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Enhancement of the recording stability of a photorefractive polymer
composite by the introduction of a trapping layer

Won-Sun Kim, Jong-Woo Lee, and Jung-Ki Park®
Department of Chemical and Biomolecular Engineering and Center for Advanced Functional Polymers,
KAIST 373-1, Kusung-dong, Yusung-gu, Daejon, 305-701, Korea

(Received 27 August 2003; accepted 7 July 2003

A photorefractive polymer composite containing a trapping layer which exhibits a significant
enhancement in its photorefractivity is reported. The photorefractive polymer composite containing
a trapping layer showed a grating life time as high as 600 s, while the grating life time was only 7
s in the photorefractive polymer composite without a trapping layer. The grating growth rate was
found to be unaffected by the introduction of a trapping layer. The diffraction efficiency and gain
coefficient also increased by the introduction of a trapping layer. The enhancement in the
photorefractive properties is due to the increase in the space-charge field developed in the
photorefractive polymer composite containing a trapping layerr@®3 American Institute of
Physics. [DOI: 10.1063/1.1606885

Since the first report of the organic polymer-based photrapping layer and case Il is a PR polymer composite con-
torefractive(PR) materials in 199%,PR polymers have been sisting of a trapping layer and a PR polymer layer. The com-
investigated intensively for their potential applications in op-posite is based on pdlyinyl carbazolg (PVK) doped with a
tical information memory and processifig. Recently, PR nonlinear optical chromophore Disperse RedR1), the
polymer composites gained a great amount of attention foliquid plasticizer, ethyl carbazolECZ2), and G as the pho-
its advantage of large PR effect, structural flexibility, andtosensitizer. For the PR polymer composite preparation, the
good processability. However, one major concern which ha®VK: DR1: ECZ: G, was dissolved in the ratio 75:5:20:0.2
received little attention for the application of PR polymer wt% in chlorobenzene. The mixture was dripped onto in-
composites is the problem associated with the relatively poodlium tin oxide(ITO) coated glass and left to dry. For case |,
recording stability due to temporal or thermal relaxation ofwe used polginyl pheno) as the trapping layer. It was
the space-charge field which originates from the liberatiorformed by spin coating the polymer solution on the ITO
and recombination of trapped charge carriers. Some progresoated glasses. The sample configuration of case Il is de-
on improving the recording stability of PR polymer compos-scribed in Fig. 1.
ites was made recently by simply using additional trapping ~ Two-beam coupling TBC) experiments were performed
materials}~® but unfortunately this has been accompanied byby interfering twos-polarized beams with equal intensity of
a tradeoff in performance, that is, a longer grating growth2.6 mW/cnt from a He—Ne laser operating at 633 nm. The
time. This is considered to be inevitable because additionsg@xternal beam incidence angles were 15° and 45° with re-
trap sites introduced in the PR polymer composites by &pect to the sample normal. In the degenerate four-wave mix-
simple blending act as barriers toward charge transport in th&g (DFWM) experiments, tws-polarized beams with equal
materials. Thus, the more efficient way of trapping is re-intensity write a grating which is probed by a weak Bragg
quired for the maintenance of the space-charge field) for =~ matched beam counterpropagating to one of the writing
long periods of time without affecting the grating growth Peams. All samples were electrically poled at 4QuW be-
time. fore DFWM and TBC experiments in order to align the non-

In the present work, we introduce additional trap sites adinear optical chromophore, DR1, in the PR polymer com-
a layer at the surface of the PR polymer composite layer anBosites. Both DFWM and TBC experiments were carried out
discuss the PR properties of the PR polymer composite. Urkinder external electric field of 40 Mm.
like the simple blend of trapping materials with the photore- ~ The diffraction efficiency,, defined as the intensity of
fractive polymer composite, traps introduced as a new layethe diffracted beam divided by the intensity of the probe
in this work are expected to not influence the growth rateP€am in the DFWM experiment is shown as a function of
because charge transport process through the bulk of th#fiting time in Fig. 2. For both cases, the diffraction effi-
photorefractive polymer composite layer is completely inde_ciem_:y incr_ez_ises with time and saturates at s'_tead_y-state dif-
pendent on the trapping process in the added trapping laydfaction efficiency at about 200 s. As shown in Fig. 2, the

Two different samples were prepared to verify the effectdrowth rate is found to be almost similar for both cases from

of the trapping layer on the recording stability and the

growth rate of the PR polymer composite. Case | is the con- trap layer _ .
ventional PR polymer composite which does not contain a ﬁ: photorefractive polymer composite

trap layer
dAuthor to whom correspondence should be addressed; electronic maiFIG. 1. Sample configuration of photorefractive polymer composite contain-
pjk@mail kaist.ac.kr ing trap layer.
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FIG. 2. Grating growth characteristics of photorefractive polymer compos- /G- 3. Erasing behaviors of photorefractive polymer composites(dpr
ites for () Cases | andb) II. Cases | andb) II.

