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[57] ABSTRACT 

A method for curing an optically sensitive material or for 
fabricating an optical ?lter is described Which comprises the 
steps of disposing a thin ?lm of optically sensitive material 
Within a plane optical cavity capable of resonating at 
selected optical frequencies having boundary re?ectivities 
greater than 50 percent at some Wavelength, polarization and 
angle of incidence and being capable of resonating at 
selected optical frequencies and exposing cavity and mate 
rial to sensitizing light, such as a laser, of preselected 
Wavelength or Wavelengths suitable for initiating cure Within 
the material and optionally for establishing one or more 
speci?ed sets of resonant standing Wave patterns Within the 
material When the cavity is oriented at a suitable angle to the 
incident light. 

25 Claims, 4 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or adver 
tisement or the like may use the term patent, or any term 
suggestive of a patent, When referring to a statutory 
invention registration. For more speci?c information on 
the rights associated With a statutory invention registra 
tion see 35 U.S.C. 157. 
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CURING OPTICAL MATERIAL IN A PLANE 
OPTICAL RESONANT CAVITY 

This application is a continuation-in-part of application 
Ser. No. 07/908,693 ?led Jul. 1, 1992, and is a continuation 
in-part of application Ser. No. 08/131,919 ?led Oct. 4, 1993, 
and is a continuation-in-part of 08/583,693 ?led Jan. 5, 
1996, all of Which are abandoned. 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured and 
used by or for the Government of the United States for all 
governmental purposes Without the payment of any royalty. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to methods for the 
fabrication of optical ?lters. 

It is a principal object of the invention to provide an 
improved method for fabricating optical ?lters. 

It is a further object of the invention to provide a method 
for optically sensitiZing and curing an optical material 
Within an optical cavity capable of resonating a selected 
optical frequencies in the formation therein of an electrically 
tunable optical ?lter and/or a selectively modulated refrac 
tive indeX ?lm Which may be used as an optical ?lter. 

These and other objects of the invention Will become 
apparent as a detailed description of representative embodi 
ments proceeds. 

SUMMARY OF THE INVENTION 

In accordance With the stated objects of the invention, a 
method for curing an optically sensitive material, Which may 
consist of one or more parts, is described Which comprises 
the steps of disposing a thin ?lm of the material Within a 
plane optical cavity capable of resonating at selected optical 
frequencies and selected angles of incidence by virtue of 
having boundary re?ectances greater than 50% for some 
Wavelength and polariZation, such as a Fabry-Perot cavity, 
and eXposing cavity and material to sensitiZing light in the 
form of a collimated laser beam comprising a preselected 
Wavelength or Wavelengths suitable for curing in initiating 
cure of the material and optionally for generating one or 
more speci?ed sets of resonant standing Wave patterns 
Within the material When the cavity is oriented at a suitable 
angle to the beam. Optional re?ectors such as plane mirrors 
may be placed eXternal of the cavity to re?ect and intensify 
the sensitiZing light Within the material as a means of 
improving general microstructure control and/or local con 
trol of the orientation composition and refractive indeX of 
the cured material, thereby improving the optical properties 
affecting the desired performance of an optical ?lter. 

The resonant optical cavity may (1) enhance the effec 
tiveness of a laser source sensitiZing and/or curing a material 
or a material miXture by increasing the intensity Within the 
cavity relative to the incident beam intensity thereby 
increasing the curing rate and enhancing the development of 
a hologram and/or electrooptical material; (2) may be used 
as a tunable comb ?lter capable of transmitting a series of 
narroW spectral lines corresponding to the cavity resonance 
frequencies, separated by relatively broader regions of 
re?ection, the ?lter comprising cured electro-optical mate 
rial and conductive re?ectors to provide for electrical tuning 
over a free spectral range; and/or (3) may provide one or 
more speci?c optical standing Wave patterns Within the 
cavity in order to develop one or more distinct patterns of 
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2 
indeX modulation Within the cured material and one or more 
desired light ?ltering characteristics. 

DESCRIPTION OF THE DRAWINGS 

The invention Will be more clearly understood from the 
folloWing detailed description of representative embodi 
ments thereof read in conjunction With the accompanying 
draWings Wherein: 

FIG. 1a is a schematic representation of a simpli?ed 
optical arrangement for curing an optical material Within a 
plane resonant optical cavity according to the invention; 

FIG. 1b shoWs a plot of refractive indeX versus thickness 
of material illustrating the modulated refractive indeX pat 
tern suggested in FIG. 1a; 

FIG. 2a illustrates an optical arrangement similar to FIG. 
1a With the placement therein of mirrors for retrore?ecting 
the primary beam back toWard the optical cavity to enhance 
curing, and Wherein the supporting substrate dimensions are 
shrunk to Zero so that the rays shoWn outside the cavity are 

in air; 
FIG. 2b shoWs an alternative arrangement of mirrors for 

re?ecting a beam back into the optical cavity to enhance 
development of the single indeX modulation pattern shoWn 
in FIG. 1b; 

FIG. 3 shoWs an optical cavity arrangement similar to that 
of FIG. 2a With an additional retrore?ecting mirror provid 
ing maXimum feedback of laser light into the optical cavity, 
and including electro-optically or mechanically driven phase 
delay means for enhancing or diminishing the intensity of 
standing Waves associated With development of an indeX 
modulation; 

FIG. 4a shoWs an optical cavity arrangement similar to 
that of FIG. 3, Wherein prisms having selected angular shape 
and an indeX matched to the substrate material are disposed 
adjacent to the substrates to alloW light rays to enter and eXit 
the cavity at large angles (approaching 90°), While providing 
ef?cient light transmission at angles betWeen the normal to 
the prism surface and the BreWster angle from air into the 
approximately optically homogeneous medium comprising 
the prism, an indeX matching ?uid and the substrate adjacent 
to the cavity; 

FIG. 4b illustrates the modulated refractive indeX pattern 
obtainable in the FIG. 4a arrangement; 

FIG. 5 shoWs an alternative arrangement to that of FIG. 4a 
including an optical cavity de?ned betWeen substrates and 
optional ?lms all Within a cell containing indeX matching 
liquid and bounded by oppositely disposed parallel WindoW 
and/or mirror pairs connected in a manner permitting a 
change in angle and spacing betWeen adjacent WindoW 
and/or mirror elements; and 

FIG. 6 illustrates the use of modulated indeX ?lms as the 
bounding re?ectors of a (Fabry-Perot) optical cavity. 

