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DYNAMIC OPTICAL SWITCHING ENSEMBLE 

INCORPORATION BY REFERENCE 

[0001] The following owned in common US. patents, 
allowed patent applications, and pending patent applications 
are fully incorporated herein by reference: 

[0002] 1. US. Pat. No. 6,738,176, by Mario RabinowitZ 
and Mark Davidson, “Dynamic Multi-Wavelength Switch 
ing Ensemble” issued on May 18, 2004. 

[0003] 2. US. Pat. No. 6,612,705, by Mark Davidson and 
Mario RabinowitZ, “Mini-Optics Solar Energy Concentra 
tor” issued on Sep. 2, 2003. 

[0004] 3. US. Pat. No. 6,698,693 by Mark Davidson and 
Mario RabinowitZ, “Solar Propulsion Assist” issued on Mar. 
2, 2004. 

[0005] 4. US. Publication #2003-0193726-A1, by Mark 
Davidson and Mario RabinowitZ, “Active Re?ection, Illu 
mination, and Projection” published on Oct. 16, 2003. 

[0006] 5. US. Publication #Not Designated Yet, by Mario 
RabinowitZ, “Spinning Concentrator Enhanced Solar 
Energy Alternating Current Producton” is Pending. 

[0007] 6. US. Publication #Not Designated Yet, by Mario 
RabinowitZ, “Manufacturing Transparent Mirrored Mini 
Balls for Solar Energy Concentration and Analogous Appli 
cations” is Pending. 

[0008] 7. US. Publication #Not Designated Yet, by Mario 
RabinowitZ, “Advanced Micro-Optics Solar Energy Collec 
tion System” is Pending. 

[0009] 8. US. Publication #Not Designated Yet, by Mario 
RabinowitZ, “Alignment of Solar Concentrator Micro-Mir 
rors” is Pending. 

[0010] 9. US. Publication #Not Designated Yet, by Mario 
RabinowitZ and Felipe Garcia, “Group Alignment Of Solar 
Concentrator Micro-Mirrors” is Pending. 

[0011] 10. US. Publication #2004-0021964-A1, by Mario 
RabinowitZ and Mark Davidson “Mini-Optics Solar Energy 
Concentrator” allowed for issuance. 

[0012] 11. US. Publication #Not Designated Yet, by 
Mario RabinowitZ and David V. Overhauser, “Manufacture 
and Apparatus for Nearly Frictionless Rotatable Array of 
Micro-Mirrors in a Solar Concentrator Sheet” is Pending. 

[0013] 12. US. Publication #Not Designated Yet, by 
Mario RabinowitZ, “Improved Micro-Optics Solar Energy 
Concentrator” is Pending. 

BACKGROUND OF THE INVENTION 

[0014] 1. Field of the Invention 

[0015] The instant invention relates to an improved optical 
switching ensemble which performs switching operations by 
electrically, electromagetically, or magnetically controlling 
the direction of an electromagnetic beam, from optical 
wavelengths through microwave wavelengths. It incorpo 
rates a novel means for rotational control as well as greater 

aiming accuracy in permitting the input to control the output. 
In the instant invention the micro-mirrors can be either 
pre-formed (pre-existing), or formable in-situ. Applications 
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include signal switching, digital imaging, printing, bar code 
reading, optical recording systems, surface inspection sys 
tems, etc. 

[0016] The present invention allows a full 360 degree 
rotation of the beam which greatly exceeds the rotational 
capability of conventional systems. In fact, the mirrored 
balls can be made to spin about any axis as described in 
detail in the co-pending patent application, “Spinning Con 
centrator Enhanced Solar Energy Alternating Current Pro 
ducton” mentioned above in the list of incorporated refer 
ences. Thus it can have a number of ancillary sensing 
functions such as in gyroscopes that sense a rate of rotation 
by sensing the effects of a Coriolis force on an oscillating 
body. 
[0017] 2. De?nitions 

[0018] “Bipolar” refers herein to either a magnetic assem 
blage with the two poles north and south, or an electric 
system with + and — charges separated as in an electret. 

[0019] “Collimated” refers herein to an approximately 
parallel beam of light. 

[0020] “Elastomer” is a material such as synthetic rubber 
or plastic, which at ordinary temperatures can be stretched 
substantially under low stress, and upon immediate release 
of the stress, will return with force to approximately its 
original length. Silicone elastomers have exceptional ability 
to withstand ultraviolet light degradation. 

[0021] “Electret” refers to a solid dielectric possessing 
persistent electric polariZation, by virtue of a long time 
constant for decay of charge separation. 

[0022] “Electrophoresis or Electrophoretic” is an electro 
chemical process in which colloidal particles or macromol 
ecules with a net electric charge migrate in a solution under 
the in?uence of an electric current. It is also known as 
cataphoresis. 
[0023] “ITO” is a thin conducting alloy of Indium/Tin 
Oxide that is transparent. 

[0024] “PlasticiZer” as used herein refers speci?cally to a 
dielectric plasticiZer ?uid that is absorbed by an elastomer 
thereby causing it to swell thus creating a spherical shell 
around each of the micro-mirror balls which do not sub 
stantially absorb the plasticiZer. More commonly plastiZers 
are added to a material to make it softer, more ?exible, or 
more moldable. 

[0025] “Polar gradient” as used herein relates to magnetic 
re?ecting elements that are controlled by a magnetic ?eld 
gradient mode. 

[0026] “Monopolar” as used herein denotes mono-charged 
re?ecting elements that are controlled in an electrophoretic 
mode. 

[0027] “Multi-wavelength” as used herein denotes the 
scalability of the instant invention over a range of different 
wavelength-region-speci?c embodiments which could oper 
ate collectively over a range of the electromagnetic spec 
trum. This wavelength range extends from the visible ~400>< 
10-9 m to the microwave region ~30 cm. 

[0028] “PlasticiZer” as used herein refers speci?cally to a 
dielectric plasticiZer ?uid that is absorbed by an elastomer 
thereby causing it to swell thus creating a spherical shell 
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around each of the micro-mirror balls Which do not sub 
stantially absorb the plasticiZer. More commonly plastiZers 
are added to a material to make it softer, more ?exible, or 
more moldable. 

[0029] “Rayleigh limit” relates to the optical limit of 
resolution Which can be used to determine the smallest siZe 
of the elements that constitute a mini-mirror. Lord Rayleigh 
discovered this limit from a study of the appearance of the 
diffraction patterns of closely spaced point sources. 

[0030] “Silicone” as used herein refers to a heat-stable, 
rubber-like elastomer that is a Water repellent, semiorganic 
polymer of organic radicals attached to silicon containing 
molecules, such as dimethyl silicone. Silicone elastomers 
are an eXcellent material Within Which to embed the mir 
rored balls or cylinders, because of their durability With 
respect to ultraviolet light, among other reasons. 

[0031] “Spin glass” refers to a Wide variety of materials 
Which contain interacting atomic magnetic moments. They 
possess a form of disorder, in Which the magnetic suscep 
tibility undergoes an abrupt change at What is called the 
freeZing temperature for the spin system. 

[0032] “Thermoplastic” refers to materials With a molecu 
lar structure that Will soften When heated and harden When 
cooled. This includes materials such as vinyls, nylons, 
elastomers, fuorocarbons, polyethylenes, styrene, acrylics, 
cellulosics, etc. 

[0033] “Translucent” as used herein refers to materials 
that pass or transmit light of only certain Wavelengths so that 
the transmitted light is colored. 

[0034] “Van der Waals force” as used herein refers to an 
attrative force betWeen atoms or molecules. It can arise 
because a ?uctuating dipole moment in one molecule 
induces a dipole moment in the other. The tWo dipole 
moments then attract. 

