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High-performance photorefractive organic glass with near-infrared
sensitivity
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A high-performance organic glass mixture comprised of two dicyanomethylenedihydrofuran
derivatives is presented. A pronounced two-beam coupling effect was observed at a wavelength of
830 nm in an unsensitized composition. Sensitization  witk2,4,7-trinitro-9-
fluorenylidenemalononitrile (TNFM) led to a significant increase in the two-beam coupling gain
coefficient, reaching a net value 6f370 cm * at an electric field of 45 \iim at 1% TNFM, and
resulted in an improvement in photorefractive speed.2@3 American Institute of Physics.
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The photorefractivédPR) effect, in which the refractive speed are achieved in this glass compared to previously stud-
index of the medium changes under nonuniform illuminationied DCDHF/TNFM composite$:
via space-charge field formation and electro-optic  Samples were prepared from a 1:1 wt mixture of
nonlinearity® is of interest due to potential applications in DCDHF-8 and TH-DCDHF-6V chromophorémset of Fig.
dynamic holography, optical image processing, optical com4), sensitized with TNFM, added at the concentrations of 0,
munication, and othersDuring the past decade, PR organic 0.1, or 1 wt%. The detailed synthesis, thermal properties,
materials have received considerable attention due to theand sample preparation of DCDHF glasses were reported
low cost, easy processability, and possibility of manipulationelsewheré** The thickness of the samplesl)( was 80
of PR properties by chemical modifications. While most=5 um. The DCDHF-8 chromophore itself forms an un-
studies of PR polymers and organic glasses were carried oatable glass with glass transition temperatiige- 1 oct
in the red wavelength regioh® the extension to near- while TH-DCDHF-6V does not form a glassy state. By mix-
infrared (NIR) wavelengths has several advantages, whicting these two chromophores in 1:1 wt ratio, we obtained a
include the use of low-cost semiconductor diodes availablglass-forming compound witfig~23 °C, which was stable
at many NIR wavelengths, and the tissue transparency wirfor several weeks. We assume that addition of 0%-1%
dow at 700—-900 nm in biological applicatioh8. TNFM does not influence th&,. All measurements were

The PR wavelength sensitivity is embedded in the phodone at room temperature-@1 °C).
togeneration process, and is usually determined by a sensi- The chemical structures of the two chromophores as well
tizer added to the PR polymer composite and its interactiongs their normalized solution absorption spectra are shown in
with the other components of the composite. In most NIRthe inset of Fig. 1. Absorption coefficients) obtained in PR
studies!®* PR sensitization is achieved usin@,4,7-
trinitro-9-fluorenylidengmalononitrile (TNFM, also called 400

TNFDM) as a sensitizer, although organic glasses based or: -—-1

methine dyes, exhibiting NIR sensitivity without added g _';'

charge generator, were reportéd.To date, the best- & 5

performing materials in the NIR exhibit net gain coefficients 'QE, s

of ~120 cm ! at an electric field of 30 \¢m,*° 100% dif- 3] : \ 2

fraction efficiencies at electric fields of 50-55m,"* and § 200 7--ceee SRR § \ %5 |

PR response times of 17 ms at an electric field of 84 Wm ‘é : : 400. 500 @00 700

and total intensity of~3 Wi/cn?,*? all at wavelengths of .8 : \ ‘Wavelength [nm]

780-790 nm. 3 G TNFM \ © N ;
Recently, we reported several high-performance mono- 4§ —— 0.1% TNF 30 m  —

lithic organic glasses containing dicyanomethylenedihydro- << ) === 1% TNFM 830.am B

furan (DCDHF) chromophores, sensitized with eitheg,@r 700 800 900 1000 1100

TNFM. In this letter, we report on improved NIB30 nm
performance of a DCDHF mixture, sensitized with TNFM.
Much higher gain coefficients and enhanced PR responsgG. 1. Wavelength dependence of the absorption coefficient of photorefrac-
tive samples made with a 1:1 TH-DCDHF-6V/DCDHF-8 composition sen-
sitized with either 0%, 0.1%, or 1% TNFM. Inset shows normalized absorp-
dpresent address: Department of Physics, University of Alberta, Canada. tion spectra of TH-DCDHF-6Mright) and DCDHF-8(left) molecules in
YElectronic mail: w.e.moerner@stanford.edu toluene. Chemical structures of the molecules are also shown.

