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Biphotonic holographic gratings have been recorded in a side-chain azobenzene liquid crystalline
polyester using a blue incoherent source and a He—Ne laser. Intensity gratings and the appearance
of surface relief have been observed when two linearly polarized beams from a He—Ne laser are
made to interfere on a film illuminated with blue light. Polarized holographic gratings are also
created with two orthogonally circularly polarized He—Ne beams. All these gratings are stable in
darkness but can be erased with blue light. 2600 American Institute of Physics.
[S0003-695(100)02436-7

Azobenzene containing polymers have proven to be suitmal history or previously induced effects. Afterwards, the
able materials for optical storage. Diffraction gratings re-films were cooled down to room temperatdReT) by putting
corded while using an intensity or polarization modulatedthem on a metallic plate. All the experiments were per-
pattern (from now on, intensity and polarization gratings, formed at RT.
respectively and the appearance of relief gratings have been A scheme of the experimental setup used in the holo-
observed in these materials by using coherent light in thgraphic measurements is shown in Fig. 1. The unpolarized
region of 500 nm:® A biphotonic process was found in light of a 150 W Xe lamp is passed through a bandpass filter
azobenzene polyesters which can be useful in holographi®etween 350 and 450 nnand focused on the sample. The
experiment<:® In this case, the holographic grating was writ- Power of this light in the film was about 30 mw/émTwo
ten by an argon laser beam and was developed using a ré§ams [, andI;) from a linearly polarized He—Ne laser
He—Ne laser beam. Another type of holographic storage ha$33 nm were made to interfere on the film. Both had the
also been reported using coherent red light by means of bifame powe(6 mW distributed it a 4 mnt spoy and their
photonic processés?In these processes, a blue incoherentPolarization state could .be modlfled by insertion of wave
light is used to sensitize the azo chromophores in the refftarders. The angle of intersection of the two beams was

region and recording is performed with a coherent rect-6° 91ving place to a grating with 100 lines/mm. To follow

source. This allows diode lasers to be used which is imporin€ €volution of the recorded gratings, the self-diffracted

tant for photonic applications. However, while permanent /9Nt was measured with a Si detector. We denoté;hythe

intensity, polarization, and relief gratings have been store&e”'d'ﬁr"’ICted beams where the first subscript indicates

using blue lasers, only intensity gratings have been previ\_/vh|ch is the incident beam diffracted and the second one; the

ously produced, with red lasers, in these kinds of materialsd'ffractlon order. Thus|, ., denotes the orderf1 coming
from thel, beam.

Besides, these gratings produced with red light are not stable In our first experiment, the two He—Ne beams were

and disappear after a few hours. In this letter, we report on larized(nolarizati dicul he incid
the study of holographic recording by means of biphotonicpo arized(po a_nzatlon v_ector perpendicuiar tq the nciaence
lane of the light In this way, the red light intensity was

processes in an azo-containing liquid crystalline poWeSteE]odulated over the surface of the filfimtensity grating,
(P6al2 in Ref. 1B Intensity and polarization gratings, as

well as surface relief, are studied in this polymer under blue

(incoherent and red(coherenk light illumination. I ,andI,
The synthesis and characterization of this polyester has Sample ’ ’
been published elsewhef&Films about 2um thick were >._ I yand L,

produced by spin coating from a solution of the polymer in
chloroform. Before performing the experiments, the films I,
were heated at 80 °Qvell above the glass transition and the
mesophase range of the polymar order to erase any ther- ~ Xe light

I, pand ],

Si detector D L ,andl,

FIG. 1. Biphotonic holographic setup. Geometry of the recordingafd
¥Electronic mail: ralcala@posta.unizar.es I,) and self-diffracted beamd(;).
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fully understood, it is known that irradiation in the blue re-
gion induces transitions between tlrans and cis states of
the moleculé The thermally stablérans state has an ab-
sorption spectrum with an intense maximum in the UV re-
gion due to amr—7* transition and a weak maximum in the
blue due to ann-#* transition. After irradiation in these

0.05 : maxima, thetrans molecule can isomerize to thas state.
Unlike thetrans state, thecis isomer is not thermally stable
and undergoes a transition back to thens state. A lifetime

0.00 7 of ~2 h has been estimated for the cyanoalkoxi substituted

500

1000

1500 2000 2500 3000 3500

Time (s)

chromophore of our polyestérin addition, thetrans state
can be reached by optical excitation in the absorption bands

