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Abstract

The continuous research and development of phatdsen materials such as
holographic recording medium, plays an importamé ia holography. For several years,
the research group of Holography and Materials taiooy of this institution has been
studying conducting polymers as photosensitive nasefor holographic recording. The
results have generated new lines of research agilges in this paper, by studying the
behavior of holographic gratings in dichromatedypwolyl alcohol doped with nickel
chloride by applying a voltage.

Whereas the ability to record real-time holograpkith this material and response
modulation by applying a voltage during the forraatof holographic gratings, the changes
in the diffraction efficiency is the most importamformation of the study. The
development of photosensitive plates hydrophilidrmapolymer polyvinyl alcohol and
sensitizing agents are used to holographic recgrdamd the study of the diffraction
efficiencies of real-time as a function of voltagépws us generate new knowledge related
to the development of photosensitive materials sagtolographic recording media and
contribute to the strengthening of the researcla afeholography and materials on this
institution.

The experimental results, discussion and conclgsiare explained by the
diffraction efficiency as a function of voltage,idkness, spatial frequency and relative

humidity.



Resumen

La continua investigacion y desarrollo de matesidt#osensibles como medio de
registro holografico, juega un papel importantehetografia. Desde hace varios afios, el
grupo de investigacion del Laboratorio de HolografiMateriales de esta institucion ha
estado estudiando polimeros conductores como mlgeriotosensibles para el registro
hologréafico. Los resultados obtenidos han permigdoerar nuevas lineas de investigacion
como la que se describe en este trabajo, a paitestudio del comportamiento de rejillas
hologréaficas en alcohol polivinilico dicromatadopddo con cloruro de niquel con la
aplicacion de un voltaje.

Considerando la capacidad de registro holograficteanpo real de este material y
su respuesta de modulacion con la aplicacion deoltaje durante la formacion de las
rejillas holograficas, destacamos los cambios afitgencia de difraccion. El desarrollo de
placas fotosensibles de una matriz hidréfila detadt polivinilico como polimero soporte
utilizando agentes sensibilizantes para el reghsdtogréfico; y el estudio de las eficiencias
de difraccion en tiempo real como funcion del Jeltanos permite generar nuevos
conocimientos relacionados con el desarrollo deenadés fotosensibles como medios de
registro hologréafico y contribuir en el fortalecaenio del area de investigacion de
holografia y materiales de esta institucion.

Los resultados experimentales, discusion y cormhes estdn en funcion del
estudio de las eficiencias de difraccion como foncdel voltaje, espesor, frecuencia

espacial y humedad relativa.
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Chapter 1

Introduction

The significant progress of materials development their applications plays a
major role in holography as holographic recordiregia. The continuous investigations are
always looking to get better materials with fewesaurces and less cost which result in the

development of such materials.

The investigation of holographic materials to recat real time has been considered
for holography research teams in the world. Foressdvyears, a group of materials and
holography laboratory researchers of Instituto Niaai de Astrofisica, Optica y Electrénica

(INAOE) has been studying the photopolymers asdrajghic recording material.

This thesis comes from the need to develop a neetopblymer material to
holographic gratings where the application of wgdtaplays a significant role in the
response modulation of real time diffraction effinties. The characterization of this
photosensitive material shows significant resultsctv in turn needs to be optimized, but

currently our photopolymer can be used as hologcagicording material.

The main objective of this investigation is stutlg behavior of holographic grating
as a function of voltage in a new photopolymer malevhich is composed of a polymer

matrix (polyvinyl alcohol), dichromate and nickehloride. To achieve this goal it is



necessary to cover particular objectives that detex the content and structure of the
results:

« Identify the composition of the photosensitive miale

« Calculate the thickness of film.

« Quantify the diffraction efficiency.

« Study the influence of voltage.

« Study the influence of relative humidity.

« Establish the Module of Transfer Function (MTF).

« Calculate the photosensitivity of the material.

The innovation of this research is the responseutatidn due to application of a
voltage during the formation of holographic grasnigp dichromated polyvinyl alcohol
doped nickel (II) chloride hexahydrate, which coempént the knowledge in holographic

recording materials.

This work is divided on five chapters, which cont#iie basic information to locate
in the context of our investigation. The objectival be achieved through the definition of

experimental process and discussion of resultschbpters are structured as follows:

Chapter 1 is the current section that deals abmubduction of research project

where the motivation and objectives are specified.

Chapter 2 deals to most important holographic petarm to photosensitive

recording media and the most common media to revolehrams.



Chapter 3 explains the general characteristics hattqpolymer systems used as
recording media and the photopolymerization pro¢edsolographic recording. The self-
enhancement and crosslinking processes are aleore@fas very important role to

diffraction gratings formation.

Chapter 4 refers to preparation of the photopolymaterial which is used as
recording media. The synthesis of new materialsotssimple and the way that it carried
out to produce the films plays an important roletle formation of the holographic
gratings. The composition of photosensitive medma dhickness film is two major
parameter used for this investigation in the stofigiffraction efficiency and holographic

formation.

Chapter 5 describes the optical setup used forrempetal testing of holographic
recording, the experimental results and discussitee. results of holographic gratings are
studied for diverse parameters as spatial frequetiigkness film and composition of
coating solution, with and without voltage applioat The intensity of recording beam take
part in a significant role to holographic formati@ue to the fact that it produces a
considerable enhance in the rate of photopolymignizand consequently good diffraction

efficiency results.

Chapter 6 discusses about the results and Chaptssaribes the conclusions

obtained from this research and the futures ingastns.



Chapter 2

Holographic recording medium

The development of new recording media is very g to the advance of
holography. This section describes the main hofdgc parameters to photosensitive
material which can be used as recording media and/i/use to present the results at real
time. There are a lot of photosensitive materigksduin holography. In this chapter we will

explain briefly the most common material used asn@ing media.

2.1 Requirements of holographic recording media

The main parameters of recording media to detertmiagossibility of their use in

holography are [2.1]:

(1) The efficiency of information reading is detemed by the brightness or the
diffraction efficiency )) of holograms [2.2]. The diffraction efficiency ike ratio of the
diffracted intensity and the incident intensity thie probe beam and is associated with

refractive index modulation [2.3]

1 =it/ linc = l1allg (2.1)

wherelgis = |+ is the intensity of the light wave of the firstfdaction order andi,c= I is

the incident light intensity.



The highest value of diffraction efficiency is aei only for phase holograms that
do not absorb restoring light; this is possibleyanl the case of recording media change

their refractive index or thickness under the actblight [2.1].

(2) Sensitivity §) of the medium can be defined as the ratio of sguaot of

diffraction efficiency and exposure energy (E) petit area [2.4].

b
S, = %[sz f"J'] (2.2)

Sometimes, it can be useful to calculate the seitgiper unit of material thickness

(d) [2.4].
Aos
S, = f;d = Fl[cm/bf] (2.3)

(3) Angular sensitivity [2.1]

0 = A/d, (2.5)

whereA= 2rK is the period of the holographic diffraction gratiandd is the thickness of

the photosensitive medium.

The maximum angular sensitivity determines the b#ipaof writing and reading

holograms in the same area of the layer is achiewgdfor layers of large thickness [2.3].



2.2 Types of recording medium

Holographic recording material has been attracsitigng interest to research and

applications on digital recordings and watermarKh§-2.7]. The optimization of all types

of recording materials is connected to their afgpion [2.8].

