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Effect of the oxidation state and hydrogen concentration on the lifetime
of thermally fixed holograms in LiINbO;:Fe
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The lifetime of thermally fixed holograms in iron-doped lithium niobate is extensively studied for samples
with different iron oxidation state and hydrogen concentrations. The results clearly follow the theoretically
predicted relationship of the lifetime of fixed holograms with these parameters. This undoubtedly proves that
only protons are the ionic charge carriers responsible for thermal fixing in these crystals. From these measure-
ments of lifetimes at different temperatures under uniform illumination, the diffusion coefficient for protons is
determined to b®,,=(1.4x10 3 cn?s Y)exd —(0.95 eV)kgT].
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[. INTRODUCTION pointed out that hydrogen is an impurity responsible for fix-
ing in LINbO;3. In a second step the hologram is developed
Recently there has been an increasing interest in the udsy using homogeneous illumination at lower temperature, at
of stable volume holograms for different applications, e.g.which the ionic grating is frozen, acting on the electronic
narrow-band optical filter$, diffractive devices, optical ~ grating. The result of this process is to recover the diffraction
memories’i_S optica| Corre|ator§’ and dense Wave]ength_ efﬁCiency partlally We will refer to this process as “devel-
division multiplexing demultiplexerThis is mainly due to  OPing the hologram.” The diffraction efficiency observed af-
the recent improvements in the fixing techniqueter this st_e'p is produc_ed.by the' resulting grating. This !s.the
knowledge®1* now giving the possibility of producing superposition of the ionic g_rat!ng, produc_ed by the fixing
stable, optically nonerasable, holograms of very high diffraclProcess, and a part of the initial electronic one. The elec-

; L o tronic grating is decreased and, which is more important,
tion efficiency(close to 100%in LiNbO; crystals® Such a . . .
high diffraction efficiency can be achieved in a sample ofSh'ftG(j by the homogeneous illumination of developthg.

less than 1 mm thick. This means that this material can su rhe role of the high photovoltaic effect exhibited by Fe in
) N . . : SUithium niobate is absolutely fundamental for highly devel-
port fixed holographic gratings of relatively high refractive

: h ith other oh fracti . Ioped diffraction efficiency in relatively thin samples.
!ndex_c ange compr_;\r_ed with other photore ractlve_ maltzerlas Another method by which to obtain long lasting holo-
in which thermal fixing has been observ¢&8aTiO;,

13 14 15 R grams insensitive to the reading light in LiINBQO's based on
KNbO3;,"*KTN,*BSO!® and LaGa;SiO 4 Pr* (Ref. 16]. multiphoton recording, using one-color light nonlinear ef-
The reason for this higher diffraction efficiency is known atfects or two-color light. It was discovered in 1974and
the present time to be due to the role of the hlgh phOtOVO'tai(éXtensive|y Studie(ﬂsee Ref. 22, and references the)‘e]n
constant of Fe in lithium niobate in developing of the the case of two-color holography, the sensitizing light of
holograms:**’ shorter wavelength promotes the electronic charges from
The thermal fixing procedure basically consists of trans-deep traps to shallow ones, and light of longer wavelength
forming the light-erasable trapped charge pattern, resporusually in the near IRis used for recording. Then, using
sible for the standard photorefractive effect, into a fixedonly reading light at the recording wavelength, the stored
(light-insensitive matched pattern. Then damage of thehologram is not appreciably erased. The holograms can be
stored information during readout is avoided. This effect wasptically erased by the shorter wavelength light. Compared
discovered in 1971 by Amodei and StaeBfefhe complete  with thermal fixing, the advantages of this method are that it
thermal fixing process includes two steps. First, during oiis all optical and near-infrared coherent light can be used for
after recording, the sample is heated to temperatures in thecording. In contrast, the main disadvantages are the lower
120-180 °C range. At these temperatures,ibhs presentin  maximum diffraction efficiencies and dark decays of the or-
the sample move to form a grating that neutralizes the formeder of several month@ much shorter than in thermal fixed
electronic trapped charge grating. This step is called “fixing” holograms. Recent studies showed that dark decay times can
throughout this paper. The first evidence of hydrogen redisbe enlarged using a second dopant which introduces deep
tribution in a LiNbO; crystal illuminated by a macroscopic traps in the materig>?4 In any event, two-color recording
light beam at high temperatuf@60°) was reported by Vor- seems to be more useful for holographic memories, whereas
mannet al’® in 1981. More recently Buset al?® demon-  thermal fixing could be more convenient for single diffrac-
strated that a macroscopic impurity valence distribution intive devices. In any case, thermal fixing and two-color re-
duced by a light beam is compensated by ‘arddistribution  cording are not opposite techniques, and could be combined
after heating the sample at about 160°C. These workfor mutual benefit.
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TABLE |. Sample characteristics.