Wavelength [nm]
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samples of the TH-DCDHF-6V/DCDHF-8 mixture sensi- 500 5 ; : :

tized with 0%, 0.1%, and 1% TNFM as a function of wave- __ ® i noTNFM : .
length are also shown in Fig. 1. In the unsensitiZ68  “_ 400 |..... NI TV v S L A
TNFM) samples, an absorption coefficiemt=9.9 cmi ! is * o, no TNFM :

obtained ath =830 nm. Adding 0.1% and 1% TNFM re- TN Y
sulted in the absorption coefficient increasingre 12.8 and 800 e P * """" R P

a=87.8 cm 1, respectively.

The photoconductive properties of our samples at 830
nm were examined using a conventional dc techniqui.
an electric field of 15 \jkm, all three composites exhibited a
similar dark conductivity of~0.03 pS/cm. At this same elec-
tric field and with light intensity of 20 mW/cf) the photo-
conductivity obtained in the 0%, 0.1%, and 1% TNFM
samples was 0.37, 0.78, and 1.75 pS/cm, respectively. Simi
lar to DCDHF/Gy, glasses studied at 676 rimall three com- Electric field E [V/pm]
posites exhibited close to linear intensity dependencies of
pholoconductivies 1%, wih 2-0.96-0.96) at 830 1S, Sa5 SalGTLes s wi v o 0. o 1
nm. The photoconductivity values given above are “,appar-TNFM. Double symbolsgcorrespond to different samples. tineé illollstrate t;e
ent” values, calculated from the measured total curréfit ( absorption coefficients measured in the samples.
dark current {y), applied electric field E), and electrode
area Q): ogpp=(i—ig)/(ES) = 0oyr— 0y, Whereo, is the to- o _ ) )
tal conductivity, ando is dark conductivity. To assign the eventual onset of gr'yst.alllzatmn, possmly due'to increase in
change in photoconductivity upon sensitization to a certairfharge carrier mobility in a crystalline phase. Since the phase
process, it is necessargi) to account for the beam attenua- heterogeneity S|gn|f|c§1ntly affects '_[he _experlmental results,
tion responsible for a deviation of “apparent” values of pho- only fresh samples without crystallization were used for all
toconductivity from intrinsic value¥> and (i) to eliminate ~ the measurements reported here.
the contribution of the increase in absorption to the increase e electric-field-induced birefringenceAgr) Wwas
in photoconductivity(i) In the samples with relatively large €valuated in a transmission elllpsomgtry_measureﬁ"}em.
absorption coefficients, the beam considerably attenuates #4th other DCDHF glasses, high birefringence values of
it propagates through the medium. If the absorbing mediuni~0:01 at an electric field of 35 Ysm were achieved in TH-
is viewed as a sequence of resistdrshose resistance in- DCDHF-6V/DCDHF-8 mixture. The values of orientational
creases monotonically as the beam is attenuated, then t§@€€dkgr~0.07 s * and dispersion parametg~0.8-0.9,
intrinsic photoconductivity '(Tiph) of the sample(assuming obtained from stretched exponential fits to the birefringence

Gain coefficient 7' [cm-

uniformly illuminated electrodesis rise in response to a step-function electric figliingz~1
—exfd —(kggrt)”?]}, are typical for DCDHF glasses measured
: exf ada]—exd adaoy /o] at the same temperatures relativeTip. "
T Td T ey adaoy/ogl—1 @) The PR experiments were conducted at a wavelength of

