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PHOTO RECORDING MEDIU~f THIS SHEET HAS BEEN 
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Technical Field 

Photopolymeric information storage. 

Description of Related Art 

5 There has. been a growing interest in the use of multiplex holography for 
infonnation storage. Used for storage of digital infonnation. holography is now 
regarded as a realistic contender for functions now served by CD-ROM. 

"Shift Holography" is a volume holographic method which depends on 
partially overlapping holograms, recorded page-by-page on each new position of a 

10 shifting medium, with differentiation based on Bragg selectivity. See. A. Pu. et al., 
1995 OSA Conference Q!! Optical Computing, OSA Technical Digest Series, vol. 10, 
pp. 219-221. A similar method,-but permitting use of a thin reco¢ing medium. is 

described and claimed in U.S. Pat App. SN. 081435,705, May 5,.1-995. In that 

process, "Phase Correlation Multiplex Holography" (PCMH), differentiation of 
15 holographic pages during recording and reconstruction depends on page-specific 

phase information imparted by a phase mask. 
It is generally accepted diat a suitable recording medium is not yet 

commercially available. Iron-doped lithium niobate has served for laboratory use for 
many years, and was used in reported work on shift holography. Disadvantages 

20 include: costliness; poor sensitivity; danger of noise due to damage indicted~during 

read-out. 

Photopolymeric recording is promising. Hoped-for materials, dependent 

on refractive index change resulting from polymerization in lighted areas, would be 

deposited as layered marerial of requisite perfection and uniformity. A 
25 photopolymer film offemd by duPont is based on light-induced flee-radical 

polymerization of acrylate monomers. See, W.K. Smothers, et al., "Photopolymers 

for holography", SPIE OE/Lase Conf. Proc., 1212-03, Los Angeles, CA (1990). The 

duPont material is believed to be the sole commercial offering and has served as a 
model for subsequent work. n consists of liquid monomeric material and 

30 photoinitiator in an inert host polymer. During writing, monomer diftUses from~ , 
. . ... · .. 
to lighted regions responsive to polymerization-induced depletion. ~ change is 

due to the resulting composition gradient created as unreacted mono~ migrates to 

lighted regions from unlighted regions and/or to index change due to polymerization 
itself. Certainly promising, limited thickness of-150µ.m, high scattering and high 

35 polymerization-induced sbrinlcagc of-4-10%, severely limit use. 

--···----------
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Efforts made to substitute an in-situ polymerized matrix for the duPont 

matrix polymer are thought to be due to a perceived difficulty - solvent used to 
reduce viscosity of the polymer for application to the substrate must be completely 
removed after coating, imposing thickness limitation on the film. 0.-J. Lougnot in 

5 "Photopolymer Recording Materials for Holography - Some recent developments", 

SPIE. pp. 10-22 ( 1993) uses a mixture of monomers - one of which is . 
pentafunc::tional and highly reactive which polymerizes and fonns a matrix in a 

precuring step. Experiencing difficulty due to depletion of photoinitiator needed for 

recording, the author resorts to precuring by din:ct photoabsorption using deep-UV 

10 radiation. The resulting medium resembles the duPont film. consisting of a matrix 
host for the actinic: monomer and photoinitiator. Reported maximum film thickness 
is 100µ.m. 

Summary of the Invention 
A new, high-quality; low-scatter photopolymer recording medium has 

15 been ~sed satisfactorily in phase correlation multiplex holography. ·Diffraction 
efficiencies of up to 100"1 in l 70p.m thick layers have been achieved. Film 

thicknesses of a few mm have been realized without sacrifice in quality. 

. 20 

As in earlier materials, the ph_otopolymer consists of a polymer matrix, 

with actinic properties contributed by diffusing monomeric species in the presence of 

photoinitiator. The mattix is polymerized in-situ, but differs from earlier efforts in 

being fonned by crosslinking a multi-functional oligomer. with precuring conditions 

designed to leave a fraction of mono-functional actinic monomer unreacted. A . 

preferred embodiment uses a three-layer structure with the active recording medium 
sandwiched between gJass plares. 

