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LAYERED BENDING ELEMENT LIGHT SWITCH

BACKGROUND OF THE INVENTION

1. Field of the Invention:
This invention relates to a method for switching light
signals in an optical wave-guide on or off at speeds faster
than 10-11 seconds using light to trigger the switch in which
a layered element bends to 'close the channel. These

switches can be arranged to stay latched until unlatched.

2. Description of the Prior Art:
As technology advances communication of three-
dimensional drawings, video, and software applications
require more information to be communicated faster than

ever. Fiber optical channels can handle much more

information than wires can. The slowest part of a fiber
optic communication channels at present are the fiber optic
switching devices. At present fibe¡ optic signals are

switched using various methods that are actuated by
transistors. United States Patent, number 6,594,411 issued
to Yueh Liang Chung et al, on July 15 of 2003, which
teaches OPTICAL SWITCH, makes mention of a

piezoelectric element. The piezoelectric element is
actuated by an electrical signal, which is bound to the 10-e

seconds speeds that transistors can accomplish. United
States Patent, number 5,703,975 issued to William Miller et

al, on December 30,7997 that teaches INTERFEROMETRIC
SWITCH are physically long for the present need for
miniaturized components. The components a¡e more than a

centimeter in length in William Miller,s device. Finally,
United States Patent numbe¡ 7,0'72,536 issued to Gary

LAYERED BENDING ELEMENT LIGHT SWITCH BACKGROUND OF
THE INVENTION I. Field of the Invention: This invention relates to a
method for switching light signals in an optical wave-guide on or off at
speeds faster than 10-11 seconds using light to trigger the switch in which
a layefed element bends to 'close the channel. These switches can be
arranged to stay latched until unlatched. 2. Description of the Prior Art:  As
technology advances communication of three-dimensional drawings,
video, and software applications require more information Ic be
communicated faster than ever. Fiber optical channels can handle much
more information than wires can. The slowest part of a fiber optic
communication channels at present are the fiber optic switching devices,
At present fiber optic signals are switched using various methods that are
actuated by transistors. United States Patent, number 6,594,411 issued to
Yueb. Ling Chung et al, on July 15 of 2003, which teaches OPTICAL
SWITCH, makes Mention of a piezoelectric element. The piezoelectric
element is  actuated by an electrical signal, which is hound to the 10-9
seconds speeds that transistors can accomplish. United States Patent,
number 5,7.03,975 issued to William Miller et al, on December 30,1997
that teaches INTERFEROMETRIC SWITCH are physically long for the
present need for miniaturized commonents. The components are more
than a centimeter in length in William Miller's device. Finally, United States
Patent number 7,072,536 issued to Gary  
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Poovey on July 4,2006 which teaches LIGHT TRIGGERED

LIGHT SV/ITCH, here included by reference, is as fast as

the present invention because it is light triggered, but lacks

the latching function.

SUMMARY OF THE INVENTION

LAYERED BENDING ELEMENT LIGHT SWITCH uses the inability
of electromagnetic waves to travel through a channel that is
dimensionally smaller than the wavelength to turn light off
the l_ight signal in a fiber optical channel. Op.ening up the

fiber optical channel to a dimension large enough allows
the LAYEREDBENDINGELEMENTLIGHT SIVITCHto turn on the

signal in an optical channel. The LAYEREDBENDING

ELEMENTLIGHTSWITCHuses bending when exposed to a

sufficient electric field of a element constructed of layers
of different orientations of piezoelectric material to effect
the closing or opening of fiber optical channels. The

electric field of light in the channel is the electric field that

effects the change in the piezoelect¡ic material. LAYERED

BENDING ELEMENT LIGHT SWITCH can swítch faster than 1 0-1I

seconds. This is 100 times faster than any transistor-
ACtUAtEd SWitCh. LAYERED BENDING ELEMENTLIGHT SW]TCH

can be made smaller than 30 microns in length, less than

three microns in width, and high depending on the specific
wavelength to be used in the fiber optic channel. Millions
of these switches can be made in the area of one of the

INTERFEROMETRIC SÏVITCH switches described above.

