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OPTICAL S\MITCI{ES AND LOGIC GATES EMPLOYING SAME

REFERENCE TO RELATED APPLICATIONS

Reference is made to the following related applications, the disolosuresbf

which are hereby incorporated by reference.

U.S. Patent Application Serial No. 111734,747, filed April 12,2007 and

10 entitled LIGHT ACTIVATED OPTICAL SWITCH THAT INCLUDES A

PIEZOELECTRIC ELEMENT \VITH LAYERS OF PIEZOELECTRIC MATERIAL

HAVING DIFFERENT PIEZOELECTRTC CHARACTERISTICS;

U.S. Patent Application Serial No. 111734,750, filed April 12,2007 and

entitled LIGHT ACTIVATED OPTICAL SIVITCH TIIAT INCLUDES A

ls PreZOELECTRIC ELEMENT AND A CONDUCTTVE LAYER; and

U.S. Provisional Patent Application Serial No. 60/911,469, filed April 12,

2007 and entitledLOGIC GATES FOR OPTICAL SIGNALS.

U.S. Patent Application Serial No. 111974,483, filed October 75,2007,

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(aX1), (aX4) and (s)(i):

U.S. Patent Application Serial No. lL/734,747, filed April t2,2007 and

entitled LIGHT ACTIVATED OPTICAL SWITCH ,TFIAT INCLUDES A

PIEZOELECTRIC ELEMENT WITH LAYERS OF PIEZOELECTRTC MATERIAL

25 HAVING DIFFERENT PßZOELECTzuC CHARACTERISTICS;

U.S. Patent Application Serial No. ll/734,750, filed April 72, 2007 and

ENtitIEd LIGHT ACTIVATED OPTICAL S\ryITCH THAT INCLUDES A

PIEZOELECTRIC ELEMENT AND A CONDUCTIVE LAYER; and

U.S. Provisional Patent Applioation Serial No. 60/911,469, filed April 12,

30 2007 ard,entitled LOGIC GATES FOROPTICAL SIGNALS.
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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 10 entitled LIGHT ACTIVATED OPTICAL SWITCH THAT INCLUDES A
PIEZOELECTRIC ELEMENT WITH LAYERS OF PIEZOELECTRIC MATERIAL HAVING DIFFERENT
PIEZOELECTRIC CHARACTERISTICS;               U.S. Patent Application Serial No. 11/734,750, filed
April 12, 2007 and entitled LIGHT ACTIVA I 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. Patent 7,283,698. 20Priority of the following applications is hereby claimed under
37 CFR I.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 WITH LAYERS OF PIEZOELECTRIC MA I ERIAL 25 HAVING 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 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.  WO 2008/126080PCTAL2008/000494 FIELD OF THE INVENTION 
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FIELD OF TIIE INVENTION

The present invention relates to light activated switches and logic gates

generally

BACKGROUND OF THE INVENTION

The U.S. Patents of the present inventor, Dr. Gary Neal poovey, U.S.
PatentNos. 7,072,536 and7,283,698, the disclosures of which are hereby incorporated by
teference, together with the publications listed hereinbelow, the disclosures of which are

10 hereby incorporated by reference, are believed to represent the current state ofthe art:

U.S. Patent Nos. 6,594, 41,1; 4,961,618 5,414,7 89 ; 2,936,380; 3,6g0,0g0;

3,965,388; 3,995,3IL; 4,023,887;4,128,300;4,262,992; 4,6g9,793;4,764,gg9; 4,97g,g42;

5,078,464;5,109,156;5,146,078;5,168,382;6,005,791;6,609,g40;7,263,262;3,9g7,310;

4,053,794;6,757,459; 6,804,427;6,320,994;6,4g7,333; 6,17g,033;5,425,1L5;6,075,512;

15 6,697,548; 6,594,41I; 5,703,975 6,320,994; 5,134,946;7,2g3,695; 5,414,7g9; 4,961,6Ig;
2,936,380;3,680,080;3,965,388; 3,995,311;4,023,g97 4,129,300;3,995,3L1;4,023,gg1;

4,128,300;4,262,992;4,689,793;4,764,9g9;4,961,619 4,979,942; 5,07g,464;5,109,156;

5,146,078; 5,168,382; 6,005,791l.6,609,840;7,263,262; 6,15I,42g; 5,999,2g4; 5,315,422;
5,144,375;5,101,456;4,932,739;4,70I,030;4,630,g9g;3,9g7,310and.4,053,794;and

20 u.s. Published Patent Application Nos.: 20051012935t; 200610045407;

2004/ 009120 I and 2004/00377 08.

Alexei Grigoriev, et al., "subnanosecond piezoelectric x-ray switch,',

Applied Physics Letrers 99, 021109, 2006.
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The present invention relates to light activated switches and logic gates generally, 5BACKGROUND
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 the publications listed hereinbelow, the disclosures of which are 10hereby 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; 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; 5,703,975; 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; 5,144,375; 5,101,456;
4,932,739; 4,701,030; 4,630,898; 3,987,310 and 4,053,794; and 20U.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. 25  WO
1008/126080PCTill,2008/000494 SUMMARY OF THE INVENTION            The present invention
seeks to provide improved optical switches, logic gates and logic  functionality. 5There is thus provided
in accordance with a preferred embodiment of the present invention an optical switch including: 
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S{.JMMARY OF TITE INVENTION

The present invention seeks to provide improved optical switches, logic
gates and logic firnctionality.

There is thus provided in accordance with a preferred embodiment of the
present invention an optical switch including:

a light passagevvay having a changeable cross-sectional area;

an actívation light responsive piezoelectric element associated with the
light passagewa¡ the activation light responsive piezoelectric element being operative to
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 aotivation light responsive 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, the piezoelectric element and the
conductive element are configured and operative such that impingement of activation
light within a fïrst 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 passage of light of a first range of wavelengths therethrough.

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

conductive element comprises a layer of a conductive material extending along a surface

of the piezoelectric element.

Preferably, the piezoelectric element comprises at least two layers of
piezoelectrio material havin g different piezoelectric characteristics.

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

least two layers ofpiezoelectric material have different crystal orientations.

t0
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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 conductive element operatively associated with the piezoelectric elementt 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 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, 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 inventio 25conductive 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 piezoelectrie material having different
piezoelectric characteristics.                 In accordance with a preferred embodiment of the present
invention, the at 30least two layers of piezoelectric material have different crystal orientations.  WO
20081126080PCIAL2008/000494 
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Preferabl¡ the conductive element is disposed between two layers of the
piezoelectric element.

In accordance with apreferred embodiment of the present invention, there

is also provided a light coupler operative to direct the activation light and signal light into
the light pathway, at least one charaoteristic of the activation light governing whether the
signal light passes through the passageway.

Additionally in accordance with a preferred embodiment of the present

invention there is provided an optical switch including:

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

an 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,

the activation light responsive piezoelectric element including at least two
layers of piezoelechic material having different piezoelectric characteristics, the
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 ofthe light passageway sufficient to govem the passage

of light along the lightpassageway.

Preferably, the light passageway and the piezoelectric element are

confìgured and operative suoh that impingement of activation light vvithin 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 flrrst range

of threshold levels, on the piezoelectric element causes the light passageway to allow
passage of light of a first range of wavelengths therethrough.

Additionally in accordance with a preferred embodiment of the present

invention there is provided a logic gate including at least one gate having at least one of
NOT, AND, OK NAND and NOR functionality including at least one optical switch
actuated by light, the at least one optical switch including:

a signal light passageway having a changeable cross-sectional area; and
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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 activation light governing whether the signal light passes through the passageway.
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,             the activation tight 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 90  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 thcrethrough 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 25passage 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; 30a signal light passageway having a changeable cross-
ctional area; and  WO 2098/126080PCT/1,20 1 000494 
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an activation light respoirsive 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;

the activation light responsive piezoelectric element being associated with
5 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
sufficient to govern the passage of signal light aiong the light passageway.

Preferably the logic gate arso includes right conduits supprying
the activation light to the at least one optical switch and which carry signal light which

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

In accordance r,vith 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 prôviding NoT fi.rnctionality and wherein the at least

20 one optical switch comprises a single opticat 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 prefened 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;

5

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 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 sufficient to govern the passage 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 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. 15in accordance with a preferred embodiment of the present invention, the
signal light has a wavelength of 1500 rum and the activation light has a wavelength of approximately
750 mm.            There is additionally provided in accordance with a preferred embodiment of the
present imention a logic gate pthviding NOT functionality and wherein the at least 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 25wavelength 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;
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a third light conduit receiving a f,rrst 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
light along the second light conduit to the wavelength ofthe 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
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 lg0
degrees,

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

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

also including:

first and second logic inputs receiving signal light inputs;

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

a second wavelength modifier operative to decrease the wavelength of
signal light at the second input to the wavelength of the activation light;
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a 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 received at e second logic input; 5a first wavelength modifier 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 10second light conduit to that the activation light;            a second phase
matcher which matches the phase of the light 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 15degrees,            light along the first and third
light conduits being supplied as a signal Eight input to the optical switch; and wavelength reduced and
phase matched light along the second          conduits being supplied together with additional activation
light as activation light 20to the optical switch. 
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a third wavelength modifier operative to decrease the wavelength of
signal light from the first optical switch;

a first light conduit supplying part of the light from the first wavelength

modifier to a first light absorber;

a second light conduit supplying part of the light from the first wavelength
modifier to the first optical switch;

a third light conduit supplying part of the light from the second

wavelengh modifier to a second light absorber;

a fourth light conduit supplyin g part of the light from the second

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.

There is additionally provided in accordance with a prefened 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;

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

a first phase matcher operative to match the phase of wavelength modifìed
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 inatch the phase of the actuation light;

a first líght conduit supplying part of the light from the first phase matcher

to a first light absorber;

a second light conduit supplying part ofthe light from the second phase

matcher to a second light absorber;
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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 tight, the logic gate 25also including: first and second logic inputs receiving signal light
i            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 30signal light at c 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 from the first optical switch;             a first light conduit supplying part of the
light from the first wavelength modifier to a first light absorber;             a second tight conduit supplying
part of the light from the first wavelength modifier to the first optical switch;            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 front the second 10wavelength modifier to the first optical
switch;             a fifth light conduit: supplying signal lightoptic 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. 15There is additionally provided in accordance v,rith a
preferred embodiment 
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a first phase shifter;

a second phase shifter;

a third light conduit supplying part of the light from the fïrst phase

matcher to the first phase shifter, thereby to cause light from the first phase matcher to be
5 out of phase with the activation light; and

a fourth light conduit supplying part of the light from the second phase

matcher to a second phase shifter, thereby to cause light from the first phase matcher to
be out ofphase with the supplied activation light,

a frfth light conduit supplying light from rhe first phase shifter to the
10 optical switoh; 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:

fìrst 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 modifler via the respective first and second light conduits and being
operative to maintain light ouþut therefrom at a predetermined power level;

a third light conduit supplying power limited light from the power limiter
30 to the first optical switch;

8

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;             a first wavelength modifier operative to decrease the wavelength of the lightg 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;                 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 phase of the tight from he second wavelength modifier to Match the phase of e
actuation light;               a first light conduit supplying part of the light from the first phase matcher to a
first light absorber; 30a second light conduit supplying part of the light from the second phase er to a
second light absorber;  WO 2008126080PCTAL20081000494 a first phase shifter; a second phase
shifter;               a third light conduit supplying part of the light from the first phase matcher to the first
phase shifter, thereby to cause light from the first phase matcher to be 5out of phase with the
activation light; and             a fourth tight conduit supplying part of the light from the second phase
matcher to a second phase shifter, thereby to cause light from the first phase matcher to be out of
phase with the supplied activation light,                 a fifth light conduit supplying light from the first
phase shifter to the 
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a third wavelength modifier receiving signal light from the first optical
switch and being operative to decrease the wavelength of the light to thé wavelength of
the activation light; and

a fourth light conduit supplying light from the thÍrd wavelength modìfier
to the second optical switch.

There is still further provided in accordance with a preferred embodiment

of thç 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 rcceiving signal light;

a first light conduit receiving a first portion of the signal light received at

the first logic input;

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

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

a fourth líght 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
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 frrst
wavelength modifier to be out of phase by 180 degrees with respect to the light from the
second wavelength modifieç

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
switoh is constructed as described hereinabove and logic flrnctionality employing or more
logic gates as described hereinabove.
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10optical 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, iSThere 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; 20a first wavelength modifier operative to decrease the wavelength of the light alo:ng the
first light input to the wavelength of the activation light;             a second wavelength modifier operative
to decrease the wavelength of the right along the second light input to the wavelength of the activation
tight;                 first and second light conduits supplying wavelength modified light from 25the 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 30to the first optical switch;  WO 20081126080PCT/T12008/000494 
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Further in accordance with a prefened embodiment of the present
invention there is provided an optical switch including:

a signal channel configured to guide a signal light;

a piezoelectric element adjacent to the signal channel; and

a conductive layer adjacent to the piezoelectric element;

wherein passage of the signal light through the signal channel is controlled
by the applicatíon 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.

Preferabl¡ the conductive layer is adhered to a surface ofthe 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
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
piezoelectric element comprises at least two layers that have different piezoelectric
characteristics.

Preferably, the conductive layer is adhered between fwo layers of the piezoelectric
element.

There is additionally provided in accordance with a preferred embodiment
of the present invention a method for operating an optical switch, the method including:

applying a signal light to an optical switch that comprises a piezoelectric
element and at least one conductive layer a-djacent to the piezoelectric element; and

applying an activation light to the piezoelectric element to change the state

of the optical switch;

wherein the conductive layer enhances an electrical field applied to the
piezoelectric element in response to the appried activation light.
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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 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 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 of the signal light received at the first logic input; 15a 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 light along the second light conduit to
the wavelength of the activation light; a second wavelength modifier operative to decrease the wavelen
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. 
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Preferably, applying the, activation light to the piezoelectric element causes the

shape of the piezoelectric element to change such that the signal light'is nbt able to pass

through the optical switch.