25 Brief Descriptloa of the Drawly 
FIG. 1 is a perspective view of a recording medium in accordance with 

the invention. 
FIG. 2 is a schematic representation of apparatus suitable for use in shift 

multiplex holography or phase correlation multiplex holography. 

30 Terminoloo 
OIJaomer - Molecule of 1000-5000mol. wt. with at least two spaced 

functional groupings. Often constituted of repeating monomeric units, functional 

characteristics do not depend on the remainder of the molecule. 

Monomer - Of :SSOOmol. wt. - where used without a modifier. the term 

3S refers to a monofunctional molecule which. upon polymerizing, is primarily 
responsible for recording. While used in the singular, multiple monomers are 

ilf 11i ii1if ilf . 
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contemplated. Elsewhere_ the term is generic to materials which react responsive to 

radiation· so that. e.g., "additional monomer" is used in the description of added 

material reacting preferentially during matrix formation for the purpose of enhancing 

contrast. 
Actinic Monomer • Photopolymerizing monomer primarily responsible 

for recording. This tenninology is used for describing "monomer" in compositions 

containing additional monomeric material which may make little contribution co the 

recording function. 

Molecule • Also of SSOOmol. wt •• the ~ is generic to "monomer" but 

l 0 includes any additional material which. while not photoreacting, upon migrating 

responsive to photopolymerization. may contribute to recording. 

Detailed Descriution 

General • The advance depends critically on the nawre of the starting 

materials from wmeh the recording medium is fabricated. The Eµmples are based 

1 S on familiar photopolymer chemiscry, here used in photopolymerization of oligomer 

and monomer, and discussion is largely in these terms. In a preferred embodiment. 

both polymerization reactions are initiated by light in the visible specuum under the 

influence of a single photoinitiator. This is advantageous in reducing scatter - an 
effect thought to be due to incorporation of a portion of the monomer in the matrix -

20 but consumes monomer during precuring. Preservation of the needed fraction of 

unreacted monomer following precuring, is readily achievable even with oligomer 

and monomer of similar reaetivity. (In an example, usin1 acrylate chemistry for 

both matrix and recordina, retention of unreacted monomer is a consequence of the 

statistically-favored likelihood of at lea.st partial curin1 of the polyfunctional 

2S oligomer ~ reaction of a single functiobal group in each oligomer molecule is 

sufficient to immobili7.e the matrix.) Satisfactory results for this preferred 

embodiment are attributed to the specified oligomer-monomer composition and 

claims aie of this scope. 
The oligomer-monomer composition provides for lessened exposure-

30 induced shrinkage. Composition may be selected for yielding viscosities convenient 

for application. As one consequence, film thicknesses of miJUmeters and greater ~, 

permitted. Dimensional control, particularly of millimeter and greater thicknesses, IS' ,. 

expedited by use of a sandwich structure. with care~y-prescribed spacing between 

glass plates. Spaeers were used in earlier experimental work and may be 

35 satisfactory. However, their 1ise has been found to result in non-uniform or 

otherwise distorted active layers under some ~onditions. The effect has been 

·' 
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avoided in later work by a procedure that does not use spacers, but instead maintains 

embracing glass plates parallel by optical interferometry. Plates of lmm thickness, 

· are found satisfactory for actinic layer thicknesses of up to 400µ.m. Thicker plates 

may be needed to minimize bowing in thicker samples. 

S A stratified structure made up of stacked alternating layers of glass and 

actinic material, h,i!S been found to yield excellent results while lessening distortion 

(relative to a single-sandwich structure of the same total photopolymer thickness). It 

is particularly useful for phase correlation multiplex holography in which selection 

need not depend on Bragg angle. (For Bragg-angle selection. alternating inactive 

10 support plates introduce unwanted modulation which complicates reconstruction.) 

Interferometry has been used here as well for assuring parallellcity in stratified 

media. 
In the main, aside from combination of oligomer and monomer and 

precuring-writing conditions for best using the combination. the teaching depends on 

15 known considerations. Discussion is largely in state-of-the-art~·- e.g., assuming 

recording by use of a frequency-doubled Nd:YAG laset writing at 532nm. A 

commercial single-component visible photoinitiator was found satisfactory. Little 

discussion is directed to alternatives - e.g. in the instance of the photoinitiator, single 

. component materials operating at shorter wavelengths are readily available. Multi-
.. 
20 component materials have been used. but spatially separated incidents required for 

initiating reaction with a single molecule reduce efficiency - ue wasteful of initiator, 

and extend response time. 