There are a lot of photosensitive materials useboiography where each one of

them has a different way to absorb light. The nfastiliar materials used to holographic

recording are the following:

Dichromated gelatin (DCG) consists of a layer of gelatin with ‘©iions which are
sensitive to light. lons that absorb light will mifyd the gelatin in their
neighborhood, so finally the refractive index madign is obtained in this gelatin.
Special attention is placed to the sealing of thexseilsions after processing to
ensure they stay unchanged form [2.9]. The oldekignaphic materiais the best
photosensitive recording material used in hologyaplkading to high quality
holograms and high signal/noise ratios [2.10]. D@&Gused for manufacturing
holographic optical elements with high diffractiefficiencies because it has an

excellent signal to noise ratio and high environtakstability [2.8].

Thermoplastics use a plastic material which surface can be load#dda uniform
distribution of charge. The recombination of tharges is directly proportional to
the amount of light incident on the material. Thaterial is revealed by heating;

the plate deforms in proportion to the accumulatearge [2.9]. They are excellent



real time materials for holographic interferometegusable and quality images

production [2.8].

Photoresistis a material that records the information lightrbodulation of relief.
It has the ability to be soluble (positive) or ihgde (negative) in an organic

solvent, after being exposed to short wavelengtt liadiation [2.9].

Silver halide emulsionis constituted by a support which is a glass pbate plastic
sheet over it there is a layer of gelatin a few romeeters thick, which is a
suspension of silver halide particles, also incoafed sensitizers the emulsion.

Once exposed the emulsion is subjected to a dewngi@pocess. [2.9]

Photorefractive is a holographic recording media can be used aré¢tieally

infinite number of times and it requires no addiib processing (developing,
fixing, etc.). Light induces a redistribution ofasiges within the crystal, so in a
characteristic time, establishing a dynamic equiifm between the internal
distribution of electrical charges. The variationthe distribution of these charges
in turn causes a variation in the refractive indéxhe material matrix by electro-
optical effect, leading to the formation of a vokinmhologram with phase

modulation. [2.9]

Photopolymers consist of a mixture of monomers where the polyragion

reaction is catalyzed by light. In addition the raorers, it is included sensitizers,



which contribute to the initiation of polymerizatioreactions. [2.9] The main

advantages of using dry photopolymers are selfldpugy capability, shape

flexibility, low cost, large-area processability.J2-2.12], high angular selectivity

and high resolution that make them more suitabi@gplications [2.13-2.14].

Table 2.1 shows some important optical charactesisitf different materials that have been

studied in holographic [2.15].

Table 2.1Summarize of some materials as holographic mewtlganciple parameters. [15-16]

Sensitity " Stability
v, orage -
Material S?LUE;EE Spectral range 5 Density RE;fnu;lse Th;;iﬁ; 5 Rewsit Temperature
(um) (emD) | (Lines/mm) e I
Organic
Catiomic ring 514,332, 630- | 03- -
Photopelimerization v 670 6.7510° 100-500 No
CL and amorphous 188 514
polymers with azobenzene VI8 *3'}: ‘53 3= > 6000 2-10 Si <100
photoisomerization T
CL and amorphous
polymers with azobenzene VI8 237532 102 >3000 1000s 3-3 Si
surface reliefs
Photochromic VI8 Visible 3x10% > 1600 ms 100
Dye-doped nematic LC g 440514 | 3x10% | =1000 ms 10-20 No
reonentation of surface
PDLC/PIPS/TIRS . 360532 No
Photorefractive vis 770870 > 1000 20-100 | prpg TrpS /PR
PALC/ Fhotochemical vis <550 10¢ >1000 | 100ms | 02-12 i <4895
phase transition
Bactenio thodopsin in vis 520640 | 47x10° | >1000 | 1-100ms | 3040 >108 20 /40
gelatin matrix
Dichromated gelatin v <700 10¢ >5000 15-35 No
Other photopolymers VI8 =330 ¥ > 3000 10s-2min 3-300 No
Films of v <550 63x10° | >2000 s 100-1500 No
sol-gel
Acrylamide-based . 310-340 3 < qs
N W o = 02 5-15 B
photopolymer 500600 Ex10¢ 3000 0102= 65-150 No
Inorganic
Silver halide VI8 <800 1100 > 7000 (7-8) No
. - 350650 | 0.02-01 - : .
LiNb O3 v 8001000 00240 >2000 0520 | =10°000 S1
LiTaQs i 300-530 >2000 01-20= | 107000 Si
EnbO; i 400-900 30-3000 >2000 lme—1s| >10°000 S
. cs 1000- 0.5-300 . .
SnaPaSs V 350-1100 < >2000 >=10°000 Si
3000 ms
Bi; TeOs \i 450530 0.5 >2000 ms =100
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Chapter 3

Recording media: Photopolymer

Photopolymers have shown optimal properties to rce@aformation in real time
without chemical process to get a picture. Theseemnads have been obtained more
recording capacity, light sensitivity, durabilityesolution and longer life for the stored

information.

The development of photopolymer materials has becone of the most dynamical
developing branches of holography [3.1-3.5]. Hadgdpic recording in organic polymer
materials has been studied intensively in the Hbpethese materials could yield efficient,

low cost and high storage materials [3.6].

In this section, the fundamental theory of hologiapecording with photopolymer
is explained. The photopolymer systems and the gplodbymerization process used as
recording media to hologram formation are describ&ido, the self-enhancement and

crosslinking process are discussed.

3.1 Photopolymerizable materials

Photopolymerizable materials (PPMs) usually incladeultifunctional monomer or

oligomer, a photoinitiating system (photoinitiatmr photosensitizer), a polymeric binder,

11



and various additives that increase the photoseitgitof the recording medium (co-

initiators). Figure 3.1 shows how polymer is forniedrradiated areas [3.7].

Photoinitiator
>—  Free radicals or cations

Multifunctional monomer
or oligomer

Laser light
Polymer

Figure 3.1 Polymerformations[3.7].

The process of light-induced radical polymerizatisnused in mechanisms of
holographic formation in photopolymer recording eratls [3.8-3.9]. The formation of a
hologram in photopolymer mainly involves two fastopolymer formation on areas
exposed to light and the diffusion of monomer fridme unexposed areas to neighboring
areas exposed where part of the monomer has poiade3.10]. To obtain holograms,
two photoinduced processes are used: (a) photagaduwbhange in the density of a
photopolymerizable system [3.11] and (b) photoirdldiffusion of the components

during irradiation [3.7].

The photoinitiating systems are one of the mostitgmt PPM components which
include only a photoinitiator if holograms are weit with short-wavelength laser light, or a
mixture of an initiator and a photosensitizer ie tase of recording holograms with long

wavelength ultraviolet (UV) or visible light. [3.11

The selection of monomers is based on the requirethat photoinduced changes

in the refractive index, which depend on the dédfere between the refractive indexes of

12



the polymer matrix and the monomer [3.12]. Durirga@sure period, the monomer diffuses
into bright regions as a result of the concentragwadient induced by the depletion of
these components [3.8]. This causes a furtherrdiffee in density (and so refractive index)
between bright and dark regions [3.13]. The exp@sed could swell due the material mass

transport [3.14].

A number of organic compounds are known as phdtators of radical and
cationic photopolymerization [3.15]. The use of mhoduced forms of photochromic
compounds as photosensitizers seems to be atgrad®vli6-3.19]. The kinetic
photopolymerization depends on the intensity oéddgght [3.20] and efficiency depends

on the nature of photoinitiators [3.7].