[0035] “Zeta potential,” is the net surface and volume 
charge that lies Within the shear slipping surface resulting 
from the motion of a body through a liquid. It is an electrical 
potential that exists across the interface of all solids and 
liquids. It is also knoWn as the electrokinetic potential. The 
Zeta potential produces an electric dipole moment (?eld) of 
a spherical body When it is made from tWo dielectrically 
different hemispheres due to the interaction of the sphere 
With the ?uid that it is immersed in. 

SUMMARY OF THE INVENTION 

[0036] There are many aspects and applications of this 
invention, Which provides techniques applicable individu 
ally or in combination for a novel multi-Wavelength optical 
sWitching ensemble Which controls the direction in Which an 
electromagnetic radiation signal-beam proceeds to perform 
sWitching operations, and to a method of operating the 
optical sWitch. This ensemble can operate from optical 
through microWave Wavelengths by electrical, electromag 
netic, or magnetic activation, permitting a full unimpeded 
360 degree rotation of the beam. Primarily this invention 
deals With the broad general concept of method and appa 
ratus for tWo-aXis mirror rotation of an electromagnetic 
beam to perform sWitching operations by any or several 
kinds of actuators. As Will be described in detail, these 
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objectives may be accomplished by any of a number of Ways 
separately or in combination, as taught by my invention. 

[0037] It is a general object of this invention to provide a 
dynamic sWitching system for electromagnetic beams that 
operates by re?ection. 

[0038] Another object is to provide an active re?ection 
sWitching system. 

[0039] Another aspect is to provide a novel loW-cost 
Wide-spectrum electromagnetic beam sWitching system. 

[0040] It is an aspect of the present invention to provide a 
single sheet Within Which each micro-mirror may be aligned 
With high accuracy as part of an active re?ection sWitching 
system. 

[0041] It is another object of the present invention to 
provide a single sheet Within Which each micro-mirror may 
rotate in an almost frictionless encapsulation as part of an 
active re?ection sWitching system. 

[0042] An aspect of this invention is to provide apparatus 
for nearly frictionless rotation of micro-mirrored balls i.e. 
spheres or cylinders. 

[0043] It is a further aspect of the present invention to 
achieve an active re?ection sWitching system that can incor 
porate a range of micro-mirrored ball siZes. 

[0044] Other objects and advantages of the invention Will 
be apparent in a description of speci?c embodiments 
thereof, given by Way of eXample only, to enable one skilled 
in the art to readily practice the invention singly or in 
combination as described hereinafter With reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] FIG. 1a is a cross-sectional vieW of a rotatable 
element With an electret dipole sandWiched betWeen induced 
dipole micro-mirrors aligned parallel to partitioned elec 
trodes Where an ensemble of such elements are a major 
constituent of an optical sWitching ensemble. 

[0046] FIG. 1b is a cross-sectional vieW of a rotatable 
element With an electret dipole sandWiched betWeen induced 
dipole micro-mirrors aligned perpendicular to partitioned 
electrodes Where such elements are a major constituent of an 
optical sWitching ensemble. 

[0047] FIG. 1c is a cross-sectional vieW of a rotatable 
element With an electret dipole sandWiched betWeen induced 
dipole micro-mirrors aligned at a tilted angle With respect to 
partitioned electrodes Where such elements are a major 
constituent of an optical sWitching ensemble. 

[0048] FIG. 1a' is a cross-sectional vieW of a rotatable 
element that does not use an electret, shoWing an induced 
dipole micro-mirror in an unstable positon of being perpen 
dicular to the applied electric ?eld. From this unstable 
position it Will rotate to an alignment in Which the plane of 
the mirror is aligned in the direction of the applied ?eld. An 
ensemble of such elements are a major constituent of an 
optical sWitching ensemble. 

[0049] FIG. 2a represents a top vieW of an array of 
partitioned highly resistive electrodes shoWing in detail a top 
vieW of one such electrode and the voltages at its four 
corners. 
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[0050] FIG. 2b represents a bottom vieW of an array of 
partitioned highly resistive electrodes showing in detail a 
vieW of a bottom electrode and the voltages at its four 
corners. 

[0051] FIG. 2c represents a top vieW of an array of 
fragmented highly resistive Wire electrodes shoWing in 
detail a top vieW of a set of four such adjacent electrodes and 
the voltages at their ends. 

[0052] FIG. 2a' represents a bottom vieW of an array of 
fragmented highly resistive Wire electrodes shoWing in 
detail a bottom vieW of a set of four such adjacent electrodes 
and the voltages at their ends. 

[0053] FIG. 3 is a cross-sectional vieW of a rotatable 
element With an induced dipole micro-mirror aligned at a 
tilted angle With respect to the surface of the single trans 
parent sheet con?ning sheet. An ensemble of such elements 
are a major constituent of an optical sWitching ensemble. 

[0054] FIG. 4 is a cross-sectional vieW of a rotatable 
element With an electret dipole sandWiched betWeen induced 
dipole micro-mirrors aligned at a tilted angle With respect to 
partitioned electrodes Where an ensemble of such elements 
are a major constituent of an optical sWitching ensemble. 

[0055] FIG. 5 is a cross-sectional vieW of a ferromagnetic 
bipolar sphere With an equatorial ?at re?ecting surface. This 
sphere is one of a multitude of optical elements, Which are 
a major constituent of an optical sWitching ensemble. 

[0056] FIG. 6 is a cross-sectional vieW of a rotatable 
element, With an electret dipole sandWiched betWeen 
induced dipole micro-mirrors, in a holding mode betWeen 
alignments. 

[0057] FIG. 7 is a cross-sectional vieW of a rotatable 
element, With an induced dipole micro-mirror, in a holding 
mode betWeen alignments. 

[0058] FIG. 8 is a schematic top vieW shoWing an elec 
tronic control grid for rotating the re?ecting elements of an 
optical sWitching ensemble. 

[0059] FIG. 9 is a cross-sectional vieW of a mirrorable cell 
?lled With dispersed electric or ferromagnetic particles. 

[0060] FIG. 10 is a cross-sectional vieW of a mirrorable 
electric ?uid cell With a mirror formed from a colloidal 
suspension of dispersed shiny electrical particles in the ?uid. 
This cell is one of a multitude of optical elements Which are 
a major constituent of an optical sWitching ensemble. 

[0061] FIG. 11 is a cross-sectional vieW of a mirrorable 
ferro?uid cell With a mirror formed from a colloidal sus 
pension of shiny ferromagnetic particles in the ?uid. This 
cell is one of a multitude of optical elements Which are a 
major constituent of an optical sWitching ensemble. 

[0062] FIG. 12 is a cross-sectional illustration of a multi 
channel re?ection matrix sWitch Which utiliZes the ensemble 
of dynamic re?ecting elements for sWitching operations. 

[0063] FIG. 13 is a cross-sectional illustration of a multi 
channel refection matrix sWitch With an independent radia 
tion source Which utiliZes the ensemble of dynamic re?ect 
ing elements for sWitching operations. 
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DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0064] As is described here in detail, the objectives of the 
instant invention may be accomplished by any of a number 
of Ways separately or in combination, as taught by my 
invention. 

[0065] FIG. 1a is a cross-sectional vieW of a rotatable 
element 1 With an electret dipole 5 With negative charge 3 at 
one end and positive charge 4 at the other end sandWiched 
betWeen micro-mirrors 2 aligned parallel to top partitioned 
highly resistive electrode 5t and bottom partitioned highly 
resistive electrode 5b, Where an ensemble of such elements 
and electrodes are a major constituent of an optical sWitch 
ing ensemble. The micro-mirrors 2 are shiny circular ?at 
conducting metal close to the equatorial plane of the ele 
ments 1. The partitioned electrodes and other types of 
electrodes are discussed in conjunction With FIGS. 2a, 2b, 
2c, and 2d. A micro-processor sends signals via bus bars to 
establish voltages from a poWer supply to each partitioned 
electrode Which is made of a highly resistive thin transparent 
conductor such as an alloy of indium tin oxide (ITO). For top 
partitioned electrode St, the left corner is at voltage V1 and 
the right corner is at voltage V2. For bottom partitioned 
electrode 5b, the left corner is at voltage V3 and the right 
corner is at voltage V4. A signal sets the voltages so that 
V3=V1, V4=V2, V2<V1, and V4<V3, to produce an 
approximately uniform applied electric ?eld E parallel to the 
electrodes 5t and 5b as shoWn. 

