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LIGHT TRIGGERED LIGHT SWITCH

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

NOTICE

Morve than one reissue application has been filed for the
reissue of U.S. Pat. No. 7,072,536. The reissue applications

are application Ser. No. 12/216,457, filed Jul. 3, 2008 and

issued as RE 41,645 on Sep. 7, 2010 and this application Ser.
No. 12/804,515, filed Jul. 22, 2010, which is a continuation of
application Ser. No. 12/216,457.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to a method for switching light sig-
nals i an optical wave-guide on or oif at speeds faster than
101~"" seconds using light to trigger the switch.

2. Description of the Prior Art

As technology advances communication of three-dimen-
sional drawings, video, and soltware applications require
more mformation to be communicated faster than ever. Fiber
optical channels can handle much more nformation than
wires can. The slowest part of a fiber optic communication
channel at present are the fiber optic switching devices. At
present fiber optic signals are switched using various methods
that are actuated by transistors. One device pictured in trade
journals 1s based on an array of mirrors. U.S. Pat. No. 6,178,

033 1ssued Jan. 23, 2001, which teaches MICROMECHANI-
CAL MEMBRANE TILT-MIRROR SWITCH, and 1s 1ssued
to Joseph Ford et al. 1s an example of this kind of device. The
mirrors are tilted to switch the optical signal from on to off or
off to on. The tilting of the switch 1s actuated by circuits that
use transistors, and so are bound to 10~ seconds speeds at the
best. The U.S. Pat. No. 6,594,411, which teaches OPTICAL
SWITCH, and 1s 1ssued to Yueh Liang Chung et al. on Jul. 15
of 2003, makes mention of a piezoelectric element. The
piezoelectric element 1s actuated by an electrical signal,

which is again bound to the 107 seconds speeds that transis-
tors can accomplish. The U.S. Pat. No. 5,703,975 that teaches

INTERFEROMETRIC SWITCH patented by William Miller
etal. on Dec. 30, 1997 might be faster, but they are physically
long for the present need for miniaturized components. The
components are more than a centimeter 1n length 1n William
Miller’s device. To meet the demands that technical advances
require optical switches need to be a few micrometers in
length.

SUMMARY OF THE INVENTION

The LIGHT TRIGGERED LIGHT SWITCH uses the

inability of electromagnetic waves to travel through a channel
that 1s dimensionally smaller than the wave length to turn
light off the light signal 1n a fiber optical channel. Opeming up

the fiber optical channel to a dimension large enough allows
the LIGHT TRIGGERED LIGHT SWITCH to turn on the

signal 1 an optical channel. The LIGHT TRIGGERED
LIGHT SWITCH uses dimensional changes of piezoelectric
materials 1 an electric field to effect the closing or opening of
fiber optical channels. The electric field of light 1n the channel
1s the electric field that effects the change 1n the piezoelectric
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switch faster than 10~ seconds. This is 100 times faster than
the TILT-MIRROR SWITCH, OPTICAL SWITCH, or any
transistor-actuated switch can respond since they can be no

faster than 107 seconds. LIGHT TRIGGERED LIGHT

SWITCHES can be made smaller than 30 microns 1n length,
less than one micron 1n width, and height depending on the
specific wavelength to be used in the fiber optic channel.
Millions of switches this size can be put 1n the space of one
INTERFEROMETRIC SWITCH discussed above. The
LIGHT TRIGGERED LIGHT SWITCHES will also be 100
times or more fast than the INTERFEROMETRIC SWITCH.
Fiber optic communication will be made 100 or more times
taster using the LIGHT TRIGGERED LIGHT SWITCH and
components will be able to be made the size of computer chip
components. The amount of information that can be transmiut-
ted across a fiber optic channel 1s far greater than can be
transmitted across a normal telephone wire. Society needs
fast communication of sound pictures and video signals. Cur-
rently the switching of these communication signals 1s lim-
ited by the speed of the transistor, which actuate at about 10~

seconds. For society to achieve fast switching of signals the
LIGHT TRIGGERED LIGHT SWITCH 1s necessary.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A and B pictures the transparent piezoelectric
LIGHT TRIGGERED LIGHT SWITCH. The transparent
piezoelectric material in this switch responds to the electric
field of the light passing through 1t to switch the light signal on
or oif. FIG. 1A 1s the switch in the on position, and FIG. 1B
1s the switch in the off position. The light that throws the
switch does not need to be the same wavelength as the light
that 1s caring the signal to be turned off

