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Abstract. Today, a strong research effort is directed towards the development 
and integration of new materials, especially of polymers and biomolecules which are 
essential in pharmaceutical, bioengineering, and sensing applications. In fact, patterning 
of organic and inorganic materials, in particular enabling precise positioning of 
different materials with nano and micro scale resolution over large areas, is the main 
demand in the development of next generation sensors, biosensors, and microarray chip 
devices.  

In this study the application of laser induced forward transfer for printing of 
polymers in solid phase, and biomolecules e.g. liposomes and DNA in liquid phase is 
shown.   
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1. INTRODUCTION 

New tools bring new capabilities to research. In materials science, laser 
techniques revolutionized our understanding of materials by making it possible to 
design and integrate new materials with tailored properties for novel technology 
developments. 

The next step beyond conventional direct writing techniques, for example ink 
jet printing, is the laser induced forward transfer technique (LIFT).  

LIFT first appeared as a new deposition method for the direct writing of 
different dried inks to a glass substrate for the graphic industry [1–3]. At that point 
it was called laser writing (LW) or material laser recording (MTR). 



 Alexandra Palla-Papavlu, Valentina Dinca, Th. Lippert, Maria Dinescu 2 

 

1286 

In 1986, Bohandy et al. [4] deposited copper metal patterns onto fused silica 
substrates under vacuum conditions by the same method and called it laser induced 
forward transfer. Two years later, the same group demonstrated the same process 
under atmospheric conditions [5]. A scheme presenting the LIFT method is shown 
in Fig. 1. 

In LIFT, a laser beam is focused through a transparent support plate onto a 
precursor thin film of the material to be transferred. Every single pulse promotes 
the transfer of the thin film material onto a substrate that is usually placed parallel 
and facing the thin film at very short distances (< 100 µm). A pattern of the 
transferred material can be “written” on the substrate with multiple shots by 
displacing the substrate and the thin film with respect to the laser beam. 

 

 
Fig. 1 – Schematic representation of LIFT. 

This technique was proven to be appropriate for printing patterns of different 
materials, in solid phase including metals (e.g. gold, [6]  aluminium, [7] titanium, 
[8] tungsten, [9] nickel, [10] germanium/selenium, [11] chromium, [12–14] 
platinum, [15] oxides, (such as Al2O3, [16] In2O3, [12, 17] V2O5, [18] ZnO [19]), 
and high-temperature superconductors (YBaCuO and BiSrCaCuO [20]). 

LIFT was proven to be well suited also for printing “soft” materials (some in 
liquid phase), e.g. proteins, [21–23] DNA, [24, 25] cells, [26] and tissue [27]. 

Conventional LIFT it is well suited for the transfer of metals, but in the case 
of soft, sensitive materials, the energetic laser pulses may damage these materials, 
and result in the loss of functionality, e.g. in the case of proteins, or damage of the 
structural integrity (like in the case of cells or other biomolecules such as liposomes). 

Therefore, in order to reduce the risk of damaging the layer to be transferred 
and to improve the process efficiency the donor substrate can be pre-coated with an 
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intermediate layer, which is called dynamic release layer (DRL) or sacrificial layer, 
(as shown in Figure 1).  

In most studies in the literature [25, 28, 29] Ti, Au, Pt, Cr, have been used as 
sacrificial layers. These metallic sacrificial layers have remarkable advantages, i.e. 
they are biocompatible and easy to deposit as thin films (e.g. by sputtering), but an 
important drawback is that debris i.e. metal fragments, may be present in the 
transferred material due to incomplete vaporization or cluster condensation. 

As an alternative to the metallic layers, UV-sensitive photopolymers, such as 
triazene polymers (TP) [30, 31] have emerged as sacrificial DRL layers. These 
layers are specifically useful due to the fact that upon laser irradiation, they can be 
efficiently ablated at very low laser fluences, and decompose completely into 
volatile and gaseous fragments [32]. 

In this work we demonstrate the TP assisted DRL LIFT of polymers in solid 
phase as well as the transfer of biomolecules e.g. liposomes and DNA, which 
represent the basis for possible applications in chemical sensors or microarrays.  

2. EXPERIMENTAL 

2.1. PATTERNING SYSTEM 

The transfer was achieved using single pulses from a XeCl excimer laser 
(Compex, Lambda Physik, 308 nm, 30 ns pulse length, 1 Hz repetition rate), an 
ArF excimer laser (Lambda Physik, 25 ns pulse length, 1 Hz repetition rate) and a 
Nd:YAG laser ("Surelite II", Continuum Company with an emission wavelength of 
266 nm, 6 ns pulse duration and 2 Hz repetition rate). The pulsed lasers (XeCl 308 
nm, ArF 193 nm, Nd:YAG 266 nm) were controlled by a shutter.  

The beam intensity was controlled with a motorized attenuator plate. A 
homogeneous part of the beam was selected with a square/round mask and imaged 
by a lens onto the back side of the sample. The sample was positioned 
perpendicular to the laser beam. The beam impinged on the film to be transferred 
through the fused silica substrates. The pulse energy at each fluence was measured 
by a pyroelectric energy meter (Gentec QE 50 and Gentec SOLO 2) placed at the 
end of the beam line and the average of 100 pulses was used.  