[0066] The applied electric ?eld E induces a dipole 
moment in the metallic conducting material of the micro 
mirrors 2. This is because When a metallic conductor is 
placed in an electric ?eld, the charge distributes itself so as 
to produce a ?eld free region inside the conductor. To 
internally cancel the applied ?eld E, negative, —, free elec 
trons move to the end of each conducting micro-mirror 2 
opposite to the direction of E, leaving positive + charge at 
the end in the direction of E. The torque interaction of the 
induced electric dipole moment of the micro-mirrors 2 and 
the electric ?eld E acts to align the micro-mirrors 2 parallel 
to the electric ?eld E as shoWn here in FIG. 1. The torque 
is proportional to the product of E and the dipole moment. 

[0067] An electret 5 is used to augment the torque. In 
equilibrium ie when the rotation is complete, the polariZa 
tion due to the electret 5 and that due to the induced charges 
of the conducting micro-mirrors 2 add together to produce a 
total dipole moment d parallel to the micro-mirrors 2, and 
parallel to the applied electric ?eld E. The positive + end 4 
and the negative — end 3 of the electret 5 align themselves 
parallel to the electric ?eld E due to the torque interaction of 
the permanent electric dipole moment of the electret 5 and 
the applied electric ?eld E, Which is proportional to their 
product. Since the electret 5 and its dipole moment are 
parallel to the micro-mirrors 2, this torque interaction aligns 
the micro-mirrors 2 parallel to the applied electric ?eld E. 

[0068] The presence of the electret 5, enhances the torque. 
In the absence of the electret 5, the dipole moment induced 
in the micro-mirrors 2 can be suf?cient to produce align 
ment. HoWever, the additional torque provided by the elec 
tret 5 helps to overcome frictional effects. In this embodi 
ment, the hemispheres 6 are made of the same transparent 
material Which minimiZes the effect of the Zeta potential. 

[0069] In operating by means of an induced polariZation 
dipole ?eld, the instant invention operates by a substantially 
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different mechanism than in Gyricon displays. The instant 
invention also differs substantially from Gyricon displays in 
terms of the axis of symmetry of the elements 1, i.e. the balls 
or cylinders. In Gyricon displays, the axis of symmetry of 
their balls and cylinders is parallel to the applied electric 
?eld since the Zeta potential dipole is parallel to the applied 
electric ?eld. In the instant invention, the axis of symmetry 
of the elements 1 is perpendicular to the applied electric ?eld 
because the micro-mirrors 2 and hence the induced polar 
iZation dipole ?eld is perpendicular to the axis of symmetry. 
It should be noted that here in FIG. 1a, the electric ?eld E 
orientation is at right angles to that Which is used in Gyricon 
displays. Here E is parallel to the equatorial plane of the 
balls and the top surface 5t Which admits light. In traditional 
Gyricon displays, E is perpendicular to the Gyricon ball 
equatorial plane and to the top surface—the viewing surface 
Which admits light. 

[0070] FIG. 1b is a cross-sectional vieW of a rotatable 
element 1 With an electret dipole 3 sandWiched betWeen 
induced dipole micro-mirrors 2 aligned perpendicular to top 
partitioned highly resistive electrode 5t and bottom parti 
tioned highly resistive electrode 5b, Where an ensemble of 
such elements and electrodes are a major constituent of an 
optical sWitching ensemble. For top partitioned electrode St, 
the left corner is at voltage V1 and the right corner is at 
voltage V2. For bottom partitioned electrode 5b, the left 
corner is at voltage V3 and the right corner is at voltage V4. 
A signal sets the voltages so that V2=V1, V4=V3, V1<V3, 
and V2<V4, so that an approximately uniform applied 
electric ?eld E is produced perpendicular to the electrodes 5t 
and 5b as shoWn. The micro-mirrors 2 align themselves 
parallel to the applied electric ?eld E due to the induced 
dipole ?eld polariZation of the mirrors, and permanent 
dipole of the electret 5. 

[0071] FIG. 1c is a cross-sectional vieW of a rotatable 
element 1 With an electret dipole 5 sandWiched betWeen 
induced dipole micro-mirrors 2 aligned at a tilted angle With 
respect to top partitioned highly resistive electrode 5t and 
bottom partitioned highly resistive electrode 5b, Where an 
ensemble of such elements and electrodes are a major 
constituent of an optical sWitching ensemble. For top par 
titioned electrode St, the left corner is at voltage V1 and the 
right corner is at voltage V2. For bottom partitioned elec 
trode 5b, the left corner is at voltage V3 and the right corner 
is at voltage V4. A signal sets the voltages so that V1<V2, 
V3<V4, V1<V3, and V2<V4, so that an approximately 
uniform applied electric ?eld E is produced that is tilted With 
respect to to the electrodes 5t and 5b as shoWn. The 
micro-mirrors 2 align themselves parallel to the electric ?eld 
E due to the induced dipole ?eld polariZation of the mirrors, 
and permanent dipole of the electret 5. For balls, tWo-axis 
rotation is possible by additional alignment of the micro 
mirrors 2 out of the plane of the paper. This is accomplished 
by similar voltage relationships to those already described as 
can be understood from the top and bottom electrode vieWs 
shoWn in FIGS. 2a-2d. Cylinders Would be restricted to 
single-axis rotation. 

[0072] FIG. 1a' is a cross-sectional vieW of a rotatable 
element 1 shoWing an induced dipole micro-mirror 2 Which 
relies soley on the induced polariZation dipole ?eld to 
produce alignment because the electret 5 is not used in this 
embodiment. The micro-mirror 2 can be either one-sided or 
preferably tWo-sided so that the optical sWitching ensemble 
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can have either side up, or rotate the micro-mirror 2 a full 
360 degrees if desired. The angular orientatons possible are 
similarly achieved as in FIGS. 1a, 1b, and 1c and so are not 
shoWn since these ?gures can be easily visualiZed Without an 
electret 5. As shoWn here in FIG. 4, With V2=V1, V4=V3, 
V1<V3, and V2<V4, an approximately uniform electric ?eld 
E is produced perpendicular to the electrodes 5t and 5b as 
shoWn. What is shoWn here in FIG. 4 is an unstable position 
of the mirror 2 perpendicular to the applied ?eld E. From this 
unstable position the mirror 2 Will rotate to an alignment in 
Which the mirror is parallel to any direction of the applied 
?eld. An ensemble of such elements are a major constituent 
of an optical sWitching ensemble. 

[0073] Examples of materials that are appropriate trans 
parent dielectrics for making the elements 1 are: glass, 
polycarbonate, acrylic polymers made from acrylic deriva 
tives such as acrylic acid, methacrylic acid, ethyl acrylate, 
methyl acrylate (some trade names are lexan, lucite, plexi 
glass, etc.). Electrets may be made from te?on, castor Wax, 
carnuba Wax, and other materials. A conducting, but highly 
resistive material like Indium/T in Oxide (ITO) can be sput 
tered on the sheets that contain the elements 1 to form the 
addressing electrodes. The optical transparency of ITO 
makes it ideally suited for addressing the balls. 

[0074] Let us noW look at various possible embodiments 
of the instant invention for the addressing electrodes. The 
different con?gurations shoWn, and combinations of them 
can operate to align the elements 1 as a major constituent of 
an optical sWitching ensemble. 

