OPTICAL SWITCHES AND LOGIC GATES EMPLOYING SAME REFERENCE TO RELATED
APPLICATIONS Reference is made to the following related applications, the disclosures of
which are hereby incorporated by reference. U.S. Patent Application Serial No. 11/734,747, filed April
12, 2007 and 19@piigadsksGHT ACTIVATED OPTICAL SWITCH THAT INSIXADESBMA00494
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 entitled LIGHT ACTIVA | ED OPTICAL SWITCH THAT INCLUDES A 15
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. U.S. Patent Application Serial No. 11/974,483, filed October 15, 2007, which is a

continuation of U.S. Patgpi1:48389& 3B IRy PHIR fellowing appliraHans jsvaereby claimed under

37 CFR 1.78(a)(1), (a)(4) and (5)0): U.S. Patent Application Serial No. 11/734,747, filed April
12, 2007 and entitled LIGHT ACTIVATED OPTICAL SWITCH . THAT INCLUDES A PIEZOELECTRIC

ELEMENT 3VITH LAYERS OF PREEZEIELFEITRIQBIA TERMIPRE WAING DIFFERENT
PIEZOELECTRIC CHARACTERISTICS; U.S. Patent Application Serial No. 11/734,750, filed
April 12, 2007 and entitled LIGHT ACTIVATED OPTICAL SWITCH THAT INCLUDES A _

PIEZOELECTRIC ELEMENFmasaoNDy thy (oo ving eietedwpplications, the disgdegiieioial Patent

Application Seraibhoar®Qétebl, oSttt Ay itckted?,2007 and entitled LOGIC GATES FOR OPTICAL
SIGNALS. WO 2008/126080p G k208 000T e aF KD, Phi3 R NUEN KR 12, 2007 and
10 entitted 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
15 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.
U.S. Patent Application Serial No. 11/974,483, filed October 15, 2007,
which is a continuation of U.S. Patent 7,283,698.
20 Priority of the following applications is hereby claimed under 37 CFR
1.78(a)(1), (a)(4) and (5)():
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
25 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,
30 2007 and entitled LOGIC GATES FOR OPTICAL SIGNALS.



The present invention relates to light activated switches and logic gates generally, SBACKGROUND
OF THE INVENTION The U.S. Patents of the present inventor, Dr. Gary Neal Poovey, Patent
Nos. 7,072,536 and 7,283,698, the disclosures of which are hereby incorporated by reference,
together with trw(p gﬁ%j)%\s listed hereinbelow, the disclosures of which @,Ee”’llgmg isg‘corporated
by reference, are believed to represent the current state of the art: U.S. Patent Nos. 6,594,411,
4,961,618; 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, 5,109,156; 5,146,078; 5,168,382; 6,005,791; 6,609,840;
7,263,262; 3,987,310; 4,053,794, 6,757,459; 6,804,427; 6,320,994; 6,487,333; 6,178,033; 5,425,115;
6,075,512; 15 6,697,548; 6,594,411; 5,5*%97@?@%5@5%@%,946; 7,283,695; 5,414,789;
4,961,618; 2,936,380; 3,680,080; 3,965,388; 3,995,311; 4,023,887, 4,128,300; 3,995,311, 4,023,887,

4,128,300; 4,262,992; 4,6894/93: 4,76 4 618;4,978,842: 5.078,464; 5,109,156; 5,146,078;
5,168,382; 6,005,791 6,609,864gr;e§71"j§t61§§e§§? ?%@a%ﬁi%?%@&555@%5‘5%%@?2%5?@, % $9%55 101 456,
4,932,739; 4,7(5?,’6‘39@;3’4,630,898; 3,987,310 and 4,053,794; and 20U.S. Published Patent Application

Nos.: 200570129351; 2006/004540 BRS040 PG rand 2 BOHHPR O/ 8. Alexei Grigoriev, et
al., "Subnanosecond piezoelectric x-ray switch”, Applied Physics Letters 89, 021109, 2006. 25 WO
1008/126080PCTill,2008/000494 SUMMARY OF THE INVENTION The present invention

seeks to provide improved &tidaSsWitehtssofobic grates amditgicDiurGtigriskisy. Eobheye isshus provided
in accordance PuldheNoL TEOTRCb STAATTISTHOR! HEdNGSSRL BY S A ORIG AL YIS R-Glyding:
reference, together with the publications listed hereinbelow, the disclosures of which are
10 hereby incorporated by reference, are believed to represent the current state of the art:
U.S. Patent Nos. 6,594,411; 4,961,618; 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;
3,078,464; 5,109,156; 5,146,078; 5,168,382; 6,005,791; 6,609,840; 7,263,262; 3,987,310;
4,053,794; 6,757,459; 6,804,427; 6,320,994; 6,487,333; 6,178,033; 5,425,115; 6,075,512;
15 6,697,548; 6,594,411; 5,703,975; 6,320,994; 5,134,946; 7,283,695; 5,414,789; 4,961,618;
2,936,380; 3,680,080; 3,965,388; 3,995,311; 4,023,887; 4,128,300; 3,995,311; 4,023,887,
4,128,300; 4,262,992; 4,689,793; 4,764,889; 4,961,618; 4,978,842; 5,078,464; 5,109,156;
5,146,078; 5,168,382; 6,005,791; 6,609,840; 7,263,262; 6,151,428; 5,999,284; 5,315,422;
3,144,375; 5,101,456; 4,932,739; 4,701,030; 4,630,898; 3,987,310 and 4,053,794; and
20 U.S. Published Patent Application Nos.: 2005/0129351; 2006/0045407;
2004/0091201 and 2004/0037708.
Alexei Grigoriev, et al., “Subnanosecond piezoelectric X-ray switch”,
Applied Physics Letters 89, 021109, 2006.
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a light: passageway having a changeable cross-sectional area; an activation light responsive
piezoelectric element associated with the light passageway, the activation tight responsive
piezoelectric element being operative to 10change its shape in response to activation light impinging

thereon; and a ' lement operatively associated with the piezoelegtri ntt for
&E}%Hﬁé%&s‘ﬁ iﬁ&%‘ﬁ%oﬁi

enhancing activation t responsiveness thereof; the activation light responsive piezoelectric
element being associated with the light passageway and being operative such that changes in the
shape of the 15piezoelectric element cause changes in the changeable cross-sectional area of the

light passageway sufficient to govern the passage of light along the light passageway.
Preferably, the light passageway, theSpi Et G eldtHe BY BEN THeNonductive element are configured

and operative such that impingement of activation light within a first range of threshold levels on the

piezoelectric element causes the light 20 passageway to prevent passage, of light of a first range of
aT P 5 TR SR, RFRed ebtcHc isgEsofaBoshold

wavelengths therethrough and npingemen Of B¢
levels, lying ougsfaef aeidifsnetiprpdiaf threshold levels, on the piezoelectric element causes the light

passageway to allow passagefiighiofavitel naragsomawav\%iﬁngat}amzﬁémmelﬁ gFfdance with
a

a preferred embr%geintwler‘litegg. the present m,vzln,tio 25conductive element comprises a layer of a
conductive mafenal exten f’rlllga I?R{bc e d@cgfdt‘ﬂé'piezoelectric element: Preferably, the
piezoelectric element compriége pasegstviybdeiygrschipiesetecisicemaialialdaaving different

piezoelectric characteristiCgn activation fERACRAIANCE 5%(?£{ﬁ£e5f§geﬁ{n Ps(s)gti,{?g%gtve{ttht present

invention, the Oleast two layers of piezoelectric material have different crystal orientations. WO
20081126080 Maﬁi?@gWO Activation light responsive piezoelectric element being operative to

10 change its shape in response to activation light impinging thereon; and
a conductive element operatively associated with the piezoelectric element
for enhancing activation light responsiveness thereof,
the activation light responsive piezoelectric element being associated with
the light passageway and being operative such that changes in the shape of the
15 piezoelectric element cause changes in the changeable cross-sectional area of the light
passageway sufficient to govern the passage of light along the light passageway.
Preferably, the light passageway, the piezoelectric element and the
conductive element are configured and operative such that impingement of activation
light within a first range of threshold levels on the piezoelectric element causes the light
20  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 the first range of threshold levels, on the piezoelectric element causes the light
passageway to allow passage of light of a first range of wavelengths therethrough.
In accordance with a preferred embodiment of the present invention, the
25  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

30 least two layers of piezoelectric material have different crystal orientations.



Preferably, the conductive element is disposed between two layers of he piezoelectric element. In
accordance with a preferred embodiment of thepresent invention, there is also provided a light coupler
operative to direct the activation light and signal light into the tight pathway, at least one characteristic

of the activatiogvmg%)zv&%\ing whether the signal light passes through thep@?ﬁf%@)?f(ﬂ%sv "
Additionally in accordance with a preferred embodiment of the present invention ere is provided an

optical switch including: a light passageway having a changeable cross-sectional area; and 10an
activation light responsive piezoelectric element associated with the light passageway, the activation
light responsive piezoelectric element being operative to change its shape in response to activation

light impinging thereon,  Prefefal the sersireriyisiciessriisidisrored betweandwrdevert oftheding at least

two layers of pigizesiketric ¢teaterial having different piezoelectric characteristics, the 15 piezoelectric
element being associated with the light passageway.and bging operative such that changes in the
shape of the piezoelectric g%?ﬁg%r# %%cfs%%&%%gériéﬁ g’ %‘ﬁg}%@@f}fg RFESQLJBLRUIRD B85 of the light
passageway sufféieRresidusialishiroyresenseativeihdizsethetheiviginmisis agd wigyalRigferably, the light
passageway am Iigiezaek: Gl icaslemamkAke-Adicontigwsad.ans i RRe RIS SYSLIRL impingement of
activation light wi rgﬂ.%gfirst range of tI{Eeshold levels on the piezoelectric element causes the light

passageway to revent pAssAde SERJAE 8PS & P4nge of wavelengths therethrough and impingement

of activation light within a séeditigraiiigéoictudsh vt el préfingdetsiddint thefitst rpreamef threshold

levels, on the p@g@@&qﬁé&q@mﬁeg%%ﬁgm@gm PRRRAGRWaY to allow 25passage of light of a first
Additionally in accordance with a preferred embodiment of

range of wavelengths therethrough.
the present invention there? ‘é}%Rﬂﬁséﬁeé”%@%"Eﬁté Shetgenhly storszsetinnelaea reding at least one of
NOT, ANE), OR, NAND anc:iN®fvitinatideialiyspoakivingeabdtrsioBRaaticalsviteh agtyaipd by light,
the at east ?Qiéggj*fv%%%%%%?‘f A0 R ARsSRASHURALA SURR8RRLS cro°°
ge its shape in response to activation light impinging thereon,
the activation light responsive piezoelectric element including at least two
layers of piezoelectric material having different piezoelectric characteristics, the
15 piezoelectric element being associated with the light passageway and being operative
such that changes in the shape of the piezoelectric element cause changes in the
changeable cross-sectional area of the light passageway sufficient to govern the passage
of light along the light passageway.
Preferably, the light passageway and the piezoelectric element are
20  configured and operative such that impingement of activation light within a first range of
threshold levels on the piezoelectric element causes the 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 the first range
of threshold levels, on the piezoelectric element causes the light passageway to allow
25 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:

30 a signal light passageway having a changeable cross-sectional area; and



an activation light responsive piezoelectric element associated with the  passageway, the activation
light responsive piezoelectric elernerribeing operative to change its shape in response to activation
light impinging thereon; the activation light responsive piezoelectric element being associated with 5
the light passa d being operative such that changes in the shape of the piezoelectric element
cause changes |r(1¥V @és%%%or%eable cross-sectional area of the light suﬁicien?‘fcf) &)%’3%0({?1434passage of
signal light along the light passageway. Preferably the logic gate also includes light conduits supplying
the activation light to the at least one optical switch and which carry signal light which 10carries digital
information to and from the at least one light switch. In accordance with a preferred
embodiment of the present FvtHO BBIgisarisiiehpiszacieatrisl exlgtivnt it diatgdender than that of the

activation light.light pasiageterahhy, by sibnalgie RispasRavaRIangiR WQ&?&RQHQE&%@R}S% twice that
i {

of the activatiogﬂ;ggé.i&%ﬁg@ﬁ:&ord nce with a pre ?.rred embodiment of the present invention, the
T i

signal light has a wavelendth o PR and the SERBS N a wavelength of approximately

750 mm. There is adBRRsHAArghi eehporabeardaodectiittlanprefeciag asabadimentof the

present iméntiolte aligigi agateRthyiding Dt i ' in.t least one optical switch
comprises a siggk% agg{cal e%a\%itc yand wher-é-i%e%%?}?gﬁ?ﬁgggé\%%ggIg&%tg%?%&%?g}gmately twice

that of the activation light. THere iSAFRGRETR P rbid HRTeRI Srersrieeriang arprefthediskhbodiment of
the present invaigenatiogieayathemarviginef Al fighetitinglity Hpkt yhaeigindhe at least  one optical
switch comprises a single gpiigalgwitch@an rejn t ignal light h 25wavelength greater than
that of the acti aetiortL light, nsh logic ggfte als%\lérlgﬁu%?]%r}?gr% g?\%lg%{%gn%s?oﬁ?g %{\}%ﬁfg}?%%érfging signal
light; a ﬁ‘rstaﬁg% & &?ﬁ R ihisasties pergerswittheardgwbichterne siena dighttvaifibst logic input;

10 carries digital information to and from the at least one light switch.

In accordance with a preferred embodiment of the present invention, the
signal light has a wavelength which is greater than that of the activation light.

Preferably, the signal light has a wavelength which is approximately twice
that of the activation light.

15 In accordance with a preferred embodiment of the present invention, the
signal light has a wavelength of 1500 nm. and the activation light has a wavelength of
approximately 750 nm.

There is additionally provided in accordance with a preferred embodiment
of the present invention a logic gate providing NOT functionality and wherein the at least

20 one optical switch comprises a single optical 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

25  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

30 received at the first logic input;



a second light conduit receiving a second portion of the signal light 30received at the first logic input;

WO 008/126089PC17/1122008/000 94 a third light conduit receiving a first portion of the signal
light received at the second logic input; a fourth light conduit receiving a second portion of the

signal light recej eﬁ cond logic input; 5a first wavelength modifier operati decrease the
wavelength of t%w'e .ﬁ%@?@%’g the second light conduit to the wavelength of%éf@c‘/: ?ég/ |%0r‘1“|i‘ght; a

second wavelength modifier operative to decrease the wavelength of the light along the fourth light
conduit to the wavelength of the activation light; a first phase matcher operative to match the
phase of the light along the 10second light conduit to that the activation light; a second phase
matcher which matches the?dhi< digitsadhrserivingigfirt podisin wf the sigtaldizin tighiyeand a
phase shifter opieraébeadgrusputyavelength reduced and phase matched light along the second and

fourth light conduits to be mutually qut of phase by 180 15degrees, = light along the first and third
light conduits being supplied Ef%“é%s%ﬁt%ﬁ éﬁﬁ'ﬂ’iﬁﬁ%ﬁ%"{ﬁeaofﬁ’?%fis&ﬂfm’f a‘?’?gt%@{ﬁ%ﬂghﬁ%duced and
phase matcheddf§htedigtbetrsasddesig input; conduits being supplied together with additional activation

light as activation light 20tohRsPRHRRIWICRrodifier operative to decrease the 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;

a first phase matcher operative to match the phase of the light along the

10 second light conduit to that the activation light;

a second phase matcher which matches the phase of the light along the
fourth light conduit to the activation light; and

a phase shifter operative to cause wavelength reduced and phase matched
light along the second and fourth light conduits to be mutually out of phase by 180

15  degrees,

light along the first and third light conduits being supplied as a signal light
input to the optical switch; and

wavelength reduced and phase matched light along the second and fourth
light conduits being supplied together with additional activation light as activation light

20  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

25 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

30 signal light at the second input to the wavelength of the activation light;



There is additionally provided in accordance with a preferred embodiment of the present_inventi_on 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 activatiogvggjq&}{%%)l&gic gate 25also including: first and second logi%mﬂﬁf’h%}i’ﬁ&é% g signal light
[ ength m

i a first wave odifier operative to decrease the wavelength of signa : he first input
to the wavelength of the activation light; a second wavelength modif_ier operative to decrease
the wavelength of 30signal light at ¢ second input to the wavelength of the activation light; WO
2008/126080PCT,11L2008/000494 a third Wavelength modifier operative to decrease the
wavelength of signal light frohtltHd firatedenes modiBeae operativey forsielitgase dhel vieselepiyinghart of the

light from the fissgnarveiefgintheaiiiioplieairsédight absorber; a second tight conduit supplying

[ i ifi i I itch; hird light conduit
part of the light from the first wayelength modifier to the first gptical switch at
supplying part of the light frgn\flﬁﬁ\églglggcgﬁlga\l/\t/asu &HW% A7 {24 é‘é’ﬂf‘ﬂ)ﬁiﬁﬂ@rﬁf A3¥eimeth a

fourth light conthaRianislgifitstdight disarbetight front the second 10wavelength modifier t_o_ the first optical
switch; 5  afifth light qg@%&q;@gpggm;‘timyigg pligetig ﬁ%ﬁ%ﬁ\{ﬁ@@g{%&%ﬁ;ﬁtﬁ and
a sixth Iight_ corrllgoLéjIﬁStrJPdptl iny light. wavelength mo ifie _Il_ght from h(_a thlr(_j waveleng oc_ilfler to the
second optical SWitch as g{%%%gg’é’ﬁ“ﬁ’gﬁ‘f‘.”%ﬂ'here is additionally provided in accordance v,rith a
preferred embodiment a third light conduit supplying part of the light from the second
wavelength modifier to a second light absorber;
a fourth light conduit supplying part of the light from the second
10 wavelength modifier to the first optical switch;
a fifth light conduit supplying signal light from the first optical switch to
the third wavelength modifier; and
a sixth light conduit supplying light wavelength modified light from the
third wavelength modifier to the second optical switch as activation light.
15 There is additionally provided in accordance with a preferred embodiment
of the present invention a logic gate providing OR 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 inputs;
20 a first wavelength modifier operative to decrease the wavelength of the
light along the first light input to the wavelength of the activation li ght;
a second wavelength modifier operative to decrease the wavelength of the
light along the second light input to the wavelength of the activation light;
a first phase matcher operative to match the phase of wavelength modified
25  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;
30 a second light conduit supplying part of the light from the second phase

matcher to a second light absorber;



of the present invention a logic gate providing OR ftmctionality 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 inputs; j velength modifier operative to decrease the w. f c? lightg the
first light input tvg(%hzé% \%I%g ength of the activation light; a second wf\/xg}eﬁr%gtﬁgﬂ%og Ifier operative

to decrease the wavelength of the light along the second light input to the wavelength of the activation
light; a first phase matcher operative to match the phase of wavelength modified 25tight from
the first wavelength modifier to match the phase of actuation light; a second phase matcher
operative to match the phas"eﬁé’fttl’@%?gﬁmff?ém he second wavelength modifier to Match the phase of e

actuation light; a fiestdight pRndurigepplying part of the light from the first phase matcher to a
first light absorber; 30a secon&l{? t conduit supplyj art of the light from the second phase er to a
second light absorber; WO™ 1@%%?86 %E‘%ggﬁ&?ﬁ% d Sﬂ%ﬁa@%‘%ﬂmef}r& JdB8Ad phase
shifter; matehgrddidistibenchateshipidyitiypby tofihe light framtbedifitgitpbasatthatabaeto the first

phase shifter, tharefpniecausmdightzam ihediraiphase matcher to be Sout of phase with the
activation light; and a fo tight conduit supplying part of the light from the second phase

urth. : .
matcher to a second phase®s ﬁ'fg?q{ SRRARY SUPRISING WEFk it theelighs: fva shenseserd Phssse out of
phase with themsgippsiidd astsaniophligththifter, therebytfifthulig igho Rdhitise ARy ivg dahhipep dhe first

phase shifter t@dR: of phase with the supplied activation light,
a fifth light conduit supplying light from the first phase shifter to the

10 optical switch; and

a sixth light conduit supplying light from the second phase shifter to the
optical switch,

the optical switch receiving the activation light and signal light from the

fifth and sixth light conduits.

15 There is additionally provided in accordance with a preferred embodiment of the
present invention a logic gate providing OR functionality and wherein the at least one
optical switch comprises 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;

20 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

25  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

30  to the first optical switch;



10optical switch; and a sixth light conduit supplying light from the secono! phase shifter_to the optical
switch, the optical switch receiving the activation light and signal light from the. fifth and sixth
light conduits, iSThere is additionally provided in accordance with a preferred embodiment of the

) \ . . . ) : ical switch
present inventi te providing OR functlonallt_y and V\_/hereln the aﬁé‘i‘?ﬁ%’ S aRlica
comprises firstaargl)g i%%g?\ optical switches and wherein the signal light has a wav((%engt greater than

that of the activation light, the logic gate also including: first and second logic inputs rec_eiving signal
light inputs; 20a first wavelength modifier operative to decrease the wavelength of the Ilght. alo:ng thg
first light input to the wavelength of the activation light; a second wavelength modifier operative

to decrease the wavelengttfd iﬂ‘}ev‘f‘?ﬁﬁf’%h@Wﬁé%@%@%%ﬁ%ﬁﬁg@ﬁ@Ié'lmjthp(uiﬁ:ﬂhe activation
tight; shiisthend eingrigdigfitcnngisicasipp vingvwayve mpthigredified igheip2the first and
second waveleggthsmadifiers.. . apower limiter receiving light from the first waveler_lgth modlfl_er
and second wavelength moglﬁtl’er via the respective first and second light conduits and being operative

to maintain light output theréffyithdightprensivie sariplying diglsr frevethe triidvigletengtiduibditieplying power
limited light from tHeesgueuds psldk shRcfirst optical switch; WO 20081126080PCT/T12008/000494

There is still further provided in accordance with a preferred embodiment
of the present invention a logic gate providing OR 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:
10 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;
15 a third light conduit receiving a first portion of the signal light received at
the second logic input;
a fourth light conduit receiving a second portion of the signal light
received at the second logic input;
a first wavelength modifier operative to decrease the wavelength of the
20  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
25  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

30 logic gates as described hereinabove.



a third wavelength modifier receiving signal light from the first optical switch and being operative to
decrease the wavelength of the light to the Wavelength of the activation light; and a fourth light
conduit supplying light from the third wavelength modifier to the second optical switch. There is

still further pro%{%&g ]?%gé)ordance with a preferred embodiment of the preﬁqh[%%%grlﬁ logic gate
providing OR functionality and wherein the at least one optical switch comprises a smg?e optical switch

and wherein the signal light has a wavelength greater than that o.f the activation light, the logic gate
also including: 10first and second logic inputs receiving signal light; a first light conduit
receiving a first portion of the signal light received at the first logic inpu a second light conduit
receiving a second portion SPHELBharfgiderecenit at phedefinst |ogimitipet 162 tiir chigbhiconduit
receiving a firstiperiion vkthe pioneliont sseaivasieh thassrgend logic input; a fourth light
conduit receiving a second apsolrtigl)p Hf thei signal light received at the second logic input; a first
wavelength modifier operative1s decregse thetiAVaIBHGa? sEL gt along the second light conduit to
the wavelength of the activaiinrdidentris slsovntiadjasaicngbh sipndifikamperative to decrease the wavelen

light along she fourth light cBshdhdavihaaxEleRgt g{etpgz%g}g@rggoa%m@; 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 & gt TASR fHRe sigaal ligh thraveidhe fiensbehranel is contrafledbptical
switch receivingy ligatpphisatien firf paritthatiblidhc andhiitpidhriseeensdomareleaothamagifier and the

phase shifter. conductive layer enhances an electrical field applied to the piezoelectric element in
response to the activation light.
10 Preferably, the conductive layer is adhered to a surface of the piezoelectric
element.

In accordance with a preferred embodiment of the present invention,
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

15  signal channel.

Preferably, the signal channel comprises a chamber that is filled with a
compressible material.

Preferably, the piezoelectric element forms a portion of the chamber.

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

20  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
25  ofthe 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;
30 wherein the conductive layer enhances an electrical field applied to the

piezoelectric element in response to the applied activation light.

10



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. WO 20081126080PC1711,2008/000494 Further in accordance with a preferred

embodiment Ofvvée ent ion there is provided an optical switch including; aqgﬁ nnel
configured to gui é%{i%r?é? light; a piezoelectric element adjacent to the s%éra:g C ?%1@1@ ;9é'nd a

conductive layer adjacent to the piezoelectric element; wherein passage of the signal light
through the signal channel is controlled by the application of an activation light to the piezoelectric

element and wherein the conductive layer enhances an electrical field applied to the piezoelectric
element in response o fEBlivaRbinEghe. migfeiebighhéocbadirnielttyerismaiheraskiotiesurface of

the piezoelectrismgigrorinb pRaseidartmuithApigieed anbAdinEa REPR RERSER inygation,

application of tft1he ac in tion Ji%?t to the piezoelectric element causes the shape of the " piezoelectric

element to chané%u uc et?%c &gl light is not able to pass through the 15signal channel.

Preferably, the signal chan®etfetalripriseplyimgh dmbretithtidis Iﬁigt&dcwiﬂxhesomplﬁﬁgibteom@wial.