3.2 Photopolymerization process

The photopolymerization process of photopolymetesyscan be briefly explained

as follows:

The photopolymer is irradiated by light and the folnoenergy is transferred to the
photoinitiator to produce primary free radicals,iethforce to monomer molecules to form
secondary free radicals. These secondary freealadiontinuously react with monomers to
grow a large polymer chain, so the refractive indethe exposure region (bright region)

increases. [3.21]

13



The depletion of monomer molecules in the exposegion causes the monomer
concentration gradients between the bright regiod dark region. The diffusion of
monomers from dark region to the bright region sakart in the photopolymerization
reaction which will result in the increase in tledractive index in the exposure region and
therefore the diffraction efficiency of holographgratings. And finally when all the
reaction processes are stabilized, the phase gratith refractive index modulation is

formed. [3.21]

The physical mechanism of photosensitivity and iapatsolution enhancement by
changing the environmental temperature and moleowkight of binder is discussed

preliminarily as follows [3.21]:

(1) Polyvinyl alcohol (PVA) with low molecular weng can decrease the viscosity
of photosensitive film; this will make the diffusief monomers from dark region to bright
region much easier and faster. The increase inugidh speed will improve the

photosensitivity.

(2) The increase of environmental temperature &ifo increase the rate of
monomers’ diffusion in photosensitive film so higheemperature means that more
monomers are transferred from dark region to bniggton during a certain period of time.
As a result, the photosensitivity will be improveBut much higher environmental

temperature will result in the decrease of diffiacefficiency.

14



3.3 Holographic recording

The photopolymers are one of the most promisingdraphic recording materials
for its easy preparation, ability to achieve higfffraiction efficiencies, low noise and

relatively low cost [3.22].

The formation of holograms in this media is a noedir process depending on the
ratio between the rates of diffusion of componestsi polymerization [3.23]. Further
irradiation of the PPM layer with an incoherentrestoring reference laser beam leads to
photopolymerization of the whole layer. As a resulbn-uniform concentration of the
polymer is formed in the layer, which provides wagt holograms of two types: relief

holograms and volume holograms or both effectdhersame polymer matrix [3.24].

The PPM thickness determines the hologram recordmgditions [3.25]. The
thickness of the layers of material prepared foposxire determines the monomer
concentration necessary to obtain high diffracedficiency and whether the modulation
occurs or not. Since the diffraction efficiency aibed is affected by the thickness of the
material and the index modulation, for a given khiss, it is necessary to adjust the

monomer concentration to delimit the refractiveexanodulation [3.26].

Upon exposure of laser light with holographic datsotopolymerization can be

initiated by absorbing energy, sensitizing dye dadomposition of initiators. Holographic

exposure produces spatial diffraction patternstdyghotoinitiated polymerization. [3.27]

15



The formation of the hologram takes place whenpth&oinitiator is excited by the
illumination pattern, resulting in the formation ohdicals. These highly reactive
compounds produce a spatially non-uniform polynaiin and as result of the
concentration gradients produced, monomers diffireen the dark regions to the
neighboring bright regions. Thus, the spatial matlah of the refractive index and its
evolution over time is the result of non-uniform lyuoerization and the diffusion

monomers. [3.28]

The temporal variation of diffraction efficiencymends on the temporal conversion
grade of monomer into polymer, so depending orte¢hmination process. The response of
the diffraction efficiency will be different in fuation to some physicochemical parameters,

such as concentration of photoinitiator, monomentansity. [3.28]

In general, reflection patterns in light-inducedlypeerizing photopolymers are
explained as in figure 3.2. At first, light beamsthwreflection pattern by positive and
negative interferences illuminate the photopolyrfien, and then photopolymerization
takes place on the area of positive interferendeggbf. Monomer diffusion takes place due
to the concentration differences between photopehized zones of low monomer

concentration and unpolymerized zones of high catnagon [3.29].

16



Exposure

Bright Dark Bright Dark Bright

Diffusion

w

Refractive index modulation
Polymer rich region Binder rich region

Figure 3.z diffraction grating formatior in
holographic media after exposure. [3.29]

Polyvinyl alcohol (PVA) is used as binding polymfer photopolymers which is

water soluble and so the film manufacturing is narevenient [3.30-3.35].

3.4 Self-enhancement

The self-enhancement of a hologram is the increaie diffraction efficiency after
the recording over time under light illumination iorthe dark. Self-enhancement, during
and after the recording can be considered as astage holographic recording method,
which light illumination is profitable when the @dling energy or the exposure time is
limited [3.36], that corresponds an optimal exgositof energy. With dark reaction, the

physicochemical processes are acting after exposwaehieve a balance.
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The self-enhancement process can be characterigedhd self-enhancement
coefficient, £ = n/no and by the self-enhancement rafes dé/dt. Whereny is the initial
diffraction efficiency immediately after the record and s is the diffraction efficiency

after timet [3.36].

The self-enhancement process [3.36] is explainednwimne Cf® are consumed
slowly during photochemical reaction induced durihg exposure. All the €t (produced
by the reduction of CP) are not reduced to &rduring exposure and this reduction
continue in the dark; this reduction is large ie thost exposed regions than in the least
exposed region. ¢t or un-reacted C? may diffuse from the less exposed regions to the
more exposed regions. Diffusion of ‘€ions is possible only if all the Erions are not

bound in the cross-linkage that form the matrixypuwr.

The number of crosslinkage betweeri*Gand PVA increases and thus the index
modulation also increases which induces a raisi#ffiraction efficiency. This dark reaction

physicochemical process may be the major reasaméoself-enhancement. [3.36]

The polymerization is not finished during the reting period. Polymerization
continues bringing new cross-linkages with"dons, which is responsible for the grating
formation. The internal stress in the matrix polyroeating body increases during drying
and exposure times. But when the coating expandsalisorbing moisture at room
temperature, the internal strain is relaxed and #iso contributes to the increase in

diffraction efficiency [3.36].
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Polymerization and crosslinking contribute to thefractive index modulation,
which leads to the grating formation [3.36]. Thé-sehancement observed in dichromated
polyvinyl alcohol (DCPVA) may be due to the darkegon, diffusion, polymerization and

internal stresses [3.37].

3.5 Crosslinking

The irradiation of dichromated systems causes tep-gduction of Cf into Cr*®
and then into CF. The oxidation and the crosslinking of the hodypr occur in parallel.
It is established that equilibrium with Ciis an important radical, to obtain high quality of

the hologram [3.38].

The reduction process was shown to be stronglyeénited by the nature of the
polymeric matrix. Ct reductions took place in two successive and weghsated steps in
DCPVA, Cf® - Cr"® - Cr" with only the involvement of photo-redox process€r”

formed under irradiation are stable in DCPVA. [3.39

The formation of the carboxylate groups, which twichiometrically parallels the
reaction producing Ct, depends on the nature of the polymeric matrixD@PVA, the
carboxylate groups are secondary photoproductsy @he obtained from the oxidation of

the polymer corresponding to the slow step of gtiction, CP - Cr"[3.39].
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In DCPVA, the reticulation involves a complex réantof Cf>, which acts as a

bridge between the macromolecular chains, and 6t &rlonger exposure times [3.40].