LAYERED BENDING ELEMENT LIGHT SWITCH will atso be 1 00

or more times faster than the INTERFEROMETRIC

SWITCH. Fiber optic communication will be made 100 or

more times faster using the LAYERDBENDINGELEMENTLIGHT

SIVITCHES and components witl be able to be made the size

of computer chip components. LAYERED BENDING ELEMENT

Poovey on July 4, 2006 which teaches LIGHT TRIGGERED LIGHT
SWITCH, here included by reference, is as fast as the present invention
because it is light triggered, but lacks the latching function. SUMMARY OF
THE INVENTION LAYERED BENDING ELEMENT LIGHT SWITCH uses
the inability of electromagnetic waves to travel through a channel that is
dimensionally smaller than the wavelength to turn light off the light signal
in a fiber.optical channel, Opening op the  fiber optical channel to a
dimension large enough allows the LAYERED BENDING ELEMENT
LIGHT SWITCH to turn on the signal in an optical channel. The LAYERED
BENDING ELEMENT LIGHT SWITCHuses bending when exposed to a
sufficient electric field of a element constructed of layers of different
orientations of piezoelectric material to effect the closing or opening of
fiber optical channels. The electric field of light in the channel is the
electric field that effects the change in the piezoelectric material,
LAYERED BENDING ELEMENT LIGHT SWITCH can switch faster than
10-11 seconds. This is 100 times faster than any transistor-actuated
switch. LAYEREDBEN-DEN-CI ELEMENT LIGHT SWITCH can be made
smaller than 30 microns in length, less than three microns in width, and
high depending on the specific wavelength to be used in the fiber optic
channel Millions of these switches can be made in the area of one of the
INTERFEROMETRIC SWITCH switches described above. LAYERED
BENDING El PMENT LIGHT SWITCH will al so be 100 or more times
faster than the INTERFEROMETRIC SWITCH. Fiber optic communication
will be made 100 or more times faster using the LAYERD BENDING
ELEMENT LIGHT SWITCHES and components will be able to be made
the size of computer chip components. LAYERED BENDING ELEMENT  
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LIGHTSWITCHcan use the light in one light channel to

switch on or off the light in an adjacent light channel. The

amount of info¡mation that can be transmitted across a fiber

optic channel is far greater than can be transmitted across a

normal telephone wire. Society needs fast communication

of sound pictures and video signals. Currently the

switching of these communication signals is limited by the

speed of the transistor. V/hich switches at about 10-e

seconds. For society to achieve fast switching of signals

the LIGHT TRIGGERED LIHGT SWITCH, here included by

reference, and the-LAYERED BENDING ELEMENT LIGHT

S WIT CH are nec e s s ary. The LAYERED BENDING ELEMENT

LIGHTSU{TCHES can be built adjacent to each other so that

the bending elements will lock or latch together. This

latching function will open the door to computers that use

light to process information. The latching can be used to

store information and make memory devices. Computers

th at th e LAYERED BENDING ELEMENT LIGHT SWITCH w i I I m ak e

possible will be capable of functioning 100 times, or more,

faster than current computers. The multiple layers of the

bending elements accentuate the bending. Two layers or just

a few layers will respond the electric field, but the amount

of action produced will not be as pronounced as in switches

with more layers. The latching therefore of the multiple
layered bending element switches will be faster and farther
than a switch constructed of few layers.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is the LAYERED BENDING ELEMENT LIGHT SWITCH.

The elect¡ic field of the light in a channel parallel to the

piezoelectric element causes the response of the

piezoelectric material that sh¡inks the adjacent channel to

dimensions too small to allow the light signal to pass

LIGHT SWITCH can use the light in one light channel to switch on or off
the light in an adjacent light channel. The amount of information that can
be transmitted across a fiber optic channel is far greater than can
be.transmitted across a normal telephone wire. Society needs fast
communication of sound pictures and video signals. Currently the
switching of these communication signals is limited by the speed of the
transistor. Which switches at about IO-9 seconds. For society to achieve
fast switching of signals the LIGHT TRIGGERED LIHGT SWITCH, here
included by reference, and the-LAYER.F,D BENDING ELEMENT LIGHT
SWITCH are necessary. The LAYEREDBENDINGELEMENT LIGHT
SWITCHES can be built adjacent to each other so that the bending
elements will lock or latch together. This latching function will open the
door to computers that use light to process information. The latching can
be used to store information and make memory devices. Computers that
the LAYERED BENDING ELEMENT LIGHT SWITCH will make possible
will be, capable of functioning 100 times, or more, faster than current
computers. The multiple layers of the bending elements accentuate the
bending. Two layers or just a few layers will respond the electric field, but
the amount of action produced will not be as pronounced as in switches
with more layers. The latching therefore of the multiple layered bending
element switches will be faster and farther than a switch constructed of
few layers. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is the
LAYERED BENDING ELEMENT LIGHT SWITCH, The electric field of the
light in a channel parallel to the piezoelectric element causes the
response of the piezoelectric material that shrinks the adjacent channel to
dimensions too small to allow the light signal to pass   through the
channel. Figure lA is a drawing of the switch on and Figure lB is a drawing
of the switch in the off position. Figure 2 shows the Layered Element
constructed of many layers. Figure 3 is the two LAYERED BENDING
ELEMENTIIGHT SWITCHES that are arranged to latch when actuated by
the appropriate electric field. The electric field of light in light channels
separated by piezoelectric elements causes the piezoelectric elements to
bend into contact with each other, The ends of the piezoelectric elements
are fashioned to catch on each other becoming latched together. Figure
3A is LAYERED BENDING ELEMENT LIGHT SWITCH arranged to latch
in the unlatched state, and Figure 3B is LAYERED BENDING ELEMENT
LIGHT SWITCH arranged to latch in the latched state. Figure 4 is a detail
of latching switch latches. Figure 4A is a latch for a right angle or near
right LAYERED RENDING ELEMENT LIGHT SWITCH arranged to latch.
Figure 48 is a latch. for a straight angle or near straight. LAYERED
BENDING ELEMENT LIGHT SWITCH arranged to latch LAYERED
BENDLNG ELEMENT LIGHT SWITCH may be in channels of different
dimensions so that different wavelengths of light can be used to actuate
them. The widths of the channels may be slightly different or the height of
the channels may be slightly different. Three or more Layered elements
my be fashioned to latch together also for handling special signal
management needs. BEST MODE FOR CARRING OUT THE
INVENTION The LAYERED BENDING ELEMENT LIGHT SWITCH13ses
the characteristic of piezoelectric material that the dimensions of the
piezoelectric element change when it is influenced by an electric field. The
electric field of light in a channel is the electric field that the piezoelectric
material responds to in this invention. Light channels are arranged to be
made 
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through the channel. Figure 1A is a drawing of the switch
on and Figure 1B is a drawing of the switch ín the off
position. Figure 2 shows the Layered Element constructed

