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bstract

Two bistriazene monomers, 1,1′[4,4′-diphenyl]-3,3′-di(�-hydroxyethyl, methyl)-bistriazene (T1) and 1,1′[4,4′-diphenylsulfone]-3,3′-di(�-
ydroxyethyl, methyl)-bistriazene (T2) were prepared by an electrophilic N–N coupling of substituted aryldiazonium salts with N-methyl-
minoethanol, and further employed as reaction partners for 2,4-toluene diisocyanate (2,4- and 2,6-TDI isomer mixture, 80:20, v/v) or 4,4′

ethylene bis(phenylisocyanate) to achieve hard type bistriazene polyurethanes. The synthesized monomers and polymers were characterized
y analytical and spectroscopic methods, while the surface morphology of polymers was visualized by scanning electron microscopy (SEM)
nd atomic force microscopy (AFM). Photochemical assessment of the triazene moieties in monomers and polymers was carried out in solution

methanol, DMF) and film state, following the decreasing under UV irradiation of the �–�* absorption band in the corresponding UV spectra, the
inetic evaluation indicating a first order photoprocess. Laser ablation experiments performed at an irradiation wavelength of λ = 308 nm illustrate
hat bistriazene polyurethanes have a high potential to furnish good quality surfaces intended for microlithography.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Research on photopolymers in which photosensitive moi-
ties are chemically incorporated has been motivated by various
ntriguing potential applications, the foremost of these includ-
ng devices for optical data storage [1–3], photoresists [4–6]
nd photolithographic assemblies [7–9]. Such materials must be
ighly sensitive to light processing and should exhibit mechan-
cal, thermal and chemical stability for all additional manufac-
uring steps. In this field, one of the most interesting topics in
he recent years is the fabrication of artificial surface relief struc-
ures in triazene functionalized polymer films by their exposure

o UV/laser irradiation, particularly attractive as dry etching
f resists in microlithography [10–13]. Triazene polymers are
uitable candidates for this type of applications owing to their

∗ Corresponding author.
E-mail address: emilbur@icmpp.ro (E.C. Buruiana).
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igh photosensitivity and especially spontaneous fragmentation
nto low molecular gaseous products upon irradiation [14]. Until
ow, a variety of triazene polymers, for instance polyesters [15],
olytriazenes [16], polysulfides [17], have been obtained by dif-
erent preparation methods and investigated from the point of
iew of the ablation properties.

Taking into account the broad spectrum of properties of
he polyurethanes combined with a superior photosensitivity
f triazene units, our group designed and synthesized a series
f poly(ether urethanes) with such chromophore structures in
he main backbone or as side chains introduced by means of
ew triazene monomers [18,19]. Studies performed on these
ystems revealed that materials photosensitivity increased with
n increase of the triazene content in the polymers [20]. For
his reason, new hard type triazene polyurethanes that include

hotolabile triazene units in every repeating segment were devel-
ped [21]. Excimer laser ablation experiments carried out on
olyurethane films obtained from the latter polymers suggested
reduced quality of the ablation patterns as compared to other

mailto:emilbur@icmpp.ro
dx.doi.org/10.1016/j.jphotochem.2006.08.017
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riazene polymers reported in the literature [22]. Therefore, the
ocation of triazene units in the side chain of the polymeric
ackbone had a pronounced effect on the ablation parameters
23]. To surmount these limitations, a class of new hard triazene
olyurethanes in which the photolabile units of bistriazene type
re positioned in the polymer main chain was considered. This
aper presents the synthesis, characterization and photochemi-
al behaviour of these novel polymeric materials with a special
mphasis on the photochemical and ablation properties.

. Experimental

.1. Materials

4,4′-Diaminodiphenyl, 4,4′-diaminodiphenyl sulfone, N-
ethyl-aminoethanol, toluene diisocyanate (2,4- and 2,6-
DI isomer mixture, 80:20, v/v) and 4,4′ methylene bis

phenylisocyanate) (Aldrich) were used as received. Dimethyl-
ormamide (DMF) wad dried over 5 Å molecular sieves.