Preferably sthe siezReleaiiC.elesment B?{ﬁksvﬁtﬂoém“oﬂieﬁt‘%octh%%%ei&é&c‘e”fé%&f’}&ea{‘{‘%’i%a preferred
WO

embodiment of the <present invention, the 20piezoelectric element comprises at leas ﬁréyers that
have different [5|eg1200é]ilgC?HE of the light signals, leaving the remaining light signal as the activation

light.
There is additionally provided a method for operating an optical switch,
the method including:
10 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
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,
15 wherein the conductive layer enhances an electrical field applied to the
piezoelectric element in response to the applied activation light.
Additionally there is provided an optical switch including:
a signal channel configured to guide a signal light;
a piezoelectric element adjacent to the signal channel;
20 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
25  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

30 that have different piezoelectric characteristics; and

11



characteristics. Preferably, the conductive layer is adhered between two layers of the piezoelectric
element. There is additionally provided in accordance with a preferred _embodlment of t_he
present invention a method for operating an optical switch, the method including: applying a

signal light to a&&%'&?lzgm)tch that comprises a piezoelectric element nd gl%éei%it%&)&%&%‘guctlve layer

adjacent to the piezoelectric element; and applying an activation fi e piezoelectric
element to change the state of the optical switch; -towherein the conductl\_/e Iaye_r en_han_ces an
electrical field applied to the piezoelectric element in response to the applied actlva_ltlon Ilght._ WO
2008/126080P ilL2008/000494 Preferably, applying the activqtion light to the p!ezpelectrlc element
causes the shape of the picPBbIBEAe tarHdg lﬁﬁfﬁh@ﬁg@wgﬂftﬁapﬂie@gﬁaldﬁghge_smcﬁmbl_e to pass
through the opucaiesypiiehl Siedrably, applying the activation Ilght_comprlses applying two Ilg_ht 5
signals, which are out of phase with each other, to the piezoelec_trlc _element and then removing one of
the light signals, leaving the remaining light signal as the actl\./ayon light. _ .There.ls addltlonally
provided a method foPtefseraltingpatyiogttbelattoyanethiaghirte! tdi nigzbokrppiy iclgneesigaakdigao a signal

l, thee si Bgiadas8 ' j ' jacent to.at least one
Conate Loy B B ot NS oA BTttt B e ne
shape of the ple%lg?éc ?igpéll‘éarlrfgﬁ{ ch that the signal light is prevented from passing through the

channel, 15wherein the comdfetabéy|aster dmhgnizehashapeairital fiehd appliedienbae causes a
change in a dimension of a signal channel of the optical switch.
In accordance with a preferred embodiment of the present invention,
10 applying the activation light comprises applying two light signals, which are out of phase
with each other, to the piezoelectric element and then removing one of the light signals,
leaving the remaining light signal as the activation light.
In accordance with a preferred embodiment of the present invention, the
conductive layer adjacent to the piezoelectric element enhances an electrical field
15  applied to the piezoelectric element in response to the applied activation light.
There is also provided an optical switch including:
a signal channel configured to guide a signal light; and
a piezoelectric element adjacent to the signal channel, the piezoelectric
clement including at least two layers of piezoelectric material that have different
20  piezoelectric characteristics;
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
25  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

30  that have different piezoelectric characteristics; and

12



piezoelectric element in response to the applied activation light. Additionally there is provided an
optical switch including: a signal channel configured to guide a signal light; a piezoelectric element
adjacent to the signal channel; a conductive layer adjacent to the piezoelectric element; and

means for gppwgg'}%l%%y'ation Iighf[ to the pie_zoelectric element to chan%ec%@q?ﬁ;gﬂ%&the
piezoelectric element such that the signal fight is prevented from passing through the signal channel;
wherein the conductive layer enhances an electrical field applied to the 25piezoelectric element in
response to the applied activation light.  There is additionally provided a method for operating an
optical switch, .dincluding: applying a signal light to an optical switch that comprises a

piezoelectric element; the FIERSMIB AR Cixiantliskigitky Niteassenio leyeeniipidangteditc material
30that have difﬁhupabpiﬁaqﬁée@ﬂ&tﬁb@ﬁﬁi@fimﬁ;tﬁaothy\é%?a@%ﬂtl%ﬁﬁ%%%l/ﬁ%&o&éf§98494
applying an acq%gg thiggt tgia hea%ogiectic element to change the state of the opticalitch.
Preferably, app yingi{[]he a&?Vaflonrhght to the piezoelectric element causes the 5shape of the

piezoelectric element to chadd#ieudly thers tsersigded digpiscaiavdtleitolpdiag: through the optical switch.
5 a signal channel configured to guide a signal light

a piezoelectric element adjacent to the signal channel, the piezoelectric

element including at least two different layers that have different piezoelectric

characteristics; and
means for applying an activation light to the piezoelectric element to

10 change the shape of the piezoelectric element such that the signal light is prevented from
passing through the signal channel.

13



Preferably, the change in the shape of the piezoelectric element causes a change in a ditnension of a
signal channel of the optical switch. In accordance with a preferred embodiment ofpresent invention,
10 applying the activation light comprises applying two light signals, which are out of phase with each

other, to the pi&@)%fg&gé{)gement and then removing one of the light signqjé ’gt‘%t Hg%&pgjemaining

light signal as activation light. In accordance with a preferred embodimen"f e present invention,
the  conductive layer adjacent to the piezoelectric element enhances an electrical field 15applied to
the piezoelectric element in response to the applied activation light. There is also provided an optical
switch including: a signal channel configured to guide a signal light; and a piezoelectric
element adjacent to the signal channel, the piezoelectric element including at least two layers of

piezoelectric material that have differrHESOORIPIRMRCIOE They aRAVBINGS ‘wherein passage of die
signal light through the signal channel is controlled by the application of an activation fight to the
piezoelectric element. Preferably, application of the activation light to the piezoelectric element
causes the shape of the picaesstit inkentiontwillchravmylsrstool thdtatipeesigind iniostfiglndtable to pass

through the sigRalAMIEldetailed deddBifolS ISR RYEMIFIRRRMEHRLL AL RGN optical switch, the
method including: ﬁopléi?r’\ a signal light io a_signal channel, the signal channel being
adjacent to a piezoelectric EIEmMENIHLTH AL SPHSAL RS Tatdnstustes, Betiatrichaanstiardcthat have

different piezogleririeattiarhateristickihand cWdCoReddy GiMcROQRMDAGHI4 applying an activation light to
the piezoelectric elememcrﬁg.gﬁ%t%strates the piezoelectric element from Fig. 1A in an activated
state that results from the application of an activation light to the piezoelectric element;

10 Fig. 2A is a cross-sectional view of the signal channel and the
piezoelectric element of Fig. 1A when the piezoelectric element is in a non-activated
state, taken along the lines ITA-IIA in Fig. 1A;

Fig. 2B is a cross-sectional view of the signal channel and the piezoelectric
element from Fig. 1B when the piezoelectric element is in an activated state, taken along

15  the lines IIB-IIB in Fig. 1B;

Fig. 3 depicts a graph of optical signal attenuation vs. a dimension of a
signal channel;

Figs. 4A and 4B illustrate a technique for changing the state of an optical
switch that involves applying an activation light having a shorter wavelength than the

20  signal light;

Figs. 5A and 5B illustrate 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 piezoelectric element and then removing one of
the light signals, leaving the remaining light signal as the activation light;

25 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;
30 Fig. 7 illustrates the action of an electrical field of the light on the

electrons of a conductive layer;
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shape of the piezoelectric element such that the signal light is prevented_ from passing _through the
signal channel. Additionally there is provided an optical switch mclugllng: 5a signal channel
configured to guide 'anal light; a piezoelectric element a(éllj?fcent to .the S|gnall channel,tth_et_

iezoelectric t | Ing.at least two different layers that have different pie Q) racteristics;
gnd means for%%&%*%%zgéﬁoactivaﬁon light to the piezoeleefric element_ to 10¢ an%’és? eﬁ‘?ape of the
piezoelectric element such that the signal light is prevented from passing through the signal channel.
BRIEF DESCRIPTION OF THE DRAWINGS The present invention will be understood_ and .
appreciated more thily from Sthe following detailed description, takep in conjun‘c.tion with the drawings
in which: Fig. IA depicts an Bgti¢arenistermhaptingl iidtla sigral dtrarinellidesd 2 bz aefeateic element
TAin an acivatad siate o 1os s ror e et B on lohtto he lezociectic.
1A in an activated state that resulis from the application of an activation li _
element; 10 Fig, 2Ais a c%é%-sé}g g#a%f“éﬂ%‘ﬁ%%ﬁﬁ&l%ﬁﬁhﬁ?‘éﬂh aﬁié%@llbﬁ?ﬂgléﬁe.ment of
Fig. IA when th@abie zeedde rivmitrerigisl ifightmod tactivtitetbataght ietehcatongsthelicesdialFig. 1A,

Fig. 2B s & cress-sectionalnfiewoal ipiSEARLABAMARLPOP R AlERORCCG SleRERLIom F10. 18 when
the piezoelectrjc element is in an acfivated stafe, taken along 15the lines LIB-11B'in Fig. T,

an two layers of piezoelectric material with different piezoelectric characteristics;

Fig. 10B depicts an embodiment of a light activated optical switch that
includes a conductive layer sandwiched between two layers of a piezoelectric element;

Fig. 10C depicts an embodiment of a light activated optical switch that

10 includes multiple conductive layers sandwiched between a multilayer piezoelectric
element;

Fig. 10D depicts an embodiment of a light activated optical switch that
includes a multilayer piezoelectric element and a conductive layer on two different sides
of the signal channel;

15 Fig. 10E depicts an embodiment of a light activated optical switch that
includes a multilayer piezoelectric element and a conductive layer on each of two sides of
the signal channel;

Fig. 11A depicts an embodiment of a light activated optical switch that
includes a signal channel and a piezoelectric element, where a portion of the signal

20  channel includes a chamber that is filled with a compressible material;

Fig. 11B illustrates the piezoelectric element from Fig. 11A in an activated
state that results from the application of an activation light to the piezoelectric element;

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

25  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;

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

includes a signal channel, a transparent piezoelectric element, and a conductive layer

15



Fig, 3 depicts a graph of optical signal attenuation vs. a dimension of a signal channel, Figs.
4A and 4B illustrate a technique for changing the state of an optical switch that involves applying an
activation light having a shorter wavelength than the 20signal light; Figs. 5A and 5B illustrate a

technique for ¢ [ P tate of an optical switch in which applying the agtjvation tight involves
providing two tl%%{t]%%?llé é?s (\?vhich are out of phase with each other, to the p?gfg@%é%‘r/?cgo glément and

then removing one of the light signals, leaving the remaining light signal as the activation light; 25Fig.
6A depicts an embodiment of a Eight activated optical switch that includes a signal channel, a
piezoelectric element, and a conductive layer adjacent to the piezoelectric element; Fig. 6B illustrates
the piezoelectrRIBRSHdR thst HirgodectHicatemetynadhistatee shme!cbattshiopte thpplicagiaendf an
activation light pietbeiqicicealgetic element; 30Fig. 7 illustrates the action of an electrical Field of the
light on the electrons of a cgnd 'Vﬁ lat‘ er, WO 2008/126050PCD11,2008/000494 Fig. 8
depicts an optical switch system that et &% Rifgrsedc slemespliem Eirildiaia g sehivtedabove with
referenbe to Figjafeithatreyults from thigppplitetivotsfan extivoinieht of tha miptiead aiditelaagd, an optical

coupler that is used to couplgdhesajonal iaBt aodifeacivaioniant Rt same signal channel;
Fig, 10A depicts an embod(g‘mené}%)f a piezoelectri(l: eEIIement that gaHs, mofaétl tﬁ%%}?%sv(%w&%%’rénof

piezoelectric Matonar with: GiftsPEST BT Tl sEtbrdEneniRiedtresent inventiopy 1013 depicts an
embodiment of a light activéigsd iptiead $9Btake tratsneltides aienndpaivedaiahamndwichgd between

two layers of apisaeierteiARe ML it AR 98BI ANATPAI M S/ 29N acatpp) optical
and XVB-XVB in Fig. 14B;
10 Figs. 16A and 16B are simplified illustrations of an optical switch, in
accordance with yet another preferred embodiment of the present invention;

Figs. 17A and 17B are cross-sectional views of the signal channel and the
piezoelectric element of Figs. 16A and 16B, taken along the lines XVIIA-XVIIA in Fig.
16A and XVIIB-XVIIB in Fig. 16B;

15 | Figs. 18A and 18B are simplified illustrations of an optical switch, in
accordance with still another preferred embodiment of the present invention;

Figs. 19A and 19B are cross-sectional views of the signal channel and the
piezoelectric element of Figs. 18A and 18B, taken along the lines XIXA-XIXA in Fig,
18A and XIXB-XIXB in Fig. 18B;

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

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;

25 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
30  switch.
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10includes multiple conductive layers sandwiched between a r_nultilaye_r piezoelectric element;
Fig. 10D depicts an embodiment of a light activated optical SWI.tCh that |nclu_des a rat/Inlayer _
piezoelectric element and a conductive layer on two different sides of the signal channel, Fig.

[ [ [ [ [ lectric
10E depicts an g) of a light activated optical switch that mcludes&mﬁ%@/ 50[3 ezoe
element and a ?:goq: ctive ayer on each of two sides of the signal channel; ‘ﬁ 1A depicts

an embodiment of a light activated optical switch that includes a signal chqnn_el and_a plezoelectrlc_
element, where a portion of the signal 20channel includes a chambe_r that IS filled wlth a compressible
material; Fig. 11B illustrates the piezoelectric element from_Flg. A in all act|vat_ed state t_hat
results front the application of an activation fight to the piezoelectric element; Fig. llk depicts an

embodiment of a light activatedeptigaESWIERdRat inoldRsaBIgNFRARE!, a piezoelectric element,
and a conductive layer adjacent to the 25 piezoelectric element in which the signal channel is an

' ' ' i [ formed in a band entirely around
optical fiber and the piezoelectric element and cpnductlve Iayer.are . |
the circumference of the ophitzitt fisertedigpticel Svilltbtaesutied pienostect NB)e ORNMHIQIORIg. 12A in an

activated siatetii endls flamanplisaianatenacalondil e plegagiecic Agment

30Fig. 13A detht an e bod| ﬁnt ofall tactlvate optical s that includes a signal channel, a

transparent plezoef)gc?r eFeﬁ?@ 2 & Sdﬁdﬁ%\?Bel‘él?‘é?“%@%@@ﬂi%écé@a@l711320%1009494

adjacent to thesfﬁ@ﬁé)éte@lhﬂleﬂememdmwmbmhtéhbesmgmhamﬁaldﬂfélttéaﬁgbﬁté@%?afﬁf%p|teztoe:[lr§a;:ttr|c
I t; t egtri nt fr 3A in an activated state

?eesrljlltesnfrom thg?{?ﬁ%ﬁ%éﬂ%ﬁ%ﬁgg}%ﬁ%@hﬁé‘{ %ggefgevlveﬁghc elemmglﬁstwgﬁlg g‘ﬁd 148 are

S|mpI|f|ed |IIustr elac i PEWﬁEﬂg’i’rfhmensmnS

Computers will be able to be made that function on light signals instead of
electrical signals. Transistors of transistor based logic gates switch in 10E-9 seconds, and
this limits the speed of transistor based logic gates. Light can travel three microns in
10E-14 seconds. Logic gates based on light actuated switches can be much faster than
transistor based logic gates.

15 An optical switch includes a signal channel and a piezoelectric element
that is adjacent to the signal channel. The piezoelectric element changes shape in
response to an activation light and the piezoelectric element is configured relative to the
signal channel such that the change in shape of the piezoelectric element causes a change
in a dimension of the signal channel. For example, the change in shape of the

20  piezoelectric element causes a dimension of the signal channel to be reduced far enough
that a signal light is no longer able to pass through the signal channel. Using this
phenomenon, the state of the optical switch is controlled by controlling the application of
the activation light to the piezoelectric element. In an embodiment, the optical switch
allows a signal light to pass through the signal channel when the activation light is not

25  applied to the piezoelectric element and blocks the 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.

30 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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accordanceanother preferred embodiment of the present invention; Figs. 15A and 158 are
cross-sectional views of the signal channel and the piezoelectric element of Figs. 14A and ;413,_ taken
along the lines XVA XVA in Fig. 14A and XVB-XVB in Fig. 148; 10Figs, 16A and 16B are simplified

illustrations of ?g}ﬁtch in accordance with yet another preferred el% %}f 4f She present
invention; ¥R’and 178 are cross-sectional views of the signal channe t()h

piezoelectric element of Figs. 16A and 16B, taken along the lines XVITA-XVIIA in Fig. 16A an_d
XVIIB-X VIM in Fig. 161; 15Figs. 18A and 18B are simplified illustrations of an optical switch, in
accordance with still another preferred embodiment of tie present invention; Figs. 19A and 198
are cross-sectiBifaPHRsHiis sharasteristes. cﬁm@zmmpmimﬁo@mmtmmmmoand 188,

taken along th&ﬂm%ﬁ%&@ﬁmﬁmkﬁ@@%@@&@ Mt'%ﬁ'%l&%&@ﬁ@f'&l&%@ ggchematic

d fal | NOT gat Is.a schematic drawing of a logical AND gate that uses an
OL?Inglirll gsvc\)/ltihogﬁérfl rpapce bl s&ﬁéﬁ%ﬁ%lg ing % mBMFﬁMﬂgzﬂ?éﬁcﬁ%%ghéﬁﬁE%%t%es 25Fig.

IS a Secon
23 is a schemattie twowiate okladisdita bORucatepibatelsstricopitinens whist lkeBibindspifsentatghing devices;

Fig. 24 is asschamacrapiekal aoseal QR BAS NS S GRIGRL 4GP RUERIBIIGTLANO Fio. 25 is

a schematic drawin Ig l(1)1‘ a Ioglcal OR gate that u
s1gna channel.

Fig. 1A depicts an optical switch 100 that includes a signal channel 102
and a piezoelectric element 104 and that is controlled by an activation light. The signal
channel guides the transmission of light within a confined area along a defined path. The

10 signal channel is formed 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 a compressible material. In the embodiment of

15  Fig. 1A, the signal channel is formed by a monolithic light guiding element.

The piezoelectric element 104 is formed of piezoelectric material.
Examples of piezoelectric material that can be used to form the piezoelectric element
include crystalline piezoelectric material such as quartz (SiO5), lithium niobate (LiNDO3),
lead zirconate (PbZrOs), lead titanate (PbTiOs), and lead zirconate titanate. Examples of

20  piezoelectric materials that can be oriented in a magnetic field are lead zirconate and lead
titanate or lead zicronate titantae. Quartz and lithium niobate are examples of transparent
piezoelectric materials.

The piezoelectric element 104 has at least two layers 106 and 108 of
piezoelectric material having different piezoelectric characteristics. The different

25  piezoelectric characteristics 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

30  orientation; 3) different polarities; 4) different strains; 5) different hysteresis; 6) different
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30 switch. WO 2008/126080mina foo494 DETAILED DESCRIPTION OF THE INVENTION Light
actuated optical switches are used to construct AND, OR, and NOR 5 logic gates. Light signals
coming into the logic gates are processed so that the output of the logic gates conforms to the needed

specification for each kind of gate. The light signals are all that are used to the logic gates,
126080 A3l 8050.0

. A . . P
and no externa bat 0esry IS required using light actuated optical switches, the logic gates will have

dimensions that will fit within semiconductor logic design dimensions. 10Computers will be able to be
made that finiction on light signals instead of electrical signals. Transistors of transistor based logic
gates switch in 10E-9 seconds, and this limits the speed of transistor based logic gates. Light can
travel three mi€ABRARICEOE 1) AEEspmdinpadgisayat®s diffseutoredititiasBteliffvdichasean be much

faster than tranﬁgﬁgégaﬁqupg%mectmmagn&g RitigRLswitch includes a signal channel and a
piezoelectric element that i% adléace%t to the signal channel, The piezoelectric element changes shape

in response to an activation G ARAUTHECBIERIHRS é?lfemﬁ?qu ity dirsting signal
channel such tatfenexsmpieelintohiyre of thiezpibtddentiaiale Meht cayssisaiahange  n @glimension of

the sgnal shapshhar Reaimaln, S1351RPURJ) SR MsGRBIRZEIERcSIEpL paupes o

dimension of ttthe signal channel to be reduced far enough that a signal light is no oerﬁlag% le to pass
through the sighalFCFRSITEIE SalsiRls phekforridslentie shibcopirodpties swiesalis ©otieolled by
controlling the cipphicatiomsiitkacactivatiorplightkaithe piazagieyieeleraani Inias-erapagiment, the
optical switch gilows.asionallghtdppa rough the, signal nnel when the activation light is not 25
applied to the ﬁie_zoelectric elee_m’enj[)'z:and? %f%%: nsla%r?gttglélﬁsagﬁ?'g ?@8 l%zgg%%taqtﬁ?(%ﬁ&ﬁﬂch%gnal channel
when the activEiBRARIFAleshiftiskr s wristnef sathduier obpivsnt] Beisaneerinkeah Apechiad piezoelectric

element tiéterhyinies exinepiemenpaldighlaassasn b ush R sidaal rhannghdbg film:lion of the optical
switch depends on the abiyltly of trrﬁ% (%iezo?l ctric element to change s 30In accordance with an

ape, . v
embodiment of the invention,aﬂﬁg plezlc%ﬁ%ét?ﬁ & e?né’h?zﬂ%lltgcgi“felggieﬁﬁ ﬁ%}e@&‘b@%@@ctric material,
with each layeteRE6in g ldrrerarien wol2oobtireos (P CeNRO08/0B0484pidzasiatt ieldhatacteristics.

The piezoelecitiegeltadaste i Hien Qbihe @é&%@%ﬁ&%&?&@ﬁi@ﬂiQo%m'E‘HbCélé%nP‘?Jf&{&Hgﬂ&%np%f the
. an

piezdelectrit el igeenrg 1a}lnd ultimately to enhance the performance of the optical swit

embodiment, the pieZ0eleeiic cHaraeHSAHSLIERE |hRsrexarple dcta fsiarertuligess é foelectric
element that d¢rpstecsifftiamsivaie chdingsl io rasipotise incnmaiblatiprelighinpdlesk a signal light

from passing #iexah MW@MWE to the same activation light, the piezoelectric element will

bend. In an embodiment, the piezoelectric element includes at least two layers of

piezoelectric material, having different piezoelectric characteristics, which are formed as

a monolithic element. For example, the piezoelectric element is formed by building

20 layers of piezoelectric material on top of each other using semiconductor processing

techniques, e.g., crystal growth, deposition, sputtering, ion implantation, etc. In an

embodiment, the layers of the piezoelectric element have different crystal orientations so

that the two layers respond differently to the same electrical field. For example, the two

layers have crystal orientations that are perpendicular to each other. In another

25 embodiment, at least one of the layers of the piezoelectric element is made of an organic
material.

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

30  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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Fig. IA depicts an optical switch 10U that includes a signal channel 102 and a piezoelectric element
104 and that is controlled by an activation light. The signal channel guides the transmission of light
within a confined area along a defined path. The 10 signal channel is formed by a light guiding
structure, or com izrazoag}?zr% %}‘) structures, which can guide light within a configgg/ﬂr]zeasz/aol(())orlg a defined
path. Structures that can B the signal channel include, for example, an optica %er, 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. 1A, the
siwial channel is formed by a monolithic light guiding element The piezoelectric element 104 is

formed of piezétlsiedcdorarngalthe shanplakthe piezastaetcivielementiiandhteavro thasaeprotiofm the

piezoelectric elgaeRhinatis, ey sialine pieaagigstric material such as quartz (8i02), lithium niobate
(LiNbO3), lead zirconate (PhZr03), lead titanate (PhTiO nd lead zirconate fitanate. Examples of 20
piezoelectric materials that Bﬁaékgrbf% AP %‘I‘ﬁg’ﬁe@g’@8?&5%%%5‘2%6?15?&3\68% 'titillate or
lead zicronate Viténtefsraesaie A gad Iihindnl BioBiatel Ardlestaataplbs pittatespar elenpieizbdutaic materials.

The piezoglectiigmelaman 1Ak has ak!fashinmiay sis.1 4R andhd 08AE pieaRpleciicpaalgrial having
different plezoele%trlc C ée}_racterlstlcs. The dlfferené}&)lezoelectrlc characteristics of the different layers

p !
may include, foP& oy ({AYERE LT BBt Raraahsaitfl ah AR ECtHY S5 d%o the same
electrical field; R} eliffedithecdponsds thethimsremef eteatticaidielghforletamrpibodinedfdhBitayers
expands in responge j.anelastrisahlig!d b%vggﬁy%ﬁ{%_a{é%ﬁeﬁmam 306 OHIRY Agy gl prRpnds in

response to an electrical field having a second orientation that is perpendicular to the first
30orientation; S RIFERENEHSIsstsat ajaaraialdislid 1B einsidhiony R idredmabshmmsielt wo
2008/1260801 B indCH8IMYA4Odigap Helteencatigindi tetattimpigasanhasid) different resisti es; 9)
different thermal histories; ﬁ%‘?‘ Ty J%‘féfz%e"ﬂ%%ﬁ‘@t'%%ﬂéﬁto{tﬁé e RIRZOGISEHIG Lharacteristics
of a piezoelectric material ar€ a function of for'example: 1ft e type o plez_oelec?rlc material; 2) the
crystal orientafitst!t5riae: S5 applifetiaicfatariEtpndishing cpdie wienslastiprisoeciichaaterial; 4)
the density of dheddiezae!eEwis. mBlatialadiviien aghdrngiblied beapigroriasticarigsalvg) the
chemical constjtuency of the, piezoelectric material; 7) the al history of the piezoelectric material,
8) the electror#gg%%% t%?s Sﬁfaé?fhé q{lielg(cg)oeﬁe%tgrl%l ?rlma ha .mr%]ae"éﬁaé%‘p‘ivézo%‘l%é |cglc 1g&é%acteristic of
each laydiof pitdoearistivationalighinsupptichievedet®loy! fheldxtnt piéeetsatipubatioglerigcor more of

the above-idenjifiedaparameielgivated statd, anSRPRAIMNGR plaxRisaiPigzasieciinspatadal that exhibit
different degrees of expaa}s{}ion a d«!ig[tls'hrinkﬁ?&gé% In response to the same electrical field are integrated

into a piezoelSPRERILIFHE hi BeSE I RaRsine e eh AR &' i 58P Hendt response
to the activatidrdigghng Bbthexagngl dighittivinddiaed by |thedeslobftlbigied dielactxiciniahresignathich are

adhered to eagh,gioer $HQ ARG Rleme MlyEXBaAd IR SRLAONAL, R LGRORARG IR the same

activation light, the piezoelectric element will bend. In an embodiment, the piezoelectric element
includes &1 ledF R ESHEPS i in@sgmmd shiaes amditisignal Misht dirrble ARgs espaI ke aes dheougtteristics,

which are forniecsiza:A ¢chamelithic element. For example, the piezoelectric element is formed by

building 20 layers of piezoglegylc,maerialan Ian.alsacl O HoINg SRDIcandutopRragessing
techniques, e.g., crystal growth, deposition, $puttering, ion implgntatlon, etc. In an embooﬂment, the

layers of the piesPoBNECGichelSpsAtiomlicttiftdletiuepysha shrpstafiche Bisaeriedisis wlomenfele respond
differently to thmpginmetestisalifield.|ber sampiasithcofme layeisdavecrysial arapsatiops that are

perpend%J lariR 5 Qrgggggbg{clal%rl]c\)gg\?vrof the signal channel and the piezoelectric element of Fig.