DETAILED DESCRIPTION 

Herein the term “resonant optical cavity” means that the 
cavity Will be con?gured to be capable of supporting reso 
nance of one or more selected frequencies of interest result 
ing in selected standing optical Wave patterns Within the 
cavity either during the process of optically sensitiZing and 
curing an included material, and/or subsequently When the 
cavity and cured material Within may be used as a device 
such as a tunable optical ?lter. The term “sensitizing” refers 
to a light induced change Within one or more components of 
a material or material miXture that enables one or more 

associated curing processes to occur. The curing con?gura 
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tions described infra consist of a plane resonant cavity and 
various associated external components con?gured to permit 
the development of one or more standing Wave patterns 
Within a cavity Which result from multiple re?ections of 
light at the boundaries of the resonant optical cavity and 
possibly contributed to by re?ections from external mirrors 
placed outside the resonant cavity containing the material to 
be cured; for the purposes of this invention, re?ections at a 
resonant cavity boundary for resonance curing of a material 
or material mixture shall be considered to be greater than 
50%. 

Herein the term “optically sensitive material or material 
mixture” includes liquids and/or solids to be placed Within 
or con?gured to be an optical resonant cavity Wherein the 
materials Will be caused to be substantially modi?ed to a 
desired useful state (cured) permanently or temporarily, in 
Whole or in part, on a local or gross scale as a result of being 
exposed to unpolariZed laser light or laser light of selected 
polariZation having internal to the resonant optical cavity a 
spatially varying or alternatively an approximately uniform 
average intensity (poWer/area) and ?uence (energy/area) or 
energy density (energy/volume). The processes of modi? 
cation (curing) to a desired useful state during and folloWing 
an exposure may include displacement and/or diffusion of 
mass or charge, reorientation of molecules, segregation and 
polymeriZation processes and may depend on selected envi 
ronmental conditions such as temperature, electric and stress 
?elds. 

Herein the term “holographic material” means any mate 
rial that develops a systematic spatial variation in complex 
refractive index that relates directly to and is the result of a 
spatially varying exposure to light. The term electrooptic 
material means any material Whose complex refractive index 
is modi?ed When the material is subjected to an applied 
electric ?eld Which may be constant or temporarily varying. 

Modi?cations (curing) may include but are not limited to 
orientation and/or polymeriZation and/or segregation of 
monomer molecules comprising part or all of a material or 
material mixture, accompanied by the development of a 
dominant more or less uniform or alternatively a speci?cally 
modulated complex refractive index Which may depend on 
the local mass and charge density, molecular segregation and 
local or gross orientation of material components as derived 
from the original material, and may include the development 
of suitable mechanical properties and chemical stability 
together With desired optical, electro-optical, thermo-optical 
and/or holographic properties. 

For example, curing in a resonant optical cavity may 
include segregation of components of a mixture, such as 
liquid or plastic crystal type molecules, into spaces bounded 
by a solid matrix, the inclusions having dimensions of the 
order of or smaller than optical Wavelengths, optical Wave 
lengths being those extending from the near ultraviolet 
through far infrared, yielding a material and optical ?lter 
Whose optical properties may be subsequently modi?ed by 
applying or changing electric, magnetic or stress ?elds or 
temperature. Such materials include the so-called PDLC 
material Which is discussed in detail infra. 

Referring noW to the draWings, FIG. 1a shoWs schemati 
cally the essential optical elements for curing or sensitiZing 
optically sensitive (holographic or electrooptic) material 
Within resonant optical cavity 15 according to the invention. 
A ?lm of material 11 to be cured is supported on substrates 
13,13‘ of suitable optical material and disposed Within cavity 
15. Substrates 13,13‘ may comprise any suitable optical 
material such as fused silica, calcium ?uoride, Zinc sul?de, 
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4 
Zinc selenide, oxide or chalcogenide glass or plastic With 
optional exterior antire?ection coatings. 

Fabry-Perot (F-P) optical resonant cavities are con?gured 
to have a thickness Which is very small compared to the 
lateral extent. The boundaries Which affect the function of a 
simple F-P cavity of the type under consideration here are 
only tWo. These boundary layers are parallel to a thin layer 
of material to be cured Whose thickness is small compared 
to its lateral extent. One boundary must be partially trans 
mitting in order that optical energy can be admitted to the 
cavity; it also must be substantially re?ective in order that 
in-phase multiple re?ections at selected Wavelengths cause 
the development of a resonance condition, such that a 
so-called standing optical Wave is established Within the 
cavity. The second boundary of a F-P resonant cavity is 
normally substantially partially re?ective, but can in special 
cases be made nominally totally re?ective (See Optical 
Waves in Crystals, A. Yariv and P. Yeh, pp. 288—293, John 
Wiley and Sons, NeW York (1984)). The procedures 
described in this disclosure are clearly distinct from other 
prior procedures for curing optical material in cavities (see, 
for example, Gibbons et al, US. Pat. No. 5,032,009 and 
Modrek et al U.S. Pat. No. 5,076,974) in that here the cavity 
is a simple, plane resonant F-P type cavity having re?ecting 
boundaries With speci?ed minimum re?ectivities. The dis 
tinctive structure and properties of and terminology associ 
ated With F-P type cavities and simple F-P cavities in 
particular are developed and illustrated in detail in Funda 
mentals of Optics, F. A. Jenkins and H. E. White, 4th edition, 
pp. 301—302, McGraW Hill Book Co. NeW York (1976); 
Principles of Optics— Electromagnetic Theory of 
Propagation, Interference and Di?raction of Light, Third 
Revised Edition, M. Born and E. Wolf, pp. 323—331, Per 
gamon Press, NeW York (1965); Handbook of Optics, W. G. 
Driscoll, Ed, pp. 8-76—8-81, McGraW Hill Book Co., NeW 
York (1978); and Yariv et al, supra, the entire teachings of 
Which references are incorporated herein by reference. 

Cavity 15 is preferably a Fabry-Perot (F-P) type having 
optical thickness n“d, Where n“ is the refractive index of 
material 11 and d the thickness of cavity 15 de?ned betWeen 
re?ectors 16,17 Which may comprise any of a re?ective 
refractive index step or interface, partially transparent metal 
lic ?lms or dielectric interference ?lms in like pairs or other 
combinations. Re?ectors 16,17 may comprise simple refrac 
tive index steps for large incidence angles or metal ?lms of 
aluminum, silver, gold or copper of thickness of about 200 
A or less and/or dielectric modulated dielectric ?lms, con 
sisting of one or more anions such as oxygen, ?uorine or 

nitrogen chemically combined With metals such as indium, 
tin, magnesium, silicon, aluminum, cerium, thorium, 
yttrium, lanthanum, Zirconium, lead, Zinc or titanium, the 
?lms being capable of substantially re?ecting one or more 
curing Wavelengths of light incident at a prescribed range of 
angles of incidence and state of polariZation; other re?ective 
materials may be found suitable by the skilled artisan 
practicing the invention, and the metal or multilayer dielec 
tric ?lms may be coated to prevent reaction With material 11. 