.2. Synthetic procedures

The bistriazene diols 1,1′[4,4′-diphenyl]-3,3′-di(�-hydro-
yethyl, methyl)-bistriazene (T1) and 1,1′[4,4′-diphenyl-
ulfone]-3,3′-di(�-hydroxyethyl, methyl)-bistriazene (T2) were
ynthesized in a two step procedure, as shown in Scheme 1. As an
xample, the synthetic pathway used to obtain the T1 monomer
s described. A stirred solution of 4,4′-diamino-diphenyl (10 g,
.054 mol) in HCl 10 wt.% (84 mL) was cooled to 0 ◦C and
iazotized with an aqueous solution of sodium nitrite (7.5 g,
.1 mol). The reaction mixture was dropwise added to a solution
f N-methyl-aminoethanol (8.15 g, 0.1 mol) and sodium carbon-
te (9.1 g, 0.085 mol) in 250 mL water at 0 ◦C over 1 h. Then,
0 g sodium chloride was added and the resulting mixture was

xtracted three times with Et2O. The organic layers were dried
nto Na2SO4 and concentrated under reduced pressure. After
emoval of the solvent, the monomer was separated as a brown
rystalline solid.

p
m
p
(

Scheme 1. Synthesis of bistriaze
hotobiology A: Chemistry 186 (2007) 270–277 271

The hard type polyurethanes (PUH-T1 and PUH-T2) were
btained by polyaddition carried out in dry DMF starting from
g triazene diols and a corresponding stoichiometric amount of

oluene diisocyanate (2,4- and 2,6-TDI isomer mixture, 80:20,
/v) (PUH-T1) or 4,4′ methylene bis(phenylisocyanate) (PUH-
2). The reactions were performed under purified nitrogen at
5 ◦C for 15 h. The triazene polyurethanes were precipitated in
ethanol and dried for 48 h at 60 ◦C under reduced pressure.

.3. Equipment

The polymer structures were verified by 1H NMR, IR and UV
pectroscopy using a Bruker 400 MHz spectrometer, a Specord

80 and a Specord M42 spectrophotometer, respectively. Gel
ermeation chromatography (GPC) measurements were deter-
ined with a PL MD-950 instrument (Polymer Laboratories)

quipped with an evaporative mass detector and two PL gel
�m columns. The sample for measurement was 1.0 g dL−1

olution in DMF and the flow rate of the carrier solvent was
mL min−1. The average molecular weight was calculated on

he basis of the molecular weight versus retention volume curve
f monodisperse polystyrene standard. The thermal stability
f the polyurethanes was analyzed through thermogravimetry
sing a MOM Budapest derivatograph. TG and TGA curves
ere recorded between 20 and 600 ◦C with a heating rate of
2 ◦C min−1 in air. UV irradiations were performed in DMF
olutions and for thin films, using a 500 W high-pressure mer-
ury lamp without wavelength selection, at room temperature.
he initial absorbance of the samples in the absorption band
aximum was kept between 0.9 and 1.0. For the irradiation at

08 nm a Complex 205 XeCl excimer laser from Lambda Physik
τ = 30 ns) was used. The samples for the laser ablation exper-
ments were prepared by solvent casting from a 15 wt.% DMF
olution on glass substrates. SEM analyses were made through

olymer film deposition on aluminum plates and subsequent
etallization with gold layer. AFM measurements of the sam-

les were achieved in air at room temperature, using a PicoScan
Molecular Imaging) system, with a scanning area of 30 �m.

ne monomers (T1 and T2).
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.4. Measurements

.4.1. 1,1′[4,4′-diphenyl]-3,3′-di(β-hydroxyethyl,
ethyl)-bistriazene (T1)
Elem. Anal. Calcd. for C18H24N6O2: C, 60.67%; H, 6.74 %;

, 23.59%. Found: C, 60.48%; H, 6.71%; N, 23.65%.
1H NMR [CDCl3, δ ppm]: 7.57 (d, 4H, J = 8 Hz, aromatic

rotons in ortho position towards triazene groups); 7.48 (d, 4H,
= 8 Hz, aromatic protons in meta position relative to triazene
roups); 3.89 (s, 8H, –N–CH2–CH2–OH); 3.35 (s, 6H, N-CH3);
,84 (m, 2H, OH).

