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Abstract

Carbon kedge Near Edge -Xay Absorption e Structure (NEXAFS¥pectroscopy ds been used to compare the
molecular conformation of poly{phenylene vinylene) (PPV) films prepared via phaod thermal conversion of
(poly{p-phenylene[i(tetrahydrothiophei-io)ethylene chloride]}) (PPTEC)When thermally converted PPV is
known to m@ss the glass transition temperature and undergdigment with the benzene rings parallel to the
substrateWhether or not photoonverting PPV produces the samealignment has implications for lithography of
PPV and current models of Nef@eld Scaming Optical Lithography (NSOL)}ere we show that the orientation of
molecules in photaonverted PPV is structurally the same as that of the precursor molecule unless a subseqt
thermal conversion is carried out.

Introduction

Nearfield scanning optidamicroscopy (NSOM) is an established technique for characterising surfaces on the nan
and micrescale(Hsu 2001) NSOM offers imaging with light at a lateral resolution below the classical diffraction
limit by illuminating through a small aperture ¢500nm) at very close proximity (~1@m) to the sample surfack.
recent years the NSOM ingtnent has been us$éor lithography (NSOL) obasic patterns on the nhanometre scale via
a number of different processéRiehn et al. 2003; Royler et al. 200Riehn et al.(Riehn et al. 2003have used a
purposebuilt instrument to achieve photolagraphy of polyphenylenevinylen®®V). The authorgCotton et al.
2006) have used a commercial instrument to manufacture an optical device with this technique. PPV and
derivatives are well known for sefoonducting properties which allow their use in polymectetaic devices such as
LEDs and solar cell§Wallace et al. 2000)Depending on morphology, PPV can also have an extremely high
refractive index(Comoretto et al. 2001)naking it an ideal material for fabricating photonic band gap structures anc
novel optoelectronic devices.

The patterning procegerformed by Rehn et al (Riehn et al. 2003 analogous to the use of a negative phasist.

A soluble PPV preursor is spircast onto a substrate and defined areas are exposed to UV light through the NSC
tip. UV exposure reduces the solubility of the exposed film and a subsequent methanolerimsentfed pattern
remains. This material is then converted to PPV by baking under vacuum. The insolubilisation of the precur
molecule under UV exposure is attributed to the cleaving of the sulphonium leaving fgsouphe rest of the
molecule(Taguchi and Tanaka 1998)e formation of a carbon double bond is the réispitoducing PP\{Cotton et

al. in prep:a). Further irradiation in air is known to cause the breaking of the C=@sband the fanation of a
carbonyl group(Cotton et al. in prega) i a process known as phetaidation. Photepxidation is undesirable for
many applications as it has deleterious effects on the optida¢lectronic properti€tow 2002)

Figure 1 Species in the patterning process: (a) polyfphenylene[t(tetrahydrothiophen-1-io)ethylene chloride]}
(PPTEC), (b) poly(p-phenylene vinylene) (PPV) and (c) photoxidised PPV.
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Of the species shown ifrigure 1, a high count of the PPV type monomer reduces the polymerds solubility in
methanol, whilst a prevalence of either of the others will lead to the polymer dissolvinghammietolven{Cotton et

al. in prep-a). Bradley(Bradley 1987)reports a ratio of PPV (b) to precursor (a) in a polymer greater than 4 is
necessary for insolubilisation, whilst presently there is no analfigircombinations involvingxidised species (c).

Figure 2 Absorbance of a thin film of PPTEC.
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PPTEC shows significant UV absorbanEgy(re2) at wavelengths shorter than 350 nm, indicating that a number of
different UV light sourcemay be used to remove the leaving group.

Studies of stretch orientated PPV have shown that flm morphology has a significant impact on its propert
paricularly the refractive indexComorettoet al. 2001) indeed PPV is known to have a significant birefringence
(Wan et al. 2000 a property related to morphologyhe birefringence in MEHPPV (a soluble derivative of PPV)
has been attributed to the orientation of the aromatic rings in the polymer chains; a random orientation produce
birefringence, the more aligned the riragse the stronger the resultibgefringencgKoynov et al. 2004)

In contrast the refractive index of the precursor polymer as acgairthin film has been perted only as a single
value (Riehn et al. 2003)uggesting that it has no birefringence. Work by Bazan et al. is supportive; they found th
spin-cast films of precursor polymer were essentially dis@adewing to the bond between twp’ carbons giving

the chain significant conformational freedom, edplly with respect to the aromatic ringBazan et al. 1996)
Additionally, Bazan et al. observed that once cast into a film, the chains were intertwined and interlocked such
significant energy was required to affect any moleculalignment.

