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Abstract

Sub micron patterning of the conjugated polymer, poly-[2-methoxy-&i2yl-hexiloxy)p-phenylenevinylene] (MEH-PPV) has been
achieved by high-temperature soft lithography. The process has been carried out by placing a spin-coated polymer film in conformal contact
with elastomeric replicas of master structures fabricated by electron beam lithography. The system is then heated to decrease the polymer
viscosity, allowing the pattern transfer with resolution down to 300 nm. The well-preserved photoluminescence spectrum and efficiency
of the emissive polymer clearly indicate that high-temperature soft lithography can be successfully applied for the one-step realization of
organic-based devices.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction The enhancement of capillarity effects driving the fluid
polymer into the recessed features of the replica is due to
In the last years a lot of efforts have been done to the high temperature, which has been demonstrated to be
develop low-cost and flexible patterning techniques. In a critical factor also to strongly improve the throughput of
particular, soft lithographyl], which is based on the con- microfluidic lithography{4]. Nevertheless, operating at high
formal contact between the material to be patterned and antemperature might limit the applicability of such technique
elastomeric replica of a master structure, allows high reso- to active organic materials, due to the possible degradation
lution over large areas with a wide variety of compounds. of their optical and electrical properties.
Among other soft techniques, soft molding (SM) or capil- In this work, we report on the patterning by SM of a repre-
lary force lithographyf2], joins the advantages of both soft sentative conjugated polymer, poly-[2-methoxy-5€thyl-
and nanoimprint lithographig8], as it exploits elastomeric  hexiloxy)-phenylenevinylene] (MEH-PPV), by SM, with
elements in conjunction with the temperature-induced glassresolution up to 300 nm. No significant variation of the pho-
transition of organic compounds to transfer the pattern. In toluminescence (PL) spectra and of the PL absolute quantum
analogy with nanoimprinting, in SM lithography the mold efficiency was observed, indicating that high-temperature
(in this case elastomeric) is placed onto a polymeric film, soft lithography can actually be considered a flexible
and the system is driven above the glass transition temper-and powerful technique for the one-step realization of
ature, Ty, of the target compound. The subsequent cooling organic-based devices.
down belowTy freezes the pattern into the polymer, and

the replica can be peeled off.
2. Experimental

* Corresponding author. Tek:39-832-297283: fax:-39-832-326-351. The lithography process is schematized=ig. 1a First,
E-mail address: dario.pisignano@unile.it (D. Pisignano). we fabricated Si master structures by both photo- and
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Fig. 2. Optical micrographs of a 600nm period grating master (a) and

D_i_/f SM (b) results on MEH-PPV.
‘[Q—‘\\l lithography, which produces a negative copy of the master
8] n

(b) 4 features on the target polymer, SM uses intermediate repli-
cas to transfer the pattern, thus preserving the same shape
Fig. 1. (a_) Schematic diagr_am of the process of master replication and (positive) of the master. SM is based on the capiIIarity
;c;fi/moldmg (features not in scale). (b) Molecular structure of MEH- effect, forcing the polymer to penetrate into the recessed
features of the PDMS replica. Such a penetration is favored
by the low polymer viscosity, as the timg,needed for the
filling process is given by6]:

10 pm

electron beam lithography using a Raith Elphy Plus pat-
tern generator controlling a Leica Stereoscan 440 scan-
ning electron microscope, working at 20keV, followed
by reactive ion etching. Then, the elastomeric replicas
of the master were realized by poly(dimethylsiloxane) wherez is the feature heighty the polymer viscosity, and
(PDMS, Sylgard 184, Dow Corning, Midland, MI, USA) y, R, and ® indicate the fluid—air surface tension, the hy-
according to a standard replica molding proced{tg draulic radius of the capillary, and the contact angle between
and placed onto spin-cast polymer films under their own the liquid and the surface of the capillary, respectively. Con-
weight. The SM lithography was carried out at 29D sequently, one can increase the temperature to exploit the
and 10°3Pa on spin-cast films of MEH-PPV (molecu- strong temperature dependence of the structural dynamics
lar structure inFig. 1B, whose PL quantum yield was of organic compoundf], leading the viscosity to decrease
measured into an integrating sphere by an He—Cd laserbecause of the increased molecular mobility.

(A = 325nm) [5]. The morphological investigation of The two dimensional view and the cross section of the
the patterned film surface was carried out by optical and final polymer gratings, imaged by AFMF{g. 3), show
atomic force microscopy (AFM; NanoScope from Digital a well-defined pattern, whose high quality suggests that
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Instruments). the achievable resolution can be reduced with respect
to the presently obtained size, depending on the starting
masters.

3. Results and discussion The PL spectra of MEH-PPV before and after SM

lithography are shown ifrig. 4. Minor differences can be
The master pattern and its transfer to MEH-PPV are observed, as possible consequence of the lithography pro-
shown inFig. 2a and brespectively. Unlike nanoimprint  cess on the films (for example the peak wavelengthy,
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Fig. 3. AFM two (10um x 10pm) (a) dimensional view of a patterned
polymer grating and corresponding cross section, (b). The height of the
obtained features is about 40 nm.
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Fig. 4. MEH-PPV PL spectra before (circles) and after (line) SM lithog-
raphy.
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exhibits a 3 nm red-shift after patterning). In order to have
a more gquantitative assessment of the retained lumines-
cence properties of the patterned polymer, we measured
the PL efficiency, which was found to be 8.0 and 7.1%
before and after SM, respectively. This demonstrates that
high-temperature soft lithography can actually be applied
without relevant degradation of the functionality of the
target materials. Finally, since the thermal-induced oxida-
tion of vinylene groups of PPV with formation of carbonyl
moieties is strongly affected by the atmosph{8g ex-
periments of SM under higher vacuum conditions are cur-
rently in progress in our laboratory to further improve the
process and preserve the native PL quantum yield of the
polymer.

4, Conclusion

In conclusion, we have shown that SM lithography can
be effectively applied to light-emitting and gaining conju-
gated polymers, thus allowing the immediate realization of
organic-based opto-electronics devices. A number of issues
of SM need to be further investigated, including its ulti-
mate resolution and the maximum achievable aspect ratio,
which could be limited by distortions and collapse of soft
PDMS structures. Nevertheless this technique is undoubt-
edly very promising for organic-based micro- and nano-
fabrication.
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