FIGS. 2A and B pictures the sidewall LIGHT TRIG-
GERED LIGHT SWITCH. This switch 1s comprised of two
parallel pieces of matenial with a common wall of piezoelec-
tric material. The electric field of the light passing through the
channel causes the piezoelectric material of the wall to bend
and shut off the channel carrying the light. The wall that
moves makes the dimensions too small for the light carrying
the signal to pass through. FIG. 2A 1s the switch pictured in
the on position, and FIG. 2B 1s the switch pictured 1n the off
position.

FIGS. 3A and B pictures the compressible fluid LIGHT
TRIGGERED LIGHT SWITCH. The particular compress-
ible fluid might be most conveniently filled with a gas. Argon,
nitrogen, a petroleum distillate or air could be the compress-
ible fluid. The piezoelectric material at the bottom of the
compressible fluid portion of the LIGHT TRIGGERED
LIGHT SWITCH responds to the light passing through the
channel and compresses the compressible fluid. The com-
pressible fluid portion of the channel 1s compressed to dimen-
sions that are too small, preventing the light signal from
continuing through the channel. FIG. 3A 1s the switch pic-
tured 1n the on position, and FIG. 3B i1s the switch pictured in
the ofl position.

DETAILED DESCRIPTION OF THE INVENTION

The LIGHT TRIGGERED LIGHT SWITCH uses the
characteristic of piezoelectric material that the dimensions of
the piezoelectric material change when 1t 1s influenced by an
clectric field. The electric field of light in a channel 1s the
clectric field that the piezoelectric matenal responds to 1n the
LIGHT TRIGGERED LIGHT SWITCH here described.
Light channels will be made larger or smaller as the piezo-
clectric material changes dimensions 1n response to the intlu-
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ence of the electric field of the light passing through the
channel. When a light channel 1s opened up from being too
small to allow light signals to pass though them by the
response of the piezoelectric matenal to the electric field of
light passing through the channel, the switch 1s on. When the
channel 1s made small enough light signals of certain wave-
lengths 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 1s switched off. Some
piezoelectric materials have a crystal orientation that must be
aligned with the electric field that will cause 1t to change
shape. Other piezoelectric materials can be heated up 1n a
magnetic field and oriented to respond 1n the desired direction
to the electric field that will be applied. In constructing these
LIGHT TRIGGERED LIGHT SWITCHES, the orientation
of the crystal or the magnetic orientation of the piezoelectric
material must be directed to have the maximum dimensional
change at right angles (that 1s perpendicular) to the direction
of the light 1n the light channel to be switched. The electric
field that will be causing the switching will be at right angles
(that 1s perpendicular) to the path of the light 1n the light
channel. Examples of crystalline piezoelectric matenials are
quartz (S10,), lithium niobate (LiNbO,), lead zirconate
(PbZr0,), lead titanate (PbT10,), and lead zirconate titanate.
[ead zirconate titanate 1s also called PZT. Examples of piezo-
clectric materials that can be oriented 1n a magnetic field are
lead zirconate and lead titanate or lead zicronate titanate.
Quartz and lithium niobate are transparent piezoelectric
materials. An example of the desired interaction follows. The
clectric field 1n volts needed to actuate a switch will be cal-
culated using the power 1n watts of the light 1n the channel.
The Poynting vector equation which is written E=(2u_ ¢ p)*/?
will be used to make this calculation. Where p_ is 4 pix10~’
Weber/amp-meter and ¢ is 3x10”® meters/second. Using this
relation it 1s found that the voltage developed by a 150-
milliwatt signal 1n a fourth of a micron channel 1s 10 volts.