of many layers. Figure 3 is the two LAYEREDBENDING

ELEMENTLIGHT S\ryITCHES that are arranged to Jatch when

actuated by the appropriate electric field. The electric field
of light in light channels separated by piezoelect¡ic
elements causes the piezoelectric elements to bend into
contact with each other. The ends of the piezoelectric
elements are fashioned to catch on each other becoming

latched together. Figure 3A is LA\æREDBENDINGELEMENT

LIGHT SIVITCHarranged to latch in the unlatched state, and

Figure 38 is LAYERED BENDING ELEMENT LIGHT STVITCH

arranged to latch in the latched state. Figure 4 is a detail
of latching switch latches. Figure 4A is a latch for a right
angle or near right LAYERED BENDING ELEMENT LIGHT

SWITCHarranged to latch. Figure 48 is a latch for a straight
angl e o r n e ar s trai g ht. LA\TRED BENDING ELEMENT LIGHT

SWTTCH arranged to latch LAYERED BENDING ELEMENT LIGHT

SWITCHmay be in channels of different dimensions so that
different wavelengths of light can be used to actuate them.

The widths of the channels may be slightly different or the

height of the channels may be slightty different. Three or
more Layered elements my be fashioned to latch together
also for handling special signal management needs.

BEST MODE FOR CARRING OUT THE INVENTION

The LAYERED BENDING ELEMENT LIGHT SWITCH us es the

characteristic of piezoelectric material that the dimensions

of the piezoelectric element change when it is influenced by
an electric field. The electric field of light in a channel is
the electric field that the piezoelectric material responds to
in this invention. Light channels are aüanged to be made

larger or smaller as the piezoelectric materials change dimensions in
responds to the influence of the electric field, When a light channel is
opened up from being to small to allow light signals to pass though them
by the response of the piezoelectric material to the electric field of light
passing through the channel, the switch is on, When the channel is made
small enough, light signals of certain wavelengths will no longer pass
through the smaller channel, When the light signals will not pass through
the light channel that has been made smaller, the signal is switched -off.
Some piezoelectric materials have a' crystal orientation that must be
aligned with the electric field that will cause it to change shape. Other
piezoelec,trie materials  can be heated up in a magnetic or electric field
and oriented to respond in the desired direction to the electric field that will
be applied. In constructing LAYERED BENDING ETEMENTI1OPT
SWITCHES, the piezoelectric elements will be constructed of layers. One
layer of.the bending element will have a crystal orientation in opposition
the adjacent layer of the piezoelectric element. These layers can be in one
layer of material or layers with metal or other material between the
piezoelectric material. There can he 2,314-many layers involved. The
layers alternate in orientation to accentuate the response to the electric
field of the light applied to them. The electric field will cause the element to
bend as these different orientations of piezoelectric material are affected
by the electric field of the light in the channel. Many layers cause the
response to be quicker, and more pronounced than fewer layers.
Examples of piezoelectric' .materials that can he oriented in a magnetic or
electric field are lead ziroonate and lead titanate or lead zicronate titanate,
also called PZT. For an example, the electric field in volts to be derived
from the power in watts of the light in the channel from a form of  the
Paynting vector equation which is written E (2g0 c        Where p," is 4 pi
X10-7 Weber lamp-meter and c is 3 X 103 meters / second. Wing this
relation it is found that the voltage developed by a 150-milliwatt signal in a
fourth of a micron channel is 10 volts, This voltage will be 
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larger or smaller as the piezoelectric materials change

dimensions in responds to the influence of the electric
field. When a light channel is opened up from being to
small to allow light signals to pass though them by the

response of the piezoelectric material to the electric field
of light passing through the channel, the switch is on.

