AlP | e ™

Amplified spontaneous emission from a conjugated polymer undergone a high-
temperature lithography cycle
Dario Pisignano, Elisa Mele, Luana Persano, Giovanni Paladini, and Roberto Cingolani

Citation: Applied Physics Letters 86, 261104 (2005); doi: 10.1063/1.1946189

View online: http://dx.doi.org/10.1063/1.1946189

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/86/26?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in

Enhancement of optical gain and amplified spontaneous emission due to waveguide geometry in the conjugated
polymer poly[2-methoxy-5-(2"-ethylhexyloxy)-p-phenylene vinylene]

Appl. Phys. Lett. 102, 073303 (2013); 10.1063/1.4793422

Low threshold amplified spontaneous emission from dye-doped DNA biopolymer
J. Appl. Phys. 111, 113107 (2012); 10.1063/1.4728218

Comment on “Gain coefficient method for amplified spontaneous emission in thin waveguided film of a
conjugated polymer” [Appl. Phys. Lett.93, 163307 (2008)]
Appl. Phys. Lett. 94, 106101 (2009); 10.1063/1.3097382

Amplified spontaneous emission from cyano substituted oligo( p -phenylene vinylene) single crystal with very
high photoluminescent efficiency
Appl. Phys. Lett. 90, 141110 (2007); 10.1063/1.2720298

Highly directional stimulated emission from a polymer waveguide
J. Appl. Phys. 84, 5445 (1998); 10.1063/1.368858

L NN NN mmmnhRmmmumummmumummuomuoconmonnnnomnnnnmmonmnnnn,
Confidently measure down to 0.01 fAand upto 10PQ [ 3
Keysight B2980A Series Picoammeters/Electrometers

KEYSIGHT

TECHNOLOGIES



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1940596036/x01/AIP-PT/Keysight_APLArticleDL_121714/en_keysight_728x90_3325-2Pico.png/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=Dario+Pisignano&option1=author
http://scitation.aip.org/search?value1=Elisa+Mele&option1=author
http://scitation.aip.org/search?value1=Luana+Persano&option1=author
http://scitation.aip.org/search?value1=Giovanni+Paladini&option1=author
http://scitation.aip.org/search?value1=Roberto+Cingolani&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.1946189
http://scitation.aip.org/content/aip/journal/apl/86/26?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/102/7/10.1063/1.4793422?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/102/7/10.1063/1.4793422?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/111/11/10.1063/1.4728218?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/94/10/10.1063/1.3097382?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/94/10/10.1063/1.3097382?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/90/14/10.1063/1.2720298?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/90/14/10.1063/1.2720298?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/84/10/10.1063/1.368858?ver=pdfcov

HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERSB6, 261104(2005

Amplified spontaneous emission from a conjugated polymer undergone
a high-temperature lithography cycle

Dario Pisignano,? Elisa Mele, Luana Persano, Giovanni Paladini, and Roberto Cingolani
NNL, National Nanotechnology Laboratory of Istituto Nazionale di Fisica della Materia (INFM),

and Agilent Technologies joint lab c/o Dipartimento di Ingegneria dell'lnnovazione, Universita di Lecce,
via Arnesano, |-73100 Lecce, Italy

(Received 17 January 2005; accepted 10 May 2005; published online 20 June 2005

We investigated the amplified spontaneous emis$idBE) and waveguiding properties of a
conjugated polymer film after a heating cycle typical of soft lithography procedures. We found a
maximum gain coefficient of 8 cih, with excitation density and length thresholds for ASE-induced
line narrowing of 200uJ cm? and 0.9 mm, respectively. Importantly, we found a loss coefficient of
the organic slab as low as 5.4 thwhich is among the best results reported for organic waveguide
amplifiers. These results are important in view of the application of polymer films as active layers
for laser devices realized by patterning with high-temperature mechanical lithographs0)50
American Institute of PhysicDOI: 10.1063/1.1946189