IR (KBr, cm−1): 3390 (OH); 2900 (CH2 asymmetric);
845 (CH2 symmetric); 1550 and 840 (CH aromatic); 1360
N N–N<); 1240, 1200 and 1100 (C–O).

UV (CH3OH): 360 nm. Yield: 8.85 g (81%).

.4.2. 1,1′[4,4′-diphenylsulfone]-3,3′-di(β-hydroxyethyl,
ethyl)-bistriazene (T2)
Elem. Anal. Calcd. for C18H24N6O4S: C, 51.42%; H, 5.71%;

, 20%. Found: C, 51.50%; H, 5.83%; N, 19.85%.
1H NMR (CDCl3, δ ppm): 7.95 (d, 4H, J = 8 Hz, aromatic pro-

ons in ortho position to triazene groups); 7.39 (d, 4H, J = 8 Hz,
romatic protons in meta position relative to triazene groups);
.95 (s, 8H, –N–CH2–CH2–OH); 3.34 (s, 6H, N-CH3); 2.9 (m,
H, OH).

IR (KBr, cm−1): 3350 (OH); 2930 (CH2 asymmetric);
855 (CH2 symmetric); 1600 and 850 (CH aromatic); 1370
N N–N<); 1240, 1200 and 1100 (C–O).

UV (CH3OH): 342 nm. Yield: 9.13 g (86%).

.4.3. PUH-T1
Elem. Anal. Calcd. for [C27H30N8O4]n: C, 61.13%; H,

.66%; N, 21.13%. Found: C, 60.97%; H, 5.70%; N, 21.16%.
1H NMR (DMSO-d6, δ ppm): 9.6 (m, NH-COO); 7.4–7.9

m, aromatic protons from TDI and T1 monomer); 4.45
m, NHCOO–CH2–CH2); 4.1 (m, NHCOO–CH2–CH2–
(CH3)–N N); 3.67 (s, –N(CH3)–N N<), 1.98–2.18 (m, Ph-
H3).

IR (KBr, cm−1): 3350 (NH); 2900 (CH2); 1720 (C O free);
600 and 820 (CH aromatic); 1360 (N N–N<); 1220, 1100
O–C–O).

UV (DMF): 355 nm.

.4.4. PUH-T2
ELEM. Anal. Calcd. for [C33H34N8O6S]n: C, 59.10%; H,

.07%; N, 16.71%. Found: C, 59.06%; H, 5.09%; N, 16.69%.
1H NMR (DMSO-d6, δ ppm): 9.5 (m, NH-COO); 7.05–7.85

m, aromatic protons from MDI and T2 monomer); 4.37 (m,
HCOO–CH2–CH2); 4.1 (m, NHCOO–CH2–CH2–N(CH3)
N N); 3.67 (s, Ph-CH2-Ph); 3.23 (s, –N(CH3)–N N<).

IR (KBr, cm−1): 3325 (NH); 2910 (CH2); 1675 (C O free);
600 (CH aromatic); 1525 (NH); 1360 (N N–N<).

UV (DMF): 344 nm.
. Results and discussion

The preference for a bistriazene derivative characterized by a
ich conjugation over the � electrons from triazene unit and the

s

U
t

Fig. 1. 1H NMR spectrum of T1 bistriazene diol in chloroform.