When the channel is made small enough, light signals of
ce¡tain wavelengths will no longer pass through the smaller

channel. When the light signals will not pass through the

light channel that has been made smaller, the signal is
switched bff. Some piezoelectric materials have a'crystal
orientation that must be aligned with the electric field that

will cause it to change shape. Other piezoelectric materials
can be heated up in a magnetic or electric field and oriented
to respond in the desired direction to the electric field that

will be applied. In constructing LAYEREDBENDING

ELEMENT LIGHT S\ryITCIIES, the piezoelectric elemenrs will be

constructed of layers. One layer of ¿he bending element will
have a crystal orientation in opposition the adjacent layer
of the piezoelectric element. These layers can be in one

layer of material or layers with metal or other material
between the piezoelectric material. There can be

2,3,4...many layers involved. The layers alternate in
orientation to accentuate the response to the electric field
of the light applied to them. The electric field will cause

the element to bend as these different orientations of
píezoelectric material are affected by the electric field of
the light in the channel. Many layers cause the response to
be quicker, and more plonounced than fewer layers.

Examples of piezoelectric materials that can be oriented in
a magnetic or electric field are lead zirconate and lead

titanate o¡ lead zicronate titanate, also calledPZT. For an

example, the electric field in volts to be derived from the

power in watts of the light in the channel from a form of

employed to actuate the Latching Fiber Optic Switch. The voltage the light
develops will change the dimensions of the 2065 A channel by 40 A when
lead zecronate titnate is used. Lead zecronate titonate has a piezoelectric
strain coefficient of 3.90 x 10-H" meters/volt. 818nm light (8180 A)
commonly used for fiber optics will be able to travel in a channel just
bigger than 2045 A and will not travel down a channel smaller. When the
2065 A channel changes to 2014 A light will be shut off of a wave length
of 8180 A or more, while light of a wave length of 8056 A or less will still
pass through. In the present invention, the switching mechanism is a
bending piezoelectric element that bends in the presence of an electric
field of appropriate orientation and power. Such an element is composed
of layers with a flexible metallic film between the layers. The method fot
-fabricating the bending element is as follows: First non oriented
piezoelectric layers are deposited on a substrate that can be a silicon
wafer with a metal coating. Then channels are etched in the piezoelectric
layer. The flexible metal film is deposited into the channels that were
etched. The excess metal film is TeMON'Cii, and the piezoelectric layer is
oriented in opposing directions in adjacent layers by opposite polarities in
electric fields put on the metal between the layers. An element
constructed in this fashion when an electric field of an appropriate light
signal interacts with it will bend. As has been discussed if the element
bends a sufficient distance the light channel will be closed to the passage
of light signals. Further, if tow or more such elements with ends that can
latch are bent into a   latched condition the light signal that can be tuned
off and the latching switch will maintain the off condition once there is no
light in the channel. A latched switch can be unlatched by the application
of light in the proper sequence to bend the elements affecting an
unlatching. The drawings illustrate the way the LAYERED BENDING
ELEMENT LIGHT SWITCH and latching light switches function. In Figure
IA, the arrow numbered I is the arrow that indicates the light moving
trough the ligh.t channel into a LAYEREDBEND1NG ELEMENT LIGHT
SWITCHon one side. The side that arrow l is going into is the On and off
side of the light switch, Arrow 2 indicates the light moving through the
LAYERED BENDING ELEMENT LIGHT SWITCH on the triggering, side.
Rectangular channel 4 is the on and off side of the LAYERED BENDING
ELEMENT LIGHT SWITCH, the side that the bending elemeni bends
toward. Rectangular solid 6 is the straight bending element. The clement
is not being acted upon by the electric field of a switching signal that
would be of sufficient power to cause the element to bend. Rectangular
channel 9 is the side of the LAYERED BENDING ELEMENTLIGHT
SWITCHthat is away from the direction of the bend that the bending
element can be caused to bend. Arrow 7 is the light coming out of the
LAYEREDBENDING ELEI,aiNTLIGHTSWITCHwhen the bending element
is not bent. The switch is on in this position, Arrow 8 is the light coming out
of the side away from the direction of the bend of the bending element,
which can turn on or off the signal passing through the switch by the
electric field of the light passing through switch. in Figure I B, arrow 10 is
the light coming into the LAYERED BENDING ELEMENT LIGHT SWITCH
that will be shut off by the closing of the channel by the bending clement
when it is bent. Arrow 12 is indicating the light entering  
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the Poynting vector equation which is w¡itten E = (2¡to c

P¡trz Where ¡ro is 4 pi Xl0-7'Weber /amp-mete¡ and c is 3

X 108 meters / second. Using this relation it is found that

the voltage developed by a 150-milliwatt signal in a fourth

of a micron channel is 10 volts. This voltage will be

employed to actuate the Latching Fiber Optic Switch. The

voltage the light develops will change the dimensions of the

2065 Ã channel by 40 Á. when lead zecronate titnate is used.