Variations from the resonant cavity arrangement of FIG. 
1 include a resonant cavity formed by a plane ?lm draWn 
from a liquid to be cured Where the curing light is incident 
at a large angle causing high re?ectance at the ?lm/air 
interface, or a situation Where the second re?ector 17 
comprises an interface betWeen material 11 and a supporting 
substrate 13‘ Which may be either of a liquid or solid, either 
transparent or absorbing and may re?ect up to 100% of light 
incident at the interface. 
The invention resides in the use of an optical resonant 

cavity to increase the effectiveness of light energy available 
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from a laser source 19 in initiating or causing a curing 
process to occur Within a material 11 having a curing 
sensitivity dependent on the amount of exposure to light and 
temperature, to form a tunable plane cavity ?lter and/or 
Bragg interference ?lter and/or grating comprising the cured 
material 11, the Bragg ?lter and/or grating having refractive 
index of preselected periodic modulation. Cavity 15 
enhances the strength of the optical ?eld thereWithin Which 
promotes rapid curing of material 11 to induce a modulated 
refractive index in the cured material. Accordingly, light 
beam 21, originating from a laser source 19 of selected 
Wavelength, is incident at angle 0 on substrate 13, projects 
through substrate 13 as beam 22 and into material 11 as 
beam 23 at selected angle 0“ relative to a normal to ?lms 
16,17. Gas lasers such as argon, krypton, argon-krypton, 
nitrogen, xenon, xenon-chloride and xenon-?uoride lasers 
may be suitable for use for curing, as may liquid and solid 
state lasers including dye, color center and semiconductor 
type used in either a pulsed or continuous mode of operation. 
As a general proposition, material 11 and cavity 15 may be 
disposed Within a hermetically sealed chamber 24 for ther 
mal control (heating or cooling) or material 11 during cure, 
and means (not shoWn) may be included in or attached to the 
housing de?ning chamber 24 for controlling the temperature 
of material 11 and for passing beam 21 into chamber 24. 
Subsequent to laser exposure, broad-band light source or 
thermal treatment may be used to complete curing in all 
portions of material 11. 
Any material 11 Which is curable by light irradiation using 

any part of the optical spectrum may be sensitiZed and cured 
in cavity 15 according to the invention. HoWever, cured 
materials 11 of primary interest for fabrication of tunable 
F-P and ?xed Bragg type ?lters according to the invention 
comprise optically clear and (optionally) optically active 
(refractive index varies under an applied electric ?eld) 
polymer dispersed liquid crystals (PDLC)), also called liq 
uid crystal composites (LCC), comprising a polymer matrix 
containing inclusions (preferably spherical With average 
optical diameter of the order of one-tenth or less of the 
Wavelengths signi?cant to the resulting ?lter) of one or more 
kinds of liquid crystal (LC) type molecules. The precursor 
materials used in forming PDLC material typically include 
mixtures of (1) prepolymers or monomers, (2) curing agents 
consisting of one or more molecule types one or more of 

Which types may absorb the curing light (i.e., be sensitiZed) 
resulting in recon?gured electron charge or atomic arrange 
ment suitable to promotion of linking and cross linking of 
the prepolymers to form a polymer, and (3) one or more LC 
type molecules. Some suitable prepolymer and curing agent 
mixtures are available commercially as light curable optical 
adhesives. Mixtures of the aforementioned material types, 
When exposed to light of appropriate Wavelength of suf? 
cient intensity under appropriate conditions, polymeriZe in a 
manner resulting in segregation of a substantial portion of 
the LC material Within inclusions in the polymer matrix. 
Material 11 may include but is not limited to all the light 
curable mixtures cited speci?cally and by reference in US. 
Pat. No. 5,084,203. Examples are ultraviolet (UV) cured 
adhesive materials series NOA 60 through NOA81 (Norland 
Products, Inc., NeW BrunsWick N.] A speci?c example is 
Norland 60 epoxy resin, Which contains Daocure 1173 
photoinitiator (EM Industries, HaWthorn N.Y.), mixed With 
portions of some or all of the components of a LC eutectic 
mixture designated as E7 (EM Industries), Which When 
cured at a reduced temperature of about —10 to 15° C., yields 
a clear LCC exhibiting a large Kerr constant. Mixtures 
included in the above reference, and others capable of being 
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6 
cured by UV or visible light, Will develop holograms and 
Bragg type interference ?lters When suitably illuminated by 
monochromatic light. The mnicrostructure of the cured 
PDLC material, degree of segregation of LC mixtures into 
inclusions, and degree of permanency of optical properties 
of cured material 11 are dependent on the percentage of 
components in the mixture, light intensity and dose and 
curing temperature pro?le. For example, as indicated in US. 
Pat. No. 5,084,203 and related Work, a cured mixture 
including more than about 30% E7 in Norland 60 did not 
yield a stable optical ?lm; some E7 migrated to the ?lm 
boundary. High intensity UV curing by a broad-band source 
caused heating of ?lms and resulted in irregular elongated 
inclusions Which are prone to a greater degree of light 
scattering than spherical inclusions of comparable volume, 
and as the degree of connectivity increases, to open porosity 
and an unstable ?lm. Curing similar mixtures With an argon 
laser at reduced temperature resulted in primarily spherical 
inclusions and clear ?lms. Optical clarity of ?lms increased 
With curing intensity and Was also increased by reducing the 
LC content of a mixture. Smaller inclusions contribute less 
per unit volume to the Kerr effect than larger inclusions. 
Small average siZe LC inclusions may be associated With a 
small percentage of segregated LC; this may result in gain 
in clarity at the expense of optical activity and/or index 
modulation. The experimental data generally indicates that 
E7 in Norland 60 and other mixtures as Well, are likely to 
yield better tunable ?lters and Bragg ?lters if exposed to the 
maximum available laser intensity While held at a reduced 
temperature. Post irradiation curing by a broad band light 
source or by heating above the ambient temperature may 
enhance ?lm properties. 
A major difference betWeen PDLCs and some other 

holographic materials is that curing is relatively simple in 
that polymeriZation and LC segregation is initiated and 
continues to a desired state as a result of light and tempera 
ture exposure. 

If, in addition to being sensitiZed, material 11 is partially 
cured by a monochromatic standing Wave Within an optical 
cavity, index modulation developed during exposure Will 
re?ect and therefore gradually reduce effectiveness of the 
incident light, particularly on the doWn-beam side of mate 
rial 11. Measures to minimiZe this reduction in effectiveness 
may include cooling to temporarily retard the mobility of 
curing agents and the rate of reactions resulting in index 
modulation and polymeriZation during irradiation, and 
increasing the light intensity to the maximum amount con 
sistent With a selected total dose (?uence in joules/cm2) and 
With the available equipment and desired product. 

