

different polarities; 4) different strains; 5)

different hysteresis; 6) different capacitances; 7)

different inpedances; 8) different resistivities; 9)

different thermal histories; and 10) different

el ect r omggnefAre ilisthQs | 't}%'s ie écﬁlid QR Rht titﬁ agk da‘ﬁal %(}16 in an

switch 300 depicted In now escrl be

actigeted |&tﬁtelth¢tete§m1§n&9m dxhd:|agphcla,t16h d¥| gn attvatioh| ligittr 32240 the =

5 d 3
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actiSation€light 812 s@ﬁh&é"ﬁl @l@&ﬁ@ﬂtﬁe’l@tﬂah@ff@:@ssﬁg ‘f)?ezeéle&ﬂc material. In
activation I|i In the enbodi nent of 14A, the

theaeteadetintes Ehe ehaprent ﬂleauﬂzoe@tslcmigmms 393 e3Q5amd: 306 ghanges
enul%‘fz %de al h‘Fe J‘Qﬁ ﬁ 'yl%tggﬂ&tkg%gr Eﬁé%\gq tioﬁ % 51£nat] IEﬁannel

ectric e nt S
30§l dhablodkigt 0f3]1€0$1g1ml ﬂngh’s3 tChis dnctjéntediey thie g of&hﬁﬁngﬁil light 310

ol T2 oG SO 0 B e LS S o
chtulfr&l pOXE Ztﬂ@bleﬁde[elcﬁ‘lceélﬁﬁaﬂi 308845 ar® 306 Rurd 96 nbihaA2Bhape and the

fégﬁ% ‘]e’d state that results fromthe a&llcatlon of
Sl%'ﬁ PUaisia qqcaﬁganzmets&tmwhﬁhw@@ale nel302 enent s

304, 305A§Qﬂs§@@d aﬂ)(ﬁf ﬂ@?gf ﬁﬁ@gﬁezgéleg iid elei'rl%ﬁts (ﬁe305 and

activation |ight |sa I ezoelectrit
306|ie rasperse 30 the a@@ﬁat@ndlgat)ﬁl Zogaudﬂ:srthc Bhapg Of te pa@loeleaﬂrlcmﬂements

cha
300 gl o0 ' b3 SRR ol S PR Lhannel
302 uppﬂhalfge aRigell £Atis iaCc&})ssfsleah(ﬂlﬁI ity of ffﬁcdé@al lBBannel ﬁOZ and the
Zoeetrlc t | a n t aCtlvate state, the
Pl%ﬂ@ﬁ@ﬂ&ﬁ eieat B&%?gé}geéf"ﬁ when @ﬁngelsqmc elpgieng 305 dpi a non-
aciVi&ete© NGRI NS5 §s Er@&ssts@&m‘ﬁbg()ﬁk bff ngtSI%IJAp cha?m@i 96K &R the

from passi ng throfg t he signal channel
piggpelerio glesnent 365 sofghigl 1HBgivhers tige p@zwitntm(aﬁbmeby 30hds in an

acﬂv% e &{ste 3h§ t?l%%l@ﬁl/fit%]d %{e %O L%%etlc%cﬂgch%llg%%é %Ba extendseglto the

anne ce e acti Va el renov
sighalochatuned 32 gamél| red).imm la'e lea80che dimengioe 0o dieesigﬂal @hannel 302. As

1111{shgte 1@3’&5 0%?6 t@eo gmrsgts%ﬁglée}lo noﬁtn'&s Shaggha%rr]lgl 302 is
smhldrGal e dehientéd Gara kF:g hesB)ehandP-in i rﬂﬁsa@fd/z@&ﬂstﬁ:@ 817@: 15A).

activation of the prezoelectric elenments 304, 3

306 in rds Wé’étf{ecﬁmh?élfa@tt iof BigsoHtA A, there ig au;-%e@omeng in
theSRARE Knd1R2RY EF AL Bl JiC20E1 IR Meinents 304, 305 and 306 are in the

activated state. Although there is still an opening in the signal channel 302 even when
the piezoelectric elements 304, 305 and 306 are in the activated state, the opening in the
signal channel 302 is small enough that the signal light 310 is blocked from passing
through the signal channel 302. The ability of a signal light 310 to pass through the
signal channel 302 is a function of the dimensions of the signal channel 302 and of the

wavelength of the signal light 310. In general, light having a shorter wavelength is able
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304, 305 and 306 to change, thereby causing at | east

one di nension of the signal channel 302 to change.
woi28/126M80i s a cross-sectional view of the sigRrai/IL2008/000494

channel 302 and the piezoelectric element 305 of Fig.

14A when the piezoelectric elenment 305 is in a :

nonactivated state. Fig. 15B is a cross-sectional view

of the signal channel 302 and the piezoelectric

to glagsTémough0s sighalFetgnnd 42 Wi the! H emBIlGZAMCRGES HEanSlGIBAVing a
305 is n activated state. In the activated state,
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407 8 1@8@9 Eoné Rgﬁéﬁg@ ofshe sigss channeb$? with noprupiferm spacing

prezoe
thmﬂietwmled“ het gHae ol tHROPEILADEIE ele?neﬁis' hba aﬁ’(?So PARY 38 14d7 is

th nal ¢hannel 302 even when the pi eZoeléctric
°°‘étfcglﬁé r’i’g' anggivatign dighs dliweeenal ehanpel 1462 galﬁtes thettedsmissibe pf hght

ST
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gu@mgoqg@lntwq; or gplghmlatlmhaﬁstﬂictI;MZ Wlﬁlfdhﬁcaﬁtguhdet 1)/gh®f\hm&1n all confined
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o Ll 318, SRR WSS A A e,
examltrdmneth @ﬁﬁalaﬁﬂemfsubh&tééﬁMQh englithioh hidGasi &n%{he} 'tﬂalﬁg arent
? g qﬁﬂP& h%ht havi ng a shorter wavel engt
pleg%q eé:{rbc IB a {nghidg a@g&al&ha@%mpﬂg@gvmggmd@ aad a chamber
for HaRIiALS ¢ ﬁi‘%ﬁ‘s%l@ et} {d ﬂl@terﬂr?r)ggfrﬁ&t é{zi:g”?% he signal channel

vvavel engb’ Ref erence i s now
402 s |pipferphly dermad by merglitigodightguiking elhmbnu ncl udes a

si gnal ezoel ctrl
el ement gﬂ{é gﬁeg%c %r grfe%tsglgﬁy%n%% rfé%@‘i? gormed of
plezmb:ctr@mgaﬂarmjf Emmsgf‘fqhez@bl@mﬂm&@ﬁal that bl ®e used to form the

T T I
11thﬂ1&7 naibated(IﬁNbOEDUtl@dél gircngket (PBZLEHIIdAd taﬁeﬂ% éﬁl\%@?@ and lead

402 with non- unlforn1spa0|ng t here

21rc§p1§i) g‘?agptet heamples gEpiszaelactiicanataxials that 0ah bet@fontedi(n aanmabnetic
ﬁel&lQFe le§d %ﬁ’EHnra%lA gdleQ:y Hé’tﬂ%tg%tr 'lé/a%til&onat%?lta[rﬁtaghwwrtzrﬁnﬁ lghlum

channel 402 ransm sSi on
niokegsndre néainldﬂmf tmnspagerm pnbeéeletmlc matehalsTh e signal channel

of struatepEes el it s i indaohomlptbonchioaude

at lasietvalayag 4@8dﬁaﬁlm%fﬁﬂéﬂ%ele&k%éﬂa‘ﬁﬁ%&lﬂ@tdlﬁ@ﬂgntf pieBelectric

n channel i ncl ude,
characf:]terlstlcg a'l’he dl?grent piezoelectric characterlstlcs of the different layers may

include, for example: 1) different degrees of expansion and/or shrinkage in response to
the same electrical field; 2) different responses to the same electrical field, for example,
one of the layers expands in response to an electrical field having a first orientation and
the other layer expands in response to an electrical field having a second orientation that

is perpendicular to the first orientation; 3) different polarities; 4) different strains; 5)
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exanpl e, an optical fiber, substrates such as lithium

ni obate or other transparent piezoelectric materials
woOheds/i2énsb ude a signal channel, an optical waveguiim®ps/000494

and a chanber for holding a conpressible material. In

t he enbodi nent of Fig. 16A, the signal channel 402 is

preferably formed by a nonolithic |ight guiding

el enent. The piezoelectric elenents 404, 405, 406 and

d1ﬂf6rina|h¢st¢rea§ eﬁ)aldﬁﬂerérﬁr oaptcithcd e OgikRfehf litipbiheds) %') dlfferent
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ers 408 and 409 of flezoe ectric nateri a

p I%V\@Fﬁa gemerts 4Rt 45404 (7 are basieadlytilat insthi aen- adﬁmted state.
Th@ltfaf SHBE b Hie%%leﬁ%irc' e(fe Jhg§ %{, gfb5 SAId6C 3 o4{07 ﬂrl]lows a signal light

different |ayers may in or ’exanp
419 itg pass élﬂfpu&ib@ﬁéwab‘thaenqdawglasnn(hcniécbby ﬂiermgﬂaagghtl 410 entering

and &SRR ﬁl@sf alt?k -1 electrical field; 2) different
respo ses e sa el ectrical fiel d for exanple,

o ne of thig. 168 #lustreais GiezbsledtBs BlomSAis 404, 405eh@Eidd 43 in an
t orlentatlon and the ot her |ayer

n
a"té" a%snﬂgtevﬁh ‘?é?ﬁ[ﬁﬁ o fhe pppligatiop; efpn factivetignalighig4s2 to the
plezﬁléliﬁ(ﬂc eletn@hts 8040 '105 Nade bsa Y PERALE odf(‘jr&?# g l:rl " 34B, the

rientation; 3) different polarities;
act%?%n Hght 4pdis applieshto thy stiesoelsetsic e@e)namw e, emﬁ 406 and 407 by

dir&RR8 thd ARG ESon 1§ tqldfzf tré)ftg% ts1g?1‘ﬂec?'ﬂ% ﬁl)% tl%) Iplarg gle\&ﬁ@tdfo?gnal

reststivitles;
lighti #1Gr e"ﬁltle ektvttioontigtet 1z suppliear b€ clecti! Hidl@NhAf ettB&s the

W. 1, C ted In Fig. 16A.is now
pieRICEHRnBUY i e TR R e che sbanbiot T irgelosi clamagts 404,
4051@96 Iahcﬂ 4o chdr@ss bitughi 8ZRRI 186 kighsl BHR '1?6t1§ Rﬂ)gﬁ'ed 0% 'passing

d state

b de in a non-activate
t “W& t%’c%‘ flanngk 4% Thehléo@mgaef e stgmel lpghéﬁd)@hemﬂmated by the
laclebeile Qf‘gﬁal‘l%‘ﬁt 4 4Pexitiff é)ﬁle% 7anﬁe§ 49hC 'E%”?ﬁg: {weg]lon light 412

nor mal st ate, wher e ate o
is rgsneved dloacthe sxgnell OQnmﬁl 4024 (iMe; piéfielecRtelanshtdMU4, 165,406 and 407

retu?ﬁ %ﬁorﬂ{al gl{ﬂ%e an %Flﬁ;g g?]? 4;8 ga % R(r)l];q ggalr? %(t> ngs%tthr%ﬂgh the

s1gqal@lmnmdléozr| c eI ements 404, 405, 406 and 407 are
basically flat in the non-activated state. The fl at
shape ofSSidgast Fd 2beedqtivriionspithe nicgodearic dements @64, 2104, 406

and 407 i@l lespdRsedtcs BNRrivhiid fight 412 causes the shape of the piezoelectric
elements 404, 405, 406 and 407 to change, thereby causing at least one dimension of the
signal channel 402 to change. Fig. 17A is a cross-sectional view of the signal channel
402 and the piezoelectric element 406 of Fig. 16A when the piezoelectric element 406 is

in a non-activated state. Fig. 17B is a cross-sectional view of the signal channel 402 and
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410 to pass through the signal channel 402 as
i ndi cated by the signal |[ight 410 entering and exiting
woOheossizgnsal channel 402. Fig. 16B illustrates POEIL2008/000494
pi ezoel ectric el ements 404, 405, 406 and 407 in an
activated state that results fromthe application of
an activation light 412 to the piezoelectric el enents
404, 405, 406 and 407. In the enbodi ment of Fig. 16B,
thé pRezagibitMalcicditnt 1@bT £i2 168 \QFOPGRJ fh@gwéé g&ﬁc elebment 406 is in an

pi ezoel ectric el ements 404,
acaivaté% tstafﬁg I heaativotad istate,| the Ipiezadlactiin temdne 48p gaxsdnds into the

ith the si
sigeaf o006 bkt RAOA!cdth bl UiferRloB U it SRS it HIB. as
illeftfatest i Fipe [iAczokl BBt the crostsestionhl arbm of g ﬁgﬁal\b&hﬁﬁl 402 is
ric elenents 404

t th h I
o g B i R b e R e 172
li ght 41@xsls3erbin(1ﬁé<@ﬁb$diﬁ€hiﬂﬁ$§%§‘ FeAhr Py tﬂaetré‘% sﬁllglﬂ%genlng in

chan 402 The bl ocki ng of the S|gnal %ﬁb
the §Hgnal ghawel 402 gyen Wé‘é’kﬂ@fplﬁtzﬁ'élesﬁrlg mmemtsgm 40& nd 4 are in

thd Q@cw%f&nééte C %ﬂﬁ)ﬁg  Hefe ns%lﬁ? ﬁltl I%ﬁ erﬁﬁ% 8}2‘3{ .ﬁgnah | el 262 even

is renpved fromt
whgnethe eou@oclpcptuc elearmtst 404005, 406 and@67 aredindhié acevated stace, the

opBE (3" 9BS Pkl 507 908k HhlEh it BBRATS i blookea
frcxﬂ:e@asrslﬂgetﬂr(ﬁngb\tl& sig@dl icH@iried nopf ThBebRite 308 lsembI | h%nt 410 to pass

4 5 406 and 407 in response to t
hRuE T Tegtl gl 202 2 & GSien of e aiaBRiR of the signal channel 402
an®i TZ@g! @é%telén%the be "ﬁ?en%%néloﬂ ht4@ﬁ) ‘kg 91%1 41@%1‘5“9& n shorter

change, thereby causing at | east one |nens on o%gﬁﬁ
wayplgpgih icthie ioaassithpough a(srgnbehanmlglavmg A simller dimension than light
h vi ew of the signal channel 402 and the
aﬁh ?2% ??%%gll%nent 406 of Fig. 16A when the

p| ezoel eRbﬁereuceismmnhad@% Fig 18A, evhivhniH@traiey ah opticl ach 500

St ] A RSB Bl OF igpicatD Shmment guhich ar

prei&Bolvhimbyveniesfc &7 S16hE the kot be H‘I’e@grfﬁ@@hdnﬁel‘ 50235}1 the illustrated
en@gélvated state, In the activated State, th

msBY Besergeperalle ik cyiBicakpierastecitin Jemerds é% 485 and 506 are
dlsFrnﬁlﬂﬂe bioft g 2h@ nlgn g Y B [gnLlle A mngf1 g 09 ' \«URQ Sﬂo%ﬁgoforra Spacing

si gnal nnel ustra
the!l_ebBtheh-eThﬂ shepe Qﬁhhb u)madbleca:ne aleofents f5®455@’1ﬁid N1 (%2 15) ﬁa{ltrolled by

n t act ted. state 7
on Attt R, The b Fyel S, B0 B Grohinftion o el i o
corifinetl beeaaiingdi defintd pﬁthFlTﬁé sigh@Fetmandel 502 'ishﬁ)hﬁed By %tligh{ guiding
i n.the, signal channel 402 even when t

Str%ggg’g&rlé%%?%m@l ¥nEficres wvhiotpgan gige dight Afothlranaecqnﬁned area
aloA$ & dfrded Rte C‘Stﬁkﬁlﬁ% thzﬁ‘lcguli‘ gc#g{‘thé ggﬁﬁ chint Inklud@or example, an

opening in the signal cha
optical fiber, substrates such as lithium niobate or other transparent piezoelectric

materials that include a signal channel, an optical waveguide, and a chamber for holding
a compressible material. In the embodiment of Fig. 18A, the signal channel 502 is
preferably formed by a monolithic light guiding element.