Lead zecronate titonate has a piezoelectric strain

coefficient of 3.90 x 10-r0 meters/volt. 818nm light (8180

,Ä.) conrmonly used for fiber optics will be able to travel in
a channel just bigger than 2045 Ã and will not travel down

a channel smaller. TVhen the 2065 Å channel changes to

2014 L light will be shut off of a wave length of 8180 Ä or

more, while light of a wave length of 8056 Å or less will
still pass through. In the present invention, the switching
mechanism is a bending piezoelectric element that bends in
the presence of an elect¡ic field of appropriate orientation
and power. Such an element is composed of layers with a

flexible metallic film between the layers. The method fof
fabricating the bending element is as follows: First non-

oriented piezoelectric layers are deposited on a substrate

that can be a silicon wafer with a metal coating. Then

channels are etched in the piezoelectric layer. The flexible
metal film is deposited into the channels that were etched.

The excess metal film is removed, and the piezoelectric
layer is oriented in opposing directions in adjacent layers

by opposite polarities in electric fields put on the metal

between the layers. An element constructed in this fashion

when an electric field of an appropriate light signal
interacts with it will bend. As has been discussed if the

element bends a sufficient distance the tight channel will be

closed to the passage of light signals. Further, if tow or

more such elements with ends that can latch are bent into a

the side away from the side that the bending element can bend into and
shut off the tight signal. The light indicated by arrow 12 is of sufficient
power to actuate the switch. Light channel 14 is the light channel that the
bending element bends into to shut off the signal. Light channel 16 is the
side of LAYERED BENDING ELEMENT LIGHT SWITCH away from the
direction of the bending element. Bent element 38 is in the bent condition,
No light is passing through the side of the switch that the bending element
has moved into. The switch is in the off position. Arrow 19 is the light still
passing through the side of the LAYERED BENDING ELENIENT LIGHT
SWITCH th13 I: is away from the direction that the bending element bends
to turn off the light signal. In Figure 2 the layers of the pictured element
are numbered 5. In a Layered Bending Element, the layers can be one
layer of material with layers that are of different crystal orientations that
force the element to bend when exposed to an electric field. There can be
a layer of piezoelectric material attached to another material so that the
assembly bends when exposed to an electric field. Bending Elements can
be constructed of 2,3A... many layers with or with out metal between
them. These Layers have opposing orientations so that the layered
Bendirig Element bends when exposed to an electric field. More layers
cause the response to the electric field to be quicker and more
pronounced than fewer layers. In. Figure 3A, Arrow 20 indicates the light
passing into the side of the LAYERED BENDING ELEMENT LIGITI)
SWITCH th at is constructed to allow the signal to be turned on or off if the
latching elements are bent and latched. Arrow 22 indicates the light
passing into the side away from the side of the   LAYERED BENDING
ELEMENT LIGHT SWITCHth at the bending elements bend toward when
they bend. Rectangular channel 24 is the first side of the
LAYEREDBENDINGELEMENTLIGHT SWITCH on the side that the
bending elements bend toward when they bend. Bend element 26 is the
first half of the LAYERED BENDING ELEMENT LIGHT SWITCH that is
bent and latched to shut off the light signal. Rectangular channel 28 is the
side of the light channel that is away from the side that the bending
element can bend toward and shut off the signal. Rectangular channel 30
is the second half of the light channel on the side that the bending and
latching elements can bend toward to latch and Sh:E3 t off the light from
passing through the channel. Bending element 32 is the second half of the
LAYERED BENDING ELEMENT LIGHT SWITClithat is not bent and
latched so light can pass through. The switch is on. Rectangular channel
34 is the second half of LAYERED BENDING ELEMENT LIGHT SWITCH
that is away from the side of the switch that the bending elements bend
toward. Arrows 36 and 38 are the light passing of the side of the
LAYERED BENDING ELEMENT LIGHT SWITCH. In Figure 3B, Arrow 40
is the light entering the LAYERED BENDING ELEMENTIIGHT SWITCH
that is constructed to latch on the side that the light signal can be turned
on or off when the elements bend and latch. This is the side toward which
the bending elements bend, when they bend. Rectangular light channel 44
is the first half of LAYERED BENDING ELEMENT LIGHT SWITCH that
the bending element bends into this side of tile switch when it bends.
Arrow 42 is the light entering the LAYERED BENDINGELEMENTLIGHT
SWITCHthat has been constructed to latch on the side away from the
direction that the bending element bends. Bending element 48 is the first
element in the LAYERED BENDING  
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latched condition the light signal that can be tuned off and