Preferably, applying the activation light comprises applying two light
5 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.

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 freld 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 piezoelechic 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 right.

rhere is additionally provided a method for operatìng an optical switoh,

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 differentpiezoelectric characteristics; and

11

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 of the present ion there is provided an optical switch including: a signal channel
configured to guide a signal light; a piezoelectric element adjacent to the signal channel; 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. 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 15signal channel.
Preferably, the signal channel comprises a chamber that is fitted 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 20piezoelectric element comprises at least two layers that
have different piezoelectric 
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applying an activation light to the piezoelectric element to change the state
of the optical switch.

Preferably, applying the activation light to the piezoelectric element causes the
5 shape of the piezoelectric element to change such that the signal light is not able to pass

through the optical switch.

Preferably, the change in the shape of the piezoelectric eiement causes a
change in a dimension of a signal channel of the optioal 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 acco¡dance 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

element including at least two layers of piezoelectric material that have difflerent
20 piezoelectriccharacteristics;

wherein passage of the signal light through the signal channel is conholled
by the application of an activation light to the piezoelectric element.

Preferabl¡ 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 differentpiezoeleotric characteristics; and

12

characteristics.       Preferably, the conductive layer is adhered between two layers of the piezoelectric
element.            There is additionally provided in accordance with a preferred embodiment of the
present invention a method for operating an optical switch, the method including:            applying a
signal light to an optical switch that comprises a piezoelectric element nd at least one conductive layer
adjacent to the piezoelectric element; and             applying an activation fight to the piezoelectric
element to change the state of the optical switch; -towherein the conductive layer enhances an
electrical field applied to the piezoelectric element in response to the applied activation light.  WO
2008/126080P ilL2008/000494       Preferably, applying the activation light to the piezoelectric element
causes the shape of the piezoelectric element to change such that the signal light is riot able to pass
through the optical switch. Preferably, applying the activation light comprises applying two light 5
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.            There is additionally
provided a method for operating an optical the method including; 10applying a signal light to a signal
channel, the signalel 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
channel, 15wherein the conductive layer enhances an electrical field applied to the 
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applying an activation light to the piezoeleotris element to .ohange the
shape of the piezoelechio eleme¡t sueh that the signal light is preiènted from passing

through the signal channel.

Additionally there is providcd an optical switch includìng:

a signal channel configured to guide a signal light;

a piezoelectric element adjacent to the signal channel, the piezoelectrio

element including at least two different layers that have different piezoelectrio
eharaoteristics; and

means for applying an activation light to the piezoeleotric element to
change the shape of the piezoelectrio element such that the signal light is prevented from
passingthrough the sþal charmel.

13

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 applying an activation light to the piezoelectric element to change the shape of 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 piezoelectric element including at least two layers of piezoelectric material
30that have different piezoelectric characteristics; and  WO 20087126080PCT/112008/000494
applying an activation light the iezoelectic element to change the state of the optical 'itch.
Preferably, applying the activation light to the piezoelectric element causes the 5shape of the
piezoelectric element to change such that the signal light is not able to pass through the optical switch.
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BRIEF DESCRIPTION OF TI{E DRA\ryINGS

The present invention will be understood and appreciated more fully from

5 the following detailed description, taken in conjunction with the drawings in which:

Fig. 1A depicts an optical switch that includes a signal channel and a

piezoelectric element and that is controlled by an activation light;

Fig. 1B illustrates 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 ohannel and the

piezoelectric element of Fig. 1A when the piezoelectric element is in a non-activated

state, taken along the lines IIA-trA in Fig. 1A;

Fig. 2B is a cross-sectional view ofthe 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 gaph of optical signal attenuation vs. a dimension of a
signal channel;

Figs. 4A and 4B illustrate a technique for changing the state ofan 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 ofan 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;

t4

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 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 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 different 20piezoelectric characteristics;            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 piezoelectric element to change such that the signal light is not able to pass
through the signal channel.             There is also provided a method for operating an optical switch, the
method including:               applying a signal light to a signal channel, the signal channel being
adjacent to a piezoelectric clement that has at least two layers of piezoelectric material 30that have
different piezoelectric characteristics; and  WO 20.0PCIM,2008/000494 applying an activation light to
the piezoelectric elementchange the 
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Fig. I depicts an optical switch system that includes a light activated
optical switch as described above with reference to Figs. IA-7;

Fig. 9 depicts an embodiment of an optioal switch and an optical coupler
that is used to couple the signal light and the activation light into the same signal channel;

Fig. l0A depicts an embodiment of a piezoelectric element that has more
than two layers of piezoelectric material with different piezoelectric characteristics;

Fig. 108 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
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

ofthe signal ohannel;

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

Fig. 114 depicts an embodiment of alight activated optical switch that
includes a signal channel and a piezoelectric element, where a portion of the signal
channel includes a chamber that is filled with a compressible material;

Fig' 11B illustrates the piezoelectric element from Fig. 114 in an activated
state that results from the application of an activation light to the piezoelectric element;

Fig. 124 depicts an embodiment of a light activated optical switch that
includes a signal channel, a piezoelectric element, and a conductive layer adjacent to the
piezoelectric element in which the signal channel is an optical fiber and the piezoelectric

element and conductive layer are formed in a band entirely around the circumference of
the optical fiber;

Fig. 128 illustrates the piezoelectric element from Fig. l2Ainan activated

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

Fig. 134 depicts an embodiment of a light activated optical switch that
includes a signal channel, a transparent piezoelectric element, and a conductive layer
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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 including: 5a signal channel
configured to guide 'anal light;          a piezoelectric element adjacent to the signal channel, the
piezoelectric t including at least two different layers that have different piezoelectric characteristics;
and means for applying an activation light to the piezoeleefric element to 10change the shape 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 5the following detailed description, taken in conjunction with the drawings
in which: Fig. IA depicts an optical switch that includes a signal channel and a piezoelectric element
and that is controlled by an activation light;            Fig. IB illustrates 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. IA when the piezoelectric element is in a non-activated state, taken along the lines in Fig. IA;
Fig. 2B is a cress-sectional view of the signal channel and the piezoelectric element from Fig. 1B when
the piezoelectric element is in an activated state, taken along 15the lines LIB-I1B in Fig. Ill; 
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adjacent to the piezoelectric element in which the signal channel includes the hansparent
piezoelectric element;

Fig. t3B illustrates the piezoelectric element from Fig. 134 in an activated
state that results from the application of an activation light to the piezoelectric element;

. Figs. 144 and 148 are simplified illustrations of an optical switch, in
accordance with another prefened embodiment of the present invention;

Figs. 154 and 158 are cross-sectional views ofthe signal channel and the
piezoelectric element of Figs. 14A and 148, taken along the lines XVA-XVA in Fig. 14A
and XVB-XVB in Fig. 148;

Figs. 164 and 16B are simplified illustrations of an optical switch, in
accordance with yet another preferred embodiment of the present invention;

Figs. 174 and 178 are cross-sectional views ofthe signal channel and the
piezoelectric element of Figs. 16A and 168, taken along the lines XVIIA-XVIIA in Fig.
164 and XVIIB-XVIB in Fig. 168;

Figs. 184 and 188 are simplified illustrations of an optical switch, in
accordance with still anotherpreferred embodiment of the present invention;

Figs. 194 and 198 are cross-sectional views of the signal channel and the
piezoelectric element of Figs. 184 and 188, taken along the lines XIXA-XDG in Fig.
184 and XD(B-XD(B in Fig. t8B;

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

Fig.2r is a schematic drawing of a logical AND gate that uses an
optical switch;

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

optical switches;

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

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

Fig.25 is a schematic drawing of a logical OR gate that uses an optical
switch.
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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 changing the state of an optical switch in which applying the activation tight involves
providing two tight 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; 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 piezoelectric clement of Fig. 6A in an activated state  that results from the application of an
activation light to the piezoelectric element; 30Fig. 7 illustrates the action of an electrical Field of the
light on the electrons of a conductive layer;  WO 2008/126050PCD11,2008/000494            Fig. 8
depicts an optical switch system that includes a light activated optical switch as described above with
referenbe to Figs. IA --- 7;            Fig. 9 depicts an embodiment of an optical switch and an optical
coupler that is used to couple the signal light and the activation light into the same signal channel;
Fig, 10A depicts an embodiment of a piezoelectric element that has more than two layers of
piezoelectric material with different: piezoelectric characteristics;            Fig. 1013 depicts an
embodiment of a light activated optical switch that includes a conductive layer sandwiched between
two layers of a piezoelectric element; Fig. IOC depicts an embodiment of a light activated optical
switch that 
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DETAILED'DESCRIPTION OF TI{E INVENTION

Light actuated optical switches are used to construct AND, OR, and NOR
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 operate the logic gates, and no external battery is required
using light actuated optical switches, the logic gates will have dimensions that will fit
within semiconductor logic design dimensions.

Computers will be able to be made that function on light signals instead of
electrical signals. Transistors of transistor based logic gates switch in l0E-9 seconds, and
this limits the speed of transistor based logic gates. Light can travel three microns in
l0E-14 seconds. Logic gates based on light actuated switches can be much faster than
transistor based logic gates.

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
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
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 firnction of the optical switch depends on the ability of the
piezoelectric element to change shape.

In accordance with an embodiment of the invention, the piezoelectric

element has at least two layers of piezoelectric material with each layer having different
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10includes multiple conductive layers sandwiched between a multilayer piezoelectric element;
Fig. 10D depicts an embodiment of a light activated optical switch that includes a rat/Inlayer
piezoelectric element and a conductive layer on two different sides of the signal channel;            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;               Ha. 1.1A depicts
an embodiment of a light activated optical switch that includes a signal channel and a piezoelectric
element, where a portion of the signal 20channel includes a chamber that is filled with a compressible
material;            Fig. 11B illustrates the piezoelectric element from Fig. I IA in all activated state that
results front the application of an activation fight to the piezoelectric element;             Fig. Ilk 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. 1213 illustrates the piezoelectric element from Fig. I2A in an
activated state that results from the application of an activation light to the piezoelectric element;
30Fig. 13A depicts an embodiment of a light activated optical switch that includes a signal channel, a
transparent piezoelectric element, and a conductive layer  WO 20081126080PCI71L2008/009494
adjacent to the piezoelectric element in which the signal channel includes the transparent piezoelectric
element;            Fig. 138 illustrates the piezoelectric element from Fig, 13A in an activated state that
results from the application of an activation light to the piezoelectric element; 5Figs. I4A and 148 are
simplified illustrations of an optical switch, in 
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piezoelectric characteristics. The piezoelectric characteristics ofthe layers are selected to

enhance the performance of the piezcielectriö eleinent and ultimately to enhance the

performance of the optical switch. In an embodimen! the piezoelectric characteristics of
the layers are selected to produce a piezoelectric element that exhibits sufficient shape

change in response to an activation light to block a signal light from passing through a
signal 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 hansmission of light within a confined area along a defined path. The

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 füber, 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 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(SiOz), lithium niobate (LiMO3),
lead zirconate @bZrO3), lead titanate (PbTiO3), and lead zirconate titanate. Examples of
piezoelechic materials that can be oriented in a magnetic flreld are lead zirconate and lead

titanate or lead zicronate titantae. Quartz and lithium niobate are examples of hansparent

piezoelectric materials.

The piezoelechic element 104 has at least two layers 106 and 108 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 the other layer expands in

response to an electrical field having a second orientation that is perpendicular to the first
orientation; 3) different polarities; 4) different strains; 5) different hysteresis; 6) different
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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 1413, taken
along the lines XVA-XVA in Fig. 14A and XVB-XVB in Fig. 148; 10Figs, 16A and 16B are simplified
illustrations of an optical switch, in accordance with yet another preferred embodiment of the present
invention;            Figs. I 7A and 178 are cross-sectional views of the signal channel and the
piezoelectric element of Figs. 16A and 16B, taken along the lines XVITA-XVIIA in Fig. 16A and
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-sectional views of the signal channel and the piezoelectric element of Figs. 18A and 188,
taken along the lines X1XA-XDA in Fig, 18A and XDCB-XLXB in Fig, 1813; 20Fig. 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; 22 is a second schematic awing of a logical AM gate that uses optical switches; 25Fig.
23 is a schematic drawing of a logical OR gate that uses opticd switches and phase matching devices;
Fig. 24 is a schematic drawing of a logical OR gate that uses optical ad a power limiter; and Fig. 25 is
a schematic drawing of a logical OR gate that u 
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capacitances; 7) different impedances; 8) 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 orystal orientation of the
piezoelectric material; 3) doping levels within the piezoelectric material; 4) the density of
the piezoeleotric material; 5) the void density of the piezoelectric material; 6) the
chemical constituency of the piezoelectric màterial; 7) the thermal history of the
piezoelectric material; 8) the electromagnetic history of the piezoelectric material. The
desired piezoelectrio characteristic of each layer of piezoelectric material can be achieved

by, for example, manipulating one or more of the above-identified parameters.