The piezoelectric elements 504, 505 and 506 are preferably formed of

piezoelectric material. Examples of piezoelectric material that can be used to form the
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when the piezoelectric el enents 404, 405, 406 and 407

are in the activated state, the opening in the signa
wohesneéosd02 i s small enough that the signal | pgiL229000494

i's blocked from passing through the signal channe

402. The ability of a signal light 410 to pass through

the signal channel 402 is a function of the di nensions

of the signal channel 402 and of the wavel ength of the

pisdogieattic| dighént 4a€ludd Brygﬁﬂihéqhezoble@ﬁfc Ilﬂﬁﬁéhﬁ‘lgs&hsaﬁogﬁaf& (Si0y),
ltfﬁavel eggtt h (Slgl gqto pass thr o%'q nal chan

TR A Qi‘éqﬁ\’ P> Sefrerispase (Radrda.glsad H&matﬁg (B;b"ﬂl@r)gend lead
zitoB04ed GIRALE.- E%ﬁ@@@ﬁﬁeﬁo@le%Wn‘ﬁ 1§ a{: ¢8: be%%ﬁhte%n d magnetic

illustrates an optical swt ch5 I'nclu
field gigdpad risaenate apd deadnitaratybu taduznqrmtaﬁe ptaameel@mrnzlaﬁd lithium

er ab unevenly spaced al ong the
(FAeng ﬂ@xa}‘ﬁ‘t}itl%:ehfg{agr{ﬁ e%t an lﬁycugorﬁateﬁ ﬂgt he illustrated
enbodi neibhe piazeﬂecgﬂmetea{ehy 504,a805cHd BOG |p€6i‘érably each include at
leagggiz/o leCté(')'f (:11 hoé.s 504 505 and 506 ar
i Bt%ed” 2Pl ?55 Piggnglentriss metewalks hejring dtff%ﬁﬁdvlembctrlc

chamactténsmem Whé HiTferens PREGIE G BHBREIEE of ¢
50% oeI ectric gl ements 504, 50b a%dﬂggg&?%?a}gfs 507 and

oy expmplet i1y diffesent| degrees thepfmsg)nadndmashnakage in
respOie %th@%§m& Q%etﬁcﬁlg%@a §§ ﬁﬁfé]lz%ft rés P af’ W thcglﬁaﬁnléq el%cggce}l Zie% for

area al on
exmlm@lebyfggqq lagbais gqpalmﬂsng &chmsé uo ean electeicdtfigd@tiadmgOf first

t ur can de |i tvvltlna onfi ned
°“§‘J§"ét£6%a 82%6 8&“8?%@?’ HeabR “‘éP?I%?&t‘& F“é§ eptigel fieldh haipgrp second

oneﬂmml thatds pa@patdieilaritd s orfeRfatiBiX; aJmhﬁerelﬁrﬂ)o%hbéz al') different
bstrates such as lithium™niobate or

s 0 SRBIREY By o ok S eromb capaCHRIF e A it dempdances; 5

diffet<dd adsitRAREED) dﬁ'féré?@tthﬁf\el WRYERY %fd @n? f’greglpr%gbter%ﬁgnetlc

for hol ding a ‘conpressi nmat erl
hisgriessj g. 18A, the si gnal channel 502 is preferably

f or med i di.n enment he )
pi ezoel leBM.‘t ?plg%g %ﬂrrrl\gn!1 gragtﬁﬁsthcg% ?F%gggtr‘ﬁr“éatﬁwlfaéer 3 finption
of, fiar exathples: 1pithe qe;ie&ﬁ’tp’lezoel’éﬁﬁrlermﬂhrlalE&ﬁﬂw @§stef orientation of the
that, can be used to form

pief BB SR AL 1o ped st e BRI m Al  the density of

the pli€oeRbigiet ib@rifBt A ihdl void dend u
mobat e (LiNb r&q% 3 eadVZ| rclcl)n%’t gp%éb% e@%l&t w A&At&ml %B the
chepical popgityaneyi ei3the aiseodlessic znert@mi,aﬁé the ttheratab history of the

plezgéﬁgﬂ?ilc Z‘lgatélflalpg)eﬁ'@% e%ﬁgﬁl%lgneﬁgth%rt&r?l ga h ategcg icﬁ:ar[lcemgWHal The

ori ent narmnet |1 C ar e
deSllr@ia-‘deitoleteaml&tdaaltdctehﬂmd)fkad’r layﬁt(ﬂ' pldzbeldtae ma@ﬂn@f éah RMhieved

n i obat.e.are exa

by, kortggéb b AR Rt Bk hg?@%ﬁﬁwﬁﬁ BAgMSIREN

504 S0Brefitbl9 Olaydts 6f pleadel btrfARetiflGhat@RnBlt different degrees of
expansion and/or shrinkage in response to the same electrical field are integrated into a
piezoelectric element to cause the piezoelectric element to change shape or bend in
response to the activation light. For example, if two adjacent layers of a piezoelectric
element, which are adhered to each other into a monolithic element, expand different
amounts in response to the same activation light, the piezoelectric element will bend. In

an embodiment, the piezoelectric element includes at least two layers of piezoelectric
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| east two |layers 507 and 508 of piezoelectric materi al
havi ng different piezoelectric characteristics. The
wdi20dsanensd pi ezoel ectric characteristics of theCcT/IL2008/000494
different |ayers 507 and 508 may i nclude, for exanple:
1) different degrees of expansion and/or shrinkage in
response to the sane electrical field; 2) different
responses to the same electrical field, for exanple,
m&B8alOhavifLdiFRMAT SieLoRRARHScHaticleRSRAN $RichréPorRk& &L & nfiblithic
field having a first orientation and the other [ayer
elameind&or examaglpoHige piegoedertiid elemant 45 fhireddd bialwiildingalayers of
. .Qri.en [ [ er.pendi c the.first .
piERERUECRRAEENTh' 4P o B8l bheP RORE BOMEN Rl Brécliing [¥hmiques,
e.s1 ergstalsgrowih, degdsoanipultyshe i@singglaijticdi tfcelR@h embodiment, the
capaci t ances; i fferent inpedances; 8) different
‘a¥eé§ 20 PteF%%?czl)é‘) glainﬁ%_ﬁaevm élﬁa@mrﬁwsw SFigRtpians sonthaty e two
laybré fe3p@idt difbRplly RIMRERGhE €lebiriRhINidI@S Forl SQnPIE HREVRL LTS have
characteristics of a piezoelectric material are a
crysi Qrieiations, that gre psraeRsiicatar 19 eadheothsypdn enotheresnehodinaent,i ag least
IRk Elel18ers Gihd ' | i
orRE Sicaflers o Jep R Mol SR et 1
pi ezoel eByr isingrat geiazlectrt) elementdwithi kayersfoft piezoelectric material

j ezoel ectric eri;al > 5) .the void densi of the.
haBing B EE pefoolRirEr fietegiiimdhe! b ot b Braciis element
canf bé heldetedz o | d@tiftike JSTET dvdtching) t Per tRempRr| thé Spiesdtlectric

of the, pi %ztgel ectric material; 815 t he el ectromagnetic
chaagiersies A the dayprseBeheetalested ipatld rafimizeribe shaer ghgnge of the
pidto8RaRL 8lehlehfinGRPbARE leSfctiGath 1RRE D) gﬁ%iﬁ{izé)ﬁ steresis; 3) reduce
pi ezoel ectric material can be achi evéed by, tor
the gmayteof nomst prauiied iyclhange the shape obthet piezoelectric element; and 4)
- i £i Pref er ghl. | ayers of
el Y R e BT R o Rl M dieer cnt - dogr ees
of expan®penatiandf the optical skitge50depdsabinskig! IBA BehowadBcribed

electrical field are jntegrated into pi ezaoel ectric
wify &fftionifisresie b froi P e Pie gy @ﬁ@fﬁzo?lﬁft%ﬁ slsgents 504,
505 haiges@y iPangbnlditivAsPARSE 1R thd GoAGliVALd ftd, 118 shapgtO8f the

.exanmple, if two ad{)acent | ayers of a piezoelectric
picgpelperie cleentsnd0dy 805 and S0eis ugcheneed foheits netmpl state, where the

nofRAIQtdd Bf e %ke%gaé&ric @%&%ﬂt@ S@h,f dgy :ﬁfg ()%ﬁ?tﬁgtstsatei dF the element in

t
response to the sane activation i h5t,
thepaleszoesl efcan adivetienmbight. wWirl thebamishdithentaof Bigh 08lA nihiet piedoklectric

' I ' I t.ipcludes, at | egst t | ayers o
cle BB ML 5 P il R e Pk PRt ioBsb o) ot shape of
theqiladoalebeici idnhenss, S0MN G ay S0 DToNRE signal 1igRFADItd Pass through the

For e the piezoelectric elenent is

. el enent. xanmpl e ( . [ )
Slgfl%lr%an%;ﬁ% b |16<ﬁ1>?g564 By dhessignal Jjehl 360 sbtering andexsiting thepignal
chdn®B1 9. each ot her using sem conductor processing

techni ques, e.g., crystal growh, deposition,

sput t er i Ng; 18Brillustyatearthatpiemgleetic . eldmendn 58hbT06i aht06 in an

act}\}a?ed state that results from the application of an activation light 512 to the

piezoelectric elements 504, 505 and 506. In the embodiment of Fig. 18B, the activation
light 512 is applied to the piezoelectric elements 504, 505 and 506 by directing the
activation light 512 into the signal channel 502 in parallel with the signal light 510. The

activation light 512 supplies an electrical field that effects the piezoelectric material. In
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| ayers of the piezoelectric el enent have different

crystal orientations so that the two | ayers respond
wdi20dsanersb | y to the sane el ectrical field. Forprexanpb&000494

the two | ayers have crystal orientations that are

per pendi cul ar to each other. In another enbodi nent, at

| east one of the layers of the piezoelectric elenent

is made of an organic nmaterial. By using a

the |aetmﬂdestmm theedhape ot th pidzdeBeBics elRhepts 8421505 tahil G06 change
| fferent piezoelectric

3“81‘1%“??:{% ﬁ‘@? H’ft %l%fgl ﬂs‘ﬁé 106ls jpéeked fom: passipg dbiovgle thersignal channel
502 arHeHockaR &Qh&ﬁg&q thgﬁ*t 419 19 ﬁl{dlﬁg éﬂ’e U sPHhd ﬁgﬂa{‘ Seht 510

For exanp | e electric CthIStICS
eXltalgzéh%Sle% CB@m@bﬁ >t @atetthe adtivatie hghtzﬁézumnmvaqb &om the signal

0 d R response to the
o5 o SRASRESRIRUAS 4, SHEDRT bod B S8305 501 B e
signhlelightrd Uhhis abfe poeegait Biks hebugh tedange cﬁdihﬁelsﬂmpe of

t he piez Iect 8@ el ement; .and_ 4) reduce the anmount of

heat gen 2bYe: aHivation ?i%th? @Eﬂ%ﬂ‘ﬂ%ﬁﬁ’éc elepertariVbnd05 and

506fn td3LorRPt th@| 6Vt MighO9 20eRicstiRdsH pl&Ae
50% crﬁobed Wi t ﬁcaddll ti onal ref eréncse X Ef?"é’ lbétm@Ql@ments

ASiang 386 foehange, fkerghyecageing et lenst ope dimeamsion @@ﬂl,e ﬁ@ﬁl channel
50214 cﬁ%e' nFlg.h LY:\ @Etdr%s@tsg&lo?ﬁfa‘fr%w otk @F%nr%g ma%%t%l %’(ﬁt and the

st at e, ape o | ezoe eCtrlce
pieogiecticl CEOEIIB 5Qﬁ’1 ohBigg éSiAfWImm the picaoeleatic sleatent SO1Bri@ a non-

n t of the el.ectr ele
aa&%ﬁed S?%fgac}:égs%tlﬁ & &eEs lof‘ eVigV et Signa E‘@na%‘s@i%c@d the
piezcﬁelemncaetelmeat 508 dfi Egt 188 nwhdre tiRy @EBe!B%fﬁc Qlfem’e::hthOSl%’ln an

ezoeII egtrl ¢ elenments 504, 505 and are
a“B’ﬁ?ficsé‘Tt?'y P8¢ aF‘i‘\"aﬁﬁ]eStﬁénﬂ’ﬁcﬁlPlP&{eéﬁlchlgﬂéﬂt 5tHecxtengs into the

sighdl ahenrd St)@%n@'r&?u%@é thlteﬁét Q)nglcﬁﬂgﬁgl Pthe s?é}ﬁl @ﬁh%n?lofoz As

aIIovvsaS|? l1ght 510 to pass t rough
illugtaipchén Fin2 194 and di9Ba thederbss-tehiorsil greal ofl the istgn5llﬂ1anne1 502 is

h |
oSO LB 08,00 RO S-8300 i
506 i n afks seh |m/ﬂ1beed1bsﬂ1a1eﬁt bflﬁlgs rlﬁAUJ- %%B fthél‘mli 181 an opening in
the 3B ERbAeT 302 cxftinBin ¢ Blszot eyt Alumenis @0 $05ane 506 are in the
actlﬁﬁlb@ @tat“&? NA ltRdughl tBere 18Rill &b 6péh‘17ﬁg Medhk @&5 nhl gﬁhn% 5gy | éb%%lb%vhen

plied to the piezoelectric elements

the Wza@%@? PﬁgleﬂﬁéOélciQw.S&ﬁ ar¢ ghthe @cmzvatemit state.fthe epe@m@ in the
sigre 3RfEle] 362 1§ Eﬁﬁﬁ’ﬁg?@gﬁl Y nld sﬁ%ﬁl rq ésa?llgflfe | or{ll,pgtssmg

activation | es
throygh dhe Slgtlﬂechpnm G6le CIhel a:bllllmt afrd agnal | Itghh &1aaeb ipyst @fbugh the

st hdingl 4B AR netta e AnSGSBREEt ooyl Miamnsh i nd o the
waviefenpthostkiel sitfil gRBSHI. B dehB@L Fght Rt £ 9¥rtef RAMIEIeth is able

to pass through a signal channel having a smaller dimension than light having a longer

wavelength.