1A when the piezoelectric element is in a non-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
30 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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25embodiment, at least one of the layers of the piezoelectric element is made of an organic material.
piezoelectricy ,r, 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

characte_rlstlcs‘%%%gﬁ%lﬁxgrs can be _sele.cted to: I)_maX|m|ze the. shape cpg?#&g&t}a&) 9|‘?zoelectrlc
element in response to the activation light; 2) minimize hysteresis; 3) reduce the amount of power

required to change the shape of the piezoelectric element; and 4) reduce the amount of heat
generated by the switching technique. Operation of the optical switch 100 depicted in Fig. 1A is
now described with reference to Figs. IA and IB. Fig. IA illustrates the piezoelectric element 104 ina 5
non-activated state. In the ABrESEiHaticathedinsat o Kjigs-of Ale He sersteistridletempartiis; inchanged

from its normatistaigpalbesethe 0xsveahaiaiateliheopierac @skiselomanh imthe siale Qfihe element in

the absence of gp, aghivation Jioht,In the embadiment of Fig. IA, the piezoelectric element is basically
flat in the non-activated sta‘?ei.é flﬁlel fiat Ehape of t%ﬂg f)'i%%afe‘?é%fﬂ% SIEhEreR Bk PisaagiRairifght 110 to

pass through tREfghis iarbmrivetd etssthedipatiod inytitheimighiatigttientelingand txiting the signal
channel. 5  sighig -li@mjIm@tr@tsmn&im@zxpﬁﬁﬁt_{gtﬁ}aﬁgﬁr_zﬁel%{al %ﬂa@.ﬁﬂt{a‘ﬁﬁ%sa%“i% th? results from
e 0

the application ivation light 112 to t iezoelectric element. In the embodi en SfFig. 1B, the
activation IightS%fnaggé%g%\{t%? Sespt?l’é% Bt RaRl, it BiRs Wh o ke dimsnsighs: dhtdehe signal
channel 102 irfigahfksntliredo Shmabiighidi of Fesigeiagionighhauppies anielestsakfield that:

effects the piezaelesaisia watgsial Jniheaedivated.staig he piezoelectric element
changes shapE gnoug1h that the[(silignal Iigrﬁét is bl%éked f’?ﬂ%ﬁ”ﬁ’ﬁgﬁ’gaﬁ%fgﬁe Slé’%igﬁ%lﬁgz‘énnel. The

blocking of the Sigrat gt s MEERESY by the lack of the signal light exiting the signal channel. Once
the activdfion light is remoVéi fralepitie sigmph cifapeied] dignpiezealeabic\ROgIgMERsatyMs to its
normal shape gagithgagignal ighiis.ahle Qne in to pass through the signal channel. As
described above, activation of tfl1e piezoeIectlr%(':aglzlﬁgleoﬁ)t8 fgﬂ r%s%%ﬁ%aen 69 %%Dﬁéﬁ\fﬁﬂ’&l\y light 112

causes the sh¥§& BrEBlIBansl fimensionireshes fesrifeinidémensianusfenedtédaseions tienension of
the signal chaswelf id8asiohariye.ckighild) is aGressiseshana visva! the sianal.ehan ‘?% and the

piezoelectric glementoffig, JAdhen the.piezoelectric element is in a non-activated state. Fig. 28 is a
cross-sectional view 0 the signa ghgrﬁur?ellggrﬁ%?ﬁ piez 8% eaét?iélg'fér}ﬂg?\ BEEferdhg reptthe

piezoeleltric SI@FRSNsths aHcaratatearitiretlls.tHBhactieatadspiate the pierpelécitie gigrment extends
into the signatimendhansideduned alleastiadinRanaloRbiReRignas3AeaNel, As fustrated in

Figs. 2A and @ﬁéﬂfﬁgc %%IS%EEI%E’%"J gét?\?aggrmlegﬁtlgsﬂglll %ﬂgnangilmension of the signal channel
switches between being larger or smaller than the cutoff dimension.

As described above, the state of the optical switch 100 is activated by

20  applying an activation light 112 to the piezoelectric element 104. Activation light can be

applied to the piezoelectric element using different techniques. Some exemplary

techniques for applying activation light to the piezoelectric element are described with
reference to Figs. 4A — 5B.

Figs. 4A and 4B illustrate a technique for changing the state of optical

25  switch 100 that involves applying an activation light 112 having a shorter wavelength

than the signal light 110. Referring to Fig. 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

30  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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is mailer in the activated state (Fig. 28) than it is in the non-activated state (Fig. 2A). WO
2008/126080PCTIEL20081000494 As seen in the embodiment of Figs. IA - 28, there is still an
opening in the signal channel 102 even when the piezoelectric element 104 is in the activated state.
Although there_j3.still ening in the signal channel even when the piez tric element is in the
activated state,‘*tgﬂez@f)%%ﬁ%% in the signal channel is small enough that the %gﬁg%gé’?ﬁ@%“ﬂo is blocked
from passing through the signal channel. The ability of a lima] light to pass through the signal channel
is a function of the dimensions of the signal channel and of the wavelength of the signal light. In
general, light having a shorter wavelength is able to pass through a signal channel with a smaller
dimension tharfigiehiAndmtloneeamptey die setivatiorighlde piets shgrtephwafeadptathitsigrias attenuation
vs. a dimensiogigha Isignal hanpaliois ustiairdeinfior fetheipRiizalsions @é@i&?@éﬁ%ﬂéﬁaﬂges

rapidly once thg signal channe|.dimension.reaches a certain dimension, referred to herein as the cutoff
dimension. Foﬁleaiglrrelp g‘,"ﬁ?%nch %‘ér@ on ssﬂh § ThER TS U R RSB S SV arosbamstigstrotns),
the attenuatiorPpéigidiiswitshsl b é an andiffietasiorFlargBrithiamatbetbetaflfe Tbwhinknisionrtitheaitenuation

rapidly falls. Theisher, rFGBRANGS 19 ,6haNAS RS ens| n the cutoff
dimension, as ﬁdic%ted in Fig. 3, enables fast oﬁ% é%%&ﬁ%g@ggoﬂégqﬁg%%gsg?:%%a??oﬁaﬁaht such that

a dimension of & €1dA% FeRaThantstitineeen eviradhematicg| avitch d dsaithe afEsae cutoff dimension.
As described above, the stétgsofthenosticaliswiteh i actoradiohfivie 20-apRkyHTARBpREkHVation light
112 to the piezgglestiisns tiyation |i an be applied to.the piezaelectric element using
different techniiues. Som‘g%@gf‘%@g}ﬁ%gﬁ%%&% @}Cgﬁ% 3}|nr¥§q g%?i a ?8#? ﬁfv?ﬁ {ﬁﬁet 6}%%%%Iectric

element are dedéAfd WidBrarhichze eutpigRhaapwiteadipiharatate neanelsatsieeierstiiue for
changinglthe statetbéopticaling switalt 1RO thak irueles ranlvinaanasivaiopdightdlipaving a

shorter wavel t ignal light 110. Referring tq Fig, 4A, th ical switch 100 is in an on
state when no%gg%l%%%ﬁt’lig%t%llgga%hpﬁ%%%qwg g‘. %tosel%'c??r‘ichgﬁ% rﬁlgﬂ?ﬁlgﬁénﬂltﬁé %Wﬁgzﬁa%t 110
passes througFpRIENsARIE g ertivation Jight)| Jattkiteunipr figentBtha ctivatigniighalmdsiaplied to the
priezoelectric e[imr':mabﬂgﬂaﬁe cmr&ehtB&&Tt@t@mmls}qmia@ééiefémaemoeﬁgéwaﬂ%ﬁ%ﬁ?féi&;he off state,
the activation light 112 cau the piezoelectric element 104 to change shape and block the passage
of the signal Ii8%?&%%ﬁl%’ﬂ%%uﬁtéjgggglasngﬁf\?\%[?ﬁ%Sﬂ?ﬁ%%sgd%"fl (4 /BRAIA SRS 6799102, 1IN this
examplel?he gatlvation bght whik Hhs tvehorter\phewel sigtiisthan dneiltaneously applied to the

piezoelectric element 104, the piezoelectric element 104 is not activated. Once one of the

light signals is removed, the clectrical field of the remaining light signal is no longer

canceled out and the remaining light signal activates the piezoelectric element. Fig. 5A

illustrates the signal light 110 and both components of the out of phase light signals 112A

20  and 112B passing through the signal channel 102. As described above, the piezoelectric

element 104 is not activated in this case because the two out of phase light signals cancel

each other out. In Fig. 5B, one of the out of phase light signals 112A is removed, leaving

the remaining light signal 112B as the activation light. The activation light activates the

piezoelectric element 104 and blocks the passage of the signal light 110 (and the

25  activation light in this case) through the signal channel. In another embodiment, the

power of one of the two light signals can be increased above the other light signal to
overcome the canceling effect thereby providing the activation light.

Another technique for optimizing the performance of a light activated

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

30  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

22



signal light 110. in particular, the wavelength of the activation light 112 is shortenough that the
activation light 112 is still able to pass through the signal channel even when the optical switch 100 is
in an off state. Fig. 4B illustrates the case in which the activation 5light 112, which has a shorter
wavelength than the signal light 110, is able to pass through the signal channel 102 even when the
optical switch 19 18'125E8%ff state. Figs. SA and 58 illustrate a tecdHrqLa*A80e#tamging the
state of an optical switch 100 in which applying the activation light involves providing two light signals
112A and 112B, which are out of phase with each other, to the piezoelectric element 104 10 and then
removing one of the light signals, light signal 112A. in the illustrated embodiment, leaving the
rembaiging lightstiyasdd Ii@lﬁbﬂigﬁﬁbﬂi&?ﬁﬁﬂb@tﬂé@mgl ﬁb@ﬂmﬁﬁﬁpﬁ&ﬁ@f@w&uﬁ@ﬁm@% In this
embodiment, t j A and 1.1213 are ouf.0 se with each other such that their
electrical fieldngf%&Sgg%gﬁgjgﬁgf&ag]E vtgi}%rl(c’)rhf1 %Etg l’%(?o YFEES BYR 1S HERS: 198 BORL8E the two out
of phase signafeeipit drlesahshasendrwnttaviite aieeva eutuofiphadasignaldiar pisimiiarieously

applied to the piezesientsic hicmentibadithasnisaralestis flemnetio4dsant %Vééﬁgctﬁ?lf‘ce one of
the pal§. is r?ﬁr]oveefgdttgnes %Leacmcal field of the remaining light signal is no longer canceled out and
ght

Ight Signal ActvVatea tRE Bt %Efeeé?mf”glﬁ‘i‘ﬁ@?ﬁf’sl'—t@é‘g%tﬂiﬁ?%lﬁ&{géhﬁﬁés%ﬂ'&dlight 110 and

the remaining i
both componettdhstiriseogleeaicptiensentighresipmatstd RAacAfating 28 Passingdtydepbttheisignal

channel 102. Ardesosd 0 Eniie:ARZRRISSIEE PRI A% IS BRIAGINAIS s gioe because
the two out of Pha%e IL%thel%n Is cancel each other out. In Fig. 5B, one of the out 0 %ﬁg?é light
i rEMOVEd TR s &l Arg g At dinal e o8marlenthea erbanrsd elshitiche activation

signals 112Ais remaved
light activates fied sientobiestrimeleheendjattst andbitek e paskage pidhaisignaklight 19 (and the
activation §ghtys ibis fase)ithranah Eméig%/gp |..In another embodiment, the power of one of
the two light si%gn Is can belinc_reased above the g%%greﬁgﬂ%?%ibsng St%lgg?/ev?lc}(e)rrlngl%ﬁee léaﬂ%teﬁng effect

thereby providfib HE Alavshfsbrepto the piezogisstrie eleraprique for optimizing the performance of a

fight activated optical switcWithdot eihencadine elpsticalieldcthatisanplisg iaithe;piezealectric
element 30in rgs tiyation light. In accordance with, an embodjment of the invention, at
least one conduc%%g%%%ﬁ%gfo%g:t% %&%%Iétht ?gﬁ e ap%’?dfgfélé' rﬁ%‘féﬁﬁe‘ﬁ? figRrdygEYe
2008/126080PE T $4PRlRsaTRteeschah et arthrep tie disowiteh b thakintis firddodé e catifigidithat is

applied tosthe ipiez ORle cldenRlcRBRINfihEqsRRASE: IS ACMBIAD Jighi ThganAYStvG.Ipyer has free
electrons or eﬁ?ﬁ%‘q‘oqﬂh&llies that ﬁﬁre drawn to a%? collect at a surface adjacent to the piezoelectric

element when the activation Tghtid SETIEAS HREER Jb arled P atefiehe Srttisfisldigh the

activation light and the electric field of the gathered charges. In the case of dispersed

charges, matter is composed of positive and negative charges so when one is dispersed

the other is expressed. In this case the electric field of the expressed charges adds to the

20  electric field of the activation light and the effect on the piezoelectric element is

enhanced. Electrons move in metal conductors, but positive holes can move in a
semiconductor.

Fig. 6A depicts an embodiment of a light activated optical switch 120 that

includes a signal channel 122, a piezoelectric element 124, and a conductive layer 126

25  adjacent to the piezoelectric element 124. The signal channel 122 and piezoelectric

element 124 are similar 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,

30  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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5 of free electrons near the piezoelectric element enhances the electrical field that is applied to the
piezoelectric element in response to the activation fight. The enhanced electrical field can be used to
enhance the performance of the piezoelectric element and ultimately to enhance the performance of
the optical switch. For example, the enhanced electrical field contributed from the adjacent conductive
layer enables tH& pY&¥ & tric element to 10be activated with lower powe P SAAGPHALKER than is
possible when there is not a conductive layer adjacent to the piezoelectric element. Without the
conductive layer the electric field of the activation light alone activates the piezoelectric element. When
a conductive layer is used, the conductive layer supplies charges that are gathered or dispersed by the
electric field of ¢kenpttjvattonohBligive Theeletrimbieldcotitpestathercd Ghrsgasidsids & e electric
field of the actiyation is cas piezoelectric ele t is acted upon by the electric field of the
activatioand thggegl%%fr%?ﬁef?ieo?ﬁge%gﬂ?g%ggd %hrgreggl]lee;g?ﬁot%éogaéee%ﬂfg’per?snecf %h%ﬁarélgg‘ﬁ?atter is
composed of fEeRMEREYa iR WidnsEEstrmelR ot formiepataostecsnriueier axpterilewitn this case

the electric fielgosititeoeuprassasfba ans agusitadhe glaalisciaidaitheeaactivation light and the effect

on the piezoelectric element is enhanced. Electrons moye in metal conductors, but p holes can move
4 el ltc(gndf e‘iﬁpb"tgﬁé‘h g tﬁéa‘tseﬂo%ﬂﬁ%ﬁrmch 120 that

in a semiconductor. Igfgf EA 8ep|ctspan eEru,
includes a sigrétie refprsase X igsplie oede@ridigetdeilusedeathd piconliattiveldapet 126126 adjacent to

the piezoelectiigelpanikad. TharsaoalchanaeliR2and piezetlegrsclempntiddd e similar to

those describeltsj l?.nb ve %Itpou p the .pjezoelectrie element 124 does not necessarily include different
layers of piezoolectie Fatenal halig Hifakeny b B Betme! Jifph dirsRisgotirelio Alsmatte layer 126
is a highly contfifciivibersiate rfilhsisbtrast|aaidle nhsgstenf athetivadialBglsili¢ordepdddidtbuberon, silicon

doped with arsepiea3@dones daltisnighsenion, RRdlRLAhen SeMIGARdNHOLMRgHals, Ian

embodiment, the conductive layer 126 is adhered to a surface of the piezoelectric element 124. For

WO 20081126085t FAN D6 566 R cIcaesiievma tamt gt d 1yierreos thiayehlifepigated o a
major surface diatinel pizz eeliadtrived| bmentsighlusinglasnatalite pesisionde snigsat bhandlternative
embodiment, thg conductive layer 126 is formed of a semiconductor material with positive or negative

charges that move instead of only negative charges, 5Operation of the optical switch 120 depicted in
Fig_ 6A is now described Fig. 6B illustrates the piezoelectric element 124 in an activated state that

15  results from the application of an activation light 129 to the piezoelectric element 124. Tn
the embodiment of Fig. 6B, the activation light 129 is applied to the piezoelectric element
124 by directing the activation light 129 into the signal channel 122 in parallel with the
signal light 128. When the activation light 129 is applied to the piezoelectric element,
free electrons are drawn to the surface of the conductive layer 126 that is nearest the
20  piezoelectric element 124. In the activated state, the shape of the piezoelectric element
124 changes shape enough that the signal light 128 is blocked from passing through the
signal channel 122. The blocking of the signal light 128 is indicated by the lack of the
signal light 128 exiting the signal channel 122. The additional electrons near the
piezoelectric material, which are associated with the conductive layer 126, cause an
25  increase in the electric field that is applied to the piezoelectric material of piezoelectric
element 124. 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

30  required to achieve the desired shape change.
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with reference to Figs. 6A and 68. Fig, 6.A illustrates the piezoelectric element 124 in a non-activated
state, In the non-activated state, the shape of the piezoelectric element 124 is unchanged from its
normal state, where the normal state of the piezoelectric element 124 is the state of the element in the
absence of an activation light. in the embodiment of 10 Fig. 6A, the piezoelectric element 124 is
basically flat ini*§240tR/ated state. The flat shape of the piezoelectric EfeFEAIMIINE4 signal light
128 to pass through the signal channel 122 as indicated by the signal light 128 entering and exiting the
signal channel Fig. 613 illustrates the piezoelectric element 124 in an activated state that 15results
from the application of an activation tight 129 to the piezoelectric element 124. In the embodiment of

Fig, 68, the activation light ¥29 Tsilappled mwtﬁi@iemlex&ﬂﬁo@lqmlanltﬁéfbuecﬁeqeﬁggnth%}@ctivation
light 129 into the signalchianaak 122N el with the light 123, When the activation light 129 is
applied to the piezoelectric element%,h g]\?ggglge%lt‘rigv;f\a %r:gi rggviﬁ S eagﬁrﬁge%%%idﬁ%eme layer 126

that is nearest e D& pissbsrefriberoniatiwleymm 136 neaiositthe srtteativre ligidpg@htietiiezoelectric
element 124 charigesishapeesaugh Urahihwsignaldightd 2fsinhiackedfom RassiRg,tRYgh the

signal chagnel 432. cking of the signal light 128 is ndicated-by the lack of the signal fight 128
exiting theasignlglgéh]}r?r?ﬁzmﬁgseﬁg %fﬁdnall%IQ%F%ﬁ%e?{éélﬁﬁ%ﬁgfﬁéfgﬂf@?ﬁé‘f@ﬁ%ﬂ“\ﬁﬂ%h are
associated witRftHe Condurivselnger 166 Rashdetin 196 nfcieasenih-tike stectic:fiejstdhatssapplied to

the piezoelectiertnefiahotRiezeal Rl GRleman i 2. Hag iﬂﬁ@%ﬁei%mﬁs%ﬁgtf.fffla{i%gi}hat IS
associated Witgnme c[%réductigr? Ia¥er 126 rg)vides benefits that include, for example, increasing the
magnitude of the ¢ & ZRiesticthadmesit A9d. thit s femighned dedlieat which the

e changseeirvy S ea%{eegsflﬂ%
piezoelectric efBfRasthatmeraingbs shapejariafer 126iticirig dtiecan einnt piactivatianelightdOrequired to
achieve te dasitedRhapgyehanafo W RORRLHA SRR AJPANRONNIRNFidy ] (lustate. the

e e

action of an electrical field 130 of the activation light 129 on the electrons o onductive layer 126
of Figs; 6A arircf%rgfﬁi'ﬁtelgeitl?f ];%sé’ﬁf’f 1es1149-is Whersth slectoieteld npraative thysharmesriaahest the
activation lighra2Bictive thesirfaee I84cisdheySusfackaictheeapdustiver ayeoddbfathgst from the
activation lightzi &hahBe fi"RB:HHGe HUERHI IR JIGRECREA LS, Fectical field under the influence
conductive layer come to the near surface 132 of the conductive layer and enhance the
15 electric field. If the conductive layer 126 is not present, no charges would move because
piezoelectric materials are not conductors but dielectric materials. Referring to Fig. 7, if
the conductive layer 126 was removed leaving only a piezoelectric element (not shown),
the teeth 136 on the comb like structure would have no extensions 138 on them.
Fig. 8 depicts an optical switch system 150 that includes a light activated
20  optical switch 152 as described above with reference to Figs. 1A —7. The optical switch
system 150 of Fig. 8 also includes an activation light system 154, which includes an
activation light source 156 and an activation light controller 158. The optical switch
system 150 is optically connected to a signal light source 160 to receive a signal light
161. In the embodiment of Fig. 8, the signal light 161 is provided to the optical switch
25 152 via a signal light path 162 and an activation light 163 is provided to the optical
switch 152 via an activation light path 164 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
30 163 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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of the conductive layer 126. Each tooth 136 of the comb-like structure represents a portion of the
electrical field and some of the teeth have wide extensions 138 at their ends. These wide extensions
138 represent the larger field that is contributed by the charges that move in the conductive layer 126
that is adjacent to the piezoelectric clement 10 124. The charges that move in response to the electric
field of the actiV4i8MHHEH8%9 are represented by dashed lines 140. WhenRAEBREEHROMAY is negative
the charges in the conductive layer 126 arc driven away from the near surface 132 of the conductive
layer and enhance the negative field, When the electric field is positive the charges in the conductive
layer come to the near surface 132 of the conductive layer and enhance the 15 electric field, If the

conductive layeyi2@dsdile RIGHNLNE ERBFARS: ek EIoNe hasatise migrorlactie materals are not
conductors but dielectric. materials. efergr:] to Fig..7,.if the con uctivfetL%yer 126 wzi&s,%éFemoved

leaving only a FESHATEEHTE Sl (RHESh BRI RS- LR s IR B B TRE " WPuceliFeould have
no extensions 19&ion tihére oftier. [Bbloipiths sipneptivahslyitoh mlstizatidt @itk thdrehideiormligitt activated
20 optical switchdrfi@s198HRER ARONENHHIGIES P HeLalR TGS Myt TH3erRRticRl Swilehisystem 150 of

Fig. 8 also includes an activationﬁl{i%ht system 154,-which includes an actjvation light source 156 and
an activation liglPE8YRser ™ 88 o fipaet s inenapselitha sereanicat Kohmustds &eatsignal light
source 160 to receiteta siffivddiityhthib6de thetksteenobodipienektfrigeBnitre sfghablhitbdl 564tdd provided to

the optical swit [ I [ ] -activation light 163 is prov to the
optical switch 1(1;55‘22 é%ié?}%%&%%ﬁﬁﬂ %_ﬁ'ga#? ‘%’L%?a%r)]fg{%%eg%g% ‘ﬁgr%?t pzilﬂt% [Jé i T%]ég gil\é‘r?a ight 161 and

activation light Té&35ipe ot ivietrhti pler6evaRlseathntt Sruietiyptien hitde 53gefes through
an output path shofter or longer T aigdivatielnigihbsisieitndbideo 160l A depidkdaiionep i Agtivation light
30163 to piezoelectri mepnt (not of tile optical switch,152. In.th bodiment of Fig, 8,
the activattfiac))en Ii§ﬁ¥es%n ge f@ is %V |g11?11% 2%%%5‘&8 _ogs%ollll&h’( %erﬁl%ﬁﬁ%ga?pé%hﬁﬁé%?g?!_galsasser that
generates an défRuidharigralArnenel dexirabesribe aiversitriac elemenidsdetireed oad dresigelintensity,
phase of the agfbyationiigiickedelation to the other light in the signal channel, and polarization, and the
activation light controller 158 controls the transmission of the activation light.163 from the activation 5
foht systen i an embodintBh B R EL T T SLEUARD AT TRt B B SR Bgn o
sufficiently chaliglt tH8 shaibe obtitel pieiok|déRitetamerdifitwnd oyaisal Switekangleant imen
embodimest, the,ipteRsity m@tm@%ﬁ%ﬂ lightid Siisnoiestenhavr the, ilesiti gt thewignal light 161.