the latching switch will maintain the off condition once

there is no light in the channel. A latched switch can be

unlatched by the application of light in the proper sequence

to bend the elements affecting an unlatching. The drawings

il lustrat e th e way the LAYERED BENDING ELEMENT LIGHT

SWITCHand latching light switches function. In Figure 14,

the arrow numbered i is the arrow that indicates the light
moving trough the light channel into a LA\TREDBENDING

ELEMENTLIGHTSWITCHon one side. The side that arrow 1

is going into is the on and off side of the light switch,
Arrow 2 indicates the light moving through the LAYERED

BENDING ELEMENT LIGHT SWITCH on the triggering
side. Rectangular channel 4 is the on and off side of the

LAYERED BENDING ELEMENT LIGHT SWITCH, the side that the

bending element bends toward. Rectangular solid 6 is the

straight bending element. The element is not being acted

upon by the electric field of a switching signal that would
be of sufficient power to cause the element to bend.

Rectangular channel 9 is the side of the LAYERED BENDING

ELEMENTLIGHTSWITCHThaT is away from the direction of
the bend that the bending element can be caused to bend.

Arrow 7 is the light coming out of the LAYERED BENDING

ELEMENTLIGHTSTVITCHwhen the bending element is not

bent. The switch is on in this position. Arrow 8 is the

light coming out of the side away from the direction of the

bend of the bending element, which can turn on ot off the

signal passing through the switch by the electric field of
the light passing through switch.

In Figure 1 B, arrow i0 is the light coming into the

LAYERED BENDING ELEMENT LIGHT SWITCH that will be shut

off by the closing of the channel by the bending element

when it is bent. Arrow 12 is indicating the light entering

ELEMENT LIGHT SWITCH that can latch, It is in the unbent state. The
switch is in the on state. There is not sufficient power in the switching light
to cause the element to bend and latch. Rectangular channel 50 is the
second half of the LAYERED BENDING ELEMENT LIGHT SWITCH that
can latch away from the direction that the bending element will bend. The
light in this side of the LAYEREDBENDING ELEMENTLIGHTSWITCHthat
can latch will not be turned on or off by the bending of the elements.
Rectangular light channel 54 is the second half of the channel in
LAYERED BENDING ELEMENT LIGHT SWITCH that can latch that the
bending elements bend into and causes the light signal to be tuned on en
off by the bending of the latching elements. Bending element 52 is the
second bending element that latches with bending element 48 when the
switch is latched off. It is not bent. There is enough power in the switching
light to cause the element to bend and latch. The switch is in the off state.
Arrows 56 is the light passing out of the LAYERED BENDING ELEMENT
LIGHT SWITCH which is made to latch in the on state, It will be noted that
there is no arrow indicating light is coming out of the switch on the side
that the elements bend toward, Figure 4A is a drawing of two latching
elements as they could be made to latch, Bending element 60 is one
bending element that would be latched into position when caught by the
other element of the pair nunabered 62. Figure 4B is a drawing of two
latching elements as they could be made to latch. Bending element 64 is
one bending element that would he latched into position when caught by
the other bending element of the pair number 66. Other latching shapes
could be used to perform the desired function of latching once bent into
position. Some latching geometry's will work better for LAYERED
BENDING ELEMENT LIGHT  SWITCHthat are arranged at right angles
while others will be better used in a near straight angle configuration.
Three or more Layered Elements may be fashioned to latch together for
signal management for special applications. The four drawings of ale
LAYERED BENDING ELEMENTLIGHT SWITCH are schematic drawings.
In actual switches, additional layers of material will be used. to secure,
cover, and align the fiber optic switches in a fiber optic assern.bIy.  WHAT
IS CLAIMED IS: 
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the side aÌ\,ay from the side that the bending element can

bend into and shut off the light signal. The tight indicated
by arrow 12 is of sufficient power to actuate the switch.
Light channel 14 is the light channel that the bending

element bends into to shut off the signal. Light channel l6
is the side of LAYERED BENDING ELEMENT LIGHT SWITCH

awqy from the direction of the bending element. Bent

element i8 is in the bent condition. No light is passing

through the side of the switch that the bending element has

moved into. The switch is in the off position. Arrow 19 is

the light still passing through the side of the LAYERED

BENDING ELEMENT LIGHT SWITCH that is away from the

direction that the bending element bends to turn off the

light signal.