It has been convenient to form the cross-linked matrix. and to write with 

· ~pendence on a single photoinitiator. A real-time monitoring procedure assures 

25 both effective cross-linking and sufficient· retention of photoinitiator and monomer. 

Alternatives include thermal curing and use of light of wavelength other than used in 

recording. Such an alternative approach niay permit more efficient use of monomer -

may altogether avoid consumption of monomer during matrix formation - and 

thereby increase conttast/sensitivity - it may, however, reduce compatibility between 

30 monomer and oligomer and so result in increased scatter. 

A post-curing technique may be used to prevent further reaction. The 

precaution is commonly practiced. In an Example, post-curing takes the form of 

flood curing with a xenon lamp. 

Compositton 
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The Recordln1 Medium - Relative amounts of the primary 

constituents may vary widely. Examples were conducted with cross-linking and 

· writing conducted under the inftuence of the single photoinitiator in the same region 

of the visible spectrum. Under these conditions, a 60wt. % oligomer - 40wt. % 

5 monomer. nominal ratio permitted convenient application. allowed adequate 

mobility of unreacted monomer. and left -20% residual monomer (approximately 

corresponding with reaction of 80% of total polymerizable groups "80% cure") 

following precuring. Compositions with as little as I 0% residual monomer were 

10 

15 

found adequate for needed sensitivity and conttasL 

Composition of the recording medium is discussed in terms of a 

nominal composition ~onsisting of: 

Oligomer - 40-90wt. % 

(Actinic) monomer - S-60wt. % 

Photoinitiator • 0.1-Swt. CJ& 

Other • S!Swt. % 

The pri~ req~ment is oligomer-monomer ratio is for assuring requisite mattix 

properties while retaining sufficient monomer for writin1. Compositions may depart 

from nominal where reactiv4[: groupings on the oligomer and monomer differ. or 

where mechanisms of precuring and writing differ.· While such variations may 

20 permit initial monomer content of as little as 1 wt. CJ& (equal to the fraction of residual 

monomer in a preferred embodiment), an oligomer con~nt of at least 40wt. % is . 

desired to assure the mechanical properties required of the malrix. 

The Ollpmer • The alipbalic oligomer used in the Examples. was a 

commercially-available mareria1 sold.- e.g., as part of a UV-curable colting material 

25· for optical fiber. In other experiments, aromatic. oliaomers were used. The cross­

linked aliphatic marerial characteristically bas a low index of refraction relative to 

that of.Jbe polymerized monomer, so that. in general. increasing index contributed by 

the polymerization-induced monomer concentration gradient may be •upplemented 

by inciease in index produced by polymerizalion itself. In some .work. the An is 

30 reversed in direction. either by use of a relatively high-index aromatic oligomer or 

...... · .. by inclusion of a high-index monomer (in addition to·the actinic monomer) of 

reactiyity to preferentially react with the oligomer during precuring. An oligomer 

molecular weight range of 1000-5000, or preferably 1000-3000. is chosen for ease of 

fabrication (while dispensing with need for solvent). and bas sufficient mechanical 

35 integrity, lessening shrinkage and permitting fabrication of thick layers. 

---------
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Facility for preparation of layers ~200µm or even "thick" layers • layers 

~lmm - shows a further advantage (in addition to facilitating Bragg angle selection 

in accordance with A. Pu. et al .• cited above). It has been noted that, under usual 

circumstances, compositional gradient is the major contributor to dynamic range. 

S This contribution scales with sample thickness • so that thicker layers increase 

diffraction efficiency. A similar advantage is offered by stratified structures. with 

equivalent total actinic layer thicknesses (although, as also noted, stratified structures 

are unsuited for Bragg angle selection). 