The wavelength qof the activation tight 163 can be shorter or longer than the wavelength of the signal

light 161. As d8REF ST EPbJR aRaHeT FRROSIRFEH R BrRlfLRALIYTiGI"EES 18 SRR ABUgh, the
activation light db€68armayljgasd 68y dnghdther sigrhatichamnal &Eh avHesetlie piezdelebdfificaatbiment is

actvated and Y SignAb RIS PSIRL: o be HBACNFUORIGN SUslomM Ay fGe configured

to provide the activation light 163 to the optical Switch iIn many different ways. For example, in one

15 embodiment rdeagkilighioiyight 68 Beacstirrche diarrhiighbiod s ovghrghe e 2 S%bptical
switch, inzanother «idad ewiteintl B2e(n ot ol il mai sk ihgh ged dapsab videkhes aciidaioskéght 163, in

another embodent.ahhER.eL L Amsdonilt andinalsnenadents giey suitches may

m pas ) .
be employed to co trol the activation igna tsource’l herdies the signal light

161 that is swit€ifeld &heptigabfirgipmitter that transmits digital data by modulating an optical signal
(e.g., frequency or amplitude modulation). In an embodiment, the signal light 161 that is

output by the signal light source 160 is an optical signal that communicates digital data in
25  some way (e.g., amplitude or frequency modulation, 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
30 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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20 the optical switch 152 (i.e., allowed to pass through the optical switch 152 and blocked from
passing through the optical switch 152). in an embodiment, the signal light source 160 is an optical
transmitter that transmits digital data by modulating an optical signal (e.qg., frequency or amplitude
modulation). In an embodiment, the signal light 161 that is output by the signal light source 160 is an
optical signal tR&R é¥i¥taehstcates digital data in some way (e.g., amplitude B¢ TrHg0& 94 Modulation,
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 16115410mﬁ\dﬁ@éﬁ@oﬁiﬂn&ﬂtiﬁa‘sﬁgﬂﬂpﬁgﬂﬁ?eyieaé@mﬁﬂ%ﬂfﬂhéigpmg{%ﬁ@@ﬁ@ fhe
application of ttt*ﬁa %cyvattion li ?t 163 to the piezoelectric element of the optical switch 152 is controlled
by the activationeligﬁf‘?ylgférlrél i)\/\ISQSST"Z‘B’O 5GP A ArRVitsoRI s IPA Aiginl 63 docthm SISt the
signal light 161spissebthrodgls thleckpdidadmwitskind Zhvengln the apticationtight Sysigrn 164 does not
providean activatiandiohirt Q3sienths apisaksviehn Lo andh hloRkad [rRTRagspahigyoh the optical
n'lig 0

switch 1525When the activation light system 154 does provide an activation € optical
switch 1527 5 In the opticalSWicARLC B bk drtaritdraitbaebmense. miigs, esigRatight and
activation light fgeetréightritidddtivthiers digie sigrainehamieln \asisaadethaidtRmean beapses to combine
the signal light;aggltheactivitiondight i he same signal channel..Fig. 9 depicts an embodiment of
an optical switch 1&'; and an o_{[?)gt%i(c:lagfh c%g{pﬁl)lg? (i%%ﬂﬁ.%atﬁlggf}zgﬁg%%gﬂ% ggt?]nehs%%g%]g’ltﬂgﬁ ¥6¥ and the
activation light S8 Ehasthe Fitp L4snictsgraarebrdimentioban prieabmédirh&hend Rigodtice signal light
161 travels in sigmidrligisttpadls 162, toushpaste sighaliiiencaanddhe asivationiiaht d53sayels in
activation jght ch tivation.fiber. The.signal light 16 ‘activation light 163 are
coupled ?#[io thsg%ﬁfl}?ﬁ@h%{ﬁ%qi}%t?yﬁltr}:%ecfﬁll?:oglrggﬁtp?ef&l f%g ’Ifﬁ% ﬂgﬁ%@nﬁﬂ%a%gfvgkn@ugh in the
illustrated embbEirhdighbirily. $hreitiealxsignieriibersendile, attiertiouittiphe fdhtiryasifor coupling
the signal lightddkiidiifie petvationlisht 6 3tnaihemrmersional shannek 1 2acannhadsed:

Figs. 10.A 10Eﬁdh pj%Bdifferent egnb diments of the light activated optical switches described above
with reference to Figs, fAc- G R Tgﬁt & 18R STBABb dih it BeaoRgifitlacenRieE ol 6pticKl Switch 170 in
which the pieztrprseiriedetbsh alitionghl in2thea #Instragethembiwiomenters RigdOhpignbeleaitisienaterial with
diferent prozoaleeic StaarisKsiosindoR uslialed MBRAIMADLof Kt 0.Jhe Bisepglectic

element 172 hlaésjf.oyr ga%ers 174 of Eiezoelectric material. hi oné embodiment, the ditterent layers 174
of piezoelectric mAYSriAT SRR HRGL AL it tBiebDiettric characteristic and in another embodiment,
the different layers of piezdégectfis metBriaphaifaltarraiioginiezosiestipRbPIaLIQfatas. It should

be understoogihat the piimnar Mélrm&g@b@e%}cgf [;g)iefgloele?t&ric_layerg‘,lﬂggﬁlﬁagnsmclutde many

different: variations, Fig. 108 depicts an embodiment o agﬁ'gh activate cal swieh 198 in which a

conductive lay8iPPFHREghaviehets bk aptissbTuiiehsl T8 0rovhighehoatisensbectric element

20 172 has more than two layers 174 of piezoelectric material with different piezoelectric

characteristics. In the illustrated embodiment of Fig. 10, the piezoelectric element 172

has four layers 174 of piezoelectric material. In one embodiment, the different layers 174

of piezoelectric material each have a different piezoelectric characteristic and in another

embodiment, the different layers of piezoelectric material have alternating piezoelectric

25 characteristics. It should be understood that the number and arrangement of piezoelectric
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

30  placing charges on the conductive layer 178 and causes the change in shape of each layer

27



element 182. This embodiment allows the piezoelectric element 182 to be oriented by 30 placing
charges on the conductive layer 178 and causes the change in shape of each layer WO 200
26080PCTILL2008/000494 180 of the piezoelectric element 182 to be enhanced because of the
proximi piezoelectric layers 180 to the conductive layer 178. Pig, 10C depicts an embodiment of
a light: activated@iéareititch 4 in which multiple conductive layers 185 aP&CEARHRAEREbetween
multiple different layers 5 186 of the piezoelectric element 187. In this example, the conductive layers
185 are alternately adhered between different layers 186 of the piezoelectric element 187. The
multiple layers 185 of conductive material between the piezoelectric layers 186 allow each layer 186 of
piezoelectric meggidale be-plastackindiridvallyJodiffsrpptoueniaionsdy ARRIVIRY gecharge to the
conductive Iaye{és, éLéiSC.tghig ena&lg%the action of 10 the _égiezoelectric layers 186 working against each
other to accenfiste tha Shange Th sRaNec8rdHerdawEIEBric element 87. In general, the multiple
conductive layers allow theHigstéfedisiofstireqpibadialatiit clzhtentitatbd opinngeticH hganultiple

conductive Iaymﬁcgllﬂm@[@g&gm B m% ;Isei@?%@té&iﬁimaﬁ é&]% %ﬁ‘?ﬁ%? ic.elemen [aust be raised to
u

in order to;ha gée tEe orientation of the piezoelectric material. The m tlr{#e congﬁecl%lve}iayers allow the
change in shaé1 of

Hee RisZoekRetiis e lamtitto B diimaiesaleT e AaudisIavedamietilis lasrers allow the
management aftenzatghnrdbhadibatwetactiitatnthieysnall sanek olib gigbysisat cranrastarssticgf the optical

switch to be mﬁgggféﬂﬁ%ﬁa@;t{;@ C%Bgﬁak%mf%iggr?a?%e [ rp%gonszt(r)tejl:etc%q rpaé%ajggdg,@nd used. In an
| e

embodiment, the different layers of 20 piezoelectric material ang?lt e conductive layer re formed in a
monolithic sta@RLtrlf¥ird SPhel nairrentertristaentesitlidrurbec aplasizedrindiyiderlbxdenlidfensing known

_Senr;iconductODﬂfm@ﬁmmwmﬂ;e@g@mm f cﬁfd?w&haiye@tﬁéﬂfpﬁﬁi&%h%ﬁtﬁgﬁim n y
implantatign, &j¢. Ji t steresis 0 iezogelectric element can limit how 25 quickly a
light activated o% fich_l% %&ﬁé&ﬁﬁfﬁrﬁg m‘ggg%ﬁ%%sg?gg%8?5%&5’0%%%%?,thgﬁ%gg&fﬁr?a@%?from one
state to anoth&f I Riszerassifilemens B000 angstroms thick layer of lead zirconate titonate (PZT) is

deposited on a substrate. Thedayar, 0hPZ1uhigk XaMERRE GEBIadRR] 8Rdi3Rd a.aVen fgrcentage of
zirconium and titanium xt, 2,3000 an yer of PZT I1s depaosited on'the first layer, with this

N strom Ja
layer having nore eeegglg@?%nrilamz??coenﬁ?f? fle g‘@dﬁ‘b‘ﬁ‘iﬂ?ﬁ%"ﬂ‘éﬂ‘éﬁw@ﬁ?&ﬂﬁféﬁ FGAVEHPEON of that.
Using these ldyetsmprsanysitiasisethise telsossuitimgpiezce lectriselamanbdisplayadsgedieced in WO
2008/120880RhiligP0M0I A LATRRISAN. 917 RIRFBRISCHE AIGENLIAAL RS AL pclude similar
y

layers. If more al ernat?géla/@rs are deposited to build up a piezbelectric element, a qui
responding pibzOXREMMHRERTEEHD e tmsAC . Trbanerdnidhe auidraandvshiva éomauctive layer,
the electric fieltloot the asthagtiordight isenharceahiaimnalketactighthastivatestiopiieal syyisehi that

responds evegyfagiQristics of thE @ti&%&ﬁ&%&%ﬁ&%@&b&d Iy r%g\ée%i?g[‘# Pc}aﬁg\}\%}{%]ﬁeds?%ﬁc ESWICHILES

. > €a (5]
that includes a multilayer piezoelectric element one si signal channé BeFand

conductive laf8tE et bn Hgtaipeh rsigHeadenakinen sombprinssp shsediffateatsirshsisoénhanced by
a multiplity piczoeldcteldventaytess 481 the conductive layers are formed in a monolithic stack

structure. The monolithic stack structure can be formed, for example, using known
semiconductor processing techniques, e.g., crystal growth, metal deposition, sputtering,

ion implantation, etc.
In some cases, the hysteresis of a piezoelectric element can limit how
25  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
30 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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10Fig. WE depicts an embodiment of a light activated optical switch 192 that includes a maftilayer
piezoelectric element 194 and a conductive layer 196 on two sides of " signal channel 198. In an
embodiment, Fig. 10E represents a cross-sectional view of an optic-al fiber that includes a
piezoelectric clement and a conductive layer formed in a band entirely around the circumference of the
optical fiber. INWASWEBEUMment, the fiber 15is a compressible material.  PCTIZY8PARNMepicts an
embodiment of a light activated optical switch 200 that includes a signal channel 202, a piezoelectric
element 204, and a conductive layer 206, where a portion of the signal channel includes a diatribe".
208 that is filled with a compressible material. The compressible material may be, for example, a gas

such as 20 argempenitiogen iadeateitkruehnma ASkolRM TRk a-sUcon fubhes. The
chamber 208 filled with the compressible material is adjacent to the piezoelectric element 204 such
that the piezoe%lt%a%c:nrll"étltla1 .%Yglnst afé)ﬁlg é)rslﬁg‘?(ﬁ%%’ liﬁ‘&’tﬁglcﬁgﬁﬁ%ﬂ? SR ALIATEPBRARE activation
light. In an emibéaRaEpieRlepieniowie deidablinatett 2041forfikia ipaltjmnitfithpochamindn@b®. In an
embodiment, ak{egshadeitieahthaihARRELR AHS 2ahARes DY, adan @a%ﬁm%%@?é-
Operation §>f th%% ti&altswitch 200 dfflﬁi(:ted in Fig. ilkis now described with reference to Igllgs. 1 1A and
11B. Fig, 1A ilTustrates fEPBIEs SER AN element 204 in a non-activated state, In the non-activated
state, the shape of the pieZtigleéiicdeteéstsemt 208ddimachaig digHr antiitgddospirhbiatachvhgge the normal
state of the piezaaieniie20inmenl sRAqsdRIREAL B Slemenhin g hsece.of an grtivation

l y

light. In the embqdiment of Fig. 11A, the piezoelectric element s basic ain the non- Wo

20081260808 /A1 SHEE/R (tESY LidhioRErostides a5 rigndschetst otPdee Theoreneoapmaibige 208. The flat
shape of the piedtsblscmnivusiehtert R0UiplidwyDEcGignaiighiddq 4o, pas S through the signal channel
202 (inclyging the chambef20 indicate he sigpal.light 210 entering and exiting the signal
channel 202. | Fig. 11 iﬁ%@fﬁre;?g%%ﬁee%ﬁéz%gee%%ﬂ% ggn%?ﬁv Eﬁ{h?%%aqu&i@%}ggg&% that results
from the applid&HBiedF A il e irraeiretrie 2lesnant I9e sodieeondustirm éer 096 imtveeidbodiment of
Fig.. 118, the attisitinhdighiic2 1285 Ropliediaitheniezoalectisalamert-a0dbydirgcing dae activation
light 212 into t ignal.channel 202 in parallel with the signal Jight 210. When the activation light 212
is applied to th%?g?gz%ﬁefgogg%aﬁﬁcg gfﬁegn?l%gﬁl?#éwp?eez %?%%ﬁdugé RS 0 r FIEd o the
chamber 208, iitepiirels ipradshegirserefmpre sSibreontiatd fiakwithiththentieinter, tre tieactivated
state, thd shapeacbherpigmesiectin.element 204 changes enough that the signal light 210 is Mocked
from passing through the %i%nqlhc&hﬁnnel 202. The blockintg of the signal light 210 is indicated by the
lack of the signal light 210 exiting tAeP&EE ERRRAIH ST \W gkt a%YatsdeRYSHOMHSHL2PP2 is removed
from the signdhehiaahdepezigiw ghemod|20ic elemelntiA04leaienn3(e dadouvadsiaie Rjewing the
signal light 215080 s dbiR,ARAeRCS Bl ARy AlIANAON' dhewiboisaste AldG spmipressed

material within the cha?r%ber 208 helﬁg to return the piezoelectric element to Its normal state. Fig.

12A depicts af’ SRS SHATIA: 1idie somptrssitipmairdslireay oo foroetsanlicitdes digsal channel
222, a pifzoetegtrioelsment 224, ancratondustivedayri2 S Aiasentdqilienigseglecirs element in
which the signghchamgl 224 1S ical fi nd the piezoelectric element 224 and conductive layer
226 are formed in a band entireﬁ%ﬁéﬁgﬁt é%%lr%:ﬁreﬁ (relraéﬁsc% Joaf?ﬁte{%E)ﬁ?c%lfﬁ%eel?f;ﬁ%?lf?ﬂ“ﬁIustrates the
piezoelectric 8EnTaRR 358 theapigrelraiatelaatatedh eae manmscinatéhe stambtiie28hapenf the
piezoelectric etciment R2h itinchanged Toa imnanmalsiaieiwbawtheramadsiate S the

piezoelectric glement-224 is the s f the element in the absence elan activation light. In the
embodiment gf Fig. 12A. ﬁ%‘%&oe égfﬁgnefénrﬁcgarﬂnf%% %Séi%gﬁ’%?&?ﬁ@?ech%mba% 488d state. The

flat shaﬁé of tRENSkbaleetrrasrtmatriR4 allows a signal light 230 to pass through the signal channel
222 as indicated by the sigpaktghio? 3 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
30 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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30entering and exiting the signal channel 222. Fig. 128 illustrates the piezoelectric element 224 in an
activated state that results from the application of an activation light 232 to the piezoelectric element
224. In the embodiment of Fig. 1213, the activation light 232 is applied to the piezoelectric element
224 by directing the activation light 232 into the signal channel 222 in parallel with the signal light 230.
In the activateV&t3888/tAe0%hape of the piezoelectric element 224 changesEndHgRRO#AE signal light
230 is blocked from passing through the signal channel 222. For example, the change in shape of the
piezoelectric element 224 has the effect of squeezing the optical fiber like a belt to choke the passage
of the signal light 230. The blocking of the signal tight 230 is indicated, by the lack of the signal light
230 exiting the signalrbanrneh@2RePRaesie arlivationdighire? issemeyedriram,ibe signal channel

222, the piezoelectrif: lement 224 retyrns to jts 10uom3al shape and the signal light 230 is able once
again to pass thrGugh the SYRAILANAANRYS 3 signal light=10 jopassdiionettheHamBLTHREREIA%R light
activated opticéinsiuitivls theC-hambmn08es indigned biainneb sl 2ight Pty eetabitiaalaxiang 244, and a
conductive laygiz24Qarliagens to the piezoelectric element 244 in which the piezoelectric element 244
is 15 made, of a transparent material and forms at least a portion of the signal channel 242. Fig. 13A
illustrates the piezoelectric BferhERt B airsthopietenlsstae Lement P0thin ABAckivalessiatethis, the shape
of the piezoelectittefemeaht 2gplitationcifangedvindm itshnomad tataezvdieiedkenennmustate of the
piezoelectric elenenh afihdsdF Fl19 A8 R ClEEnbinil Spsq0aBAlan Ay alion bt i the

a

embodiment of Fig. 13A, the piezoelectric element 244 asma?ly in % e NOR-4C |v§fela state. The

flat shape of tHESHIEY A4 bidigetineg st vatisndighsigaintg ko sensd parsechrddgh tacalitgnal channel
242 as indicatedthyhiheigighhghight @ SW/RHern goanstiexilips te siopplehasnst 220883313
illustrates ghe pi ic.element 244.in an activated state that results from the application of an
activation Iight%%@gﬁﬁ%é’ptlﬁeezgé é%et%igtré ernent. r\é @i%' é?n%r ‘g%c‘lrhné?\tto? I‘jl'g%é, e EFEﬁ ion light 252
is applied to tHOBRISSEE hisccerapissiblqmasrigh adtiviy threchetibationnigiet 28dted thestgaal channel

242 in parallel shigfs the sigpaldighicRR0ebhdhesativaissbstatsuthershare obihe nigzoslgauic element
211 changes oy ggﬁr&% ttgg ;sr{ Qﬁﬂ l‘ﬁg" 50, is blocked (fe%)qm prassing through the signal channel 242.
For example, the change iR sﬁa%e of feY Bte SRSl tiEnt D9 2SR LRSI 88 2ing the
signal channeP2@ 3 lindicatpé kit sheHateofthepigsd digtof2Hkesiting tig g8 hdne I02kiMtheaf the signal
gt 250 1s Indigsiae ol Rk stdhersianakieithe s axtinadliosional soamelAda.fage WO
2008/126080P6: 71110081000494 the activation light 252 is removed from the S|gnaei channel 242,

the piezoelectfit SREPHEHP JEAPERAHE S O WEGiar SeapldighitiNdsngrnl Ithe 2Berieeafibonce again
to pass througistingisigtighcBénbk 24asure of the dongiressebadimentinspivzasiaatie d@ment and the

signal channe}gfg 1. cRRlg 6E/RIRHVE E?e%%f%[zﬁg%ﬁrsi%ﬁgﬁ%g%ﬁgplication of the activation light

changes the state of the oEycaI switch from o _ 2d) 10 on (light passes through the signal
Charnel) instead of from ofifo bift depicts apsiabgiizsatctiaclishitastivaishontisa igsitsho?éhtation that

must be Zllignedittiviie eleiiiit Helahdianyih gaseliciachieRgs: Shapsihehaiegeeiaptic 10
materials can in a magnetic field and oriented to respond in the desired direction to the
electric field tr%%v%ﬁﬁ%%egg%%#% .]lerﬁ:gcggr% lrcug%r%elg |‘|E5H¥ é%i?i\ﬂéﬁesé%agtﬁga S\e/\lliléc%% {%8“0?%%tion of the
crystal or the FPsgARdichsraererleritiss ehenpit 286 |eedrieonductive lafr b freeiestitoazand the

maximum shapershangaial right apales.dhat ispeapendicxlanbip thediregtionpiihg.sigpal light in the
signal channey, 8ot Tement D51 & om achvtec sita, o e o ativated statodns chapgng 2ngles (that
is ’
25  the piezoelectric element 224 is unchanged from its normal state, where 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’
30 entering and exiting the signal channel 222. Fig. 12B jllustrates the piezoelectric element

224 in an activated state that results from the application of an activation light 232 to the
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perpendicuiar) to the path of the light in the light channel. A description of a desired
interaction follows, The electric field in volts needed to activate a light activated optical switch is
calculated using the power in watts of the light in the channel. The Poynting vector equation which is
written E = (2p.0 ¢ P) 20 is used to make this calculation. Where 1.4, is 4 pi Xi OE-7 Weber
lamp-tatter, ¢ i¥9 XBORS8 meters / second, E is the electric field in volts, BRdAP-380p6800éMin watts.
Using this relation, it is found that the voltage developed by a 150-milliwatt signal in a fourth of a
micron channel is 0 volts. in an embodiment, this voltage is employed to activate a light triggered
optical switch to turn on or off the switch (e.g., allow the signal light to pass 25 through the signal
channel or to bjpelsdlrensigelambghprb mipassaptidiniahdhBigidadl chanacteljtiom dgtardpleiof the size
change that 10,yolis,caule Gauseiis a8 (BLAWS b channehinakia0eR.Anastoms ippgight, 10 volts

will change that'dize by ngstroms when lea Zictonate tfonate is used. Cead zicronate titonate has

a piezoelectric SgtarbeurideaivPadishividsthorend Hebtehddydr. tBa acHKstRg stais180 &ifgstroms),
commonly 30usegd@idibetepticsiemiBhbzrakigitgel avglgh ot favgldusiihigyeisthiaoked4angstroms

and will no travel down a chapnel.smaller. W the 2065 angstroms,channel changes, WO
2008/126050PCT/EE2 O@lﬁgﬂ%agﬁﬁ%?elerllqg%g%ﬁtﬁg%]iheé{%%%l ﬁ‘éhf%ﬂ?%e‘”bl%@l?éd‘%ﬁf&ﬁt of 8056
angstroms wastaeientor shmaer 20didsstitl pfees of pavrstitsahsigniga Hlanbkerieligpcheiwated optical
switch can be firped 00 or 8 aLaralin secendsisriagter theMakasivre29d effarizdhatghe electric
and magnet fields of the Light have %Pezthe medium throug Véail’flazt eﬁ htt%travtels.iTh?, qlquation for
the attenuation{AREF HeSigiearilat2ddraiang thadenic give the G &eTEiL'ar QkeRliation per
mile of travel f@3this sigetdsimmfaifovignal cihtindl) 202, 1RY(ffioyetkei(iifo)e8@)! RAfORMM P aty. (1)

The Kis g gonglant, fai,the materialifial hewade of e %@@@géiﬂr%_rgegetﬁmg@ HRUSRLK is 821.3
for lead. Since in an embodiment, only one wall of the optical 10 switch is mostly lead, the optical
switch may nofmﬂﬁ%%ctly the graph of Fig. 3, but the graph is given for illustrative purposes. The
lower case "a" in the equatiip. isXhedigngthaofembidénehthe walgbtguitiatslhepfied wermcy @If the signal
being considergg,if, a9 agalnsh inGeft [BRUBDENILIBAR Shannel s RauiRnds for the

TEO,1 mode of wave propagation. In art em ment, the sizes of the waveguides are chosen so that
15 this is the o’kh AdiRsen G| eleacelpqiireriipmiz Musiatiny br mirarRieHEs sRmst dfelSsions for a
given signal, thgaadteruatiepdneteanesAsdl e aixe:0kibe pafish dianehsh ihksarzipraggeds to
infinity as the cutoff. frequency is teached. This e iqn.is on page. 263.0f Radig Epgineers' Handbook
Ivritten by Fre erli%lé1 5&%5%%%3 15%11'%%%% Biﬁfﬁ‘ﬁ%%am g ude %i 3. 20Reference is

raw-Hill Book Company, Inc,
now made to FigfivatadstashicheiNianeant 1amiepritentdosiemau@4ids imslhmesdisignias snamtlel 302 and a
plurality of piezpglegliccalpmentavhich AR pigialahivuneyenbusnagrdalopatRelanaihiof the signal

channel 302. in the illustrated embodiment three generally.rectangular piezoelectric elements 304, 305
i 806 are AIFBCREH S AP AL TS 1o L FERHITESS Wit o BT SSaEidG
therebetvéen. cldneestada sdfattien ycudtediricoatectivritd 3@%; 306 HackiBDe i demicitstediyian activation
fiat. The signalchannsl 80%.auides theisansmissian tdabh withipaicaniad & eaalangea defined

path. The signal channel 302 is formed by a light guiding, structure, or combination of structures,
which can guid® fhtignahiieht e dBrs teme harneifeu fag thilt LAWHIRS the signal

channel includee fpieaxtoetpleciament 244 in an activated state that results from the application of an
activation light 252 to the piezoelectric element. In the embodiment of Fig. 13B, the

25  activation light 252 is applied to the piezoelectric element 244 by directing the activation

light 252 into the signal channel 242 in parallel with the signal light 250. In the activated

state, the shape 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

30 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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30optical 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. 14A, the signal channel 302 is preferably formed by a monolithic tight guiding
clernetit. The piezoelectric elements 304, 305 and 306 are preferably fanned of piezoelectric
material. ExamBR3%8Y &% 8electric material that can be used to form the 3HéZ3818ME%4Iements
include crystalline piezoelectric material such as quartz (Si02), lithium niobate (LiINb03), lead zirconate
(PhZt03), lead titanate (FhTiO3), and lead zirconate titanate. Examples of piezoelectric materials that
can be oriented in a magnetic field are lead zirconate and lead titanate or lead zicronatt, titantae.

