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Abstract This paper presents a comparative study of polymer pixel on sensors obtained by Laser Induced Forward
Transfer (LIFT) assisted by a triazene polymer as Dynamic
Release Layer (DRL). Polyisobutylene (PIB) was selected
as model for chemoselective polymers which could be used
as hydrogen-bond acidic polymer for vapor sensors.
PIB films deposited on fused silica, respectively, on triazene polymer coated fused silica substrates were used
as targets. Both targets were prepared by Matrix Assisted
Pulsed Laser Evaporation (MAPLE). The parameters related
to a regular, well-defined transfer were analyzed and compared for the substrates with and without the DRL. The morphological characterization of the transferred PIB was performed by Atomic Force Microscopy (AFM), Optical Microscopy, and Scanning Electron Microscopy (SEM).
It was found that a minimal thickness of the dynamic release layer, i.e. 100 nm is required to protect the sensitive
PIB polymer in a clean laser transfer process.
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1 Introduction
Strong hydrogen-bond acidic polymers for vapor sensors
were introduced in 1980s due to the high sensitivity to
organophosphorus nerve agents.
While they remain useful on acoustic wave sensors for
chemical agent detection, these polymers have also been
demonstrated in chemiresistor sensors, chemicapacitor sensors, microcantilever sensors, and in a variety of optical approaches.
The polymer serves as the sorbent layer on the sensor and interacts with the strongly hydrogen-bond basic
organophosphorus compounds. These interactions promote
sorption of the vapors into the polymer film on the device
surface, which increase the sensor response.
These polymers have also been demonstrated in explosives sensing applications. For chemical detection of landmine chemical signatures, there are several possible configurations for the chemical sensors [1–3]. One common approach is to coat a transducer with a chemoselective material [4, 5]. The role of the chemoselective material is to selectively and reversibly sorb an analyte of interest from sampled air or liquid, and concentrate it to allow lower concentration detection capabilities. The transducer monitors the
physical properties of the chemoselective coating and can
be designed to be responsive to a variety of physicochemical changes in the coating.
Several approaches were used to coat chemoselective
polymers on chemical sensors, among which we highlight
the laser based methods which are clean, versatile, and flexible. In addition, the resolution attainable with these methods
meets even the tightest requirements for sensor machining.
New polymers laser deposition techniques as Matrix Assisted Pulsed Laser Evaporation-Direct Writing (MAPLEDW) [6, 7] and Laser Induced Forward Transfer (LIFT) [8]
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allow a high control over the deposition of different polymer
pixels on the same wafer.
In conventional LIFT a transparent substrate—donor—is
coated with the material to be transferred and placed close
to a receiver substrate. The laser beam pushes through the
donor substrate on a precise spot of the film and results in
its deposition on the receiver.
In this study, we transfer by LIFT polymeric layers with
typical sizes in the range of micrometers to millimeters, with
various thicknesses from tens to hundreds nanometer range
onto the surface of a transducer.
For this, we use two approaches. In a first approach, we
use conventional LIFT to transfer polymer layers on the surface of a chemical sensor. In a second approach, we use a
triazene polymer as Dynamic Release Layer (DRL) [9, 10]
in order to avoid any damage of the sensitive material to be
transferred.
We will compare the effects of DRL-LIFT and conventional LIFT on polymer materials, namely polyisobutylene
(PIB) polymer.