Differences in morphology between lithographically and thermally produced PPV are therefore potentially importa
as well as differences in morphology between the pristine precursdnenthaterial as it is irradiated.recent model
that predicts the shape of characteristic features in PPV lithography presumes that light propagation through
precursor during irradiation is similar to that of the pristine material at the irradiatieglamgth(Cotton et al. in

prep-b).

Nearedge Xray absorption fine structure (NEXAFS) spectroscopy is a technique capable of providing informatic
about the composition and alignmerft molecular thin films(Watts et al. 2006)Carbon kedge NEXAFS in
particular is useful for mbing the orientation giolymers. A large angular dependence is exhibited in such materials
thanks largely to the presence of highly directionatbatiding electronic orbitals associated with carbarbon and
carborthydrogen bonds in aligned chaifié/atts et al. 2006)Examiningspectral angular dependenggesinsight

into film morphology

The purpose of this work is twofold: to further probe the effects of UV irradiation of the precursor polymer that h
been most commonkmployed for lithography to produce PPV structu(pely{p-phenylene[i(tetrahydrothiophen
1-io)ethylene chloride]}); and to examine the effects of annealing and UV irradiation (and their combination) on t
alignment of the precursor and polymer films.

M aterials and Methods

Four PPV precursor films were prepdrgia a variation(Burn et al. 1992pf the Wessling methodWessling 1985)

the methanesolubk precursor (PPTEC) was sgiast onto In¥ sized ITO substrates to the desired thickness (~150
nm). Of the foursamples, sample 1 was left untreated as a pristine precursdbdiinples 2 and 3 were irradiated for
15 s with UV from an EFOS Acticure lighsouce to obtain an energy dose peea previously found to produce a
bright yellow PPV film when processed as per the lithographic pupveexlitlned earlier

Figure 3 EFOS Acticure spectral output.
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The Acticure source has the spectratput shown irFigure3. An ElectroLite Corporation ELE300 UV Radiometer
fitted with an RS300 detector head was used to measure the power to W Atlthe fibre optic output of én
Acticure. The radiometer has a best spectral response for UVA (3#®@mm) and UVB (300 nfA15 nm). The
optic fibre was positioned so that the extent of its beam just encompassed the square centimetreSaampjse3.
was furthermore immersed in matiol and rinsed for 20s before being blown dry with nitrogenRast processing,
sample 3 and samplewkre baked at 220eC for 5 hoursin a vacuunoven(pressure< 1 mbay).

The NEXAFS experiments presented here were performed at the 24A beamline aalNgyrachrotron Radiation
Research Centre (NSRRC) in Hsinchu, Taiwan. The end chamber at beamline 24A aperatesssure .5 x 10°
mbar during experimentation. Spectra were obtained of the carkig& by means of total electron yield (TEY)
mode fa incidence angles of 9@surface norma))55 and 20 (grazing)for all four samples, and normalised for unit
step edge as discussedWatts, Thomsen and DastqWatts et al. 2006)
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Results and Discussion

Figure 4 NEXAFS Intensity and Difference Spectra for (a) Sample 1(b) Sample 2, (c) Sample d) Sample 4.
The horizontal box indicates UV exposed samples, whist the vericbox indicatesbaked samples

(a) Sample 1 (Precursor)
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Because the benzene ring makes up the majority of the RIRgmer the dominant resonances in the PPV NEXAFS
spectra are those associated with this moiety. A @=@sonance at 285eV is the most distinctive feature and is
strongest when thE vector of the incident-xays (perpendicular to the beam direction)aéspgndicular to the plane

of the ring. The e€H* and GC s* resonances at 292e8ihd 294eV respectively vary out of phase with phe
resonance, being most responsive whes parallel to the ringStohr 1996)

Examination of the baked samples (3 andFgure 4)) shows the €H* and GC s* resonance to increase with
incidence angle and thg# resonance to decrease; indicating that there is some preference for the rings to lay para
to the substrate. The alignment is weak, however, supportingsbeias by Bazan et al. that conformational changes
are difficult to induce in spheast films(Bazan et al. 1996)

In contrast the unbaked samples (1 ar{#figure4)) exhibit no such behaviour, the985° spectra is essentially flat,
indicating no alignment of the of precursor polymer. The 20° signal however is quite different, which is not consist
with the well known cd§ relationship beween antbonding resonances and the electric field vector of the incident
radiation(Stohr 1996) Rather, this abrupt change in the spectra is likely due to the presence of surface contaminat
near the edge of the sample (theaf beam has a wider footprint @ampls at gazing inciderce). While the
contamination is not significant enough for extra resonance peaks to be apparent, the step edge height is altered
results in the spectrum of the major constituent being diluted and its peaks being reduced in proportion.
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