[0075] FIG. 2a represents a top vieW of an array of 
partitioned highly resistive electrodes With grid spacing L 
shoWing in detail a top vieW of one such electrode 5t and the 
voltages at its four corners. Voltages V1 and V2 correspond 
to voltages V1 and V2 shoWn in the cross sectional FIGS. 
1a, 1b, 1c, and 1d. Voltages V1‘ and V2‘ are the voltages at 
the corners of this top electrode 5t beloW the plane of the 
paper of FIGS. 1a, 1b, 1c, and 1d. Each partitioned elec 
trode is made of a highly resistive thin transparent conductor 
such as an alloy of indium tin oxide (ITO). 

[0076] FIG. 2b represents a bottom vieW of an array of 
partitioned highly resistive electrodes With grid spacing L 
shoWing in detail a vieW of a bottom electrode 5b and the 
voltages at its four corners. Voltages V3 and V4 correspond 
to voltages V3 and V4 shoWn in the cross sectional FIGS. 
1a, 1b, 1c, and 1d. Voltages V3‘ and V4‘ are the voltages at 
the corners of this bottom electrode 5b beloW the plane of 
the paper of FIGS. 1a, 1b, 1c, and 1d. 

[0077] FIG. 2c represents a top vieW of an array of 
fragmented highly resistive Wire electrodes With grid spac 
ing L shoWing in detail a top vieW of a set of four such 
adjacent electrodes and the voltages at their ends. At the top, 
Wire electrode 6t has voltages V1 and V2 at its ends Which 
correspond to voltages V1 and V2 shoWn in the cross 
sectional FIGS. 1a, 1b, 1c, and 1d. Wire electrode 6pt is a 
Wire perpendicular to the plane of the paper of FIGS. 1a, 1b, 
1c, and 1a' with voltages V1 and V1‘ at its ends. Wire 
electrode 6vt is a vertical Wire With respect to the plane of 
the paper of FIGS. 1a, 1b, 1c, and 1a' with voltages V2 and 
V2‘ at its ends. Wire electrode 6m has voltages V1‘ and V2‘ 
at its ends, and is under the top electrode 6t. Each frag 
mented Wire electrode is made of a highly resistive thin 
transparent conductor such as an alloy of indium tin oxide 

(ITO). 
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[0078] FIG. 2a' represents a bottom vieW of an array of 
fragmented highly resistive Wire electrodes With grid spac 
ing L showing in detail a bottom vieW of a set of four such 
adjacent electrodes and the voltages at their ends. At the 
bottom, Wire electrode 6b has voltages V3 and V4 at its ends 
Which correspond to voltages V3 and V4 shoWn in the cross 
sectional FIGS. 1a, 1b, 1c, and 1d. Wire electrode 6pb is a 
Wire perpendicular to the plane of the paper of FIGS. 1a, 1b, 
1c, and 1a' with voltages V3 and V3‘ at its ends. Wire 
electrode 6vb is a vertical Wire With respect to the plane of 
the paper With voltages V4 and V4‘ at its ends. Wire 
electrode 6ub has voltages V4 and V4‘ at its ends, and is 
under electrode 6b. 

[0079] Operational Modes 

[0080] Let us consider various combinations of the elec 
trodes and their advantages and disadvantages. The par 
tioned electrodes 5t and 5b of FIGS. 2a and 2b may be 
operated as a pair. The advantage of doing this is that the 
most approximately uniform electric ?elds may thus be 
created here With only a negligible amount of fringing ?elds 
at the edges. A disadvantage of this con?guration is that it 
has the smallest optical transparency since the incident light 
must be transmitted and re?ected through each partitioned 
electrode of, for example, transparent ITO. 

[0081] Operating the fragmented Wire electrodes of FIGS. 
2c and 2d as a pair has the advantage of providing the 
greatest transparency since the Wire electrodes have a small 
cross section With most of the light passing betWeen them. 
Thus a larger percentage of the incident light Will be 
re?ected to the receiver. Adisadvantage of this con?guration 
is that it produces the least uniform electric ?elds. Yet 
because of the symmetry the components of the ?eld that 
diverge from uniformity cancel, and a main component 
remains to align the elements (balls and cylinders) in the 
same direction as Would be provided by the corresponding 
uniform electric ?eld that partioned electrodes Would pro 
duce. This con?guration has the further advantage that When 
the top side becomes Worn or soiled, this con?guration can 
be turned over so the pristine bottom side can be used on top 
With a high transparency to the incident and re?ected light. 
Both the tWo-mirror embodiment of FIGS. 1a, 1b, and 1c, 
and the tWo-sided single mirror embodiment of FIG. 1a' can 
be operated With either side up, as Well as rotating the 
mirror(s) a full 360 degrees if needed. 

[0082] The presently preferred con?guration is the frag 
mented Wire electrodes of FIG. 2c on top to receive the 
light, combined With the partioned electrodes of FIG. 2b on 
the bottom so that the combination more closely approxi 
mates the desired uniform electric ?eld. With the fragmented 
Wire electrodes con?guration on top, the same large per 
centage of the incident light Will be re?ected to the receiver 
as for the con?guration of fragmented Wire electrodes on 
both top and bottom. 

[0083] FIG. 3 is a cross-sectional vieW of a rotatable 
element 1 With an induced dipole micro-mirror 2 aligned at 
a tilted angle With respect to the top surface of a single 
transparent sheet 17. The element 1 has a transparent top 
hemisphere (or hemicylinder) 6t, and a bottom hemisphere 
(or hemicylinder) 6b that may be either transparent or 
opaque. It is necessary for the top hemisphere 6t to be 
transparent for light to enter and be re?ected from micro 
mirror 2. The bottom hemisphere 6b may be opaque, pref 
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erably With dielectric properties similar to top hemisphere 6t 
to minimiZe the effect of the Zeta potential. 

[0084] The induced dipole moment d of the micro-mirror 
2, With induced charges +q and —q at its ends, is shoWn 
parallel to the main components of the applied electric ?eld 
E. When the electric ?eld E is produced by grid Wires rather 
than slabs (segmented electrodes) it is less uniform as 
shoWn. The electric ?eld is produced by application of 
proper voltages at the 8 vertices of each grid cube in Which 
each element 1 is inscribed. ShoWn are the voltages VO1 and 
VO2 at the top left and right respectively. Similar voltages V‘ 
are at the bottom left and right. 

[0085] The element 1 is completely encompassed With a 
lubricating ?uid 18 Which is encapsulated inside a concen 
tric cavity 19 in the sheet 17. Thus the con?ned and 
lubricated element 1 can make a nearly frictionless rotation, 
With hardly any undesirable displacement. An ensemble of 
such elements can thus be aligned as a group With the 
application of moderate poWer. It is preferable to utiliZe a 
liquid 18 Whose index of refraction matches the clear 
hemisphere or clear hemicylinder, and it should have the 
same density as element 1 to minimiZe buoyant forces. The 
index of refraction of the sheet 17, the liquid 18, and the 
optically transmissive upper portion of elements 1 should all 
be approximately equal. The elements 1 should be roughly 
balanced to minimiZe gross gravitational orientation. The 
manufacture of the concentric cavity 19 With lubricating 
?uid 18 is described in detail in the co-pending patent 
application, “Manufacture and Apparatus for Nearly Fric 
tionless Rotatable Array of Micro-Mirrors in a Solar Con 
centrator Sheet” given in the list of incorporated references. 

