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Photorefractive polymer composite operating at the optical communication
wavelength of 1550 nm

Savas Tay,® Jayan Thomas,” Muhsin Eralp, Guogiang Li, Bernard Kippelen,”
Seth R. Marder,” Gerald Meredith, Axel Schilzgen, and N. Peyghambarian
Optical Sciences Center, The University of Arizona, Tucson, Arizona 85721

(Received 2 June 2004; accepted 24 September)2004

A photorefractive polymer composite sensitized at 1550 nm through direct two-photon absorption
has been developed. We show an external diffraction efficiency of 3% in four-wave-mixing
experiments and perform holographic reconstruction of distorted images utilizing thin-film devices
made of this polymer composite. Amongst other potential applications, the demonstration of
accurate, dynamic aberration correction through holography in this all-organic photorefractive
device presents an alternative to complex adaptive optics systems currently employed in through-air
optical communication links. @004 American Institute of Physics

[DOI: 10.1063/1.18262234

Photorefractive organic composilé%have been widely efficiency. Both features are particularly valuable in imaging
investigated as recording media for applications such aapplications where high reading intensities and diffraction
medical imagind, imaging through scattering mediapti-  efficiencies are desired to improve signal-to-noise ratios.
cally induced focusing-to-defocusing switchingnd optical In photorefractive materials, a hologram, a three-
data storagé® The inherent compositional flexibility in com- dimensional refractive index pattern, is generated by the non-
bination with easy processing and low cost makes polymeriginiform interference pattern formed by two incident coherent
materials a viable alternative to traditionally used inorganicoeams. This effect is based on the build up of an internal
crystals such as LiNb® Achieving IR sensitization in pho- Space charge field due to selective transport of the photoge-
torefractive polymer composites is crucial for imaging andnerated charges and a field-induced index change resulting in
optical communication applications that operate at wavea phase coding of the incident light distributibim polymer
lengths from 800 to beyond 2000 nm. However, this hagomposites the required photosensitivity, photoconductivity,
proven to be a considerable challenge since, in addition to it8Nd electro-optic properties are achieved by combining a
IR absorption properties, the sensitizer has to be compatiblgumber of different functional components. The polymer
with the polymer matrix with regard to solubility, phase sta-COmposite we have developed utilizes a well-optimized chro-
bility, and redox activity with respect to the charge transportMophore, 4-homopiperidino benzylidinemalonitrilg7-
material and nonlinear chromophore, which provides thd?CST) that exhibits a high figure-of-merit for electro-optic
electro-optic functionality*2 Despite recent efforfd>!4in ~ response and a dy®BM, see Fig. } for two-photon sensi-
the development of IR sensitive photorefractive polymersfization. This represents a different strategy compared to pre-

the longest operating wavelength reported so far is 975 nnyiously reported two-photon photorefractivity in polym bs,
for an all-organic photorefractive thin film devié®far be- where the electro-optic dye also served as the sensitizer. Fur-

low 1550 nm, the wavelength of choice for optical commu-thermore, an acrylate polymi&(PATPD, also shown in Fig.

nications. To address this problem, this letter employs mul-
tiphoton sensitization and achieves the desired IR 1.5 T T Y

sensitization through direct two-photon absorption in a poly- Ny
mer composite that exhibits negligible linear absorption. This M
AN 0,5