This voltage will be employed to actuate the LIGHT TRIG-
GERED LIGHT SWITCH turning on or oif the signals 1n a
fiber optic channel. The voltage the light develops will change
the dimensions of the 2065 A channel by 40 A when lead
zecronate titnate 1s used. Lead zecronate titonate has a piezo-
electric strain coefficient of 3.90x10~"" meters/volt. 818 nm
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 the light will be shut off. Light of 8056 A wavelength
or shorter could still pass through the switch. The drawings
turther claniy the invention. In FI1G. 1A, arrow 1 1indicates the
light passing into the LIGHT TRIGGERED LIGHT
SWITCH. Rectangular solid 3 is the transparent piezoelectric
material of the switch. The piezoelectric material 1s not being,
acted upon by the electric field of a switching light s1gnal that
1s ol suflicient power to cause the piezoelectric material to
change. Arrow 4 1s the light passing out of the open LIGHT
TRIGGERED LIGHT SWITCH. The switch 1s in the on
condition. In FIG. 1B, arrow 7 indicates the light passing into
the LIGHT TRIGGERED LIGHT SWITCH. Rectangular
solid 5 1s the transparent piezoelectric matenal of the switch.
Curved side 9 indicates the curve of the side of the transparent
piezoelectric material as 1t responds to the electric field of the
light that 1s causing the LIGHT TRIGGERED LIGHT
SWITCH to turn off by constricting the path of the light below
the cut ofl frequency for the signal. The electric field that 1s
high enough voltage to cause this response 1s of light that is of

suificient power. It will be noted that now there 1s no arrow
indicating the light passing out of the LIGHT TRIGGERED