In addition to ease of fabrication, available oligomers offer a wide array 

10 of properties, e.g., in refractive index, to facilitate design. Lowered scatter is 

attributed to compatibility between the oligomer·and monomer. Use of the same 

reactive groupings - or of other groupings of similar reactivity - resulting in some 

monomer reaction during prec:uring - contributes. Increased oligomers molecular 

weight C1!5000 may retain compatibility advantage and may be ~ful where 

15 fabrication permits. (Studies underway, however, deliberately ayoid monomer­

oligomer i:eaction so that interfacial scatter effeCtively improves contrast in the 

recorded image.) Oligomeric material used has been been bifunctional. Tri­

functional molecules, at least for the higher molecular weight values (permitting 

· ·. greater separation of functional groupings), may be suitable. Still higher 

· ·20 functionality with resulting increasing cross-linking is likely to impair monomer 

diffusivity sufficiently to affect performance. Under test conditions, for grating 

spacings of 800nm. diffusion time (exposure time) of 100 seconds requires monomer 

diffusion constants on the order of 10-9 cm2 sec - 1 • 

Commercially-available oligomers are constituted of a polymer 

25 · backbone of repeating monomer units with well-separated reactive groupings -

ordinarily at either end of the chain. Choice of .reactive groupings is important. 

Acrylates of the bamptes may be replaced by other moieties of suitable reactivity. 

Epoxy~ am examples of suitable oligomers which are readily available. 

The molecule bactbone plays little function during recording and need only be 

30 chemically and physically compatible. 

Monomer - Experiments with bifunctional monomer firmly establish a 

preference for monofunctioaality. Two effects were ·noted in these experiments: 1). , 

incrc~d monomer-oligomer reaction during prec:uring reduced diffusivity 

sufficiently to prevent complete curing. and 2) precuring resulted in highly cross-

35 linked matrix which lowered monomer diffusivity alid reduced sensitivity. The 

effects are sufficiendy avoided by provision that at least 70wt. 'fl of total actinic 

monomer is monofunctional. 

··. :,;· 
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A molecular weight SSOO for actinic monomer, assures adequate 

mobility for exposure-provoked diffusion for expected exposure-times. Provisfon 

for lower molecular weight ~250 assures increased sensitivity (where needed 

contrast depends on concentration gradient). As in prior work. acrylate reactive 

S groupings perfonned well. Examples include isobomyl acrylate. phenoxyethyl 

acrylate. diethylene glycol monoethyl ether acrylate and ethyl acrylate. Other . 
monofunctional monomers are suitable, providing other conditions are satisfied -

e.g .• re: oligomer reactivity. Suitable materials include the vinyl benzoate of 

Example 3, chlorinated analogs such as vinyl 3.S-dichJorobenzoate, and analogs with 

10 other cyclic conjugated moieties such as vinyl 1-naphthoate. 

Modified monomer systems may be designed to enhance contrast. 

Where index is increased in lighted regions, high index acrylates such as 2-naphth-

1-oxyethyl acrylate and 2-carbazol-9-ylethyl acrylate may be used. Suitable low 

index acrylates used where &a is of opposite sign, include 

15 (trinu:=thylsilyloxy)dimethylsilylpropyl acrylate ~d (perftuorocyclohexyl)methyl 

acrylate. Any of these materials may serve as primary or sole actinic monomer, or 

maybe admixed with other monomer. 

Additional monomer bas been used to improve contrast. Maintaining 

total monomer inclusion at the nominal 40wt. % level, inclusion of lOwt. % of N-
. 20 vinylcarbazole, largely reacted during precuring, increased index of the matrix (and 

increased 4n in a system in which exposure-induced concentration gradient had the 

effect of reducing index in exposed regions). Other actinic monoiners have been . 

used to supplement the first actinic monomer and to increase the 4n. 

. Pbotolnitlator ("Pl") - Except for the observation that single 

25 component photoinitiaton are more effective. there are no unobvious requirements. 