The formation of CF was accompanied by the formation of carboxylateigs [3.41]. The

branching and crosslinking of polymers improves skability of the recorded hologram

[3.42].
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Chapter 4

Preparation of photopolymer films

The development of new materials to holographiomdiog demand continuous
experimental tests, great infrastructure and Ibteesources to achieve the objectives set.
The preparation of new materials is not simple,anee most of the time, the limited

resources affect the performance and the delivergsthave been gradually displaced.

There are other variables that can affect the ohteesearch and full compliance
with the objectives as the differences betweenrdalts observed and expected according
to available information. The feedback processvalachieving reliable and reproducible
results, increasing the response time to the issaieed and successful completion the

project.

Based on the above, in this section we will givéaiie about the experimental
process to make our photopolymer to holographiordéog. It includes the components of
materials and the preparation of recording medamling to requirements to achieve the

objectives and expectation of results.

4.1 Photosensitive films

A new generation of photopolymer system is studlethis research, which has a

different composition respect to literature, in erdto make possible the

26



pohotopolymerization maintaining the propertiestioé holographic recording material

such as its response to changes in spatial freguertdiffraction efficiency.

Photopolymer components of our photosensitive &h@ polyvinyl alcohol (PVA),
potassium dichromate (PDC), nickel (Il) chloridexhlydrate (Ni%) and glycerol (Gly).
The characteristics of each component are show&abla 4.1. The photopolymer obtained
is dichromated polyvinyl alcohol doped with nickehs (DCPVANI) which does not

require chemical or thermal processing.

Table 4.1Characteristics of photopolymer components. [4.1]

Chemical Purit Molecular Solution
Components Formula Trademark (% )y Weight  Composition
0 (g/ml) (% wt/wt)
PVA (C,H,O), Meyer® 95.0 30000 7
PDC KCr,0; Baker® 99.0 294.19 10
Ni*? NiCl»6H,0  Baker® 97.0 237.71 10
Gly CHs(OH);  Meyer® 99.8 92.10 100

The selection of the components is based for thdadbility of these supplies in the
Laboratory and the safe handling. Moreover, inlgst few years a number of groups has
been studied the formation of conductive organid¢enia@ based on PVA and sensitizer
elements as metallic chlorides, ammonium dichronatd complexing constituent as
glycerol; in order to taking advantage of the eleat and electronic characteristics that this
type of materials can be provide for the inclustdrmetallic salts [4.2]. lon doped organic

polymers are highly efficient in holographic recogi[4.3].

27



The preparation of our photopolymer starts pregaegueous solutions for every
component using bi-distilled water. The solutionmpmsition for each component
correspond to PVA (7% wt/wt), PDC (10% wt/wt) antfN10% wt/wt). They are defined

in previous investigations [4.2].

The aqueous solution of PVA is prepared dissoluimg powder heating without
exceeding 60°. The powder is dissolved to get &oumidensity and viscosity for smooth
PVA solution. PDC and Nf solutions are mixed in a magnetic stirrer durisgndin to
dissolve powder or crystals and they are heatedsfonin at the beginning. The final
mixture is stirred and mixed well for 45 min to aiot a homogeneous coating solution. All

the coating solution contains glycerol (40 pl).

The volume ratio of photosensitive solution is @regal depending on the study
carried out to achieve the objectives. The evotutibdiffraction efficiency as a function of
composition’s films is considered for this clagsafion in table 4.2, which is studied in

chapter 5.

Table 4.2Classification of sample by composition’s films.

Sample Vqur(nn(]eI)Ratio Components
I 1:6:1 PDC:PVA:Ni
Il 1:6 PDC:PVA
1] 1:6:1.5 PDC:PVA:Ni
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The photopolymer solution is deposited on the clieareled substrate to form a

solid plastic film which represents the holographécording material. In our research

project we use two kinds of substrate as showabtet4.3.

Table 4.3Substrates used to films.

Substrate Trademark
Glass Lauka Mexicana S.A. de C.V.
Commercial . 3M-PP2903"
Transparency Films

The glass substrate used in the experiments Haskaéss between 1mm to 1.2mm

and the area of the plates is 145601, 4.4]. The commercial transparency film has a

area of 1444mf The quantity of coating solution to form the fiisdetermined by the

desired thickness of the photosensitive layer agmed in table 4.3. This classification is

considered for the study of diffraction efficieneyolution as a function of thickness’s

films studied in chapter 5.

Table 4.4Classification of sample by thickness’s films.

Thickness Volume of coating solution
Sample
(Hm) (i)
A 34+1 40+1
B 75+1 80+1
C 105+1 120+1
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After deposition of coating solution on the subigtra cover should be placed above
the plate to prevent dust particles falling on fth@. The coating solution is dried by
gravity settling method. The drying time for theoptisensitive layers is approximately 24 h
(sample A) or 48 h (samples B and C). The thickrféss is measured by Digimatic

Micrometer (Mitutoyo Corporatidh Model IP65).

The photosensitive layers used as recording mediaexived from a combination
of composition and thickness of coating solutiorslagwn in table 4.5. In the chapter 5 we

only present the results more significant.

Table 4.5Classification of sample of photosensitive film.

Samples I Il 1]
A IA A HIA
B IB 1B nB
C IC lnc lnc

The presence of water and PVA in the compositiothefmaterial and the way it is
prepared have a decisive effect on the charadtarist the material. The initial solution is
prepared when the material becomes a solid film iand considered “dry”, water is
continuously evaporated. When the holographic [@siog takes place, the material
continues to exchange water with the atmosphere.rate of evaporation depends on the
relative humidity and this has a direct effect ba trying time and formation of the solid

film. [4.5]
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The optimum time to develop the plates is when theyjust dry enough to be handled.
Variations in drying time also affect the maximunffrdction efficiency reached. A lower
concentration of water in the “dry” layer hindersetmovement of molecules of the species in
solution and reduces the diffusion coefficientss thas a great effect on the energetic sensitivity,
since the rate of polymerization is reduced. If¢cbacentration of water in the “dry” layer decrease
far below the optimum value, there is also an esigesncrease in the concentration of monomer,
radical generator and dye; this implies low diffrac efficiency and the presence of strange peaks

and other alterations on the exposure curves. [4.5]

Polymer plates with photosensitizer, once driedy thct like little sponges, and they
immediately begin to absorber humidity of the eoniment. So, when the plates are dry

usually working with them at that time.

The photosensitive layers are sandwiched between stibstrates covers and
between them there are two copper electrodes. [Hotr@les through to the emulsion are

oriented perpendicular to the grooves, which werméd by the interference pattern.

The preparation of coating solution and films waade at room conditions in the
laboratory. The range of room conditions for relatihumidity is 42-62% and for

temperature is 18-24°C [4.1].

4.1.1 Polyvinyl alcohol matrix

The commercial PVA is classified according to thewlecular weight and degree

of hydrolysis, which are the factors that deterntime viscosity of the prepared solutions
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and the capacity of polymers to retain water [413]e main grades of polyvinyl alcohol
can be classified as much hydrolyzed (97.5 — 99.28d partially hydrolyzed (87 — 89 %)
[4.2]. The average molecular weight of the commercial RA4A vary to between 20,000

and 200,000 [4.5]:

* PVA with a low average molecular weight have slobidins and give solutions of
low viscosity and little capacity to retain watermnit of mass.

» PVA with a high average molecular weight usuallyda&ery long polymer chains
and when dissolved in water give solutions of higdtosity with a great capacity

per unit of mass to retain water.