It is appreciated that all computer logic can be done with three logic gates.
These are the AND, OR, and NOR logic gates. These handle digital signals in specific
ways that are described using a truth table. The truth table gives the signal that will be

output from the gate when specified signals are input into the gate.
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502. The bl ocking of the signal |ight 510 is indicated

by the lack of the signal light 510 exiting the signa
wohesneéosb02. Once the activation |ight 512 i spCem06gi000494

fromthe signal channel 502, the piezoelectric

el ements 504, 505 and 506 return to normal shape and

the signal light 510 is able once again to pass

t hrough the signal channel 502. As described above,

activation of the piezoelectric elenents 504, 505 and

506 in response to the activation light 512 causes the

INPREDA of the plezddNRHTBc elenents 504ANBOBUZRUT506

han~a hao oW AR T |
0

~+
Q
P
E
d
P

l. IICI cuy uuql ||3 ul. T Cuot (VA |
t he signal channel %02 to change. Fig. Y90Ais a

0 Cross-secti onal vi ew of the si gnal chajrmel 202 and the

piezoelectric elenent 505 of Fig. 18A mhen the

1plezoelectr|c el enght 505 is in a nonadiivated state.

1 Frg—19B s a crossysectionat—viewof ltlc sighal
channel 502 and the piezoelectric el enent 505 of Fig.

18B when the piezoel ectriTaABLEMENt 505 is |n an

ti t t.e t ' t t at
o1 62061 odibled ISk FHBNEPIS S Gk GHK ANY Gt A0S pysrdn the A and B
lnﬁﬁ%ﬁﬁﬁnsﬁgglcé’t@ Qh%ead&'l 8 s?#n ?QEE iOBReGh I__gl"gfsésga@@ Ghe gﬂﬁ.\ts can

si gnal channel rated 1n 19A an
comgpn op filee A rigy o5 thetB tnpat Qolewhert an hv@umlgmvéus foad e both the A

i and B 90 8 e BB BPLIERER B0 AND Se%y Ta0) ccen
in the enbodlnent of Figs. 18A -19B, there is still an

nnnnnnn nal _—echannal. EQ2 ave when-the

INEP@%%;FeEtr;gberéwgﬁPy §82”b505v5navgbém%ﬁgjynghe

o activated state. Alfhough there s stifl§- an opening in
the signal channel|l 502 even when the piezoelectric

0 elenents 504, 505 dnd 506 are in the dcltivated state,

Lo-n-0H4-1-04

1 lIIC U[JCIII Ty I 1T l Ilt I gﬂal bhannGI 502 ils Sn"al I cTrooygn

that the signal lijght 510 is bl ocked fjrom passi ng

1 through the signall ichannel 502. The aRijlity of a

| light 510 tlo pass thrnunh the gignal channe

502 is a function of the diBh3ions of the S|gnw

channel 904 and 5o %@%

510. In gen%ra?a PF%EQﬂ avﬁhgﬂgﬁgﬁortgggmgeg @hﬂ@%malw
found| ca eitbenthe 4 inputand B iapwioghath aplatpuepulbanesults fmns el OR wate.

di mension than light having a | onger wavel ength. It is

appreciated that all conputer |ogic can be done with

INPUTe® | ogi c gates.|INPEF® are the AND, [GROR @UTINER

-l ogic-gates.These handle digital signals in specific
0 ways that are descplbed u5|ng a truth|tlable. The truth

o rtapre grves the sigmal that w1 te 0

1 0 0

1 1 0
TABLE 3

Table 3 is a truth table for the logical NOR gate. Only when an input
signal is not found on both the A input and B input does an output pulse result from the

NOR gate. ANOR gate is often explained as an OR .gate with a NOT gate on its output.
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out put fromthe gate when specified signals are input

into the gate. TABLE 1 Table 1 is a truth table for the
woagistaéos®ND gate. The ones in the A and B i npRCT/IL2008/000494

colums indicate that a digital signal pulse is

entering the gate. The inputs can cone in on the A

input or the B input. Only when an input signal is

found on both the A input and B i nput does an out put

pul se resyl tl? %15%9 iNCYL egaé“@k%a%)%tgnlﬁﬁld%sﬁﬁms Gt ﬁftb %ts Bpposite.

truth table t he 10gi ca en an in
Whemthate ise sigmahebnaing &i, mhaignahis séntlammed avhein Bmsrgmat 1s<mommg in,
pul se results fromthe OR gate. TABLE 3

tthtq aglo%tngo t
TEHT'E" S5 % ruth table for the |ogical NOR gate.

Onl'y whefin gResempPedmsiitgnétcuits, Mede frMsREord MmAObE Usk® td\ make a

and B |r1p t _does an output pulse result fromthe
IO@Pﬁg% Ne) oma r@tc PR gate forcdeptigsab digitad dignals q ningrespat gomputer

cn‘éhﬁth f&lt%&%ff&em%nbé hsed QY hiE aﬁ@@cél(}%ﬁ@ate'\qaﬂﬁgt&s switch in

takés a S|Tgna and transfornms it into 1ts opposit
1002 peconds: elhis detewsiigeraliove bast mgomputencﬁnsbegmadle ﬁosfuwmn Present

coglg)h ersgg.ﬁx.cw{;ﬁ "In"Re Sﬂogvn 8{" eie% 81915” d? gta'l 4 %wﬂ t not ql&%!t %1gnals Light

present conp er ci
signabsrase asls@caledaptmmmﬂﬁmbm@mg@dm a logical AND or a

09 ol O, GaL o L L) P Skt AIENE goblosed won

fibdp 6ptidaDswidkes that 88 a6@hteNOR1IGARL ﬁ}d nbf ﬁ&ﬁét@d B8y @n Wbl dighal or
10E-9 seconds. This determ nes_how fast a conputer can

traggsien gcyi Thay E2quisp nopegieryn and: rihe cerect fswﬁéln isophosen, tthregates
Calfl lbg‘%agif s‘ﬁ{aﬂcénroﬁ ﬁ)r%kﬁﬁéoﬁ{illl&dg ah c?‘ongﬁzu QE% g Oxe ag‘g)% Sf a light

SlgnaS are also ca
acavagmmlcarrmtcbﬂﬁéledbsednué}ﬁ lRatBnlt Dol iZi,@é%,SM;ID{hlmmm@orated by

reference g%ﬁlgt égltt ﬁ%ﬁ% gx e ALg lﬁgﬁtt Qfgvl tgg | 9’[1%1'1 tsv%ptehsls 1Hent1ﬁed
theelogietgaies @hn bé giﬂ@bd ®ing 6tAEStlypd O light h&iattd opthtalswiedes.r e

no battery, and jf the correct, swtch is chosen, the
gates ca Heepbrdimenhof thedpesghinyertionethiedightithat earries the digital

1nﬂ§ﬁﬂ&°tto‘hsfbf‘ﬁl§ 1ogR L£P5R0RLEwRYeléh gltﬂ Q?Eal a5 §ﬂ7¥%1%1‘§g%lg %tséd:fﬁl present

switch is disclosed in US. P .
fibghoptic ichawelsor Zhie vignpl casf decthorgddeintd . 7 nmosighaldrje using a

PRl SR L I SR LA 08 ey o e
1npuy [sgnaif Thig fﬁeqaeﬁcyatoaﬁlmg)hiakéﬂ theWrdveleagth dfith@Rignal half of the
orlglgpfyvg%e %‘r{gglog;l“é l}ﬂ%l[;ee %oeﬁalf op \il%nvtvallvoe engtthhlg rrllelrgllgltant elggﬁnple, as is
PPLN. Other wave lengths and means could be used.

With a different configuration PPLN crystals can also produce 1500 nm
wavelength light out of 750 nm light. Generally a PPLN element functions only for
specific wavelengths and not for others at the same time. During these conversions,
power is lost, but optical amplifiers can be used to boost the signal back up to necessary
levels. For the present disclosure, the power boosting that is needed, will be included in

the frequency doubling function.
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information for the logic is a 1500 nm wavel engt h

signal as in commonly used in present fiber optic
wohemsneémso This signal can be changed into a 7BOTMN008/000494

signal by using a Periodically Poled Lithium N obate

(PPLN) crystal that will double the frequency of the

i nput signal. This frequency doubling nmakes the

wavel engt h of the signal half of the original

wavel engtjight the b@ PR gBert Sbtﬁaéhfcm&fl V\In!Plehg‘P@Yl?alt %Wdég?ees out of

nmer ela/éan exanp as I's her wave | ength

Phageng8d dlag) Plgctpie fu%@f thy hzhtamau lﬁcftéqeempresmdfu Ghe élghtoﬂnat is 180
r . m wavel engt h
e oY iy S0 PO aRI RN B e 12V Y ol S
funct i onRefoénge fionove prade o Eigna®,edidelgishsschadatioost  bgical NOT
the. sane ti .Dur.i ng these, conver.si ons,
ot U oy gt oS B IR i 20 PPYEE ShangR G0 b optical

fiteg dsings frea $5WNA siBRE Knatl B Ae0dRIGLES Abic LREB0E. AEefmJah Bhannel
resent disclosure, the power boosting that is needed

60 Juch gean prtjcabidepr; thatt':ﬁélgﬁ Helge d AeQnne sigha!ithag will be changed by the
10%1&!&{? NOP atle'6gbtA Q@a@ h Redhclid é?)%rdo%ﬁfels ?hecl"? Ql?(ﬁ/ (Wtfl@mcommg

ight that is ees out of
sigaplesat that itfwid| lue mnvemi foi sgﬁsonm lsignaioancba lmxpnmmated Thé any

orh bR R SREIERA7 e PHE i Ak pBT SRS e
freaﬁ)ancy\kuon{?ermm ds aedmmfrshea Of)pﬁcdl Qe MOT omatvaﬂﬁﬁﬁ d¥put of

iber. opti I n an_o |caI channe
waghaet JRipci 348 il ikt Pk siteh CAGS OpHoA, SnYgo MY is a ligh
actﬁ}aﬂﬂ&iptitcﬁ‘laéwﬁoﬁ J&%@ﬁ'ﬂ)emébwke dp@igélcsvﬁﬁ:th%(ﬁo\grll ﬁﬂ)viqthe 1500nm

opti cal channel 603, such as an optical fiber
sighli t e output Wetil BETOAM Sgngheomestizom dhd WatslengHaredectr 695. When

I elgngt h.reducer
2 13 gﬁ%l sZ%la;P %Lé M aglggvgyeq%%ﬂf ’F?g | ncé)o‘ra?f %g Sign, gnal Olg%‘ﬁ f?fg{l optical
switeh 6@77.1 Opticat chanmet 62D provales Broutmitgimmal framcthé logi@s$ NOT gate
A ngor ted i.n | optical appljfication function
6000 B RTE el ol HEVigREHnF pe SBal s dici oarmpasal chganel 603,
thub PRGUEACY I0pAV RO @ife.i s acconpl i shed. Optical channel
601 joins with the out£ut of wavel ength reducer 605

and ent effeispes is arwshadectn Fan 21, whichdap selimatin o6 @ Togieal AND
I I AGC it
gatbqg?dli‘ . aAlfi‘l (Ssﬂ\}\}l\é?lcﬁﬁrélgegtd\}m‘fﬁucﬁ% b %Pﬁéal ?@%‘é s nﬁglga %Eﬁfé’l}%r frequency
waysulepgth signel to an mﬁaahsvsmql;rﬁia to animstef swarchtdia, \Wlehledhgﬁﬁbl 611
CRI nal wavel th
Jon{sevgj hhcglr gﬁg ﬁbﬁrooprﬁc gc[]?g ne sgto 88%5 ﬂPtI?a? Bmsfgbé &g‘grer piaTs p?@ge of the
hg}ﬁ@ﬂ optidal tigahelod1aris alatdhod t@fh@\lﬂgﬁﬁént&t’ﬂ% @ﬂisp lﬂglﬁl Qﬁbﬁi provided

to s R SITEEAS G flom Spigisal chanel gt omhapp pigher 616. Optical
chafh 512 1diB8e3, with half of the light going into a wavelength reducer 618, then to
phase matcher 616 and then joins with other optical channels to provide inputs to the
optical switch 612. The other half of the light in optical channel 614 is input directly into
optical switch 612,

A second logical input is provided to the logical AND gate 610 along an
optical channel 620. Optical channel 620 divides, with half of the light going into a

wavelength reducer 622, then to phase matcher 624 and then joins with other optical
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thus providing a | ogical NOT gate. Reference is now

made to Fig. 21, which is a schematic of a |ogical AND
wgaom/16dl80 An optical channel 611, such as an BETIICADS/000494

fiber, supplies a higher frequency wave | ength signal

to an optical switch 612 to actuate switch 612.