electrons subsequently to the aromatic rings is motivated by a
ossible increase of chromophore photostability in such struc-
ures, with significant effect on their laser ablation behaviour.
herefore, two new bistriazene diols (T1, T2) were synthe-
ized by N–N coupling of the aromatic diazonium salt with
-methylaminoethanol, according to Scheme 1. The structure
nd purity of T1 and T2 was confirmed by IR, 1H NMR and
V spectroscopy, as well as by elemental analysis. For exam-
le, Fig. 1 shows the 1H NMR spectrum of T1 diol, where the
oublet peak at 7.48 ppm is assigned to the aromatic protons
n meta position related to the triazene group, and the peak at
.57 ppm is determined of the aromatic protons in ortho posi-
ion (for details, see Section 2). Due to the complementarities
f the protons in the spectra of both monomers appear the same
ignals, the only difference being caused by the integral inten-
ities. Additionally, in the case of T2 a small shift of the signal
t 7.39 and 7.95 ppm owing to the aromatic protons in meta and
rtho position to the triazene groups was noticed as result of the
resence of the sulfone group between the two aromatic rings.
oncerning the ethylene protons, we do not observe different
hemical shifts, since they are equivalent, a similar result being
videnced on triazene alcohol derivatives [15,20]. The integrals
atio of aliphatic versus aromatic protons sustains the proposed

tructure of the bistriazene diols.

For the purpose of obtaining of materials microstructured by
V/laser irradiation, the effect of triazene structure on the pho-

osensitivity of polymers was further examined. In this context,



E.C. Buruiana et al. / Journal of Photochemistry and Photobiology A: Chemistry 186 (2007) 270–277 273

triaze

t
b
o
w
p

p
t
a
d
s
b
p
i
2
f
4
(
n
3
r
n
a

a
(
r
r
t

u
w
a
c
m
b

t
t
p
b
e

Scheme 2. Synthesis of bis

wo new hard polyurethanes (PUH-T1 and PUH-T2), resulted
y the reaction between a diisocyanate (2,4 toluene diisocyanate
r 4,4′ methylene bis(phenylisocyanate) and a bistriazene diol,
ere synthesized and studied. Scheme 2 depicts the synthetic
athway used to obtain the hard triazene polyurethane PUH-T2.

As in the case of monomers, the structure of bistriazene
olyurethanes was confirmed by elemental analysis and spec-
ral methods. The IR spectra of polymers contain besides specific
bsorption bands assigned to triazene monomer, the bands intro-
uced by the urethane sequences. Fig. 2 illustrates the 1H NMR
pectrum of PUH-T1 polyurethane for a comparison with the
istriazene monomer T1 (spectrum given in Fig. 1). The multi-
let centred at 2.08 ppm was attributed to the protons included
n the CH3 unit attached to the aromatic ring from 2,4- and
,6-toluene diurethanes, whereas the other aliphatic protons
rom the alkyl chain of the bistriazene appeared as a singlet at
.1 ppm (NHCOO–CH2–CH2–N(CH3)–N N) and at 4.45 ppm
NHCOO–CH2–CH2). The protons from methyl units in the
eighbourhood of the triazene moieties provide two singlets at

.67 and 3.83 ppm. The aromatic protons generated through the
eaction of bistriazene diol and diisocyanate give a multiplet sig-
al situated between 7 and 7.96 ppm, and that of the NH group
ppears as multiplet at 9.6 ppm.

u
t
l
o

Fig. 2. 1H NMR spectrum of bistriazene p
ne polyurethane PUH-T2.

Compared to monomers, the methylene protons in polymers
ppear as two signals shifted with about 0.11 and 0.56 ppm
PUH-T1), and respectively, 0.15 and 0.42 ppm (PUH-T2) as
esult of the formation of urethane structures, whose protons
esonate at a downfield induced by the deshielding effect of ure-
hane group.