Quartz and lithieneiohide larle examples Ridens Ry sRhaicEaalR ol Materiaiseiad beRigzoelectric
elements 304, 39b gtggls;%pa referably each.ipclude at .| wo lgyers.307 and 303 of piezoelectric
material having different pﬁétgcl)lgfé%%ls? E@?aar%%pé?ig cgﬂﬁigad%lérésrgﬁg %cz‘aoaéaé&?‘i’cpaf?a Et&fstics of the
different Iayerst@‘t)s,‘%ﬁ’o“@@@%%ﬂnclude, for example: 1) different degrees of expansion and/or

shrinkage in response to thg sanessleridsel fielgic2filiere plergspongasdaiha same, elggLical field, for
15 examplg, one ?.f the Iaéfers expands jn response to an electrical field having a first orientation and
: i f

relative to gac Hi3: PRBHEHQDiRG e s HyAPB Hight sanersdhvs

the other layer exﬁﬁlﬁﬁg IR Tespone IS HR e
perpendicular f&tpeffihstaptien tawiteh BYrdioksi@ighipislbiktiest) 49 diffiphnpatvednisobyidiffe semtahysteresis; 6)
different capacitanesiyinfledifigreptigpgdances; 8) different resistivities; 9) different thermal histories;
and 10) different electromagnetic 20histories. Operation of the optical switch 300 depicted in

Fig. 14A is now described Wit & RIFFOREF Fitemateiaty ye 1AET g PAkiRtion e (Rwsbidfoelectric
elements 304, B@Bedrei®0Gdrekanin Gutivate dvillateusn ithe chmgctiaied stake, shesnapegcof the

piezoeleqiyc elgiels b RRRRY3 50 e HIFRANIRMTIRMIS Y BALSIRLE Whele e 25 normal

state of the pief%%ftiﬁglemen.tsfgﬂéﬁéﬁ.ir{) 30§_|3t e state of the element in the absence of an
activation light' et A bereplied o SleeritretingelisiBogtigoei anti@b6 are
basically fiat irstfielnaheastivabtdrsietend be st shapepidhaipieiaritokicLlamprisA04:305 and 306
allows a signal Jight 3 through the signal channel 302 as indicated by the signal light 310
entering and exitingat.r%goé%ﬁ%s glé?: %%%?ef‘%ezgge méxmuﬂgshi%BC%lﬁﬁléﬁﬁé%gﬁ'ﬁegﬁgfo@%ﬂﬁc elements
304, 305 and BOESAicH AR atEe stiestipmt vEShiftssienal thehtiplithetisizwfl ashawtalatidn light 312 to the

piezoeledtiic eipmaniea04hSQkand 808 iRtheigmRoNMaN@Hgs %%ﬁéﬂ@ﬁ%ﬁ%@ﬁ%"&ht 312is
applied to the{p%%%ggfcequrg: g} mer t%?’t%41'3 5 apd ﬁggﬁi/ di%icting the 5 activation light 312 into the
signal channe n paraliefwith tha S8 HaMigHES 8 - Hana8kivation light 312 supplies an electrical
field that effects the piezoeledesisiptiatesitis dasitvel autivaten sditeythdbbajzett thedplezatiectric
elements 304,30k eRchaRbchangrsaRakAse-IakinG Ienr gl ﬁé&%ﬁﬁ%‘%tﬁgg %&Q{?ﬁtgass'”g

e

through the sigp@l qh%nne 30&. The blocking of the signal light 310 is indicated a](/;k of the
signal light 319 10 St tRE"8MTh ChahAEItEE Y cespicRatAEoR tlishdh WEREmA T ke fBled from the
signal cénnel36&d thenplezbil eelridatiamelite304, 305 w1 8RG rateber tarnpaa-shape and the signal

light 310 is abjgrancgagainiRRass Miugh.the fﬂginiﬁl\%%,nﬁl%lls 03 Power in watts. Using this
relation, it is found that the voltage developed by a 150-milliwatt signal in a fourth of a

micron channel is 10 volts. In an embodiment, this voltage is employed to activate a light

triggered optical switch to turn on or off the switch (e.g., allow the signal light to pass

25  through the signal channel or to block the signal light from passing through the signal
channel). An example of the size 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

30 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 angstrors channel changes
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As described above, activation of the piezoelectric elements 304, 305 and 306 in response to the
activation light 312 causes the shape of the piezoelectric elements 15 304, 305 and 306 to change,
thereby causing at least one dimension of the signal channel 302 to change. Fig. I5A is a
cross-sectional view of the signal channel 302 and the piezoelectric element 305 of Fig. 14A when the
piezoelectric eNMENB3ERSE in a non-activated state. Fig. 1.5B is a cross-SEchbHEPHMRA the signal
channel 302 and the piezoelectric element 305 of Fig. 14B when the piezoelectric element 305 is in an
70 activated state. In the activated state, the piezoelectric element 305 extends into the signal channel
302 and reduces at least one dimension of the signal channel 301 As illustrated in Figs. 15A and 15B,
the cross-sectiarz idresgafdine, shignijnahagielBi2 scmallaripntoe asivaresiateRganRR) than itis in
the non-activated Fig, I5A). As seen.in.the embodiment of Figs. 14A - 15B, there Is still an
ST élou%da%%ﬁép g@gé e(\)/%r\;vhﬁes : g]e%?él%%lec er’i(l:1 BARRYRES 8&’5‘%@“&%&&1 306 are in

opening in 75 the signal ¢
the activated stafebsAinsdgh aieE a6 astiftesin HPehingpdondseosiigstat. chantieh 362 d\effeatshibntthe

piezoelectric elnenaesioQhd 3RS A@ININE RRUVGHAR SIS ARSAINGN (e Fighal channel
302 is sme_})ll eqpaugp that the %%2% I&Qt 310 is blocked from passing through the signal channel 302.
: S

The ability of a Signal light "3t BASTYRUAE Qaih T HREAEYD2 WA taidorBiche

dimensions of Wl gigk cheiheleofoReamtiof teemikveeagthfofttesigighi dighlldde: In general, light

having a shorter wavelength @%%3&“@/% : &2@}}5@&3%&0%6@@8/ QP694 to pass through a. signal
than li [ e th

channel 302 having a smaller dimension ght havm%a longér wav Reference is

[ | ength.
now made to Fig. 16A which A Ansianb i dhs et 4 fh%ﬂﬂlﬂt?éé’?é?&@?f‘élaéﬁm@ﬁél 402 and a
plurality of pie28électrlvetéKents whiohleré Biprefemdybriventycapacacvalnog thejength of the
signal chagmnekdg, 1o thedlysip ' t. fQur rally circular cylindrical piezoelectric
elements 404, 405, 406 artj(&:Il 407 ggegf‘};in%?b%{?gt% a oa(rg{gnt E‘BE%V& x%%@%é_%ié%ﬁ?c g%ﬁ%iﬁjﬁg with
non-uniform sPScERPthisr&eRaE Hivshativp Epethe Tie owrsarie SrriHe 9DWtiands #86 and 407 is
controlled by dengbtvtisineligfhthe e signad. citanneldiRyagidgshiha dranssmis siaRiaklight 40 within a
confined area ine . The signal channel is formed by a li iding structure, or
combination oﬂ%&%t%?%i&%vfyc ﬁlc%?ﬂqléet?f egfi]gﬂ% {v%ln ﬁ?}r‘il r33{”?31(')n Hegatagn a@g}:?g %ed We‘ﬁ‘oé]ﬁth.
Structures thatlcARAVFoPFARREBLiQEN AR erArthardimsnic érefeizeaftieyarsanisaitfilsbpssubstiates such as

lithium nitdatendy Bty BapspateriRisResletiriG ARHals thatinauds asignak channslaan optical
waveguide, ar%ld a champer for holdin% a.c ressible material, in the embodiment of Fig. IA, the

om . !
signal channel 40218 preferaal forsied B A HBRBamecreAietidiGs @rephdif sienal chappel hiezoelectric
elements 40451055 406 preceads7tainfinitfasably donfidt: giginzbalectiid nkiariajuffixariples of

piezoelectric materid trataanmigiHeas WQARIBING RisRassctiGslemenLinaluas srtaline
piezoelectric g@gnaﬁgg%%?f uartz (Si02), 10 lithium niobate (LINb03), lead zirconate (PbZr03), lead

titimate (PbTi g \ifs %“ﬁta’l?f’atg"éxamples of piezoelectric materials that can be oriented
in a maghktic field are leaBdmeonateranchiedstiBigateQriany dicseartediteniae skiuartpand lithium
riiobate are expmpigssel YansDRSRLRIEZ8S !SI ferials, The piezoelectric elements 404, 405, 406
and 407 preferably each include 25 at least two%a‘m(gslz?ggf nd 4 50%(5 p&eezn(l)ee tesc ;E%cggfgrial having

different piezSEEEHE dravaekerrared afong dhrdraainé shsctisnslchrmmel dRdndboiltisraifterent layers
may include, éatbertampiehip<ifterestydegteant einaROAABRRESN0KAAes NEESAASR 1O the same
expancs I roL B e g i oot spaciag
25  therebetween. The shape of the piezoelecttic elements 304, 305 and 306 is controlled by
an activation light. The signal channel 302 guides the transmission of light within a
confined area along a defined path. The signal channel 302 is formed 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
30  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

33



30the 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) WO
2008/12080PCTill,2008,1000494 different hysteresis; 6) different capacitances; 7) different
impedances; 8) different resistivities; 9) different thermal histories; and 10) different electromagnetic
histories. WOSHS/EA8#0 of the optical switch 400 depicted in Fig. 16A i€ AEH-HE8EAMEH with
additional reference to Fig. 1613. Fig. 16A illustrates the piezoelectric elements 404, 5 405, 406 and
407 in a non-activated state, In the non-activated state, the shape of the piezoelectric elements 404,
405, 406 and 407 is unchanged from its normal state, Where the normal state of the piezoelectric

elements 404, §05ARBANC AN e AIBRRIEMETHE NInchRense Al N ac By'or; light. In the

embodiment of Fig. 16A, the piezoelectric elements 404, 405, 406 and 4 asically flat in the
non-activated SRSl FoHR dvsrmpeelithisdight svidiaglem@ments 404, 405, 406 and 407 allows a
signal light 410 to pass throlighpiegosignet chaneaes 402, s neidated by theiigs ightlorentering

o xSRI ey ASRIBIES B8 REFCHRE G iep 6. 405 20

and 407 in an activated state that results from the app _ .
piezoelectric elRifFaFIEstH0£lenmtu s lude apstaliineneierairstin amtsiakiyich 68, anertactfiftbn light 412

is applied to théithiemosisteit C(EIRBE)) S kARt 0P snd A0 Tehy ditgsinethedstivaiiaaight 412 into
the signal channel 4q2 in &)%alhel WitT the sign 410, TJ%F?t ctivatign light 412 supplies an electrical
a

. Z1 tit ) i .
field that effects the piezoalactria material IR B5e AefvATEH tERR X A S e SesB S ctric

elements 404, igldose lrad zirmeupy asdaagbtiteraseigh ksadthistehasijahdiqQuate mbltdiked from

passing theisigRatchanat 403 b iakiadiing. el the mighnalidight 410 is indicated by the lack of the
signal light 410 exiting the signal channel 402. Once the activation light 412 is removed from the signal

el )
channel 402, the piezoelect/i€ BIERERTEGFACAGES 486 290 A% 1A R REHRsEPERAY the signal
light 410 is ablashdwadmimstdpasedniotigh tHez@dsiianchanmidiad@ different Asedeslecibied above,

activation of thg,pigzaeleclrie MRS 4840 400d AR Ak c%%é%f BRPARREA? H}%r@%té\?a%.%” light 412

causes the shape of the piezoelectric elements 404, 405, 406 and 407 to change, thereby causing at
least one dimehSigh3ss sy Aol eranpisl Aosifer Herepieh pwaasion ks haimkags i of the
signal channelr8®462 antl¢harpielkoeledtflel ¢l ieierditabbriges 16 Mevarn hepielarlactie element

406 is in gsnonsagliyaied S8k ity bk S5 Mo R8I0 iR e siand! channs! 4% and
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 capacitances; 7) different impedances; 8)
different resistivities; 9) different thermal histories; and 10) different electromagnetic

20  histories.
Operation of the optical switch 300 depicted in Fig. 14A is now described
with additional reference to Fig. 14B. Fig. 14A illustrates the piezoelectric elements 304,
305 and 306 in a non-activated state. In the non-activated state, the shape of the
piezoelectric elements 304, 305 and 306 is unchanged from its normal state, where the
25  normal state of the piezoelectric elements 304, 305 and 306 is the state of the 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
30  channel 302.
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WO 2008/t26050PCTILL2008/000494 the piezoelectric element 406 of Fig. 1611 when the
piezoelectric element 406 is in an activated state. In the activated state, the piezoelectric element 406
extends into the signal channel 402 and reduces at least one dimension of the skarn! channel 402. As
illustrated in Figs. 17A and 178, the cross-sectional area of the signal channel 402 is asmaller in the
activated stateW{Pig?%¥/28%%89an it is in the non-activated state (Fig. 17A). PCT/ILR80808%H the
embodiment of Figs. 16A - 17B, there is still an opening in the signal channel 402 even when the
piezoelectric elements 404, 405, 406 and 407 are in the activated state. Although there is still an
opening in the signal channel 402 even when the piezoelectric elements 404, 405, 406 and 407 are in

the activated state, the 10 gpening i the:siopal ﬁ??&%%té‘pgl%éﬁ?@%@ﬂ%h ﬁ?gf? signal light 410

is blocked from passing through the signal channel 402. The ability of a signa t _1]61tonpass
through the siglvAVeidnfiaeaBstissHin iR deenepatisnbinaiis®r a8 eiinTallighinte 402tkmd of the
wavelength of fiexsipoaldighinddl 304 giserad, 3ight haungd sdiarer ofavelemgihtis aaktrpass through
a signal channgl,hiayiRg; dimension.than light having,a er, length. . Reference
is now made to %%%1g%§w cﬁlﬁ%s%%tgsg gfflgg%gafqgvmvfcﬁ% gg‘b ti%tl%r?glng(?gseb A s%ﬁ%ﬁn&gﬁnel 502 and
a plurality df pilebatisstight ki dro e sigeaiechratel A8 inneplplyvih e sisnanistind 18ndtheof the signal
channel 502. |acthedibudigateri 2eabpitimenditoriea ueane ally aratcrislispiRigroglastie elgments 504,
505 and 506 age. 20.distributed along the lepgth of the signal chanpe| 502 with non-uniform spacing
therobetween.{ﬁg%vgl%% %?ttt?ié%ing%opééjétntﬂcg gr%’@%fstrb%igg'ﬁ%tsag(g‘gao%%isa%rgt%lfgﬁrﬁfsan activation
light. The sign&he¥eintreliBbthesides tahttdfsinHsidndofrtighpassthintiromhfithe dbigneh diongla defined

path. The Signad)zzh@B@Bl&%é%hﬁ@ﬁ%ﬁyli’gﬁgﬁ(gﬁiﬂi&‘ﬂa‘é@&’@}%@11%kc6{rﬂ@r§?gtﬂﬁf‘l%fh§tﬁ’6tures’ which
can guid%ight Withinﬁa confined ar §5 long a defined path. Structures that can form the signal
58 F%Fﬁ‘r”g‘%ﬁ“&g&o fi 8??3%%??&’?&"3%3}§Ht3§%ifﬁﬁ?ﬁﬁ%ﬁﬁbﬁ?é‘ﬁ%ﬁ%ﬂransparent

channel includee’fl?(r)lrgexa
piezoelectric nehaerid|S0hahérikrde atsigelaimenosfitd], 33 entidad waveguisenandmaeharier for holding

a Compressiblei@atﬁgiﬁ's% thevanahad %D{oq{aﬁéghrlaﬁgh_ﬁﬁ@sﬁéﬂﬂ%&maﬁb?(’? is preferably formed
r

by a monolithic light guiding element. 30The piezoelectric elements 504, 505 and 506 are preferably

formed of piezoelecirk matefi &Sl phoxo PHivstietbhe mistarisr fin e e 14495 #8fm the WO
2008!126089P04 i1 1200840 @D 4R Apieniwel ¢iplic tdarmmess ihelsidpecsy sialiRedieasielesirematerial such

as quartz £Si0gy,ligyum nigRate ﬁ;n,;leNBQ@jaJ%gﬁl i%l conate (PbZr03)..lead fitanate (PbT103), and lead
zirconate titanate, Examples of f)iezoélectri matserél g %%ag‘?tf ((gz%en melecrg?llgﬂtcg(f lllﬁ %%%ﬁﬁ%‘ﬁg ield are lead

zirconate and 182dtitkAage oF igatPAicdionsresstamstirnalvian 2h s (Risiancbpaphfdanétamples of
transparent pipieaedtctric. dlea@iadss of Fig. T4He RIREORIEplEs R MG 305 ang J0&preferably

each include ttwo layers and 508 of piezoelectric material haying different piezoelectric
characteris.ticg%lﬁ(]%f3 8iﬁf§¥ee'nt%ﬁ¥é§1§éelgt%§ ¢ S%'rsgg lgﬁ%ti‘élse‘gf?égﬁaiffgrlg?lf ‘4331}%?1%%7 d%os may
include, for exgifgprectjcdiftersnt dégrebgigr d4Banbion thedisestisitkagicinet03s pomseno the same

electricabfieldactivelibie went respansesiadhessamnenssrirical digld. fr sxampleang olithg.layers
expands in resioo s%to %F e%gc@i{r&a}ﬁ]ield haxin a first orientation and the other layer expands in
it isld hAiA i}

response to an‘efectneal 483 Ah A BrroRAmBIoR: 8 fseSisnaicharrsb W fifst orientation:
3) different polyitietsddindfiferelft s radn$5B,) tifferentshytbtent sisp 6 differignticelpmeoithaoRds 7) different

impedances; &haller in the activated state (Fig. 15B) than it is in the non-activated state (Fig. 15A).

As seen in the embodiment of Figs. 14A — 15B, there is still an opening in

25  the signal channel 302 even when the piezoelectric elements 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

30  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

35



15different resistivities; 9) different thermal histories; and 10) different electromaemetic histories,

The piezoelectric characteristics of a piezoelectric material are a function of, for example: 1) the type
of piezoelectric material; 2) the crystal orientation of the piezoelectric material; 3.) doping levels within
the piezoelectric material; 4) the density of 20 the piezoelectric material; 5) the void density of the
piezoelectric mMARHAP/ BPBe chemical constituency of the piezoelectric maX&RAE2P984€0¢&rmal history
of the piezoelectric material; 8) the electromagnetic history of the piezoelectric material. The desired
piezoelectric characteristic of each layer of piezoelectric material can be achieved by, for example,
manipulating one or more of the above-identified parameters. Preferably, layers of piezoelectric
material that extipasditieresht dew&mﬁmmm@d@ﬁﬁh@ﬁKﬁ%&{bﬁ%&ﬂﬁ%ﬁ%&bﬁg%me electrical
field are integr%ggell Qv@l@ni gelectric element to cause the piezoelectric element to change shape or
bend in responseto the activation light. For example, if two adjacent layers of a piezoelectric element,
which are adhered to eachRafssmissds agnonadititiciéde hdnyhistpilnstrliffese nbRAmoH M response to
the same actlvmaoihbghgstb]g@ﬁg@gigﬁglq@%}pg.tmya}ﬁgﬁg %%E@g&pgogf%a{s%ﬁiqlle%%electrlc

element ingluder% e}aqa%tntwoﬁl?yers f piezoelectric m aving different piezoelectric

characteristics, WHich ‘are Tormedh &% SR MR EL Rt EBreb skt (Relpibedtnstriedelement is

formed by builéithydmers Gfupigsrseibyricnimteylaldoinalqpeabdeaatioihateusi Ag4saUBHCONEIEELOr

processing tecyngreSis@iblicary| groVtRfepgsit SR teling,ionimplantation, etc, In an

embodiment, ttlﬁe eg%%ers theﬁlgéezoele%ric elem%%[% avldekg?!f%%gnv{%}}yns %Iugﬁlgﬁ?aipoaﬁlsn%o that the
|

two layers respohd disrentfsciiRe sahiteiirrelictiddcepersafiticdhe H6odag cthave crystal
orientations thenédlgsbbpendicinatidn kgheh Titbeignil anathenembedimrnt atiaastopeiRhthe layers of

the piezogjectyggleMentds f rganic, material. By using a piezoelectric element with layers
of piezoelectric material 10?1%1\%%8 gli?fﬂegrgn%;ﬁgé%% %}étri?:.hgh% %teérilléa |cesflﬁwe°?é‘§é&¥s% Bﬁﬁe
piezoelectric BASEUFYSE SEREHH BRsHSBIsRVBishchmguie tightawithiie, tenfiezdelectric

characteristicsuef thiergye dzfiani ethieleiaekiess Lhaaximizathe.shgna change pkihg pigzoelectric

element respQRsg it jvation light; inimize hysteresis; 3) reduce the amount of power
required to cha_ngé; %:%r?gé{écgif the %@Eﬁ%{g@ rigugﬁerﬁgeri{fﬁé% Ryobaie ficethrk HARSRMERT heat

generated by PHESIREN Mptainibrianclude a sigpal ehwonebfatheptiptlced wwilidh, 500 depiated in Fig. 18A

s now descriachiih gdduiapabieferaagee T Sl jstaics g pinzgslsgyic clements

504, 505 and @6 inrzél Oglé/a%r%%%ﬁg stateﬂglgl H#lhe nhon-activated state, the shapé of the -tzoelectric

elements 504, 505 and bOBIE Unchah§ S RSt iE Fidiegslemtiere the 20 normal state of the

piezoelectric elements 504h80BztG06idethenstats ofih et @dambninthaabseRchH@iauactivation

ight. En the qmbgdimantekkie. 18anpR-PiemEIeallne RMERIP R,03 81 500 are pasically flatin
a

the non-activa}gzd sltate. The flat shape of the piezoelectric elements , n %@étaﬁows a signal
light 510 to pASSHRFSH T SRNEFLINSfTEHBlDaRifReRiesE BYAterakigishl #yRESE0 GitReking and
exiting tA@ sidifziim niobate (LiNbOs), lead zirconate (PbZrO;), lead titanate (PbTiO;), and lead

zirconate titanate. Examples of piezoelectric materials that can be oriented in a magnetic

field are lead zirconate and lead titanate or lead zicronate titantae. Quartz and lithium
niobate are examples of transparent piezoelectric materials.

The piezoelectric elements 404, 405, 406 and 407 preferably each include

25  at least two layers 408 and 409 of piezoelectric material having different piezoelectric

characteristics. The different piezoelectric characteristics 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

30 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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25channel 502. Fig. 188 illustrates the piezoelectric elements 504, 505 and 506 in an activated
state that results from the application of an activation light 512 to the piezoelectric elements 504, 505
and 506. In the embodiment of Fig, 1SB, the activation light 512 is applied to the piezoelectric
elements 504, 505 and 506 by directing the 30activation light 512 into the signal channel 502 in
parallel with th¥ QigR8fLAEAP 510. The activation light 512 supplies an electRédVHeRIINE48fects the
piezoelectric material. In WO 2008/126080PCIAL20081000494 the activated state, the shape of the
piezoelectric elements 504, 505 and 506 change enough so that the signal light 510 is blocked from
passing through the signal channel 502. The blocking of the signal light 510 is indicated by the lack of
the signal light &fferenitiygréheigionatithaanel Hadianse MHedartivplioniabi&l2 &5 ramqugd from the
signal 5¢chann .the piezaelectric elements 504, 505 and 506 return to normal shape and the
signal light 513%5%% éecs)in e% hﬁé?ﬁg%eﬁlggs%ﬁtr%eﬁhaﬂﬁijg?éﬁgfréﬁéﬂﬁ%f%ﬁaﬁnem histogiesdescribed above,
activation of the piezoelectf@ehbinfepl ths0ntisd5vited 306 depicspdmFestd (Adsantivatiectibght 512

causes the shapihaidte aipaaalagisc ¢lgme! 04307 A0 300 hianaec DRIGRY.csing at east

one dime ion48 t%&iﬂggqﬂ .fhannel 502 to change. Fig. 19A is a cross-sectional view of the signal

channel 502 ancthe piasoetecia MBI Biidn Tanamasiitedrisiselbe theraarfi i 505 is in a

non-activated 8igfeelfigic earigsatBlod85sdotiondlAie s ofiche sigraimhannehaDaandvhgepiezoelectric

element 505 ofiidorkf siach the piateelailnalemen 2dbdSNARAGYAR Rl 1 fhe activated
anne

state, the piezolelectric elﬁm nt 505 extends into the 15 signal ¢ ] and reduces at least one
dimension of (A& STgh4t {RaARErED T 2L incvAtisy lishtigdn thaemfpdioest efeRigodsdettional area of
the signal chapised@earis denadtes 404he0actvabad soaterdbigichi Anthatmit isdmkihenenuactivated state
(Fig. 19A0  The ASsH ra iment of Figs, ,1.8A -: 1913, there is still an gpening in the
signal channel 5?)2 eveﬁﬁvc?lenQt%égﬁggc%eﬁgﬁéﬁgg@ﬁt&ﬁ?gﬁéaﬁf g%%wgr% ﬂ%’i’ﬁ?eql% activated

state. Althoughlth&@3% Lipush Sherignglishavaclidpre interitbbe tosiguehshthel pierestectric
elements 504 abdexiting HGighel khibeepptvated state, the opening in the signal channel 502 is small

enough that the signal light.510.is Blocked from passing thyough the signal channel 502. The ability of
a signal light 510 to pass %%%ﬁ%ﬂ?%ﬁg?%saﬁﬁg éér?zﬁgﬁ% 507 f egl%ﬁc‘h@ﬁ &th“é’@ﬁ%ﬁ%ﬁ?ﬁf the signal
channel 502 &5H'@tthetas thalversrirnionhtsigpelidigion 540 am geivetial llight izing atishorter
wavelengsh ispdecie-pesadieanghoa, siopalohannel having asmallerdimensiog thag light having a
longer Wavelee{é%h iIot ii@ﬁp{fﬁated c!h%ttall computer logic can be done with three l%%iic gates.
These are the A % OREENA NOFPRIGIE GallssPrsler i it ertitAP S0 <0 S9EcHiZ Poways that are
described usiAicatinatieasivattor lighthiidbietg the signelsihnalehewil f2eallel with the signal

light 410. The activation light 412 supplies an electrical field that effects the

piezoelectric material. In the activated state, the shape of the piezoelectric elements 404,
20 405, 406 and 407 changes enough so that the signal light 410 is blocked from passing

through the signal channel 402. The blocking of the signal light 410 is indicated by the

lack of the signal light 410 exiting the signal channel 402. Once the activation light 412

is removed from the signal channel 402, the piezoelectric elements 404, 405, 406 and 407

return to normal shape and the signal light 410 is able once again to pass through the
25  signal channel 402.