approach can be implemented due to recent developments of \/ DBM
organic molecules with large two-photon absorpt(@irA)
cross sectiof§!” and the evolution of compact, low cost
short-pulse lasers. In addition to IR sensitization, the use of
TPA provides the advantage that the material is transparent
for any cw light beam that reads-out the hologram at the
same Wavelengtﬁa. This nondestructive read-out dramati-
cally eases restrictions regarding reading beam intensities PATPD
and allows for greater film thickness with higher diffraction
N
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¥E|ectronic mail: savas@u.arizona.edu 00F
Ppresent address: School of Electrical and Computer Engineering, Georgia . L
Institute of Technology, Atlanta, Georgia 30332-0250. 800 1200 1600
9Also at Department of Chemistry, The University of Arizona, Tucson, Ari- Wavelength (nm)
zona 85721. Present address: School of Chemistry and Biochemistry, Geor-
gia Institute of Technology, Atlanta, Georgia 30332. FIG. 1. Linear absorption spectrum of the polymer composite. In addition,
dAuthor to whom correspondence should be addressed; electronic maithe chemical structures of the sensitizer dip8M) and the hole transport
JThomas@optics.arizona.edu polymer (PATPD) are shown.
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FIG. 2. The photoconductivity measured during irradiation with 130 fs lasertion through TPA. The measurements also emphasize
pulses at ;550_ nm. The photoconductiv?ty i§ plotted as a func_tion‘ of timealmost two orders-of-magnitude contrast between dark
averaged irradiance onto a sample that is biased at 2V The line is a L . .
guide to the eye and is a quadratic function of the average irradiance. Inseg:wo'5 pS/Cm and phOtOCOﬂdUCtIVItIeS, which is favorable
Electric field dependence of the diffraction efficiency measured in a four-for the build up of space charge fields in these composites.
wave mixing geometry. To guide the eye a fourth power dependence is  To demonstrate IR photorefractivity and study the refrac-
plotted together with the experimental data. tive index gratings in the polymer films, four-wave-mixing
experiments were performed in standard tilted-sample
1) incorporating a pendant tetraphenyldiaminobiphenylgeometrxfl Volume holograms were recorded that resemble
(TPD, a well-known hole-transport aggmproup through an the interference pattern of two writing beams generated at
alkoxy side-chain linkage was used for charge transport. Rel550 nm in an optical parametric amplifier pumped by a
dox characteristics exhibited in cyclic voltammetry indicatefemtosecond Ti-sapphire laser. The inset to Fig. 2 shows the
that charge generation and transport are feasible through tigffraction of 1550 nm(cw) laser light incident on the pho-
respective constituents. In order to obtain a large electrotorefractive grating written in the present polymer composite
optic response in the material through the molecular rotaas a function of the applied electric field at a time-averaged
tional nonlinearity, the glass transition temperat(fg) of irradiance(sum of both writing beamsof 9.9 W/cnt. The
the composite was brought close to room temperature by th@ata were taken at the steady state of the diffraction effi-
addition of a plasticizen\-ethylcarbazol§ECZ). The com-  ciency with maximum overlap of the writing pulses. In
posite with PATPD: 7-DCST: DBM: ECZ ratios at 50: 25: agreement with Kukhtarev's model applied to orientational
10: 15 wt % exhibited a broadl, close to room temperature Photorefractivity in polymers in the space-charge lifnine
in differential scanning calorimetry. Uniform films of 105 diffraction efficiency increases with the fourth power of the
um thickness were fabricated by sandwiching this composité@pplied external field. For the highest fields we observed
between two ITO deposited glass electrotfes. almost 3% internal diffraction efficiency. The grating record-
The linear absorption spectrum of the photorefractiveing process was fully reversible, i.e., the gratings could be
polymer composite in the near infrared wavelengffig. 1) erased by illumination with either one of the writing beams.
is dominated by a feature centered near 800 nm due to opt/hen using high-power pulsed reading beams, the photore-
cal absorption by the sensitizer, while no significant linearfractive gratings were erased at an increasing rate beyond
absorption is observed beyond 1100 nm. Valuable informatheir intrinsic thermally induced decay. In striking contrast,
tion regarding charge generation by nonlinear absorption ighe application of 1550 nm cw reading beams, with the same
provided by the photoconductivity measurements shown irverage power as the pulsed ones, did not affect the decay of
Fig. 2. In this experiment, the sample was irradiated by 1the gratings. The insensitivity of the photorefractive grating
kHz repetition rate, 130 fs optical pulses with a central wave-decay with respect to the cw reading beam intensity provides
length of 1550 nm. When the charge generation is througl@ clear signature of nondestructive readout with this polymer
TPA, the photoconductivity of the polymer composite is composite.

given by One of the main difficulties in free-space optical com-
munication systems has been to find an effective but simple

eutpl? way to correct the distortions induced by turbulent atmo-

o(E) = ®(E) he (1) spheric conditions. To demonstrate the capability of our

polymer composite as a media for optical correction of
Here ®(E) is the photogeneration quantum efficieneyis image-bearing beams in free-space laser communication, an
the electron chargey is the mobility of holesyis the carrier  experiment based on phase-conjugated read-out of the pho-
lifetime in the excited stateg is the TPA coefficient| is the  torefractive hologram at 1550 nm was performédg. 3).
irradiance of the incident light, anldw is the single photon Optical phase-conjugation has important potential applica-
energy. In Fig. 2, the photoconductivity shows a quadratidions in free-space data links when employed in the
dependence on the time-averaged irradiation in agreemen¢tromodulator/conjugator configurati(’)%An image carry-
with Eq. (1), which is a strong evidence for carrier genera-ing femtosecond laser beawbject bearppassed through an
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