The synthesized bistriazene polyurethanes present good sol-
bility in common polyurethane solvents (DMF and DMSO), as
ell as excellent film forming properties, so that homogeneous

nd transparent yellow films were easily prepared by solvent
asting with subsequent drying at moderate temperature. The
olecular weights of the polymers determined by GPC were

elow 10,000.
A representative feature of the triazene polyurethanes is their

hermal behaviour, which may have direct consequences over
heir applicability in microlithography or as macroinitiators in
reparing of various materials. To establish a correspondence
etween the polymer structure and the content of triazene moi-
ties in the polymeric backbone, thermogravimetric analysis was

sed, the data being presented in Table 1. As can be observed,
he thermal stability of bistriazene polyurethanes is relatively
ow, as compared to that of elastomeric polyurethanes, as an
utcome of the increased amount of triazene units in polymer.

olyurethane PUH-T1 in DMSO-d6.
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Table 1
Thermal behaviour of bistriazene polyurethanes

Sample Stage I T10% (◦C) Stage II Stage III

TI − Tf (◦C) Tmax (◦C) Weight loss (%) TI − Tf (◦C) Tmax (◦C) Weight loss (%) TI − Tf (◦C) Tmax (◦C) Weight loss (%)

PUH-T1 90–175 140 16 150 175–240 205 8 240–360 325 15
PUH-T2 110–190 150 12 175 190–255 220 11 280–430 375 18
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Table 2
Physical and photolysis data of bistriazene monomers and polymers

Sample λmax (nm) k (10−4 s−1) Time (min)

Solution Film Solution Film Solution Film

T1 360 5.3 50
T2 342 6.8 35
PUH-T1 355 352 9.26 11.3 42 9
P

fi
a
s
1

m
a
w
s
b
U
t
d
t
g
s
m
a
t

s
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ig. 3. SEM micrographs of the bistriazene polyurethane PUH-T2 at 2300×.

n agreement with literature data, a higher amount of photola-
ile chromophore in polymers had as effect a decrease of the
hermal stability of the triazene polymers [24]. Technically, the
eight loss observed in the first stage of the process is attributed

o the triazene unit decomposition that releases small volatile
olecules such as nitrogen, followed by the thermal decompo-

ition of polymeric backbone.
The surface topography of the bistriazene polyurethanes was

xamined by scanning electron microscopy (SEM) and atomic
orce microscopy (AFM). Fig. 3 displays the SEM micrograph of
istriazene polyurethane (PUH-T2), where a homogenous mor-
hology is clearly evidenced, as a consequence of the unitary
tructure of the hard polyurethane. AFM investigations were
ade in the bottom of the polymer surfaces as well as on the

op, with a scanning area of 3 �m × 3 �m or 30 �m × 30 �m.

ig. 4(a) shows a schematic representation of the polyurethane
orphology in thin film suggesting the same homogeneous

tructure of the polymer. Although PUH-T2 had a good-quality

t
a
t

Fig. 4. AFM topography images for polymeric films based on
UH-T2 344 342 2.5 5.7 51 12

lm its surface is not flat and clean resulting in numerous hills
nd valleys placed into a smooth structure, this image seems to
uggest the presence of crystallites at bottom with size below
00 nm.

As already reported [14], the choice of triazene chro-
ophore is mainly stimulated by the opportunity to correlate its

bsorption maximum in the UV spectrum with laser radiation
avelength. The most profitable way is including of suitable

ubstituents in the vicinity of the triazene group from polymer
ackbone. In our case, the triazene chromophore presents in the
V spectra a broad absorption maximum, attributed to �–�*

ransitions, centred at 360 nm for T1 monomer, while the T2
iol has an absorption peak at 342 nm. Under UV irradiation,
he triazene group is decomposed with the release of small
aseous molecules (N2, CO2)—process reflected in the UV
pectra by a decreasing of the absorption maximum. The
onitoring of this photobehaviour with irradiation time allows

n estimation of the rate and photodecomposition degree for
he triazene chromophore (Table 2).

The photochemical response of bistriazene derivatives was
tudied in methanol solution by exhaustive UV irradiation with
high pressure mercury lamp. Fig. 5 illustrates the diminishing
f the absorption maximum in the UV spectrum of T1 bis-

riazene diol with the irradiation time. It was noticed that the
bsorption maximum is decreasing with the irradiation time up
o a limit, when it is supposed that all triazene units are decom-

bistriazene polyurethanes: PUH-T1 (a) and PUH-T2 (b).
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ig. 5. UV–vis spectrum of bistriazene monomer T1 in methanol solution mo
ifferent irradiation periods (plot a), and kinetic evaluation of the photolysis of