Optical channel 611 joins with the other fiber optic

channels to enter optical switch 612 after the phase
chefindliie frogjdé inputsap tieaipkicAlRMBE 618 e dtfierTFITERE fight i 6ptical

light enteri a first logical input provided to the
ChﬁalgﬁlééfflsAmtgg?%lyem optisgigwiteh 6b3-i cal channel 614, by

phase mataghgfichilBanddPbbé ins%ﬂpﬁ%lot}%} ﬁb?l{j&ﬂrtgg:ﬁann\gisgtg é’ro"ide

. half of the light %m ng 1nto a wavel eng educer
npyis ip ersicphsgish oA 2 effer the phasared thehlight jrodptisaldiahna t6BE is matched

to gl\?mé .{ig]ﬁcl oé%g.@dmﬁéglgélﬁm tho\g/‘l: éjp%Si?ln uér?ell }68%&:95#3&%1%@&@ 624. The

outrhvdofi e 16didali ANDratet 61 i @edvlidedi an@% (?Mc%llﬁ@ia}iﬁéﬁ@&rhngll\]%ovides
o] e logica

cond .l ogi cal i.n i.S provide
Alglgfrﬁn TBaIQYg%%O&WB%F‘@&r (F:)hannel 620. Optical channel

620 divi d Msttifehedd i . ' . -
vel engt ﬁﬁlraéduée? 622{5%{1-%\2%&% %)d gﬁgg‘gmﬁat clﬁgﬁja%%éfh%nr?gls 614
an%%@ﬁ “ﬁﬂb gﬁagmwiln ot ¢farhazehyi R4l derean dlhws, taptipal swiitdie 612 will open

j ; i ] _The other .hal f
anl PRI dofoubF SRl Sin AL e hepoe DO 08 By G and 620
ang wikh be pt(jscchdmdgw% dﬂgjmt&i@al Wil l;]vqopﬂoc'rlalbd Stham night ig 26ly] i@pitSon one
' ot i ber opt.ic nnel s to, provjde inputs
of Phhels ¥4 0 S0 | € i SR80 ciEauk Sghhicwit by gravides; when
theppisinodightinpmrel eitheofl chamlscd1adnt g26.,he | i ght of second

| ogi cal Jr@[)#t on optical channel 620 by phase matcher
624. The P§tPretent penting prayidenplegieat 29D gdate wherein digital
sigRAla¥dhetesbnth® o AR fi Y4 fes o
gfﬁunic’;gtj onal i?y 213 s.ﬁ%\ﬁhn(%@%}j%tgﬁpuka%ga@égé% ¢ &yo nels
ong of whishiterewarabengtuis sharerted ahd ¢ pipsé sahatchanoadvstch hétivation

R I G TR TR e P

phaseinpithed itg tial shottered! walelenigth digilthaglzoa0inkOtHR RBEAIGHitch and
d wll be closed and no out put

channel s 614 and 620 an i ) out p
only;0pens %O\i%eﬁ ?%‘Bté Sﬁﬁ"&é P thp8atel Whshta daja signgl isrpesivedrinto both
inpans eheaébychastyiak Shibduindittn@ifta il napREECT aled that no

output signal wll "be provide en there is no |light

i nput  orREE$ERfEris pWeinadmiol Big622 vettich 620 schiEmatic iltuseation of a

louBEEARTY cuf3Ue) R MO Al Bpicel PR BChEb R o
handlet thei dipitel Slight eigiel dated Anfisst logicat g &lignal of 1500nm light is
provided to the logical AND gate 630 along an optical channel 636 and a second logical
input signal of 1500nm light is provided to the logical AND gate 630 along an optical
channel 638. A first optical channel 640, such as an optical fiber, supplies an actuation
signal of 1500nm light to optical switch 632 and a second optical channel 642 supplies an
actuation signal of 1500nm light to optical switch 634.

A first and second wavelength reducer 642 and 646 double the frequency
of the 1500nm light so that it becomes 750nm light. The power is also boosted up to the

level needed to activate a light activated optical switch after the frequency is doubled.
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one of which the wavel ength is shortened and the phase
is matched to switch activation signals. Additionally,
wa 2mgizemb AND gate is provided where in the aeCTABIN®D0494
light that is phase matched to the shortened
wavel ength signal that goes into the optical swtch
and only opens to let a data signal out of the gate
when a data signal is received into both inputs

Opthal SRR thasd Béé’ﬁgders%ﬁed ?&yéd\%{ée&hﬁ A fachty tﬁﬂ' 19%%& poNE: of 150

ate. Reference is n
miliwiattsa Oine hplf plithe rdaglﬁabhgms,@an mgpm zbly vmeieggheecafeerstshaand 646

St B B Ao e W or e

li gho glg;nail otitpis frons Iv@ndbngélg 6&@?% re4Ri @H t646§oim§ Qﬁtlﬂﬂﬂl dpggzg signal
elo te a op anne

m% P Op o‘i]ilam?eggg@a‘f’hlf’lh t?u‘teeg?og al@f tthig% 4 gatej &30 work.

O[ﬂfc@bléwiiﬁﬂi 432 v albR ACB00MRi Mat 6h gﬁﬁaﬁlhﬁﬂlgel 10 Rpﬁdsgﬁirough it

channel 638. A first optical channel 640, such as an
unabﬁﬂéQMfSil%@} strangpPvstoaglosecit isainpuntosingepiicab¢hanag®ih This

witll JBr 9 l-r] ﬁgﬁati %B‘mgsgﬁm B 818 %ﬁ%gﬂcagghﬁlﬁ'%&n%6 and 638.

channe an actuati on sSi
A1l pptical tharm@i |66&Ipr®mdetscﬂhe GB«put Aidniat ﬁbrrasl\dltd"eéﬁm do a wavelength

req R S el s TR e | AR i outpu

byppieal sW&cI@BSDaIb@Q&ﬂtﬁdl dhBnicP 65he | evel needed to
activate a light activated optical switch after the

f r equenc{PPieal shameb et acprovidgs adaPPuneignabinto edngical AND gate
63@ %ﬁdl jlﬁﬁsdlt WRhakd b t%f Wa? h gegﬁlbé{‘%%ho p'{léag 1ta933w4r\ivﬁ)lf allow

liwatts.
th@b MQﬂnm Eﬂgna/bafwn @p’g@dﬁ Chw@b é#% t6 4t &mdsvﬁlm @a hmg aamo signal is

I avided to Ilght absor ber
oufBL G or SRR B i SR kR R | Sl puc v om
wavel engWheh ebjeuees enl$42sigidl efitdfing oh I’dﬁle\kdftdptlbil&h@tﬂ{elsﬁ@% and
on optical, channel 640, which is need

63 Rt Riss gt aREed] S0wot 852 kot S Bt i Tk heeh 632
clo8 dndvistop #b IfRW bh @SGb'ﬁgloﬁéﬂtSﬂr&iﬂ QJ‘?UQJI @RAreF B10C PFREELL signal is

640 to gass t hrough it until Onm signal strong

proyifledomn bethcaptisd qhﬂnneés $3fpend 638, dhe eignalcialsubfrieniad 168 QAL the

156'dhin§ Al' 00nm signal cones in to the
gat eSl n gﬁﬁgﬂcay%gﬁ}]ez %(?636 and 638. An opti cal

channel A5Mngras\vtheleigndl Honouptieal chingelad40f is @mmmnifioahsvah 632

t . 54 th red 654
ety BN Py 5T B S 0aHh o gnal out put by
opti cal @ Iyt wienG32508h@ r@ptsl pravidedanBsth Hhidal c@@ﬁde%aé% and

channel [JI‘ ovi des a 00nm signal into_the |ogical
635 fipssdfae éOlsefo ightdrqme Pn%cai ¢hagneh640hget derned, pffdty optical switch 632

and'\GM§ ERGS nd RPMCHEviBa by SPtidaf BhanBl 62 b BRE Ak bwitld 83, thus

providing a logical AND gate, with an output of 1500nm light only when a 1500nm

signal is provided on both optical channels 636 and 638. This logical AND gate operates
as in Table 1.
It is appreciated that the change to half of the wavelength is provided merely as an

example. Other wave lengths and means could be used.
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t he 1500nm si gnal fromoptical channel 642 to exit the

swtch as long as no signal is output fromoptical
woewddsahe882 vi a wavel ength reducer 654. Wien t RETAL1088/000494

only a signal entering on one of optical channels 636

and 638, the 750nm signal input into optical swtch
632 is not sufficient to nake switch 632 cl ose and
stop the flow of 1500nm |ight from optical channel

640. Wherhas, sthe Hibseh iAW B vRIEs BP1dL APUAND! gat i
channel s 636 angﬁ‘GSB, 1the sni nal is s(%%fi ci‘ent‘.gateov%hﬁfeﬁn the
wayelengiheof 1B dvieniniug signals raosriropedietely shostenesl agldivided to provide

. . for ti,cal channel j t put .

228 Aot b SRR 0 SORBNEL ) SN plypri

lighpwith dhe wavielenlgthGBidrteradlagtuales B switdlb Osem dutasighal iester both inputs
opti.cal. channel s 636 . .and 638 dopes, t he .

rovi ded on,bo a )
of i et i 3 i BtFecth Sigpel sbasits ippliELto & Seronetpriiepl switch.
THeyw®felengl oﬁmétcﬁlkplﬁ%?gﬁ@l"ﬂ iREre¥set 6 el 4n icﬁl%tiin@%’%nal for second
)rovi ded by optical channel 642 output fromswtch
OPQS%,SW% $sPiggithatrag daia |siggrlcenly Asgyes dheclogigel ANEh gatatwhen two

_ . I . : .
il SRR b oBR P OE e Bk Rl png ok BB o an
logjeal dANIpgntat es as in Table 1. It is appreciated that

the change.to half of th vel.ength .is ovi de .

mer el y age%ﬁeng‘% Sidpe made ﬁ%%&/\g% e“g‘écﬂg‘ts s CL[;\?fHatWe'gl%tratlon ofa
logicailOR feee DGR A fiBtBgichhiBpErsGHRANST 1 J00LMLIghNisPiNALES tige logical
1{0 |c7%ég]lglg at e, vYn rein_the wavel enath of the two
O ﬁ%ﬁ_t P gl sl dVeryd aerondresioal iepw isignabef 190nm
light RBVIr6ddd @the iicdl DN GhieVRY a%h%’efm 8 ﬁdapeﬂanﬁw @RS optical -
Al so provided is a logical AND gate erein |1 ght Wt
chanyel (RfveoEidgs A sewrse o8 A ednna dightathetsfeadsai optivabswigcha7RaQptical

' . ' S t ate that,, sends. a .dat a
swRE D% B ilait Choded R ofbur SP00R" Farh LR BERGNihe ks he
75&mwn sighal fime optevabtlengdl 706 1s dahesl@it put signal is

i ncrease o be an actuating signal_for_ second_ optical
swi t ch agstjbf?ti aﬁ’é SEHEE WAy LFP&t%s'F@‘%‘SF 75‘51 pgd 7%8‘@&’1? frequency
of t1eg il S0 ANEh S pRoOWRRINAIbNE optiaH cRarm@RE702N 4R 7% sb Wy become

data ports of the gate there by satisfying t '
75Qnay sigpelpre itisorsicalogmplifisr detporateb igfatthe dRE¢abeostsehe powenost in

the Rl R e e WA KRR 21 mput o gnal of

1500nm | Ogfival ickarmebVi4ledrrics thd1d50myi dgal ORtpya tfeony Givelength
mdlﬁ%]e%%()gﬁg gaggl{le{s%?ﬁai%%gﬁﬂg.l Tigzph%snedm%tcﬁgrcg)&d mlaggsl t%%lphase of the
750nm signal from along optical channel 714 to be in phase with the source signal of
750nm light along optical channel 706.

An optical channel 718 provides the output from wavelength reducer 712
to a phase matcher 720. The phase matcher 720 makes the phase of the signal along
optical channel 718 to be in phase with the source signal of 750nm light along optical
channel 706.

Optical channels 722 and 724 provide half of the light from the phase
matchers 716 and 720, respectively, to light absorbers 726 and 728. Phase shifters 730

are half wave length paths that put the signals from optical channels 702 and 704 180
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light is provided to the |ogical AND gate 700 al ong an

opti cal channel 704. An optical channel 706 provides a
weawsaessd 750nm |ight that feeds an optical SRCTAIR008/000494

708. Optical switch 708 will remain closed and no

out put 1500nm signal will be provided unless the 750nm

signal fromoptical channel 706 is canceled. A first

and second wavel ength reducer 710 and 712 doubl e the

r d [

EFERET S e A 705 T BBl Tyich GHRE 705 20 BY i been
spegificallyl phaspmatchest witint Wheratheyl iix tvith tthelight wlong optica tebannel 706

|n the change of the frequency up again
thwc;‘%gp%%g llﬂlﬁﬁ%&: " Optical channel 714 carries the

750 n m Si @nﬂtptﬁaltqhalﬁnei 73Nt aredethe M§0nin s@acckght tbth %}lﬁis@matcher
2@ mat cher. 716, The_ phase matcher 716 nmakes

jods ¥rpathy B wansisofiem Ripesmsiutian g8 snd cal opélﬁ%lrm@nnel 740,

whidlf i @ sBrck DEABBGEN Vligiﬁh ttal ‘%Vlﬁ CﬂHv@ Suf b SdltctOTog ﬁgﬂnb signal of
| i ght al ong optical annel An optical channel

Suiif'menp POV EIROsEs Hiwnp optisat clfanmh K&é\t@ plat gft off.rThg sigmal 1B 10RtUb from

" s the
oot 208 B ol gl 82 RS PRRENSRRiAORRAES Lo
phase wi Als lbﬂrgaassthel sm&ceso@?&ﬂnno]ﬁglﬁ51€rb|rrnbﬂ>tmghthaaheln@6 is fed into
opf i chan 706. annel s 722
swBh OB ench SBRALciort giner i PP 18R o SB s BRUEL 749 gvill be
allowed f@Qome esP OF eV Rigital DR atg,hfsutabéosﬁ [%oﬁaﬁ i6 ¢itketSoptical
Phase shifters 730 are hali wave g pat hs that put

chue! 207071 4 Shenshe gkt Eum opgshehamacl 705 Wi be pgapeled 10 hElf power
ané‘r%qg&gfn??@?) %1}]'%@: all ool uP'Er thés ggcfalf‘ %r%teo ptical

channel ave been sp hase

mat ched Wi addition) eiha Bigeql isriprovidedhont brshloipgbratl chhrmeg; 702 and 704
the Willl ﬁuﬁn ne%!t] Ré\iggrft 1Xe X !olégl ta %%gé}é a%ﬂfug%f ﬁl?l'{ai%ht from
opficad mhqnhla}s 206 ésuhizg i 20 ouhid sighdl Ringt prowitiéd by fheslbglﬁﬂ| GR gate

&hom phase shifters 730 and an optical channel 740,
T0%hich is a source of 1500nm | i ght that wll flow out

of swit citme @t Eﬁ‘ttagllaf)ﬁ e§%lgfﬂ1@h Ha v ﬁl'éflt)gl%le@k Qﬁé’\@fscﬁ)?é@ﬁerem

from optical chanRe to shut it of he signa
fulglls Eh?treqlh@megw of e 1pgigal{PR gefe @uﬂbf@bﬁe@atn mﬁbzhlee’nl When a signal

s D BRHL LB R o 19950 5y L3808 00 g vt o
thel Ingioal R fgatk 7608 no SI gnal from source of 1500nm | i ght
from opt 139 %lrov? 1r€ilgn 2 g1c§lq\l8dl“ Iga’ce s?s described in Fig. 20, on the output of

a logical OR gate, described in Fig. 23, a logical NOR gate is made, which will function
as the truth table shone in Table 3.