In Figure 2 the layers of the pictured element are numbe¡ed

5. In a Layered Bending Element, the layers can be one

layer of material with layers that are of different crystal
orientations that force the element to bend when exposed to

an electric field. There can be a layer of piezoelectric
material attached to another material so that the assembly

bends when exposed to an electric field. Bending Elements

can be constructed of 2,3,4...many layers with or with out
metal between them. These Layers have opposing

orientations so that the layered Benditg Element bends

when exposed to an electric field. More layers cause the

response to the electric field to be quicker and more

pronounced than fewer layers.

In Figure 34, Arrow 20 indicates the light passing into the

SidE Of thE LAYERED BENDING ELEMENTLIGHT SW]TCHthAt iS

constructed to allow the signal to be turned on or off if the

latching elements are bent and latched. Arrow 22 indicates
the light passing into the side away from the side of the

An on and off switch for light in an optical wave guide comprised of two
parallel light channels with a layered bending element between them
made of at least three layers of piezoelectric material that bends in the
electric field prod:leer: by light of sufficient power present in the channel
that A. is on when the element is not beat  B. is off when the element is
bent. 2.An on and off switch for light in an optical wave guide comprised of
many parallel light channels with more than one layered bending element
made of at least three layers of piezcielecnic material, that once bent by
the electric field of light of sufficient power can latch together so that the
light switch stays in the off state once the light that caused the switching to
occur is not present any more that A. is on when the elements are not
bent and not latched B. is off when the elements are bent and latched, 
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LAYERED BENDING ELEMENT LIGHT SWITCHthat the bending

elements bend toward when they bend. Rectangula¡ channel

24 iS ThC firSt SidE Of thc LAYEREDBENDINGELEMENTLIGHT

SWITCHon the side that the bending elements bend toward

when they bend. Bend element 26 is the first half of the

LAYERED BENDING ELEMENT LIGHT SIVITCH that is bent and

latched to shut off the light signal. Rectangular channel 28

is the side of the light channel that is al/ây from the side

that the bending element can bend toward and shut off the

signal. Rectangular channel 30 is the second half of the

light chanùel on the side that the bending and latching
elements can bend toward to latch and shut off the light
from passing through the channel. Bending element 32 is

thE SECONd hAIf Of thE LAYEREDBENDINGELEMENTLIGHT

SïIITCHthat is not bent and latched so light can pass

through. The switch is on. Rectangular channel 34 is the

second half of LAYERED BENDING ELEMENT LIGHT STUITCH

that is away from the side of the switch that the bending

elements bend toward. Arrows 36 and 38 are the light
passing of the side of the LAYEREDBENDINGELEMENTLIGHT

SW]TCH.

In Figure 38, Arrow 40 is the light entering the LAYERED

BENDING ELEMENT LIGHT SWITCH that i s c onstru ct e d t o 1 at c h

on the side that the light signal can be turned on or off
when the elements bend and iatch. This is the side toward

which the bending elements bend, when they bend.

Rectangular light channel 44 is the first half of LAYERED

BENDING ELEMENT LIGHT SWITCH that the bending element

bends into this side of the switch when it bends. Arrow 42

is the light entering the LAYEREDBENDINGELEMENTLIGHT

SWITCHthat has been constructed to latch on the side away

from the direction that the bending element bends. Bending

element 48 is the first element in the LAYERED BENDING

switched A light switch as is claimed in claims one or two where the light
is  A. on B. off with light that is causing the switching that is A. a longer
wavelength thamthe light switched B. shorter in wavelength than the light
switched 
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ELEMENT LIGHT SWITCH that can latch. It is in the

unbent state. The switch is in the on state. There is not
sufficient po'wer in the switching light to cause the element

to bend and latch. Rectangular channel 50 is the second

half of the LAYERED BENDING ELEMENT LIGHT S¡iVITCH that
can latch ar¡vay from the direction that the bending element

will bend. The light in this side of the LAYEREDBENDING

ELEMENTLIGHTSWITCHThaT can latch will not be turned on

or off by the bending of the elements. Rectangular light
channel 54 is the second half of the channel in LAYERED

BENDING ELEMENT LIGHT S\IYITCH that can latch that'the bending

elements bend into and causes the light signal to be tuned

on or off by the bending of the latching elements. Bending

elemeot 52 is the second bending element that latches with
bending element 48 when the switch is latched off. It is not

bent. There is enough pou/er in the switching light to cause

the element to bend and latch. The switch is in the off
state. Arrows 56 is the light passing out of the LAyERED

BENDING ELEMENT LIGHT SWITCH, which is made to latch in
the on state. It will be noted that there is no arrow

indicating light is coming out of the switch on the side that
the elements bend toward.