2 Materials and methods
2.1 Experimental set-up
The experimental set-up was described in detail elsewhere
[11]. In short, the transfer was achieved using a single
pulse from a XeCl excimer laser (Compex, Lambda Physik,
308 nm, 30 ns). A square mask with an aperture of 2 mm
was used to select a homogeneous part of the beam which
was focused by a lens onto the backside of the donor film
with a demagnification of 4, yielding a spot size of 500 µm.
The laser fluence was controlled by an attenuator plate and
was varied between 80 mJ/cm2 and 600 mJ/cm2 . The donor
and the receiver were placed in close contact (<1 µm) on
a motorized translation stage. All transfer experiments were
performed in air.
The profile of the transferred patterns was measured by
profilometry (Ambios XP-1 profilometer). The images of
the pixels were taken by an optical microscope (Zeiss Axioplan) coupled at a digital camera (Leica DC500) and by a
scanning electron microscope (SEM).
2.2 Materials preparation
Polyisobutylene (PIB) polymer with the average Mw ∼
1,000,000, average Mn ∼ 600,000 by GPC/MALLS and average Mv ∼ 1,200,000 was purchased from Sigma Aldrich
(product number 181463).
The triazene polymer (TP) used as dynamic release layer
(DRL) was synthetised as described in [10].
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For this study, there two types of donor films were prepared: single layer polyisobutylene donor films and multilayer donor films.
The single layer donor films consisted in PIB polymer deposited by matrix assisted pulsed laser evaporation
(MAPLE) on fused silica plates (2.5 mm × 2.5 mm).
The multilayer donor films were prepared by coating an
intermediate triazene polymer layer on fused silica plates
(2.5 mm × 2.5 mm). The PIB polymer layer was deposited
by MAPLE like for the single layer donor films.
The triazene polymer films were prepared by spin coating from solutions of the triazene polymer in chlorobenzene/cyclohexanone (1:1, w/w) with final film thicknesses
of 100 nm.
PIB polymer was dissolved in toluene (1–3% wt) and
then flash frozen at liquid nitrogen temperature to be irradiated by a laser beam. A pulsed Nd:YAG laser (266 nm wavelength, 5 ns duration of the pulse, 10 Hz) was focused on the
polymer frozen targets. The laser fluences were varied between 0.1 J/cm2 –0.4 J/cm2 . The substrates used were fused
silica plates and fused silica plates previously coated with
triazene polymer. The substrates were kept at ambient temperature during the deposition. The number of pulses was
varied from 6000 pulses to 20000. Thin films with thicknesses of 30 nm (for 6000 pulses) up to 80 nm (for 20 000
pulses) were obtained. The exact thickness of the films was
determined by a surface profiler (Dektak 8000).
The receiver substrates were glass plates cleaned in an
ultrasonic bath for 20 minutes using acetone and ethanol as
cleaning mediums being further dried under nitrogen pressured gas and SAW devices fabricated in delay line configuration.
The transducers consisted of 15 finger pairs of interdigital
electrodes at the free surface, with a spatial periodicity λ
of 8 µm and a finger overlap of 40λ (320 µm). The centerto-center transducers distance was 3.5 mm. The frequency
operation is 392 MHz.
2.3 Gas sensing measurements
SAW delay lines were tested using a Network Analyzer
upon exposure to different concentrations of acetone. The
tests consist in placing the device in a sealed chamber where
the total flow is set to 150 sccm. The gas carrier used was
N2. In addition, two flow meters were used for the gas carrier and one for acetone. The responses to acetone vapours
were obtained fluxing N2 in the liquid analyte. The response
curves were obtained at a constant temperature (20°C).

3 Results and discussions
In this study, we compare PIB polymer pixels obtained by
conventional and DRL LIFT. The transfer of polymer pat-
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terns can be used as sensitive layer on various transducers
for sensors applications.
From previous observations [12], the targets should have
low roughness and a total thickness (for multidonor targets)
below 150 nm. Moreover, it was observed that the polymer
multilayer targets obtained by spin coating are inhomogeneous, with ripple-like structures [12]. In order to overcome
this drawback, thin films of PIB polymer were deposited by
matrix assisted pulsed laser evaporation.
Images taken with an optical microscope (not shown
here) revealed that a clean transfer can be achieved for a
quite narrow window of fluences.
Delamination is observed on the donor surface i.e. a clean
transfer of PIB pixels is achieved between 380 mJ/cm2 and
500 mJ/cm2 when an intermediate layer of TP is used.

Fig. 1 Chemical formula of triazene polymer
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TP (Fig. 1) as a DRL absorbs the laser radiation, and
subsequently decomposed into gaseous fragments which are
used to transform the energy into the required mechanical
push. In this way, the material is “mechanically” transferred
to the receiver and in the same time is protected from excessive irradiation during the transfer.
The donor surface in this case presents square, clearly
cut-off edges, whilst the pixels keep a regular shape. In
Fig. 2, PIB pixels are presented and obtained from 60 nm
thick film and with an intermediate layer of TP (left) and
without an intermediate layer of TP. It can be seen that for
the case of the missing TP layer the pixels are not continuous and do not have a well-defined shape for any value of
the target thickness used. If the TP layer is missing, it was
noticed that higher values for the laser fluence were required
in order for the transfer to take place.
These results were obtained for a close contact between
the donor and the receiver. From previous studies [13],
in the case of a transfer across a gap, well-defined pixels
could not be obtained. This was explained by the reflection of the shockwave from the receiver surface, which destroyed the transfer material before it reached the receiver
surface.