If no modulation is desired, Which may be the case for an 
electrooptical tunable ?lter product, curing may be done 
With a broad range of Wavelengths; to ensure the fullest 
degree of curing of material 11 and greatest electrooptic 
effect in a ?lm, measures to move standing Waves Within the 
?lm can be utiliZed such as changing the angle (Wavelength) 
or phase of the light Within material 11. A continuously 
tunable laser such as a dye laser may be used for curing 
under resonant conditions in this case. An alternative is to 
use a curing Wavelength and/or a polariZation outside the 
resonant range of the optical resonant cavity. 
An advantage of curing material in a resonant optical 

cavity is that light intensity at a selected Wavelength can 
groW in optical ?eld strength to several times the intensity 
outside the cavity. This ampli?cation is limited by the cavity 
Q, or ?nesse, Which decreases With decreasing re?ectivity, 
With cavity asymmetry, With cavity imperfection, and With 
the absorption and scattering by material 11 and by the 
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material selected for (re?ective and optionally electrically 
conductive) ?lms 16,17. The resonant Wavelengths )L refer 
enced to vacuum, satisfy the relationship, 

Where m is a positive integer, q) is one-half the sum of the 
phase changes associated With internal re?ection at ?lms 
16,17, (m—q)/J'c) is greater than Zero, n“ is the average 
refractive index of material 11 (presumed isotropic), d is the 
spacing betWeen ?lms 16,17, and 6“ is the angle betWeen a 
normal to ?lms 16,17 and the optical rays Within cavity 15. 
Snell’s laW nsin6=n‘sin6‘=n “Sin6“, describes the relation 
ship among angles 6, 6‘, 6“ for beam 21 incident in air (nzl) 
at angle 6 to a normal to substrate 13; 6‘ and 6“ are the angles 
betWeen beams 22,23 and a normal Within substrates 13 and 
material 11, respectively. 
By adjusting 6 (assuming other possible variables ?xed) 

a selected major line from source 19 can be made to resonate 
Within cavity 15 for angles 6“ satisfying eq (1), thereby 
developing a standing optical Wave and subsequent one 
dimensional differential sensitiZing and curing of material 11 
leading to index modulation as shoWn in FIG. 1b. The period 
of index modulation Ax is in accordance With the folloWing 
general equations for interfering degenerate plane Waves: 

and 

Where Ak“ is the vector difference betWeen k“ vector pairs 
in material 11 and 0t is the angle betWeen a pair of k“ vectors, 
7t“=7t/n“ is the optical Wavelength in material 11, and k“=2a'c/ 
)t“ is the magnitude of the k“ vectors. In FIGS. 1a and 2b, 
there are only tWo k“ vectors of equal magnitude Within 
material 11, since material 11 is presumed isotropic; the 
angle betWeen interfering Wave fronts or k vectors is (X=J'l§— 
26“. In those ?gures Where four k vectors exist in the cured 
material 11, ot=26“,rc, 31-26“. The index modulation maxima 
may be coincident With or displaced by up to 1A1 Wavelength 
from the loops of the standing Wave depending on hoW the 
index develops relative to the location of the loops and nodes 
of a standing Wave. The associated phase factor and those 
associated With the boundaries of a F-P cavity are major 
considerations for the performance of ?lters developed 
betWeen index modulated ?lms Where, for example, the 
induced index modulation of material 11 parallel to the 
re?ecting ?lms may be required to be approximately in 
phase With and of the same optical period as that of the 
original periodic ?lms 16,17. 

FIG. 1a illustrates formation of a single plane periodic 
spatial index modulation resulting from curing With a reso 
nant standing Wave Where 6 is selected to provide resonance 
at an ef?cient curing Wavelength. Index modulation 25 
resulting from the irradiation scheme shoWn in FIG. 1a is 
suggested by straight lines 25a representative of loci of 
maximum refractive index across the thickness of material 
11 upon completion of cure. 

FIG. 1b shoWs a plot of refractive index n“ versus 
thickness t of material 11 illustrating (not to scale) the 
modulated refractive index pattern suggested at 25 in FIG. 
1a Where index loci are indicated on the plot by lines 25a. 
The spacing Ax betWeen lines 25a of maximum refractive 
index is dependent on 6“ and 6 in accordance With Snell’s 
laW and Eqs (1)—(3). 

Formation of a simple tunable F-P ?lter, for Which reso 
nant responses Within a spectral band of interest are approxi 
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8 
mately equal in magnitude, is of particular interest Within 
these teachings. Tuning may be accomplished by an electric 
?eld through the cured electrooptical material 11 by apply 
ing a voltage to (metallic) ?lms 16,17 serving as electrodes. 
In some cases the F-P cavity boundaries may be highly 
re?ective to s-polariZed but not to p-polariZed light at a 
selected angle of incidence, or to visible and/or infrared (IR) 
While being fairly transmissive to UV, examples being a 
suitable dielectric interface, dielectric stack and/or thin 
silver ?lm. Since modulation of the index in material 11 may 
not be an object of curing, it may be most advantageous to 
cure With p-polariZed light When boundary re?ections are 
due to dielectric structures, or With a laser having a strong 
UV emission When the boundary re?ections are due to a 
silver ?lm. Silver transmission in the UV peaks near 320 nm 
Which is near the emission of a xenon chloride helium 
cadmium laser. If material 11 is suf?ciently transparent for 
approximately uniform curing through the depth thereof, 
formation of a tunable F-P cavity of PDLC material may 
preferably employ a xenon chloride laser With retrore?ection 
by external mirrors of the light passing through or being 
re?ected from the cavity and supporting substrates as dis 
cussed more fully beloW. 

Another objective of the invention is the preparation of 
high optical density single line or multiline optical ?lters. 
Thus if ?lms 16,17 bounding the F-P cavity are moderately 
re?ective to a selected laser Wavelength at a selected angle, 
tuning Will permit a curing Wavelength to resonate Within 
the cavity and generate a modulation that Will sharpen and 
intensify the re?ection band at normal incidence for a 
selected Wavelength. If a resulting re?ection band is to be 
intentionally broadened, this can be done by angle tuning to 
a someWhat different, possibly neighboring, resonance 
condition, Which Will suitably modify the index modulation 
of material 11. In this application, an objective may be an 
index modulation 25 in material 11 betWeen modulated ?lms 
16,17 so that the resulting total modulation has no substan 
tial discontinuity or glitch, therefore acting as a continuous, 
though not necessarily homogeneous, Bragg ?lter. It is 
presumed that ?lms 16,17 can be terminated so as to 
accommodate this condition. 
Another objective of the invention is the preparation of 

Bragg type ?lters Which re?ect Wavelengths long compared 
to the curing Wavelength. In this case 6‘ and 6“ are large, 0t 
is small, and re?ection required to produce a F-P cavity may 
be achieved by providing an appropriate difference in refrac 
tive index betWeen substrate 13 and material 11; ?lms 16,17 
may not be required in such a case. 
A F-P cavity may be angle tuned to transmit a particularly 

strong or effective laser line; the resonant Wavelengths are 
proportional to cos?“, so changes With angle are smallest 
near normal incidence. HoWever, a cavity With n“d—40 
microns, can be tuned betWeen neighboring harmonic orders 
With angle changes from normal to about 5°. This alloWs 
tuning to the strongest or most effective line for curing. 