Figure 4A is a drawing of two latching elements as they

could be made to latch. Bending element 60 is one bending

element that would be latched into position when caught by

the other element of the pair numb ered 62. Figure 48 is a

drawing of two latching elements as they could be'nade to
latch. Bending element 64 is one bending element that
would be latched into position when caught by the other

bending element of the pair numb er 66. Other latching
shapes could be used to perform the desired function of
latching once bent into position. Some latching geometry's

will work b etter for LAYERED BENDING ELEMENT LIGHT
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C. the same wavelength as the light that is switched, 4.A light switch as is
claimed in claim one or two where the layered bending element is
composed of many layers of piezoelectric material separated by flexible
metal part where the piezoelectric material is aligned with one orientation
and the adjacent piezoelectric material aligned in an opposing orientation
in the bending element. 5.A latching switch as is claimed in claim two with
many piezoelectric elements that meet at A. acute angles to latch B.
perpendicular angles to latch 



SWITCHthat are arranged at right angles while others will
be better used in a near straight angle configuration. Th¡ee

or more Layered Elements may be fashioned to latch
together for signal management for special applications.
The four drawings of the LAYERED BENDING ELEMENT LIGHT

SWITCHaTe schematic drawings. In actual switches,
additional layers of material will be used to secure, cover,
and align the fiber optic switches in a fiber optic assembly.
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C. straight angles to latch with fixtures on their ends appropriate to the
angle that. they meet so that Mice bent by the electric field the elements
will latch in the bent state not to change once the electric field is gone. 6.A
latching switch as is claimed in claim two with piezoelectric elements that
once latched may be unlatched by passing signals of appropriate timing
and Power to unlatch the latched elements. 7:A light switch as is claimed
in claim one or claim two that is of dimensions so that the electornagnelic
radiation in the channel is various wave Lengths from yards long or
angstroms long electromagnetic radiation. 8.A light switeti as is claimed in
claim one or claim two with a layered 



ìVHAT IS CI-AIMED IS:

1. A¡ on and off switch for light in an optical wave guide comprised of two
parallel light channels with a layered bending element between them made of at least
three layers of piezoelectric material that bends in the elecnic field produced by ügbt
of sufficient powel present in the cha¡net that

A. is on when the element is not bent
' 8. is off when the element is bent.

2. An on and off switch for light in an optical wave guide comprised of
many parallel light channels with more than one layered bending element made of at
least tbree layers ofpiezoelectric material, that once bent by the electric freld of light
of sufhcient power can latch together so that the light switch stays in the off state
once the light that caused the switching to occur is not present any more that

A. is on when the elements are not bent and not latched
B. is off when the elements are bent and latched.

A light switch as is claimed in claims one or two where the light is
switched

A. on
B. off with light that is causing the switching that is

A. a longer waveiength than the light switched
B. shorter in wavelength than the light switched
C. the same wavelength as the tight that is switched.

4. A light switch as is claimed in claim one or two where the layered
bending element is composed of many layers of piezoelect¡ic material separated by
flexible metal part where the piezoelectric material is aligned with one orientation and
the adjacent piezoelectric material aligned in an opposing orientation in the bending
element.

5. A latching switch as is claimed in claim two with
elements that meet at

A. acute angles to latch
B. perpendicular aagles to latch
C. straight angles to latch

piezoelectric

with fixtures on their ends appropriate to the angle that they meet so that oirce bent by
the eiectic freld the elements will tatch in the bent state not to change once the
electic field is gone.

6. A latching switch as is claimed in claim two with piezoelectric elements
that once latched may be unlatched by passing signais of appropriate tirning and
power to unlatch the iatched elements.

7: A light switch as is claimed in ciaim one or claim two that is of
dimensions so that the eiecûomagnetic ¡adiation in the channel is va¡ious wave
lengths from yards long or angstroms long electromagnetic radiation.

8 A light switch as is claimed in claim one or claim two with a layered
bending element with

ir-y
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bending element with  A. only one side composed of piezoeleetac material
a one piezoelectric material element With many layers with opposing
orientations C. many layers of piezoelectric material with flexible xnateal
between them. 



A. only one side composed of piezoelectic matedal
B. one piezoelecfric material ele,trent with many layers with opposing

orientations
C. many layers of piezoelectrie matedal u¡ith flexibte material betwee,n

them.

9. A light switch as is claimed in claim ¡*o tl"t once it is latched it c-a¡not
. be unlatched.

10. .d light switch for light sþals as claimed in claims one or two where the
ligbt that accomplishes the switching of the light signal in the channel is in'posed
upon a conductor nea¡ the light channel with the sis@l that is switchÊd in it
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9. A light switch as is claimed in claim two that once it, is latched be
unlatched.  10. A light switch for light signals as claimed in claims one or
two where the light that accomplishes the switching of the light signal in
the channel is imposed upon a conductor near the light channel with the
signal that is switched in it. 