electric field, while about 20% of diffraction efficiency was
the initial slopes of the two curves. For both cases, it takesnaintained until 100 s and almost completely decayed after
about 30 s and 100 s to reach 50% and 80% of the steadyhout 600 s for case Il. This concludes that the recording
state diffraction efficiency, respectively. It should be noticedstab”ity of the PR polymer composite is greatly enhanced by
that the absolute values of the growth time are relativelthe introduction of the trapping layer.
large compared to other reported values. It may be attributed pProof of the PR nature of these gratings is usually pro-
to the fact that gratings were written with relatively low light vided by the observation of asymmetric two-beam
intensities and low external electric fiel0 V/um). In Fig. Coupling.lo From the TBC experiment, gain coefficier(s)
2, a chaotic oscillation of the diffraction signal was observedof 4.85 and 10.6 cm! were obtained for cases | and Il,
for both cases | and Il. This oscillation seems to be caused byespectively. Several optical properties of the two cases in-
the competition of the two types of gratings that have differ-cluding gain coefficients and maximum diffraction efficien-
ent characteristic growth timédn our case, it is thought to cies are summarized in Table I. It should be noticed that the
originate from the competition between the gratings formedransmittance of case Il is not significantly reduced by the
by photoisomerization of DR1 and the PR grating. Maximumadditional trapping layer. It means that there is almost no
diffraction efficiencies obtained for cases | and Il werelight loss at the interface between the trapping layer and the

0.36% and 3.56%, respectively. PR polymer composite layer due to good interfacial adhesion
To compare the dark decay behavior of cases | and llbetween the two layers.

the two writing beams were blocked and the external electric
field was also removed after reaching the steady-state difFABLE I. Optical properties of the polymer composites.
fraction efficiency. Figure 3 shows a difference in the decay

. ; . . d a t (%)° I (cm™? %
behavior for the two cases. A decrease in the diffraction ef- () ¢ (em ) 7 (%)
ficiency with time was drastic for case |, while much slower Case | 167 85 4.85 0.36
decay was observed for case Il. For case |, the diffractionase !l 130 86 10.6 3.56

efficiency decayed completely within several seconds afteisampie thickness.
blocking the two writing beams and removing the externalPTransmittance.
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TABLE II. Physical properties of polymer composites. rate. This approach of introducing trap sites as a new layer is
expected to be a promising method for producing photore-

° Eq (V/ N -3 Eoc (V/ . . . . . .
oC) a (VIkm) r(em ) = VIKm - ractive polymer composites with high recording stability as
Case | 1.21 16 1.4210'° 182 well as fast growth rate.
Case I 0.65 31 2.6810% 453
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From the earlier results, it is evident that the trapping’or Nanostructured Materials Technology Development

layer has a significant influence on the PR properties of the
polymer composite. Higher gain coefficient and diffraction
efﬁciency’ and enhanced recording Stabmty were ObtainedlgéDUSChglfng, J. C. Scott, R. J. Twieg, and W. E. Moerner, Phys. Rev. Lett.
for case Il. This enhancement in the PR properties should;ZD ’Klikfon(ls ?\)/I Evanko, and L. M. Hayden, Opt. Le20, 2297 (1995
result from the higher effective trap density for case I, 3g. L. volodin, B. Kipplen, K. Meerholz, B. Javidi, and N. Peyghambarian,
which should lead to a higher space-charge field buildup. TO4Nature(Londor) 383 58(1996. _
confirm our presumption, we evaluate several important /5*49G(fllg;”;f-~’epsen, C. L. Thompson, and W. E. Moerner, Sciéade
phyS|caI parame’gers mCIUdmg the _Effecuve trap denSIty5B. Kipplen, S. R. Marder, E. Hendrickx, J. L. Maldonado, G. Guillemet,
(N7), the trap-limited space-charge fielg{), and the total B. L. Volodin, D. D. Steele, Y. Enami, Sandalphon, Y. J. Yao, J. F. Wang,
space charge-fieldH) that contain information on the (- Rockel, L. Erskine, and N. Peyghambarian, Scie?icg 54 (1998.
physical processes occurring in the PR polymer composite”':- g'sggﬁ‘r'ﬂi\‘-guiz'sb"\‘/" 3”&;;?&'\‘/”"6'“‘35'-;Zl)’"z-rfinff(ﬁizﬁéan
The evaluated physical parameters using the coupled-wave, " chem. Mate9 '140%(199‘0. L ' '
theory! and the standard Kukhtarev motfef® are listed in 8F. wang, z. Chen, B. Zhang, Q. Gong, K. Wu, X. Wang, B. Zhang, and F.
Table Il. As shown in Table I, the space-charge,§ for ,yang, Appl. Phys. Leti75, 3243(1999. .
cases | and Il are 182 and 453 am, respectively. The 2 '\é Sé'j'sr”kclshg' aAﬁc\le\?\;SE' Jmcc,éii?ﬂb{;fL“e/'fyalyi;déggeg’ F. Hache,
higher \_/alue ofEs. for case Il can be attributed to the in- 10y £ moerner and S. M. Silence, Chem. R&¥ashington, D.Q.94, 127
crease in the effective trap densiti{). (1994.

In conclusion, by introducing a trapping layer, we couIdEH- Kogelink, Bell Syst. Tech. J., 2909.969. _ _ _
prepare a type of photorefractive polymer composite which P. Gunter and J. P. HuignarBhotorefractive Materials and Their Appli-

. . g . .. cations(Springer, New York, 1988

could enhance recording stability, gain coefficient, and dif-s Kukrﬁ,targe\,, V. B. Markov, S. G. Odulov, M. S. Soskin, and V. L.

fraction efficiency without sacrificing the grating growth Vinetskii, Ferroelectric®2, 949 (1979.
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