osed and UV absorption tends to zero. The photodecomposition
f biphenyl bistriazene monomer in methanol was completed
ithin about 50 min, with a kinetic rate k = 5.3 × 10−4 s−1, a

ime period longer than in the case of diphenylsulfone bis-
riazene where the same process took place in about 35 min
k = 6.8 × 10−4 s−1). Furthermore, the existence of isosbestic
oints at 270 and 425 nm for T1 and at 250 and 430 nm in T2
learly indicates that the photoreaction proceeds uniformly. This
esult may be evaluated by means of the photocleaving reaction
f triazene groups, induced of interaction with UV light. The first
art of the photolysis of biphenyl bistriazene derivative proceeds
ith a slow diminising of the photodecomposition rate, fol-

owed in the second stage by an increase, suggested that beyond
he breakage of triazene linkage, the molecular conjugation is
nterrupted with consequences over the dynamical evolution of
he ablation. Compilation of this result with those achieved for
iphenylsulfone bistriazene illustrates that the photosensitivity
f the triazene moiety rigorously depends on conjugation effects
enerated by the nature of the substituents in the chromophore

eighborhood. This peculiarity is confirmed by constant rate val-
es, determined from the kinetic curves of the studied monomers
Fig. 5b). The photochemical ablation of triazene monomers is
uantitatively described through a constant rate value, given by

m
m
t
S

ig. 6. The photolytic behaviour of the PUH-T1 polymer in DMF solution (plot a) an
UH-T2 polyurethane (�).
ng the vanishing of the UV absorption maximum of the triazene linkage after
onomer (�) and T2 monomer (�), respectively (plot b) at 298 K.

he expression:

= ln
A0 − A∞
At − A∞

1

t
(1)

here A0, At and A∞ are the values of the absorbance at time
, t and ∞, respectively. The kinetic representation obtained by
lotting the logarithm of the reduced absorption against time
ndicates a first-order kinetic of the photoprocess. As the kinetic
lope is higher, the photodecomposition process is faster and as
consequence, the bistriazene compound presents a high pho-

osensitivity.
The photolytic estimation of the triazene units in

olyurethanes was performed by UV irradiation in DMF solu-
ions and film state. By exposing PUH-T1 solution to UV
rradiation, a gradual decrease of the absorption maximum
entered at 355 nm with the irradiation period was detected
Fig. 6a). In the case of PUH-T1 polyurethane the rate con-
tant is k = 9.26 × 10−4 s−1 and the photodecomposition of the
riazene group is accomplished in 42 min in particular experi-
ental conditions. In identical circumstances, the PUH-T2 poly-
er presents a similar behaviour, with k = 2.5 × 10−4 s−1 and a

otal vanishing of the absorption maximum in about 51 min.
uch results illustrate minimum differences between the above

d the kinetic evaluation of its photolysis (plot b) (�) as compared to that of the
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Fig. 7. Plot of the etch rate vs. fluence of hard bistriazene polyurethanes.

Table 3
Ablation parameters of bistriazene polyurethanes

Sample αeff (cm−1) Fth (mJ) αlin (308 nm) (cm−1)

PUH-T1 14,874 82.9 29,050
PUH-T2 18,739 59.3 20,041
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iscussed polyurethanes, probably due to the structural resem-
lance of the bistriazene chromophores.

The photochemical behaviour of the bistriazene
olyurethanes in film state represents a major feature
equired by dry etching applications. For this, the polymeric
lms were subjected to UV irradiation, to establish their ability

o function as photolithographic materials. The photolytic
egradation of PUH-T1 film proceeds in 9 min with a rate
onstant k = 11.38 × 10−4 s−1, whereas for PUH-T2 film the
hotodecomposition of the bistriazene groups took place
n 12 min, the rate constant being k = 5.7 × 10−4 s−1. The
omparison of the results obtained in film state with those
orresponding to polymer solution, irradiation revealed that the
hotosensitivity of bistriazene groups is superior in polymeric
lms. A reasonable explanation is offered by the steric hin-
rance apparent in the polymer backbone, or to the potential
ecombination of the macroradicals generated in solvent cage,
efore deactivation.