In an embodiment, Iayers 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 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
piezoelechic material, having different piezoelectric characteristics, which are formed as

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

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 charaoteristics, the response of the piezoelectric element can be

selected to optimize or/off switching. For example, the piezoelectric characteristics of
the layers can be selected to: l) 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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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 operate the logic gates,
and no external battery 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 microns in 10E-14 seconds, Logic gates based on Eight actuated switches can be much
faster than transistor based logic gates.             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 film:lion of the optical
switch depends on the ability of the piezoelectric element to change shape, 30In accordance with an
embodiment of the invention, the piezoelectric element has at least two layers of piezoelectric material,
with each layer having different  WO 2008/126080PCO1L2008/000494 piezoelectric characteristics.
The piezoelectric characteristics of the layers are selected to enhance the performance Of the
piezdelectrit eleinent and ultimately to enhance the performance of the optical switch. In an
embodiment, the piezoelectric characteristics of the layers are selected to produce a piezoelectric
element that exhibits sufficient shape  5 change in response to an activation light to block a signal light
from passing through a signal channel. 
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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. 1A and 1B. Fig. 1A illustrates the piezoelechic element 104 in a

5 non-activated state. In the non-activated state, the shape of the piezoelectric element is

unchanged from its normal state, where the normal state of the piezoelectric element is

the state of the element in the absence of an activation light. In the embodiment of Fig.

lA, the piezoelectric element is basically flat in the non-activated state. The flat shape of
the piezoelectric element allows a signal light 110 to pass through the signal channel 104

10 as indicated by the signal light entering and exiting the signal channel.

Fig. 1B illustrates the piezoelectric element 104 in an activated state that

results from the application of an activation light ll2 to the piezoelechic element. In the

embodiment of Fig. 18, the activation light is applied to the piezoelectric element by

directing the activation light into the signal channel 102 in parallel with the signal light

15 110. The activation light supplies an electrical field that effects the piezoelectric

material. In the activated state, the shape of the piezoelectric element changes shape

enough that the signal light is blocked from passing through the signal channel. The

blocking of the signal light is indicated by the lack of the signal light exitingthe signal

channel. Once the activation light is removed from the signal channel, the piezoelectric

20 element retums to its normal shape and the signal light is able once again to pass through

the signal channel.

As described above, activation of the piezoelectric element 104 in

response to the activation light 112 causes the shape of the piezoelectric element to

change, thereby causing at least one dimension of the signal ohannel 102 to change. Fig.

25 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. 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. 28) than it is in the non-activated state (Fig. 2A).

20

Fig. IA depicts an optical switch IOU 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 Fig. 1A, the
siwial 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 (8i02), lithium niobate
(LiNb03), lead zirconate (PbZr03), lead titanate (PbTiO3), and lead zirconate fitanate. Examples of  20
piezoelectric materials that can be oriented in a magnetic field are lead zirconate and lead 'titillate 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 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
30orientation; 3) different polarities; 4) different strains; 5) different hysteresis; 6) different  WO
2008/126080ITT - 2008/000494 capacitances; 7) different impedances; 8) different resisti es; 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 5piezoelectric material; 3) doping levels within the piezoelectric material; 4)
the density of  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 10by, for example, manipulating one or more of
the above-identified parameters.            In an embodiment, 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 M response
to the activation light. For example, if two adjacent layers of a  15 piezoelectric element, which are
adhered to each other into a monolithic element, expand different amounts in response to the same
activation light, the piezoelectric element will bend. In an embodiment, the piezoelectric element
includes at least two layers of piezoelectric: 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 seine electrical field. For example, the two layers have crystal orientations that are
perpendicular to each other, in another 
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As seen in the embodiment of Figs. lA-2P, there is still an opening in
the signal channel 102 even when the piezoelectric element 104 is in the activated state.
Although there is still an opening in the signal channel even when the piezoelectric
element is in the activated state, the opening in the signal channel is small enough that the
signal light 110 is blocked from passing through the signal channel. The ability of a
signal 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 than light
having a longer wavelength.

Fig. 3 depicts a graph of optical signal attenuation vs. a dimension of a
signal channel. As illustrated in Fig. 3, the optical signal attenuation changes rapidly
once the signal channel dimension reaches a certain dimension, referred to herein as the
cutoff dimension. For example, at a dimension smaller than the cutoffdimension (e.g.,
about 5 angstroms), the attenuation rapidly rises and at a dimension larger than the cutoff
dimension, the attenuation rapidly falls. The sharp response to a change in the signal
channel dimension around the cutoff dimension, as indicated in Fig. 3, enables fast on/off
switching by toggling the activation light such that a dimension of the signal channel
switches between being larger or sma[er than the cutoff dimension.

As described above, the state of the optical switch 100 is activated by
applying an activation light LI2 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 piezoeleotric element are described with
reference to Figs. 4A - 58.

Figs. 4A and 48 illustrate a technique for changing the state of optical
switch 100 that involves applying an activation light lI2 having a shorter wavelengfh
than the signal light 110. Refening to Fig. 4A, the oprical 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. 48, activation light l 12
is applied to the piezoelectric element 104 to change the state of the optical switch 100
from on to off. In the off state, the activation light 112 oauses the piezoelectric element
104 to change shape and block the passage of the signal light t10 through the signal
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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
characteristics of 30the layers can be selected to: I) maximize the shape change of the piezoelectric
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. IA is
now described with reference to Figs. IA and IB. Fig. IA illustrates the piezoelectric element 104 in a  5
non-activated state. In the non-activated state, the shape of the piezoelectric element is unchanged
from its normal state, where the normal state of the piezoelectric element is the state of the element in
the absence of an activation light. In the embodiment of Fig. IA, the piezoelectric element is basically
flat in the non-activated state. The flat shape of the piezoelectric element allows a signal light 110 to
pass through the signal channel 104 10as indicated by the signal tight entering and exiting the signal
channel.             Fig. IB illustrates the piezoelectric element 104 in an activated state that results from
the application of an activation light 112 to the piezoelectric element. In the embodiment of Fig. 1B, the
activation light is applied to the piezoelectric element by directing the activation light: into the signal
channel 102 in parallel with the signal light 110. The activation light supplies an electrical field that:
effects the piezoelectric material. In the activated state, the shape of the piezoelectric element
changes shape enough that the signal light is blocked from passing through the signal channel. The
blocking of the signal light is indicated by the lack of the signal light exiting the signal channel. Once
the activation light is removed from the signal channel, the piezoelectric 20element returns to its
normal shape and the signal light is able once again to pass through the signal channel.             As
described above, activation of the piezoelectric element 104 in response to the activation light 112
causes the shape of the piezoelectric element to change, thereby causing at feast one dimension of
the signal channel 102 to change. Fig. 2A is a cross-sectional view of the signal channel and the
piezoelectric element of Fig. IA when the piezoelectric element is in a non-activated state. Fig. 28 is a
cross-sectional view of the signal channel and the piezoelectric element of Fig. 18 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 30channel. As illustrated in
Figs. 2A and 28, the cross-sectional area of the signal channel 
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channel I02. In this example, the activation light ll2 has a shorter wavelength than the

signal lÌght 110. In particular, the wavelength of the activation light 112 is short ènough

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

light 112, which has a shorter wavelength than the signal light 110, is able to pass

through the signal channel 102 evenwhen the optical switch 100 is in the off state.

Figs. 5A and 58 illushate a technique for changing the state of an optical

switch 100 in which applying the activation light involves providing two light signals

ll2[ and ll2B, which are out of phase with each other, to the piezoelectric element 104

and then removing one of the light signals, light signal 1124 in the illustrated

embodiment, leaving the remaining light signal, light signal 1128 in the illushated

embodiment, as the activation light. In this embodiment, the two signals ll2| and ll2B
are out of phase with each other such that their electrical fields effectively cancel each

other out (e.g., 180 degrees out of phase). Because the two out of phase signals cancel

each other ou! while the two out of phase signals are simultaneously applied to the

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

light signals is removed, the electrical 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 ofphase light signals 1l2A
and 1128 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. 58, one of the out ofphase light signals I l2A is removed, leaving

the remaining light signal Ll2B as the activation light. The activation light activates the

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

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 switoh is to enhance the electrical field that is applied to the piezoelectric element

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

least one conductive layer is located adjacent to the piezoelectric element of a light
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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 i3 still an opening in the signal channel even when the piezoelectric element is in the
activated state, the opening in the signal channel is small enough that the  5 signal light 110 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 than light having a longer wavelength. 10Fig. 3 depicts a graph of optical signal attenuation
vs. a dimension of a signal channel. As illustrated in Fig. 3, the optical signal attenuation changes
rapidly once the signal channel dimension reaches a certain dimension, referred to herein as the cutoff
dimension. For example, at a dimension smaller than the cutoff dimension (e.g., about 5 angstrotns),
the attenuation rapidly rises and at a dimension larger than the cutoff  15 dimension, the attenuation
rapidly falls. The sharp response to a change in the signal channel dimension around the cutoff
dimension, as indicated in Fig. 3, enables fast on/off switching by toggling the activation light such that
a dimension of the signal channel switches between being larger o.r 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 48 illustrate a technique for
changing the state of optical  25 switch 100 that involves applying an activation fight 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 slim& light 110
passes through the signal chatmei 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 30from on to oft 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  WO 20081126680PC1112008/000494 channel 102. In this
example, the activation light 112 has a shorter wavelength than the 
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activated optical switch to enhance the electrical field that is applied to the piezoelectric

element in response to the activation light. The conductive layer has free electrons or
electron holes that are drawn to and collect at a surface adjacent to the piezoelectric

element when the activation light is applied to the piezoelectric element. The collection
5 of free electrons near the piezoelectric element enhances the electrical field that is applied

to the piezoelectric element in response to the activation light. 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 the piezoelectric element to
10 be activated with lower power and/or quicker 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. \ilhen a conductive layer is used, the conductive
layer supplies charges that are gathered or dispersed by the electric field ofthe activation

15 light. The electric field of the gathered charges adds to the electric field of the activation
light. In this case, the piezoelectric element is acted upon by the electric field of the
activation light and the electric fìeld 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 ofthe 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, apiezoelectric element I24, and. a conductive layer 126

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

element I24 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. ln an embodiment, the

conductive layer 726 is adhered to a surface of the piezoelectric element I24. For

23

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 100 is in the off state.             Figs. SA and 58 illustrate a technique for changing 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
remaining light signal, light signal 112B in the illustrated embodiment, as the activation light. In this
embodiment, the two signals 112A and 1 1213 are out of phase with each other such that their
electrical fields effectively cancel each other out (e.g., 180 degrees out of phase). Because the two out
of phase signals cancel 15each other out, while the two out of phase signals are simultaneously
applied to the piezoelectric element 104, the piezoelectric element 104 is not activated. Once one of
the       pals is removed, the electrical 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 1128 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 1128 as the activation tight. The activation
light activates the piezoelectric element 104 and blocks the passage of the signal light 110 (and the
activation light in this ease) 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
fight activated optical switch is to enhance the electrical field that is applied to the piezoelectric
element 30in 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  WO
2008/126080PCTI11,2008/000494 activated optical switch to enhance the electrical field that is
applied to the piezoelectric element in response to the activation light. The conductive layer has free
electrons or electron holes that are drawn to and collect at a surface adjacent to the piezoelectric
element when the activation light is applied to the piezoelectric element. The collection 
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example, the conductive layer 126 may be deposited on a major surface of the

piezoelectric element 124 using a metal deposition 'techirique. In an alternative

embodiment, the conductive layer 126 is formed of a semiconductor material with
positive or negative charges that move instead of only negative charges.

5 Operation of the optical switch 120 depicted in Fig. 6A is now described

with reference to Figs. 6A and 68. Fig. 6A illustrates the piezoelectric element 724 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

I24 is the state of the element in the absence of an activation light. In the embodiment of
10 Fig. 64, the piezoelectric element 124 is basically flat in the non-activated state. The flat

shape of the piezoelectric element allows a signal light 128 to pass through the signal

channel 722 as indicated by the signal light I28 entering and exiting the signal channel

122.

Fig. 6B illustrates the piezoelectric element 124 in an activated state that

15 results from the application of an activation light 729 to the piezoeleotric element 124. In
the embodiment of Fig. 68, the activation lidnt I29 is applied to the piezoelechic element

I24 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. Ín the activated state, the shape of the piezoelectric element

124 ohanges 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 L26 provides benefits that include, for example, increasing the magnitude of the

change in shape of the piezoelectric element 724, inueasing the speed at which the

piezoelectric element 724 changes shape, and/or reducing the amount of activation light

30 required to achieve the desired shape change.

24

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 the piezoelectric element to 10be activated with lower power and/or quicker 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 the activation 15light. The electric field of the gathered Charges adds to the electric
field of the activation is case, the piezoelectric element is acted upon by the electric field of the
activatioand the electric field of the gathered charges. In the case of dispersed charges, matter is
composed of positivenegative charges so when one is dispersed the other is expressed. In this case
the electric field of the expressed charges adds to the electric field of the activation light and the effect
on the piezoelectric element is enhanced. Electrons move in metal conductors, but p holes can move
in a semiconductor.             Fig. 6A depicts an eEru,odiment o 'a light activated optical switch 120 that
includes a signal channel 122, a piezoelectric eletnent 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 .piezoelectrie 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, 30doped gallium arsenide, andlor other semiconductor materials. In an
embodiment, the conductive layer 126 is adhered to a surface of the piezoelectric element 124. For
WO 20081126080PCT/M2008/000494 example, the conductive layer 126 may be deposited on a
major surface of the piezoelectric element 124 using a metal deposition technique- In an alternative
embodiment, the 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 
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Fig.7 illustrates the action of an electrical fìeld 130 of the activation light
129 onthe elechons of the conductive layer 126 of Figs.6A arid 68. In Fig.T,surfade
132 is the surface of the conductive layer 726 nearest the activation light 129 and the
surface 134 is the surface of the conductive layer 126 farthest from the activation light
I29. The comb-like structure in Fig. 7 represents the electrical freld under the influence
of the conductive layet 126. Each tooth 136 of the comb-like structure represents a

portion of the electrical field and some of the teeth have wide extensions 13g at their
ends. These wide extensions 138 represent the larger field that is contributed by the
charges that move in the conductive layer 126 thatis a-djacent to the piezoelectric element

124. The charges that move in response to the electric field of the activation light 129 are
represented by dashed lines 140. When the electric field is negative the charges in the
conductive layet 126 are driven away from the near surface 132 of the conductive layer
and enhance the negative field. When the electric fietd is positive the charges in the
conductive layer come to the near surface 132 of the conductive layer and enhance the
electric field. If the conductive tayer 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 shucture would have no extensions i3B on them.