@477 nm(cm™Y) [FE]I[Fe] N, (cm 3 @870 nm(CM™Y) [Ho] (cm™3)

Sample No. 1 35 0.045 7410 1.6 1.7 10'°
Sample No. 2 2.9 0.037 6x110'7 0.32 3.4x10'8
Sample No. 3 0.45 0.0056 9<@10' 2.94 3.13% 10"

The purpose of the present work is to study the effect othe three samples are summarized in Table I. It should be
the oxidation state of the photorefractive impurity and of thenoted that for all samples the amount of hydrogen is well
concentration of hydrogen on the lifetimes of fixed holo- higher than the amount of Ee ions, so in all cases there is
grams. In this study we will determine the optimum crystalenough hydrogen for a full compensation of the hologram
conditions to obtain fixed holograms with the longest pos-gratings during the fixing process.
sible lifetimes and the highest diffraction efficiencies to be The holograms were recorded using a two-beam coupling
useful for practical applications. It was recently determinedconfiguration with an Af laser at 514.5 nm. Both writing
that the oxidation state of the samples, i.e., th&"Fee’* beams were expanded to illuminate the entire sample. The
ratio, influences the fraction of the initial hologram that cancrossing beam half-angle set in this work to 14.9° in order to
be developed, and hence the final diffraction efficieldyor ~ have holograms with a grating spacing of L. To avoid
a given total dopant amount, the more oxidized crydialth ~ the spatial charge accumulation due to the photovoltaic effect
low [FE¢"/F€"] ratio) give relatively more highly devel- exhibited by the lithium niobate crystals under illumination,
oped holograms. On the other hand, the theoretical predidhe samples were short circuited by covering their four lat-
tions show dependence of the decay time of fixed hologrameral faces with conductive silver paste. In this setup the
on both the oxidation state and the hydroxyl sample was oriented with its axis parallel to the face and
concentratiorf:?® By means of thermal treatments in the lying in the incidence plane. A He-Ne laser beam of very low
proper atmosphere, it is possible to act on the oxidation statgower, impinging on the sample at its Bragg angle, was used
of iron ions and on the total OHcontent of the samples. We as a probe. The diffracted part of this beam was continuously
have carried out measurements of fixed hologram diffractionmonitored.
decays at different temperatures and for different sample For the recording and fixing of holograms, the sample was
characteristics. mounted in a holder placed inside a vacuum chamber pro-

vided with large optical windows. The temperature of the
Il. EXPERIMENT sample could be changed between 20 and 300 °C by means
of a small heating element in contact with the holder. A ther-

The samples used in our experiments were obtained frorocouple was used to measure the temperature continuously.
lithium niobate crystals grown from a congruent melt dopedtemperature control with a precision of0.1°C was
with 0.1 mol% of iron. From them samples of X®  achieved by an Eurothem 818 Temperature Controller/
x 1.3 mn?, with the crystallographicc axis laying on the Programmer. With this system the holograms could be ther-
larger faces, were sawn and polished up to obtain opticahally fixed either during or after recording. Optical develop-
quality surfaces. ment of fixed holograms was produced by illuminating both

Different reduction states and/or different OHtoncen-  sides of the sample with the white light of two 150-W halo-
trations were achieved by undergoing the samples t@en tungsten lamps focused on the surfaces. Both faces of
oxidation/reduction thermal treatments in proper atmo-the sample were illuminated totally during the developing as
spheres. Sample No. 1 is from the as-grown crystal. Samplgell as during all the decay process. Absorption of this light
No. 2 is from the same boule but it was first treated in dryby the samples resulted in an increase of temperature of less
oxygen at 800 °C fo2 h toreduce the hydrogen content, and than 5 °C in all cases, and they reached a stable level in about
subsequently to a slight reduction treatment at 500 °C in & min.
vacuum to restore approximately the initial iron oxidation
state. Finally, sample No. 3 was strongly oxidized in wet
oxygen at 900 °C for 3 h.