Fig. 2 SEM images of PIB
pixels obtained with TP
intermediate layer (400 mJ/cm2 )
(left) and without an
intermediate TP layer
(600 mJ/cm2 ) (right) from
targets with 60 nm thickness
(400 mJ/cm2 ) on glass
substrate. Scale bar is 200 µm

Fig. 3 AFM images of PIB pixel transferred onto SAW structures by LIFT with DRL (left) and without DRL (right) (400 mJ/cm2 )

432

V. Dinca et al.

Fig. 4 SEM images of PIB
pixels obtained with TP
intermediate layer (left) and
without a TP intermediate layer
(right) from targets thinner than
40 nm (400 mJ/cm2 ) onto glass
substrate

Fig. 5 Optical microscopy image of PIB pixel obtained with TP intermediate layer from targets thinner than 40 nm (400 mJ/cm2 ) on SAW
delay line

Smooth surfaces with roughness of only few nanometers
can be obtained by using an intermediate TP as DRL in LIFT
as it can be seen in Fig. 3 (left).
The transfer without a TP revealed rougher and non uniform surfaces, as the polymer absorbed part of the laser radiation. From Fig. 3 (right), it can be noticed that the polymer
has a melt aspect.
Our goal in this study is to find the optimum conditions
for which we can obtain PIB pixels to be used as gas sensing elements. Therefore, the requirements that need to be
fulfilled are the control of the thickness, homogeneity, and
area of the film coating. The coating thickness affects the
phase SAW velocity and the insertion losses, and moreover it is critical to obtain a high homogeneity of the coating in order to minimize scattering and diffraction of the
SAWs.
In Fig. 4, the SEM micrographs are presented of PIB pixels obtained with an TP intermediate layer (left) and without

a TP intermediate layer (right) from less than 40 nm thick
targets.
What can be noticed is that by using PIB targets thinner than 40 nm, in both investigated cases, the aspect of
the transferred pixels changes dramatically. In the case of
conventional LIFT, the pixels are almost impossible to see
and are consist mainly in droplets, whilst in the case of
DRL-LIFT the pixels maintain a regular shape, but their surface is no longer homogenous and have an increased roughness.
Initial tests for transferring polymers on transducers
have been performed. The PIB polymer was transferred
(380 mJ/cm2 ) to specific areas of interest without destroying
the IDTs (interdigital transducers) as shown in Fig. 5.
Due to the results that were presented above, for coating
SAW structures, only multilayer targets were used with an
intermediate TP as a DRL.
For the delay lines, the coating was transferred between
the interdigital transducers (IDTs) on the SAW propagation
path. The insertion losses of the delay lines are reported in
frequency domain in Fig. 6. The insertion losses increase
with the higher thickness of the transferred film. For energy
values per pulse of 7.8 mJ a reasonable change in insertion
losses are obtained. Then, for this type of deposition, the
maximum energy should be up to 8 mJ.
In Fig. 7, the sensing properties of PIB film SAW sensor to different concentration of acetone (from 7% to 13%)
are presented. The response of PIB to acetone for the delaylines device have been obtained as phase shifts at a given
frequency, that is the difference between the phase in pure
air and that in a target gas.
In all measurements, considerable repeatable changes of
the phase were observed. It was found that the PIB-coated
device showed good selectivity to acetone, the phase shift to
13% gas concentration being 1.2 degrees.
Further investigations will be carried out to determine the
sensitivity of the device for different compounds as DMMP.
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Fig. 6 Insertion losses for
delay lines on ST-quartz in
frequency domain

Fig. 7 The response of SAW
delay lines to different
concentrations of acetone

4 Conclusions
The transfer of various polymer pixels without altering
the properties of the transferred materials is critical in order to assess the relevance of this technique for the microfabrication of sensors. In this study, PIB polymer pixels were transferred by conventional and DRL LIFT on a
glass substrate in order to reach the final goal, to transfer chemoselective polymers for fabricating chemoselective
sensors.
The laser-induced forward transfer is strongly influenced
by the process parameters and only a narrow operating window can be applied for a successful transfer. All transfers

were achieved in air, and the main advantages of the LIFT
process using a DRL is the protective action on the sensitive
material to be transferred. The MAPLE deposition conditions and the film thickness will be optimized in order to
control the film uniformity and morphology. For sensor application, an optimum thickness of 60 nm should be used.
From the SEM and optical microscopy images, there can
be seen that continuous, hole free pixels are obtained for
specific experimental conditions. The laser fluence, the total
target thickness, and the relation between the thicknesses of
the PIB polymer and the TP are key parameters for obtaining
continuous polymer pixels with a low roughness on SAW
devices.
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It is suggested that the polymer film SAW sensors could
be applied to detection of chemical warfare agents.
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