Fig. 8 depicts an optical switch system 150 that includes a light activated
optical switch 152 as described above with reference to Figs. lA - 7. The optical switch
system 150 of Fig. I 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 sr,vitch

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. Thesignal light
161 and activation light 163 are combined at a coupler 166. The output of the optical
switch 152 goes through an output path 168.

The activation light system 154 controls the application of activation light
163 to the piezoelectrio 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

10

15

20

25

30

)5

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 in the non-activated state. The flat shape of the piezoelectric clement allows a 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 129 is applied to the piezoelectric element l24 by directing the activation
light 129 into the signal channel 122 in parallel with the light 123. When the activation light 129 is
applied to the piezoelectric element, five 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 fight 128
exiting the signal channel 22. The additional electrons near the piezoelectric material, which are
associated with the conductive layer 126, cause an  95 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 30required to
achieve the desired shape change.  WO 200811 26080PCT/11:2008/000494 Fig. 7 illustrate, the
action of an electrical field 130 of the activation light 129 on the electrons of the Conductive layer 126
of Figs; 6A arid 68, In Fitz. 7, surfaee 132 is the surface of the conductive layer 126 nearest the
activation light 129 and the surface 134 is the surface of the conductive layer 126 farthest from the
activation light 5129. The comb-like sttucture in Fig. 7 represents the electrical field under the influence
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emitting diode (LED) or a laser that generates an activatìon light with the desired

characteristics, e.g., the desired wavelength, intensity, phase of the activàtion light in

relation 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 light system. In an embodiment, the intensity of the activation light 163 must be great

enough to sufEciently change the shape of the piezoelectric element of the optical switch

152 and in an embodiment, the intensity of the activation light 163 is greater than the

intensity of the signal light 161" The wavelength of the activation light 163 can be

shorter or longer than the wavelength of the signal light 161 . As described above, if the

10 wavelength of the activation light 163 is short enough, the activation light 163 may pass

through the signal ohannel even when the piezoelechic element is activated and the signal

light 163 is blocked.

The activation light system L54 can be configured to provide the activation

light 163 to the optical switch 152 in many different ways. For example, in one

15 embodiment, the activation light 163 is switohed on and off by a second light activated

optical switch, in another embodiment the angle of a mirror is changed to provide the

activation light 163, in another embodiment, an LED or laser is turned on/oË and in

other embodiments, other switches may be employed to control the activation light 163.

The signal light source 160 generates the signal light 161 that is switched on and off by

20 the optical switch 152 (r.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.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 \¡/ay (e.g., amplitude or frequency modulation, logic, etc.) while the aotivation light

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

For example, the signal light 167 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 l52via
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

26

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 activation light 129 are represented by dashed lines 140. When the electric field 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 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. IA 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 tight path 164 and the signal light path [62. 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
30163 to the piezoelectric element (not shown) of tile optical switch 152. In the embodiment of Fig, 8,
the activation light source 156 is a light source such as a light  emitting diode (LED) or a laser that
generates an activation light with the desired characteristics, e.g., the desired wavelength, intensity,
phase of the activation light in relation 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
light system. in an embodiment, the intensity of the activation light 163 must be great enough to
sufficiently change the shape of the piezoelectric element of the optical switch 152 and in an
embodiment, the intensity of the activation light 163 is greater than the intensity of the signal light 161.
The wavelength of the activation tight 163 can be shorter or longer than the wavelength of the signal
light 161. As described above, if the  10 wavelength of the activation light 163 is short enough, the
activation light 163 may pass through the signal channel even when the piezoelectric element is
activated and the signal light 163 is blocked.             The activation light system 154 can be configured
to provide the activation light 163 to the optical switch 152 in many different ways. For example, in one
15 embodiment, the activation light 163 is switched on and off by a second light activated optical
switch, in another embodiment the angle of a mirror is changed to provide the activation light 163, in
another embodiment, an LED or laser is turned on/off, and in other embodiments, other switches may
be employed to control the activation light 163. The signal light source 160 generates the signal light
161 that is switched on and off by 
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154. In one embodiment, the signal light 161 passes through the optical switch 152 when

the activâtion light system 154 does not provide'an activation light 163 to the oþtical

switch 752 and is blocked from passing through the optical switch 152 when the

activation light system 154 does provide an activation light 163 to the optical switch 152.

In the optical switches described with reference to Figs. 1A - 68, the

signal light and activation light are transmitted in the same signal channel. Various

techniques can be used to combine the signal light and the aotivation light into the same

signal channel. Fig. 9 depicts an embodiment of an optical switch I52 and, an optical

coupler 166 that is used to couple the signal light 161 and the activation light 163 into the

same signal channel 122. In the embodiment of Fig. 9, the signal light 161 travels in
signal light path 162, such as a signal fiber, and the activation light 163 travels in
activation light path 164, such as an activation fiber. The signal light 161 and,activation

light 163 are coupled into the signal channel 122 by the optical coupler 166. It is

appreciated that, although in the illustrated embodiment of Fig. 9 an optical coupler is
shown, other suitable techniques for coupling the signal light 161 and the activation light
163 into the same signal channel 122 can be used.

Figs. 104 - 10E depict different embodiments of the light activated oprical

switches described above with reference to Figs. lA - 9. Fig. 10A depicts an

embodiment of a light activated optical switch 170 in which the piezoelectric element

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

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

has four layers I74 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

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

layers 174 can include many different variations.

Fig. 108 depicts an embodiment of a light activated optioal switch 176 in
whioh a conductive layer L78 is sandwiched between two layers 180 of a piezoelectric

element 182. This embodiment allows the piezoelectric element 182 to be oriented by

placing charges on the conductive layer 178 and causes the change in shape ofeach layer
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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.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 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 30the 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  WO 2008. 60 0PC1711,2008/000494 154. In one embodiment, the
signal light 161 passes through the optical switch 152 when the activation light system 154 does not
provide.an activation light 163 to the optical switch 152 and is blocked from passing through the optical
switch 152 when the activation light system 154 does provide an activation light 163 to the optical
switch 152.  5 In the optical switches described with reference to Figs. IA 613, the signal light and
activation light are transmitted in the same signal channel. Various techniques can be used to combine
the signal light and the activation light into the same signal channel, Fig. 9 depicts an embodiment of
an optical switch 152 and an optical coupler 166 that is used to couple the signal light 161 and the
activation light :1 6:3 into the  10 same signal channel 122. Li the embodiment of Fig, 9, the signal light
161 travels in signal light path 162, such as a signal fiber, and the activation light 163 travels in
activation light path 164, such as an activation fiber. The signal light 161 and 'activation light 163 are
coupled into the signal channel 122 by the optical coupler 166. It is appreciated that, although in the
illustrated embodiment of Fig. 9 an optical coupler is 15shown, other suitable techniques for coupling
the signal light 161 and the activation light 163 into the same signal channel 122 can be used.
Figs. 10.A 10E depict different embodiments of the light activated optical switches described above
with reference to Figs. IA - 9. Fig, 10A depicts an embodiment of a light activated optical switch 170 in
which the piezoelectric element  10 172 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. hi 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 25characteristics. It should
be understood that the number and arrangement of piezoelectric layers 174 can include many
different: variations. Fig. 108 depicts an embodiment of a light activated optical switch 176 in which a
conductive layer 173 is sandwiched between two layers 180 of a piezoelectric 
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180 of the piezoelectric element 182 to be enhanced because of the proximity of the
piezoelectric layers 180 to the conductive layer l1g.

Fig. 10C depicts an embodiment of a light activated optical switch 184 in
which multiple conductive layers 185 are sandwiched between multiple different layers

186 of the piezoelectric element 187. In this example, the conductive layers 185 are

alternately adhered between different layers 186 of the piezoelectric element lg7. The

multiple layers 185 of conductive material between the piezoelectrio layers 186 allow
each layer 186 of piezoelectric material to be polarized individually to different

orientations by applying a charge to the conductive layers 185. This enables the aotion of
the piezoelectric layers 186 working against each other to accentuate the change in shape

of the piezoelectric element 187.

In general, the multiple conductive layers allow the hysteresis of the
piezoelectric element to be managed. The multiple conductive layers allow a reduction in
the temperature that the piezoelectric element must be raised to in order to change the

orientation of the piezoelectric maferial. The multiple conductive layers allow the change

in shape of the piezoelectric element to be enhanced. The multiple conductive layers

allow the management of many mechanical, electrical, thermal, and other physical

characteristics of the optical switch to be managed to make the optical switch easier to be

constructed, maintained, and used. In an embodiment, the different layers of
piezoelectric material and the conductive layers are formed in a monolithic stack

structure. The monolithic stack shucture 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
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 titaniurn. Next, a 3000

angstrom layer of PZT is deposited on the first layer, with this layer having more lead

and zírconium 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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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 optical switch 4 in which multiple conductive layers 185 are sandwiched between
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 material to be polarized individually to different orientations by applying a charge to the
conductive layers 185. This enables the action of 10 the piezoelectric layers 186 working against each
other to accentuate the change in shape of the piezoelectric element 87.            In general, the multiple
conductive layers allow the hysteresis of the piezoelectric element to be managed. The multiple
conductive layers allow a reduction in the temperature that the piezoelectric element must be raised to
in order to change the orientation of the piezoelectric material. The multiple conductive layers allow the
change in shape of the piezoelectric element to be enhanced. The multiple conductive layers allow the
management of many mechanical, electrical, thermal, and other physical characteristics of the optical
switch to be managed to make the optical switch easier to be constructed, maintained, and used. In an
embodiment, the different layers of 20 piezoelectric material and 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 titanium. 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  WO
2008/126080PCT11.2008/000,194 comparison to a piezoelectric element that does not include similar
layers. If more alternating layers are deposited to build up a piezbelectric element, a quickly
responding piezoelectric element can be fabricated. If all of this is deposited upon a conductive layer,
the electric field of the activation light is enhanced to make a light activated optical switch that
responds even faster,             Fig. IOD depicts an embodiment of a light activated optical switch 188
that includes a multilayer piezoelectric element [89 on one side of the signal channel 190 and
conductive layers 191 on two sides of signal channel 190, The response of the switch is enhanced by
a multiplicity of conductive layers 191, 
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comparison to a piezoelectric element that does not include similar |ayers. If more

alternating layers are deposited to build up a piezbelectric element, a quickly responding

piezoelectric element can be fabricated. If all of this is deposited upon a conductive

layer, the electric field of the activation light is enhanced to make a light activated optical
switch that responds even faster.

Fig. 10D depicts an embodiment of a light activated optical switch l8B
that includes a multilayer piezoelectric element 189 on one side of the signal channel 190

and conductive layers 191 on two sides of signal channel 190. The response of the
switch is enhanced by a multiplicity of conductive layers I9l.

Fig. 10E depicts an embodiment of a light activated optical switch lg2that
includes a multilayer piezoelectric element L94 and, a conductive layer 196 on two sides

of a signal channel 198. In an embodiment, Fig. lOE represents a cross-sectional view of
an optical fiber that includes a piezoelectric element and a conductive layer formed in a
band entirely around the ciroumference of the optical fïber. In this embodiment, the f,rber

is a compressible material.

Fig. 114 depicts an embodiment of a light activated optical switch 200

that includes a signal channel 202, apiezoelectric element 204, and. a conductive layer
206, wherc a portion of the signal channel includes a chamber 208 that is filled with a
compressible material. The compressible material may be, for example, a gas such as

argon or nitrogen or a material such as a petroleum distillate or a silicon rubber. The
chamber 208 filled with the compressible material is adjacent to the piezoelectric element

204 such that the piezoelectric element 204 can expand into the chamber 208 when

activated by an activation light. In an embodiment, the piezoelectric element 204 forms a

portion of the chamber 208. In an embodiment, at least a portion of the chamber 204 is

formed by a hansparent material.