The iron oxidation state and the OHcontent of the The time evolution of the diffraction efficiency of holo-
samples were checked by measuring their optical absorptiograms of 1xm fringe spacing was measured under white-
at 477 and 2870 nm, respectively. The reduction state of thight illumination for a long time at different constant tem-
samples was estimated from the absorption coefficient at 47@eratures. These measurements were done in the three
nm with the absorption cross-section parameter for thé Fe different samples presented in Sec. II. The signal decays ob-
band?® and assuming that the total iron concentration in thetained resulted in all cases to be pure single-exponential time
samples was about 0.09 mol% due to an iron segregatiodependencies without any constant background. For each
coefficient slightly smaller than 4. The hydrogen concen- sample a higher temperature resulted in a faster decay. These
tration was estimated from the absorption coefficient of theacts inform us that the decays are due to a single thermally
OH™ stretching band at 2870 nm and the correspondingctivated process.
cross sectioR® The obtained values of these parameters for Figure 1 shows Arrhenius-like plots of the exponential

IlI. RESULTS AND DISCUSSION

165101-2



EFFECT OF OXIDATION STATE AND HYDROGEN.. .. PHYSICAL REVIEW B5 165101

T T 19 T L M T T T l"‘
14+ 1 B Sample #1 .
; 18 A Sample#2 E
13} o —_— ® Sample #3 0’
| A w17t 1
—_ , | -
@ 12+ & ;t:_ 16} ."",,o .
-, . . pd i
= MMF /'/ 1 ) 15} l""‘. 4
=1 7 R I -
e <& Sample #1 = n A=1
i - - =1um
10 e Sample #2 - 14r i 4
4 Sample#3 | < .',,,-l‘
9 /,k/ ] 13 '.' . 1
25 26 2.7 2.8 2.9 3.0 3.1 26 27 2.8 29 3.0 31
_1000 1000
T (°K) T (°K)

FIG. 1. Arrhenius-like plot of the lifetime of fixed holograms of FIG. 2. Plot of the lifetime values multiplied by the correspond-
1-um grating spacing at different temperatures for the three differing [(Hq/N) +1] factor for each sample vs the inverse absolute
ent samples. Full squares, circles, and triangles correspond to valutsmperature of acquisition.
derived from the experimental decays. The values obtained for each
sample were fitted to a straight line. and in our case this is of the order of 140 mWfcrthe

developing is done in a short initial time, very fast compared
decay time factors. For each sample the points appeawith the decay times, as we observed experimentally. In fact,
aligned in a straight-line dependence. Furthermore, the linesven for the highest temperatures used in our experiments,
corresponding to the three samples appear parallel to the otthe white-light intensity provided by our lamps was always
ers, announcing that the processes involved in the decaysgh enough to fully develop the holograms in a much
have the same activation energy but different preexponentiahorter time. So the subsequent slow decay, that is what we
factor for different samples. From the common slope wemeasured precisely, is already a single exponential.
have determined an activation energy d,=0.95 In this situation of strong uniform illumination, the ob-
+0.02 eV. Later we will discuss this value in comparisonserved slow time decay has a constant #ate= y,R3K?(1
with other values found in the literature. As the differences+N,/H,), where y,=eu,Ho/ce, is the dielectric relax-
among the samples are their oxidation state and hydrogestion rate of protonsRy= (eeoksT/N;e?) 2 is the Debye
concentration, it is also evident from Fig. 1 that these charscreening length, an&=2=/A the grating spatial fre-
acteristics influence the lifetime of the fixed holograms. quency.N,=N_Ng4/(N,+Ng) is the effective trap density
andH, the proton densityu,=De/kgT being the protonic
A. Comparison with the theory mobility, whereD,, is the diffusion coefficient of protons in

: . . lithium niobate. After substitution, we can easily write the
We will consider the theory for high-temperature photo-SIOW rate in the form

refractive phenomena in lithium niobate crystals, derived by
Sturmanet al,?® for electrons and protons as charge carriers

in this material. According to this theory, the thermally acti- I’ :E =D, K2
vated kinetics of the electric-field amplitude of a holographic ST

grating at a given temperature is complex. The time evolu- o )
tions in the dark as well as under uniform illumination are in The thermal dependence comes from the diffusion coeffi-
general a linear combination of two exponentials whoseFi€ntDy in the form

characteristic rate constants are due in a mixed way to elec-

tron and proton diffusion. Only in particular situations can Dy=Dp-exp( —Ea/KgT). 2
these time constants be attributed separately to diffusion of

one of the charged species. In our situation of intense illumi- Note that in this expression the activation enefgycor-
nation we are in the approach of fast rising time process ofesponds purely to the hydrogen diffusi¢ey, in Ref. 25,
developing and a subsequent slow decay. The constant ragd not to a mixed energy due to activation of electrons and
for the fast developing is just the dielectric relaxation rate ofprotons.

