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LI G8f different orientations of piczoelectric 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 107"
seconds. This is 100 times faster than any transistor-
actuated switch. LAYERED BENDING 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 arca of one of the
INTERFEROMETRIC SWITCH switches described above.
LAYERED BENDING ELEMENT LIGHT SWITCH will also 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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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 eclement 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
piczoelectric element causes the response of the

piczoelectric material that shrinks the adjacent channel to

dimensions too small to allow the light signal to pass
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SWITCH 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 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 SWITCH uses the
characteristic of piezoelectric material that the dimensions
of the piezoelectric element change when it is influenced by
an eclectric 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



The LAYERED BENDI NG ELEMENT LI GHT SW TCH uses the
characteristic of piezoelectric material that the
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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 clement to bend as these different orientations of
piczoelectric 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 be oriented in
a magnetic or electric field are lead zirconate and lead
titanate or lecad 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



of the light applied to them The electric field wll
cause the element to bend as these different
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and power. Such an elernent is composed of layers with a

flexible metallic film between the layers. The method for
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
clement 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



fabricating the bending elenment is as follows : First

nonori ented piezoelectric |ayers are deposited on a
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be of sufficient power to cause the element to bend.
Rectangular channel 9 is the side of the LAYERED BENDING
ELEMENT LIGHT SWITCH that 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
ELEMENT LIGHT SWITCH when 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 1 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 element

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



strai ght bending elenment. The elenent i s not being
acted upon by the electric field of a switching signal
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side of the switch that the bending el enent has noved
into . The switch is in the off position. Arrow 19 is
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orientations that force the element to bend when exposed to
an clectric 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 Bending 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 LIGHT SWITCH that 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
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V\herilgh(a)chkmrm@l Rechangdearhatht@drenbbnddng asid het chhiingt

si de .of the LAY] RED ENDI NG TCH. 0

Ehe LRSS R R FOT A0 Ge TR Eo Bt LGB

t heyrgen -as@f—‘ﬂ‘ tﬁ|r§ Rtthebchagnkhe Eﬁéﬁ@fn@%llém‘%fnttj@ is
LAYERED BENDI ELEMENT LI GHT SW TCH t hat s bent and

| at citheds ¢ @0 whtalbfof thve UA%}EREQIWIN@@I%@NEEIFIGHT

oo ETeh chat b Ko Chaf: fhd' BlsheRN o FLARNEhn iiseng®

t owathdoaRd . Ste offitdthes SIngnNRket lARgEH & n £hanangl th30
i s the second half of the |ight annel on the side
t hats a9 headl ad i EREBENGING ELEMENT LIGHT SWITCH

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

clements 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 ELEMENT LIGHT 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 the switch when it bends. Arrow 42
is the light entering the LAYERED BENDING ELEMENT LIGHT
SWITCH that 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



el ements can bend toward to | atch and shut off the

i ght from passing through the channel. Bendi ng
web@sestizB2 i s the second hal f of the LAYEREDPGENERODIRS8720

ELEMENT LIGHT SWTCH that i s not bent and | atched so

AR B e T NG A
ELENGN e id Gk e SWFREH & @th is $nat@YohrQars he m'eqlg Qf not

the swtch that the bending el ements bend toward.
Arr owsf 86 cancb @8 caria threshilghtingabigihigtcotatbe ticdel cafient

t he LAYERED BEND| EMENT LI SW In.Figure

Se. B PO Elehe Ko e B e ) AYRaeD SEshd
BENDI NG & BMENTA YERHED BV DEKGIETEMENT CIG$T SUei A H Qhat
| atch on the side that the |light signal can be turned

on orabidtakhaw ayhér aneibendsr asdpein dh@t Ithechendiig clement
oy bl end Prer fa il efly S npe i ch e RO PEREBhENBETG
hal fElof MEAYERERD BENDITNG! ELEVENT 1lak & SWnkGHb ¢ hatntHeon

bendi ng el ement bends into this side of the swtch
wherPli PThéwgthe bagnddpesof the qlpmantgnt Restargnipt Heht