Operation of the optical switch 200 depicted in Fig. 114 is now described

with reference to Figs. 114 and 118. Fig. l lA illustrates the piezoelectric element 204

in a non-activated süate. In the non-activated state, the shape of the piezoelectric element

204 is unchanged from its normal state, where the normal state of the piezoelectrio

element 204 is the state of the element in the absence of an activation light. In the

embodiment of Fig. 114, the piezoelectric element 204 is basically flat in the non-
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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. In this embodiment, the fiber 15is a compressible material.             Fig, 11A depicts 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 argon or nitrogen or a material such as a petroleum distillate or a silicon rubber. The
chamber 208 filled with the compressible material is adjacent to the piezoelectric element 204 such
that the piezoelectric element 204 can expand into the chamber 208 when activated by an activation
light. In an embodiment, the piezoelectric element 204 forms a portion of the chamber 208. In an
embodiment, at least a portion of the chamber 204 is 25tbnned by a transparent material.
Operation of the optical switch 200 depicted in Fig. ilkis now described with reference to Figs. 1 lA and
11B. Fig, I IA 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 30element 204 is the state of the clement in the absence of an activation
light. In the embodiment of Fig. 11A, the piezoelectric element 204 is basically flat in the non-  WO
2008;126080PCT/1L2008/000494 activated state and does not protrude into the chamber 208. The flat
shape of the piezoelectric element 204 allows-a Signal light210 to pas S through the signal channel
202 (including the chamber 208) as indicated by the signal light 210 entering and exiting the signal
channel 202.             Fig. 11B illustrates the piezoelectric element 204 in an activated state that results
from the application of an activation light 212 to the piezoelectric element 204. In the embodiment of
Fig.. 118, the activation light 212 is applied to the piezoelectric element 204 by directing the activation
light 212 into the signal channel 202 in parallel with the signal light 210. When the activation light 212
is applied to the piezoelectric  10 element 204, the piezoelectric element 204 protrudes into the
chamber 208, thereby compressing the compressible material within the chamber, In the activated
state, the shape of the piezoelectric element 204 changes enough that the signal light 210 is Mocked
from passing through the signal channel 202. The blocking of the signal light 210 is indicated by the
lack of the signal light 210 exiting the signal channel 202. When  15 the activation light 212 is removed
from the signal channel 202, the piezoelectric element 204 returns to its normal state allowing the
signal light 210 to pass. In the absence of the activation light 212, the pressure of the compressed
material within the chamber 208 helps to return the piezoelectric element 204 to its normal state. Fig.
12A depicts an embodiment of a light activated optical switch 220  20 that includes a signal channel
222, a piezoelectric element 224, and a conductive layer 226 adjacent to the piezoelectric element in
which the signal channel 222 is an optical fiber and the piezoelectric element 224 and conductive layer
226 are formed in a band entirety around the circumference of the optical fiber. Fig. 12A illustrates the
piezoelectric element 224 in a non-activated state. In the non-activated state, the shape of 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 elan 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 
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activated state and does not protrude into the chamber 208. The flat shape of the

piezoelectric element 204 allows'a Signal light'2l0 to pasS through the signal ahannel202

(including the chamber 208) as indicated by the signal light 210 entering and exiting the

signal channel2}2.

Fig. 118 illushates the piezoelectric element 204 in an activated state that

results from the application of an activation light 2l2to the piezoelectric element 204. Iî
the embodiment of Fig. 1lB, the activation light 2I2 is applied to the piezoelectric

element 204by directing the activation light 212 into the signal channel 202 inparallel

with the signal light 210. When the activation light 212 is applied to the piezoelectric

element 204, the piezoelectric element 204 protrudes into the chamber 208, thereby

compressing the compressible material within the chamber. In the activated state, the

shape of the piezoelectric element 204 changes enough that the signal light 210 is
blocked from passing through the signal channel202. The blocking of the signal light
210 is indicated by the lack of the signal light 210 exiting the signal channel 202. When

the activation light 212 is removed from the signal channel 202,the piezoelectric element

204 retums to its normal state allowing the signal light2l} to pass. In the absence of the

activation light 2I2, the pressure of the compressed material within the chamber 208

helps to return the piezoelectric element 204to its normal state.

Fig. 12,{ depicts an embodiment of a light activated optical switch 220

that includes a signal channel 222, a piezoelectric element 224, and. a conductive layer

226 adiacent to the piezoelectric element in which the signal cha¡nel 222 is an optical

fiber and the piezoelectric element 224 and conductive layer 226 are formed in a band

entirely around the circumference of the optical fiber. Fig. 12A illustrates the

piezoelectric element 224 ina non-activated state. In the non-activated state, the shape of
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. l2A, the piezoelectric element224 is basically flat in

the non-activated state. The flat shape of the piezoelectric element 224 allows a signal.

light 230 to pass through the signal channel 222 as indicated by the signal light 230

entering and exiting the signal channel 222. Fig.12B illustrates the piezoelectric element

224 in an activated state that results from the application of an activation light 232 to the
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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 activated state, the shape of the piezoelectric element 224 changes enough that the 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 signal channel 222. Once the activation light 232 is removed -from the signal channel
222, the piezoelectric element 224 returns to its 10uom3al shape and the signal light 230 is able once
again to pass through the signal channel 222.            Fig, 13A depicts an embodiment of a light
activated optical switch 240 that includes a signal channel 242, a piezoelectric element 244, and a
conductive layer 246 adjacent 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 element 244 in a non-activated state. In the non-activated state, the shape
of the piezoelectric element 244 is unchanged from its nomad state, where the normal state of the
piezoelectric element 244 is the state of the element in the absence of an activation light, hi the
embodiment of Fig. 13A, the piezoelectric element 244 is basically flat in the non-activated state. The
flat shape of the piezoelectric element 244 allows a signal light 250 to pass through the signal channel
242 as indicated by the signal light 250 entering and exiting the signal channel 242. Fig, 1313
illustrates the piezoelectric element 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 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
211 changes enough that the signal light 250 is blocked from passing through the signal channel 242.
For example, the change in shape of the piezoelectric element 244 has the effect of squeezing the
signal channel 242 like a belt to choke the passage of the signal light 250. The blocking of the signal
light 250 is indicated by the lack of the signal light 250 exiting the signal channel 242. Once  WO
2008/126080PC171110081000494 the activation light 252 is removed from the signal channel 242,
the piezoelectric element 244 returns to its normal shape and the signal light 250' is able Once again
to pass through the signal channel 242.                 In an embodiment, the piezoelectric element and the
signal channel are  5 configured relative to each other such that application of the activation light
changes the state of the optical switch from off (light is blocked) to on (light passes through the signal
Charnel) instead of from on to off.            Some piezoelectric materials have a crystal orientation that
must be aligned with the electric field that will cause it to change shape. Other piezoelectric  10
materials can be heated up in a magnetic field and oriented to respond in the desired direction to the
electric field that will be applied. In constructing a light activated optical switch, the orientation of the
crystal or the magnetic orientation of the piezoelectric material should he directed to have the
maximum shape change at right angles (that is perpendicular) to the direction of the signal light in the
signal channel. In an 15embodiment, the electric field that triggers the switching is at right angles (that
is 
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piezoelectric element 224, In the embodiment of Fig. L2B, the activation lifitt 232 is

applied to the piezoélectric element 224 by directing the activation light 232 tnto the

signal channel222 in parallel with the signal light 230. hthe activated state, the shape

of the piezoelectric element 224 changes enough that the signal light 230 is blocked from

5 passing through the sigual channel 222. For example, the clange 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 ligbt230. The blocking of the signal light 230 is indicated by

the lack of the signal light 230 exiting the signal channel 222. Once the activation light

232 is removed from the signal channel 222, lhe piezoelectric element 224 returns to its

10 normal shape and the signal light 230 is able once again to pass through the signal

channel222.

Fig. 13A depicts an embodiment of a light activated optical switch 240

that includes a signal channel 242, a piezoelectric element 244, and a conductive layer

246 adjacent 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.

134 illustrates the piezoelectric element 244 in a non-activated state. In the non-

activated state, the shape of the piezoelectric element 244 is unchanged from its normal

state, where the normal state of the piezoelectric element 244 is the state of the element in

the absence of an activation light. In the embodiment of Fig. 134, the piezoelectric

20 element 244 is basically flat in the non-activated state. The flat shape of the piezoelectric

element 244 allows a signal light 250 to pass through the signal ohannel 242 as indicated

by the signal light 250 entering and exiting the signal channel 242. Fig. 138 illusttates

the piezoelectric element 244 in an activated state that results from the application of an

activation light 252 to the piezoelectric element. In the embodiment of Fig. 138, the

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

light252 into the signal channel 242 inparallel with the signal light 250. In the activated

state, the shape of the piezoelectric element 2M changes enough that the signal light 250

is blocked from passing through the signal ahannel242. For example, the change in

shape of the piezoelectrio element 244 has the effeot of squeezing the signal channel 242

30 like a belt to choke the passage of the signal light 250. The blocking of the sig¡ral light

250 is indicated by the lack of the signal light 250 exiting the signal channel 242. Once
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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 c P)  20 is used to make this calculation. Where 1.4, is 4 pi Xi 0E-7 Weber
lamp-tatter, c is 3 X 10E+8 meters / second, E is the electric field in volts, and P is 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 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 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 30used for fibetoptics, will be able to travel in a channel just bigger than 2045 angstroms
and will not travel down a channel smaller. When the 2065 angstroms channel changes  WO
2008/1260S0PCT/R.20081000494 to 2014 angslmtns. the signal light will be blocked. Light of 8056
angstroms wavelength or shorter could still pass through the signal channel. The light activated optical
switch  can be turned on or off at a rate in seconds or faster. It makes use of effects that the electric
and magnet fields of the light have on the medium through which the tight 5travels. The equation for
the attenuation (A) of the signal inside a wave-guide, which will give the decibels of attenuation per
mile of travel for the signal is as follows: A=(Kial )((1,12)(ffo)3/2.+(fifo)-3Q)/((fif02-1)112 eq. (1)
The K is a constant for the material that the walls of the channel are made of; the value of K is 821.3
for lead. Since in an embodiment, only one wall of the optical  10 switch is mostly lead, the optical
switch may not follow exactly the graph of Fig. 3, but the graph is given for illustrative purposes. The
lower case "a" in the equation is the length of a side of the wave-guide. The frequency (I) of the signal
being considered is in ratio against the cutoff frequency (f,) in the channel. This equation is for the
TE0,1 mode of wave propagation. In art embodiment, the sizes of the waveguides are chosen so that
15 this is the only mode possible. As this relation is studied for shrinking waveguide dimensions for a
given signal, the attenuation increases as the size of the signal channel shrinks and proceeds to
infinity as the cutoff frequency is reached. This equation is on page 263 of Radio Engineers' Handbook
lvritten by Frederick Teinian, and published by McGraw-Hill Book Company, Inc, 1943. 20Reference is
now made to Fig. 1.4A, which illustrates an optical switch 300 that includes a signal channel 302 and a
plurality of piezoelectric elements which are preferably unevenly spaced along the length of the signal
channel 302. in the illustrated embodiment three generally rectangular piezoelectric elements 304, 305
and 306 are distributed along the length of the signal channel 302 with non-uniform spacing
therebetween. The shape of the piezoelectric elements 304, 305 and 306 is controlled by an activation
fiat. The signal channel 302 guides the transmission of light within a confuted 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 
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the activation light 252 is removed from the signal channel 242,thepiezoelectric element

244 retums to its normal shape and the signal light 250 is able oncè again to pass through
the signal chamel242.

In an embodiment, the piezoelectric element and the signal channel are

5 configured relative to each other such that application ofthe activation light changes the

state of the optical switoh from off (light is blocked) to on (light passes through the signal

channel) instead of from on to off.

some piezoelectric materials have a crystal orientation that must be

aligned with the electric fietd that will cause it to change shape. Other piezoelectric

10 materials can be heated up in a magnetic field and oriented to respond in the desired

direction to the electric field that will be applied. In constructing a light activated optical

switch, the orientation of the crystal or the magnetic orientation of the piezoelectrio

material should be directed to have the maximum shape change at right angles (that is
perpendicular) to the direction of the signal light in the signal channel. In an

15 embodiment, the electric field that triggers the switching is at right angles (that is

perpendicular) 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 = (2ltrc p)ttz

20 is used to make this calculation. Where po is 4 pi X10E-7 'Weber /amp-meter, c is 3 X
10E+8 meters / second, E is the electric field in volts, and P is power in r,vaffs. Using this

relation, it is found that the voltage developed by a l5O-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 than2045 angstroms

and will not travel down a channel smaller. When the 2065 angstroms channel changes

32

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. Examples of piezoelectric material that can be used to form the  5 piezoelectric elements
include crystalline piezoelectric material such as quartz (Si02), lithium niobate (LiNb03), 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 lithium niohate are examples of transparent piezoelectric materials. 10The piezoelectric
elements 304, 305 and 306 preferably each include at least two layers 307 and 303 of piezoelectric
material having different piezoelectric characteristics. The different piezoelectric characteristics of the
different layers 307 and 308 may include, for example: I) different degrees of expansion and/or
shrinkage in response to the same electrical field; 2) different responses to the same electrical field, for
15 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) different resistivities; 9) different thermal histories;
and 10) different electromagnetic 20histories.             Operation of the optical switch 300 depicted in
Fig. I4A is now described with additional reference to Fig. I4B. 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 fiat 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 30channel 302.               Fig. 14B illustrates the piezoelectric elements
304, 305 and 306 in an activated state that results from the application of an activation light 312 to the
piezoelectric elements 304, 305 and 306. in the embodiment of Fig. 14B, the activation light 312 is
applied to the piezoelectric elements 304, 305 and 306 by directing the  5 activation light 312 into the
signal channel 302 in parallel with the signal light 310. The activation light 312 supplies an electrical
field that effects the piezoelectric material. In the activated state, the shape of the piezoelectric
elements 304, 305 and 306 changes enough so that the signal light 310 is blocked from passing
through the signal channel 302. The blocking of the signal light 310 is indicated by the lack of the
signal light 310  10 exiting the signal channel 302. Once the activation light 312 is removed from the
signal channel 302, the piezoelectric elements 304,305 and 306 return to normal shape and the signal
light 310 is able once again to pass through the signal channel 302. 
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to 201'4 angstoms, the signal light will be blocked. Light of 8056 angstroms wavelength

or shorter could still pass through the signâl chanirel. The light activ¿ited optioal switch

can be turned on or off at a rate in l0E-11 seconds or faster. It makes use of effects that

the electric and magnet fields of the light have on the medium through which the light
5 travels. The equation for the affenuation (A) of the signal inside a wave-guide, which

will give the decibels of attenuation per mile of travel for the signal is as follows:

¡:çKla3t2)((l/2)(fl f o¡3/2+(f lf ò-tt\Kf lf o)r-t)toeq.(1)
The K is a constant for the material that the walls of the channel are made

of; the value of K is 821.3 for lead. Since in an embodiment, only one wall of the optical

10 switch is mostly lead, the optical switch may not follow exactly the graph of Fig. 3, but

the graph is given for illustrative purposes. The lower case "a" in the equation is the

length of a side of the wave-guide. The frequency (f) of the signal being considered is in
ratio against the cutoff frequency (f") in the channel. This equation is for the TEo,r mode

of wave propagation. In an embodiment, the sizes of the waveguides are chosen so that

15 this is the only mode possible, As this relation is studied for shrinking waveguide

dimensions for a given signal, the attenuation increases as the size of the signal channel

shrinks and proceeds to infinþ as the cutoff frequency is reached. This equation is on

page 263 of Radio Engineers' Handbook written by Frederick Terman, and published by
McGraw-Hill Book Company, Inc, 1943.