electrons, I'i=y2"=euoloNp/eeqyN,, Where e is the In order to check the validity of the theoretical depen-
electron chargey, is the electronic mobilityg is the photo- dence given in expressiofil), in Fig. 2 we draw an
ionization cross section,y is the light intensity of active Arrhenius-like plot of the product of the lifetime values by
wavelengthNp andN, are the concentrations of donors and the factor{ (H,/N,) + 1] that characterizes each sample. The
acceptors, respectively,is the trapping coefficient, angk result is that all points measured for the different samples fall
is the dielectric permittivity of the material. This rate con- along the same straight line. This result confirms the theo-
stant is related to the photoexcited charge carriers. Becausetically predicted dependence ¢ty /N; and the tempera-
this rate is proportional to the intensity of developing light, ture.

H
241

N, . (1)
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16— T RS Dy=[(1.4+0.5x10 % cn?s 1]
Sample #1, T=110°C v N
;‘; Y «(8) = 31000 x [A2 (um?)] ] X exd —(0.95+0.02 eM/kgT]. 3)
Q We want to remark here that with this method to obtain the
¥ K ’ ] diffusion coefficient for hydrogen in lithium niobate, we ac-
w 8 8 cess the value for bulk diffusion. This is because the grating
= ’ planes are distributed all over the bulk, and their decay is
~ L ; e ..
> & driven by the average diffusion in all the volume, where the
6 4r o 7 volume occupied by dislocations or other defects that could
g ‘.f' : alter the diffusion is of small importance.
1". 1 " 1 L Il L
00 04 08 12 16 20 24 C. Comparison of activation energies and preexponential
GRATING SPACING A (um) factors

FIG. 3. Plot of the lifetime values for holograms with different In respect of the activation energy, there is some discrep-

fringe spacing at 110 °C for sample No. 1 vs the spatial frequency?*'cY among the different _report_ed valiésve wil Consid_er
K. only those measured optically in processes related with ho-

logram fixing in the bulk. Other techniques such as macro-

In the literature there is a dispersion of values of the hy-Scopic proton diffusion can receive a contribution of conduc-
drogen absorption cross section obtained by different techivity along dislocations or other defects._ The authors_ of Ref.
niques. The authors of Ref. 29, using nuclear magnetic res4 gave a value oE,=1.03+0.02 eV in an experiment
nance measurements, obtained a valuergf=(3.3+1.1)  Similar to the one presented here, but with the difference that
% 10" 2% c?, which is the lowest reported value. Ko in the former work the crystal was illuminated during decays
et al3® determined a value afo,=(6+3.8)x10"2° cn? by with a coherent beam, which formed, with its internal re-
atomic absorption spectroscopy. From photorefractive fixing{LeCt_ed part, some interference fringes inside the sample,
was also possible to obtain this constant, giving a value ofé@ding to a spatial intensity variation and to irregular illu-
oon=(9.4+1.6)x 10”2 c?, 28 this being the value we con- Mination. Now we illuminate the sample with incoherent
sider in our calculation of the hydrogen diffusion coefficient White light from both faces.
because it is determined with the same kind of average of Other reported decay measurements are done under dark
hydrogen situations inside the crystal. Other published valconditions. One of these measurements is the decay of the
ues areo o= (40+20)x 10”2 cn?, determined by Richter developed hologram in the dark at temperatures in the range
etal3 using secondary-ion-mass spectroscopy, ang;, /0—120 °C3* In this case the decays have to be interpreted,
= (41.5+6)x 10 2% cn?, obtained in Ref. 32 in studies of after the theoretical study of Ref. 25, as due to the movement
proton diffusion. These two last values were obtained fon the ionic grating to compensate the shifted electronic grat-
proton exchanged layers where the concentration is ver{f!d- These decays were in most cases faster than decays un-
high and the behavior of protons could be different. In theder illumination, and did not depend on the grating spacing.
case of an error in the value of absorption cross section, then€y could not be fitted only to one exponential without
analysis of the results and the look of Fig. 2 are not apprePackground. A reanalysis of data presented in Ref. 34 to
ciably affected. The activation energy will be the same. Onlydouble-exponential decays resulted in a fast decay indepen-
the preexponential factor could be affected. dent ofK and a very slow decay with time constant depend-