As described above, activation of the piezoelectric elements 404, 405, 406
and 407 in response to the activation light 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

30 402 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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output from the gate when specified signals arc input into the gate. INPUTB 0101 TABLE 1

Table 1 is a truth table for the logical AND gate. The ones in the A and B input columns indicate that a
digital signal pulse is entering the gate. The inputs can come in on the A input or the B input. Only
when an input signal is found on both the A input and B input does an output pulse result from the

AND gate. TUVAKIBIEFBOR OUTPUT 2 PCT/IL2008/000494

the piezoelectric element 406 of Fig. 16B when the piezoelectric element 406 is in an

activated state. In the activated state, the piezoelectric element 406 extends into thé

signal channel 402 and reduces at least one dimension of the signal channel 402. As

illustrated in Figs. 17A and 17B, the cross-sectional area of the signal channel 402 is
5 smaller in the activated state (Fig. 17B) than it is in the non-activated state (F ig. 17A).

As seen in the embodiment of Figs. 16A — 17B, there is still an opening in
the signal channel 402 even when the piezoelectric elements 404, 405, 406 and 407 are in
the activated state. Although there is still an opening in the signal channel 402 even
when the piezoelectric elements 404, 405, 406 and 407 are in the activated state, the

10 opening in the signal charnel 402 is small enough that the signal light 410 is blocked
from passing through the signal channel 402. The ability of a signal light 410 to pass
through the signal channel 402 is a function of the dimensions of the signal channel 402
and of the wavelength of the signal light 410. In general, light having a shorter
wavelength is able to pass through a signal channel having a smaller dimension than light

15 having a longer wavelength,

Reference is now made to Fig. 18A, which illustrates an optical switch 500
that includes a signal channel 502 and a plurality of piezoelectric element which are
preferably unevenly spaced along the length of the signal channel 502. In the illustrated
embodiment three generally oval cylindrical piezoelectric elements 504, 505 and 506 are

20  distributed along the length of the signal channel 502 with non-uniform spacing
therebetween. The shape of the piezoelectric elements 504, 505 and 506 is controlled by
an activation light. The signal channel 502 guides the transmission of light within a
confined area along a defined path. The signal channel 502 is formed by a light guiding
structure, or combination of structures, which can guide light within a confined area

25  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
a compressible material. In the embodiment of Fig. 18A, the signal channel 502 is
preferably formed by a monolithic light guiding element.

30 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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o TABLE?2 Table 2 is a truth table for the logical OR gate. When an input signal is 10
found on either the A input and B input or both an output pulse results from.the OR gate. [ABLE 3
Table 3 is a truth table for the logical NOR gate. Only when an input signal is not fpund on both.the A
input and B inpift does an output pulse result from the 15 NOR gate. A_NOR gate is ofter; explained as
an OR gate wit @1 W12¢4fe on its output. The logical NOT eine FKeS-28#fHed*4nd
transforms it into its opposite. When there is a signal coming in, no_5|gnal is sent: out, and when no
signal is coming in, then a signal is sent out. In present computer (IZII’.CUItS., three transistors may be
used to make a 5 logical AND or a logical OR gate for electrical digital signals. In present computer

circuits, four_tr@iﬂiﬁler_ﬂritna;einemslﬁdﬁdbm@lsifalﬂﬂs%iiab&@{h;ag{%%%%@féﬁg?i%ﬁ%gFS‘?Unction
zﬁiﬁgdf?c.)v-\l;r:)l? g@iﬁt%ﬁgﬁgﬁ §§§§§%% pl%ﬁfr’ rg%éng%.i?%i‘t I;ﬁ%&né‘ltgwg &8 i&ﬂeﬂ”&p*ﬁ?&l or photonic
signals, zirconate titanate. Examples of piezoelectric materials that can be oriented in a magnetic
field are lead zirconate and lead titanate or lead zicronate titantae. Quartz and lithium
3 niobate are examples of transparent piezoelectric materials.

The piezoelectric element 504, 505 and 506 preferably each include at
least two layers 507 and 508 of piezoelectric material having different piezoelectric
characteristics. The different piezoelectric characteristics of the different layers 507 and
508 may include, for example: 1) different degrees of expansion and/or shrinkage in

10 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) different hysteresis; 6) different capacitances; 7) different impedances; 8)

15  different resistivities; 9) different thermal histories; and 10) different electromagnetic
histories.

The piezoelectric characteristics of a piezoelectric material are a function
of, for example: 1) the type of piezoelectric material; 2) the crystal orientation of the
piezoelectric material; 3) doping levels within the piezoelectric material; 4) the density of

20  the piezoelectric material; 5) the void density of the piezoelectric material; 6) the
chemical constituency of the piezoelectric material; 7) the thermal history of the
piezoelectric material; 8) the electromagnetic history of the piezoelectric material. The
desired piezoelectric characteristic of each layer of piezoelectric material can be achieved
by, for example, manipulating one or more of the above-identified parameters.

25 Preferably, layers of piezoelectric material that exhibit 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

30 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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10The present invention includes AND, OR and NOR logic gates based upon fiber optical switches
that are actuated by light and not actuated by an electrical signal or transistor circuit. They require no
battery, and if the correct switch is chosen, the gates can be made small enough for semiconductor
size constraints. One example of a light activated optical switch is disclosed in U.S. Patent No.
7,672,536, whigi®itedigetéted by 15reference herein, Although one exampBEIGLANYPRERHvated optical
switch is identified, the logic gates can be formed using other type of light actuated optical switches.

In an embodiment of the present invention, the light that carries the digital information for the logic is a
1506 um wavelength signal as in commonly used in present fiber optic channels. This signal can be
changed into . ' ' jadically Paled Lithi [ g%ée (PPLN) crystal that will
double the frezrgagf%y 0 gt{ﬁé?r{jggétr%% a?o'lgﬁgsrffe%ﬁéxﬁ%lﬁgﬁb mfdfrpn%bﬁgs t eg \?vsa?/gfe%%l?ﬁ of the signal
half of the origFfl&PivelEpigrampls.cHisngisaerleattivfesmenhvel deigtedisbin drdlding bayarapdé, as is
PIPLN- %ther V\Iﬂb‘&)mﬁﬁbSrﬁfbﬂidr&alftﬁ?lcﬁrl]&dcbQ)ﬂﬂ%ﬁdsﬁlﬁitd’létﬁiéﬁff&i&ai ﬁ?w‘é&iﬁgt't@éhlﬁﬁ’&é& crystals can
also produce 1500 nm. 25 wayelen ight out of 750 urn i Generaglly a PPLN element functions
only for specifig'%(iac\%féanéfﬁg%éhgﬁﬂ%tl glrg’o %%%rlgg’tﬁ%lslrgﬁ%&ég@rﬁ%ﬁ’Sﬁ'riflta ?ﬂeegleb%lﬁvélﬁs%ﬁs, power is
lost, but opticalépapiifethe qieremectsiscetonsnd Suvsediffprant raxkal prisnietiwsssrytiet/dis. for the present

disclosure, theipryachpastingabaljsierdare Wil ingsdedin dRefprduancyodaublingiinction. WO
2008/126089PCML2008 /000494 " phase, a(p can be in fib&;g&# channe] with light that is 180

) d
degrees out of5d Hald SRS ATANATF REtRsA gblt%rsté’e B R&fy PP ULGFAR LSS phase with
it cancels the powef thé thgetigifithe piezoelRufierenpenisinoaderndde togkidr Batevidlich is a schematic of a
logical NOT gam 600 for fikgr gglie 8YsieR:aliE igeanAR AR IGALENANPREEA L SH G RSN Optical

fiber, brings in a 1,500nm signal that is needed by the logic gate 600. An optical channel 603, such as
an optical ibe"AHAE SHGETnRE T8O Fhafgraritict Wi BeRatsh gEdts PiF Rl fieyrate 600. A
wavelength redarcebebGblelneibles theifieguenffobtiehhgomiigsigrahpie, that it Malldsaanverted to a
750nm signal, ' INCOrNOr in, it any. qptical lification f ' e to-Qrepare the
signal to be us%%%ﬁ%étﬁ%%?ﬁq%ﬁ%% cggﬁv%egrsslégg%gga%gé@i%%%1“%%%%2&%3%%%%6 1F% %ins with the
output of wavellsReRITEi FEEREd i sriastdrsemtriiptgntiahb ) nonimizs BisiersBo7) kedurght activated
optical switch dr desofibet haye:QpHCad Shitgh B 7sHafeadliowd pe:AdRNRtim signatiake putput until a

750nrit signal es.frant th velength reducer 605. When. 15 a 750tum signal comes from
Waveleng;%T rep(ﬁgé?%éﬁ ,mr?(l)msi(\g)/]%r]%a |t %I%trp%etg% E}tﬁ?)%‘?'ilg% %%/?fé’ﬁ"é‘éi‘? Optical channel 609 provides the
output signal from the logic2pewtian g4 tecaticalswitep H08igeriFtedon|yigrd¥ il éonamiaisatbsignal is input
on optical chapnel£iciil seRiMidingra agisalFOR AatRsBelerRnsRASRRW RGIeAa Figy, 21, which is
a schematic 0%35'%%'& %Oél\llrl? a non-activated state. In the non-activated state, the shape of the

piezoelectric elements 504, 505 and 506is unchanged from its normal state, where the

20  normal state of the piezoelectric elements 504, 505 and 506is the state of the element in
the absence of an activation light. In the embodiment of Fig. 18A, the piezoelectric
elements 504, 505 and 506 are basically flat in the non-activated state. The flat shape of
the piezoelectric elements 504, 505 and 506 allows a signal light 510 to pass through the
signal channel 502 as indicated by the signal light 510 entering and exiting the signal

25  channel 502.

Fig. 18B illustrates the piezoelectric elements 504, 505 and 506 in an
activated 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

30  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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20 gate 610. An optical channel 611, such as an optical fiber, supplies a higher frequency wave length
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 of the light in optical channel 611 is matched
to the light entering a first logical input provided to the logical AND gate 610 olong an optical channel
614, by phase WteHEr26%8. Optical 25 channel 614 divides, with half of tR€TidhtW&mgtto 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 30optizakahardelai2) (e niept @TannehEL01divides.ndth halk ofihe; lig %Qoéﬂ%a%lo a
wavelength reducer. 622, then ta h? em tcher 624 and then joins with other optical
s BcHes St

200811260408 ST 1S58/ B60 Lo ernmarsTaa i St hecsisnal PhanBther half of
the light in optiR@. chmhlerking of thpsigdildighy ftbis ptitedtsiitckth6 L2KAL thptizahtlighrel 626 joins

with the other GaghBEsHRlEIRINIR SYRVIOR.c D RUIRARNER LSRGl ReLTiRijasP of the ioht
in optical an‘ﬁ%el 6 6@ atched 5to the light of second logical input on optical channél 620 by phase

matcher 624. THE St SFRETSTEH AR 8L BrovIAeatIBHY BRinRalishrrmA B8, and
provides AND dignattiégina it asablomneingimbtephss through\thhsigaastifieieba02is provided so that inputs

from optical channels 614 ad 2l bR, MulaH. A1 oL PBASS. Ry B0 decees, Tys, gptical swich

612 will open 10 and provide an output signal when light is input along optical channels 614 and

620 and will ba"QJLETRMAES Bedst aiigndiahip be Brscadhe shanerrfigi nisensipatiisislonetie of channels
614 and 620. R04 appradiabeddioaine, thirby sigemiguilidet pr\idesh AT thesridaradight input on

either orghanngis 414 and 620, This.the present.invention pravides a logical te wherein digital
15 signal lights, comi?lgg.ri[fk\(téé th(—:-g 'firfysitA a’ﬁda_s%gsosns %&la? a ?nvﬁfj‘fvs%rr%l%ﬂ egtlj c?)lr?fo ?/\I/ﬁsl%‘fﬁﬁ)g% eq’f one of which
the wavelengthi§oelestisfdement) 10 htise i8Awendbktoistortshitietemion Signisisn Additionally, a

logical AND gadevisqarevigedraaamsinstheastivadiandionbihat igphpse eaichadte e shortened
hen o ot ARG S5 SR LAY B0 YRR SR AR e (e 9
activated state. In the activated state, the piezoelectric element 505 extends into the
15  signal channel 502 and reduces at least one dimension of the signal channel 502. As
illustrated in Figs. 19A and 19B, the cross-sectional area of the signal channel 502 is
smaller in the activated state (Fig. I9B) than it is in the non-activated state (Fig. 19A).
As seen in the embodiment of Figs. 18A — 19B, there is still an opening in
the signal channel 502 even when the piezoelectric elements 504, 505 and 506 are in the
20  activated state. Although there is still an opening in the signal channel 502 even when
the piezoelectric elements 504, 505 and 506 are in the activated state, the opening in the
signal channel 502 is small enough that the signal light 510 is blocked from passing
through the signal channel 502. The ability of a signal light 510 to pass through the
signal channel 502 is a function of the dimensions of the signal channel 502 and of the
25  wavelength of the signal light 510. In general, light having a shorter wavelength 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
30 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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20inputs thereby satisfying the requirements of a logical AND gate. Reference is now made to
Fig. 22, which is a schematic illustration of a logical AND gate 630 that uses two light activated optical
switches 632 and 634 to handle the digital light signal data. A first logical input signal of 1500nm light
is provided to the logical AND gate 630 along an optical channel 636 and a second logical 25 input
signal of 15004 F§HY125ptbvided to the logical AND gate 630 along an opBEAMEAXKNEI543. 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 1500am light to optical
switch 634. A first and second wavelength reducer 642 and 646 double the frequency 30 of the
1500tun fight 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. Qptical switches have been
designed to aciNBELith an activation IgNERBWRer of 150 milliwattsXRAOHAFBTthe digital light signal
outpdt by wavdlength reducers 642 and 646 along an optical chappel 647 is provided 10 a light
absorber 648 Agth-reduecers-642-and-646 joins with

<stanal-autputfrom-wavala
G- Ootput ot waverg

Tha-anthar half aftha haht
IHTCOTTCT A O triegrit

the optical si

work. Optical
750nin signal
1500nm sign

nal 5 input on optical cha

nnel 640, which is needed t%d make the logical ANT)

gate 630

stvitch 632 will allow the 1

800rtm signal on optical g

§frong enough to close it

[ Mputto arr opticalcha

l comes-in to the gate on

Kannel 640 to pass throug

optical channels 636 and|ﬁ‘28 An aptical channel 6

h it until a
ena
b2 provides

the output signal from switch 632 to a WavelengWFeHucer 654. Wavelength reducer 654 doubles
the frequency of the 1500nTatsighsl otitpltddie dptitalisyiimeB? alengnptiesl ishapneiRba.

Optical channg], 42051{91)(&9% im signal into the logical AND gate 630 and joins it with the
output of wavelel%gth reducerdg%g}?qg%ti%gl‘ %ﬁtéﬁ'&‘éf %Slﬁgleﬁlgl\l/v%né %%%5??81 s?gﬁa r%grsncgrf)tical channel

642 to exitthe SHAtdR 9& s BB ESIEM B iRpet Qyuries Pndpiek i swiinfesE vin hothdleAgth reducer
654. Wihgiit Hag1e ispardye signahepiasingsan 868 Aoptipalghannels 636 and 638, the 750nin
signal input into optical switch 632 is not sufficient to make switch 632 close and stop the flow of
1500nm light from optical channel 640. When a signal is provided on both optical channels 636 and
638, the signaM&8lifcient to turn off thdBIIBEOrtm signal from (opRcAUGRARNel 640. As long
as the signal [fgom optical channel 640 [gyoutput frormswitch 632 thgre witt-be no-signat-provided from
optical switch-634- Only when g 1500nm signal.is provided on both. optical channels 636 and
638 does the| dource light from optical ¢Hannel 640 get turned off By optical switch 632 25 and only

then is the inpuit provided by optical chaonel 642 output from swifgh 634, thus providing a Togical AND
gate, with anqutput-of-1560aratight-orty-when-a-1566mn-sigral :1 provided-en-beth-eptical channels
636 and 633 This logical AND gate operates as in Table I.
TABLE 2 ,
Table 2 is a truth table for the logical OR gate. When an input signal is
10 found on either the A input and B input or both an output pulse results from the OR gate.
INPUT A INPUT B NOR OUTPUT
0 0 1
0 1 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

15 NOR gate. ANOR gate is often explained as an OR.gate with a NOT gate on its output.
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It is appreciated that the change to half of the wavelength is provided merely as example. Other wave
lengths and means could be used. Thus, the present invention provides a logical AND gate
wherein the wavelength of the two input signals are immediately shortened and divided to provide light
for the activation of optical switches. Also provided is a logical AND gate wherein light with the
wavelength sh¥i@eHe%1a¢t¥thtes a switch once a data signal enter both inp&G&T/E 3P4 that sends
a data wavelength signal that is supplied to a second optical switch. The wavelength of the output
signal is increased to be an actuating signal for second optical switch assuring that a data signal only
leaves the logical AND gate when two inputs come into the two data ports of the gate there by

satisfying the requirementsgf.agJRgiGab1 ORef rgmﬁiﬁmmgﬁ tqtfi . which is a
schematic illustration of Iogicael O%ga_te 7(’)%. f%%% %gz%%nput sé%Inal of 1506)unt J R%%ebrovided to

the logical OR Y& ftseediohtj Al SpHisg EnaamignrbB s ehsead 1 fodie Sisapls SRIRMEIR1500nm tight
is provided to tienagigailAdNehgade 700 along an optical channel 704. An optical channel 706 provides

a source of 750nrn light that feeds an optical switch 708. Optical 15switch 708 wi|l remain closed and
ahBeds:n.aplise & ilbreme

no output 1500tim signal wilt t%e%%vfgecﬁ) un ecslgcmg’?t Gim asr}alﬁtgﬁrglrw o?)‘?[i(‘:'lgf:channr% %86 is

canceled.®  logisafirANeh@rsadegigalv@le kairyfarreatsionl; digism diEnglsd oUblereprutreaupstiesy of the
1500nin signalsrpiiayjdad alengortica) 6basaels Fakand 104 RothesdecamestrOmmngignals. An

optical amplifier | rated intg the device hoosjs the power lost in 20 the change of the frequency up
againto a use?llﬂﬁg/% .congs' H‘ﬁpﬁ?&% é'ﬁegr?wé‘f aac%%l?ggt?ﬁga?%n%asﬁéﬂaﬁlﬁﬁﬁ]ﬁrt f)eﬁ?%avelength
reducer 710 tocanpvdere fuattineronlbe Thavpifasleanatichdigitalosigaile o dighitasignefsthel i&®nm signal

from along optigal.ghasarb cheiPdpadn SoMiitRithgsource signal of 750run light along optical
channel ?}%6 An optical channel 718 provides the output from w%veLngéh reducer 7 to a phase

matcher 720. The phase mateREFFaaHas ieludes e i Br g MY 98l SFnE 4reHEf8I 718 to be in
phase with thefibeuoptcsigmatabesG@nire hgtob@tbbg lgghti eal cloaactedtZ@6y an electrid@iptigadl clrannels 722

and 724 Prov‘%%&?é?o?fcm‘ﬁiﬁgﬂéﬁ%&% RNB3%ROMRAIGRRIS HLRAM {40 SRRRAIUR [0S lIoNt

absorbers 726 and 728. Phase shifters 730 are half wave length paths that put the signals from optical

channels 702 §ubPoRH8 G Gruetofir srpiresdusion Tive RomRtiBRg Qeceiarrlnnéia Fightthat they
have been specificadly qpiiasieswiale hadlselifed Wiess trey i Wit 72053 dighiiialoingoapdieadddiannel 706

they will ?gnc%ﬂ?étlgef ge?elfltr. Although one example of a light activated optical switch is identified,
the logic gates can be formed using other type of light actuated optical switches.

In an embodiment of the present invention, the light that carries the digital

information for the logic is a 1500 nm wavelength signal as in commonly used in present

fiber optic channels. This signal can be changed into a 750 nm signal by using a

20  Periodically Poled Lithium Niobate (PPLN) crystal that will double the frequency of the

input signal. This frequency doubling makes the wavelength of the signal half of the

original wavelength. The change to half of the wavelength is merely an example, as is

PPLN. Other wave lengths and means could be used.

With a different configuration PPLN crystals can also produce 1500 nm

25  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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An optical channel 732 caries the 750mn source light from phase matcher 5 720, and joins it with the
signals from phase shifters 730 and an optical channel 740, which is a source of 1500mn light that will
flow out of switch 708 until a signal of sufficient power comes from optical channel 706 to shut it off.
The signal is output from switch 708 along an optical channel 742, thus providing a logical OR gate, As
long as the soufc%8PE6E8R light from optical channel 706 is fed into 10 sRFERLZHE/AYLYnal front
source of 1500nrr, light from optical channel 740 will be allowed to come out of the logical OR gate,
but if a signal comes into either optical channe/ 702 or 704 then the light from optical channel 706 will
be canceled to half power and a 1500nm signal will be allowed to come out of the logical OR gate. In

addiion, i a signa i providegimudaa ARy iESkCHAVGISAO2 A TAAHSNGY il be o syficient

power together totaIIX ancel the qyre f 750rtin light from optical channel 706, resulting in an

output signal b&INgG provi eedeb?{ﬁ% %glc%ﬁéﬁlﬁﬁe“‘%@."f be expigiiedast Baligiibatdspidthed how the

logical OR gatelegsenaddfelesa vitfilkcanectethaipewmeniiiof lightlogical OR gate truth table seen in

Table 2. When a signal 20iaideds Mana aRSIEAHENAANG (A%l L04RL8IN fign @ Apffonm signa
escl

comes out§)f thetlo&;(éag OR gate 700. S_y providing a Logical NOT gate, a ribed in Fig.
20, on the dutpiit of & 16gict gb%t&a?é?ta‘&c% EirPBign patiga c\ie9ik ugk 3 maemsicathich will

function as thefthathbrétge ishol ) oniT alpheBthabRedfeded b ikcropicaaIded0. ig.opdcavbichids an

alternative logigat QRipalg LS 32 ARl 894808 apficalechannels or fibers that provide the
optical digital jé;nal A and crgmingrl’nto the gggatg. 'Thgs%ng?gli%%ﬁartrﬁ%ﬁes%% sg Yn%g 806 and

807 are sourceS8 50Ot #AHWPror Prveiprethgrdyreneadgrubtlethg rauency of theyesssiérgth reducers
808 and 810 asigréquennyidsilblersdhatraisehopsidRtigRpwer af theiliolibileyelsithat,can activate
a light actiyateg apticalsyyickhigites, g frequency, is doubled, Line 812 is a netwaork of optical channels
or fibers that cg?ry thegllr{%/O 26981_126%0%%%&?@?%6 g Siet ot %0 R e e

frequency conversion is accomplished. Optical channel 601 joins with the output of

wavelength reducer 605 and enters optical switch 607. Optical switch 607 is a light
activated optical switch as described above. Optical switch 607 will allow the 1500nm
signal to be output until a 750nm signal comes from the wavelength reducer 605. When
15 a 750nm signal comes from wavelength reducer 605, no signal is output from optical
switch 607. Optical channel 609 provides the output signal from the logical NOT gate
600. An output signal is only provided when no signal is input on optical channel 603,
thus providing a logical NOT gate.
Reference is now made to Fig. 21, which is a schematic of a logical AND
20  gate 610. An optical channel 611, such as an optical fiber, supplies a higher frequency
wave length 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 of the
light in optical channel 611 is matched to the light entering a first logical input provided
to the logical AND gate 610 along an optical channel 614, by phase matcher 616. Optical
25 channel 614 divides, 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
30 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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als A and B from wavelength reducers 808 and 810 and combine with the signal line 806 and carry all
this into power limiter 814. Power limiter 814 allows power levels to pass on that are below a
certain maximum. Lines numbered 818 are optical channels or fibers that carry signals from 5 power
limiter 814 to switch 816 to wavelength reducer 820. Switch 816 is a tight activated optical switch.
Wavelength rethEE082WW8ubles the frequency of the signal coming out of SWEH&1¥§0494 Switch
830 is a light activated optical switch. Line 807 is an optical channel or fiber that brings a 1500nm
signal to combine with the output of wavelength 10 reducer 820 and nary it on to switch 830. As long
as there is a signal from wavelength reducer 820 no signal will come out of Switch 830.

1500tim signal enterssitoprovide iBhlas(ibend spgnabiitih 62nVetiediR- falrrHohbin fegyes] 808 and

passes throughps W%E iter 814. unchanged and turns off the 1500nnt signal from Line 806 in switch
816. So, no signa?g%es%}rsi i l%éj\r%cﬁ%fﬁrét g"%’i@%ﬁ?’ﬁﬁhﬁ%he 807 and the OR gate sends out a signal.