20 Reference is now made to Fig. 144, which illustrates an optical switch 300

that includes a signal channel 302 and a plurality of piezoelectric elements which are

preferably unevenly spaced along the length of the signal channel 302.Inthe illustrated

embodiment three generally rectangular piezoelectric elements 304, 305 and 306 are

dishibuted along the length of the signal ohannel 302 with non-uniform spacing

25 therebetween. The shape of the piezoelectric 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 ohannel 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

JJ

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 element 305 is in a non-activated state. Fig. 1.5B is a cross-sectional view of 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-sectional area of the signal channel 302 is smaller in the activated state (Fig. I5B) than it is in
the non-activated state (Fig. I5A). As seen in the embodiment of Figs. 14A - 15B, there is still an
opening in  75 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 30signal 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  WO 20081126080PCT111,2008/000494 to pass through a. signal
channel 302 having a smaller dimension than light having a longer wavelength.            Reference is
now made to Fig. 16A which illustrates an optical switch 400 that includes a signal channel 402 and a
plurality of piezoelectric elements which are 5  preferably unevenly spaced along the length of the
signal channel 402. In the illustrated embodiment, four generally circular cylindrical piezoelectric
elements 404, 405, 406 and 407 are distributed along the length of the signal channel 402 with
non-uniform spacing therebetween. The shape of the piezoelectric elements 404, 405, 406 and 407 is
controlled by an activation light. The signal channel 402 guides the transmission of light 10 within a
confined area along a defined path. The 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 Fig. IA, the
signal channel 402 is preferably formed by a monolithic light guiding element.             The piezoelectric
elements 404, 405, 406 and 407 are preferably formed of piezoelectric material. Examples of
piezoelectric material that can be used to form the piezoelectric element include crystalline
piezoelectric material such as quartz (Si02), 10  lithium niobate (LiNb03), lead zirconate (PbZr03), lead
titimate (PbTiO3), and lead zirconate titanate. Examples of piezoelectric materials that can be oriented
in a magnetic field are lead zirconate and lead titariate or lead zicronate titantae. Quartz and lithium
rtiobate are examples of transparent piezoelectric materials. The piezoelectric elements 404, 405, 406
and 407 preferably each include 25  at least two layers 403 and 409 of piezoelectric material having
different piezoelectric characteristics. The different piezoelectric characteristics of the different layers
may include, for example: I) 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 
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a compressible material. In the embodiment of Fig. 144, the signal channel 302 is

preferably formed by a monolithic light guiding element.

The piezoelectric elements 304, 305 and 306 are preferably formed of
piezoelectric material. Examples of piezoelectric material that can be used to form the

piezoelectric elements include crystalline piezoelectrio material such as quartz (SiO2),

lithium niobate (LiNbo3), lead zirconate (PbZto3), lead titanate (PbTio3), 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 piezoelectuic materials.

The piezoelectric elements 304, 305 and 306 preferably each include at

least two layers 307 and 308 of piezoelectric material having different piezoelectric

characteristics. The different piezoelectric characteristics ofthe different layers 307 and

308 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 havíng 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 l0) different electromagnetic

histories.

Operation of the optical switch 300 depicted in Fig. 144 is now described

with additional referenqe to Fig. 148. Fig. 144 illustrates the piezoelectric elements 304,

305 and 306 in a non-activated state. In the non-aotivated state, the shape of the

piezoelectric elements 304, 305 and 306 is unchanged from its normal state, where the

normal state of the píezoelectric elements 304, 305 and 306 is the state of the element in

the absence of an activation light. In the embodiment of Fig. 144, the piezoelectric

elements 304,305 and 306 are basically flat in the non-activated state. The flat shape of
the piezoelectric elements 304, 305 and 306 allows a signal light 310 to pass through the

signal channel 302 as indicated by the signal light 310 entering and exiting the signal

channel 302.
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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.             Operation of the optical switch 400 depicted in Fig. 16A is now described 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, 405, 406 and 407 is the state of the element in the absence of an activation light. In the
embodiment of Fig. 16A, the piezoelectric elements 404, 405, 406 and 407 are basically flat in the
non-activated state.  10 The flat shape of the piezoelectric elements 404, 405, 406 and 407 allows a
signal light 410 to pass through the signal channel 402 as indicated by the signal light 410 entering
and exiting the signal channel 402.            Fig. 16B illustrates the piezoelectric elements 404, 405, 406
and 407 in an activated state that results from the application of an activation light 412 to the  15
piezoelectric elements 404, 405, 406 and 407. In the embodiment of Fig. 168, the activation light 412
is applied to the piezoelectric elements 404, 405, 406 and 407 by directing the activation light 412 into
the signal channel 402 in parallel with the signal      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, 10405, 406 and 407 changes enough so that the signal light 410 is blocked from
passing        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 25signal 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 30402 and the piezoelectric element 406 of Fig. 16A when the piezoelectric element
406 is in a non-activated state. Fig, 178 is a cross-sectional view of the signal channel 402 and 
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Fig. 148 illustrates the piezoelectric elements 304, 305 and 306 in an

activated state that results from the application of an activation light 312 to the

piezoelectric elements 304,305 and 306. In the embodiment of Fig. 148, the activation

light 312 is applied to the piezoelectric elements 304, 305 and 306 by directing the

5 activation light 312 into the signal channel 302 in parallel with the signal light 310. The

activation light 3I2 supplies an electrical field that effeots the piezoelectric material. In

the activated state, the shape of the piezoelectric elements 304, 305 and 306 changes

enough so thatthe signal light 310 is blocked from passing through the signal channel

302. The blocking of the signal light 310 is indicated by the lack of the signal light 310

10 exiting the signal channel 302. Once the activation light 312 is removed from the signal

channel 302, the piezoelectric elements 304,305 and 306 retum to normal shape and the

signal light 310 is able once again to pass through the signal channel 302.

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 ofthe signal channel

302 to change. Fig. 154 is a cross-sectional view of the signal channel 302 and the

piezoelectric element 305 of Fig. 144 when the piezoelectric element 305 is in a non-

activated state. Fig. 158 is a cross-sectional view of the signal channel 302 and the

piezoelectric element 305 of Fig. 148 when the piezoelectric element 305 is in an

20 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 302. As

illustrated in Figs. 154 and 158, the cross-sectional area of the signal channel 302 is

smaller in the activated state (Fig. 158) than it is in the non-activated state (Fig. l5A).

As seen in the embodiment of Figs. l4A - 158, 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 ín 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
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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 state (Fig. 178) than it is in the non-activated state (Fig. 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 channel 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 having a longer wavelength.             Reference
is now made to Fig. I8A, 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
therobetween. 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. 30The piezoelectric elements 504, 505 and 506 are preferably
formed of piezoelecirk material. Examples of piezoelectric material that can be used to form the  WO
2008!126089PC1/112008/000494 piezoelectric element include crystalline piezoelectric material such
as quartz (Si02), lithium niobate (1.,1Nb03), lead zirconate (PbZr03), lead titanate (PbT103), 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 5niobate 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 petpendicudar to the first orientation;
3) different polarities; 4) different strains; 5) different hysteresis; 6) different capacitances; 7) different
impedances; 8) 
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to pass through a signal channel 302 having a smaller dimension than light having a
longer wavelength.

Reference is now made to Fig. 16A which illushates an optical switch 400
that includes a signal channel 402 and a pluralþ of piezoelectric elements which are
preferably unevenly spaced along the length of the signal channel 402. In the illustrated
embodiment, four generally circular cylindrical piezoelectric elements 404, 405,406 and,

407 arc distributed along the length of the signal channel 402 withnon-uniform spacing
therebetween. The shape of the piezoelectric elements 404, 405, 406 and 407 is
controlled by an activation light. The signal charnel 402 guides the transmission of light
within a confined area along a defined path. The 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. Struotures 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. 164, the signal channel
402 is preferably formed by a monolithic light guiding element.

The piezoelectric elements 404, 405, 406 and.407 are preferably formed of
piezoelectrio material. Examples of piezoelectric material that can be used to form the
piezoelechic element include crystalline piezoelectric material such as quartz (SiO2),

Iithium niobate (LiNbo3), lead zircon ate @bzro3), lead titanate (pbrio3), 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. euartz and lithìum
niobate are examples of transparent piezoelectric materials.

The piezoelectric elements 404, 405, 406 and, 407 preferably each include
at least two layers 408 and 409 of piezoelectric material having different piezoelectric
characteristics. The different piezoelectric characteristios of the different layers may
include, for example: 1) different degrees of expansion and/or shrinkage in response to
the same electrical field; 2) different responses to the same electrical field, for example,
one of the layers expands in response to an electrical field having a first orientation and

the other layer expands in response to an electrical field having a second orientation that
is perpendicular to the first orientation; 3) different polarities; 4) different strains; 5)
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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 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.             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 30amounts 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   material, having different piezoelectric
characteristics, which are formed as a monolithic element. For example, the piezoelectric element is
formed by building 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  5 layers of the piezoelectric element have different crystal orientations so that the
two layers respond differently to the same electrical field, For example, the tvvo layers have crystal
orientations that are perpendicular to each other. In another embodiment, at least one of the layers of
the piezoelectric element is made of an organic material. By using a piezoelectric element with layers
of piezoelectric material 10having different piezoelectric characteristics, the response of the
piezoelectric element can be selected to optimize on/off switching. For example, the piezoelectric
characteristics of the layers can he selected to: 1) maximize the shape change of the piezoelectric
element 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) 15reduce the amount of heat
generated by the switching technique.            Operation of the optical switch 500 depicted in Fig. 18A
is now described with additional reference to Fig. 1813. Fig. 18A illustrates the piezoelectric elements
504, 505 and 506 in a non-activated state. In the non-activated state, the shape of the -tzoelectric
elements 504, 505 and 506is unchanged from its normal slate, 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. En 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 throuth the signal channel 502 as indicated by the signal light 510 entering and
exiting the signal 
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different hysteresis; 6) different capacitances; 7) different impedances; 8) difterent
resistivities; 9) different thermal histories; and l0) differeirt electromagnetic histories.

Operation of the optical switch 400 depicted in Fig. 16A is now described
with additional reference to Fig. 168. Fig. l6A illustrates the piezoelectric elements 404,

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, ívhere

the normal state of the piezoelectric elements 404,405,406 and.407 is the state of the
element in the absence of an activation light. In the embodiment of Fig. 16A, the
piezoelectric elements 404,405,406 and 407 arc basically flat in the non-activated state.

The flat shape of the piezoelectric elements 404,405,406 and 407 allows a signal light
410 to pass through the signal channel 402 as indicated by the signal light 410 entering
and exiting the signal channel40Z.

Fig' 168 illustrates the piezoelectric elements 404, 405, 406 and.407 jn an

activated state that results from the application of an activation Light 412 to the
piezoelectric elements 404,405,406 and.407. In the embodiment of Fig. 168, the
activation lignt 4I2 is applied to the piezoelectric elements 404,405,406 and 407 by
directing the activation light 412 into the signal channel 402 in parallel 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,

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 activatio n light 412
is removed fi'om the signal channel 4}2,thepiezoelectric elements 404,405,406 and,407

return to normal shape and the signal light 410 is able once again to pass through the

signal chawrcl402.

As described above, activation of the piezoelectric elements 404, 405, 406

and 407 in response to the activation light 4I2 causes the shape of the piezoelectric

elements 404,405,406 and 407 to change, thereby causing at least one dimension of the
signal channel 402to change. Fig. 174 is a cross-sectional view of the signal channel

402 and the piezoelectric element 406 of Fig. l6A when the piezoelectric element 406 is
in a non-activated state. Fig, 178 is a cross-sectional view of the signal channel 402 and
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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 the signal light 510. The activation light 512 supplies an electrical field that effects 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 510 exiting the signal channel 502. Once the activation light 512 is removed from the
signal 5channel 502, the piezoelectric elements 504, 505 and 506 return to normal shape and the
signal light 510 is able once again to pass through the signal channel 502.             As described above,
activation of the piezoelectric elements 504, 505 and 506 in response to the activation light 512
causes the shape of the piezoelectric elements 504, 505 and 506 to change, thereby causing at least
one dimension of the signal. channel 502 to change. Fig. 19A is a cross-sectional view of the signal
channel 502 and the piezoelectric element 505 of Fig. 18A when the piezoelectric element 505 is in a
non-activated state. Fig. 1913 is a cross-sectional view of the signal channel 502 and the piezoelectric
element 505 of Fig. 188 When the piezoelectric element 505 is in an 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 1913, the cross-sectional area of
the signal channel 502 is smaller in the activated state (Fig. 1913) than it is in the non-activated state
(Fig. 19A).             As seen in the embodiment of Figs. 1.8A -- 1913, 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 i3 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 10ways that are
described using a truth table. The truth table gives the signal that will be 
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the piezoelectric element 406 of Fig. 16B when the piezoelectric element 406 is in an

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

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

illustrated in Figs. l7A, and, 178, the cross-sectional area of the signal channel 402 is

smaller in the activated state (Fig. 178) than it is in the non-activated state (Fig. 174).

As seen in the embodiment of Figs. 164 - 178, there is still an opening in
the signal channel 402 evenwhen the piezoelectric elements 404,405,406 and 407 arc 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 arc in the activated state, the

opening in the signal channel 402 is small enough that the signal lighr 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. [n general, light having a shorter

wavelength is able to pass through a signal channel having a smaller dimension than light

having a longer wavelength.