Photoinitiaton are commercially available for use over the entire visible spectrum 

and into the IR and UV spectra. One commercial product - bis (2.6 - diftuoro-3-

pyrrolylphenyl) titanocene - was used in the reported Examples. In general, direct 

polymerization of monomer (without photoinitiator) is not contemplated-

30 particularfy for thick layen, the required absorption for the actinic radiation becomes 

limiting. Photoinitiator inclusion of 0.1-Swt. 9' provides a useful balance between 

absorption and rate of monomer polymerization. . 
1 

As elsewhere, description is in terms of the embodiment of likely initial. 

commercial interest. There are instances where other materials within the broad 

3S category of "catalyst" may serve to initiate polymerization under the intluence of 

energy outside the visible specttum. There are instances. too, in which UV. thermal 

energy. or other energy may directly initiate reaction without need for a catalyst. 

---~-------
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Other - There may be a significant inclusion of another S500mol. wt. 

material in addition to active monomer which does not, itself, photopolymerize. It 

has been found that inclusion of a compatible material, e.g., bromobenezene, aids 

contrast. In one composition design, this non-monomer molecule ftows counter to 

5 the direction of exposure-induced migration of monomer so as to enable a steep 

concentration gradient of monomer. This molecule is desirably of refractive index to 

further improve ~n - in systems in which index is increased in lighted regions, the 

added molecule is of smaller index. In another approach, the oligomer is chosen for 

yielding a matrix polymer which can "swell" in lighted regions to accommodate 

10 influx of monomer. 
Inhibitor is ordinarily included in commercial oligomer and .monomer 

materials. Generally of the phenolic category, it assures shelf-life of the unexposed 

medium. 
Still other inclusions may be dictated. For example, one panicular 

1 S photoinitiator was found to result in a purple-colored residue which could be 

bleached by oxidation. Inclusion of <l wt. 9& oft-butyl hydroperoxide avoided 

· discoloration. 

Structure 
While .. in broad terms, the invention is based on composition, and is 

20 independent of suuctUre, thicker layers, in particular, benefit by the sandwich 

structure shown in FIG. 1. Recording medium l shown consists of actinic 

( oligomer-monomer derived) layer 2 between transparent plates 3 and 4. Actinic 

layer dllcknesses of from a few µ.m to 3mm have been made. Experimental films 

were supported between lmm-thick microscope slides. Thinner supports may be 

25 used for small area films. Thicker and larger-area films, may benefit by supporting 

plates more than Imm in thickness to mjnimii,e distortion. 

Annular plastic spacers of from 0.015 to O.Smm have been used to fix 

the spacing between tbe glass plates, and thereby the polymer layer thickness. 

However,. shrinkage of tbe photopolymer during cure causes stress around the 

30 spacers. with resulting reduction in optical quality. Since storage and readout of 

digital data pages by holography demands very high optical quality, an alternative 

method; which takes advantage of the in-situ precure step. is also used. In this 

method. the glass plates are held by adjustable moun~ which can adjust both the 

spacing and tilt of the plates. The liquid photopolymer composition is placed . 

3S between the plates to fill the gap. and the spacing and tilt are adjusted to give an 

optically ftat sandwich with the proper photopolymer thickness. The spacing can be 

:. ·: . 
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adjusted by initially placing the two glass plates in contact, which determines a 

reference zero thickness and then spacing, or by using absorption spectroscopy on 

· the photopolymer material to determine thickness in-situ. Near-infrared absorption 

from polymer vibrational overtones, or visible absorption by the photoinitiator can 

S be used for this purpose. The tilt is very precisely adjusted to eliminate optical 

wedging, using an optical interferometer. typically based on light at the helium-neon 

laser wavelength of -632nm which does not cause-curing of the photopolymer 

mixture. Once the tilt and spacing are adjusted, the sample is precured while being 

held. The photopolymer shrinkage which occurs during precure is uniform across 

10 the sample, resulting in a uniform reduction in sample thickness with minimal· 

distortion. Precured samples assembled by this ~thod have had less than half of an 

optical fringe per cm of wedge or lensing in a transmi"ssion interferometer tesL 

Samples prepared by in-situ optical interferometry have·successfully been used in 

writing and reading digital page-oriented holographic data with acceptable bit error 

l S rates. Use of absorption spectroscopy of visible and ultraviolet peats bad resulted in 

accuracy of ±59' in the spacing range of S0-1000µ.m. 