of the cisisomer. It is known that the red light of a He—Ne
laser causesis to transisomerizatiorf It has been proposed
that thetrans molecules produced in this way lay preferen-
tially in the polarization plane of the He—Ne laser be¥m.
Before irradiation with the Xe lamp, all the molecules are in
The detector was placed in such a way that, when the twhe trans state and no effect from the red light is observed.
beams [, andl,) were open, the intensity detected is a Exposure to blue light induces isomerizations betweans
superposition of the first orddr _; of I, and the second andcisstates so that theis population increases and the film
orderl, ., of I,. Figure 2 shows the time evolution of this becomes sensitive to red light.
signal. No diffraction was observed before irradiation with As previously mentioned, several authors have investi-
the Xe lamp. Att=0, only the Xe lamp was turned on and no gated the formation of intensity gratings in azo doped poly-
signal was detected. After 120 s, the two He—Ne beams wenmers using biphotonic processes. They have explained it in
turned on and the intensity began to grow with time. Atterms of a spatial modulation of the isomer populations in-
t=1000 s, the Xe lamp was turned off and after a fast in-duced by the interference of the two He—Ne laser betts.
crease, the signal continued to grow more slowlyt AL350  The growth of the diffraction efficiency observed in our ex-
s, thel , beam was blocked and then only the ; diffracted  periments when the two He—Ne beams and the Xe lamp are
light was detected. An instantaneous increase of the signg@resent could be explained using the same model. When the
was followed by a continuous increase, despite the absenoge lamp is switched off, onlyis to transisomerization takes
of intensity modulation in the film. Finally, and in order to place in the illuminated areas and a reinforcement of the
optically erase the grating, the Xe lamp was switched orcontrast between both populations would occur. When the
again at=1650 s. The diffraction efficiency decreased in 10He—Ne beam, is blocked, a sharp increase of the signal is
s by about 30% and then the decrease continued more slowbhserved. This can be attributed to the fact that in the pres-
until the grating was completely erased. ence of the two He—Ne beams, we detect the interference of
Besides the diffraction Eff|C|ency, the surface relief in- two coherent diffracted orders: the first ord@r_l of ll and
duced by biphotonic processes was investigated using a préne second ordef, . , of I,, and the resulting intensity can
filometer (DEKTAK). Before the holographic recording, the pe ower than that of, _; alone, that being the one detected
surface of the films was smooth and did not show any periyith only one He—Ne beam. On the other hand, when only
odic feature. After the holographic grating was recorded, thgnjs beam is present, there is no modulation of the red light
surface of the polymer film showed a regularly spaced reliefytensity across the film, but a slow and long lasting growth
structure with the period of the grating as shown in Fig. 3. of the diffracted intensity, _; is observed. A similar growth
Optical storage in azobenzenes is associated with light opserved if botH, andl, are blocked together. Besides,
induced molecular reorientations due tmns-cis-trans  these intensities do not decrease after several days at RT
isomerization processes. Although these processes are Ngjicating that a stable grating has been recorded. The in-

crease of the diffracted intensity both in the dark or under

FIG. 2. Diffracted power as a function of time. &0 s blue light is turned
on; att=120 s two He—Ne beams (olarized are turned on; at=1000 s
blue light is turned off; at=1350 s one He—Ne is blocked; 1650 s
blue light is turned on again.

' ' ' ' ' ' illumination with only one He—Ne beam cannot be under-
307 i stood in terms of a modulation a@is andtrans populations
because a decrease of the modulation would be expected in
’g 201 T both cases. Furthermore, the gratings due to this modulation
= would disappear when all theis molecules revert back to
w 10F 1 the trans state.
§ In order to explain our results, we have taken into ac-
E Or 7 count that polarized red light gives place toc#s-trans
isomerization with theransmolecules preferentially parallel
-10- . . . ) to the polarization direction of the light. When the two

FIG. 3. Relief height of a grating recorded wih-s polarization.
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He—Ne beams are present, this reorientation in the illumi-
nated regions contributes to a change in the refractive index
and, consequently, a phase diffraction grating appears which
increases efficiency with time. To account for the growth in
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0.015F ' ' ' ' ' ' ' ] when the film is either illuminated with a single He—Ne
/ beam or kept in darkness for several hours. Afterwards, this

intensity remains stable. Besides, no appreciable relief was
observed in the surface of the polarization gratings recorded.
This is supported by the absence of the ; order in the
left-hand side to right-hand side configuration. Fast erasing
(about 10 sis achieved by switching on the Xe lamp.

These facts can also be explained by considering the
orientation of therans molecules parallel to the polarization
of the red light(which induces theis—trans isomerization

0.010 7

Diffraction efficiency (%)

0.000 ) ) . . . as well as the interaction amorig@ns molecules, proposed
0 500 1000 1500 2000 for intensity gratings. The relief grating has been associated
Time (s) with the attraction among parallel molecules and, in this

case, the molecular orientation changes across the film. The
FIG. 4. Diffracted power as a function of time of a grating recorded using|5ck of relief can also account for the fast erasing of these
two orthogonally circularly polarized He—Ne beams. The detector is . . . . .
blocked untilt=1350 s. gratings with blue light, in contrast to the behavior observed
in intensity gratings. Surface relief has also been observed in

_ films irradiated with blue light and subsequent irradiation
darkness or with only one He—Ne beam, we propose that thgiih a He—Ne laser in a transmission mask experimént.

transmolecules initially oriented by the red light act as seeds |5 conclusion, we have reported on the recording of
for aggregation and orientation of the surroundir@smol- staple(but erasableholographic gratinggboth intensity and
ecules and of those produced by back isomerization from thgo|arization onesin an azobenzene polyester by means of
cisstate. The liquid crystalline structure of our polymer, with hiphotonic processes. Surface relief gratings have also been
strong cooperative interactions among the molecules, cagquced with a He—Ne laser. A tentative explanation has

strengthen the influence of aggregation and reorientation prgseen given which accounts for the observed storage and eras-
cesses with respect to amorphous polymers previouslg processes.

studied®*2 Those processes can give place to an increase of

the diffracted light and to a relief grating as observed in our ~ The financial support from the CICYT, Spain, under the
surface relief experiments. A similar mechanism has beeproject MAT99-1009-C02 is gratefully acknowledged. Sup-
proposed to explain some of the phenomena observed iport by the European Commission in the COST Action 518
gratings induced with coherent blue lighitFinally, we will ~ framework is also acknowledged.
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