Referring noW generally to FIGS. 2—6, mirrors 27,28,57, 
58 and optionally 35,59 placed adjacent cavity 15 permit 
re?ection of transmitted and re?ected beams back into 
cavity 15 and material 11 and to source 19. Material 11 cure 
rate may be enhanced by inducing source 19 to emit maxi 
mum energy With a frequency (Wavelength) and polariZation 
that is most effective in the curing process. In addition, the 
laser may have associated broad or narroW ?lters and 
polariZers (not shoWn) suited to the speci?cally desired 
device or curing con?guration. 

Source 19 may be operated in a multimode or in a single 
mode in Which incident beam 21 may be characteriZed as 
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having either s (electric vector perpendicular to the plane of 
the drawing) or p (electric vector in the plane of the drawing) 
polarization With respect to the interfaces betWeen compo 
nents of the structures of FIGS. 1a—6. Multimode operation 
With multiple Wavelengths and mixed polariZation may be 
appropriate to preparation of tunable ?lters Without internal 
modulation. In general, When speci?c Bragg type ?lters are 
the product of curing an a cavity, either s or p polariZation 
is selected. For lossless dielectrics the phase shift on internal 
re?ection from a dielectric interface Will be at or 0, so 
standing Waves of s and p polariZation Will occur at the same 
positions Within F-P cavity 15 and material 11 if the material 
is isotropic. HoWever, in general, and particularly for metal 
?lms, the factor 4) in Eq (1) Will be different from 0 and at 
for each polariZation, and there Will be a displacement 
betWeen the standing Waves associated With each polariZa 
tion. 

Typically the re?ection due to an interface betWeen air 
and substrate 13 is small if 0 is less than 20° for p-polariZed 
light or less than or near the polariZing angle for s-polariZed 
light. Snell’s laW imposes the limitation 0‘<0‘C and 6“<0“C 
Where subscript c indicates the critical angle for total inter 
nal re?ection. The curing con?gurations in FIGS. 1a—4 
presume n<n‘<n“ so that 0“ is limited to a midrange value 
When 0 is near 90°. This limits the maximum spatial period 
Ax of modulation 25 achievable using a speci?c curing 
Wavelength and the structures of FIGS. 1—4. The prism 
coupled structures of FIGS. 5,6 (discussed infra) provide a 
mixed medium of approximately uniform index n‘ betWeen 
air and the F-P cavity and permit 0“ to be as large as needed 
for a speci?c ?lter product and yet to be associated With an 
angle 0 providing loW re?ectance at the entrance interface 
betWeen prism 47 or WindoW 56 and air. 

Referring noW speci?cally to FIG. 2a, placement or 
retrore?ecting mirrors 27,28 can provide retrore?ected 
beams 21t,,2am, to optical cavity 15 and 21m to laser cavity 
19 Which may enhance the amount of laser emission at the 
resonant Wavelength. Adjustment of the optical path length 
betWeen mirrors 27,28 and ?lm 17 in the direction parallel 
to the optical Wave vector may be employed to cause either 
constructive or destructive interference betWeen the external 
cavity formed by re?ectors 27,28,17 and cavity 15 thereby 
exposing material 11 to either a primary traveling or a 
standing Wave. 

Retrore?ecting mirror 35 may be added (FIG. 3) to 
increase exposure of material 11 to either running Waves or 
standing resonant Waves. If modulation is not desired, 
standing Waves can be moved relative to cavity 15 by 
angular adjustments to mirrors 27,28,35 or to cavity 15 or by 
other means to decrease the index modulation amplitude of 
cured material 11. An alternative is to permit only modula 
tion affecting Wavelengths outside the range of the applica 
tion. 

The FIG. 2a arrangement results in development of 
orthogonal index modulation patterns 29,30 Which are 
respectively parallel and perpendicular to ?lms 16,17, and 
diagonal index modulation patterns 31,32, each being 
orthogonal to the difference vector Ak betWeen a k vector 
pair occurring Within cavity 15. Proper selection of inci 
dence angle 0 may result in modulated patterns formed by 
exposure to monochromatic UV Which are effective in 
dumping or blocking speci?ed Wavelengths Within a 
selected operational band. Angle tuning for this arrangement 
is preferably achieved by maintaining incident beam 21 and 
mirror 27 ?xed While rotating cavity 15 about an axis normal 
to the plane of FIG. 2a. If the indicated index modulation is 
desired, mirrors 28,35, if used, are adjusted by tWice the 
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amount of the cavity 15 angle adjustment and in the opposite 
angular direction to maintain a retrore?ecting function. 

Mirrors 27 and/or 28 may be partially transmissive in the 
interest of monitoring resonant conditions Within cavity 15 
and the external cavity using detectors 33 and/or 34. 
Alternatively, resonance monitoring may be achieved by 
measuring the intensity of scattered light exiting an edge of 
cavity 15. External mirrors 27,28,35 may be total internal 
re?ection type, metallic With additional coatings to enhance 
re?ection in a spectral range of interest, or multilayer 
dielectric or holographic. 

FIG. 2b is an alternative arrangement of mirrors 27,28 
Which together With ?lm 17 form a ring resonant cavity 36 
Which can be tuned to provide a simultaneous resonant 
condition in both cavities 15,36. The Wave vector fed back 
into cavity 15 results in internal re?ections that are parallel 
to those resulting from internal re?ections of beam 23 so the 
only index modulation induced is 25. 