The choice of PVA is a fundamental factor in ohbtagna material of great
thickness. The PVA used normally in the bibliognafdr the study of photopolymers has a
low molecular weight §iw = 27,000). This is not suitable to obtain veryckhlayers
capable of being used in holographic memories, vmeans that a high concentration is
necessary and this hinders the photopolymerizgtimtess. Moreover, a great deal of
solution must be deposited in order to obtain #guired thickness, and given the small
amount of water retained, the concentration ofvacsiubstances in the dry film increases
excessively. This gives rise to poor photopolynegran results, since this process depends
directly on the concentrations in the film of m&eand not on the concentrations in the

initial solution. [4.5]

On the other hand, a PVA with a high molecular \Wweilgas very long polymer

chains which give rise to a high light dispersidhis is a factor to be borne in mind in the
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process of recording and reading the data storethenmaterial. Consequently, it is
necessary to find a type of PVA that allows suéfiti water to be retained so as to obtain
layers of the required thickness, and has a maeoutight such that the material does not

exhibit excessive dispersion of light. [4.5]

PVA films doped with C¥ and Fé&® are excellent in real time holographic recording
materials [4.6]. The ion exchange is based on tseillition of soluble ions between an

agueous solution and a reactive polymer contais@bgctive ligands [4.7].
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Chapter 5

Holographic gratings on dichromated
polyvinyl alcohol NiICl,-6H,O doped
films

Photopolymerizable materials belong to self-devetbpolographic materials and
ensure simultaneous real-time writing and readirigholograms [5.1]. Interference
recording of two shortwave in a holographic medadifies some of the optical properties

of materials as conductivity and refraction ind&x].

This chapter discusses the experimental processctod holographic gratings and
the optical setup description to meet objectivdse Experimental results are explained by
the diffraction efficiency as a function of voltaghickness, spatial frequency and relative

humidity.

5.1 Optical setup

When polymeric materials like PVA is exposed tdtig develop charged species
(Table 4.2), and this species can migrate withtetefield and thus conduct electricity. A
self-diffraction was observed without applying a dutage under low intensity optical
irradiation, but the first-order diffraction effemcy increased and the response time of the

grating decreased with dc voltage [5.3].
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The optical symmetrical setup to record the holplgia gratings and read the
diffraction intensity at the same time is showedfigure 5.1 and its description are

explained as follows [5.4, 5.5]:

The film is exposed to recording laser beam “LRHe:-Cd (CVI Melles Gridt, 50
mW, A = 442 nm) which is moderately attenuated by arfitF”, and is divided into two
beams “IR1” and “IR2”, by a beam splitter “BS”. Tharrors “M1” and “M2” are used to
direct respective beams on the sample, producingrfémence between them. The
interfering beams cause modulation of refractivdein The diffracted light is measured
simultaneously during recording by a He-Ne laser’ {CVI Melles Griof®, 30 mW, 1 =
632.8 nm). The intensity of the diffracted beam(+I)” is measured at first order by a
detector “D”. The light beam “Ir” from the “Lr” lay impacts on the sample and the light

that is not diffracted corresponds to “Ir(0)”.

The diffracted beam is measured during hologrammé&bion as a function of
exposure time, although diffraction efficiency eported as a function of exposure energy.
The power supply, VR (B&K Precision Corp., USA)dsnnected to the sample [5.4] and

the DC voltage is regulated until desired value @®and 30 V).
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Figure 5.1 Optical setup for re-time holograpic gratings
recording by different spatial frequencies.

The experiment tests are carried out with and withmltage by different spatial
frequencies and types of coating solutions whiehfanction of thickness and composition
materials. The angles of two intersecting recordir@gms are shown in table 5.1 are

nonlinear and each angle corresponds to partisplatial frequency and period of gratings

for the seven positions where samples are taken.
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Table 5.1Angles of intersecting recording beam and spé&tgjuency[5.4]

Angle Spatial Frequency Perioc

(lines/mm) (um)
B1 24.3° 666 1.50
B> 26.6° 726 1.38
B3 28.1° 766 1.31
B4 30.0° 816 1.23
Bs 32.3° 878 1.14
Be 36.1° 978 1.02
B, 40.6° 1098 0.91

The experimental setup illustrated in figure 5dsatibes seven angles that vary
from B; to B7, and their values depend on the photosensitivie plasition and intersecting
recording beams. The angle increases as the filproaphes the beam splitter.
Photosensitive plate films are placed in these rseagually spaced positions, coming
toward the beam splitter prism, to the closesttmosi number seven. Due to the physical
size of the mechanical base that supports the pbaositive substrate, these seven
measurements are made at constant distances. @iasibr is purely circumstantial, due to
the experimental methodology used, but this wasepbrting the results does not alter the

main context of what we want to describe. [5.4]

The diffraction efficiency curves are developednirdhe estimation of average

values for experimental data that corresponds toessets of recordings for different

spatial frequency, thickness and composition sasnplepending on the study reported.
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The diffraction efficiencies are calculated at tfisrder, and their values are
normalized. The curves are defined by polynomiahdr line for obtain more adequate
visualization experimental results, and have a srattical representation of the behavior

of the material for future research.

5.1.1 Evolution of diffraction efficiency by relatve humidity

influence

The presence of external electron donors [5.6] tmad effect of environmental
humidity on the photosensitivity and the real tirhelogram recording had been

investigated in dichromated polyvinyl alcohol (DCRMilms [5.7].

The optimal time is determined mainly by externatumnstances as environmental
humidity, temperature, and laser beam stabilizatoatibration of the radiometer, correct
alignment of the holographic interferometric arramgnt, and proper alignment of

polarization of the beams.

The first parameter to be diminished affecteches énergetic sensitivity, while the
maximum diffraction efficiency is also reduced toag after the optimum point. [5.8]. The
dependence of real time diffraction efficiency ofCBVA films on the relative

environmental humidity has been studied for voluraasmission holograms [5.7].
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In order to achieve greater reproducibility andtdretesults for the holographic
parameters, the exact optimum processing pointldhbe determined and the drying

conditions (relative humidity and temperature) whmnsust be strictly controlled [5.8].

In almost all cases studied, higher relative hutyitias a positive effect on the
photoreduction and the subsequent crosslinkingpéenRVA matrix; therefore, this notably
improves the photospeed and the real time diffoacéfficiency with and without electron
donors; and low humidity environmental weaknesslitsif life and reduces the diffraction

efficiency several times [5.7].

Table 5.2 describes environmental conditions, pHadting solution and spatial
frequency to testing. The holographic propertiesD&PVANi (sample IA) have been

studied during real time holographic recording #meldiffraction efficiency is estimated to

order +1.
Table 5.2 Environmentaconditions according to spatial frequer
Spatial Frequency (Lines/mm)
666 766
Temperature (°C) 23.4 23.9 21.0 20.0
Relative Humidity (%) 42 54 62 44
pH 4.86 4.85 4.88 4.84

The holographic curve for the photosensitive fillmsa function of exposure energy.

Figure 5.2(a) presents relative humidity of 42% &dperature of 23.4°C. Figure 5.2(b)
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shows relative humidity of 54% and temperature®2C. The curves shows significantly

changes of diffraction efficiency due voltage.

