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Abstract. When a p-polarized beam propagates throughcurred [10], which possessed many important applications
a high-performance photorefractive polymer composite, polysuch as self-pumped phase conjugator [10,11]. Recently,
(N-vinylcarbazole:2,4,7-trinitro-9-fluorenone:1-n-butoxyl-2,5- Grunnet-Jepsen et al. have observed an amplified scattering
dimethyl-4-(4-nitrophenylazo)benzene, its transmission bein a high-gain polymer composite &/VK:PDCST.BBP:Cgo
havior is influenced by three effects: the electroabsorptionyhen a beam traveled through the sample [12]. And then
the photorefractive coupling with the reflected beam from the self-pumped phase conjugation was demonstrated [13].
rear surface, and the amplified scattering. From the mea#a their work, the influence of the scattering amplification
urements on the incidence angle dependence as well as tbe the transmitted beam was investigated at a certain inci-
applied-electric-field dependence of the three effects, sonmdence angle. They observed a distinct electric-field asymmet-
conclusions are obtained. Ata smallincidence angle with alowic transmission and gave an explanation on amplification
applied electric field, both the amplified scattering and the ele®f the scattering [12]. More recently, another phenomenon
troabsorption are small whereas the coupling between the irbout the intensity change of the transmitted beam has been
cident beam and the reflected beam plays a principal role. Aeported by Meerholz et al. [14,15] in a four-component
alarge incidence angle or with a high poling electric field, thePR compositePVK:DMNPAA:TNF.ECZ Several PR grat-
transmission is influenced mainly by the amplified scatteringngs, including the PR gratings formed between two inci-
and the electroabsorption. A poling electric field asymmetricdlent beams, between the incidences and their multiple re-

loss to the amplification scattering is also observed. flected beams, and between the reflected beams were ob-
served [14]. The applied-electric-field dependence of the
PACS: 42.65.Hw; 42.70.Jk competition between these PR gratings was also reported.

Similar to the report in [12], when the diameters of the two

incident beams became larger, the beam fanning effect was
In the first two years after the demonstration of the phoobserved [15]. Further, for the applied-electric-field direc-
torefractive (PR) effect in a polymer composite in 1991 [1],tion in which light could not be coupling to the polymer
almost all the reported organic PR composites exhibited verjayer, the originally Gaussian-shaped interacting beams ex-
low performance, for example, the two-beam coupling coeffihibited a shoulder or even split into two due to beam fan-
cient was even smaller than that of inorganic crystals [2—-4hing. The field dependence of the beam fanning and the
This was attributed to the high glass transition temperatureoupling of the two writing beams as well as the first-order
(Tg) of the samples, in which the PR effect was contributechon-Bragg self-diffraction showed a field asymmetry [15].
only by the Pockels effect. A milestone improvement wasHowever, the incidence angle dependence of both the scat-
the use of a plasticizer [5], which lowered tfig of the tering amplification and multiple coupling have not been
composite to enable the electro-optic chromophore to reorinvestigated in organic PR materials till now to our best
ent in situ at room temperature, and thus the orientationknowledge.
ally enhanced PR effect dominated [6]. Till now, several In our previous report [9], a high-PR-performance three-
PR polymer composites have be reported to exhibit a twoeomponent lowfy composite,PVK:BDMNPAB:TNF, was
beam coupling coefficienf' higher than200 cnt! and the  reported to exhibit a two-beam coupling coefficient as high
gain indexI'L > 2 [7-9]. For such high-gain PR materi- as195cnt? at an applied electric field &2.4 V/um. In this
als, an amplified scattering (beam fanning) effect often ocreport, the transmission behavior opgpolarized beam trav-

eling through this three-component PR composite is studied.
* E-mail: fwang@spark.phy.pku.edu.cn Strong incidence angle dependence of transmission is ob-
* E-mail: ghgong@ibm320h.phy.pku.edu.cn served. The different contributions from three effects, includ-
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beam with its reflected beam and amplified scattering, at var- 16 Eof —
ious incidence angles are studied. | A tanomitied
4T beamon beamon
1 Experiments and discussions E 12} o biockha "Tﬁ
= E>0
The PR compo'site film, consisting of poly{vinylgarb— :%‘ 10l m > w
azole):2,4,7-trinitro-9-fluorenone: 1-n-butoxyl-2,5-dimethyl- G l
4-(4-nitrophenylazo)benzene at a weight ratio of 55:1:44 5 0.8 |. beam blocked i
was fabricated at a thickness¥0um by using spacers [9]. | E>0on
The experimental apparatus (involving the sample film con- . . ‘ . . ‘