It is to be understood in What folloWs that mirrors 27,28 
in subsequent ?gures may be arranged as in FIG. 2b as an 
alternative to those shoWn, Which correspond to FIG. 2a. In 
all cases it is presumed that one or more detectors can be 
used to monitor light intensity at selected locations and 
thereby permit manual or automated tuning or detuning of 
cavity 15 and any associated external optical cavity. 
The FIG. 3 arrangement With mirrors 27,28,35 in place 

provides maximum feedback of light transmitted and 
re?ected by cavity 15 and the associated substrates, Which 
tends to increase the curing rate in material 11. For a 
resonant condition Within cavity 15, the FIG. 3 arrangement 
results in four primary modulation patterns 37,38,39,40. 
Depending on the laser emission spectra, mirror 35 may 
increase the exposure of material 11 to nonresonant light, so 
the index modulation depth resulting from the FIG. 3 
arrangement is expected to be less than for the FIGS. 
1a,2a,2b arrangements. Optional means may be included to 
adjust the optical path length betWeen each mirror 27,28,35 
and cavity 15 to enhance development of a preferred modu 
lation pattern or to Wash out an unWanted pattern by detun 
ing the coupled cavities. This may be achieved mechanically 
using a pieZoelectric or alternative means to displace each 
mirror or electro-optically or mechanically by inserting a 
controllable phase delay medium 43,44,45 betWeen each 
mirror 27,28,35 and cavity 15. An easy means of tuning the 
feedback cavities is for medium 43—45 to be plane parallel 
WindoWs With means to provide slight variations in the angle 
betWeen the incident and re?ected light beams and the plane 
WindoWs thus adjusting the optical path length betWeen the 
mirrors and cavity 15. 

Modulation patterns 37,38,39,40 may be substantially 
eliminated by rotating cavity 15 through successive reso 
nance conditions so that developing patterns are sWept 
through the structure and averaged out. Alternatively, cavity 
15 may be rotated about or translated perpendicular to the 
cavity 15 normal direction thereby eliminating patterns 
38—40. 

The spectral Width and angular aperture of a simple 
interference ?lter may be broadened by stepping the ?lter 
and mirror assembly through one or more resonances by 
making small angle changes in a case like that of FIGS. 2a 
or 2b, or by exposure at moderate to small ?xed angles 0“ 
With external mirror feedback as in FIG. 2a. For example, 
combinations of counterpropagating beams With 0“ equal to 
15° result in angles, 0t, betWeen k vectors equal to 180, 10 
and 170°, and superimposed index modulation With Ax/W‘ 
equal to 0.5, 5.74 and 0.502, respectively, assuming no 
change in average index and dimensions resulting from 
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curing. Re?ection spectra of normally incident light on such 
a modulated structure Will have a broadened peak compared 
to a simple one-dimensional modulation, being a combina 
tion of tWo peaks, one due to the modulation parallel to the 
cavity boundaries having a peak at 1.004%“; the other, due 
to the modulation at 15°, having a peak at 0.996%“. If 0“ 
equals 110°, 0t equals 180, 20 and 160°, and Ax/W‘ equals 
0.5, 2.879, and 0.5077, respectively; the re?ected Wave 
length peaks for normally incident light, treated as above, 
are at 1.015490‘ and 0.9848 N‘. 

The three high spatial frequency modulations 37,39,40 
cause a compound ?ltering effect in Which tWo of the 
overlapping spectral peaks shift to shorter Wavelengths With 
increasing incidence angle 0 and one shifts to longer Wave 
length initially and then to shorter Wavelength. The ultimate 
shift is to a shorter Wavelength. The effect of the normally 
coarse modulation spacing 30 or 38 (FIGS. 2a,3) may be 
useful or a nuisance. For small ?lm thicknesses and small 
angles of incidence, this modulation may act as a Raman 
Nath diffraction grating; and for modest incidence angles 
relative to material 11 and thicknesses much greater than the 
modulation spacing, the ?lm may perform as a Bragg ?lter 
Where the incidence angle relative to the periodic structure 
is large. 

FIGS. 4a,b and 5 shoW alternative setups for curing 
material in an optical resonant cavity Which permit moderate 
incidence angles 0 to result in large angles 0“ and relatively 
long refractive index modulation periods in patterns 25,29 or 
37. FIG. 4 shoWs prisms 47,48 of selected angular shape and 
having an index matched to substrates 13,13‘ disposed 
adjacent thereto, being separated only by a thin index 
matching layer (not shoWn). This arrangement permits an 
alternative range of angles of incidence 0 of beams 21 and 
of angle 0“ or beam 23 Within cavity 15. The mirrors and 
phase delay elements shoWn adjacent to the prisms are 
optional and can be chosen so as to make the arrangement 
analogous to either of the FIGS. 1a,2a,2b, or 3, With 
similarly named elements functioning in equivalent manner. 

If in the FIG. 4a arrangement the incident and re?ected 
beams travel at 45° to ?lms 16,17 While inside cavity 15, 
modulation spacings d1 and d2, respectively (FIG. 4b), are 
1.0 and 1.41 times )t“/2. FIG. 4a illustrates the modulation 
planes and relative spatial frequencies. For angles in general, 
the modulation spacing Ax formed by each pair of propa 
gating Waves is given by Eq 

If the curing wavelength 9» is 365 nm and 0“ is 45°, the 
modulation With spacing d2 parallel to ?lms 16,17 re?ects 
normally incident light of Wavelength 516 nm. The modu 
lation in the diagonal directions does not have much effect 
on normally incident visible light. It is noted that the second 
harmonic for index modulation 37 is equal to the ?rst 
harmonic of the diagonal modulation 30,40 for normally 
incident 258 nm light. Assuming that normally incident 258 
nm light is not absorbed by material 11, it Will be partially 
re?ected as a result of contributions of three of the four sets 
of modulations 37,39,40. Varying 0 from normal causes 
splitting; tWo resonances shift doWnWard in Wavelength at 
different AMAG‘ While one shifts upWard in Wavelength. If 
material 11 absorbs this Wavelength strongly, these charac 
teristics are of no consequence. 

FIG. 5 is an alternative to the FIG. 4a con?guration and 
requires feWer elements and permits a Wider range of 
material utiliZation since plane WindoWs are used instead of 
prisms. The substrates and cavity are the same as in earlier 
?gures except that in the FIGS. 4a,5 arrangements, external 
coatings are not needed on the substrates. The prisms, 
external WindoWs and substrates can be of the same material 
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12 
and joined by index matching ?uid 54. Fluid 54 may be 
contained by an entrance WindoW 56 and elements 57,58,59 
Which may be transparent and antire?ection coated or 
optionally coated to re?ect broadly or selectively and may 
be oriented or displaced, being connected by deformable 
joints 61,62,63,64 betWeen adjacent elements 56—59, in a 
manner providing the same conditions of exposure of mate 
rial 11 as afforded by the various options discussed above in 
connection FIG. 4a. A question about the use of an index 
matching liquid cell is Whether heating by the curing laser 
Would cause turbulence in the index matching ?uid therefore 
destroying the desired spatial coherence of the curing light. 