[0086] Mirrors are normally made of a conductive metallic 
coating. In an applied electrostatic ?eld, E, a dipole moment 
is induced in the metallic conducting material of the micro 
mirrors because the charge distributes itself so as to produce 
a ?eld free region inside the conductor. To internally cancel 
the applied ?eld E, free electrons move to the end of each 
conducting mirror antiparallel to the direction of E, leaving 
positive charge at the end that is parallel to the direction of 
E. Another Way to think of this in equilibrium is that a good 
conductor cannot long support a voltage difference across it 
Without a current source. An induced electrostatic dipole in 
a pivoted conductor in an electrostatic ?eld is someWhat 
analogous to an induced magnetic dipole in a pivoted 
ferromagnetic material in a magnetic ?eld, Which effect most 
people have experienced. When pivoted, a high aspect ratio 
(length to diameter ratio) ferromagnetic material rotates to 
align itself parallel to an external magnetic ?eld. 

[0087] If alignment is attempted in a conventional manner 
such as is used in Gyricon displays, the induced polariZation 
electric dipole ?eld in a mirror presents a dilemma since it 
is perpendicular to the Zeta potential produced dipole ?eld 
and the net vector is in neither direction. The “Zeta poten 
tial,” is the net surface and volume charge that lies Within the 
shear slipping surface resulting from the motion of a body 
through a liquid. The Zeta potential is an electrical potential 
that exists across the interface of all solids and liquids. It is 
also knoWn as the electrokinetic potential. The Zeta potential 
produces an electric dipole ?eld parallel to the axis of 
symmetry When a sphere is made from tWo dielectrically 
different hemispheres due to their interaction With the ?uid 
surrounding it. The induced dipole moment in a mirror is 
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perpendicular to the axis of symmetry. One Way to eliminate 
or greatly diminish the effect of the Zeta potential is to make 
the surface of both hemispheres out of the same material. 
This Would be quite dif?cult for Gyricon displays because 
they require optically different surfaces e.g. black and White, 
or e.g. cyan, magenta, and yelloW for color mixing. 

[0088] FIG. 4 is a cross-sectional vieW of a rotatable 
element 1 With an electret dipole 11 sandWiched betWeen 
induced dipole micro-mirrors 2 aligned at a tilted angle With 
respect to the top transparent surface of a single sheet 17, 
Where an ensemble of such elements are a major constituent 
of an optical sWitching ensemble. 

[0089] The element 1 of top 6t and bottom 6b is com 
pletely covered With a lubricating ?uid 19 Which is encap 
sulated inside a concentric cavity 19. The induced dipole 
moment d of the micro-mirror 2, With induced charges +q 
and —q at its ends, is shoWn parallel to a uniform applied 
electric ?eld E. When the electric ?eld E is produced by 
slabs (segmented electrodes) rather than grid Wires, it is 
more uniform as shoWn. The electric ?eld is produced by 
application of proper voltages at the 8 vertices of each grid 
cube in Which each element 1 is inscribed. ShoWn are the 
voltages VO1 and VO2 at the top left and right respectively. 
Similar voltages V‘ are at the bottom left and right. 

[0090] In the electric orientation mode of control, the 
induced and/or permanent electric dipole d in each ball is 
acted on by a torque '5, equal to the vector product of the 
electric dipole moment d, of the dipole and the electric ?eld 
E: 

[0091] Which has the magnitude dE sin 0, Where 0 is the 
angle betWeen the d and E vectors. If there is no other torque 
acting on the ball and friction is negligible, the ball Will 
come to rest at the null torque orientation Where the vectors 
d and E are parallel, and the dipole moment lines up With the 
electric ?eld in equilibrium. 

[0092] In the instant invention, no problem arises by 
making both hemispheres 6t and 6b out of the same trans 
parent material to eliminate or minimiZe the Zeta potential. 
In fact this presents an opportunity to both utiliZe the mirror 
induced polariZation electric dipole ?eld and to have tWo 
mirror surfaces. With tWo mirror surfaces, an option presents 
itself to use the better surface as the surface that re?ects the 
light, and furthermore to have a standby mirror in each 
element should one of the mirrors degrade. As shoWn, a 
permanent electret dipole 11 is sandWiched betWeen the tWo 
induced dipole mirrors 2 to further enhance the dipole ?eld 
d that interacts With the addressable alignment ?elds. 

[0093] A signal sets the voltages so that VO1<VO2, 
V‘O1<V‘O2, VO1<V‘O1, and VO2<V‘O2, an approximately uni 
form applied electric ?eld E is produced that is tilted With 
respect to to the top surface of sheet 17 as shoWn. The 
micro-mirrors 2 align themselves parallel to the electric ?eld 
E due to the induced dipole ?eld polariZation of the mirrors, 
and permanent dipole of the electret 11. For balls, tWo-axis 
rotation is possible by additional alignment of the micro 
mirrors 2 out of the plane of the paper. This is accomplished 
by similar voltage relationships to those already described. 
Cylinders Would be restricted to single-axis rotation. The 
chosen alignment angle i.e. tilt angle of the rotatable ele 
ments 1 can be held in place by any of a number of methods 
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to be described in conjunction With FIGS. 6 and 7. Thus 
during the interval betWeen alignments, the alignment volt 
ages may be sWitched off to conserve poWer. 

[0094] FIG. 5 is a cross-sectional vieW of a rotatable 
element 1 With ferromagnetic material 10 With induced 
North pole N and South pole S, of dipole M, lined up as 
shoWn With an approximately uniform magnetic ?ux density 
B. This magnetically charged bipolar ball 1 With top 6t and 
bottom 6b, has mirrors 2 sandWiching ferromagnetic mate 
rial 10. The mirrors 2 themselves may themselves be ferro 
magnetic. For a stronger dipole M, the ferromagnetic mate 
rial 10 itself may be a permanent magnet, just as an electret 
11 augments the induced electric dipole ?eld d in the mirrors 
for the embodiment of FIG. 4. This ball inside a top 
transparent single sheet 17 is one of a multitude of optical 
elements 1, Which are a major constituent of an optical 
sWitching ensemble. The element 1 is completely covered 
With a lubricating ?uid 18 Which is encapsulated inside a 
concentric cavity 19. Instead of voltages to produce an 
electric ?eld as before, here currents I above and I‘ beloW are 
used to produce the magnetic alignment ?eld B. A magnetic 
?eld generated by the four conductors nearest a desired 
element 1 controls its orientation as Will be described next. 

[0095] In the magnetic orientation mode of control, the 
induced and/or permanent magnetic dipole M in each ball is 
acted on by a torque '5, equal to the vector product of the 
magnetic dipole moment M, of the dipole and the magnetic 
?eld H=B/p, Where p is the permeability of the medium: 

[0096] Which has the magnitude MH sin 0, Where 0 is the 
angle betWeen the M and H vectors. If there is no other 
torque acting on the ball and friction is negligible, the ball 
Will come to rest at the null torque orientation Where the 
vectors M and H are parallel, and the dipole moment lines 
up With the magnetic ?eld lines in equilibrium. The classic 
example of this is a poWder of iron ?lings Which line up With 
?eld lines When placed near a permanent magnet. Orienta 
tion of the magnetic ?eld can be controlled by small mag 
netic circuits With one or more coils placed around the ball 
mirror. In the most general case three orthogonal coils Whose 
currents are controlled by electronic means can provide for 
three independent orthogonal components of the magnetic 
?eld and thus for arbitrary orientation of the ball. This can 
most easily be achieved by different means, one of Which is 
by using a high permeability material such as mu metal to 
route the magnetic ?eld lines to the desired position around 
the ball. The ball Would be in the gaps of the magnetic 
circuits and they Would be arranged so that the ?eld pro 
duced by each are orthogonal to the ?elds of the other 
circuits at the position of the rotating ball. The magnetic ball 
Would rotate to line up With the net vectorial external ?eld, 
Which can be quickly changed for each sWitching operation. 