The quadratic dependence of the slow rate on the gratinj'd On the grating period. The analysis of the thermal depen-
spatial frequencyK was also investigated. In Fig. 3 we dence of the fast decay resulted in an activation energy of
present the decay rates obtained for different grating spacinb-l& 0.1eV.
at a constant temperature of 110 °C, plotted versus the spatial Other veny recent dark measurements are those from El-
frequency. The points are very well fitted to a paraboliclabbanet al,> corresponding to the fixing compensation of
curve passing by zero. the electronic scattering gratings by protons at different tem-

Thus we have proved that our samples fulfill the predicted®eratures in LINb@ Mn (0.1 mol %. They obtained a value
dependence of the slow decay rate on the effective trap cor®f Ea=1.05-0.03 eV.

36 H
centrationN,, on the proton concentratidt,, as well as on Yang et al™ also carried out temperature dependence
the spatial frequency. This confirms the validity of the Measurements of dark decay experiments in lithium niobate
theoretical frame for the case of our samples. crystals with different stoichiometries and doped with differ-

ent amounts of iron. In highly doped samples they found an
activation energy of 0.28 eV which has been attributed to
electron tunneling between adjacent iron idhsBut for
From the fitting of points of Fig. 2 to a straight line one samples with an iron concentration ofxa0* cm23 or
obtains the value of the proton diffusion preexponential faciower (as in our casethey found activation energies in the
tor DY, resulting in this case a value of (1:4.5) range 1.1-0.97 eV. They also observed a transition concen-
x 1072 cn? s~ 1. Thus, we can say that the diffusion coeffi- tration region with double exponentials in which both acti-
cient of hydrogen in lithium niobate is vation energies are detected. It is worth remarking that for

B. Proton diffusion coefficient
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T T

our samples of 1.810"°-cm™2 iron doping, we did not ob-
serve any tunneling contribution.

We do not have a fully satisfactory explanation for the
moderate differences of the proton activation energy ob-
tained here in comparison with those of dark decays, al-
though we would have some further comments. The theory
developed by Sturmaat al?® predicted, for dark decays in
the approximation of mobility of protons much greater than
that for thermally excited electrons, a double-exponential de-
cay. In this case the fast decay ratd’is~ y,=eu,Hq/€€q
=e’D,Hy/kgTeeg, insensitive to the grating spacing and to
the thermal activation of the diffusion of protons. The slow OH CONCENTRATION (Cm'3)
decay rate is nowl's=vy K?R3(1+N,/H,), where y.
=eunylee, is the dielectric relaxation rate of thermally ~ FIG. 4. Calculated decay times for holograms of 1- and
activated electrons. This latter rate is very small at the tem0.35um spacings at 20 °C using the OHliffusion coefficient ob-
perature range of measurement in Refs. 33—35, and this sei@ined, as a function of the OHconcentration in the crystal. This is
ond decay could be taken into account in the analysis as @ne assuming the oxidation state of sample No. 3.
constant background. If this term is not introduced, there
could be some imprecision in the determination of activationng a hydrogen diffusion coefficierid,, independent of hy-
energy of the fast decay. In our opinion the dark decays havérogen concentration, are obtained for low proton concentra-
certain difficulties for data analysis. Ellabbanal® mea- tion (smallH,) and large effective trap concentratibip. So,
sured the scattering using a weak beam of 488-nm wavehere is a theoretical limit for the decay time constant of a
length. This wavelength is very active for excitation of elec-hologram of a given grating spacing. This is obtained when
tronic charges in doped lithium niobate, and can also affecthe ratioH,/Ny<1 and can be neglected in E@). In fact
the results. Furthermore, these authors did not consider ti@e limit decay times will correspond to those values plotted
existence of a second decay rate, slower in this case. In ths Fig. 2. Note that the magnitude of the vertical axis in this
same sense, the dark decays of Ref. 34 could not be fitted f@ure is actually the limit time coefficienty,=1/D,K2.
single exponentials, and this probably introduces some un- In practice, if one wants to obtain a long-lasting fixed
controlled error in the fitting. By contrast, the decays of thehologram, the crystal must have low hydrogen concentration
present paper, bein@nd predicted to Besingle exponential, and a relatively high effective trap concentration. Using the
seem more adequate to determine this activation energy. diffusion coefficient obtained, in Fig. 4 we plot an estimation