Fabricadon 
A typical schedule is outlined: 

The mixed composition was prepared in a foil-wrapped brown bottle to 

20 avoid exposure to light. After mixing monomer and other low molecular 

weight molecules, photoinitiaior powder was added. and the mixture was 

stirred to completely dissolve the powder. (Viscous) oligomer was added to 

the solution and the resulting mixture was s~ overnight on a jar mill to 

dissolve the o~gomer. Peroxide stabilizer for bleaching photoinitiator 

· . 25 residue was added just before use. Fma.l compositioni were filtered through 

2011m, I011m (nylon) and 311m (silver membrane) filters, in succession in a 

Ditrogen-pressmized $tainless steel filter. 

A sample of the oligomer-monomer composition was sandwiched 

between glass plates. 
30 Precuring was by ftood irradiation at the A. = S46nm mercury-emission 

line. Precuring time was determined by moni~oring in the near IR spectrum 

to follow diminishing peak heights due to polymerization of acrylate groups;· : :- · 

The amount of unreacted monomer was measured to an accuracy of± 2%. 

The quantity of retained monomer was varied for comparison PurPoses -
JS -20% was found to be a useful compromise between wanted mattix and 

exposure characteristics. (It is expected that batch-to-batch measurement 
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will not be required in regular commercial production.} After precuring, 

samples are wrapped in foil for a shelf life of several months. 

Holopapbfc Recordln1 

FIG. 2. taken from U.S. Pat. App. SN. 08/435, 705, hereby incorporated 

S by reference. is a schematic representation of apparatus useful for multiplex 

holography either by use of shift holography or phase correlation multiplex 

holography. 

FIG. 2 shows incoming beam 11 which will serve as a reference beam. 

Considering the system for PCMH (co-pending U.S. Pat. App. SN. 08/435,705). the 

10 incoming beam is con~erted into a phase beam by a phase mask located on plane 12. 

It next passes through lens 13; is spatially filtered by a filter on plane 14; passes 

through lens 15 and strikes recording medium 16. With lenses 13 and 15 in 4F 

configuration, the mask is imaged on medium 16 •. Spatial filtering is effectively 

carried out on plane 14 (with plane 14 on the Fourier plane for the lens pair). 

15 Magnific~tion of the mask image is determined by the focal lengths of the lenses. 

20 

One set of expe~ents in this co-pending application used a random binary phase 

mask constituted of a 1024 x 1024 array of 20µm pitch pixels. In this illustration, 

. half of the randomly located pixels impose a phase-shift of 180°. so that the average 

phase across the beam front is zero. 

A second incoming beam 17 is modulated by spatial light modulator 

(SLM) 18. The resulting signal beam is routed through lenses 19, 20, and 21. 

Corresponding lenses 2~ 23, and 24 are used in readout. With both sets of lenses in 

4F configuration, a Fourier transform is recorded in medium 16, and an image is 

reconstructed on detector 25. (4F configuration requires focal distance spacings so 

2.s· that, e.g. SLM-to-lens spacing is equal to the fOcal distance of lens 19, lens 24-to­

detector spacing is equal to the focal distance of lens 24, and lens-to-lens spacings 

are the sums of the focal distances of the lenses in the pair). Omitting a single lens 

in lem set 19, 20, 21 replaces the transform with the image at the JDe4jum- omitting 

a lens in set 22, 23, 24 again results· in image reconstruction at the detector. 

30 The specifics of the amngements of FIG. 2 are illusuative. By omitting 

the phase mask, lens 13, and the spatial filter at p1ane·14, and by defocusing the '· \·. 

reference beam to obtain sufficient overlap with the signal beam, the system is 

suitable for "shift holography". The figure is intended to represent other forms of 

muitiplex holography, in which successive pages are completely superimposed in the 

JS same region of the medium. as well as single-page holography (without 

multiplexing). 

