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Full Paper: Novel photopoymers,basedon cinnamylide-
nemalonylgroups,were designedfor excimerlaserabla-

tion lithography Thesepolymersare highly sensitiveto

laser ablation at a specific irradiation wavelength,i. e.,

308 nm, but can also be applied as classical, negative
photoresist.The crosslinking of the polymer is accom-
plishedby irradiation at >395 nm. The sensitivity of the

photopolymergo laserablationbeforeandaftercrosslink-
ing is nearly equal. The combinationof thesetwo pro-

cessesi. e., laserablation and photocrosslinkingcan be

applied for the fabrication of arraysof microstructures.
The laser ablation step is usedto fabricate microstruc-
tures,while the classicalwet processings usedfor large

areastructuring.Combinedprocesse®f crosslinking-wet
developmentand laser microstructuring, but also vice

versawere carriedout. The microstructuredadthe same
high resolution,independenof the processingrder

SEM picture of the CM polymer after inverse procesing,
i. e.,first laserstructurirg, thencrosslinkingandwet develop-
ment.
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Intr oduction

Laserablationor dry etching is anadvancedfastmethod
for direct structuring of polymers, with less procesing
stepscomparel to the standrd lithography method, but
has unfortunatey several disadvanages,i.e., low sensi-
tivity and carbonzation of the substra¢!*! Commercial
polymes are not designedfor laserdry etching,andit is
difficult to evaluate the potental of this technige by
using standhrd polymersand compaing themto the per

formance of classical highly devebped phaoresists.

High resolutbn structurirg could not be obtainedwith
physicaldoping of standad polymerswith low molecukr
weight compounds? Therefae, ultrasemsitive, phaola-
bile polymerswere devdopedfor laserablationat speci-
fic irradiaion wavelenghs, i.e., 308 nmE4 This wave-
length was chos@& becauseof the converience of this
wavelengh from a practical point of view, i.e., lifetime
of the optical comporentsandgasfills of the XeCl exci-
mer laser and becase sub-migon resolutbn is not
necessar for all applicatbns. The desigied laser poly-

mers contain photolabie  chronophore, i.e.,
—N=N—X<, with a high absorpton coeficient at the
irradiation wavelength®>® The polymers exhibit very
high sensitvity to the laserirradiation wavelengh and
decompaeinto gaseas species’ which do not contami-
nate the surface® With this apgoach high resdution
structurirg of the polymeris possble, but the irradiation
areais limited by the laserbeamsize. In a produdion
environnent many structuresmust be fabricatedin the
shortestpossibletime and with a minimal useof expen-
sivetechriques,e.g.,laserphaons.A ‘pure’ laserprocess
would be slow and tediousfor the credion of arraysof
structurese.g., micro-lensarrays,on alarge substate.To
overcomethis limitation, novel phaopolymershawe been
developedvhich canbe usedasclassicalnegdive (cross-
linking) resiss, but still exhibit very high sensitvity
towards laser direct structurirg. These polymeas are
based on polyesters contaning cinnamylidenemaloric
acid groups(CM polymers) which undego phaocross-
linking upon irradiation at 4 > 395 nm and laserdirect
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Schemel. Structureof the cinnamylidenenalonic ester polymer (CM) before and after
crosslnking with A > 395nm for 20 min and100mW - cnT2,

structurirg at A = 308 nm® The CM polymersare also
specialdesigiedfor excimerlaserlithography usingthe
XeCl excimerlaser(308 nm). The polymersreveala high
absorptdn coeficient at 308 nm, decanposeinto gaseous
speciesvhich do not contaminatehe surface andexhibit
a high sensitivily to laserablation A bendimark of the
sensitivity for an industrial applcation, which canrot be
reachel by commercialpolymers,is an etchrate of =100
nm with an irradiation fluence of 100 mJ- cnr2.% The
CM polymersare additionally stableto acidswhich are
appliedin following procesmg steps.This stabiity is
unigueto the novel designedCM polymersandcould not
be acconplishedby the previausly designed polymers*Y
The order of processingij. e., first negativethen positive
(—/+) structurirg or vice versa(+/-) is not affecting the
quality of the structureson a micrometerscale.Suwch a
combinal processwas to our knowledge only reported
once,but for a differentand evenmore complextechni-
gue,i.e.,ion beamirradiation *?