If a single laser line is used to sensitiZe and optionally 
induce modulation in material 11, the index matching ?uid 
needs to match the index of adjacent optical elements only 
at that Wavelength. If multiple lines from a laser or broadly 
emitting source are used to sensitiZe material 11, index 
matching ?uids for a broad range of Wavelengths are needed. 
Matching ?uids for fused silica are available (from R. P. 
Cargille Laboratories, Inc., Cedar Grove N] 

In FIG. 6, plots a b, and c represent index modulated ?lms 
16,17 bounding material 11 in a resonant cavity Where the 
material 11 in c has been cured to a modulated state. Films 
16 and 17 are designed to either eliminate unWanted re?ec 
tions or to provide that the re?ections from a stepWise index 
change are in phase With those from the periodic structure. 
A continuous modulation shoWn for the ?lms can be 
replaced by a multilayer modulation comprising (ideally) 
small discontinuous changes in index. The thickness of 
material 11 is not draWn to scale since 11 should be 
substantially thicker than ?lms 16,17. An objective is to 
induce index modulation in cured material 11 (FIG. 6, plot 
c) Which is in phase With and of the same optical period 
(index times modulation period) as that of ?lms 16,17. 

Both sides of the substrates and associated ?lms 16,17 for 
F-P cavities must be optically ?at (such as M20) so that 
interference patterns Will approximate the desired ideal 
patterns. Commonly available optical ?ats such as fused 
quarts or PyrexTM (borosilicate glass) may be used as can 
any other common optical material that can be suitably 
polished, even those that are not isotropic; laser light may be 
highly polariZed so anisotropic WindoWs and substrates may 
be cut and oriented in a manner such that incident polariZed 
light remains as one beam. Individual substrates need not 
have strictly parallel surfaces since a variation in phase and 
k vector direction caused by slight Wedging can be com 
pensated by adjusting the tilt of mirrors 27,28,35 or 57,58, 
59. Re?ections from refractive index discontinuities that 
Would clutter a standing Wave pattern can be minimiZed by 
antire?ection coatings. 

F-P cavity spacing can be established by using some kind 
of spacer material having a uniform dimension, or the 
substrates might be grasped in some manner and manipu 
lated to maintain the cavity dimensions prior to and during 
curing. If rigid spacers are used around the periphery of 
cavity 15 and material 11 shrinks during cure, it may 
disbond from the substrate material. This is undesirable 
unless substrate and ?lm are intended to be separated, and 
may be avoided if the spacer material is capable of deform 
ing under the adhesive forces betWeen material 11 and the 
substrate. For example, the spacer material may soften and 
deform at a curing temperature higher than the temperature 
at Which the material is optically sensitiZed. 

If the objective is to make a large area Bragg interference 
type ?lter having one or more superimposed index modu 
lations then it may be possible to develop a ?lter having 
approximately uniform spectral performance even When the 
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thickness of the optical cavity is nonuniform. This may be 
achieved by sensitizing adjacent areas in turn by angle 
tuning to a resonance permitting the Ax value closest to the 
desired value While using a beam Whose cross section is of 
the order of areas for Which optical path lengths are uniform 
to a fraction of a Wavelength. 

First surface mirrors or beamsplitters of metal ?lm With 
an overlay coating providing high re?ection of a speci?ed 
Wavelength and deposited on loW expansion material having 
?atness of M20 are readily available. The optical ?atness 
required for the mirrors and other optical elements depends 
on details of the optical arrangement and the properties of 
the cavity materials. For example, limiting beam cross 
section Will limit the paths taken by the light producing 
interference Within an area of material 11 and the light Will 
pass through or re?ect from a limited portion of each optical 
element; the siZe of these areas should correspond to the 
?atness (and parallelism if applicable) of the elements 
themselves as Well as the accuracies of orientation. 

Liquid crystal material or material mixtures or liquid 
crystal polymers may be cured (locally oriented into a 
periodic array) more quickly and may attain a higher degree 
of refractive index modulation or induced birefringence than 
by other means as a result of being cured under a resonance 
condition Within a resonant cavity because of the increased 
intensity provided by a resonating optical a?eld. Thus it is 
anticipated that for some applications curing in a plane 
resonant optical cavity Will constitute an improvement on 
processes such as those described in Us. Pat. No. 5,032, 
009. 

Resonant cavity cure of a solid might involve the tem 
porary displacement of ionic or electronic charge and/or 
orientation of polable units Within a solid When the solid is 
disposed Within or prepared as a resonant optical cavity, 
Within the intent, for example, of using one or more laser 
beams to develop one or more resonant conditions Within the 
resonant cavity in order to temporarily modify the included 
material to a desired useful state (cure) and thus dynamically 
control the transmission and/or propagation of one or more 
other beams as might occur in an optical computing appli 
cation. In some cases the active material may be self 
supporting and simply coated With an appropriate re?ecting 
?lm Which may be dielectric or metal and if necessary 
externally biased by an applied voltage. 
A simple example is a plane optically polished solid 

electro optical material With curing light incident at a high 
angle of incidence resulting in high boundary re?ectance 
and the development of a standing Wave Within the material 
causing an index modulation such as illustrated by 25 and 29 
in FIGS. 1a and 2b, or by the more complicated modulation 
such as illustrated by 29,30,31,32 in FIG. 2a, Which could be 
used to control the transmission or propagation of longer 
Wavelength light incident at or near the cavity normal. 

Another example might be a resonant cavity bounded by 
a matched pair of modulated ?lms each having a moderately 
broad re?ection band the cavity being angle tuned to trans 
mit (resonate) a control (curing) laser beam or multiple 
beams Within a selected region or regions causing internal 
refractive index modulation thereby modulating the trans 
mission of another light beam or multiple beams of another 
Wavelength in a corresponding area or areas of the resonant 
cavity. 

The optical elements proposed for use in curing holo 
graphic or electrooptical material in an optical resonant 
cavity may be substantially any combination as Would occur 
to one skilled in the art, and may comprise any suitable 
optical material suggested above or that Would be selected 
by one skilled in the art. 
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The invention therefore provides a process for curing 

optical material Within a plane optical resonant cavity. It is 
understood that modi?cations to the invention may be made 
as might occur to one With skill in the ?eld of the invention 
Within the scope of the appended claims. All embodiments 
contemplated hereunder Which achieve the objects of the 
invention have therefore not been shoWn in complete detail. 
Other embodiments may be developed Without departing 
from the spirit of the invention or from the scope of the 
appended claims. 

I claim: 
1. A method for curing an optically sensitive material, 

comprising the steps of: 
(a) forming a plane optical resonant cavity de?ned by 

partially re?ecting plane parallel boundaries Which 
re?ect greater than 50 percent Within a selected optical 
spectral Wavelength range a light beam having a 
selected state of polariZation and incident at a selected 
angle relative to a normal direction to said optical 
cavity; 

(b) disposing at least one optically sensitive or optically 
curable material Within said optical cavity; and 

(c) exposing said cavity and material thereWithin to light 
of preselected Wavelength in order to cure said mate 
rial. 