Reference is now made to Fig. 24, which is an alternative logical OR gate
800. Lines 802 and 804 are optical channels or fibers that provide the optical digital
signals A and B coming into the gate. These are 1500nm light signals. Lines 806 and
807 are sources of 1500nm light for the function of the logical OR gate.

Wavelength reducers 808 and 8§10 are frequency doublers that also boost
the power of the light to levels that can activate a light activated optical switch after the

frequency is doubled. Line 812 is a network of optical channels or fibers that carry the
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allowed to cone out of the |logical OR gate, but if a

signal cones into either optical channel 702 or 704
woOhers/ieénso! i ght from optical channel 706 will BET/IL2008/000494

canceled to half power and a 1500nm signal wll be

allowed to cone out of the logical OR gate. In

addition, if a signal is provided on both optica

channels 702 and 704 they will be of sufficient power

%dr%gsfﬁ& RBd Bliforh YaddlbNeth ?é?ig@érs SO nﬁ%b%ﬁd Wbmiid Wﬁhl thgaknal from

opti cal channe resu I'n an out
hr@ufﬁ)ﬁa@ndb@mgllﬁnwtqjmwmjmuﬂaesmgu caI OR gate 700 The

| ast par d how t

i sl baca e LrePs P e e RSalst i rsthaf o fglow a cartan
mdndglh[ral LioRs gatmberted 318 drabbtecals ekﬁﬁln'blg o'f&ﬂileﬁs7%1§t Wf%f;%%nals from

Si provi de I opt anne or or
ol S 1 Eso0iih S G RelsaahoFaNST e PGP forh lisht
acgdted 6Pfical BwitBh. OWadélE‘ngtl@ rédﬁ%lcﬁio NbigadE fréalﬁen Iy of the signal

described in Fi 20, on the output of a |logica

CO@HI?%OUtd’é:S,YYE?Pb in Fi g. 23, a logical NOR gate is
mede, %ht]pﬁv' d3b &up ﬁgﬁto&n@ﬁgé I?)?%M,ﬁ_. :%J?tcéz btl\?;\lﬁ Iség)ﬁ n1‘|§ Salngonptical

Tabl e 3. erence |1 S_nNow
chaduteé on &bervibat ririgs al 1 SGBmgasﬁglaBﬂﬂconhblmﬁe witBGRe anpuBOwavetength

rediRyt E2) o AL SnE et B P on e heffcisgavet® Phgggavelength
re@urcer IXR0Yigdal ol cah@o@los Swhttg$0.806 and 807 are
sour ces of- 1500nn1llght for the function of the

| ogi cal ey BO0pansignaheters fiaauking $08 (e Ansigwalit iy eonverted
to f75(§iﬁﬁ'ﬁ?ﬁt)ﬁn9‘é&ﬁl%te§(% atnh hss@d ﬁlPoL{%H?Jgtvvef i it ’ arun%a & and turns

i ght  evel s that an act | ctivatwed
offoibe i1 6@(Inng siignal Hramt Line §0hén switehuiioe \Bo, 5o dlgu:l:il gods om_tcmam off the

T E TR A

Luzm &048 {the 8 dlgnﬂm‘@anmgmhtdmgh heduwbg8 HDS g‘rdu@lghé ItHb‘Efr%ﬁn@f)d power
t ower limt

linge5 814 | %mltgb@é rdoBriny r('aﬂran§98 &Acs Phto Wrpofemeigh 430. This

all6®$ & Bighal T8 %b MM Link BEF ot wTRR! Rt B Igﬁlé@napkw al
channels_or fibers that carry signal's from power

[0Q5Lki t er H'signals cometfecn bath Lings §AY and$ft thendhbiuidanblegntaput of the
redﬁ\%rrs 308 81031 Findited @% 6‘3{3{8{] %f’lf S%e%g)b#o%ﬁgte%w Jh%ﬁpgtorf]f the signal

Wavel engt ducer equency o
frogi lgma806cmrsmtgh Su6. %lSSVﬂlTﬁHhWSH.ﬁSIgI&Mﬂ(mhLBﬁ(BOVSO ax1|t tighbgical
o gété."\%gr‘? a gtnlalcc%mesévgnn 0 R orl'é 31? b08t Zchelnsa ?gOOng} 31gnal comes out of
the logical OR gate. This then functions as truth table in Table 2 proscribes, which
describes the function of a logical, OR gate.

A Jogic gate providing OR functionality and wherein the at least one
optical switch includes first and second optical switches and wherein the signal light has
a wavelength greater than that of the activation light, the logic gate also including first
and second logic inputs receiving signal light inputs, a first wavelength modifier
operative to decrease the wavelength of the light along the first light input to the
wavelength of the activation light; a second wavelength modifier operative to decrease

the wavelength of the light along the second light input to the wavelength of the
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channel or fiber that brings a 1500nm signal to

conbi ne with the output of wavel ength reducer 820 and
woaomsyi2éasoon to switch 830. As |long as there i BCIL2008/000494

signal from wavel ength reducer 820 no signal will cone

out of Switch 830. Wien a 1500nm si gnal enters from

Line 802 (the A signal) it is converted to 750nm | i ght

in reducer 808 and passes through power Iirriter 814

acﬁ%’chﬁﬂ%ﬂ fﬁaolma ldéd&%d %ﬁt doRguifsa) pﬂg]ngs Rle %{h%&ﬁ%flfight from

in switch 0, NO SIQ turn
th@ rﬁiéstgn@ edongd W@Nﬁlsngib Imfrﬁeamda pmrdiﬁllgmu‘ex:eﬂengj HglatUfrora the first

S fro Li ne ,804
o el 0 B DR R BTUSR SR % st nd o
light eendaits ynd qug\eper:itlvmtdi afaifidid light supticie®EOm @nslpRactermined
Si al. fro sontoturn ff swtch 830. hi s
POt iRl 2 ﬂ%‘mg Daliosupplynernons: Hoteg liehigrom e ppanes limiter to

thé Fifsb @pticas Wivitah o8& f {
Li ne39802 arf d 8&103Qd tv‘[hagﬂértl%ﬂé I%%ib%rgé%ﬁ%%tg ggal Hgﬁmrgﬁ)l the first

optiga]yweich @I being apemtive tpjdecreast By wavalength 8f4he dighe to the
r f fro L in

ARLER g Ve 1)l 0 LA o e

thigd Waveleregti modifier fodlé ssmbndbptipal samtc‘iﬁhen a si gnal comes

into Ag@r.B or.both t .gnal . cones ouf of
the | ogi ggfere@&e Farey "‘IQHFE t% I‘ﬁe%% i3 Aschamatia piip }Oglcal OR
gatea®le  Optidadthenndl 9()@?%1&@5& firh ﬁﬁfﬂt @tﬁﬁfér loBRAl1 £41€ 900. Optical

funtlgofaloma | ogic gate providing
chegge} {§ctibes 9ats Plgﬂnaﬂdh%r?@rr@is ﬁhet hght atgnplelatq the hegie pate sdiere it is

divided iahal N eladg Snd lﬁéh?ﬁs tﬁmh ag% L& r?gvﬁetv cla%?lmtﬁﬁl%d 905.

wherein the signal l'eng greater
From afrequenqeyhinceeesing ademn 905gthe, light eprb@gds tlgaugh al lsdf wave path

nuhl'B&leH I@bF %’16& Haﬁ%sptﬁ ?igﬁ't (?I{l] gg% o%aq? hg gvézﬁh h{?g ¥ Qx%ll meet from

freqynfmcytlmc\reastn(g dieice 988e Tlhb dighaftehahghdlf ohvé b@th' 90©hhen combines

wiGhaBF Do 1 vt sttt lnvich Ao 1 BREhGI OF he Heht rom

1in@ PR 2Whi¢B i$ PRt GRS A ﬁchﬁs waKehe Gﬂltep ffhﬁlel lh&@tgate to enter
al ong . the second l'i ght " input to engt
Opftl%amtph/ i19-ord-ing g6 1s mprlts, tanihie slegig rgatel i Gine Wnidua fiber optic

cha%ld@lpél d}ﬁle\éqiyeell g@ﬁ g%gg%ﬂ?g tf'ujz ?O%lé %a%]évhgr% ?tnl]stdﬁ]veid%d 1&12{ i E—galf of

secon wavel en
thel lighttis ftalem intoea fﬁeqadmc\yvanei‘eﬂilg Hevied hiithBsre@ 908 s eTlNtght from

T TN A R -

gatb It@ hiterOcldé Bp'tﬁcal beraf fpabeadd QI(PY"?I%%tﬁéﬂWHdl‘ie@ 1ﬂ9\1\@ﬁt fr@ﬁiq{ne 904
ght conduit supplying power limted™light

hi rd
JOIHWWP fl}’?eotlﬁfiivl)@ht pf the degic ti@w%@ infer gpticgpewiteh Ok Ligh 912 is the
Out%mgfqh%ggglmggvﬂgdl fier receiving signal light from
he firs

A logic gate providing OR functionality and wherein the at least one
optical switch includes a single optical switch and wherein the signal light has a
wavelength greater than that of the activation light, the logic gate also including first and
second logic inputs receiving signal light,  a first light conduit receiving a first portion
of the signal light received at the first logic input, a second light conduit receiving a

second portion of the signal light received at the first logic input, a third light conduit
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optical switch and being operative to decrease the

wavel ength of the light to the wavel ength of the
wacbisvasason |ight; and a fourth |ight conduit BapmL20081¢P0494

light fromthe third wavel ength nodifier to the second

optical switch. Reference is now made to Fig. .25,

which is a schematic of a | ogical OR gate 900. Opti cal

channel 902 provi des a fi rst input to the Iogi cal gat e

re(gegﬁgl %ﬂfﬁ@ql&b ?F g%na]l ﬁ £ r%get-l}zlé)do :% oglecseg% gutl, g fourth

light cdidnitcreckiving Ia&leéondl-}hmlrtiom(ﬁf thé eighaldlight Iréz:etva& an the sécond logic¢
freguenc |ncr aS| devi ce nupbered, 905. From .
inpite e 0o RGeS R GBYREe: GGRoRHE the BRTCIGHENE bt light along

thé Bédéﬁ@ hight &@idﬁltwawee Wakdlengthbeihe he@Pfioh h?ght rﬁaée@(snd R8velength
ght from 905 out of phase with the Ii

it W
PRiBer pnegative te dempasy thanwaelengiiyoliihe light @9@ thwfeunth Qaltt conduit
t
to fﬂfe‘g’ﬂ”e@g“ﬁdfftﬁ‘%%*?a%l A 4 BER. SR GEfrth 1\phE yaveleneth
m(TmﬁertlgiérfrdmatHe fokt wmwn'g@hnodlﬁcmuolhenmt Qf)ﬂms«why dBO degrees with
th t

re%p%gt C J at élgbjt fr%rﬁttg? secBWﬁ!l &ﬂvelg%’tﬁ edéfi t%Et Rgc@(ﬂvﬂicg receiving

light ﬁuin the fitst hitbthirddight @atigits, tHexecdhd4vdveledgthini®lifiéfind ¢he phase
channel that carries the light signal into the logic

shiftef-e where it is divided in half. Half of the light is
taken i onlo%ufa[ NOFE paty thA HiR@oh s GRUNAR tihBeTsdle %Os%ows is

The light fromfrequency increasing device nunmbered
gt petingbatiogied NQT Bate loé Fig: BOron| the putputrofithe ldgiegl OR gate of
F 1%.?’% ?rélt c&a%SPt & th(Hé% ﬁ%&te q?ggﬁlnpfe\é\"oﬁ' %r:%p g%ﬁ%g rvglﬂﬁlg ﬁgmn H?’H eactivated
opubetlesvvlﬂchghhreodestﬂli&dl otgmcelﬂbodlmentb of IANIB,r ORpNQRaland NOT logic
W tc é i é % OUtEﬁ§<%% the |ogical OR
gL GIL eprﬂ pesgivsing diett PEWF PRIAERVBRLt i onal ity and
wher ei n theiidtbe 9@%&01&9@ mﬁél@éﬁs SIS hin 1tRE | O @gat Bthe present
single optical swtch and erein the signal |ight has

inyentign é rai dioted hyavkat hanbgentaeticutsrlytshewn end degcribed hereinabove.
ﬁltﬁeg .l?ﬁe' mI/Qﬁloh ‘?&'llﬁ:deg 8béh &hi%ﬂla'tlpﬁ% éh‘&' sﬂgccfnjlq;lﬁ iofts! ?f \iﬁfo‘ﬁg ‘éeatures

ogi C I nputs receiving signa rst
desooibddiihereirmbeves angrel i m@diﬁpmlons drerem‘f wlieh woghhbcdur gdrpersons

skl Gt 168 2t Sbet (Rdine e ot s itlinn g FREN arepdl it e por art

received at the first Ioglc input, a third Iight

condui treceiving a first portion of the signal Iight
received at the second logic input, a fourth |ight
conduit receiving a second portion of the signal |ight

received at the second logic input, a first wavel ength
nodi fier operative to decrease the wavel ength of the
Iight along the second light conduit to the wavel ength
of the activation light, a second wavel ength

51



10

15

20

25

30

nodi fier operative to decrease the wavel ength of the
light along the fourth light conduit to the wavel ength
wohodashesmat i vati on |ight and a phase shifter operTaL100£000494
to cause wavelength nodified light fromthe first
wavel ength nodifier to be out of phase by 180 degrees
wWth respect to the ight fromthe second wavel ength
nodi fier, the optical switch receiving light fromthe
first and-third l'i ght cong# t he second wavel ength
nodi fier and the phase shi A |l ogical NOR gate
that functions as the truth table in Table 3 shows is
nade by ogi cal NOT gate of Fig. 20 on the

|
Lout put o%nt?%lcglogé"“@g 1Y% e of Figure 24 or 25.