. 830 nm, as previously describ&d:® The two-beam coupling
wherea is a power law exponento(ph~la), d is the sample experiment was performed at total light intensity of
thickness, andr is the absorption coefficient. At small ab- 100 mW/cn? at various electric fields. Gain coefficien(s)
sorption coefficients ¢d<1), Eq. (1) transforms into a obtained in unsensitized and 0.1% and 1% TNFM sensitized
commonly used formzr'ph= Oiot— 0y - composites as a function of electric field are shown in Fig. 2
(i) To normalize the intrinsic photoconductivity values at the (double symbols correspond to different samplé&et gain
absorbed light intensity, we introduce the normalized photo{I'— a)>0 was achieved at electric fields of 5—25.ff,
conductivity (opn,) as follows: oph,nzo'pr/[l—exp(—ad)] depending on the composite. As seen in Fig. 2, even without
and compare its values for all three TNFM concentrations. INTNFM, considerable net gain coefficients €100 cni ! at
the case of 0%, 0.1%, and 1% TNFM,,, yields values of 50 V/um are obtained in the TH-DCDHF-6V/DCDHF-8
5.1, 8.7, and 4.9 pS/cm, respectively. Normalized photoconmixture. The importance of a sensitizer for steady-state PR
ductivity is directly proportional to photogeneration effi- performance has been previously indicatéd®2° In our
ciency, charge carrier mobility, and charge carrier lifetime.composites, sensitization with 0.1% TNFM led to a more
Upon sensitization, only photogeneration efficiency is likelythan two-fold increase in the gain coefficient 200 cm * at
to increase, while mobility and charge carrier lifetime should40 V/um), in comparison with that of the unsensitized com-
decrease due to increased trap der§it}® We attribute the  posite (~80 cm* at 40 V/um). Increases in TNFM concen-
increase inopn, in our 0.1% TNFM sensitized DCDHF tration up to 1% resulted in an additional twofold increase in
glass to improved photogeneration efficiency. The decreasgain coefficient (415 cm'! at 40 V/jum). Similar to other
upon further sensitization is most likely due to reduced mo-DCDHF glasses! even in a geometry minimizing amplified
bility and enhanced trapping and recombination, limiting thescattering, TH-DCDHF-6V/DCDHF-8 composites exhibited
carrier lifetime, which counteract increased charge photogestrong beam-fanning effects, which led to saturation and/or
neration, so that overall free charge carrier density is redecrease in the gain coefficient at electric fields above
duced. We observed a several orders of magnitude increase45—50 V/um. The observed increase in gain coefficient as

in both dark and photoconductivity in all our samples at thea function of sensitizer concentration is due to improved
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0.3 2 : . In conclusion, we have presented a high-performance
> e Bﬂg%N'IElI\\lAFM : DCDHF-containing PR organic glass, with PR sensitivity in
c lé’\;N;M A 1%TNFM/ : the NIR wavelength region. Unsensitized samples exhibited
81 1“=46u3 o1 : ; signifjcant Fwo—beam coupling n_gt ggin cqefficients, which
024 eAzgoned [ e drastically increased upon sensitization with TNFM, reach-
g ing the value of~370 cm ! at an electric field of 45 \iim
0 in the sample containing 1% TNFM. Similarly, the PR re-

‘5 10 15 20 25 30 : : sponse speedrgl) increased upon TNFM sensitization and

....... s Timelfsl i e yielded a value of~0.28 s * at an electric field of 50 \im

: : : . and light intensity of 100 mW/cfa Finally, it is possible to

modify the mixture studied here by mixing the TH-

4 ' . : : DCDHF-6V chromophore with other DCDHF derivativés

: ' ' : ' and fine-tune itsTy to 17-18°C. This would lead to an

10 20 30 40 50 order of magnitude improvement in PR dynamics at room
Electric field E [V/um] temperaturé? preserving excellent steady-state performance.

More generally, future studies should pursue DCDHF chro-

FIG. 3. Photorefractive response speed as a function of electric field irmophores with both intrinsic longer wavelength absorption
TH-DCDHF-6V/DCDHF-8 glass sensitized with either 0%, 0.1% or 1% ~ - -
TNFM. Lines are guides for eye. Inset shows a single exponenti@iifs) and glass-forming properties.

to the gain signalsymbolg measured at an electric field of 45 and . .
total light intensity of 100 mW/ck in TH-DCDHF-6V/DCDHF-8 glass The authors acknowledge the U.S. Air Force Office of

sensitized with 1% TNFM. Scientific Research Grant No. F49620-00-1-0038 for partial
support of this work.
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