Resultsand discussion

The structureand crosslinked structure of the CM poly-
mersis shown in Schemel. The photo-dimeization,i.e.,
2+2 cycloaddition,of cinnamaé side-chais™? is a classi-
cal method of polymer photocrosshking, e.g., usedin
the KPR® EastmanKodak resistwhich has otherwise a
very different chemical structure. During crosslinking a
cyclobutinesystemis createdwhich hasa shorterwave-
length absorpton maximum than the cinnamate group
The UV spectra(R = p-OCHs) before andafter crossink-
ing are shown in Fig.1. Semiempirical methods
(MOPAC/ZINDO®) were usedto calculae the absorp
tion spectrumof a repetition unit of the CM polymer. It
was delived from the calculations that the absorpion
maximumin the UV spectrum(at 357 nm) is mainly due
to transitionswhich involve the whole cinnanylidenena-
lonyl system The calculatedspectrum(ZINDO) is shown
asinsertin Fig. 1.

Theshapeof the spectumis quite similar to the experi-
mentalspectrum but the calculatedabsorpion maxmum
is shifted to longer wavelenghs (by = 80 nm). Se\eral
factors will lead to differenes betweencalculatedand
experimenal spectra.The calculated spectraare for gas
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Fig.1. UV-Vis spectraof the CM polymer (R = p-OCHy)
before and after crosslinkirg. The insert showsthe result of a
ZINDO calculationof the UV-Vis spectraof a modelrepetition
unit.

phasemolecdes, while the experimetal spectraaretaken
from thin films. This leads to a modification of the mole-
culés electranic statesdueto intermolealar interactons.
Additionally, model compoundsare usedfor the calcula

tions due to the limited number of atoms allowed in

ZINDO. The absorpion maxmum of the CM polyme's
can be shifted between328 and 357 nm by varying the
subsituent R of the phenylring.*® The syntesisof the
CM polymersis descibed in detail elsevhere™ In all

following experimentsthe CM polymer with R = p-OCH,
is usedwhich allowsfastandselectivephao-crosslinkng

of the polyme at A, = 395 nm. This resultsin the devel

opmen of an insolubke polymer netwokk, but also a
reduction of the absorpion coeficient, i.e., from 32000
to 17000 cnr? at the irradiation wavelengh of the XeCl

laser(308 nm). The crosslinkng ratewasnot deternined
in detal but infrared spectr@copic data sugget rates
higherthan50%.

The etch ratesof the polyme before (CM) and after
crosslinking (CM,,) aredeterminedat moderatelaserflu-
enceg(<500 mJ- cn?) to testwhethercrosslinkng hasa
pronouncednfluenceon laserablation The comparison
of the two etchratesis shown in Fig. 2. A slightly lower
etchrateis obtaned for the crosslinked polyme. This is
probably due to the lower absaption coeficient at the
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Fig.2. Ablation ratesper pulse,d, as a function of the laser
fluenceF for the CM andCMc.sspolymet

irradiation wavelengh, or less likely to an improved
mechanical stabiity of the crosslinkedpolymer One of
the most importantfeatures of polymer laserablationis
the exisence of a shap thresholdfluence for material
removd.*®! Below this mateial dependenlaserfluence
no laserablation can be obsened, while phaocheanmical
decompaition/reacions can take place within the poly-
mer film. The threshdd fluence, Fo, can be calculaed
accodingto Eq. (1)

d (F) = Laer In(F/Fo) 1)