Table 5.3 describes the maximum diffraction efficig (Nmay Value used in figure

5.2 as a reference to normalize the diffractioricifificies results and the equations

obtained due mathematical representation of triemd |

Table 5.3Maximum diffraction efficiency as reference to madize the results in figure 5.2

N max Figure 5.2 Equations

oV y = 0.0064x + 0.0905

(@)
30V Y = 0.0056% - 0.0706x + 0.3599

3.342 %

oV y = 0.0081&2473

(b)
30V Y =-0.0012% + 0.0286x - 0.0243

y: Normalized diffraction efficiency; x: Energy ¢iff)

The best diffraction efficiencies are achieved witem experiment is carried out with
voltage and low relative humidity as shown in figus.2(a). Environmental humidity
modifies holographic curve performance, because nfaterial absorbs the humidity,

making the diffraction efficiency decreases witltage in figure 5.2(b).
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Table 5.4 describes the maximum diffraction efficig (Nmay Value used in figure

5.3 as a reference to normalize the diffractioricefificies results and the equations

obtained due mathematical representation of tremd |
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Table 5.4Maximum diffraction efficiency as reference to malize the results in figure 5.3.

Nimax Figure 5.3 Equations

oV y = 0.006% - 0.0543x + 0.1928
(@)

30V y = 0.002% - 0.0313x + 0.2235

1.353 %

oV Y =-0.0024% + 0.021x + 0.6549
(b)

30V y = 0.1004%107%

y: Normalized diffraction efficiency; x: Energy ¢if)

Figure 5.3(a) presents relative humidity of 62% &dperature of 21.0°C. Figure
5.3(b) shows relative humidity of 44% and tempertof 20.0°C. Both curves present a
meaningful modulation of diffraction efficiency winé is applied a voltage. The saturation
to holographic curve without voltage is achievedrty this exposure energy while for the
voltage curve is necessary more exposure energgbserve the maximum value of

diffraction efficiency.

Higher environmental humidity of 62% as in figure8®@) shows the maximum
diffraction efficiency reached without voltage tpasial frequency of; = 766 lines/mm,
although lower environmental humidity of 44% adfigure 5.3(b) exhibits the maximum

diffraction efficiency with voltage.
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Figure 5.3Normalized diffraction efficiency at spatial freaquoy
of 766 lines/mm by two different relative humidgti€a) 62% and
(b) 44%. [5.9]

Diffraction efficiency and energetic sensibility teal time holographic recording
are influenced by environmental humidity conditiptisey depend on the nature of the
photosensitive material and the spatial frequenclgdlographic recording even if there is

or not voltage presence [5.9].
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5.1.2 Evolution of diffraction efficiency by module transfer

function

The module transfer function (MTF) of the matera@uld make possible the
prediction and optimization of the quality of theldgraphic image [5.10-5.12]; as well the

spatial frequency of imaging system can be destilyeMTF [5.13].

This parameter is commonly used in optical imagiagd determines the optical
system's ability to resolve every detail of theeabj represented by spatial frequencies; this
is called transfer function TF. To view the TF igasured by units of intensity normalized
MTF. Similarly, the parameter of holographic difftion efficiency, which corresponds to a

normalization of intensities, we apply the samecegn.

MTF curves for normalized diffraction efficiency agunction of spatial frequency
to photosensitive material is plotted in figure.5=ér this study we considerer all the seven
spatial frequency reported in table 5.1. Thereniglgeration (modulation) which reflects an
increase of ability to redirect its molecular sture through an affluent of free electrons
supplied by the metal salts of nickel chloride;sthnduces a kind of latent image
amplification by free charges which are reflectsdaahigher refractive index modulation

when it is exposed to blue light of He-Cd [5.4].
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Figure 5.4 MTF curve of holographic gratings on DCPVANi
films [5.4].

Contrast and brightness of image decrease whegptil frequency increases its
value and diffraction efficiency increases when Wwodtage is applied during hologram
formation to photosensitive layer [5.4]. The bestmalized diffraction efficiency value
observed with voltage corresponds to spatial fraqueff, = 726 and, = 816 lines/mm.
In the case without voltage the top of normalizéttattion efficiency is obtained th =
666 lines/mm. The maximum diffraction efficiencyqfy value used as a reference to

normalize the diffraction efficiencies results i9@7%.

The image quality of holographic gratings on th®fopolymer material is better at
low spatial frequency that is due to the naturawar of the spatial modulation of the
polymeric material, which it is not lineal, like many materials [5.4]. Table 5.5 describes
the changes on diffraction efficiency due to voltaand the greatest region to use for

recording.
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Table 5.5Modulation of diffraction efficiency as a functiaf MTF.

: n (%)
F (lines/mm) oV 20V (?/;])

666 1.204 1.520 0.316
726 0.235 1.998 1.763
766 0.894 0.592 -0.302
816 0.115 2.007 1.892
878 0.154 0.047 -0.107
978 0.246 0.902 0.656
1098 0.011 0.039 0.028

The diffraction efficiency and imaging quality oblume holographic gratings of
DCPVANI films (sample IA) are determined by diffatespatial frequencies and voltage

[5.4].

5.1.3 Evolution of diffraction efficiency as a funtion of thickness

and spatial frequency
Diffraction efficiency during holographic gratindermation on DCPVANi layer
(sample 1) is studied with and without voltage, floree types of samples which depending

on the film thickness: 34 um (A), 75 um (B) and 108 (C). The spatial frequency used in

this experiment i§; = 726 lines/mm.
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Table 5.6 describes the maximum diffraction efficig (Nmay Value used in figure

5.5 as a reference to normalize the diffractioricefificies results and the equations

obtained due mathematical representation of triemd |

Table 5.6Maximum diffraction efficiency as reference to malize the results in figure 5.5.

N max Figure 5.5 Equations
A y = -0.0016% + 0.0399x - 0.0505
(@ B y = 0.0301&06%
C y = 0.0093x + 0.0375
2.469 %
A y = 0.0485x - 0.065
(b) B y = 0.0175&%3
C y = 0.0227x - 0.0541

y: Normalized diffraction efficiency; x: Energy ¢if)

Evolution of diffraction efficiency without voltageas a function of exposure’s

energy, is shown in figure 5.5(a). The normalizatfrattion efficiency reaches the

saturation peak to 4 J/énand 6 J/cthfor curves A and C, respectively. The curve B

continues increasing without to get the saturaéiod the maximum normalized diffraction

efficiency is obtained to 10 J/érf6.5].
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Figure 5.5 Evolution of diffraction efficiency for different
thicknesses to 726 lines/mm - Sample I. (a) 0 V @)B0 V

Generally, the curves increase quickly with voltagel the values are bigger than
without voltage, which represents a significant odation of diffraction efficiency. Figure
5.5(b) shows the evolution of diffraction efficignas a function of exposure’s energy with
voltage. The highest values of normalized diffractefficiency are reached to 9 Jfgrfor

samples A and B, and to 8 Jfgrfor sample C [5.5].
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The development of diffraction efficiency curves three different thickness films
is determined with or without voltage but in bothses the sample IB has the most
favorable thickness to register holographic gratifgy this exposure energy fat= 726

lines/mm and the greatest values of diffractiomncefhcy take place with voltage [5.5].

These types of emulsions usually do not preseiadtfon efficiencies as high as
conventional holograms display due to duality answee ability to record holographic
images and the potential response with voltage ow Intensity; this opens new
opportunities to innovation diffractive optical elents development which can be

modulated by a voltage signal [5.5].

Real time holographic recording on photosensitayet | is also studied varying the
thickness and spatial frequency in addition to vaitidl without voltage. The thicknesses of
film are 34 um (A), 75 um (B) and 105 um (C). Tatsal frequency study is defined for

f, = 726 lines/mmfs = 766 lines/mmfs = 878 lines/mmandfs = 978 lines/mm.