Al t hough aSRAEpRXFERhERavihg 4 ElhinSeaBRE @6ss-sebrichll atkd;| | ze
light activated optical switches, are described, other

enbodi meAR §CBYatmNdlghu;espN@Weamzqumco@lP@e@a%sé@,cl%%ch Wil said
11,(%? ??s@ é%%a Séap(g a!:t'i 95% "ﬁ%ﬁﬂ Pé%go?lgivg %}élzficggctﬁx\"efe&{%ﬁ@ belh% ogeratlve

e a preC|ate y “persons s In the art
totchangpiite slkeape in resportse dnadtivatiat light mpiegin yhevdont arshs been

Phe. i nvelt FONCERE GHBEemD O s ASPTBR g sed. Pisoclectric
el mnmﬁici@%tloétxowarghmslod‘nelaewseﬂleﬁbes,c ri bed

her ei nabove as well. as nodifications, thereof whic
woul d oc&Rif aetgvagen élswsregww%ﬂem??wg elgmeny Seine P%%QBW?& with

saldnBgHtop é%géﬁe%?fdé?ﬁcﬁélﬁé 'o‘i’}@rat?ﬂ?éj sWEN @t %ﬁnﬁé@tln' thet ﬂﬁpe of said
prior art . An optical switch conprising:

pi¢zoglaetrip gloseegt aauge lkharigay lrasa@dwgg@bleecresrswsu@@b ) nvﬁlsald light
ol AT Sh o e sa b TR 66 BUEAOR b oy
activation I i ght responsive piezoelectric el enent
bei ng op ati.v han its.shape jn response.to
2 ot vat | G PHSRHOWTIS AHTOIBE (R BoharLNbeEnCaRI R Prgsceway,
saRll &R Bl cteiR %reatdnmwsaﬂﬁ&mqu@tv@ @lemehbar® RbffiRireE 881 Qfetdtive such
el ement for enhancing activation |ight responsiveness

that apingementy pf aglévationtlishh withihe fiss p@,gg,qfethreshold levels on said
1&'0@15&?1& Sflnfenf 8%%@& hgﬁt'r&gsagmépf anE{% %@bfjhéﬂr% QP first

passageway and bei ng operati at “changes
rartgwe)fswa/pbngms stmirethpuelr ovd Bupingament efrecttvawm hghtcslmhtig @ssecond

blLle cro sectippal area S
ragd FAWEFIRINER (Finf PR Tl E IR oHsE ST SEE iyt on said
piczb€lb@ris @lethdnt Ghise asid a@ﬁtf\@a/ssag%wa&\ﬁo QfIbivCdssap@idfdight of a first
accgrdlng tﬁH%Ia|n11 and wherein said |ight

rangs o, é«y@@ erethrough.

3. An optical switch according to claim 1 or claim 2 and wherein said
conductive element comprises a layer of a conductive material extending along a surface

of said piezoelectric element.
4, An optical switch according to any of the preceding claims and wherein

said piezoelectric element comprises at least two layers of piezoelectric material having

different piezoelectric characteristics.
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said piezoelectric elenment and said conductive el enent
are configured and operative such that inpingenent of
wacbisviasason |ight within a first range of thresbooir2008/000494
| evel s on said piezoelectric elenent causes said |ight
passageway to prevent passage of |ight of a first
range of wavel engt hs therethrough and i npi ngenent of
activation light within a second range of threshold
5. | evel s, Ayiopgcad yivitidlgecBfdisPlodidiin! Sdnd VA& Qéldtahfegﬁ BQb thyers
evel s, on said piezoelectric elenent causes sa
Ofpieé?ﬁlecﬁé%@éfﬁng? differeng ryptaberigpeations.| i ght of a first
range of wavel engths therethrough. 3. An optica
switch according to claim1 or claim2 and wherein
6. sai d condoopticed seltenacordigiprlaied o claiy Srandfwirein said

t endi surface of said
cofRHELLIETREK ) AN 21 008 B0 Ohe
to any of the preceding clains and wherein said

plezoeleétrlc el ement conprises at |east two |ayers of
7- pi ezoel eCRrIRLCHaFwIGh, peorEdjhg do @ny 1oy ntprpsedingetleims ped also

cotﬁ 1ﬂ§b3fghﬁ&?lﬁr§er5)peﬁﬁv9% Hﬁ‘é’ét sSig Jcﬁl?atﬂ)?lcl%g lahg fsfgﬁal light into

m 4 and erein said at | east
Sal?} Illghb@qﬂé‘(‘ﬂy’ iat leggtt amei chprapigrissicooff saish ativvationy Bgtatlgoverning whether

@5 t switch according to claim
o 511%51 %Egesélﬁfg %ﬂsea?(&gésg%a P'conducti ve el ement is
dlsposed between two | ayers of the piezoelectric
tical swtch according to any of the

el ement An. 0
8. or ecedi rfg” 8?%%%"91 ORIPEI§&onpri sing a |ight coupl er
oper at i Veligh® pﬁ’dsﬁ%@&iﬁ aw@l§ ﬁ%héﬂg@ Bl@@rogé atioddreal GHaR!

light into said | east one
char act et activetioss 11 |r§SP<9§$1VQ/ atezmieqtm@ lemgot e%ncln@d with said

|
llgmgisﬁg%gﬂ‘év\\;\a;}? isghd %'c%on Hgﬂp Fes@&ﬁf&%?p%%rrfé?t%gl e?]egmeng1 n& [qperative
to Ogalwa@eﬂhaaﬁ ih acspn@peao aﬁmageabgm iopiaghgskatognal area;

and an on,light respons zoel ectric
el ement %gléisocYaéltogclll CRPOSEvVy P eFﬁe\rﬁ‘?"tlgcaég‘Q@%‘g‘}“dl§%?HeaSt two
layemtmﬁ/ pidzoeledttig hhateAsIp BAGhY ediffeRAP Fieoblbibic LR RMristics, said
erative to chaage its shape in response to

b 1676?8 lec&;gt ‘ﬁﬁmef}t i b@mg Fsripfilat Wdth $9ik Bgli passigeval: end; heing perative
such ItBdH cHaBSROMSIhE EsHRHE HP L RIC #Ji'éké‘ele%‘trmhehp Fé\ﬁg{/dlﬂ%réﬁts in said

| east two | ayers o I ezoel ectric materra
chapgepblecses- SW’@Z@I@@CQ sail light passegemiag tsufficjens & govern the passage
of 113hEFA S&}ﬁgﬁ g% belng associated with said |ight
assa 8% ng operatlve

9. An optical switch according to claim 8 and wherein said light passageway
and said piezoelectric element are configured and operative such that impingement of
activation light within a first range of threshold levels on said piezoelectric element
causes said light passageway to prevent passage of light of a first range of wavelengths
therethrough and impingement of activation light within a second range of threshold
levels, lying outside of said first range of threshold levels, on said piezoelectric element
causes said light passageway to allow passage of light of a first range of wavelengths

therethrough.
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such that changes in the shape of said piezoelectric
el ement cause changes in said changeabl e
wonoms2esat i onal area of said |ight passagewayPCT/IL2008/000494
sufficient to govern the passage of light along said
i ght passageway. 9. An optical switch according to
claim8 and wherein said |ight passageway and said
pi ezoel ectric elenment are configured and operative
such that inpingenent of activation light within a
first range of threshold | evels on said piezoelectric
10el enment Aauu@eisal switch hdogf&ng)@&ﬁﬁgﬁmyclaim Damd @hdrein said at least

R AR R AN L A RS S

within a second range of threshold levels, lying
outside of said first range of threshold Ievel on
Ilsai d pi e28epbistlsvitch agepsding o gay ot glames § - gifrand “Whoren at least

th %? §§lg Wsﬁ&o@hﬁé&%"g?ﬂéﬁﬁ%ef@%ﬁﬂc Men@ﬁa@e fabifufly E@tﬁ&gﬁ‘dlcular

wavel engt hs t optical swttc
cqacdonangn$o claim8 or claim9 and wherein said at
| east two |ayers of piezoelectric material have
different crystal orientations. 11. An optical swtch
12accor ?Ii ngngI (o'pt&aly swftcic h&ioﬂ(ﬁn@ to ah§ ehthewhecwlinp alitheasad also
t of said at |east two yers,of th zoel.ectr .
cog\é\gﬁggna I?g{;x@ éoqﬁ}?ru%ﬂerszs &o [S@ﬁﬁl s aac[tlvetl?%pgi( é}t and scl:gna{ ﬁght into
saifl rligﬁf‘b@thbv@i‘ Sat Iekadt or@"clﬁpicte?@ﬂlc §Neﬁ& BetARGOK Qgﬁlggciv@nﬁr@’whether
precedi ng cl ai ms and al so conprising a light
sald@@aleltghép@qsmthwzghealdipaa@@gew@m d activation |ight and
signal light into said |ight pathway, at |east one
characteristic of said activation |ight governing
13whet her Aalogdicsgay® abmbr'ig'hlg apéﬁlsieenet bato l]ﬂghingedt deast one of NOT,

RS T TNE O F AN LTI R -

byﬁltgﬁpgalaaaﬂeagtysn@@ml @vm oahllphaagt one 0ptl cal svvn tch
actuated by lig said at [east one optlcal sSwi tch

conpri si agenal I@QP?&FagPW@hha‘ﬁ%% ehegraplafossnigotional area; and
changeabl e ,6fQ887 et }eQ IF@JSW‘% r;ﬁ@zoel%@tglc allerAGit! a\éﬁkia@&l Wlt% said

i ght responsive prezoelectric elenment associated wt
lightapaisdgeghy, Sfaaiswlg'emmyl,lgluaespoamw piroadertli¢ glament being operative

r.esponsi,ve piezoel ectrj.c 1 being operative to
to SRERGH e BY5RRHF R L o d D mpd O RBRRT it
I Npi Ngi Nghid hRrvenst hgﬂIréi;pal@iVeV;ﬁEZo@Iécﬂrﬂc@leerneBﬂﬁglSSs\zfﬁated with

pi ezoel ectric el nent bei ng associated with said_ |
seif JAsh PAREEERIY B8] TP eoBratye, BIcd Bt Ehanes Harge Sty of said

piezb e RH@BRmRAt &%‘séjchanges in said changeable cross-sectional area of said light
sufficient to govern the passage of signal light along said light passageway.

14. A logic gate according to claim 13 and also comprising light conduits
supplying said activation light to said at least one optical switch and which carry signal

light which carries digital information to and from said at least one light switch.

15. A logic gate according to claim 14 and wherein said signal light has a

wavelength which is greater than that of said activation light.
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pi ezoel ectric el ement cause changes in said changeabl e
cross-sectional area of said light sufficient to
wgavsrineashe passage of signal |ight al ong sai dpCT/git008/000494
passageway. 14 . A logic gate according to claim13
and al so conprising light conduits supplying said
activation light to said at | east one optical swtch
and which carry signal |ight which carries digital
information to and fromsaid at |east one |ight
switch. 15. Alogic gate according to claim 14 and
160her ei n &aldgus pgeakcdri@mptto iddimal Avand vdegirh sailh isidnal $ight has a

an that, of said activatjon light.16. A logic
W@/&f %ﬁs REPIOBnetely ivica thohf Spickacr e it gnal
light has a wavel ength which is approximately tw ce

that of said activation [ight. 17. A logic gate
17accor di nd fogic kate measding dowiaimel 1 aich W exeity ﬁﬁiﬂ s;gnghhght has a

Wi aisen hV@\igP@ Agt Eﬂ@%&l&'ggglapgﬁ li asS %g\%V éﬂ{ gf‘ 5‘%}?’%5‘.%%ﬁy 750

wavel engt approxi na er
nngat e according to any of clainms 14 - 17, providing NOT
functionality and wherein said at | east one optical
switch conprises a single optical switch and wherein

1gsai d si gmallo%w ke hRSoraing@iee by HrhclgimsARRr OXI7TESr6Vidling NOT
twi ce that of said actlvatlon light. 19. A logic gate

fupctionpliy ragdt whegpip wid @t Jgagisoneopticgly swg%\%napﬂ@esmgngle optical
switdf %ﬁ%%@ﬂeint s)élcﬁéignamgﬁﬂag aSPvElefidth g?vl ch’}c’mﬁrl‘é@ hat of said

swtch conprises a sPngle optica erern
acgwitibndighpal |i ght has a wavel ength gr eater t han that

of said activation light, said | ogic gate al so

conprising: first and second | ogic inputs receiving
19si gnal | iAghdgic agatd rastordinghto a@n i ¢laiBCed vi g, prévidiag AND

portion of t ignal light received at said first
fupciignality g w %{e@e@&? gt l5aginene: eptifal Ewitgh EPRPHES swglsneptical
switeh bh®Wheeird %1 §Eﬁ’d’] %lghi hB waiRERbinEHeAbr AR that ¢ bﬂ' said activation
| 'ogi ¢ input; l'i ght condur't Teceiving a first

llgbbrsuldml@gat@ hleosmgnla$lng| ght received at said second
logic i ngkﬁﬁ?nﬁ@secgﬁﬁfo lﬁ‘h%ﬂ re%é’%g égalgulelf Siving a second

portion Sai d second
| ogi ¢ i npuirst light condult receiving a first portion of the signal light received at

said first logic input;

a second light conduit receiving a second portion of the signal light
received at said first logic input;

a third light conduit receiving a first portion of the signal light received at
said second logic input;

a fourth light conduit receiving a second portion of the signal light
received at said second logic input;

a first wavelength modifier operative to decrease the wavelength of the
light along said second light conduit to the wavelength of said activation light;

a second wavelength modifier operative to decrease the wavelength of the

light along said fourth light conduit to the wavelength of said activation light;
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a first wavel ength nodifier operative to decrease the

wavel ength of the |light along said second |ight
woaouiéosb o t he wavel ength of said activation PCOML2008000494

second wavel ength nodifier operative to decrease the

wavel ength of the light along said fourth |ight

conduit to the wavel ength of said activation light;a

first phase matcher operative to match the phase of

sai d |i ghtfira|phRg matibr Sp&RAREL o iﬁ%&h Wké %it é&i%g{gﬁlomg said

sai d activation |I%§th a_second phase ‘mat cher
seqpaf dighiccongeit oHhafsaigfacE¥ation|lighht al ong said fourth
light co ' ' [ j | ight, and. a.phase .
oo B e SThAoRENAL bt i s i
foythaléght nertdufteal sdid gtttvatibrolightsaidd second and fourth |ight

duits tp be mutually out of ph 80 d ,
Cooht o BREPS SRR Pokcptuetd eiie fveIegat redtaiang phagatched

lightigiphg esld ascendsirdn@brth ilght chiiib 16 Be SRIHaIBPbICHE phase by 180
switch; and wavel ength reduced and phase ratched |1 gh

degEng sai d second and fourth |ight conduits being '
suppl i edjjdRagd M o4 ' | [;aht_as .

ol st 0% 0 Al i

lighfdpput e said dptingl svoitchngndof claims 14 - 17, providing

NAND f u ionality and rein.sai.d. fjrst optical
Swi tch oumsPinL e o BEtsE B el 155 8R4 S6Bnd et ourth
lightptonduits tseing aippAatitogbecivith sadidosdl ab@batioh Myht BagctFation light

t-mgrehe th greater than that of said activation |ight,
0 %’1“5‘3“1“6t08ate al so comprising: first and second

| ogic inputs receiving signal light inputs; a first

wavel engt h nodifier operative to decrease the
20.navel engd hogie gitgrrasortlinghto any ofiddrifuisr bt -i Hpuprovidirtgh®&IAND
funbBNBli Sal | ' Light:. a second. .