In addition to UV investigations, the bistriazene polyurethane
lms were subjected to laser irradiation, to evaluate the influence
f laser beam on polymer surface. A great advantage of laser
blation comes from its wavelength selectability, which may
e adjusted to chromophore UV absorption in order to achieve
romising materials for microlithographic purposes. The poly-
eric films were prepared by spin-coating on quartz substrates.
he laser ablation properties, i.e. threshold fluence, ablation rate
nd quality were studied as a function of the laser fluence.

The description of the ablation phenomenon is given by a
inear relation connecting the ablation parameters:

(F ) = 1

αeff
ln

(
F

Fth

)
(2)

here d(F) is the ablated depth per pulse, F the laser fluence, Fth
he threshold fluence and αeff is the effective ablation coefficient.

In the present study, it was found that the hard tri-
zene polyurethane PUH-T1 provides a threshold fluence of
3 mJ cm−2 and an effective absorption coefficient for ablation
f 14.874 cm−1, whereas for the second polyurethane in the low

uence range a threshold fluence of 59 mJ cm−2, and αeff of
8.739 cm−1 were determined. The plot of the etch rate versus
uence, shown in Fig. 7, gives a linear dependence which indi-
ates no incubation behaviour, as expected for highly absorbing

a
t
d
p

ig. 8. SEM micrographs of the ablation holes (308 nm) in PUH-T1 after two pul
videncing the resolution and the well-defined patterning of the polymeric surface.
U-NOa 40,000 52 10,400

a Ref. [21].

olymers. For lithographic applications, the low fluence range
between 10 and 400 mJ cm−2) offers the opportunity to study
he influence of structural parameters on the ablation rates.

The measured linear absorption coefficients (αlin) of the
olyurethanes are higher than the values of the αeff calculated
rom relation (2), the differences being due to the decomposi-
ion of the triazene unit during the laser pulse [25]. The quality
f the structure and the resolution at 308 nm were illustrated by
canning electron microscopy. Fig. 8 exemplifies the corners of
he ablation holes in PUH-T1 (a) and PUH-T2 (b) made after
wo pulses at 1700 mJ cm−1 and four pulses at 4400 mJ cm−1,
espectively. It can be remarked that no debris originating from
xpelled fragments is visible, and the consequent edges are
traight, sharp and without damage. These sustain a well defined
tructuring process mainly due to the decomposition of the tri-
zene moieties. By estimates from the size of the microridges,
he resolution is, as expected, in the micrometer or even submi-
rometer domain. As compared to other triazene polyurethanes
reviously studied [21], bistriazene polymers provide enhanced

blation characteristics, mostly due to the different architec-
ure of the present polyurethanes, which confirm the literature
ata [23] revealing that microstructures made in main-chain
olymers show higher quality than those in the pending sys-

ses at 1700 mJ cm−2 (a) and PUH-T2 after four pulses at 4400 mJ cm−2 (b)
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ems, whereas the characteristic data of ablation are quite sim-
lar (Table 3). Additional investigation of the bistriazene hard
olyurethanes exposed to UV/laser irradiation is in progress.

. Conclusions

New photolabile bistriazene monomers were synthesized
nd characterized. Polyaddition reaction between bistriazene
iols and diisocyanates yielded photopolymers with triazene-
ridges in the backbone, which are the most appropriate systems
or UV/laser photolithography. Significant photolytic sensitiv-
ty was detected by irradiating and monitoring the polyurethanes
hrough UV spectroscopy in defined intervals. The experiments
erformed with the excimer laser (308 nm) demonstrated that the
esigned bistriazene polymers could be used for the fabrication
f microstructures with adequate precision. Consequently, the
enerated microridges illustrate the absence of any amount of
edeposited material on edges and the achieving of a very smooth
urface. Thus, such bistriazene polymers seem to be suitable for
pplications with stringent ablation characteristics.
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