Finding and characterizing gaining conjugated com- As a prototype polymer, we chose the [¢89-
pounds is a key issue for the fabrication of organic-basedhexylfluorenyl-2,7-ditl-alt-co<{9-ethyl-3,6-carbazo)é
solid-state lasers. Pump-probe experiments, measuring théPFQ American Dye Source, Inc., Canddamolecular
differential transmission of a probe pulse under opticalstructure in Fig. (a). PFC films were cast by spin coating
pumping, are the most direct way to determine the gain spedrom 3x 10°3 M dichloromethane solutions on Corning glass
tral region and cross sectidi® Another useful method for substrategn=1.46. With a spin-coating speed of 2000 rpm,
discriminating if a conjugated material exhibits optical gainwe obtained neat films of thicknesses about 430 nm, mea-
is looking for amplified spontaneous emissi&SE).* Inthe  sured by a profilometer. The films were then heated at 170 °C
last years, a lot of attention has indeed been paid to ASE ifor 5 min under a nitrogen atmosphere. Such values of tem-
conjugated polymers’ and oligomer$:® aimed at employ- perature and heating times are characteristic of a typical
ing these novel low-cost compounds as active media ofanoimprinting or molding process. The third harmotic
solid-state resonators, and particularly distributed-feediack =355 nm of a 3 ns Q-switched Nd:YAG laser(Spectra-
and photonic crystat*?lasing devices. Physics, repetition rate of 10 hlavas employed as the exci-

The feedback in such cavities occurs due to the Bragdation source. The pump beam was focused on the sample by
diffraction induced by a periodic corrugation, continuously a cylindrical lens providing a rectangular excitation stripe of
reflecting a part of the wave propagating in the forward di-width 500 pm. The sample emission at room temperature
rection of the medium. Besides nonmorphologicdf: or ~ was collected from the sample edge, dispersed by a mono-
photoinduced surface patterni?'l'ijl,6 the most promising
lithographic approaches to fabricate wavelength-scale peri-
odic structures in organic materials are various$dftand
nanoimprintinég'20 methods. Many of them exploit the glass
transition of amorphous organics, namely they work by de-
creasing the viscosity driving the materials above their glass-
transition temperaturely, upon placing the films in contact (b)
with a previously fabricated mold. However, thermal cycles
may cause damage to active conjugated molecules, for in-
stance through the heating-induced carbd@#=0) substi-
tution of the vinyl group in polyphenylenevinylene
compounds$?! For this reason, the functionality of gaining
conjugated molecules after thermal cycles has to be fully
assessed. In this letter, we demonstrate that a conjugated
polymer film exhibits a very effective amplified spontaneous
emission(with a measured threshold excitation density for
line narrowing of about 20@.J cm? and a threshold length
of less than 1 mmand waveguiding propertiedosses of
about 5.4 crit!) even after a heating cycle, typical of a litho- o . .
graphic process. These results strongly support the use of a 430 440 450 460 470 480
high-temperature soft lithographic process for realizing dis- Wavelength (nm)
tributed feedback laser resonators.

Intensity (arb. units)

FIG. 1. (a) Molecular structure of PFCQb) Emission spectra from PFC films
under different excitation fluencéfrom bottom to top: 0.2, 0.4, 0.9, 2.5,
¥Electronic mail: dario.pisignano@unile. it 4.2,5.1, 6.2, and 10.1 mJ cfn.
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FIG. 3. Emission spectra by different excitation length: 187 2.39 (b),
FIG. 2. Dependence of the ASE integrated emitted inter(sityid circles, 3.71(c), 5.03(d), 6.78(e), 7.66(f), and 8.54 mn1g).
left scale and spectral widthfull width at half maximum(FWHM), open
circles, right scaleon the pump energy density. The continuous line is the
best fit to the data up to 1.8 mJ chby an exponential-like ASE model. The
dotted line is the best fit of the data between 3.7 m¥and 14.5 mJ cit Og=
to the square root behavior predicted by the bimolecular annihilation model.
The dashed curve interpolating the FWHM data is a guide for the eyes OnIXNhere N is the excitation density. We obtairarg:4.9