n\/vaverlﬁg{dh%%g??s %@rﬂg‘ito& :r{%%fl é\;’gﬂ o(‘%(IJn HLPEE ﬁrs? QRtical switch and a
secoveitisalgivitobfand imdweedin bdid)kignaitlighaihds 5 @aoslendth ptéater thanhBat of

. el ength of.sai.d activation |ight; a third
Saldl\v\g%lg flté?{'glll%t’rﬁ%lﬂilﬁf’ 168915 3 éPWESlpgg decr ease the
wavel endirkt 2l ssdopld Bgid iniis ré(fe%gsﬁ%rgal libhtShpe!t | cal
y

switch; a_first light conduit supplying part of said

|i ght f AdHFSiSHRslenethanodifioronsraiivh tmdrsrdase thetveavalehgihstf signal

light hO8Ald AREMDREDG the wavelength of said activation light; |

a second wavelength modifier operati‘}e to decrease the wavelength of
signal light at said second input to the wavelength of said activation light;

a third wavelength modifier operative to decrease the wavelength of
signal light from said first optical switch;

a first light conduit supplying part of said light from said first wavelength
modifier to a first light absorber;

a second light conduit supplying part of said light from said first
wavelength modifier to said first optical switch;

a third light conduit supplying part of said light from said second

wavelength modifier to a second light absorber;
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a second light conduit supplying part of said |ight

fromsaid first wavelength nodifier to said first
wopbisaaéosswi t ch; a third |ight conduit supplyi RGTEEI008/000494

of said light fromsaid second wavel ength nodifier to

a second light absorber;a fourth Iight conduit

supplying part of said |ight fromsaid second

wavel ength nodifier to said first optical switch; a

fifth Ii ghﬁ)uﬂh)rlighlt tcoﬁéﬂlﬂmsﬁpﬂ]ﬁng'&?@bf‘ |shiahiigfer E‘Hi‘nsgah&j second
first i'Td wavel ené

h d
war‘(ﬁlﬂflgtpg‘?t‘f‘é%&o %\I‘m‘étﬁ%ﬁ ng‘l?qazg%lt@;ndw t supplying |ight
wavel engg Iﬁﬁﬁq%{ idults ?ﬂﬂ)ﬁﬂé %ggwﬁf‘&g}ttf{yn{ galé{\’?i%{s‘l? ogt?c%i switch to

nmodi fier to said secon as  ac
saiflithjrdt wavelength modiffier;gad e according to any of clainms 14

- 17, prQﬂ ﬂ'{ﬁ%&%ﬂ&lﬂ i gynal I,lglﬁevgarl/gle\ém rel 1@3?’ glgaf{"om said

| east one 0
thlsimvmtengﬁdnmmmmaﬂamna|ogﬁai1 switeihis d&ﬂﬁat@n"l@ﬁ?' engt h

greater than that of said activation [ight, said |ogic

gate also conprising: first and second |l ogic inputs

21recei vi ng g alatd 12880rdih PPt Sny Boff lafths VRV E! Eﬁg%)l:bvhdmg OR

mopdi fi er operative to decCrease the wavel engt
ﬁlqcpwltw% §hseaiey Sﬁlldr &t least gine Qpﬁp@lt switcht mmasese laamgglé] optlcal

switdh Sl v%e"i’éiﬁ ké’igrs cgﬂ ?ltﬁs a @va&% %’g%f l}aﬂ gl'tlalt ogo iud actlvatlon

operative to e vvave
light) @nblogmgatesaésxmmmpmsgigt |nput to the wavel engt h of
sai d acttL i rst ase cher operative

to match lrtsﬁaéldﬁﬁ%glgq%glé WQ\V@F%W@‘E‘ el Ihﬁétdnl"i‘t@yht from

the sai ch fitst Stavelengh anétifie keftive o taRci¥RdeClle t%ef@ﬁ@ﬁeof the
|ight; a secon hase mat cher operati

el t uat
“g*& 810??%15%13 fifﬁglgbhlélg@t tgthe Wevelengthtofspid pedvatian dightond
wavel engt ﬁcmwe%n Pmb& 1&hﬂ%e|i]eﬁlv@ @ﬁ crse gt?e \gavelengfht of the

actuation |i I rst con sup
light ploggisgid iseagi hghtonplstato daefwavstengxha@ealdacmeon nghta f irst

light a cond |.ight copnduit su art
of said Sﬁ%ﬁ@{a ‘J’r%far]t%garl "é’e“sa&‘X%F? gg@ ‘Et;e)‘?’gl‘ieg“'% modified
light &oortle kaidy Iﬁtst alaseleith modiffer tcsmaﬂah asephabl dft-Rfuatiéh BafONd

phase shifter
second phase matcher operative to match the phase of the light from

said second wavelength modifier to match the phase of said actuation light;

a first light conduit supplying part of said light from said first phase
matcher to a first light absorber;

a second light conduit supplying part of said light from said second phase
matcher to a second light absorber;

a first phase shifter;

a second phase shifter;

a third light conduit supplying part of said light from said first phase
matcher to said first phase shifter, thereby to cause light from said first phase matcher to

be out of phase with said activation light; and
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a third light conduit supplying part of said |ight

fromsaid first phase matcher to said first phase
wehodstiesosot her eby to cause |ight fromsaid firBCTphAs®000494

mat cher to be out of phase with said activation |ight;

anda fourth light conduit supplying part of said |ight

fromsaid second phase nmatcher to a second phase

shifter, thereby to cause light fromsaid first phase

mat cher taq. b f ase.Wth j i§
activati 8%0?1?%9 ﬁgﬁt cgmfl‘T%FﬂPpllylﬁ%P %galﬁl suppr? Salﬁj pecond phase
métckditto b rsesond @hﬁlsefshfﬂiefr thirebetosdauid ght fionssid fiop bhasalmatcher to

switch; and a §ixt ght condw t supplying Iight from
bes%ta&g\@é%w&haﬂaélép Wfifaf%‘faﬂ% lighti 4 optical switch, said

opti cal aWifiif ightCedidiit REpHFng 136t KL s8d firit PHasBilfter to said
signal |ight from sai d f?ﬁ?:hga%g sixth Ii éhtqﬂ%%ndw ?rso A

oppigal svitchigind gat e according to any of clains 14 - 17,
providin C ]%q§%§ :
one opti %aSFﬁ%vH& c‘{?hg%kﬁ%rp&ﬁé’e@ﬁ%rs sl g%lggcrll %S&% ?@Jgfto said

opsiealtswiites, and wherein sai d signal Ilght has a
vvavelength rea er.than .that qf sa ctjvation
sad o Jalien Shisth BesisPasel gotiaipu b adsisbgy e Bom seid

fitlP i dCsittA W ﬁtscoﬁ@@igl ving signal light inputs; a first
wavel ength nodifier operative to decrease the

wavel ength of the light along said first |ight input
2x 0 the \é\%qh% %&e Of S Q&té;&a‘bf Qaibds 904 ; - aiﬁ%@ﬂ@mg OR

wavel en ler operative to decrease th
funeticahléty gpmid wherellnesalid ghteaatl m@gorsaabswmmnpm&ghtﬁrstrmm second
op. 18%lgsrlsavgtc¥\’avel eg%tﬁegrb o%lg Ssggllrj% lr%%l \ééa%glﬁlg?é{? Igreatea than etgycq)f said
activgiivn lfghf)@md&tbgilc Qaté akso andpsga@nd wavel engt h nodi f iers;

a power |imt |v|n light fromsaid. first
wavel engfikst A ?q" ‘? nE@EEﬁ‘EB“’Wéﬂ“@E@% N R £ i er via

sai d respegli Wavdlddoht nﬁﬂﬁie’i%{p@l@ vé k@ QbcrERBAR WavalBihth of the
bei ng operative to maintain ht output therefrom at

light plpegi egid first hglct ipRwde theewpleng ohaid) aq:tlvgh@n Hgndui t
PP 8 MBI B kR AR e v
lighaliohig eaid sereomd hghtgnymt tnthke wWaveglatgth obsaid adtivafion Bght;
optical first and second light conduits supplying wavelength modified light from
said first and second wavelength modifiers;

a power limiter receiving light from said first wavelength modifier and
second wavelength modifier via said respective first and second light conduits and being
operative to maintain light output therefrom at a predetermined power level;

a third light conduit supplying power limited light from said power limiter
to said first optical switch;

a third wavelength modifier receiving signal light from said first optical
switch and being operative to decrease the wavelength of the light to the wavelength of
said activation light; and

a fourth light conduit supplying light from said third wavelength modifier

to said second optical switch.
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switch and being operative to decrease the wavel ength
of the light to the wavel ength of said activation
woigistizemnd a fourth |ight conduit supplying | pgiiLion®en0494
said third wavel ength nodifier to said second optica
switch.23. Alogic gate according to any of clains 14
- 17, providing OR functionality and wherein said at
| east one optical switch conprises a single optical
switch and wherein said signal |ight has a wavel ength
greater than that of said activation [ight, said |ogic
23gate al sa dogfpr o n&g:coﬁdhfgStto aaiy o€ cdaichs| d§i € I7npprdgiding OR
receivin i, a first ht condui.t
neBry IR, DA st oo prrical Sia SPmBHices:  cinelrepptial
svadch 9al thaﬂe[nsstald QNE libRPs a WaveRa@hCorbdtetharC@RCMH $aid activation
receiving a second portion of the signal |ight
lighg said\egic gete 8lsp omPHYRE:| ogic input; a third |ight
condui t ¢Signal 1ight
recei ved&‘g%%%gglg%gg(gkgic&ﬁﬁgg?%&wﬁ% S(?énaf péhourt h Iight
condui t ndiet lighd gomiustereccmvingarﬂrstqmrmﬁn ofitbe siggaldight rgphived at
ved at said second logic input; a first
Saﬁ§§7 &Y 18%5{¥PWodi i er operative to decrease the
wavel engtahseeénd high! t@fuitatedsigingad decoR@Opsttibh BTt the signal light
conduit to the wavel ength of said activation light; a
receavedifll sphEBdAgE B di f i er oper ative to decrease the
wavel engl hipd héﬁlecohdhgﬂtecﬁjv rfi6 the sigﬂQlth ht recelved at
conduit to the wavel ength o sal activation %
sardcandghgic énpshi f t er operative to cause vvavel engt h
nodi fied_| £ f fier
pe out of SR 4P CpBBlE abieiihe ¥R RGN L b i tigh
redeiivgdtat fshidnsecmiddogie impi vvavel engt h rmdl f| er, sai d

optical swtch receivin ht fromsaid first a
third |ia¥ﬁr%wﬁ\s€$~? mdfifer SBergiive inderengt atfiehagp of the

ligAhslos@iaild Eééaﬁ&l@{ﬂcf)ﬁcﬁﬁt to 24 wavel @giofSaldcaeAdohdighe to
any of clains 14 - 23 and wherein said at |east one

optical 8wPeosH Wayelengfh mredifiescpprrative todasenssethei wayelength of the
PRI S 4 R SR S O sl e
a phase shifter operative to cause wavelength modified light from said first
wavelength modifier to be out of phase by 180 degrees with respect to said light from
said second wavelength modifier, |
said optical switch receiving light from said first and third light conduits,

said second wavelength modifier and said phase shifter.

24, A logic gate according to any of claims 14 - 23 and wherein said at least

one optical switch is constructed in accordance with any of claims 1 - 13.

25. Logic functionality including a logic gate according to any of claims 14 -
24.
26. An optical switch comprising:
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24. 26. An optical switch conprising:a signal channe

configured to guide a signal light; a piezoelectric
wehersanéosadj acent to the signal channel; and aPCT/IL2008/000494

conductive |l ayer adjacent to the piezoelectric

el ement; wherein passage of the signal |ight through

the signal channel is controlled by the application of

an activation light to the piezoelectric el enent and

wherein [ C el ectrical
field ap%fgféggpéhg*ﬁ?%ggfg?@z@g@@%?@@%ﬁ%& I n response
t o t he aatpiezatledric klegieht adfacenth eheagigriat eanseli 4rch of
claim 26 wherei.n the conductive.layer jis. adhered to a
surface 81“0?41'@%%‘? t?%'%reardéel’?{e‘_%‘it% thélpé??é%ﬁ.cmﬁg!emﬁmé opti cal

swi t ch ofyheted pasddbe@r tied ﬁ%rfél Bhtwheugh theaRbl chahhdd s @ntrolled

the activation light to the piezoelectric elenent )
byc g swpligaien sqfa?g@eafglfva&l% lightetp Jle ariqzoplecter effspant ppd wherein the

the. isi le i A | . .

cFRRNE (A it Sy BAER s Do T e BRI Bpen
resfoaseto 2§ achizatiinrlighbe si gnal channel conprises a

chanber that is filled with a conpressible material.

30. The optical switch of claim?29 wherein the

- 271 ezoel eqhe bpticl switeh off MM 6avHEedih it coaliudtive 3BaRadRered to a

31l. The aoptical ,switch of claim26 wherein the
Suﬁ%@zﬁgﬁleelﬁ‘??qegecgicé?@mmconpri ses at |east two |ayers

that have different piezoelectric characteristics. 32.

The optical switch of claim26 wherein two |ayers of
2& he pi ezdbe eptieal svélchminglaiiad@ odididiey 2htvherejs epplication of the

L.entat i i it C [ .

sl b R pitocloche Bhnebon Rl haB o8 o Bpcpo clement
to lchange sudbfthathiee giged dightas hoti ablectb awrthrough theAigmal dhadndlor

operating an optical switch, the nethod

conpri sing:applying a signal light to an opti cal

205Wi tch thraé opREMIsmERE o dMiRZDE detdin %eeéiﬁmféhalﬁfﬁd céinprises a
| east one _conductive |ayer adjacent to the

chambeordat dcfilgdowish a gempressable mggsialii ng an acti vati on

light to the piezoelectric element to change the state

of the optical swtch; wherein the conductive |ayer
30enhances Tha optiat switchabf élnigl A9 ayhieteire thet ppezoklectric element forms a

portion of the chamber.

31. The optical switch of claim 26 wherein the piezoelectric element

comprises at least two layers that have different piezoelectric characteristics.

32. The optical switch of claim 26 wherein two layers of the piezoelectric

element have different crystal orientations.