whered is the etchrateat a givenfluence F anda. is the
effective absaption coeficient during ablation (different
from thelinear absorpton coeficient obtainedfrom Lam-
bert-Beer's law). The calcultedthreshdd fluencesare48
and53 mJ- cnt? for CM and CM,, respectivéy, showing
that only slightly higherlaserfluencesare necessar for
the crosslinked polymer. The effective absorpion coefi-
cientsare more or lessthe samefor both polymers,i.e.,
57000cnt? for CM and58 000cnT? for CM,. Maximum
etchratesof 1.54 um for CM and1.54 um for CM,, can
beobtainedat high laserfluences,i. e.,here6.3J - cn?.
To provethatthe conceptof combining the characteris-
tics of positiveandnegativeressts(with laserablationas
positive etching) is applicabk, a complee conmbined pro-
cesswascarried out. We would like to emphasizethat for
this proof of principle, a very simple experimenal setup
was usedand neither the solvent systemfor the negaive
devebpmentnor the crosslinking paramegrs were opti-
mized. A brassmask (100 pm thick) with a rectangular
patternwasplacedon a thin (3 to 5 um) polymerfilm on
aquartzwafer, castfrom CHCl; asthe solvent.This setup
is roughly representatie of proximity illumination. Then
the film wasirradiatedthrough the mask patternwith a
Xe lamp equippedwith afilter A > 395nmfor 20 min at
apowerof 100mW - cnm? Theirradiatedfilm wasdevel-
opedby immersing CM, into chlordform for 10 s, which
is a good solventfor CM. A scanningelecron micro-
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Fig.3. SEM pictures of the CM polymer after crosslinking.
Top: after wet develgpmentin CHCI;; middle: structuringof the
crosslinked and wet developed polymer (from top SEM)
(1 pulsewith 7.9 J- cnT? at 308 nm); bottom: inverse proces-
sing,i. e.,first laserstructuring thencrosslinkingandwet devel-
opment.

scope(SEM) picture of the developed negaively struc-
tured film is shown in Fig.3 (top). The size of the
remainingpolymer squaress slightly larger thanfor the
mask pattern (520 um) and also exhibits sloping walls.
This is most probably due to the nonoptimized expei-

mentalconditions,i. e., proximity illumination,illumina-
tion time, solvent system and developmeh time. An

excessivly long illumination time, for example, will

causecrosslinkingunder the maskedges, i. e., widen the
crosslinled area,due to multiple reflection betweenthe
maskand the polymer surface The crossinked polymer
squareswere subsegently irradiatedwith a XeCl exci-
mer laser(LambdaPhysik Compex205), through a cop-
per maskwith avarying slit pattern which wasdemagri
fied with a reflective objective (Ealing 15 x ). The SEM
picture in Fig.3 (middle) shows the microstrudures
obtainedwith a single pulse at 7.9 J- cnt2 Our experi-
mental setupdoesnot allow a precisealignment of the
structurirg beam Therdore, multiple structures within
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the polymer squaresare creded. In the upper patt of the
SEM pictureanaddtional structureis visible. The micro-
structures,obtained with a single pulsesat 7.9 J- cnt?,
arewell resolvedandshowa resdution closeto the limits
of our setup(=1 um). This proofs our coneptto com-
bine classi@l negdive resist properties with laserabla
tion.

To testwhetherthereis a preferential orderof process
ing steps,i. e., first negaive devdopmentand then post
tive laser structurirg or vice versa a polymer film was
first structuredwith the laser thencrosslinled anddevet
oped in CHCl;,. The microstructure (Fig. 3, bottom)
revealsthe samequality (as far as we can judge from
SEM pictures) as the structuresobtainedfor the experi-
ments with the opposite sequere. Of course volume
shrinkage upon crosslinking is expected, but was not
determinedn this study whereonly the feasibility of the
+/—conceptwastheaim.

In sunmary; novel polymers,basedon cinnamyidene-
malonic acid groups, were designedwhich combine two
key properties for polymer procesig: they are highly
sensitiveto laserablaion at a specific irradiation wave
lengthandthey canact asclassical negdive photoresist
The laser ablafion stepis usedto fabricate microstric-
tures,while the classicalwet processg is usedfor large
area structurirg. After crosslinking the photopolymers
exhibit neaty the samehigh sensitivityto laserablation
Combired processs of crosslinking-wet devebpment
laser microstructuring, but also vice versa were carried
out. No preferetial orderof procesag wasfound,which
clearly proofsthe feasibility of our conceptwhich allows
to combinethe strengthsof bothmetods.
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