There is also some spread of diffusion coefficient preexof the lifetimes at room temperatuf@0 °C) for holograms
ponential factor values in the literature. Kovagsal®® mea-  with 1- and 0.35xm grating spacings, assuming the oxida-
sured a value of 0.1 cffs, whereas other authdfgeported  tion state of our sample No. 3, as a function of the hydrogen
values of the order of 0.035 &fs. The lowest reported value concentration in the sample. We chose a Quds-grating
was 5.2 10" 2 cn?/s, measured by Clarét al*° in proton-  spacing because this is the required spacing for backreflec-
exchanged lithium niobate. The value obtained in the preseriton in this material of light with a wavelength of 1550 nm.
paper(3) is even lower. However, we have checked that ourAs one can see in the figure, in spite of the lower lifetimes
experimental results of Fig. 2 are not compatible with higherobtained for small spacings, interesting lifetimes of several
values ofDY. For comparison, in TiQit was found' that ~ years could be achieved by reducing the hydrogen concen-
there is an anisotropic coefficient, withD)=3.8 tration. This can be done by thermal treatments in dry oxy-

X 107! cé/s for diffusion perpendicular to the axis, and ~9en _atmosphere, and concentrations as low as 3
more than two orders of magnitude les®=1.8 X107 cm ® can easily be obtained in this way. We have

%1073 cné/s, for diffusion parallel to thec axis. As in elected to present this figure for a more oxidized sample, in
lithium niobate, in this crystal the OH stretching infrared SPit€ Of its lowerN;, and consequently lower lifetimes, be-
absorption band is also totally polarized. A similar diffu- cause of the more highly developed field ratio exhibited by
sion anisotropy could explain the dispersion of values foundh€ more oxidized sam_plé%_Because of the soft variation of
in lithium niobate as well as our low value because. in ourth€ developed field ratio with the oxidation state, one could
case, due to the grating orientation, the erasure of the jonigN00Se a less oxidized sample, sacrificing a little the devel-

gratings have to be produced by diffusion in direction of theoped field ratio in order to obtain much longer lifetimes than
c axis. those presented in Fig. 4.

Note that Fig. 4 is plotted for holograms kept under in-
tense illumination during all its life. If this is not done, the
hologram experiences a dark decay whose fast component is

From our present study we know how the oxidation statendependent of the grating spacing. The room-temperature
and the hydrogen concentration of the crystal influence thelecay time can be extrapolated from high-temperature data.
lifetime of fixed holograms. Long-lasting fixed holograms Using the measurements presented in Ref. 11 we get obtain a
are those with larger values af According to Eq.(1), the  value of 2.1 years for this dark decay. Thus the hologram
largestr values, for a given grating frequeng&yand assum- could not be continuously illuminated with visible light be-
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D. Fixed holograms for practical devices
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cause this decay is slow enough. Moreover, a hologram thatoefficient and its activation energy for hydrogen diffusion in
has experienced this decay in the dark can recover most of itke bulk material.
initial diffraction efficiency with intense visible illumination Our results show that a high diffraction efficiency, close
during a short time, e.g., 1 h. A schedule of short-periodto 100%, and a sufficiently long lifetime can be achieved
illumination, for example each half a year, is sufficient totogether in a practical LINbQFe crystal. As we demon-
keep the fixed hologram at a diffraction efficiency close to itsstrated, this is obtained for oxidized samples having a low
highest initial value. In fact, the true grating decay in thehydrogen concentration. Taking our present study into ac-
dark, not retrievable by further developing, is slower thancount, it is possible to tailor a sample with optimum proper-
that experienced under continuous illumination. In this sensées for practical holographic devices. In particular, in Sec.
dark lifetimes would be longer than our presented decay$ll we have estimated the lifetime of a fixed holographic
under illumination. Bragg reflector for operation at the wavelengths of the third
optical communications window. In spite of the low grating
IV. CONCLUSIONS spacing in this system, it is possible to obtain a device life-

. . o time of the order of ten years.
Our experimental analysis of the hologram’s lifetime de-

pendence on OH concentration, the oxidation state of the

samples, and the grating spacing shows that the samples fol- ACKNOWLEDGMENTS
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