LIGHT SWITCH. This switch 1s 1n the off condition. The
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light signal does not pass through 1t. The light that actuates the
switch may be of the same frequency as the light of the signal
that 1s turned on or off. It 1s the power of the light that actuates
the switch. The light that actuates the switch may be of
smaller wavelength than the light signal that 1s turned on or
ofl. In this case the light that actuates the signal may continue
to pass through the switch while the light signal 1s prevented
from passing. In FIG. 2A, arrow 10 indicates light passing
into the switch. Rectangular solid 11 1s the piezoelectric
material that may be opaque or transparent. Plane 13 1s the
interface between the light channel and the piezoelectric
material. The interface 1s flat because it 1s not being acted
upon by the electric field of a light signal of sufficient power
to cause the material to respond. Rectangular solid 17 1s the
light channel of the switch. Arrow 15 1s 1indicating the light
passing through the LIGHT TRIGGERED LIGHT SWITCH.
The switch 1s 1n the on condition. In FIG. 2B, arrow 20 that
indicates the light passing into the LIGHT TRIGGERED
LIGHT SWITCH. Rectangular solid 21 1s the piezoelectric
material of the switch that can be opaque or transparent.
Curved plane 23 1s the interface between the piezoelectric
material and the light channel of the LIGHT TRIGGERED
LIGHT SWITCH. Curved plane 23 1s bent in response to the
clectric field of the appropriate switching light passing
through the switch. Rectangular solid 25 1s the light channel
ol the switch that 1s closed down to dimensions that are below
the cut off frequency of the light signal that was entering the
switch. It will be noticed that there 1s no arrow 1indicating that
the light signal 1s passing through the LIGHT TRIGGERED
LIGHT SWITCH. This switch 1s 1n the off state. In FIG. 3 A,
arrow 30 1s the light signal passing into the LIGHT TRIG-
GERED LIGHT SWITCH. Rectangular solid 31 1s the first
part of the light channel 1n the LIGHT TRIGGERED LIGHT
SWITCH. Rectangular solid 31 will be a solid transparent
material. Space 33 1s the middle section of the LIGHT TRIG-
GERED LIGHT SWITCH which 1s filled with a fluid mate-
rial like air. Plane 32 1s the interface between the piezoelectric
material of the switch 39 and the middle space 33 of the
LIGHT TRIGGERED LIGHT SWITCH. The interface 1s flat
and not being acted upon by the electric field of a switching
light that would change the piezoelectric material. Rectangu-
lar solid 35 1s the final section of the light channel 1n the
LIGHT TRIGGERED LIGHT SWITCH. Rectangular solid
35 will be composed of a transparent material. Arrow 37 1s
indicating the light signal passing through the switch. The
switch 1s 1n an on condition 1n FIG. 3A. In FIG. 3B, arrow 40
indicates a light signal entering the first part of the LIGHT
TRIGGERED LIGHT SWITCH. Rectangular solid 41 is the
first part of the light channel of the LIGHT TRIGGERED
LIGHT SWITCH. Rectangular solid 41 will be a solid trans-
parent material. Space 43 1s the middle part of the light
channel of the LIGHT TRIGGERED LIGHT SWITCH.
Space 43 1s filled with a flmd material like air, petroleum
products or other compressible fluid. Curved plane 47 1s the
interface between the piezoelectric part of the LIGHT TRIG-
GERED LIGHT SWITCH and the transparent fluid part of
the LIGHT TRIGGERED LIGHT SWITCH. Curved plane
4’7 1s curved up 1nto space 43, and the light signal will not pass
through the switch because the dimensions of the channel are
too small. Rectangular solid 45 1s the piezoelectric material of
the LIGHT TRIGGERED LIGHT SWITCH which 1n this
case 1s responding to the electric field of a light that 1s causing
the switchto be turned off. Rectangular solid 49 1s the last part
of the light channel of the LIGHT TRIGGERED LIGHT
SWITCH 1n FIG. 3B. Rectangular solid 49 will be composed
of a solid transparent material. It will be noticed that there 1s
no arrow indicting that the light passes through the LIGHT
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TRIGGERED LIGHT SWITCH 1n this drawing. The switch
in FIG. 3B 1s 1n an off condition. The three drawings of the
Light Toggled Light Switches are schematic drawings. In
actual switches, additional layers of material will be used to
secure, cover, and align the fiber optic switches 1n a fiber optic
assembly.

What I claim as my invention 1s:

[1. An on and off switch for light in a channel comprising
a transparent piezoelectric light channel that 1s made

A. larger 1n cross section by the action of the electric field
of light passing through the channel there by opening to
the passage of the light signals for the switch to be 1n the
on condition

B. smaller 1n cross section by the action of the electric field
of light passing through the channel there by closing to
the passage of the light signals for the switch to be 1n the
off condition.]

[2. An on and off switch for light in a channel comprising

a channel next to a piece of piezoelectric material where the
channel carrying the light 1s made

A. larger in cross section by the action of the electric field
of the light 1n the channel on the piece of piezoelectric
material that by contracting opens the light carrying
channel to light signals causing the on condition

B. smaller 1n cross section by the action of the electric field
of the light 1n the channel on the piece of piezoelectric
material that by expanding into the light carrying chan-
nel closes the light channel to light signals causing the
off condition.]

[3. An on and off switch for light signals in a channel
comprising a compressible tluid portion of the channel with a
side that 1s composed of a piezoelectric material that responds
to the electric field 1n the light in the channel to

A. Contractthe piezoelectric wall of the channel to open up
the channel to larger dimensions so that the light signal
casily passes through the channel causing the on condi-
tion.