LAYERED RENDL NG HEVENh &1 HATF agf‘é\hg%)l}tap%mt%ﬁléﬁmm

constructed to |l atch on the si rom
di r eBENOINGHEL EMES Tolel(eH T § Vel T€lrk titat bepndish . thBeritiengending

element 48 i. s the first el ene in the.LAYERE

BEND REAENERAN 1 G S8 FRHSE At SodA ™ & BAAT (P Fe dupd

t he d&[‘?@)@n&ffst)?tt%-e Eéﬁd%‘»ﬂ\g tethtde §aﬂc@1ih@eel%n§ﬁ?st.e-Bending
There i s not sufficient power in the switching |ight

to cadgseentthdeisettemsceondemchding thtmhnt Rbet dageh @y with
channel .50 i, s th cand hal f_of the I AYERED BEND| NG
ELenmnd et Tehr A R Bk 1k eh Rl gk e 1L T not

di r egddton Ttheate ishenbepdi pgwek emeftic Wilikcbendligeto cause
light in this side of the LAYERED BENDI NG ELEMENT
LI GHheswyeraent katb enth angh baf ol | [T hsos wihkch ig nBdthgno T

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 numbered 62. Figure 4B is a
drawing of two latching eclements as they could be made to
latch. Bending eclement 64 is one bending element that
would be 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
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or off by the bending of the el enents. Rectangul ar

I ight channel 54 i s the second half of the channel in
wQ 20ERED2 BENDI NG ELEMENT LI GHT SW TCH t hat canP¢EUS1907/088720

that the bending el ements bend into and causes t he

l'igh ' to be tuned on or off b endi

the ST EORR oL PeRerreneadnm ig'dl shelas 53irS ST Vil
Secomb*e%{w ﬁge@llﬁr@ﬁ‘lteatrhsaftra gq{tcmﬁglémcbmbg@putm@n Three
el enent 48 when the switch i S | atched I S not

bentor mmeeLnaysre@dixl@lm@@wemaynbﬁh@Sél\mncﬁltmglatw@ht to
Causte tl',gg fer S1 g a rne taftor 1a a l a% s
the ‘O SEard’. &PP w8 %%g? S hié |T’%% 6aspsR ng*dat of
t he TAYERGER BEMI EEEMEI\EAMEQED BWNTEING BhEMENT $1GHT
made to latch in the on state . It will be noted that
t here¥WilTGHrg cayrhrinp Hgi éeawhyes i gt aptunlcowitedcsut of
the S jg&‘né’lnla;,hegr Sb{d‘?nm Wﬁ F%)%W?%c?t?%‘%utr%w%

Fi gure IS raw ng ng el enent

t heyarcdhull i ibeh sefdbet Q)ﬁt&i& cshmtBbesinnga e“lilﬁemenbtﬁf)asssmbly.
one bending el enent that would be [ atched into
positi on when caught by the other elenment of the pair
nunbered 62 . Figure 4B i s a drawing of two |atching
el ements as they could be nmade to | atch. Bendi ng

el emrent 64 i s one bending el ement that woul d be

| at ched into position when caught by the ot her bending
el ement of the pair nunber 66. Ot her |atching shapes
could be used to performthe desired function of

| at chi ng once bent into position. Sone |atching
geonetry' s will work better for LAYERED BENDI NG
ELEMENT LI GHTSW TCH that are arranged at right angles
while others will be better used in a near straight
angl e configuration. Three or nore Layered El enents
may be fashioned to |atch together for signa
managenent for special applications . The four

drawi ngs of the LAYERED BENDI NG ELEMENT LI GHT
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SWTCH are schematic drawi ngs . In actual sw tches,
additional |layers of material wll be used to secure,

w@ooneog3ltand align the fiber optic sw tches i n BCEHUR®NT7/088720
optic assenbly. WHAT IS CLAIMED I'S: 1. An on and of f

svvlt ptical wave guide conprised of
%é%ré éﬁﬁtﬁgﬁgﬂgel s with a |layered bendi ng

eI enment between them made of piezoelectric materi al
that bends in the electric field produced by Iight of
suf fi.cAenonpoweo ffrsesignt far tightchaanedptihat wavé guode

when the ele t. i s _not, bent LS of f wh t he

el oristib v egbrt > PRTeATdhaRb epSafier sV R8¢ MR yred o
an apdd Eidlg \é@éf@egum&mmm@ﬁdnﬁfdenamp1@@6@1&&&1& i ght
channels wth nore than one | ayered bendi ng el enen

t hatmafeidabdhet e ndseireltbetaliceticeliglép roidgise doby llght of
suf f o) ge t