-----·--·---
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Variants include lens arrangements for recording or detecting a Fourier 

tranSform or an image of the signal with enlargement or reduction, and for additional 
spatial filtering for improved SNR. Individual plane waves, multiple plane waves, 
and spherical beams have been used as reference beams in more traditional 

S holography and can be used here as well. The precise position of the phase mask in 
PCMH. is not critical, but. together with other elements in the reference path, must 

be in the same position for recording and readout. A phase mask in contact with 

SLM 18 or at image plane 26 assures uniform brightness of the signal beam for 

optimal recording. The signal beam may be filtered to eliminate noise or higher-
10 order diffraction modes. 4F spacing may be replaced by other lens arrangements 

either for imaging or for Fourier transform. 
Writing beams at S32nm were supplied by a diode-pumped Nd:YAG 

laser. The external half-angle between beams was 18.5°, resulting in an internal 

angle of 12.2° and a d-spacing of 839nm. In some experiments. grating formation . 
lS was monitored in real-time with a HeNe laser operating at 63~. Once holographic 

recording ':Was comple~. polymer samples could· be stabilized· by a final ftood cure. 
A Xe lamp providing 10mW/cm2 integrated radiation dose at A.= S30nm stabilized 
material against further photoinduced reactions (readout was not measurably affected 

after unwrapped storage under ordinary room lighting for a period of lS min.).· 

20 Examples - Procedures outlined under "Fabrication" were followed. 

Example 1 - 40g. of isobomyl acrylate (mA), was placed in a foil­

wrapped brown bottle. lg. photoinitiator was added and the mixture was stirred with 

a magnetic stir bar to dissolve. 60g. - polytetrahydrofuran dimethane acrylate. 
mol.wt. -2000, oligomer, was added and the mixture was stirred ovemight on ajar 

· 25 mill until homogeneous. The resulting resin was filtered in a nitrogen-pressurized 

stainless steel filter apparalUS through 20, 10 and 3µ.m filten, successively, and 

stored· in a refriprator until needed. Before sample preparation. t-butyl 

hydroperoxide (TBHP), O. l 6g, was added while stirring. 

Samples were prepared from this formulation by placing 0.4mL of resin 

30 • allowed to COD to room temperature • ODto a glass plate mounted OD an 
interferometer stage. A second glass plate was lowered onto the resin to ~ desired 
sampl~ thickness using a micrometer. The outer surfaces of the glass plates were · ., 

made parallel by leveling the plates and monitoring with a retlectance interferometer. 

A 20° holographic diffuser was placed on top of the sample and the Sample was 

35 cured to the desired level of precure by imdiation with an Hg lamp, filtered to 

provide approximately 10mW/cm2 of S46nm radiation while blocking radiation of 

-----
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·> <530nm. The degree of cure was monitored by near·IR spectroscopy. Writing 

was done with an external theta of IS degrees, corresponding toad spacing of 1808 

nm. The sample was then post cured under t >530nm radiation from a filtered Xe 

lamp for 15 minutes. A 180µm thick sample of this formulation precured to 85% of 

S total gave a peak diffraction efficiency of 23%, corresponding to a grating constant 

(dil) of 0.00052 under these writing conditions. 

Exatnple 2 • Following the procedure of Example l, lOg N­

vinylcarbazole was mixed with 30g IBA, PI (lg), oligomer (60g) and TBHP (0.16g). 

The mixture was filtered and used to prepare samples. A 21ot,Lm thick sample, 

10 prepolymerized to 82% cure, resulted in a &a of 0.0012. 

Example 3 • Vinyl benzoate (10g) was mixed with IBA (30~) PI (lg), 

oligomer (60g) and TBHP (0.16g). This resin was filtmed and used to prepare 

samples. A 60µ m thick sample, prepolymerized to 86'11 cure, resulted in a an of 

0.0015 under similar writing conditions. 

lS Example 4- A mixture of lOg of "terathane" (polytettahydrofuran) of 

~olecular weight 2000, and 2.2g of isophorone diisocyanare was heated and stirred -

mixing w~ complete after a few minutes. One drop of dibutyltin dilaurate was 

added. and the mixture was heated to 700C and then allowed to cool to 50°C. A 1.3g 

portion of 4-hydroxymethylcyclohexene oxide, that had been prepared by the 3-

·20 · chloroperbenzoic acid old.elation of 4-hydroxymethylcyclohexene, was added, and 

heated to a temperature of 80°C. The product was degassed under vacuum. and 

allowed to cool. 