33. The optical switch of claim 26 wherein the conductive layer is adhered

between two layers of the piezoelectric element.
34, A method for operating an optical switch, the method comprising:
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pi ezoel ectric elenment in response to the applied

activation light. 35. The nethod of claim34 wherein
woOheoscoensoct i ve | ayer is adhered to a surface 8ETHI®08/000494

pi ezoel ectric element. 36. The nmet hod of claim 35

wherei n applying the activation light to the

pi ezoel ectric el enment causes the shape of the

pi ezoel ectric element to change such that the signa

|i ght i sapglyinglal Serlad lipRE® dnhpieihsvitR tRRIcbaDlsSY bitbelectric
137'tTQf gethod of claim 34 wherein applying the
cleqeant gud atdenst ongrrondystive layesadiagssnijto tlig piswvelecigistelemagtiang,

whi ch ar gy,iihhe 9k | .

pi ezoel eclf_ﬁr}?icg el gﬁtgﬁatﬁ 8%%1&{{ R gﬁecél%éé%@%% e!)e%éemgﬁ) Rnge the state
of theptpticalisyiitalis, | eaving the remai ning |ight signal as

the acti i.on.liaght.. .38.. The t hod of claj 4
_wherein %ﬁéﬂegﬁ the ocg)flg%ctt]rvf’ daysr é’ﬁgﬁjcce% %ﬁIng’@gf g]?ﬁl appled to the
piczoeledtely elementtiatrespanse tolitfelapprat achivazonaleaet ri c

characteristics. 39. The nethod of claim 34 wherein

two |ayers of the piezoelectric element have different
35crystal ohd et ONelaint84 ThGeEHE Q:gn&%:ti% Q%%} 3¢ adhered to a

bet vieen two

$mer§in t he conductive layer is adhere
suffage of thegrezoplectiip leswnbct ri ¢ el ement. 41. A nethod for

operating an optical switch, the nmethod conpri sing:
applying a signal light to a signal channel, the

36si gnal cHenmethodeoth glaanlj 3¢ ehtretro applping z@e | REGVAtoR light to the
to at. | east one conductive

TR ORI T .

ayer,
thepignabiédhe &t ot eble kepms thrb@stihapgifeat ffitcghape of the
pi ezoel ectric elenment such that the signal light is

prevented from passi ng through the signal channel,

37.wherein ' I . S | ect ri cal .
fiel g a%pﬂﬁﬁéfﬁtﬁ?% N e P PREE e fioh e et
applyjng fwo dightl signils othichasieant of ghise with esbhertine] footle dlezoelectric

[ in th i.ezoel ectric. el enent conprises
el e o 838F Bl pt OF R S S e-Ginaf prruaioge Babi gl as
the attisation Hglitst i cs. 43. The met hod of claim42 wherein

the conductive | ayer is adhered between two | ayers of
the piezoelectric elenment. 44. An optical swtch

38.conpri SiThg method of claim 34 wherein the piezoelectric element comprises at

least two layers that have different piezoelectric characteristics.

39, . The method of claim 34 wherein two layers of the piezoelectric element

have different crystal orientations.

40. The method of claim 34 wherein the conductive layer is adhered between

two layers of the piezoelectric element.
41. A method for operating an optical switch, the method comprising:

applying a signal light to a signal channel, the signal channel being

adjacent to a piezoelectric element that is adjacent to at least one conductive layer; and
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a signal channel configured to guide a signal light; a
pi ezoel ectric el ement adjacent to the signal channel;
wea 0ndensdi ve | ayer adj acent to the piezoel ect PCT/IL2008/000494
el enent; and nmeans for applying an activation light to
the piezoelectric elenment to change the shape of the
pi ezoel ectric el enent such that the signal light is
prevented from passing through the signal channel;
wherein the conductive | r. ephanc . e i ca
field ap 6?15%‘8%?6‘ ﬁgaﬁ?"e%& g’cfhre i %lezgq%g%ﬁt éllglﬁglﬁte@p%hﬁg ge the
shipe bhehe Hgdoblectria cldnvet isadh thagthe. sigial lighteis gpéveatedd from passing
switch of claim44 further conprising neans for
throygly thesignebhagnednal 1 ght and the activation |ight

into theyggiftheCliantlve Bfer chifncePlah GldctrioM Tield &plied to the
cl ai m 44 wherein the neans” for applying an activation

pi¢zoglectric sleprentinsresponseoipitheaanpbed adtiyptionsligitce. 47. The
optical switch of claim44 wherein the piezoelectric
el enent conprises at |east two |ayers that have

42di f f er enThpinesthel ef tinine 4¢ helrereih ehe piezadectd: elEhent comprises at

optical switch of..claima47 erein the conductive
i e ek B 56 ot SR OF RTAPLEBF e e
pi ezoel ectric elenment. 49. A nethod for operating an
optical swtch, the nmethod conprising: applying. a
43si gnal | iTgRmatpdanf e Eawhemingten C?rhiglft_%f‘o@ps?ﬁ ig @dheged between
twggé%e?se&ﬁﬁé ﬁig%oefécﬁf@éﬁmer{the pi ezoel ectric el ement

rising east two layers of piezoelectric
materi al that have different piezoelectric

character, sti.cs; and appl.ying an activation light to
“ he pi ezé&oé?glisgvltgﬁg?@ﬁ?%?% change the state of the
optical gwighalhchabfkl cdnfizupel b @didefa sidnal Iight9 wher ei n

applying the activation |jght to the piezoelectric
el enent  @@irge’lestre clomepiadigeentia thy signg ?}E‘BP?S? c el ement

to changg cgpafilE el dMPacehidp Me Jitblecttit eRéientlahe t o
pass through the optical switch. 51. The nethod of
cl ai m 50 nwhes §omapHEng ranagivetion hights rafhe pipzealgetric element to

| ezoel ricG el. I i LRBed £
oy BEBE |  TRR 5 R BILE, Wi Gt o
passhhthdouph thd signmal 4Rannbler ei n appl yi ng the activation
Iight conprises . . .
I%rf‘lerem the conductive layer enhances an electrical field applied to the

piezoelectric element in response to the applied activation light.

45. The optical switch of claim 44 further comprising means for coupling the

signal light and the activation light into the signal channel.

46. The optical switch of claim 44 wherein the means for applying an

activation light comprises an activation light source.

47. The optical switch of claim 44 wherein the piezoelectric element

comprises at least two layers that have different piezoelectric characteristics.
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applying two light signals, which are out of phase

Wi th each other, to the piezoelectric elenent and then
woeosvizéngo one of the |ight signals, |eaving thecT/i1L2008/000494

remaining |ight signal as the activation light. 53.

The nmet hod of claim49 wherein the optical switch

further conprises a conductive |ayer adjacent to the

pi ezoel ectric el enment that enhances an el ectri cal
a4 i el d apghé I e el

o the apot Eqa SHILRISERR £LbALEIELE TR uckle 1BEP W' afhered
bW@ﬂWﬂ@Yﬂﬁ@f&%l@mlebfzﬂy@iﬂnwf the piezoelectric

el enent have different crystal orientations. 55. An

optical swtch conprising:a signal channel configured
4% o gui deAansthgahﬁir obexgﬁﬁg arbdystical sWiRkAOHRE arthiod @oflpeisBpt

adj acent t he SI channel , the piezoelectric .

el enent Pg & ! g? ightdg ap 9pfieal Iséwféﬁé hag comprises a piezoelectric
eldheZ AR ﬁ@idele‘étrf@él&ﬁér@ Eo&ﬁ%m@ﬁ’t\’l@asgh{/cf BY&8bf plezoelectrl material

|ezoelectr|c characteristics; wherein passage of %

th3§|h@YFa41ffPﬁe§’dtle%Qﬁ’k@@gwhﬁﬂﬁ@eﬁﬂgﬂﬁaﬁndchannel is control | ed

by the a n

o czo0l oo ah B8Rliof Db e Yo BRel i enloR ol ange o ot
of & optieal sivitch.wo | ayers of the plezoelectric el enent

have different crystal orientations. 57. The opti cal

switch of claimb56 wherein the two |ayers of the
50pi ezoel eThe infetiedde 6F Blai a4E vRFRE ?pl‘zﬁﬂgaﬂleca[cl’ §£t?dn light to the

orlentatlons 58. The optical sw claim5

Pigzpsleqie e’@H&?ﬁ‘r palpsFigthg Sbﬁﬁoqfctbw? p@zmscémc sleranteiot changq push that
h I Iy duct ive | ayer
the Vi ERPRLAG fidt GR!§ FRAhrohPHhE LBt i EF. vl

ances an elect o the
pi ezoel ectric elenent in response to the activation

51 1 ght. 5?he me%h 8' Sr w{l]‘lgrey gtb? fcgl]alggeo%]e g srﬂlalt)ep eof the

conductlve Iayer |s a

piepoeianmdd eleteniccapbaectiangbth a Thgeridhi otal sigmil ichdhnef of£thaidptical
% wherein the conductive layer is adhered between two

SW ers of the piezoelectric elenent. 61. The opti cal
SMAtCh of claimb55 wherein application of the
activation light to the piezoelectric elenent causes

524 he shapkh eomet%né opiclei l%ewherpio applyimgnthetasticatimngéghs wemprises

ap%?ig% g%] it 9 Is, LB adeSod? B pﬁge%vltt}{) R %herh{oong plezoeelectrlc

a nn
element and then removmg one of the light signals, leaving the remaining light signal as

the activation light.
53. The method of claim 49 wherein the optical switch further comprises a
conductive layer adjacent to the piezoelectric element that enhances an electrical field

applied to the piezoelectric element in response to the applied activation light.

54. The method of claim 49 wherein two layers of the piezoelectric element

have different crystal orientations.
55. An optical switch comprising:
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62. The optical swtch of claim55 wherein the signa

channel conprises a chanber that is filled with a
woaoprieesi bl e material . 63. The optical sw tch eETaLBNSN00494

62 wherein the piezoelectric elenent fornms a portion

of the chanber. 64. A nmethod for operating an optica

swtch, the nmethod conprising: applying a signal |ight

to a signal channel, the signal channel being adjacent

to a pi eaeighsichire] GETHRAL th Qéi*de hagmatlidnasnl two

| ayers of piezoelectric material that have different

pi ezoel e@tH§ZeclgsiEr £dqraant ardjagent tarthe sigphly¢hagnelnthe piezoelectric
1ehednt \BlpAGink h €4°
han g efniph e ng hag Bgasg?‘”ﬁ’ h@y%F ez o@ foO%!ec{r& a%ggig :ﬁha:i 3’@‘?46 different
piqzpelectripehasaagristics;i ght is prevented from passi ng

t hr ough nal c nnel The t hod 0 m 64
wher elgn {Xﬂ&eﬁl Pear © etstﬁqa]cl&ﬁ?’ﬁ fhraush the h@ﬂ*ﬂ& 't“?‘\‘? is controlled
by ltizeyapplieatjoa ot ai adtivatibrelighted oRlpasbelearie LRARAL t hat

enhances an electrical field applied to the
pi ezoel ectric element in response to the applied

56 aCt i vat i PRe bptedat swﬁ@h of AR5 Ahe d%ma{vg(?éeﬁlggpﬁ &ﬁr}gezo%lectrlc

gnal channel configured to gui

eleﬁ!eétzlﬁ?éfleétffqr‘?r&Cms@hélmntad]nacent to the signal channel

the piezoelectric elenent conprising at |east two

different |ayers that have different piezoelectric
57 char act eFhesdritical; svatetl ofelira Soorheaginlthe 9@ @feraof th‘é%ﬁéz@@lectnc
eh gEt Lo t he $|ezoel ctrrc el ement to change the shape

B faye peraglicularicrystal grignfatignss ych t hat t he si gnal

light is prevented from passing through the signal

channel ._67. The optical switch of claim®66 wherein
58t wo | ayeFhe %tw@héwmhe@éérl?ém $3 durshes omprisingea dlroflcﬂlEtleeltlayer

adj&fe}i@ltoarhe Bfek&ﬁktcﬁ‘ﬁd Qftent Gélherg—ﬂqhé) Riidhia vesl\é\g/eir %ghagllfc&ﬁ:% ¢180trical

her conprising f'or coup
ﬁelId |agPhedetﬂ thethezoglettrie aterrrwnt inr rgéponsentd cnhet detivaicgriadht.
channel . 69. The optical switch of claim®66 wherein the

means for applying an activation |ight conprises an
39.act i vat i'the optigh swhehsCdaim/$B wildteinARS édndbotfihyel isfdhered to a

% %fgh% further conprising a conductive | ayeéer
surlaeq QB Piegeslectiie qlpmstlel ectric el ement, wherein the

conductive | ayer enhances an el ectri caI

60. The optical switch of claim 58 wherein the conductive layer is adhered

between two layers of the piezoelectric element.
61. The optical switch of claim 55 wherein application of the activation light
to the piezoelectric element causes the shape of the piezoelectric element to change such

that the signal light is not able to pass through the signal channel.

62. The optical switch of claim 55 wherein the signal channel comprises a

chamber that is filled with a compressible material.
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field applied to the piezoelectric element in response

to the applied activation light 7 1. The optical
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adhered to a major surface of the piezoelectric

el enent.

63. The optical switch of claim 62 wherein the piezoelectric element forms a

portion of the chamber.

64. A method for operating an optical switch, the method comprising:

applying a signal light to a signal channel, the signal channel being
adjacent to a piezoelectric element that has at least two layers of piezoelectric material
that have different piezoelectric characteristics; and

applying an activation light to the piezoelectric element to change the
shape of the piezoelectric element such that the signal light is prevented from passing

through the signal channel.

65. The method of claim 64 wherein the optical switch comprises a conductive
layer adjacent to the piezoelectric element that enhances an electrical field applied to the

piezoelectric element in response to the applied activation light.

66. An optical switch comprising:

a signal channel configured to guide a signal light;

a piezoelectric element adjacent to the signal channel, the piezoelectric
element comprising at least two different layers that have different piezoelectric

characteristics; and

means for applying an activation light to the piezoelectric element to
change the shape of the piezoelectric element such that the signal light is prevented from

passing through the signal channel.

67. The optical switch of claim 66 wherein two layers of the piezoelectric

element have different crystal orientations.

68. The optical switch of claim 66 further comprising means for coupling the

~ signal light and the activation light into the signal channel.
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69. The optical switch of claim 66 wherein the means for applying an

activation light comprises an activation light source.
70. The optical switch of claim 66 further comprising a conductive layer
adjacent to the piezoelectric element, wherein the conductive layer enhances an electrical

field applied to the piezoelectric element in response to the applied activation light

71. The optical switch of claim 70 wherein the conductive layer is adhered to a

major surface of the piezoelectric element.

66