figuration) is presented in Fig. 1. A-polarized beam from 06 100 200 300 400 500
a He-Ne laser at a wavelength @33 nmwith an intensity Time (s)
of 40 mW/Cm2 was .mCIdem upon the sample_fllm atan inci- Fig. 2. The measurement procedurefa = 22.5° and |[E| =726 V/um.
dence angl@, in air. As the diameter of the incident beam pegails: see the descriptions in the text
(= 2mmin air) is much larger than the thickness of the poly-
mer layer (onlyl00pm) and the glass piecd (m), all the
reflected beams traveling through the sample can interact witmuch larger than the reflected intensity {0puW), it can be
the incident beam. As to our sandwiched sample, we couldonsidered as an undepleted-pump process in their coupling.
only detect the reflected beams from two/glass surfaces. From Fig. 2, however, it is obvious that the decrement of the
The reason for this might be the small differences betweetransmitted intensity is much larger than what the reflected
the refractive indices of the glass, the ITO, and the polymeibeam gained. The explanation for this may be the appear-
Thus, we consider only the reflected beam on the rear glassice of the scattering amplification. This is confirmed further
surface (beam 2 in Fig. 1). from the experimental results f& < O. If there exists only
We define the direction of the applied poling electric fieldthe coupling between the reflected and the transmitted beams,
E as follows. When the rear ITO electrode is the anode, thér example, no amplified scattering, the transmission should
electric field inside the sample film is positive, i.E.> 0, as  be increased because the energy coupling direction is reverse
shown in Fig. 1. The measurement procedure is as followdor E < 0. However, from the results presented in Fig. 2,
First, we detected the transmitted and reflected intensitiehe transmission decreased even when the reflected inten-
without the applied electric field and set them as the unitssity decreased foE < 0. The different decrements Bt> 0
Then the laser beam was blocked and a dc electric field wandE < 0 suggest a field-asymmetric amplified scattering, as
applied. After the EO chromophore was poled sufficientlypointed out by Grunnet-Jepsen et al. [12] and Meeerholz et
the beam was turned on to pass through the sample, and thk [15]. To lower the amplitude of the scattering PR grat-
intensities of both the transmitted and reflected beams weiiag formed by the scattering beam with laser beams inside
measured. the polymer, and thus decrease the loss of the transmitted
Figure 2 shows the dynamic behaviors of both transmitbeam to the scattering, we introduced an erasure beanswith
ted and reflected intensities carried outat = 22.5° with polarization from anothere-Ne laser in the direction of the
|E| =726 V/um. ForE > 0, the intensity of the transmission normal of the sample surface. The beam diame#nisnand
has been increased obviously at the moment of tuning on thhe intensity is30 mW/cn?. Increments on both the reflec-
beam. This may be considered as the existence of a distintibn and transmission were observed as shown in Fig. 3. This
electroabsorption because there are not any PR gratings at timgplies that both the reflected and the transmitted beams con-
moment. Then, the intensity decreased as a typical dynamic
two-beam coupling behavior, while the reflected intensity

increased. Because the transmitted intensiy6QOW) is 11
_ o reflected
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Fig. 3. Experimental results with and without the erasure beafjat 67°
and E = —84V/um. When both intensities were stabilized, opening the
Q/ erasure beam to increase the modulation degree of the noise grating and
thus decrease the amplification of the scattering, intensities of both the
Fig. 1. The experimental setup for the measurements of the transmissioreflected and the transmitted beams increased. This result confirmed the
behavior existence of the strong amplified scattering
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tributed their energies to the amplified scattering by formingno beam interaction but the electroabsorption occurteid),
the scattering PR grating with the scattering beam. the incident-angle inside the polymer, aththe polymer film