B. Expanding into the light channel to close the light chan-
nel to smaller dimensions so that the light signal may not
pass. through the channel causing the off condition.}

[4. A light switch as claimed in claims one, two, or three
that 1s actuated by the power of the switching light, which 1s
the same wavelength as the light signal 1n the channel that 1s
switched on and off']

[5. A light switch as claimed in claims one, two, or three
that 1s actuated by the power of the switching light, which 1s
a shorter wavelength than the light signal in the channel that
is switched on and off]

[6. A light switch as claimed in claims one, two, or three
that 1s actuated by the power of the switching light, which 1s
a longer wavelength than the light signal via the channel that
is switched en and oft']

[7. A light switch for light signals as claimed in claim one
where the piezoelectric material 1s transparent to the light
passing through it.]

[8. A light switch for light signals as claimed in claim three
where the compressible fluid is a gas.]

[9. A light switch to, light signals as claimed in claim three
where the compressible fluid is a mixture of gases.}

[10. A light, switch for light signals as claimed in claim
three where the compressible fluid is a liquid. ]

[11. A light switch for light signals as claimed in claim
three where the compressible fluid is a mixture of liquids.]

[12. A light switch for light signals as claimed in claims
two-three were more than one wall of the switch 1s piezoelec-
tric material that responds to the power of the light 1n the
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[13. A light switch for light signals as claimed in claims
one, two or three where the piezoelectric material responds to
the power level of the light in the channel turning the switch
on and off]

[14. A light switch for light signals as claimed in claims
one, two, or three where the light that accomplishes the
switching of the light signal in the channel 1s imposed upon a
conductor near the light channel with the signal that is
switched in it.]

15. An on/off switch for light in a channel comprising:

a transparent light channel; and

a piezoelectric element, disposed within said transparent

light channel,

wherein a crystal ovientation of said piezoelectric element

is aligned with a divection of propagation of light of a
first wavelength traversing said channel and impinging
on said piezoelectric element, theveby enabling said
light of said first wavelength traversing said channel and
impinging on said piezoelectric element to change a
shape of said piezoelectric element, thereby closing said
channel to a passage of light of a second wavelength.

16. An on/off switch for light in a channel comprising:

a transpavent light channel; and

a piezoelectric element, disposed within said transparent

light channel,

wherein an axis of expansion of said piezoelectric element

is perpendicularly aligned with respect to a divection of
propagation of light of a first wavelength traversing said
channel and impinging on said piezoelectric element,

thereby enabling said light of said first wavelength tra-

versing said channel and impinging on said piezoelec-

tric element to cause said expansion of said piezoelec-

tric element along said axis, therveby closing said
channel to a passage of light of a second wavelength.

17. An own/off switch for light according to claim 15,
wherein said on/off switch is actuated by a power of said light
of said first wavelength.

18. An own/off switch for light according to claim 17,
wherein said first wavelength of said light is the same as said
second wavelength of said light.

19. An own/off switch for light according to claim 17,
wherein said first wavelength of said light is shorter than said
second wavelength of said light.

20. An own/off switch for light accovding to claim 17,
wherein said first wavelength of said light is longer than said
second wavelength of said light.

21. An own/off switch for light according to claim 15,
wherein said channel is filled with a compressible fluid.

22. An own/off switch for light accovding to claim 15,
wherein said light of said first wavelength is imposed upon a
conductor near said transparent light channel.

23. An own/off switch for light according to claim 16,
wherein said on/off switch is actuated by a power of said light
of said first wavelength.

24. An own/off switch for light according to claim 23,
wherein said first wavelength of said light is the same as said
second wavelength of said light.

25. An own/off switch for light according to claim 23,
wherein said first wavelength of said light is shorter than said
second wavelength of said light.

26. An own/off switch for light according to claim 23,
wherein said first wavelength of said light is longer than said
second wavelength of said light.

27. An on/off switch for light according to claim 16,
wherein said channel is filled with a compressible fluid.

28. An own/off switch for light according to claim 16,
wherein said light of said first wavelength is imposed upon a
conductor near said transparent light channel.
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