Table 5.7 describes the maximum diffraction efficig (Nmay Value used in figure

5.6 as a reference to normalize the diffractioricediicies results and the equations

obtained due mathematical representation of tremd |
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Table 5.7Maximum diffraction efficiency as reference to malize the results in figure 5.6.

Nimax Figure 5.6 Equations
726 lines/mm y = -0.002x 0.0493x - 0.0624
766 lines/mm y = 0.0007% 0.0017x + 0.2241
@ 878 lines/mm y = 0.0P&8%*
978 lines/mm y = -0.0002% 0.0055% - 0.0284x + 0.0864
1.998 %
726 lines/mm y = 0.0599x - 0.0803
766 lines/mm y = 0.0003x 0.0042x% + 0.0257x + 0.1349
® 878 lines/mm y = -0.000%» 0.003% - 0.0197x + 0.05
978 lines/mm y = 0.0238&%%%

y: Normalized diffraction efficiency; x: Energy ¢if)

Figure 5.6 shows two graphics, with and withouttagé, with evolution of
diffraction efficiency in sample IA to different apal frequency. The maximum value of
normalized diffraction efficiency without voltage ieached to 10 J/éwhich corresponds
to f3 = 766 lines/mm as shown in figure 5.6(a) and witlitage it is also reached to 10

Jlcnt tof, = 726 lines/mm as presented in figure 5.7(b).

The diffraction efficiency evolution with voltagemproves respect to without
voltage results. The diffraction gratings with \agle have more sensibility than without
voltage due to the fact that it produces a sigaificfaster time of response and rate of

photo-polymerization.
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Figure 5.6 Normalized diffraction efficiency for spatial fregncy
profile - Sample 1A: (a) 0 V and (b) 30 V

The evolution of diffraction efficiency getting sample IB is obtained by different
spatial frequency allow identify what is the optimposition to get the best diffraction

efficiency as a function of exposure energy witis ttonditions.
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Table 5.8 describes the maximum diffraction efficig (Nmay Value used in figure

5.7 as a reference to normalize the diffractioricefificies results and the equations

obtained due mathematical representation of trenwd |

Table 5.8Maximum diffraction efficiency as reference to malize the results in figure 5.7.

Nimax Figure 5.7 Equations
726 lines/mm y = 0.030%&%%
766 lines/mm y = 0.0082x + 0.018
(a)
878 lines/mm y = 0.0018x - 0.0045
978 lines/mm y = 0.0029x + 0.0075
2.469 %
726 lines/mm y = 0.0178&**
766 lines/mm y = -0.0008» 0.0186x - 0.0033
(b)

878 lines/mm

978 lines/mm

y = 0.0088""

y = 0.0048&7

y: Normalized diffraction efficiency; x: Energy ¢if)

The greatest diffraction efficiency reached forstsample corresponds =726

lines/mm either with voltage for figure 5.7(a) oithwout it for figure 5.7(b). Maximum

diffraction efficiency used to normalize the valussresponds to energy of 10 Jfcwith

voltage.
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Figure 5.7 Normalized diffraction efficiency for spatial fregncy
profile - Sample IB: (a) 0 V and (b) 30 V

Progression of diffraction efficiency by differespatial frequency is considered in
sample IC. Table 5.9 describes the maximum dififoacefficiency (may value used in
figure 5.8 as a reference to normalize the diffoacefficiencies results and the equations

obtained due mathematical representation of tremd |
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Table 5.9Maximum diffraction efficiency as reference to malize the results in figure 5.8.

Nimax Figure 5.8 Equations

726 lines/mm y = 0.0239x + 0.0967
766 lines/mm y = 0.0198&%%>*

@) 878 lines/mm y = 0.0006x + 0.0039
978 lines/mm Y =-0.0002% 0.004x + 0.0292

0.959 %

726 lines/mm y = 0.0584x - 0.1394
766 lines/mm y = 0.0441&1%

(®) 878 lines/mm y = 0.0114&%
978 lines/mm y = 0.0048x + 0.0247

y: Normalized diffraction efficiency; x: Energy ¢iff)
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Figure 5.8 Normalized diffraction efficiency for spatial
frequency profile - Sample IC: (a) 0 V and (b) 30 V
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The upper limit of normalized diffraction efficiepccorresponds to 10 J/ém
without voltage in figure 5.8(a) and 8 Jfcmith voltage in figure 5.8(b), both of them are

gotten tof, = 726 lines/mm.

From the experimental results, we can infer thatthiickness is an important factor
that influences the efficiency values. In this martar case, the sample IB shows the best
gualities to spatial frequency & = 726 lines/mm for voltage test which increase

significantly respect to with no voltage study.

5.1.4 Evolution of diffraction efficiency as a funton of
composition’s films

Experimental data is developed at real time witth @ithout voltage for three types
of films which are a function of coating solutioansposition and volume ratio (samples I,
Il and 1ll). The thickness considered in this expent corresponds to sample B (75 pum)

which presented the best diffraction efficiencyutessand the spatial frequencyfis= 726

lines/mm.

Table 5.10 describes the maximum diffraction efindy (1m.) value used as a

reference to normalize the diffraction efficiencresults in figure 5.9 and the equations

obtained due mathematical representation of triewd |

56



Table 5.10Maximum diffraction efficiency as reference to malize the results in figure 5.9.

N max Figure 5.9 Equations

| y = 0.03018%
(@) I y = 0.00278017>x

I y = 0.0029¥% - 0.0332x + 0.1414
2.469 %

| y = 0.01758%34%

(b) I y = 0.0066x - 0.0239

1l y = 0.04468 1083

y: Normalized diffraction efficiency; x: Energy ¢if)

Figure 5.9(a) gives an idea about the evolutiordifffaction efficiency without
voltage for films: I, Il and Ill. The best diffrdon efficiency behavior of curves
corresponds to coating Il which has more nickeltsrsolution composition; the maximum
normalized diffraction efficiency takes place to Ifcnf. The curve for film Il is
insignificant respect the other two curves due fihis does not have metallic salt in the

coating solution, that is an evidence of positiffect of nickel in the solution.

Figure 5.9(b) illustrates the evolution of diffrext efficiency with voltage (30V)
for films: I, Il and lll. The values increase a lafth voltage and the curves get the
saturation. The highest normalized diffraction @&ncy corresponds to coating | at 10
Jicnf. The curve for film Il for voltage remains insijoant respect the other two but
increase relatively to absent of voltage. Themrait be conclude that voltage increase the

diffraction efficiency for this films under this nditions of thickness and spatial frequency.
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Figure 5.9 Evolution of normalized diffraction efficiency for
different coating solution. Thickness: 75 um andtip frequency:
726 lines/mm. (a) 0 V and (b) 30 V

5.1.5 Evolution of diffraction efficiency with charge of voltage

The study of diffraction efficiency using differembltages is carried out &= 978
lines/mm for sample IA. The results are shown gufe 5.10, which can observe that
diffraction efficiencies with 30 V are higher thamose with 10 and 20 V. In the above

figures, we have been discussed that in most otdlses the voltage has a positive effect
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for the increase of diffraction efficiency but fraims test we can infer that the voltage has

to be significantly high to make the differencdhe results.