[0097] FIG. 6 is a cross-sectional vieW of a rotatable 
element 1 With an electret dipole 11 sandWiched betWeen 
induced dipole micro-mirrors 2, in a holding mode betWeen 
alignments. After alignment of a rotatable element 1, a 
translational thrust electric ?eld can be applied Which brings 
one side of the electret (the positive side in the case shoWn) 
closer to the cavity Wall so that a net image charge attractive 
force holds the ball in ?xed orientation permitting the 
alignment electric ?eld to be sWitched off. The translational 
thrust electric ?eld can be supplied by additional electrodes 
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Which are electrically isolated by insulating layers from the 
electrodes shown. In the case shown, these additional elec 
trodes apply voltages V2>V1, V2‘>V1‘, V1=V1‘, and 
V2=V2‘. The translational thrust electric ?eld need not be 
applied on an individual basis to each element 1, but may be 
applied to large groups of balls collectively. The transla 
tional thrust electric ?eld is reversed to free each element 1 
from its contact With the Wall of the concentric cavity 19, to 
be free to rotate. After rotation, the elements 1 are again 
driven by the translational thrust electric ?eld for holding 
against the Walls of the concentric cavities 19 With the balls 
1 retaining their neW orientation. 

[0098] Another Way to “hold” the chosen alignment angle 
i.e. tilt angle of the rotatable elements 1 is also by mechani 
cal pressure on the single sheet as by pieZo-electric effect, 
and/or friction. A holding effect can be achieved by slightly 
deforming the cavities 19 or voids 16 so that they take on an 
asymmetrical shape Which slightly pinches the elements 1 
With frictional forces. The alignment electric ?eld is applied 
for rotation of the elements 1 When the frictional pinching 
force is removed. Deformation and restoral of the Wall of the 
cavities 19 can be achieved by a pulsed pieZo-electric device 
in contact With the top transparent single sheet 17. 

[0099] Thus during the interval betWeen alignments, the 
alignment voltages may be sWitched off to conserve poWer. 
The tWo sheet concentrator of Us. Pat. No. 6,612,705 (of 
Which one of the present inventors is a co-inventor), uses a 
plenum to slightly force the tWo containment sheets apart, to 
free the elements 1 When a neW alignment is desired. The 
one sheet of the instant invention With encapsulated balls 
differs substantially from the tWo sheet invention of US. 
Pat. No. 6,612,705 so that other means are used for “HOLD 
ING” the rotatable elements 1 betWeen alignments. 

[0100] FIG. 7 is a cross-sectional vieW of a rotatable 
element 1 pressed against the Wall of a cavity 19 in a holding 
mode betWeen alignments, With an induced dipole micro 
mirror 2, Which element 1 is surrounded With a lubricating 
liquid 18. The translational thrust electric ?eld provided by 
the voltage sources V1, V2, V1‘, and V2‘ forces the elements 
1 up against, and to have frictional contact With, the proxi 
mate portion of the cavity in the sheet. This can be achieved 
by using elements 1 With a non-uniform surface texture, that 
is, smoother in one hemisphere than in the other. Even 
Without a frictional effect, pressing the element 1 into close 
contact With the Wall of the cavity 19 brings a Van der Waals 
force of attraction into play betWeen the element 1 and the 
Wall of the cavity 19. 

[0101] Another non-frictional method is to hold the ele 
ments 1 in place against the Walls of each cavity 19 by means 
of geometric constraints. If slightly elipsoidal elements 1 are 
used, the elements 1 Will offer greater resistance to rotation 
When held against the cavity Walls 19, but can rotate easily 
When alloWed to ?oat in their cavity. 

[0102] Similar holding capability can also be provided for 
the magnetic elements 1 of FIG. 5. In this structure, the 
magnetic elements 1 are translationally thrust electromag 
netically to the Wall of the cavity 19. The magnetic elements 
1 can be held against the Walls of the cavities 19 by similar 
methods to that of electric elements to prevent rotation as 
described in conjunction With FIG. 6. 

[0103] Furthermore a holding capability for either mag 
netic or electrostatic elements 1 can also be achieved by 
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having the surface area of one Zeta potential of the top 
material 6t (hemisphere or hemicylinder) of the particles 
larger than the surface area of the other, different Zeta 
potential bottom material 6b of the elements 1. This Will 
create, in cooperation With the liquid 18, a net electrostatic 
charge on the particles Which Will provide a memory affect 
by causing the particles to be pushed against a Wall of each 
cavity in the presence of a translational thrust electric ?eld 
acting independently of the alignment ?eld. 

[0104] FIG. 8 is a schematic top vieW shoWing an elec 
tronic control grid 33 for matrix addressing of the rotational 
alignment of the mirrored elements 1. This grid 33 can be 
laid on the bottom of the sheet 17, on the top and bottom of 
sheet 17, on the top of sheet 17 With a ground plane on the 
bottom of sheet 17, etc. In order to avoid having several 
similar looking ?gures, this schematic may be thought of as 
a representation of any of several addressing arrays. It may 
be a Wire grid array With the vertical Wires on top of sheet 
17, and the horiZontal Wires on the bottom of sheet 17. It 
may be an actual connected grid With Thin Film Transistors 
(TFTs) at the junctions. In this case it is preferable to use 
Polymer based TFTs for ?exibility. The grid 33 is preferably 
a segmented array for the production of nearly uniform 
?elds With each square being a separate insulated slab. In 
this case, the horiZontal and vertical lines represent insula 
tion betWeen adjacent segments or slabs. Where necessary, 
the grid or slabs may be made of a thin conducting alloy of 
Indium/Tin Oxide (ITO) that is transparent. The common 
element of all of these electrostatic embodiments is the 
ability to impress the voltage Vij at the ij th node either 
statically or by means of a travelling Wave. To minimiZe 
poWer dissipation, it is desirable to make resistive compo 
nents 21 highly resistive so that a given voltage drop is 
accomplished With a minimum of current How and hence 
With a minimum of poWer dissipation. 

[0105] As previously described, the elements 1 are 
capable of rotating in any direction (tWo-axis response) in 
responding to a selectively applied electric ?eld by the 
electronic control grid 33. The electronic control grid 33 is 
made of resistive components 21. In one embodiment, the 
elements 1 are sandWiched betWeen the resistive electronic 
control grid 33 and a transparent ground plane. The orien 
tation of the elements 1 is determined by controlling the 
voltages V at the nodes of the grid such as those shoWn V00, 
V01, V02, V10, V11 With voltage Vij at the ij th node. The 
voltage Vij can be controlled by a small inexpensive com 
puter With analog voltage outputs. The electronic control 
grid 33 is similar in construction and function to analogous 
grids used in personal computer boards, in ?at panel moni 
tors, in Gyricon displays, and in E-ink displays. Similarly, 
small offset ferritic current loops around each cell can 
provide local magnetic ?elds for the orientation function of 
elements With magnetic dipoles to line up With the net 
external magnetic vector. 

[0106] Application of a voltage betWeen successive nodes 
can produce an electric ?eld in the plane of the planar 
mini-mirror. Application of a voltage betWeen a node and the 
ground plane can produce an electric ?eld perpendicular to 
the planar micro-mirror array to control the orientation angle 
of the active re?ecting/sWitching micro-mirrors. In the case 
of elements 1 Which contain a combination of orthogonal 
electric and magnetic dipoles, the orientation function may 
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be separated for orientation in the plane and orientation 
perpendicular to the plane by each of the ?elds. 

[0107] In the magnetic case, each square represents a 
current loop Where adjacent loops are electrically isolated 
from each other. Orientation of the magnetic ?eld and hence 
alignment of the balls can be controlled by small magnetic 
circuits With one or more current loops (coils) placed around 
each mirrored ball. In the most general case three orthogonal 
coils Whose currents are controlled by electronic means can 

provide for three independent orthogonal components of the 
magnetic ?eld and thus for arbitrary orientation of a ball. 
This can most easily be achieved by different means, one of 
Which is by using a high permeability ferritic material such 
as mu metal to route the magnetic ?eld lines to the desired 
position around the ball. The ball Would be in the gaps of the 
magnetic circuits and they Would be arranged so that the 
?eld produced by each is orthogonal to the other ?elds at the 
position of the rotating ball. The magnetic ball rotates to line 
up With the net vectorial external ?eld, Which can be easily 
changed for each neW alignment. 