Reference is now made to Fig. 184, which illustrates an optícal 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.Inthe illustrated

embodiment three generally oval cylindrical piezoelectric elements 504, 505 and 506 are

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 confîned 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 holdíng

a compressible material. In the embodiment of Fig. 184, the signal channel 502 is
preferably formed by a monolithic light guiding element.

The piezoelectric elements 504, 505 and 506 are preferably formed of
piezoelectric material. Examples of piezoelechic material that can be used to form the
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output from the gate when specified signals arc input into the gate.  INPUT B 0 10 1  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.  TUT AINPUT BOR OUTPUT      z  
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piezoelectric element include crystalline piezoelechic material such as quartz (SiOz),

lithium niobate (LiNbO3), lead zirconate (PbZrOg), lead titanate (pbTio3), and lead
zirconate titanate. Examples of piezoelectric materials that can be oriented in a magnetic
field are lead zfuconate and lead titanate or lead zicronate titantae. Quartz and lithium

5 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 ofthe 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) diflerent 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 flust orientation; 3) different polarities; 4) different
strains; 5) different hysteresis; 6) different capacitances; 7) different impedances; g)

15 different resistivities; 9) different thermal histories; and l0) 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 ofpiezoelechic 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 piezoeleotric element includes at least two layers of piezoelectric

39

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 found on both the A
input and B inpift does an output pulse result from the 15 NOR gate. A NOR gate is often explained as
an OR gate with a NOT gate on its output.                The logical NOT eine takes a signal and
transforms it into its opposite. When there is a signal coming in, no signal is sent: out, and when no
signal is coming in, then a signal is sent out. In present computer circuits, 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 transistors may be used to make a logical NOR gate. Transistors switch in 10E-9
seconds. This determines how fast a computer cart be made to function. Present computers function
on the flow of electronic digital signals not light signals. Light signals are also called optical or photonic
signals, 
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material, having different piezoelectric characteristics, which are formed as a monolithic

element. For example, the piezoelectric element is formed' by building 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

5 layers of the piezoelectric element have different crystal orientations so that the two

layers respond differently to the same eleotrical field. For example, the two layers have

crystal orientations that are perpendicular to each other. In another embodimenl at least

one of the layers of the piezoelectric element is made of an organio material.

By using a piezoelectric element with layers of piezoelectric material

l0 having different piezoelectric characteristics, the response of the piezoelectric element

can be selected to optimize on/off switching. For example, the piezoelectric

characteristics of the layers can be selected to: 1) maximize the shape change of the

piezoelectric element in response to the activation light; 2) minimize hysteresis; 3) reduce

the amount of power required to change the shape of the piezoelectric element; and 4)

15 reduce the amount of heat generated by the switching technique.

Operation of the optical switch 500 depicted in Fig. l8A is now described

with additional reference to Fig- 188. Fig. 184 illustrates the piezoelectric elements 504,

505 and 506 in 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. 184, 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. 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

piezoelechic elements 504, 505 and 506. In the embodiment of Fig. 188, the activation

light 512 is applied to the piezoelectric elements 504, 505 and 506 by directing the

30 activation light 512 into the signal ohannel 502 in parallel with the signal light 510. The

activation light 512 supplies an eleotrical field that effects the piezoelectric material. In

40

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, which incorporated by 15reference herein, 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
1506 um wavelength signal as in commonly used in present fiber optic channels. This signal can be
changed into a 750 am signal by using a 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 urn 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.  WO
2008/126089PCML2008 /000494 " phase, and t can be in a fiber optic channel with light that is 180
degrees out of ic field of the light Will not be &pressed. The light that is 180  degrees out of phase with
it cancels the power of the light.             Reference is now made to Fig. 20, which is a schematic of a
logical NOT gam 600 for fiber optic systems. hi Fig. 20, an optical channel 601, such as an optical
fiber, brings in a 1500nm signal that is needed by the logic gate 600. An optical channel 603, such as
an optical fiber, that brings in the 1500nm signal that will be changed by the logical NOT gate 600. A
wavelength reducer 605 doubles the frequency of the incoming signal so that it will be converted to a
750nm signal, and it has incorporated in it any optical amplification function needed to prepare the
signal to be usethl after the frequency conversion is accomplished. Optical channel 601 joins with the
output of wavelength reducer 605 and enters optical switch 607. Optical switch 607 k a light activated
optical switch as described above, Optical switch 607 will allow the 1500rim signal to be output until a
750nrit signal comes front the wavelength reducer 605. When  15 a 750tum signal comes from
wavelength reducer 605, no signal is output front 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 
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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 510

exiting the signal channel 502. Once the activation light 512 is removed from the signal

5 channel 502, the piezoelectric elements 504, 505 and 506 retum to normal shape and the
signal light 510 is able once again to pass through the signal channel 502.

As described above, activation of the piezoelectric elements 504, 505 and

506 in response to the activation light 512 causes the shape of the piezoelectric elements

504, 505 and 506 to change, thereby causing at least one dimension of the signal channel

10 502 to change. Fig. 194 is a cross-sectional view of the signal channel 502 and the

piezoelectric element 505 of Fig. 184 when the piezoelectric element 505 is in a non-

activated state. Fig. 198 is a cross-sectional view of the signal channel 502 and the

piezoelechic element 505 of Fig. 188 when the piezoelectric element 505 is in an

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. 194 and 198, the cross-sectional area of the signal channel 502 is

smaller in the activated state (Fig. l9B) than it is in the non-activated state (Fig. l9A).
As seen in the embodiment of Figs. 184 - l9B, 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

wavelengfh.

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.

4t

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 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 30optical 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  WO
20081126040PCT/11,2008/000494 channels to provide inputs to the optical switchThe other half of
the light in optical channel 614 is input directly into optical switch 612. An optical channel 626 joins
with the other fiber optic channels to provide     inputs to optical switch 612 after the phase of the light
in optical channel 626 is matched 5to the light of second logical input on optical channel 620 by phase
matcher 624. The output of the logical AND gate 610 is provided along optical channel 628, and
provides AND functionality as shown in Table I.            A phase shifter 629 is provided so that inputs
from optical channels 614 and 620 will be mutually out of phase by 180 degrees. Thus, optical switch
612 will open  10 and provide an output signal when light is input along both optical channels 614 and
620 and will be closed and no output signal will be provided when light is only input on one of channels
614 and 620. It is appreciated that no output signal will be provided When there is no light input on
either orchannels 614 and 620. Thus, the present invention provides a logical AND gate wherein digital
15 signal lights coming into the first and second data inputs are divided into two channels one of which
the wavelength is shortened and the phase is matched to switch activation signals. Additionally, a
logical AND gate is provided where in the activation light that is phase matched to the shortened
wavelength signal that goes into the optical switch and only opens to let a data signal out of the gate
when a data signal is received into both 
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INPUTA INPUT B AND OUTPUT

0 0 0

0 I 0

1 0 0

I 1 1

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 ouþut pulse result from the AND gate.

INPUT A INPUT B OR OUTPUT

0 0 0

0 1 I
I 0 1

I 1 1

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 INPUTB NOR OUTPUT

0 0 I

0 I 0

I 0 0

I 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 aNOT gate on its ouþut.

5
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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 1500ntn 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 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.  Optical switches have been
designed to activate with an activation light power of 150 milliwatts, One half of the digital light signal
outpdt by wavelength reducers 642 and 646 along an optical channel 647 is provided to a light
absorber 648 The other half of the light signal output from wavelength reducers 642 and 646 joins with
the optical signal 5 input on optical channel 640, which is needed to make the logical ANT) gate 630
work. Optical switch 632 will allow the 1500rtm signal on optical channel 640 to pass through it until a
750nin signal strong enough to close it is input to an optical channel 650. This will occur when a
1500nm signal comes in to the gate on optical channels 636 and 638. An optical channel 652 provides
the output signal from switch 632 to a wavelength 10 reducer 654. Wavelength reducer 654 doubles
the frequency of the 1500nm signal output by optical switch 632 along optical channel 652.
Optical channel 642 provides a 1500tim signal into the logical AND gate 630 and joins it with the
output of wavelength reducer 654. Optical switch 634 will allow the 1500nm signal from optical channel
642 to exit the switch as long as no signal is 15output from optical switch 632 via wavelength reducer
654.             When there is only a signal entering on one of optical channels 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 signal is sufficient to turn off the 20150Ortm 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 turned 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 1500arn light only when a 1500mn signal is provided on both optical channels
636 and 633. This logical AND gate operates as in Table I. 
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The logical NOT gate takes a signal and transforms it into its opposite.

When there is a signal coming in, no signal is sent out, and when no signal is coming in,

then a signal is sent out.

In present computer circuits, three transistors may be used to make a

logical AND or â logical OR gate for electrical digital signals. In present computer

circuits, four transistors may be used to make a logical NOR gate. Transistors switch in

10E-9 seconds. This determines how fast a computer can be made to function. Present

computers function on the flow of electronic digital signals not light signals. Light

signals are also called optical or photonic signals.

The 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 íf 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.7,072,536, which incorporated by

reference herein. 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

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 oan also produce 1500 nm

wavelength light out of 750 nm light. Generally a PPLN element functions only for

specifìc 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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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 shortened actuates a switch once a data signal enter both inputs  5 of the gate 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 requirements of an logical AND gate, 10Reference is now made to Fig. 23, which is a
schematic illustration of logical OR gate 700. A first logical input signal of 1500unt light is provided to
the logical OR gate 700 along an optical channel 702 and a second logical input signal of 1500nm tight
is provided to the logical AND gate 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 will remain closed and
no output 1500tim 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
1500nin signals provided along optical channels 702 and 704 so they become 750mn 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 750run light along optical
channel 706.            An optical channel 718 provides the output from waveLngth reducer 7 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 750ntrt light along optical channel 706.               Optical channels 722
and 724 provide half of the light from the phase 30matchers 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  degrees out of phase with the light along optical channel; 706 that they
have been specifically phase matched with. When they :Mix with the light along optical channel 706
they will cancel half of it out. 
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Light can be in a fiber optic channel with light that is 180 degrees out of
phase, and the electric field of the light will not be expre3sed. The light that is lg0
degrees out of phase with it cancels the power of the light.

Reference is now made to Fig.20, which is a sohematic of a logical NOT
gate 600 for fiber optic systems. In Fig. 20, an optical channel 601, suoh as an optical
fiber, brings in a 1500nm signal that is needed by the logic gate 600. An optical channel

603, such as an optical fiber, that brings in the 1500nm signal that will be changed by the
logical NoT gate 600. A wavelength reducer 605 doubles the frequency of the incoming
signal so that it will be converted to a 750nm signal, and it has incorporated in it any

optical amplification function needed to prepare the signal to be usefr¡l after the
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
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.2L, which is a schematio of a logical AND
gate 610- An optical channel 611, such as an optical fiber, supplies a higher frequency

wavelengthsignaltoanopticalswitch 612toactuateswitch 612. Opticalchannel 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.,byphase matcher 616. Optical
channel 614 divides, tvith 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 6t4 is input directly into
optical switch 612.

A second logical input is provided to the logical AND gate 610 along an

optical channel 620. Optical ohannel 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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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 source of 750turi light from optical channel 706 is fed into  10 switch 708 no signal 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
addition, if a signal is provided on both optical channels 702 and 704  15 they will be of sufficient
power together to totally cancel the source of 75Ortin light from optical channel 706, resulting in an
output signal being provided by the logical OR gate 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 20is provided Mona 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. 25Reference 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 1500ran light for the fin:et:on of the logical OR gate.               Wavelength reducers
808 and 810 are frequency doublers that also boost 30the 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  WO 20081126080PCTILL2008/000434 
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channels to provide inputs to the optical switch 612. The other half of the light in optical
channel 6L4 is input directly into optical switch 612.

An optical channel 626 joins with the other fiber optic channels to provide
inputs to optical switch 612 after the phase of the light in optical channel 626 ismatched

to the light of second logical input on optical channel 620by phase matcher 624. The
output of the logical AND gate 610 is provided along optical channel 628, atd,provides

AND functionality as shown in Table 1.

Aphase shifter 629 is provided so that inputs from optical channels 614
and 620 will be mutually out of phase by 180 degrees. Thus, optical switch 612 will open

and provide an output signal when light is input along both optical channels 614 and 620
and will be closed and no output signal will be provided when light is only input on one

of channels 614 and620.lt is appreciated that no output signal will be provided when
there is no light input on either of chan¡els 614 and,620.

Thus, the present invention provides a logical AND gate wherein digital
signal lights coming into the first and second data inputs are divided into two channels

one of which the wavelength is shortened and the phase is matched to slvitch activation
signals. Additionally, a logical AND gate is provided lvhere in the activation light that is
phase matched to the shortened wavelength signal that goes into the optical switch and

only opens to let a data signal out of the gate when a data signal is received into both
inputs thereby satisfring 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
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 anda second optical channel 642 supplies an

actuation signal of 1500nm light to optical switch 634.