One gram of the above product was mixed by gendy beating and stirring 

with 0.12g of a S'J> w/w solution of PI in phenoxyethyl acrylale and 0.08g of a 5% 

2S w/w solution of PI in IBA. After cooling to room temperature, 2 drops of 

trimethoxyboroxine was added as an epoxy cure catalyst. The mixture was quickly 

applied inside the area defined by a O. lmm thick circular tetlon spacer ~sting on a 

glass microscope slide. The sample was covered by a second glass slide and cured at 

90°C fer 3h in the dart. A grating with a diffraction efficiency of about 0.5% was 

30 written in the sample. As in the above examples. post-curing for lS min. at room 

temperature was suftlcient for comumption of polymerizable groups - An, measured 

before and after postcuring, varied by <109&. 

---------
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CLAIMS: 

1. Recording medium comprising an active layer for recording 
radiation-defined features. whereby refractive index is changed responsive to 
radiation. the layer containing matrix material serving as a host to "actinic" 

s monomeric material which responds to such radiation by photopolymerization 

10 

CHARACTERIZED IN THAT 

matrix material is produced by in-situ polymerizati~n of polyfunctiolial 
oligomer of molecular weight 2:1000 during a precuring step. and in that at least 
70wt. % of total monomeric material is monofanctional. 

. 2. Medium of claim 1 in which the radiation is electromagnetic. wave 
radiation in the visible spectrum. 

3. Medium of claim 2 in which both precuring and recording are in the 
15 visible spectrum and in which a single photoinitiator material is used for promoting 

both precuring and recording. 

4. Medium of claim 3 in which the photoinitiator material is a single 
·. · .. component photoinitiator. 

20. 

2S 

30 

35 

S. Medium of claim 2 in which monofunctional monomer has acrylate 
functionality, and is of molecular weight ~00. . . 

6. Medium of claim S in which monofunctional monomer is aromatic. 

7. Medium of claim S in which bifunctional oligomer bas acrylate 
functionality, and is of molecular weight in the range 1000-5000. 

L Medium of claim 7 in which the olieomer has polyether backbone. 

t. Medium of claim 2 in which the matrix material serves as a host to 
additional material, such material comprising molecules which migrate_ in response 
to such radiation, whereby dynamic range is increased. · 

10. Medium of claim 1 in which the active layer is embraced by 
supporting plates, at least one of which is transparent to the radiation. 

111111111111111111111111111111 
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:11. Medium of claim 10 in which supponing plates are glass, are both 

tranSparent to the radiation. and an: uniformly spaced at a thickness ~200µ.m as 

·maintained during fabrication by real time interferomeuy. 

12. Medium of claim 10 comprising a plurality of active layers. 

13. Method comprising holographic recording in a recording medium, 

recording being attended by pbotopolymerization within selectively irradiated 

regions, such medium comprising an active layer for recording radiation-defined 

10 features, whereby refractive index is changed responsive to radiation, the layer 

containing matrix material serving as a host to "actinic" monomeric material which 

responds to such radiation by photopolymerization 

lS 

20 

2S 

. 30 

35 

CHARACTERIZED IN·THAT 

matrix material is produced by in-situ polymerization of polyfunctional 

oligomer of molecular weight ~1000 during a precuring step, ancf: in that at least 

70wt. % of total monomeric material is monofunctional. 

14. Method of claim 13 in which radiation is within the visible spectrum, 

_in which precuring and rec~g entail polymerization of material of similar 

reactivity with both initiated by radiation within the visible spectrum. precuring 

being curied out under conditions such as to incorporate monomer material in the 

matrix. 

15. Method of claim 13 in which at least 20wt. CJ, of total monomeric 

material survives prec:uring. 

16. Method of claim 13 in which the medium contains an additional 

material-which migrates in response to irradiation so as to enhance diffraction 

efficiency • 

17. Method of claim 13 including a post-curing ~tep following recording 

in which remaining monomeric material is rendered inert to radiation within the · 

visible. spectrum. 

18. Method of claim 13 comprising phase correlation multiplex 

holography. 
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· lt. Method of claim 13 in which in-situ polymerization of oligomer is 

conducted by a supplier of the medium. 

·-: .... : ·. 
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