Table 5.11 describes the maximum diffraction efindy (1m.) value used as a

reference to normalize the diffraction efficienciresults in figure 5.10 and the equations

obtained due mathematical representation of triewd |

Table 5.11Maximum diffraction efficiency as reference to malize the results in figure 5.10.

N max Figure 5.10 Equations
0V y = 0.0024x + 0.0085
0.902 % 20V y = 0.0022x + 0.0197
30V y = 0.053&1388&

y: Normalized diffraction efficiency; x: Energy ¢iff)

The curve for 0 V is notably higher than curveshwi® and 20 V but significantly

lower than curve of 30 V, where the latest curvetio@ed does not yet reach saturation.
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Figure 5.10 Evolution of normalized diffraction efficiency for
sample IA by voltage changes. Thickness: 34 um Spatial
frequency: 978 lines/mm.
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5.1.6 Evolution of diffraction efficiency as a funtion of substrate

Table 5.12 describes the maximum diffraction eéindy (1m.) value used as a

reference to normalize the diffraction efficiencresults in figure 5.11 and the equations

obtained due mathematical representation of triewd |

Table 5.12Maximum diffraction efficiency as reference to malize the results in figure 5.11.

Nmax Figure 5.11 Equations
oV y = 0.0121x + 0.2433
) @ 30V y = 0.0199x + 0.573
S oV y = 0.01798&214
® 30V y = 0.0232%M%%

y: Normalized diffraction efficiency; x: Energy ¢if)

The study is carried out at spatial frequericy 666 lines/mm with sample IA.
Figure 5.11(a) presents the holographic curve &nroercial transparency film substrate
with pH of 6 and room conditions of relative huntydand temperature of 32% and 19.3
°C, respectively. Figure 5.11(b) presents the halolgic curve for glass substrate with

room humidity of 46%, temperature of 23.6 °C andgii3.

Both figures, the holographic curve without voltagaches the saturation, and after

that the diffracted intensity starts to decreases fiolographic curve with voltage grows up

when the exposure energy increases.
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Figure 5.11 Normalized diffraction efficiencies of hologramrifioation
with different substrates: (a) Commercial transpayefiim substrate,
and (b) Glass.

The maximum values of normalized diffraction eficcies achieved are observed
in figure 5.11(a) when the commercial transparefilay is used as substrate. The better
experimental results about diffraction efficienc@srespond to commercial transparency
at this spatial frequency and environmental coadgi The photosensitive material shows a

significant dependence of the substrate, factorapd relative humidity to evolution of

diffraction efficiency.
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5.2  Sensitivity of DCPVANI film

Table 5.13 shows the sensitivity of the materiatigd for sample IA considering

the voltage modulation and using the results basefigure 5.6 where the best sensitivity

takes place for 816 lines/mm with ad without votaghe maximum angular sensitivity

corresponds to 666 lines/mm.

Table 5.13 Sensitivity and angular sensitivity of DCPVANi (d 34 ym) as a

function of spatial frequencies.
oV 30V
f 0
(lines/mm) n n S
(%) (cm/J) (%) (cm/J)
666 0.44 1.204 3.227 1.520 3.626
726 0.41 0.524 5.323 1.998 4.157
816 0.36 0.206 33.373 2.007 4.167
978 0.30 0.563 3.678 0.902 2.793

Table 5.14 illustrates the sensitivity of the miatlestudied for sample | taking into

consideration the voltage modulation and thickrfessesults of figure 5.5 where the best

sensitivity values corresponds to thickness A @#= 1um) with ad without voltage.

Table 5.14Sensitivity of DCPVANI f, = 726 lines/mr) as a functior
of thickness.

ov 30V
d
(Hm) n S n S
(%) (cm/J) (%) (cm/J)
34+1 0.524 5.323 1.998 4.157
751 0.663 1.809 2.469 2.095
105+1 0.551 0.707 0.959 1.036
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Chapter 6

Discussion

The photosensitive material (PVA doped with dichabenand nickel) is developed
as an alternative photopolymer for recording medfee use of nickel as sensitizer
improves the optical results in diffraction effioiy. The additional wet chemical

developing process is not needed.

The holographic gratings are already analyzed dutiire exposition process and
hologram formation can be detected immediatelyragtgposure and hence the
polymerization process. The environmental condgi@amd pH of solution really

affect the performance of material to holograpbigrfation.

The results of holographic gratings are studieddiwerse parameters as spatial
frequency, thickness and composition of coatingutsmh, but we always

differentiate between with and without voltage agadion.

The light exposure to this photosensitive matet@lelops charged species, and this
species can migrate under an electric field and tbonduct electricity. This
behavior is taken advantage of addition of nickeloede and voltage, which
fundamentally increase the diffraction efficiendyhe electronic orientation also

contributes with this improvement because the ftdviree electrons guided along
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the grooves forms of the diffraction gratings. Tpteotoinduced electron transfer
processes caused by excited electronic states wipaands has an effect of
strengthen in the modulation of the diffractiontgrgs due to the free radicals get
excitation with luminous radiation of recording bgaand it is form part of

fundamental properties of timeaterials.

« The diffraction efficiency values are normalizedpect the maximum value in each
figure and the curves are defined by polynomiahdréine. These experimental
results are modest, but their contribution is fecl positive voltage effect over
the performance, which give us an idea about tlsilddity of this material to
duality of behavior: photosensitivity and abilityp tconduct electricity. The
potassium dichromate and nickel chloride allow thath duality persist it is an
important accomplishment owing to the nature ofoafium which generally
oxidizes tightly surrounding components. The niokabride hexahydrate agree to
an easy assimilation into the polymeric matrix (BVdue extra water content,

which is used to make a conductive film.

« The fact that diffraction devices can census infiam for small electric fields this
material becomes attractive for technological pennce idea. This photosensitive
material can be used to develop holographic devaesreas such as MOEMS and

MEMS, after some parameters are optimized.

This line of investigation can be continuing grop; especially in the enhancement

of this photopolymer material as recording medtacduld be taking advantage of its
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photosensitivity and ability as conductor media.effhthe future investigations would
include:
« Increase the efficiency of holographic diffractigmatings in this material by the
insertion of various polymeric matrices.
« Increase the voltage response range of this mhteria
« Perform the signal modulations through this materia
« Study the behavior of the resistivity, conductivitharge transport, charge density
of this material.
« Increase the stability of this material hygroscopid the lifetime of recorded
gratings.

« Implement the development of electro-optical devigsing this material.
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Chapter 7

Conclusions

The main conclusions resulting of the study of vasraof holographic gratings as a
function of voltage on dichromated poly vinyl alobhdoped with nickel (II) chloride

hexahydrate are enunciate as follows:

o« The samples studied have a great capacity for mtdaol of the diffraction

efficiencies of voltage application.

« The most modulation efficiencies holographic diétran gratings is presented for

DCPVAN: film to 816 lines / mmAnzov-ov = 1.892%).

« The relative humidity affects the diffraction ef@acies with significant modulation

response of the material whergov> nov when RH <50%.

« The use of N¥ as sensitizing agent markedly improved diffractéfficiencies in

dichromated polyvinyl alcohol.

« The best results of diffraction efficiency corresgs to thickness B (d = 75 #in)

and spatial frequendy=726 lines/mm.
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« The lower exposure energy required for holograpkimording when voltage is
applied corresponds to spatial frequehcy 816 lines/mm, thickness A (d=34+ 1

um and sensitivity (S = 4.167 cm/J).

« The best results of diffraction efficiency as adiion of substrate were obtained

with the commercial transparency.
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