When a signal comes from 484 diensl 62grjalhpaibitia ttheuiter egtic ehBhel{ dophliigsthe

frequency), powmptintesiRarsiatamnbehBtEuRnR0 Signak M BA%.8SR0) %&Mfﬁﬂcﬁwtch 830.
This aIIow§ a stigr&?l é%ﬁ%o?gom Lér]§ 807 out of the gate through switch 830. [0051]It signals come front

both Lines 802 an SFFERE QSifBl Bt FRHFR sl E2Ps 8 ash dgibes GRhitethpy limiter 814
to be appropri@uHératthetingieff ANDsgtead foimpine @aGimgwiittBdinilis28jbad pre i signal from
Line 807 to exiAtis fﬁ}gjg@il,a@@ gaiswyhep.gsignal comes in to A or B or both then a 1500nm signal
comes out of the logical OR gate. This then functions as truth table in ‘fable 2 proscribes, which

describes the function of a ToBfesE, WG 4R?. vopronided gartkasrovnimtiooromrtisakabavaly 64 wherein the

at least one optidi¥wiithbinoluakly finstodplase bpndapiisalssmiieh ptRAWIGT &I the Signal light has a

wavelength orgaigké0RR iaLehinh,ARRLIOR RO NG 190K ale Blca NELaNg)ip: Sghgecond logic
0 de

inputs receiving signal light inputs, a first We}v‘é ength modifrer ope atve avelength of
the light along e ¥iLbRSisripRd o netas sisval avil the aranised wian dightgh ordysisponchwavelength
modifier operatfventardoseasadiseovavielepgtiiabthadiaht iheascanetlightinpuipthe
wavelength ofifhe. @% jon light: first and second light conduits supplying wavelength modified light
from the first and sleconggq\}gén e e?ﬂhg?hﬁqrer’foodc: |earr§?eés é%v%rﬁﬁ% er receiving light from the first wavelength
modifier and second wavelEtigithmpuifeat inzettioraspeadtve firgicandSBegate vWghienodibiiis and being

operative 3o méainidingheéRmipUmhb R TR Al RigrieietMinGH RRNETIRYEKA ird ightsonduit
supplying power Ii)rpivtv?lgc#qgt fron?le]éhe 1’1OFW r limiter to the first gptical switch; a thlra Waveslength

modifier receiving signat light 1o Pt 20idln BRI My iohRs Stiveitshastiasise the
wavelength ofigielighdditivnellvay édeivgtidileeta itipatitdedghizrand adaciiatightgensgaitsupplying
light from the ghissd wianslenamaadifierotoWhceRagand atioal ICh:dARefereNCs is.hw made to Fig.
25, which is aogfyhglraggstl%oolfeta al%gtlacasligcgﬁ out of the gate when a d i i i i
gate when a data signal is received into both
20  inputs thereby satisfying the requirements of a logical AND gate.
Reference is now made to Fig. 22, which is a schematic illustration of a
logical AND gate 630 that uses two light activated optical switches 632 and 634 to
handle the digital light signal data. A first logical input signal of 1500nm light is
provided to the logical AND gate 630 along an optical channel 636 and a second logical
25  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
30  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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gate 900. Optical channel 902 provides a first input to the logical gate 900. Optical channel is a fiber
optic charnel that carries the light signal into the logic gate where it is divided in half, Half of the light is
taken to a frequency increasing device numbered 905. From frequency increasing device 905 the light
proceeds through a half wave path 15 numbered 906 that makes the light from 905 out of phase with
the light it will W&V quency increasing device 908. The tight from tRETHHEIZWEWII4th 906 then
combines with the light of the logic gate to inter optical switch 910. The other half of the light from line
902, which is logical input A joins with the other light of the logic gale to enter optical switch 910. Line
904 is input B to the logic gate. Line 904 is a fiber optic 20 channel that carries the light signal into the

logic gate whepe. it is divi [ lf. Half of ight is taken. i increasi vice
numbered 9086‘?%%% i%‘%ﬁ?gﬁnnﬁg% Eeetnhgge% %%%gﬁ%:%‘gﬁcg%hu%?bgﬁeggﬂgg(@% com b(fneg(%vith the
other-light in tHBIBYRIG 883K Rs theelishakishhwiesal sutpwdiewarelsreha sirrsr 42 end@fight front line
9h04| joins :Nith tisngtheopighil eﬁatla@elagliv: Heisad iﬂi@l%ﬂ%&&%&bﬂ@1ghéi8@e9l§ll?>oﬂ‘lﬁre?50mpu'f of
the logical OR ice. ogic gate providing OR fitneti ity and wherein. the at least one
optical switch Er?%?fucsllggaé g?ﬁ%ﬁte%%rﬁcvg\ Se\;\?l gh arlen((11 W se%gnaf@e%@%%ﬁg‘wtﬂh% g%ﬁ%ef&?@ih greater

than that of thdPRBtiQRRRHIR Isharmel| 6dfic yhirh dgsddeduding i sealogistlcdND | egfic AP srkeceiving

signal light, a foptilghweendst wroeivinaR fissRer ikh80R biR-s nahiokio espie e first logic
input, a secong lj rellt;; duit, reclei}/in a secpond ﬁortion, of the signal Iitghi/r%%elved at the first logic
input, a third lIGhT conAuN raBaiviF A 80rfoH BF tHd s At Feleay epmsherlechid 1ogic input,
a fourth light coiiopcrecgiong Ee@uonigpd woreoirthe iyt ightptcd ivethett6 GeodBd80gio input, a

first wavelengthrmpeifis' SRsatiyS1dderILase HifpMelaNHPIINRHIEY-IENT fRGsagend light
conduit t? éhe ﬁg{ixvelen%tﬂ f the activation Il%r;ft% a second wavelength modifier operative to decrease
ngt | '

the wave 15 Y%V(fheé‘%ﬂ’er%\fﬁ?ﬁq o ahe Mo R PO Eh Sl 94ERY light and a
phase shifter dperittabswichise slavedptigthchaadifiésblight from the first wavelength modifier to be out

of phase by 180 degrees Wil ieppech o dhe ég Mideot b ag st RKCIR R dORT, e optical

switch receiving tight from the first and third fight conduits, the second waveléngth mo fier and the

phase 10shiftér0 and joing i ith theowinyhel wexelensthienduces 9h¢ Paticehmndteh Hbrelbablenivs is made

by putting the fieg icHiohG Figallefeintigptitl ehathrl csupus ekihtdogiecrhQRI1gMaohbigyral2¢ or 25.
Although, onig gﬁﬂrﬁ? lggic.gates, which utilize light activated optical switches, are described,
other embodiments o ﬁ%@gcé%ewﬁgé%ﬁﬁ mg%iﬁgéﬁclzrggglfgﬁérgg% be produced using light activated
optical switches. It Wiesetigspriecinited signsk pssmiingiaiensrotherticatishethelppdsendinvention is

not limited by gepinka tiesRipriticplanysbpnsaiansdesssiRecbhargitiade ey ;RabRl gz ivention
modifcations TAuReTHHE ol ol L el hE JBIHEY FHEELY Upold AR Bregomg
description aritayisiesh ey detbtdptited grionadst6 35 80 GSBAINSignal is sufficient to turn off the
20 1500nm signal from optical channel 640.
As long as the signal from optical channel 640 is output from switch 632
there will be no signal provided from optical switch 634.
Only when a 1500nm signal is provided on both optical channels 636 and
638 does the source light from optical channel 640 get tumed off by optical switch 632
25  and only then is the input provided by optical channel 642 output from switch 634, 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

30 example. Other wave lengths and means could be used.
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An optical switch comprising: a light passageway having a changeable cross-sectional area;

an activation light responsive piezoelectric element associated with said light passageway, said
activation light responsive piezoelectric element being operative to change its shape in response to
activation light impinging thereon, said piezoelectric element comprising more than two layers of
piezoelectric MARHAPAEIRYG:  different piezoelectric characteristics, sat(diffeti§8%2belectric
characteristics comprising at least one of different degrees of expansion or shrinkage in response to
an electrical field; different responses to the same electrical field; different polarities; different strains;
different hystereses; different capacitances; different impedances;different resistivifies; and different

thermal or electromagneticiigiones pafitht inventioR FRAMIEIYqBRAMSNBPBIAlVRa5spgiated with

said piezoelectric elemﬁntf r enhancing activation light responsiveness thereo%said activation light

responsive pieJSETSAFIR leATIDHIRY Seualsiatedmmediatly grrmedsayedredeh e manvife perative
such that chanidgh fortthe stibyptionf aiptivkd zodidet.id ble previtiehisse lopianigesin gaidrvtlangeable

cross-sectionaieaial se HaiheasasmELSHIRNRAREL 1R RRaaPaR b AlRno said light

passage way. 2, An o%tical switch according to claim 1 and wherein said light passageway, said
piezoelectric efbiie s reeLsaeds sridtrooxchrsterienaldhas inmprli Hiac stsonstiorsieelarviteht
impingement cFtectivationctighf withintaufirsnan geinf-shiasho sk levelsorisaiddpie Zoeleekie element
causes said light:passaagway I t passage of light of a first ran avelengths therethrough
and impingemg.e%]'éL of activa\{[\%nu%%gtt%v%ﬁ%r%%sgggaﬁdp Pg(sr?gi%ea %?tﬁﬁ%i?%f&ﬂ%‘\%%ﬁf’n& %%'té‘l%% of said first

range of thresHBIHISOEE I¥sp Waitrpidsaaiedent bregtather ksesptisfingthe pessiseesnts ofaallow
passage of lighigid=a AiBD garge of wavelengths therethrough. 3. An optical switch according to claim 1

or claim 2 and wherein sai nductive element compyises a layer of conductive materigl extending
i e R R0 A B amP i BGEATENE IS B8 wherein

along a surface of said piezgérggfﬁclsePemen . 2}2\
said more tharrgifgl|egato T edditssdagicrhiterialdral ef difdreniighypdsairovidedatidimslogicain optical

switch accordipg igelaim dasdyvhaieln it Gondutive RISMENsical input signal of 1500nm
light is provided to the logical AND gate 700 along an optical channel 704, An optical
channel 706 provides a source of 750nm light that feeds an optical switch 708. Optical

15  switch 708 will remain closed and no output 1500nm signal will be provided unless the
750nm signal from optical channel 706 is canceled.

A first and second wavelength reducer 710 and 712 double the frequency
of the 1500nm signals provided along optical channels 702 and 704 so they become
750nm signals. An optical amplifier integrated into the device boosts the power lost in

20  the change of the frequency up again to a useful level.

Optical channel 714 carries the 750nm signal output from wavelength
reducer 710 to a phase matcher 716. The phase matcher 716 makes the phase of the
750nm signal from along optical channel 714 to be in phase with the source signal of
750nm light along optical channel 706.

25 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

30  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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is disposed between two layers of the piezoelectric element. 6. An optical switch according to any of
the preceeding claims and also comprising a light coupler operative to direct said activation light and
signal light into said light pathway, at least one characteristic of said activation light governing whether
said signal light passes through said passageway. 7. An optical switch comprising: a light passageway
having a chan§¥aB1e8d6¢8& sectional area; and an activation lighPf&<Bafeki8Mdzoelectric
element associated with said light passageway, said activation light responsive piezoelectric element
being operative to change its shape in response to activation light impinging thereon, said activation
light responsive piezoelectric element including more than two layers of piezoelectric material having:

different piezo ' ISticsa,said differ i egtric of; ristics. comprising at least
one of differen(ta eéggegg?)??e%g%%ﬁs@r? o%ghﬁrgrkgﬁ Eﬁ%ﬁ?}fw%@)r@éﬁf g?lfeéﬁ%t%?cqaﬁgﬁe%? %ih%%lgnt

a - .
responses to tfie® Yo RbaEs B RRae ?ﬂ?ﬁemg%ﬁﬁ?ﬁéﬁm%fﬁh%ﬁ'&%?mﬁééﬁqﬁ%@%ses;
different capaatiaynedid caifelreaif snipeatances; different resistivities; and different thermal or

electromaghetic histories; ofd,5ald piesaslecc alementheing gssodialeguith sgid oh
passageway and being opérative such that changes im the shape of said plezoeiectric element cause
changes iR saifPehaiiridtcrodstie sigoplsl Beaarbpsasbifight Hilssad enaptisatfidiennclo’d8yvern the
pa_sdsﬁgﬁ of lighitadang ﬁéngéﬁpﬁﬁﬁﬁﬂel bt ﬁaﬁﬂimﬂiﬁﬁ&Mg&ﬁﬁﬁ@l@‘“gﬁﬂ%?@ip@%?aﬁaﬁ wherein
said light passageway and said piezoelectric element are configured and.operative such that
impingem?ant osfgﬁzcﬂ\e/]ﬁt on'| ﬁfyﬁ?r\?\%fht?ﬁné e ?5%“&8‘8? %ﬁgeté}fgﬁ‘g %\9@2@5 %5\%%?&‘58% A element
causes said lighiishI98 gbwayronsiealerrnpakssidy thos tigividifaAiatical 9B gitevavelengths therethrough
and impingement of activamndﬁu;%ﬁue@céw@rﬁﬂnggﬁtqfamﬁheiﬂé@m@, 198 QuiSiAS of said first
i
;

range of f@reshold Iev&s, on sai @éezoelectric element causes said light passageway to allow the
passage of light' 8% 12 HRR FHoR SPERsHRL drlsihrBebhiremasptichl sheomml a8l difig to claim 7
or claim 8 andalihweséito saiabieadt thwddgiger OB piez deleiftricsipate varh e o idke niptigdtal

ortentations. 13,ALPRICE! AMIERLARE AIANGIR Bt ATIREP 0 ANSVARLEILL ab Iedebdug of said at

least two layers of the piezoelectric element have mutue;llé/ perpendicular crystal orientations. 11. An
optical switch Q&%Hf?{g‘%sﬁ?ﬁ‘%ﬁ@eﬁ}%%%ﬂﬁﬁgt HhalssiediBradisy a light coupler operative to
direct said activation light anddiiea) liDhtigial saistdighépativuay oplidelacimne chazacieristc of said

comrisivg a1 e L S T SR B Ctomaty
comprising at feHet ghargpticet srmting daaroytpyt gmel hsiasmprevdedhe BetleaicslvitBnzatsmprising:
700.
The last paragraph explained how the logical OR gate disclosed herein
fulfills the requirements of the logical OR gate truth table seen in Table 2. When a signal
20  is provided along optical channel 702 or 704 or both then a 1500nm signal comes out of
the logical OR gate 700.
By providing a Logical NOT gate, as 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.
25 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 810 are frequency doublers that also boost
30 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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a signal light passageway having a changeable cross-sectional area; and an activation light
responsive piezoelectric element associated with said light passageway, said activation light
responsive piezoelectric element being operative to change its shape in response to activation light
impinging thereon, said piezoelectric element comprising more than two layers or piezoelectric
material havindVO 2008/12608%fferent piezoelectric characteristics, said differetft Ple2e818e4 R4
characteristics comprising at least one of different degrees of expansion or shrinkage in response to
an electrical field; different responses to the same electrical field; different polarities; different strains;
different hystereses; different capacitances; different impedances; different resistivities; and
difterent thermabahiele P AARENG BishaliERicer BELATHANRR IR IRRRRINS BIRT ARIROUTC
element being associated with said light passageway and being operative such thdt changes in the
shape of said Pz d¥éetcarierdhis oo wrdiges fH4aid changeable cross-sectional area of said
light sufficient to govern thepasshge83iy ardvig bbalpne spith gkl pagsagenmlow 3 Adegic gate
according to clairp: ng also comprisigg.light canduits supplying. said activation light to said at least
one optical swi%[f?l ér%&q W%&gscg?ﬁl/msgirgﬁag ?g%’f w ?gqccéﬁ?é’é? gé}%{%ﬂ’ ?ﬁ?o%%a%ﬁt%ggr% fom said at least

one light switcROW, Engic&J4tdoasvselind Goxiwmvelsaihdaimsref? Gaftndih Silgist adightwavelength
which is greatextiaedptiodissigdactivaiernightedRoer 0016 BBIes aa6 GFeienty @Rt 13.aRd Wherein
said signal Iighct pnalls %Wagg‘lﬁ%%tg]l\ghich is approximately twice that of said activation light. 16. A logic
gate according 10 cdaim 23R Wherein said signal light has a wavelength of 1500 nm. and said
activation light has a wavewitth 88 ipXightashivasoroptice? siitdgic biae $cdrdimgptiahy of claims

13-16, providingahifaiTfumsdionalityiandaviBessin Saidiab leaabRRsARtiGal R £QMRIAER 2 Single

optical switch and wherein said signal light has a wavelength of approximately twice that of said
agtivatio\rlmgh trerglucer §2r(? ang carry ﬂ on togswitch 830. As longgas there%’ a signal frglm wavelength

reducer 820 no signal will come out of Switch 830.

Wﬁen a 1500nm signal enters from Line 802 (the A signal) it is converted
to 750nm light in reducer 808 and passes through power limiter 814 unchanged and turns
off the 1500nm signal from Line 806 in switch 816. So, no signal goes on to turn off the

15  signal from Line 807 and the OR gate sends out a signal. When a signal comes from
Line 804 (the B signal) passing through reducer 810 (doubling the frequency), power
limiter 814 to switch 816, and no signal from 806 goes on to turn off switch 830. This
allows a signal to go from Line 807 out of the gate through switch 830.

[0051] If signals come from both Lines 802 and 804, then the double output of the

20  reducers 808 and 810 is limited by limiter 814 to be appropriate for shutting off the signal
from line 806 in switch 816. This will allow the signal from Line 807 to exit the logical
OR gate. When a signal comes in to A or B or both then a 1500nm signal 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.

25 A logic 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

30  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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18. A logic gate according to any of claims 13-16, providing AND functionality functionality and wherein
said at least one optical switch comprises a single optical switch and wherein said signal light has a
wavelength greater than that of said activation light, said logic gate also comprising: first and second
logic inputs receiving signal light; a first light conduit receiving a first portion of the signal light
received at saidVf 398 Rput; a second light conduit receiving a secBRd/Bafi8i%#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 o e abkaiongsad secendhioht sl Inbpnaralenal lsaasiyelgniont -

second wavelength modifier operative to decrease the wavélengt said fourth light

conduit to the WA el dvaxeioasbrngiters: a pop bRkeereneivdne lishicfam eofimatch the
phrase of said lightlaterigseitfiscaahsttight eandesipio ifdifsaidiaatvaipalightirst and ge6epMd phase
matcher which gaatches th of said light along said fourth light conduyit to said activation light;
and a hasqeg shifter op%%%? oggéa%{s;gés{v%t{/%%tri%%hﬁr%éﬁg{ep ta%%e er?ﬁoél}sé{ r&ﬁﬁ%g%rﬁ%lﬁf’ long said
second and folltP SRt domdustslighbeonduit sumiving spysprkiaitsy lige Gegrdespovhrt biitry taid first and
third light condthiesfinetinpriseipviash .26 taigi Ghakligiztd R R SR QRIUCALSY IR Fath the WAYElength
reduced and p tched light along said second and fourth light conduits being supplied together
with additional%\Bc‘::?15;;‘5}2'{1rt1lsgvr11(i |gha (a?sbg.lc a |‘=6rﬁ'!ﬁ’geh$ 0 S4lit Sgp’iil%(?a ﬂ%ﬁﬂg 99&[ g}tg téoag&)rding to any
of claims 13-16"3RRnathgNAnBivatisiohgityaad d ihetle gkt iviitsit optipblisgvlight domptises a first
optical switch amieuavaegendinnbgal-s\wiah pshwhsisinssaichsignal light has a wavelength greater than
that of saig activation light, said logi¢ gate also comprising: first and second logic inputs receiving
signal Iighﬁ)inputs; a firg%%e\?&eﬁ%m% fid? g@e%ﬁi%@@d‘é&éﬁ%@“ﬁ?@ﬁﬁ@éﬁﬁm signal light
at said first inpgateodHe Vidpsisid reytinred S8R motidetiontlightpput to the logical gate 900. Optical

channel is a fiber optic channel that carries the light signal into the logic gate where it is

divided in half. Half of the light is taken to a frequency increasing device numbered 905.
From frequency increasing device 905 the light proceeds through a half wave path
15 numbered 906 that makes the light from 905 out of phase with the light it will meet from
frequency increasing device 908. The light from the half wave path 906 then combines
with the light of the logic gate to inter optical switch 910. The other half of the light from
line 902, which is logical input A joins with the other light of the logic gate to enter
optical switch 910. Line 904 is input B to the logic gate. Line 904 is a fiber optic
20  channel that carries the light signal into the logic gate where it is divided in half, Half of
the light is taken into a frequency increasing device numbered 908. The light from
frequency increasing device numbered 908 then combines with the other light in the logic
gate to inter the optical switch numbered 910. The other half of the light from line 904
Joins with the other light of the logic device to inter optical switch 910. Line 912 is the

25  output of the logical OR device.
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
30  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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a second wavelength modifier operative 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 BiOs2esMgHerom said first wavelength modifier to said first Sl 2003110494 a
third light conduit supplying part of said light from said second wavelength modifier to a second light
absorber; a fourth light conduit supplying part of said light from said second wavelength
modifier to said first optical switch; a fifth light conduit supplying signal light from said first

optical switch tg said third wavelength modifier;.a . a sixth light.conduit su ing light
avelength mos o oo Skl SR st T SR SRR o
activation lightliglt gendgicrepeieing coretiony erion of dhaisienaldigs, peeivieiray GR segraiioleality and
wherein said aidgash @ng FRYGEhSWECUERMIPRRS &6 NR [P icahavdish: sk wberginasald signal light
has a Waveleng}h SS%rea%ekﬁtHan [’téqﬁt of ?ﬁ\id activati%n |th£|'[ said I,ogi éggate also comprising: first and
second logic inBotS FERLNRY S HyHisimpyelength of the aghiption Jighl FiicerBdine &lsaftive to
decrease the wandifengienfiteddidedredemt s aial diesigtighf the light thagvhedtentithigit saidisictivation
light; BIECRAVNAYRIS PO BROAHG I RREIAIY G AR:EGRIRASEIRE WY NGO Alithgight along

said second light input to the wavelength of said activation light; a first phase matcher

operative to mEeHAd ik fonrthetistomprrisramedifighors il ahaehyd b demssstiifodifier to
match the phassmbatiutiohigighiom the seq@«semerérmﬂaﬁmmhm om@atbwiml nra;a_éd;hﬁge phase of
fh 56E N WRYEIa el [}}ﬁf&%ﬁﬁ&%ﬂ% o RRGSE éﬁ@dﬁ?&#%&?{%é@ﬁ&ﬁe @
ight [ ight absorber;

the light from 5@%
first light (1:8ndU| supplying part of said rom said first phase matcher to a first

shifter.
A logical NOR gate that functions as the truth table in Table 3 shows is
made by putting the logical NOT gate of Fig. 20 on the output of the logical OR gate of
Figure 24 or 25. Although some examples of logic gates, which utilize light activated
optical switches, are described, other embodiments of AND, OR, NOR and NOT logic

15  gates can be produced using light activated optical switches.

It will be appreciated by persons skilled in the art that the present
invention is not limited by what has been particularly shown and described hereinabove.
Rather the invention includes both combinations and subcombinations of various features
described hereinabove as well as modifications thereof which would occur to persons

20  skilled in the art upon reading the foregoing description and which are not in the prior art.
25

30
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a second light conduit supplying part of said light from said first 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 a fourth light conduit
supplying part of said light from said second phase matcher to a second phase shifter, thereby to
cause light from said first phase matcher to be out of phase with said supplied activation light; a fifth
light conduit supplying light from said first phase shifter to said optical switch; and a sixth light
conduit supplying light from said second phase shifter to said optical switch, said optical switch
receiving said activation light and S|gnal Ilght frof€dSifth and sixth light conduits. 21.A logic gate
accordllng to any of clalms 13- ]16(3 OR functlonallty and wherein said at least one optical
switch comprises first an w"}; e9%nd wh e|n said signal Ji t% t has a wavelength

greater than that of saldaaigr é&?oir?? ag 8% 86 ?Q%ﬁ Sé:ﬁ?é?ssiﬁ 'FR nd Io ic inputs
receiving signal lights iniRStivation Tigh ot fiesp URGAC ST BB tﬂ?@%’%@ Eesﬁ‘]% {#abelength
of the ligMZFREEEN fﬁé%gﬁ‘r‘t"‘f‘?ﬁ'@f‘td e RRARARS ﬂ?é%?ée%{ﬁ/eﬁ‘ﬁ'ﬁ’ﬁ Pe'”g °peré‘ W dRd
wavelengthaRBeIiffRFRIRG MiVRSROTRS Fe ASEVRHIOW MG/ KRB GRS TR £ PezReiectingrgRhput to
the wave BHYRTIHPS Prechaative lyars of piezogiestrigyialeeghagHE conduits supplying wavelength
modified light fréifiesam fRizesteskicorrdalasiersish malifididerent piezaglRgifi (iPhReFGisEsHARg light
from saiddnSPRgive|ehdgashekfief difgrest sleymes <1k aypanaisdifr Shark@der dR JesaeasH $0 1t
second ligleatdealfikddand being operative to maintain light output therefrom at a predetermined power
level; a third light conduit suifityey perendgaite thigiane aiesdidaddeidr limiter to said first
optical switch; a third waveleifgienh pdi&stiescdiffenensigrah Siptitfeemt sgsidrestesptical switch
and being operative to decrease the difereleingttapbtiterighy to diftereateléngtidahsesd adiffertéon light;
and resistivities; and
different thermal or electromagnetic histories; and
a conductive element operatively associated with said piezoelectric element
for enhancing activation light responsiveness thereof, said activation light responsive
piezoelectric element being associated with said light passageway and being operative such
that changes in the shape of said piezoelectric element cause changes in said changeable
cross-sectional area of said light passageway sufficient to govern the passage of light along
said light passage way.

2. An optical switch according to claim 1 and wherein said light passageway,
said piezoelectric element and said conductive 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.

3. An optical switch according to claim 1 or claim 2 and wherein said
conductive element comprises a layer of conductive material extending along a surface of

said piezoelectric element.