As mentioned above, a distinct electroabsorption exthickness.
ists in our sample [16]. An electroabsorption has been At |E| =84V/um, we measured the incidence angle de-
observed inPVK:TNF complex [17], however, this could pendence of the gain of the reflected beam, which was cal-
not be the only cause of such an extremely strong eleczulated from (1). The results are represented in Fig. 5a. As
troabsorption. Meanwhile, a strong incidence angle depers; increases, a decreasing trend [fD} is observed for both
dence was observed as shown in Fig. 4a. No obvious diffecases o€ > 0 andE < 0. This is reasonable because a larger
ence is observed foE > 0 andE < 0. At |E| =84V/um 6, corresponds to a smaller grating wave-vector and smaller
and 6, = 78.7°, an electroabsorption coefficient as high effective interaction volume. Meanwhile, a field asymmetry
as~ 25cnT! was detected. The applied-electric-field de-also appeared as shown in the figure EAt 0, I" decreased
pendence ofAa at 6, = 22.5° was also measured and is quickly and then entered the negative regionEAk O, ||
shown Fig. 4b. A theoretical fit suggests that there existecreased slowly and then seemed to increase again. This
a linear- and a quadratic-electroabsorption simultaneouslgonfirms that the reflected beam loses its energy through am-
However, the physical mechanism of such an electroalplifying the scattering too. The loss to the amplified scattering
sorption behavior is unclear yet. The possibility is the redincreased with the increasing 6f;. Furthermore, the field
orientation of the chromophore under the applied electriddependence shown in Fig. 5b is not in agreement with the pre-
field [15]. diction of I' o |E|? from the PR theory [9], which should be

Apart from the electroabsorption, the change of the reattributed to higher loss to the amplified scattering at higher
flected intensity is a result of the couplings with the incidentapplied-electric-field. As pointed out by Meerholz et al. [15],
beam and the scattering beam. From the standard photorefraC-has lost its original physical meaning due to the amplified

tive model, its gain can be calculated by [7, 9] scattering.
As the transmitted intensity is much higher than that of
rRO(E) = cosd ) the reflected beam, as mentioned above, almost any observ-
d able loss of the transmitted energy should be attributed to the
R(E, t = 1) R(E) amplified scattering, which has been confirmed in Fig. 3. To
xn ( REt=0D+REt=0)TEt=0—RE.t=10 R(E)> » describe the energy loss by amplifying the scattering, we de-

fine a gain coefficien of the transmission by

whereR andT are reflected and transmitted intensities,

represents the moment when the laser beam was turned 8hE) = E(E, t = 1) exp(Gd/ cosp) . 2
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Fig. 4a,b. The electroabsorption coefficient as a functioradhe incidence  Fig. 5a,b. Gain of the reflected beam as a functionaghe incidence angle
angle at|E| =84 VV/um; b the applied electric field aty, = 22.5° at |E| =84 V/um; b the applied electric field atyj, = 22.5°
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Using the parameter of gai® defined, we measured this reversed by increasing the incidence an@g, as shown

loss as functions of both,; and E. Results are shown in in Fig. 6b.

Fig. 6a,b, respectively. The amplified scattering appears in

only one side where energy transfers from incident beam to

scattering beam due to the PR nature of directional coupling Conclusions

In our configuration shown in Fig. 1, the left-hand scatter-

ing is amplified and the right-hand is forbidden&t- 0, The influence of three effects, including electroabsorption,

whereas only the right-hand is amplifiedi&t 0. Figure 6a  coupling with the reflected beam, and loss to the amplified

indicates a strong field asymmetry. This suggests the anscattering, on the transmission character op-polarized

plified scattering atE > 0 is much stronger than that at beam passing through a sandwiched three-component PR

E < 0, which means that the coupling coefficient betweerpolymer composite film was observed. At a small incidence

the incident beam and its left-hand scattering beam is larga@ngle with a low applied electric field, the loss of the trans-

than that between the incident- and its right-hand scattemission is mainly due to the two-beam coupling between the

ing beams. This is reasonably attributed to the differenceimcident beam and its reflected beam from the rear surface.

of the effective electro-optic coefficient, the amplitude ofFor a large incidence angle or with a high poling electric

the wave-vector, and the component of the applied electrield, the loss to the amplified scattering and electroabsorp-

field in the wave-vector direction of the scattering PR grattion become the dominant. All the electroabsorption, coup-

ing for the two cases. This asymmetry is decreased or evdimg with its reflected beam and with the scattering beams, are
strongly incidence angle and applied-electric-field dependent.
The asymmetry of the amplified scattering can be reversed by
changing the incidence angle.
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