X109 cn? (with N=1.6x 10'° cm3), which is signifi-

chromator, and detected by a Si charge coupled device. THeNtY larger than the value obtained by fitting the ASE out-

measurements were carried out under a vac(Lor® mbaj put behavior, although still one order of magnitude lower
to inhibit photo-oxidation than the typical values of some prototype conjugated oligo-

—27 . .
The photoluminescend®L) spectra, as a function of the mers and polyme?ss. However, this calculation assumes

excitation density, are displayed in Figlbl For excitation unity quantum eff|C|enc_y for the emitting specigmmely, it
fluencesk, larger than 20QuJ cnT, the narrow peak at 454 is calculated by assumlng equgl to the nu.mber of absorbed
nm (roughly corresponding to the 0-1 vibrational replica of photons per unit volume so it underest|mate§ the actua[
the low-power fluorescence spectiuiecomes more and value of the gain cross sectlpn.. Further study is currently in
more evident, resulting in a significant line narrowing, from progress in our laboratory, aiming to assess the performance

26 to 5 nm. This effect is ascribed to ASE assisted by thé)f a wide number of conjugated polymers upon thermal

waveguiding effect due to the different refractive index of cyclgs, IIrI] terms otjaclljlev?hbkta opuca! ?aml' ithi .
substrate, gain medium, and vacuum, respectively. The out- inally, we underlin€ that a crucial role within organic

put intensity shows a rapithpproximately exponentiglin- optpellectror;.l;; dev'|ces|, anéd SSptic'a”y Iaser d'r esonatotrjsl_flnd
crease up to about 2 mJ cthen saturating for very large ©OPUcal amplliers, 1S piayed. by the waveguiding capabiiity

excitation intensitie$E > 3.5 mJ cm?), due to the presence of the ac'Five fiIms._F_or this reason, we were particularly in-
of nonradiative decay processes, whose contribution ingerestgd in determining .the wavegu_|d_e performances of our
creases upon increasing the pump density. Such a behavidy92"c slab upon heating. The guiding losses were deter-

typical of several conjugated molecules, has been mainly ammed by fixing the excitation length¢=4 mm), and by

tributed to nonlinear effects, such as the bimolecular excitorﬁ“OVir}g tr:ﬁ pump strip_e av;/r?y flrom tdhe efmti;sion edge O;the
annihilation, which is due to the high density of excitons SaMP'e, NS Increasing he engftl) of the unpumpe

formed under intense photon flux&sThis model is indeed egion™***The output intensity decreases roughly exponen-
consistent with the square-root dependenceEdbr large tially upon increasingl, suggesting the predominance of ab-

pump densitiegdotted curve fitting the data in Fig).2*?

1)

Zla

line narrowing is enhanced by longer pump lengdihset of
Fig. 4). The gain spectrum shows a well-defined peak, cen-
tered at about 450 nm with a spectral width of 7 nm and a
maximum of about 8 ciit. By the value of the maximum
optical gain, one can extract the threshold length,needed

to observe ASE, via the relation: €xg\)¢y]-1=1, i.e.,
€n=In2/g(\). We obtain for our PFC{,=(0.9+0.0 mm,

in perfect agreement with the experimental finding about line
narrowing (inset of Fig. 4. Moreover, one can estimate the ri_4. optical gain spectrum for an excitation density of 3a0enT2. The
stimulated emission cross section: continuous line is a guide for the eyes. Inset: FWHM vs excitation length.

Excitation length (mm)

In order to assess in depth the gain performances of PFC 9]
after the thermal cycle, we carried out measurements by the g wie
variable stripe length method, which provides the optical £
gain spectrumg(\), of PFC through the relation between the 71 §
emitted intensity,|, and the excitation Iength{i:24 I(N) 6 E 4
=lo(N){exdg(N)€]-1}. The PL spectra collected with differ- 'E 5] 7 &.......
ent excitation stripes are reported in Fig. 3, showing that the % 4l ' "“"‘ooo...
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