[0108] FIG. 9 is a cross-sectional vieW of a mirrorable 
element 1 of transparent top 6t and transparent or opaque 
bottom 6b, Which is a cell ?lled With a colloidal suspension 
of dispersed electric particles 8 or ferromagnetic particles 10 
dispersed in a transparent ?uid 70 in top 6t. A rigid ?at 
surface 2b is in the midplane (equatorial plane) of the 
rotatable element 1 upon Which the particles 8 or 10 can be 
laid doWn to form a mirrored surface. The element 1 is 
immersed in a lubricating ?uid 18, Which is con?ned inside 
the cavity 19 in a top transparent single sheet 17. Fluid 70 
may be the same ?uid as the transparent ?uid 18. Also shoWn 
are the matrix addressing control voltages VO1,VO2,V‘O1, and 
V‘O2> 

[0109] FIG. 10 is a cross-sectional vieW of a mirrorable 
element 1 of transparent top 6t and transparent or opaque 
bottom 6b, Which as shoWn is a cell ?lled With a colloidal 
suspension of dispersed shiny electrical particles 8, shoWn 
here to be positive +, but Which may be negative. This cell 
is one of a multitude of optical elements 1 Which are a major 
constituent of an optical sWitching ensemble. This electro 
phoretic mirror formation utiliZes particles 8 that are elec 
trically charged, polariZed, or polariZable, and highly 
re?ecting in large aggregate form, but may be transparent 
When dispersed in the transparent ?uid 70 in the top 6t, When 
they are considerably less than the Wavelength of the inci 
dent radiation i.e. <<4000 A (4><10_7 In the case When 
these particles 8 are polariZed, or polariZable, the particles 8 
are coated to prevent aggregation in the Zero electric ?eld 
case. When a focussing external electric ?eld E is applied, 
the particles aggregate to form a mirror on the rigid surface 
2b perpendicular to the applied ?eld, Whose direction can be 
changed as is described above in conjunction With the 
permanently formed mirrored balls. It is preferable to utiliZe 
a ?uid 18 surrounding element 1 Whose index of refraction 
matches element 1 (the clear hemisphere or clear hemicyl 
inder), and it should have the same density as element 1 to 
minimiZe buoyant forces. The index of refraction of the top 
transparent single sheet 17, the liquid 18, and the optically 
transmissive upper portion of elements 1 should all be 
approximately equal. Fluid 70 should have the same prop 
erties as ?uid 18, except that it may have a different density. 
Fluid 18 is con?ned by the cavity 19 in the single sheet 17. 
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[0110] The orientation of this ?at mirrored surface can be 
controlled by an electric ?eld E to re?ect light 3‘. Until the 
electric ?eld E is applied, as an optional capability the 
particles 8 and the ?uid 70 can function as a transparent 
WindoW When the particles 8 are nanosiZe i.e. much smaller 
than the Wavelength of the incident light and the ?uid 70 is 
transparent or translucent While they are dispersed in the 
?uid 70. For the case of dispersed transparency, the particles 
8 should be <<4000 A (4><10_7 This cell is one of a 
multitude of optical elements 1 Which focus light onto a 
receiver. The particles 8 may include a Wide variety of 
electomagnetically interactive materials such as electret, 
optoelectric, conducting, thermoelectric, electrophoretic, 
resistive, semiconductive, insulating, pieZoelectric, or spin 
(e.g. spin glass) materials. 

[0111] The element 1 cells are typically sandWiched 
betWeen a transparent top electrode (e.g. Indium Tin Oxide) 
and a smaller bottom electrode so that the electric ?eld lines 
converge toWard the transparent bottom electrode. When the 
bottom electrode is positive, or there is no electric ?eld E the 
particles are dispersed in Widely separated positions in the 
?uid 70 presenting either a transparent, translucent, non 
re?ecting, or diffuse re?ection surface to an incident light 
beam. When the bottom electrode is negative, the particles 
move together toWard the rigid surface 2b and form a tight 
mirrored surface on rigid surface 2b. This migration With 
increased density at the mirrored surface 2b forms a suitable 
re?ecting micro-mirror. 

[0112] FIG. 11 is a cross-sectional vieW of a mirrorable 
element 1 of transparent top 6t and transparent or opaque 
bottom 6b, Which is a ferro?uid cell ?lled as shoWn With a 
colloidal suspension of dispersed shiny magnetic particles 
10, also indicated by the symbol m. This cell is one of a 
multitude of optical elements 1 Which focus light onto a 
receiver. This electrophoretic mirror formation utiliZes fer 
romagnetic particles 10 that are permanently magnetically 
polariZed, or polariZable, and highly re?ecting in large 
aggregate form, but may be transparent When dispersed in 
the transparent ?uid 70 in the top 6t, When they are consid 
erably less than the Wavelength of the incident radiation i.e. 
<<4000 A (4><10_7 In the case When these particles 10 
are polariZed, or polariZable, the particles 10 are coated to 
prevent aggregation in the Zero magnetic ?eld case. When a 
focussing external magnetic ?eld B is applied, the particles 
aggregate to form a mirror on the rigid surface 2b perpen 
dicular to the applied magnetic ?eld, Whose direction can be 
changed as is described above in conjunction With the balls 
With permanently formed mirrors. It is preferable to utiliZe 
a ?uid 18 surrounding element 1 Whose index of refraction 
matches element 1 (the clear hemisphere or clear hemicyl 
inder), and it should have the same density as element 1 to 
minimiZe buoyant forces. The index of refraction of the top 
transparent single sheet 17, the liquid 18, and the optically 
transmissive upper portion of elements 1 should all be 
approximately equal. Fluid 70 should have the same prop 
erties as ?uid 18, except that it may have a different density. 
Fluid 18 is con?ned by the cavity 19 in the single sheet 17. 

[0113] The orientation of this ?at mirrored surface can be 
controlled by the magnetic ?eld B to re?ect light 3‘. Until the 
magnetic ?eld B is applied, as an optional capability the 
magnetic particles 10 and the ?uid 70 can function as a 
transparent WindoW When the particles 10 are nanosiZe i.e. 
much smaller than the Wavelength of the incident light and 
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the ?uid 70 is transparent or translucent While they are 
dispersed in the ?uid 70. For the case of dispersed trans 
parency, the magnetic particles 10 should be <<4000 A 
(4x10 This cell is one of a multitude of optical elements 
1 Which focus light onto a receiver. The particles 10 may 
include a Wide variety of electomagnetically interactive 
materials such as magnetic, ferromagnetic, paramagnetic, 
diamagnetic, or spin (e.g. spin glass) materials. 

[0114] The element 1 cells are typically sandWiched in a 
focusing top magnetic ?eld so that the magnetic ?eld lines 
converge toWard the rigid surface 2b. When there is no 
magnetic ?eld B the particles are dispersed in Widely 
separated positions in the ?uid 70 presenting either a trans 
parent, translucent, non-re?ecting, or diffuse re?ection sur 
face to an incident light beam. When an inhomogeneous 
electromagnetic ?eld B of increasing gradient is applied, the 
particles 10 are draWn to the region of increasing gradient 
and coalesce to form a ?at re?ecting mirror on rigid surface 
2b. The magnetic particles move together toWard the rigid 
surface 2b forming a tight mirrored surface. This migration 
With increased density at the mirrored surface 2b produces 
a suitable re?ecting micro-mirror. 