2ot CLRTE R E NP TatGRLRhpRE 1ok ! (gl ¥R
causthad éﬁnsm ﬁ@hicngbmt BC cigr o 5 witdn phe&elmeanylsnbwt
that A. is on when the el ements are not bent and not

| at ched B is off when the el ements are bent and

|atcj1eg aﬁléhoqﬁ Wch%ﬁﬁtgéﬁegl Qh'ﬂéﬂnbgl% d590€

or two ere t S vv| th
[ grnombatseldsoﬁausnmqmﬂaélslvvlltgdamcrigartrhalts wsthAmare than

I | th than the | t
oSSl B g Drrdd R I Bt Bhea ek Ry Qe cCrric
vav et e it H%httr@f Ll'lﬂritclérhtafaobv%rsé’\éﬂ QQ?&h tégetahéﬂ Qatthat

switch as is claimed in clalmone or two where
| ayetrh@dlllgélrﬁoﬁvngtCAal @traem?t i1 ¢he arfpodede ofn aeatlye Ilwletr shfdf
pi ezoel e dt ’El% ar at ed flex

bar (A REB LR 4R PR £ oY eSEnD TR 1ot

one Ar llgrunatwm ansl dlbgm aflls acenbt Peeaopl @€Gldti Katched B.
material aligned in an opposing orientation in the

bendisngffedrainthe glemands cicngesivandhladshed. cl ai ned in
claimtwo with many

3. 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 wavelength than the light
switched B. shorter in wavelength than the light switched

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
piczoelectric 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
piczoelectric elements that meet at A. Acute angles to latch

B. Perpendicular angles to latch C. Straight angles to latch
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pi ezoel ectric elements that neet at A Acute angles to

| atch B. Perpendicular angles to latch C. Strai ght
wWae@Bessiep | atchwith fixtures on their ends appeDp8i0a1/e88720

to the angle that they neet so that once bent by the

electric fleld t he el erren%s will latch in the hent

st at ¥ o f 1Y TER AR OHC BN Eh & PATERL H41C 19 LR anelgothet

6. Aplegt NG SWhECBnde B@n@b?'f@elé‘ct@i@'ﬂ%ﬁd’%é"" th
pi ezoel'ectric elenments that onhce | atched may be

unl attl@hte@tbprHsl;xth i ghalbs ndf s tappriopr facs anigei age antle
pover, gl élei hst he | atched elenments . 7. A light
svmtcﬁ S ned*fn claimone or claimtwo that is
of dinensions so that the el ectromagnetic radiation in
t he channel is various wave | engths fromyards | ong or
angst rAw‘satw@mggeﬂ%@phomgﬁétlatmﬁédmapwﬁn tgro Avithght

F\gyt rl'e% Seléétr‘fkaél:%ﬁ]dedtg t%a@'&%’é‘?af& a HL %e %}g’lét'éh%

&°bendi'n
of phepaeskect rsngnmad ef iz p.prone pﬂrﬁﬁf)@b@@t pbever to
material el ement with many |ayers with opposing
ori éfﬂé‘ttFBrféleClatﬁﬁﬁg ¢lopa¢atsof piezoelectric material
with flexible material between them 9. A light switch
as is clained in claimtwo that once it is latched it
cannbt Abb ghril st civddas 16.clAimieghtn sMitmmIf@prldlghm two
si gnal l.aimed.in clainms gne or two where t
1 oat idco LOSEm GRed o ISt & anf St E e pigrkiation
si gngl ti& Cm%n%mq@n@émb%slmoéelténlgnﬁ@ RoePRAYEL %n@eaf

the light channel with the signal is Switched
it. angstroms long electromagnetic radlatlon

8. A light switch as is claimed in claim one or claim two
with a layered bending element with A. only one side
composed of piczoelectric material B. one piezoelectric
material element with many layers with opposing
orientations C. many layers of piezoelectric material with

flexible material between them.

9. A light switch as is claimed in claim two that once it is

latched it cannot 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.
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