2. The method of claim 1 further comprising the step of 
orienting said cavity and said material disposed therein With 
respect to the direction of incidence of said light Whereby 
one or more preselected optical standing Wave patterns are 
generated Within said cavity and said material in order to 
develop one or more distinct patterns of index modulation 
Within said material upon cure thereof. 

3. The method of claim 1 Wherein the step of exposing 
said cavity and material thereWithin is performed using a 
laser source. 

4. The method of claim 3 Wherein said laser source is 
selected from the group consisting of gas lasers, including 
argon, krypton, nitrogen, xenon, argon-krypton, xenon 
chloride and xenon-?uoride lasers, dye, solid state, and 
semiconductor lasers, operated in a pulsed or continuous 
manner. 

5. The method of claim 1 further comprising the step of 
using adjustable re?ectors disposed adjacent said cavity for 
re?ecting light into said cavity and for optionally establish 
ing thereWithin selective standing optical Wave patterns 
capable of inducing a selected refractive index modulation 
pattern Within said material. 

6. The method of claim 5 Wherein said positionable 
re?ectors are disposed and oriented to establish Within said 
cavity at least one selective standing Wave pattern capable of 
inducing a selected refractive index modulation pattern 
Within said material. 

7. The method of claim 1 Wherein said cavity is a 
Fabry-Perot cavity de?ned betWeen a pair of partially trans 
missive boundaries selected from the group consisting of a 
pair of metallic ?lms supported by a pair of transparent 
substrates, a pair of dielectric ?lms supported by a pair of 
transparent substrates, means de?ning a pair of refractive 
index discontinuities, and a solid layer of electrooptic mate 
rial having said metallic ?lms or said dielectric ?lms depos 
ited thereon. 

8. The method of claim 7 Wherein said metallic ?lms 
comprise a material selected from the group consisting of 
aluminum, silver, gold and copper of thickness less than 
about 200 A, and Wherein said dielectric ?lms comprise a 
material selected from the group consisting of the oxides, 
?uorides and nitrides of magnesium, silicon, aluminum, 
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cerium, thorium, yttrium, lanthanum, Zirconium, lead, Zinc, 
indium, tin and titanium. 

9. The method of claim 1 further comprising the step of 
enclosing said cavity, material and selected associated opti 
cal components Within a temperature controlled and her 
metically sealed chamber for environmental control of said 
cavity, material and associated optical components during 
cure. 

10. The method of claim 1 Wherein said optically sensitive 
material is one of a holographic material and an electrooptic 
material. 

11. The method of claim 1 Wherein said optically sensitive 
material is a polymer dispersed liquid crystal material. 

12. The method of claim 3 further comprising adjustable 
re?ectors disposed adjacent said cavity for re?ecting light 
into said cavity and for optionally establishing thereWithin 
selective standing optical Wave patterns capable of inducing 
a selected refractive indeX modulation pattern Within said 
material. 

13. A method for fabricating an optical ?lter, comprising 
the steps of: 

(a) forming a plane optical resonant cavity de?ned by 
partially re?ecting plane parallel boundaries Which 
re?ect greater than 50 per cent Within a selected optical 
spectral Wavelength range for a light beam having a 
selected state of polariZation and incident at a selected 
angle relative to a normal direction to said optical 
cavity; 

(b) disposing Within said cavity a ?lm of at least one 
optically sensitive or optically curable material selected 
from the group consisting of holographic materials and 
electrooptic materials; and 

(c) eXposing said cavity and ?lm thereWithin to light of 
preselected Wavelength in order to cure said material 
and to produce a modulated refractive indeX pattern or 
a uniform refractive indeX through said material along 
said normal direction. 

14. The method of claim 13 further comprising the step of 
orienting said cavity and ?lm With respect to the direction of 
incidence of said light Whereby one or more preselected 
optical standing Wave patterns are generated Within said 
cavity and ?lm in order to develop one or more distinct 
patterns of indeX modulation Within said material upon cure 
thereof. 

15. The method of claim 13 further comprising the step of 
using adjustable re?ectors disposed adjacent said cavity for 
re?ecting light into said cavity and for optionally establish 
ing thereWithin selective standing optical Wave patterns 
capable of inducing a selected refractive indeX modulation 
pattern Within said material. 
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16. The method of claim 13 Wherein the step of eXposing 

said cavity and ?lm thereWithin is performed using a laser 
source selected from the group consisting of gas lasers, 
including argon, krypton, nitrogen, Xenon, argon-krypton, 
Xenon-chloride and Xenon-?uoride lasers, dye solid state, 
and semiconductor lasers, operated in a pulsed or continuous 
manner. 

17. The method of claim 13 Wherein said cavity is a 
Fabry-Perot cavity de?ned betWeen a pair of partially trans 
missive boundaries selected from the group consisting of a 
pair of metallic ?lms supported by a pair of transparent 
substrates, a pair of dielectric ?lms supported by a pair of 
transparent substrates, means de?ning a pair of refractive 
indeX discontinuities, and a solid layer of electrooptic or 
holographic material having said metallic ?lms or said 
dielectric ?lms deposited thereon. 

18. The method of claim 17 Wherein said metallic ?lms 
comprise a material selected from the group consisting of 
aluminum, silver, gold and copper of thickness less than 
about 200 A, and Wherein said dielectric ?lms comprise a 
material selected from the group consisting the oXides, 
?uorides and nitrides of magnesium, silicon, aluminum, 
cerium, thorium, yttrium, lanthanum, Zirconium, lead, Zinc, 
indium, tin and titanium. 

19. The method of claim 13 further comprising the step of 
enclosing said cavity and material Within a temperature 
controlled hermetically sealed chamber for environmental 
control of said cavity and material during cure. 

20. The method of claim 5 further comprising electrooptic 
or mechanical means for selectively changing the optical 
path length betWeen said re?ectors. 

21. The method of claim 15 further comprising electroop 
tic or mechanical means for selectively changing the optical 
path length betWeen said re?ectors. 

22. The method of claim 1 Wherein said material is 
selected from the group consisting of LiNbO3, LiTaO3, 
BaTiO3, SrTiO3, BaxSr(1_x)Nb2O6, and 
PbO.88LaO.O8TixZr(1-x)O3' 

23. The method of claim 13 Wherein said material is 
selected from the group consisting of LiNbO3, LiTaO3, 
BaTiO3, SrTiO3, BaxSr(1_x)Nb2O6, and 
PbO.88LaO.O8TixZr(1-x)O3' 

24. The method of claim 1 further comprising a plain 
optical mask disposed betWeen the source of said light and 
said cavity. 

25. The method of claim 13 further comprising a plain 
optical mask disposed betWeen the source of said light and 
said cavity. 