4, An optical switch according to claim 1 and wherein said more than two layers
of piezoelectric material have different crystal orientations.
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a fourth light conduit supplying light from said third wavelength modifier to said second optical switch.
22. A logic gate according to any of claims 13 - 16, providing OR functionality and wherein said at least
one optical switch comprises a single optical switch and wherein said signal light has a wavelength
greater than that of said activation light, said logic gate also comprising: first and second logic inputs
receiving signal light; a first light conduit 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
receivgd at said first logigungptical switch actiirgidighs crivduitzreceimizrgin Satd ponidostivbtbresignal light
received & grisbsegRENBGICHIPIers of the pidavstBdighkrenshit receiving a second portion of the
signal light received at said second logic input; a first wavelength modifier operative to
decregse the wavelengtinaf fagdight piRIRRiGHgREORS Haht somssiibiedbedigvelsmehfeaido
aCt'Vat'on&ﬂm’nsmg a Ilgﬁts&ﬁw WaYRIENITE JIRE{iIShARRIRIMRBIOIGREBRPSITHRIVIHERRI LR the
light along zaiq, QyrHt, light |88§PHH& ﬂa?%?evgwgwsgﬁéaa&.@gﬁaﬁtum!'@*akfe?nmg whethef Sh1ase
shifter opg( %% tﬁ?d'é%% g ﬂ% %%1% |g tfrom said first wavelength modifier to be out of

t

phase by 1 rees Wlt resp ct to sal from said second wavelength modifier, said optical
swnch7rece|vmg light frow salq fll‘rSt anthhlrd Ilr%ht conduits, said second wavelength modifier and said
phase shifter. 23. A logic qa accor | ﬁms 1:?E 22 and w?erelln sald atJeast one optical
switch is constructed in & f% Pé‘%laal(r:nanlgei ° 5 ?_og tnctior g tx/ mclud n :%Ioglc

t ding t f%?aﬁ glalf:o PBP&?{?[&%{ g lement associa
B e s A et o g
piezoelecHi@MEMENSRAPISITGRAGTE ﬁ’?aﬁcl@\‘latlag}eh‘grgf'H?B‘R?@chﬂ%rﬁ%eﬁﬁ% AGihgtion Tight
different [fmﬁlfﬁle'@ﬁ%?%'ﬁsﬁ@é“?ﬂé Wteding peR ded WRHayaBerishiezesiaprisimeiiahst one

of differefta&rees of expansion or shrinkage in response to an electrical field:
different piezoelectric characteristics, said different piezoelectric characteristics

comprising at least one of different degrees of expansion or shrinkage in response to an
electrical field;

different responses to the same electrical field;

different polarities; different strains; different hystereses;

different capacitances; different impedances; different resistivities; and different
thermal or electromagnetic histories; and

said piezoelectric element being associated with said light passageway and being
operative such that changes in the shape of said piezoelectric element cause changes in
said changeable cross-sectional area of said light passageway sufficient to govern the
passage of light along said light passageway.

nnel

8. An optical switch according to claim 7 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 the passage of light of a first range of wavelengths therethrough.

9. An optical switch according to claim 7 or claim 8 and wherein said at least
two layers of piezoelectric material have different crystal orientations.

10. An optical switch according to any of claims 7-9 and wherein at least two of
said at least two layers of the piezoelectric element have mutually perpendicular crystal
orientations.

11. An optical switch according to any of the preceding claims and also

comprising a light coupler operative to direct said activation light and signal light into said
light pathway, at least one characteristic of said activation light governing whether said
signal light passes through said passageway.
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different responses to the same electrical field; different polarities; different strains; different
hystereses; different capacitances; different impedances; different resistivities; and different thermal or
electromagnetic histories; and a conductive layer adjacent to the piezoelectric element;
wherein passage of the signal light through the signal channel is controlled by the application of an
activation light to the piezoelectric element and wherein the conductive layer enhances an electrical

field applied to the piezoglesdric RlRMBRIJASIES RENSSIDHREatdivalivg kdaborlderantigal avtich of
claim 25 vairerRIANBE RN N B HBSH ARt R EDRISIL yBat iRt R f@&u@é@%@ﬁia@tﬂaﬁé%@%ﬁ i ﬁt The
optical switgh Qﬁg@%gé(%tgglggvg&vggﬁ{ﬁg plication of the activation light to the plezoe ectric
element causes the sh aao 0 ml%ggé %W%g% é‘Et ?gﬁégggg@émggﬂ@gh is not able
% %%% 8tfn% %I fsﬁ%@?&‘émt {H'l% nel

comprise |ca sw tch Ko c im 28

wherein tﬁg ew?é/dsalc} ?Ctlvgt'? ? l' ?res nswe ﬁ%oeﬁ bic er%n eld PerFSV\{ItC of claim 25
wherein the A e{ﬁ?arg""y%msfa °a°' a '°P c?r '”]gg%”ﬁ ere‘%i’ff%?'en SRS IR RENSAS. 3

to pass through the S|g

The Optlchgq\ﬁHC?W%%?é? Ré?éfﬁﬁﬁ% BSﬁaﬁ'Sﬁ\fé" 718 gd between two layers of the
piezoelectric element. 3 HGNRIRFING L5 ﬁ[‘%cftﬁﬁ%g caf! @ BRIRSE B mprising :
applying §@GEPT Vﬁ%&%(ﬂ%‘ﬁﬁ?%?%\ﬁﬁﬁh%% R5Re g%ﬁ%%%?éﬂ?i'&s@@rﬂ FRYHE9R Bast one

conductiveePRPEsa MR RIETFR ffédoelectric element, the piezoelectric element comprising more than
two layers of piezoelecfiéeieatdgaPpasasge the Same(ﬁfﬁﬁ@?@'ﬁi@@oelectnc characteristics, the different
piezoelectric characteridfiesan pRigiies; Aifespioneiordiiéemnt hugivresest expansion or shrinkage in
response to an electricifffspnt ditaeianess sifserendithredante s | diteieat iesstiitieseandolarities;
different strainsglifféferdttdryrabes sdestromagnetic histories;

said activation light responsive piezoelectric element being associated with said light

passageway and being operative such that changes in the shape of said piezoelectric
element cause changes in said changeable cross-sectional area of said light sufficient to
govern the passage of signal light along said light passageway.

13. A logic gate according to claim 12 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.

14. A logic gate according to claim 13 and wherein said signal light has a
wavelength which is greater than that of said activation light.

15. A logic gate according to claim 13 and wherein said signal light has a
wavelength which is approximately twice that of said activation light.

16. A logic gate according to claim 14 and wherein said signal light has a
wavelength of 1500 nm. and said activation light has a wavelength of approximately 750nm.

17. A logic gate according to any of claims 13-16, providing NOT functionality
and wherein said at least one optical switch comprises a single optical switch and wherein
said signal light has a wavelength of approximately twice that of said activation light.

18. A logic gate according to any of claims 13-16, providing AND functionality
functionality and wherein said at least one optical switch comprises a single optical switch
and wherein said signal light has a wavelength greater than that of said activation light, said
logic gate also comprising:

first and second logic inputs receiving signal light;
a first light conduit 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;
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different capacitances; different impedances; different resistivities; and different thermal or
electromagnetic histories; and applying an activatioin light to the piezoelectric element to
change the state of the optical switch; wherein the conductive layer enhances and electrical
field applied to the piezoelectric element in the response to the applied activation light. 33. The method
of claim 32 whergithifagigansbiiiverkiyaring aditergdripa suiacagahingnirreseatde Rlrneobnad. The
method ofgg@jmpts; wherein applying the activation light to the piezoelectric element causes the shape

of the piezoelectgigg|em tt%m(%lﬁhdr@%ﬁ&ﬁdgﬁéﬂﬂéﬁhbﬁﬁ@%@ﬁ@ ﬁ%ﬁﬁ?&&&@&% thggoptical
switch. 3%e-EBﬁ Qqq claim 32 wherein applying the activation light comprises applying two light
signals, which araeﬁrgt WaQb%ﬁStW'mo%ﬁ@P BRuaile (e dUeRRRIeSHLC AlcBei ATt tREiERMaRg one of
the light Sé%ﬂ%%cl&?d?[%tt%r{&mmﬂgJ’?U&Ié@ﬁ%ﬁéﬁﬁa@ﬁ%{%‘r‘?ﬂ jght. 36. The method of claim 32
wherein two 'a-‘/ea{% é%? %@m? %'Ber N % Eé?r’é%‘é?’ﬁ% \AIRNIRLRNSt nﬁrﬂe [igghod of

Zlar‘;]rztﬁgdvsv?%r% ?ﬁ%? congL{\{?o GW%VGF}IQE I acl'?va l0n rS 0 the lezoelectric elemrent. 38.

nal light to a SI nal
channel, \j Si be g% el’ﬁ pmeazgre]lehc%rpc eeiem ??Vdﬁﬁ%%t %?% %{é 3??85 t one
conducti éqT}:l gﬂ‘m? eﬁ@ét 5(% gtj’l? rlsmg more than two layers of piezoelectric material
having: a second phasgmaighenibich 8%%5?3&'&?&%8&3%'@/ asbiautiieh
character%’tﬂfg‘% dipgiurtiendiebhent different degrees of expansion or shrlnkage in response to
an electrical fiel® AfS@MESpORSELINS th @iRe vR\elRatReigduced and phase matched light

along said second and fourth light conduits to be manually out of phase by 180 degrees,
light along said first and third light conduits being supplied as a signal light input to said
optical switch; and

wavelength reduced and phase matched light along said second and fourth light
conduits being supplied together with additional activation light as activation light to said
optical switch.

19. A logic gate according to any of claims 13-16, providing NAND functionality
and wherein said first optical switch comprises a first optical switch and a second optical
switch and wherein said signal light has a wavelength greater than that of said activation
light, said logic gate also comprising:

first and second logic inputs receiving signal light inputs;
a first wavelength modifier operative to decrease the wavelength of signal light at
said first input to the wavelength of said activation light;
a second wavelength modifier operative 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;
a fourth light conduit supplying part of said light from said second wavelength
modifier to said first optical switch;
a fifth light conduit supplying signal light from said first optical switch to said
third wavelength modifier; and
a sixth light conduit supplying light wavelength modified light from said third
wavelength modifier to said second optical switch as activation light.

20. A logic gate according to any of claims 13-16, providing OR functionality and
wherein said at least one optical switch comprises a single optical switch and wherein said
signal light has a wavelength greater than that of said activation light, said logic gate also
comprising:
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different polarities; different strains; different hystereses; different capacitances;different impedances;
different resistivities; and different thermal or electromagnetic histories; 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, wherein the conductive layer

enhances an electrical figld,aRRliRA 8 s PigAasREEIGIRempR] iRrerpaRse to the applied activation
light. 39. The method of ?I%M@e‘f@ﬁ%‘iﬁ'ﬂmﬂ?ﬁﬁ@P%ﬂHFél}(}% IRy 86 AdBRHRARRRISSEIVER {RYGIgHP! the
plezoelecglgnglgwﬂ St4I H{\m gqhg &R R%?@d %aw%,ph&q\nel configured to guide a signal

light, a piezoele %‘8% W ”él ‘?ﬂ 68 ? | hanelehe Riszoslesidicaiegant
comprising more 1 than. o axg Ctric m?t V|r(1]g . A i Herent piezoelectric
characterlg}lcs ?hg Iegt characa[ I‘IS{] 85 co ROHSIn Wa ?e ofd feren dltfd rees of
expansio hrlnkage 15 aﬁqg eél@@ He Y?e g (i ?1 ?ngeasgnoegv ?c\)/? n%ame ele 899 cal
field; dlffe}g%ﬁtt b%m?e§a' &té%?\ﬁ IS H]ﬁ Ehth "i’?]é eép ass Sf’éﬁg {ances different

|mpedances different ré<tEGORELNERA m?ﬁé%t%%r ve & Bials %B 8ﬁ%ﬂ ANt saive
layer adj Wé%ﬂ%f@ﬁﬂi%eé@rﬁ@ﬁ?héﬁﬁ phase of s’rﬂ'@aﬁﬁuﬂ an activation light to the
piezoelectric element tc?éHﬁH@é‘Hﬁ@%p%‘%?'Wf&gpﬂé%@lé@ﬁl&%’!‘bﬁﬁ‘?@h?@@ﬁﬁhﬁ?%@ BigiReidht is
prevented® fisThiigasaRfg®RBUgh the signal channel; wherein the conductive layer enhances
an electrical field applie® ﬁ?@ﬁ@qoi%emﬁ@"e%m@bfm respsiisealg dehhpiinedsaidividebrPigse. 41.
The opticanagheiod sesand ddhieksogepnprising means for coupling the signal light and the activation
light into the signal chaarfest #paFdhehdffstical switch of claim 40 wherein the means for applying an
activation light comprisesespadpresershitersource.
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
a fourth light conduit supplying part of said light from said second phase
matcher to a second phase shifter, thereby to cause light from said first phase matcher to be
out of phase with said supplied activation light;
a fifth light conduit supplying light from said first phase shifter to said optical

switch; and

a sixth light conduit supplying light from said second phase shifter to said
optical switch, said optical switch receiving said activation light and signal light from said fifth
and sixth light conduits.

21. A logic gate according to any of claims 13-16, providing OR functionality and
wherein said at least one optical switch comprises first and second optical switches and
wherein said signal light has a wavelength greater than that of said activation light, said logic
gate also comprising:

first and second logic inputs receiving signal lights inputs;

a first wavelength modifier operative to decrease the wavelength of the light
along said first light input to the wavelength of said activation light;

a second wavelength modifier operative to decrease the wavelength of the
light along said second light input to the wavelength of said activation light;

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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43. The optical of claim 40 wherein the conductive layer is adhered between two layers of the
piezoelectric element. 44. A method for operating an optical switch, the method comprising:
applying a signal light to an optical switch that comprises a piezoelectric element, the piezoelectric
element comprising more than two layers of piezoelectric material that have different piezoelectric
characteristics; the different piezoelectric characteristics comprising at least one of different degrees of
expangpn or shrinkageAnsgrpgmeedscaninletdisay figldihiterent respersesing OR samasispyical
field; diffespRoprapémitiar] Qiﬁ_@_é@ﬂbﬁ%ﬁﬁé&iﬁwr@ntéafﬁ%@@éseg:éilHa&,r_ ieaPagiteRcaRl WHsHaRL
impedancegy differenigirsistviias. difesentragtonahan HactEpuagnRlicastenigs: 298 logic gate
applying %g%%mrj jht to the plezqelectrlc eI_eme?nt to change thg state o t_he optical switch 45.
The method of claim 4%??@41%8'9&89948 -éf}lﬁpaglﬁ ion %ﬁgﬁr@e;oelectnc element causes the
§ Rk DS

shape of the piezoelectyic. . . ht .is npt able to pass through the
optical S"‘ﬁtr%{‘r 4% iThe_zrgnﬁ(iﬁ &v ﬁ%‘%ﬁimﬁ%%v%@ﬁéir? the change In tﬁ%e %@%@@ﬁﬁ%cﬁﬁé%%eﬁeg%ﬁ’:g
element causes a gl?alfnge in agi[n%?sion of a signal channel of the o ti?ﬂl svv.itc:hl I47. The method of
clei 44 wherein apply RATHE SCULSH Tghd EORBFSEs SBRIHTS UAD R SEHAR, WRICHSR. of
phase with 33'6{1 'ﬁﬁé’l&,/'?oﬁlﬂlé’_iezoelect_ric element and then remaving, one of the light signals, leaving
the remaining light signﬁltg'édtlﬁ)grﬁﬁﬂ/"gﬁ'grf §igYIngBa Ty ROLIRBPLINA AN a4 ArdRaRYRE BPERE switch
further co?ﬁﬁﬂ%&og'ﬁdi%ﬁbtive layer adjacent to the piezoelectric element that enhances an electrical
field applied to the piezﬁ_éwﬂé‘%él'/é ih'RESHPRE ReRahpptian fEthadinablighleceiedithod of
claim 44 #AEregRe [RMFdPIEN two layers of the piezoelectric

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; and

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.

23. A logic gate according to any of claims 13 — 22 and wherein said at least one
optical switch is constructed in accordance with any of claims 1 — 12.

24, Logic functionality including a logic gate according to any of claims 13— 23.

25. 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 more than two layers of
piezoelectric material having:

different piezoelectric characteristics, the different piezoelectric characteristics
comprising at least one of different degrees of expansion or shrinkage in response to an
electrical field;

different responses to the same electrical field;

different polarities; different strains; different hystereses;

different capacitances; different impedances; different resistivities; and

different thermal or electromagnetic histories; and

a conductive layer adjacent to the piezoelectric element; wherein passage of
the signal light through the signal channel is controlled by the application of an activation
light to the piezoelectric element and wherein the conductive layer enhances an electrical
field applied to the piezoelectric element in response to the activation light.

26. The optical switch of claim 25 wherein the conductive layer is adhered to a
surface of the piezoelectric element.
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element have different crystal orientations. 50. An optical switch comprising: a signal channel

configured to guide a signal fight; and a piezoelectric element adjacent to the signal channel,
the piezoelectric element comprising more than two layers of piezoelectric material that have different
piezoelectric characteristics; the different piezoelectric characteristics comprising at least

one obdifferent degreegiof EXRANSINRATGHMUIASES I JBFRYBSHHEER SISAERIH 6N EIHaIAton
responsef i eysame actiseldisith e IRRL RAIALHSS, Gffare peltRIs TREAN IYSIRIGRRY
o StRAHan e e RO PRSP aBETD B IbIGR W LeRari iR o e o

electromagnetic histori wherein passage of the sig t through the signal channel
is conrglled by the appfisatigptiehlasvatiivaiondightds thedpisz ol ciihelethanhdd leohhisrigptical switch

of claim g.uhséetndhR mewitan tumryssbRrifhtdpinzoelectric element have different crystal
orientations. 52. The optical switch of claim 51 wherein the two layers of the piezoelectric element

have @érpendicular cry$tel apécsatswichS53f Tlano2icattsmeiohtbé aéervéiedtriithelectamp fieimg aa
conductiveoléigarofithacsiainitodhe piezoelectric element, wherein the conductive layer enhances an
electrical field applied to the piezoelectric element in response to the activation light. 54. The optical

switctPef claim 53 whefidif @Rlisahawialedbytaing 2ghwheiad dhsumrie dhife WeziyrienRf digment.
55. The aptize¢legiticrelshatainh®® wiferen enestedrdastaliengyer is adhered between two layers of the

piezoeglectric element. _ , . _ , ,
31. The optical switch of claim 25 wherein the conductive layer is adhered

between two layers of the piezoelectric element.
32. A method for operating an optical switch, the method comprising :

applying a signal light to an optical switch that comprises a piezoelectric
element and at least one conductive layer adjacent to the piezoelectric element, the
piezoelectric element comprising more than two layers of piezoelectric material having:

different piezoelectric characteristics, the different piezoelectric characteristics
comprising at least one of different degrees of expansion or shrinkage in response to an
electrical field;

different responses to the same electrical field;

different polarities; different strains; different hystereses;

different capacitances; different impedances; different resistivities; and

different thermal or electromagnetic histories; and
applying an activatioin light to the piezoelectric element to change the state of
the optical switch;

wherein the conductive layer enhances and electrical field applied to the
piezoelectric element in the response to the applied activation light.

33. The method of claim 32 wherein the conductive layer is adhered to a surface
of the piezoelectric element.

34. The method of claim 33 wherein applying 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 optical switch.

35. The method of claim 32 wherein applying the activation light comprises
applying two light signals, which are out of phase with each other, to the piezoelectric
element and then removing one of the light signals, leaving the remaining light signal as the
activation light.

36. The method of claim 32 wherein two layers of the piezoelectric element have
different crystal orientations.

58



56. The optical switch of claim 50 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. 57. The optical switch of claim 50 wherein the signal channel comprises a
chamber that is filled with a compressible material. 58. The optical switch of claim 57 wherein the
piezoegctric element faias, 2 RRIIIBN AL IIRSSHABRE! R AnMRIRA s AR ANEG ABARIEA Mitch, the
method CRMREYP e piezoele&gglwgrggnﬁlgnal light to a signal channel, the signal channel being
adjacent to'a piezoelectric element that has more than two layers of piezoelectric material that have
differegg.piezoelectric charreteiséesperating atheptfierantapicaretnstiicdcbaragisngtiecpenmgrising at
least one g§rbifegantsladigral ehaxrangiersRhantRkags beirRpReRAsErIaR Plectitattieldidhféenent
responsegi e ganaieeiicatiiskt eifeirimilposEHesediticnt siiainpnidie ihbysivionss
different gapRGHB NSRS UifsrecimRedantesa difgrent resistivities; and different thermal or
electromagnetic histories; and appiyg R @%@%tpﬁhtéﬁaﬁ%teiﬁfégle%i& elprarto
change e SRaRAIAL BRPFGRFRI GBI SHGBA0AbMEH GRALAN s PEeYesied fmiRRINg
through_tgﬂﬁdgg i\b?é%%néeoto-rﬁ?er@% 9;9_{? | !alm 59 wherein the optical svv_ltch comprises a
conductive layeradjacent to the piez | eer%trqcr &l %%ggttia%g gﬁ_%cg%&m%lﬁet?cal field applied to the

piezoelectric element in response to tHa ap lied a '[IV.aél%n [e]ge 1. Apopiica Switch comprising: a
) , ) ifferditf. pplarities; differert straifis; différent hystereses )
signal channel configured to guide ai%r:]a |88 ; : ) ) mezoe?ec g(o gle_mea]tf?déagent to
the signal channel, the (ﬁiezoelectric YerheEnt cc?ﬁ'ﬁﬂ%tﬁ%cﬁ?()re%a?ﬁetwo diferenl Fe%?ers Tt Fave
different 6@?}8@38%@% aracteristics; the different piezoelectric characteristics comprising at
least one of different degrees %ﬁﬁ%‘ﬁﬁ%‘?&ﬁ’%%l‘ﬁjﬁﬁz ANFRICIUROESS M Llectrical field: different

responses to the same electri@BPHEN: #RAERISH A8HEY HIfdIERPERAHS sifmaRhonsRasas e

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.

39. The method of claim 38 wherein the conductive layer is adhered between two
layers of the piezoelectric element.

40. 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 more than two layers of piezoelectric material having:
different piezoelectric characteristics, the different piezoelectric characteristics
comprising at least one of different degrees of expansion or shrinkage in response to an
electrical field;
different responses to the same electrical field;
different polarities; different strains; different hystereses;
different capacitances; different impedances; different resistivities; and
different thermal or electromagnetic histories;
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.

41. The optical switch of claim 40 further comprising means for coupling the
signal light and the activation light into the signal channel.

42. The optical switch of claim 40 wherein the means for applying an activation
light comprises an activation light source.

43. The optical of claim 40 wherein the conductive layer is adhered between two
layers of the piezoelectric element.
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different capacitances: different impedances; different resistivities; and different thermal or
electromagnetic histories; 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. 62. The optical switch of claim 61 wherein the more than two

layersQf the plezoelectrcheleﬁgg{Ma;ge (@H@,@pﬁcmﬁt%&q@tm GQGThﬁég%@ahgmkg;g,%clalm 61
further comprising meansa |ﬁﬂ pA'@ e fheackvALPRaBHiNO & .&aer&&h@nne'

64. The q Em?érﬁwtﬁ% % éﬂ't”c 9@;% 39%8 Anastysianigkiiag
ccivaton] Ahaok "Gy ép %%'C eI SR U TR ERBY %@e%tﬁengf«g%% %a
adjacent 1ezoelectr c e em]er(] Where (e uctlv e ces.an elect rlca leld applied
LTS ﬁi SOk SR ToRe R gpd prT o S tsh
to the p|e ec rlﬁeaemen in feSponse 1o t app iSd & |vat|on e optica Sitch Bt claim
65 wherefithe 8&) dctive #Fleyer is adhered to a major surface I |i1de piezoelectric element.
different responses to the same elecitrical tield,;
difference polarities; different strains; different hystereses;
different capacitances; different impedances; different resistivities;
different thermal or electromagnetic histories; and
applying an activation light to the piezoelectric element to change the state

of the optical switch.

45, The method of claim 44 wherein applying 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 optical switch.

46. The method of claim 45 wherein the change in the shape of the piezoelectric
element causes a change in a dimension of a signal channel of the optical switch.

47. The method of claim 44 wherein applying the activation light comprises
applying two light signals, which are out of phase with each other, to the piezoelectric
element and then removing one of the light signals, leaving the remaining light signal as the
activation light.

48. The method of claim 44 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.

49. The method of claim 44 wherein the more than two layers of the piezoelectric
element have different crystal orientations.

50. An optical switch comprising:
a signal channel configured to guide a signal light; and
a piezoelectric element adjacent to the signal channel, the piezoelectric
element comprising more than two layers of piezoelectric material that have different
piezoelectric characteristics;
the different piezoelectric characteristics comprising at least one of
different degrees of expansion or shrinkage in response to an electrical field;
different responses to the same electrical field;
different polarities; different strains; different hystereses;
different capacitances; different impedances; different
resistivities; and
different thermal or electromagnetic histories;
wherein passage of the signal light through the signal channel is
controlled by the application of an activation light to the piezoelectric element.

51. The optical switch of claim 50 wherein the more than two layers of the
piezoelectric element have different crystal orientations.
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92.

53.

54.

55.

56.

57.

58.

59.

60.

61.

The optical switch of claim 51 wherein the two layers of the piezoelectric
element have perpendicular crystal orientations.

The optical switch of claim 50 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 activation light.

The optical switch of claim 53 wherein the conductive layer is adhered to a
surface of the piezoelectric element.

The optical switch of claim 53 wherein the conductive layer is adhered
between two layers of the piezoelectric element.

The optical switch of claim 50 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.

The optical switch of claim 50 wherein the signal channel comprises a
chamber that is filled with a compressible material.

The optical switch of claim 57 wherein the piezoelectric element forms a
portion of the chamber.

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 more than two layers of piezoelectric material that have
different piezoelectric characteristics;
the different piezoelectric characteristics comprising at least one of different
degrees of expansion or shrinkage in response to an electrical field;
different responses to the same electrical field;
different polarities; different strains; different hystereses;
different capacitances; different impedances; different resistivities; and
different thermal or electromagnetic histories; 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.

The method of claim 59 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.

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 more than two different layers that have different
piezoelectric characteristics;

the different piezoelectric characteristics comprising at least one of different
degrees of expansion or shrinkage in response to an electrical field;
different responses to the same electrical field;
different polarities; different strains; different hystereses;
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62.

63.

64.

65.

66.

different capacitances; different impedances; different resistivities; and
different thermal or electromagnetic histories; 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.

The optical switch of claim 61 wherein the more than two layers of the piezoelectric
element have different crystal orientations.

The optical switch of claim 61 further comprising means for coupling the signal light
and the activation light into the signal channel.

The optical switch of claim 61 wherein the means for applying an activation light
comprises an activation light source.

The optical switch of claim 61 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.

The optical switch of claim 65 wherein the conductive layer is adhered to a major
surface of the piezoelectric element.
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