A first and second wavelength reducer 642 and 646 double the frequency

of the 1500nm light so that it becomes 750nm light. The power is also boosted up to the

level needed to activate a light activated optical switch after the frequency is doubled.
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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 reducer 820 doubles the frequency of the signal coming out of switch 816.             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 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 1500nnt 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) passina 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 front
both Lines 802 and 804, then the double output of the 20reducers 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 'fable 2 proscribes, which
describes the function of a logical, OR gate. 25A 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 30wavelength of the activation light; a second wavelength
modifier operative to decrease the wavelength of the light along the second light input to the
wavelength of the  activation light; first and second light conduits supplying wavelength modified light
from the first and second wavelength modifiers; a power limiter receiving light from the first wavelength
modifier and second wavelength modifier via the respective first and second light conduits and being
operative to maintain light output therefrom at a predetermined power level; a third light conduit
supplying power limited light from the power limiter to the first optical switch; 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, 10Reference is /lbw made to Fig.
25, which is a schematic of a logical OR 
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Optical switches have been designed to activate with an activation light power of 150

milliwatts. One half of the digital light signal outpút by wavelength reducers 642 and 646

along an optical channel 647 is provided to a light absorber 648 The other half of the

light signal output from wavelength reducers 642 and 646joins with the optical signal

5 input on optical channel 640, which is needed to make the logical AND gate 630 work.

Optical switch 632will allow the 1500nm signal on optical channel 640 to pass through it
until a 750nm signal strong enough to close it is input to an optical channel 650. This

will occur when a 1500nm signal comes in to the gate on oþtical channels 636 and 638.

An optical channel 652 provides the output signal from switch 632 to a wavelength

l0 reducer 654. 'Wavelength 
reducer 654 doubles the frequency of the 1500nm signal output

by optical switch 632 along optical channel652.

Optical channel 642 provides a 1500nm signal into the logical AND gate

630 and joins it with the output of wavelength reducer 654. Optical switch 634 will allow

the 1500nm signal from optical channel 642 to exit the switch as long as no signal is

15 ouþut from optical switch 632viawavelength reducer 654.

When there is only a signal entering on one of optical channels 636 and

638, the 750nm signal input into optical switch 632 is not sufficient to make swítch 632

olose and stop the flow of 1500nm light from optical channel 640. When a signal is

provided on both optical channels 636 and 638, the signal is sufficient to turn off the

20 1500nm signal from optical channel 640.

As long as the signal from optical channel 640 is ouþut from switch 632

there will be no signal provided from optioal 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 turned offby optical switch 632

25 and only then is the input provided by optical ohannel 642 output from slvitch 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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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 meet from frequency increasing device 908. The tight 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 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 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 front line
904 joins with the other light of the logic device to inter optical switch 910. Line 912 is the 25output of
the logical OR device.             A logic gate providing OR fitnetionality 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 30of 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  receiving a first portion of the signal tight received at the second logic input,
a fourth light conduit receiving a second portion of the signal light received at the second logio input, a
first wavelength modifier 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 and a
phase shifter operative to cause wavelength modified light from the first wavelength modifier to be out
of phase by 180 degrees with respect to the light from the second wavelength modifier, the optical
switch receiving tight from the first and third light conduits, the second wavelength modifier and the
phase 10shifter,            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 sonic examples of logic gates, which utilize light activated optical switches, are described,
other embodiments of AND, OR, NOR and NOT logic 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 hereirta.bove. Rather the invention
includes both combinations and subcombinations of various features described hereinabove as well as
modifications thereof which would occur to persons 20skilled in the art upon reading the foregoing
description and which are not in the prior art. 25 30  CLAIMS 
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Thus, the present invention provides a logical AND gate wherein the

wavelength of the two input sigtrals are immediately shortened and divided to provide

light for the activation of optical switches. AIso provided is a logical AND gate wherein

light with the wavelength shortened actuates a switch once a data signal enter both inputs

of the gate that sends a data wavelength signat 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 requirements of an

logical AND gate.

Reference is now made to Fig. 23, which is a schematic illustration.of a

logical OR gate 700. A first logical input signal of 1500nm light is provided to the logical

OR gate 700 along an optical channel 702 and a second logical 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

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 and7l2 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 thepower lost in

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

Optical channel 714 canies the 750nm signal ouþut 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.

An optical channel 718 provides the output from wavelength reducer 7I2
to a phase matcher 720. The phase matcher 720 makes the phase of the signal along

optical channel 718 to be in phase with the source signal of 750nm light along optical

channel 706.

Optical channels 722 and 724 provide half of the light from the phase

matchers 716 andT20,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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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 material having:       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 resistivifies; 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.  5,An optical
switch according to claim 4 and wherein said conductive element 
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degrees out of phase wíth the light along optical channel; 706 that they have been

specifically phase matched with. When they mix with the light along optical channel 706

they will cancel half of it out.

An optical channel 732 carries the 750nm 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 1500nm light that will flow out of switch 708 until a signal of
suffrcient power comes from optical channel 706 to shut it off. The signal is output from

switch 708 along an optical channel TL2,thlsproviding a logical OR gate.

As long as the source of 750nm light from optical channel 706 is fed into

10 switch 708 no signal fiom source of 1500nm light from optical channel 740 will be

allowed to come out of the logical OR gate, but if a signal comes into either optioal

channel 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 addition, if a signal is provided on both optical channels 702 and 704

15 they wíll be of suffrcient power together to totally cancel the source of 750nm light from

optical channel 706, resulting in an output signal being provided by the logical OR gate

700.

The last paragraph explained how the logical OR gate dìsclosed herein

fulfills the requirements of the logical OR gate truth table seen in Table2. 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, onthe output of
a logical OR gate, described in Fig. 23, alogical NOR gate is made, which will fi¡nction

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 optìcal 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 frbers that camy the
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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 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 activation
light responsive piezoelectric element including more than two layers of piezoelectric material having:
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. 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.  12. A logic gate
comprising at least one gate having at least one of NOT, AND, OR, NAND and NOR functionality
comprising at least one optical switch actuated by light, said at least one optical switch comprising: 
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signals A and B from wavelength reducers 808 and 810 and combine with the signal from

line 806 and carry all this into power limiter B14.

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 light

activated optical switch. Wavelength reducer 820 doubles the frequency of the signal

coming out of switch 816.

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 carry it on to switch 830. As long as there is a signal from wavelength

reducer 820 no signal will come out of Switch 830.

When 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 ofthe gate through switch 830.

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

desoribes the function of a logical, OR gate.

25 A logic gate providing OR fi.rnctionality 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 deorease

the wavelength of the light along the second light input to the wavelength of 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 having:               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;        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. 
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activation light; first and second light conduits supplying wavelength modified light from
the first and second wavelength modifiers; a power limiter receiving light from the frrst

wavelength modifier and second wavelength modifier via the respective flrrst and second

light conduits and being operative to maintain light ouþut therefrom at a predetermined

5 power level; a third light conduit supplying power limited light from the power limiter to
the first optical switch; 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 wavelengh modifier to the second optical switch.

10 Reference is nbw made to Fig.25, which is a schematic of a logical OR
gate 900. Optical channel 902 provides a first input to the togical 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 canies 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 9 10. 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 ofthe 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 f,rrst and

second logic inputs receiving signal light, a first light conduit receiving a fìrst portion

30 ofthesignallightreceivedat thefïrstlogicinpu! a second light conduit receiving a

second portion of the signal light received at the frrst logic input, a third light conduit

s0

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;         a third light conduit receiving a first portion of the signal light
received at said second logic input;        a fourth light conduit receiving a second portion of the signal
light received at said second logic input;        a first wavelength modifier operative to decrease the
wavelength of the light along said second light conduit to the wavelength of said activation light;        a
second wavelength modifier operative to decrease the wavelength of the light along said fourth light
conduit to the wavelength of said activation light;        a first phase matcher operative to match the
phrase of said light along said second light conduit to that said activation light;        a second phase
matcher which matches the phase of said light along said fourth light conduit to said activation light;
and        a phase shifter operative to cause wavelength reduced 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; 
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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 light along

the second light conduit to the wavelength of the activation light, a second wavelength

5 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 seoond wavelength modifier, the optical switoh receiving

light from the first and third light conduits, the second wavelength modifier and the phase

10 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 hereìnabove.

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.
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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 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:  first and
second logic inputs receiving signal light 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;               a first phase matcher
operative to match the phase of wavelength modified light from the said first wavelength modifier to
match the phase of actuation light;               a second phase matcher operative to match the phase of
the light from said second wavelength modifier to match the phase of said actuation light;               a
first light conduit supplying part of said light from said first phase matcher to a first light absorber; 
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CLAIMS

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 material having:

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 electricalfield;
d ifferent polarities; d ifferent stra i ns; d ifferent hystereses ;

different capacitances; different impedances; different
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.

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.

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.

An optical switch according to claim 1 and wherein said more than two layers
of piezoelectric material have different crystal orientations.

2.

3

4
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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 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 



5

b

7

An optical switch according to claim 4 and wherein said conductive element
is disposed between two layers of the piezoelectric element.

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.

An optical switch comprising:
a 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 activation light

responsive piezoelectric element including more than two layers of piezoelectric material

having:
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.

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.

An optical switch according to claim 7 or claim I and wherein said at least

two layers of piezoelectric material have different crystal orientations.

10. An optical switch according to anyof claims 7-9 and wherein at leasttwo 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.

I

I
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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
received at said first logic input;               a third light conduit receiving a first portion of the signal light
received at said second logic input;               a fourth light conduit receiving a second portion of the
signal light received at said second logic input;               a first wavelength modifier operative to
decrease the wavelength of the light along said second light conduit to the wavelength of said
activation light;               a second wavelength modifier operative to decrease the wavelength of the
light along said fourth light conduit to the wavelength of said activation light; 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; 



12. A logic gate comprising at least one gate having at least one of NOT, AND,
OR, NAND and NOR functionality comprising at least one optical switch actuated by light,
said at least one optical switch comprising:

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 having:

d ifferent piezoelectric cha racteristics, sa id d ifferent piezoelectric
characteristics comprising at least one of different degrees of expansion or shrinkage in
response to an electrical field;

different responses to the same electricalfield;
different polarities; different strains; different hystereses;
different capacitances; different impedances; different resistivities; and

d ifferent thermal or electromag netic h istories;
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 1 2 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

wavefength 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 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.  27. The
optical switch of claim 25 or claim 26 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. 28. The optical switch of claim 25 wherein the signal channel
comprises a chamber that is filled with a compressible material. 29. The optical switch of claim 28
wherein the piezoelectric element forms a portion of the chamber. 30. The optical switch of claim 25
wherein the more than two layers of the piezoelectric element have different crystal orientations. 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; 



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

a fourth light conduit receiving a second portion of the signal light received at said
second logic input;

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

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

a first phase matcher operatíve to match the phrase of said light along said second
light conduit to that said activation light;

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

a phase shifter operative to cause wavelength reduced 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 ínputs;
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 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.  37. The method of
claim 32 wherein the conductive layer is adhered between two layers of the piezoelectric element. 38.
A method for operating an optical switch, the method comprising: applying a signal light to a signal
channel, the signal channel being adjacent to a piezoelectric element that is adjacent to at least one
conductive layer, 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; 



first and second logic inputs receiving signal light 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;

a first phase matcher operative to match the phase of wavelength modified
light from the said first wavelength modifier to match the phase of actuation light;

a second phase matcher operative to match the phase of the light from said
second wavelength modifier to match the phase of said actuation light;

a first light conduit supplying part of said light from said first phase matcher to
a first light absorber;

a second light conduit supplying part of said light from said 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 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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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 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. 



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 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 foudh light conduit receiving a second portion of the signal light received at
said second logic input;

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

a second wavelength modifier operative to decrease the wavelength of the
light along said fourth light conduit to the wavelength of said activation light; 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 electricalfield;
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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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
expansion or shrinkage in response to an electrical field; different responses to the same electrical
field; 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 



27. The optical switch of claim 25 or claim 26 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.

28. The optical switch of claim 25 wherein the signal channel comprises a

chamber that is filled with a compressible material.

29. The optical switch of claim 28 wherein the piezoelectric element forms a

portion of the chamber.

30. The optical switch of claim 25 wherein the more than two layers of the
piezoelectric element have different crystal orientations.

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 comprisinq more than two layers of piezoelectric material havinq:

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.
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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 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.  52. The optical switch of claim 51 wherein the two layers of the piezoelectric element
have perpendicular crystal orientations. 53. 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. 54. The optical
switch of claim 53 wherein the conductive layer is adhered to a surface of the piezoelectric element.
55. The optical switch of claim 53 wherein the conductive layer is adhered between two layers of the
piezoelectric element. 



37. The method of claim 32 wherein the conductive layer is adhered between two
layers of the piezoelectric element.

38. A method for operating an optical switch, the method comprising: applying a

signal light to a signal channel, the signal channel being adjacent to a piezoelectric element
that is adjacent to at least one conductive layer, 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 electricalfield;

different responses to the same electricalfield;
d ifferent polarities ; d ifferent strai ns ; d ifferent 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 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 píezoelectric 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 electricalfield;
d ifferent polarities ; d ifferent stra ins; d ifferent hystereses;
different capacitances; different impedances; different resistivities; and

d ifferent therma I or electromag netic h istories;
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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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
piezoelectric element forms a portion of the chamber. 59. 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. 60. 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. 61. 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; 



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 expansion or shrinkage in response to an
electrical field;

different responses to the same electricalfield;
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
d ifferent therma I or electromag netic h istories;
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
piezoe lectric elem ent have d ifferent crysta I orientations.
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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
layers of the piezoelectric element have different crystal orientations. 63. The optical switch of claim 61
further comprising means for coupling the signal light and the activation light into the signal channel.
64. The optical switch of claim 61 wherein the means for applying an activation light comprises an
activation light source. 65. 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. 66. The optical switch of claim
65 wherein the conductive layer is adhered to a major surface of the piezoelectric element. 



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

53. 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.

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

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

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 piezoelectric element forms a
portion of the chamber.

59. 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
d ifferent piezoelectric cha racteristics;

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.

60. 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.

61. 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;
d ifferent pola rities ; d ifferent strai n s ; d ifferent hystereses ;
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d ifferent ca pacita nces ; d ifferent im ped ances; d ifferent 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 layers of the piezoelectric

element have different crystal orientations,

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

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

65. 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.

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

62