[0115] Once formed, the orientation of the ?at mirrored 
surface can be controlled by the magnetic ?eld B by rotation 
of the element 1 as described in conjunction With FIG. 5, or 
even an electric ?eld as described in conjunction With FIG. 
3, to properly re?ect light 3. This cell is one of a multitude 
of optical elements 1 Which focus the light 3 onto a receiver. 
The particles 10 are small enough to form a colloidal 
suspension, and are coated to prevent coalescence until B is 
applied. 

[0116] FIG. 12 is a cross-sectional illustration of a multi 
channel re?ection matrix sWitch 5 Which utiliZes an 
ensemble of dynamic re?ecting elements 1 for sWitching 
operations over a broad operational range of radiation fre 
quencies from optical to microWave. Optical beams may be 
collimated by lenses or lasers. MicroWave beams may be 
collimated by Wave guides. The lenses, lasers, or Wave 
guides are not shoWn, since these are Well knoWn to those 
versed in the art. ShoWn are N input channels 20 sending 
collimated radiation beams 3‘, to a re?ection matrix sWitch 
5. Said sWitch 5 selectively re?ects said radiation beams 3, 
so that sWitched beams 35 are transmitted to a second 
re?ector 50, shoWn here as a re?ection matrix sWitch. For 
some applications, the second re?ector 50 may also be an 
ordinary re?ecting surface like a mirror, or even the receiv 
ing output channels. The signal from re?ector 50 is trans 
mitted to the output channels 21 by means of the re?ected 
beams 36. The output channels 21 may thus be electrically 
isolated from the input channels 20 since there need be no 
direct electrical connection betWeen them. The matrix 
sWitches 5 and 50 are controlled by input signals to an 
electronic control grid such as shoWn in FIG. 8. 

[0117] FIG. 13 is a cross-sectional illustration of a multi 
channel refection matrix sWitch 5 Which utiliZes an 
ensemble of dynamic re?ecting elements 1 for sWitching 
operations over a broad operational range of frequencies. 
ShoWn is an independent radiation source 22, sending a 
collimated beam 34, to a refection matrix sWitch 5 operated 
by electronic input channels to activate an electronic control 
grid such as shoWn in FIG. 8. Said sWitch 5 selectively 
re?ects said radiation beam 34, so that a sWitched beam 35 
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is transmitted to a second re?ector 50, shoWn here as a 
refection matrix sWitch. For some applications, the second 
re?ector 50 may also be an ordinary re?ecting surface like 
a mirror, or even the receiving output channels. The signal 
from re?ector 50 is transmitted to the output channels 21 by 
means of the re?ected beams 36. The output channels 21 
may thus be electrically isolated from the input channels 20 
since there need be no direct electrical connection betWeen 
them. The matrix sWitch 50 is controlled by input signals to 
an electronic control grid such as shoWn in FIG. 7. The 
collimating lenses, lasers, or Wave guides are not shoWn, 
since these are Well knoWn to those versed in the art. 

[0118] While the instant invention has been described With 
reference to presently preferred and other embodiments, the 
descriptions are illustrative of the invention and are not to be 
construed as limiting the invention. Thus, various modi? 
cations and applications may occur to those skilled in the art 
Without departing from the true spirit and scope of the 
invention as summariZed by the appended claims. 

1. An electromagnetic radiation signal sWitch apparatus 
comprising: 

(a) a plurality of radiation input ports for receiving a 
plurality of radiation input signals, and a plurality of 
radiation output ports for collecting a plurality of 
output radiation signals; 

(b) an array of rotatable mirrored balls embedded in 
cavities in an optically transmissive sheet; 

(c) each of said mirrored balls encapsulated in a surround 
ing medium of an optically transmissive ?uid lubricant; 

(d) linkage to rotate said mirror balls; 

(e) said mirrored balls substantially re?ecting at least a 
portion of said radiation input signals; and 

(f) microprocessor voltage signal means for establishing 
the linkage for selectively sWitching said mirrored balls 
from one orientation to another in order to direct the 
input signals to the output ports. 

2. The apparatus of claim 1, Wherein said linkage is an 
induced dipole. 

3. The apparatus of claim 1, Wherein said linkage is an 
electric dipole. 

4. The apparatus of claim 1, Wherein said linkage is a 
magnetic dipole. 

5. The apparatus of claim 1, Wherein said cavities main 
tain said mirrored balls in axed orientation folloWing rota 
tional alignment. 

6. An electromagnetic radiation signal sWitch apparatus 
comprising: 

(a) a plurality of radiation input ports for receiving a 
plurality of radiation input signals, and a plurality of 
radiation output ports for collecting a plurality of 
output radiation signal; 

(b) an array of rotatable cells embedded in an optically 
transmissive sheet; 

(c) a receptive surface in each of said cells; 

(d) transparent ?uid contained in said cells; 

(e) micro-particles dispersed in said ?uid; 
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(f) at least one forrned rotatable mirror of said particles on 
said receptive surface; 

(g) a ?eld to rotate said rnirror; 

(h) said rotatatable rnirror substantially re?ecting at least 
a portion of said radiation input signals; and 

(i) rnicoprocessor signal for establishing said ?eld for 
sWitching said rotatable rnirror from one orientation to 
another in order to direct the input signals to the output 
ports. 

7. The apparatus of claim 6, Wherein a dipole is induced 
in said forrned rotatable mirror for rotation. 

8. The apparatus of claim 6, Wherein said ?eld is electric. 
9. The apparatus of claim 6, Wherein said ?eld is mag 

netic. 
10. The apparatus of claim 6, Wherein said sheet rnaintains 

said rotatable mirror in ?Xed orientation folloWing rotational 
alignrnent. 

11. A method of sWitching electromagnetic radiation 
signals by an array of rnirrored re?ectors, comprising the 
steps of: 

(a) providing a plurality of radiation input ports for 
receiving a plurality of radiation input signals, and a 
plurality of radiation output ports for collecting a 
plurality of output radiation signals; 

(b) providing a sheet With an optically transrnissive sur 
face; 

(c) placing the mirrored re?ectors in the sheet; 

(d) surrounding said rnirrored re?ectors With a shell of a 
lubricating ?uid in a cavity; 

(e) providing coupling for rotation of said rnirrored re?ec 
tors; and 

(f) selectively sWitching said rnirrored re?ectors from one 
orientation to another With said coupling by means of 
a processing signal in order to direct the input signals 
to the output ports. 
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12. The method of claim 11, Wherein said coupling is an 
induced dipole. 

13. The method of claim 11, Wherein said coupling is an 
electric dipole. 

14. The method of claim 11, Wherein said coupling is a 
magnetic dipole. 

15. The method according to claim 11, Wherein rnaintain 
ing said rnirrored re?ectors in ?Xed orientation folloWing 
rotational alignrnent occurs by interacting With each said 
cavity. 

16. A method of sWitching electromagnetic radiation 
signals by an array of re?ectors, comprising the steps of: 

(a) providing a plurality of radiation input ports for 
receiving a plurality of radiation input signals, and a 
plurality of radiation output ports for collecting a 
plurality of output radiation signals; 

(b) providing rnicro-particles dispersed in a ?uid in cells 
in an optically transrnissive sheet; 

(c) folloWing rotatable re?ectors in said cells; 

(d) providing a coupling ?eld to rotate said re?ectors; and 

(e) reorienting said re?ectors through establishing said 
coupling ?eld to alter the sWitching mode, by means of 
a processing signal in order to direct the input signals 
to the output ports. 

17. The method according to claim 16, Wherein said ?eld 
is electric. 

18. The method according to claim 16, Wherein said ?eld 
is rnagnetic. 

19. The method of claim 16 Wherein said re?ectors are 
ferro?uid re?ectors. 

20. The method according to clarn 16, Wherein rnaintain 
ing said re?ectors in ?Xed orientation folloWing rotational 
alignrnent occurs by interacting With said sheet. 

* * * * * 