The sample holder was mounted on a motorized x, y, z translation stage. The 
whole system was controlled with a computer running LabVIEW software which 
allowed creating a matrix of points for each sample, where the pulse energy and the 
number of pulses were varied.  

The setup for the experiments carried out with the Nd:YAG laser was the 
same, except that it was operated manually. 

LIFT was realized by positioning a receiver substrate in front of the donor 
film to recover the ejected material, as shown in Figure 1. The transfer of various 
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materials was done on carefully cleaned microscope slides cut to the same 
dimensions as the fused silica plates. The transfer of pixels was done on glass 
substrates.  

The transfer process of various materials was investigated either in contact or 
with a gap separating the donor and the receiver plates. In this case, spacers with 
defined thicknesses were placed at the edges between the two substrates and 
screwed together by the sample holder. The spacers were either glass coverslips 
(40 µm), Si (400 µm) or cut glass (1 mm or 2 mm). 

2.2. MATERIALS 

2.2.1. Polymers 

In order to prepare the donor films for the LIFT experiments a first step of 
coating fused silica plates with a photosensitive polymer, i.e. a triazene polymer, 
needs to be carried out. This intermediate TP layer will be further named dynamic 
release layer, or sacrificial layer. 

The specific TP (Fig. 2) used in this work was synthesized following the 
procedure published previously [33]. 

 

 
Fig. 2 – Chemical structure of the applied triazene polymer. 

The triazene polymer was deposited by spin-coating. Films with a thickness 
of 60 nm, 150 nm, and 350 nm were obtained with this procedure. This polymer 
was chosen as DRL layer, due to the fact that the emission wavelength of the lasers 
used in this work matches the absorption maxima of the TP.  

The polymer used for patterning polyepichlorhydrine (PECH, Mw = 700 
kDa), was obtained from Sigma-Aldrich. The chemical structure of the PECH 
polymer used for processing in this work is given in Fig. 3. 

The PECH polymer was deposited as thin films by matrix assisted pulsed 
laser evaporation (MAPLE), and spin-coating. The polymer was dissolved in 
acetone to 1 and 2 wt% solutions and then used in the MAPLE and spin coating 
experiments.  
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Fig. 3 – Chemical structure of the PECH polymer. 

MAPLE is a deposition method suited for obtaining thin films with 
controllable morphology and uniformity. Briefly, the technique involves diluting 
the material of interest in a volatile, non interacting matrix or solvent (0.1–5 wt %) 
freezing the mixture to create a solid target/system. When the system is irradiated 
by the laser beam, the solvent evaporates whereas the guest molecules are 
transported and collected on a substrate [27]. The MAPLE experiments are 
described elsewhere [34, 35]. The final film thickness was ~ 40 nm or 150 nm as 
determined by profilometer measurements (Veeco Dektak 8 Profilometer). 

2.2.2. Biomolecule free solution 

Preliminary liquid-phase LIFT experiments were carried out with a 
biomolecule free solution which consisted of a mixture of distilled water and 
glycerol both at a concentration from 10–70 % (v/v), plus the surfactant SDS 
dissolved at a concentration of 2 mg/ml. Such solutions are model solutions with a 
rheology similar to that of biomolecule – containing solutions used for microarrays 
preparation. Moreover, the presence of glycerol reduced the evaporation rate of the 
solution.  

The transfer of biomolecules, (liposomes and DNA) is interesting both to 
compare the solid phase LIFT to the liquid phase LIFT, and also because of the 
potential applications of these biomolecules in biosensors and microarray chip 
devices. 

2.2.3. Liposomes 

1,2-Dioleoyl-sn-glycero-3-phosphocholine (DOPC) (chemical formula: 
C44H84NO8P, M.W. 786.11) was obtained from Avanti Polar Lipids. All other 
chemicals were of analytical grade. Deionized water (Milli – Q system; Millipore, 
Tokio) was used in all experiments. Lipids were dissolved in organic solvents 
using chloroform or chloroform:methanol 9:1 v:v mixtures to assure a 
homogeneous mixture of lipids which were stored at -40º C. 

The liposomes were prepared based on the “gentle hydration method” [36–
38] and by the rotoevaporation method.  
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2.2.4. DNA solution 

The DNA used for spotting was extracted from murine cells (3T3 cell line). 
Trypsin was used for the extraction of DNA in order to remove the cells from the 
tissue culture flask. The cells were then centrifugated for 10 min at 100C (1200 rpm). 
The supernatant was removed and the cell pellet was resuspended in PBS and 
afterwards washed with PBS. The pellet was resuspended again in 10 ml DNA 
buffer and the cells were centrifugated for 10 min at 1200 rpm. 

Fallowing this step, the supernatant was removed, 1 ml DNA buffer was 
added, and followed by 150 µl Proteinase K. The solution was incubated overnight 
at 45°C and centrifugated for 15 min at 3 000 rpm. Then NaCl (400 µl) was added 
and centrifuged at 12 000 rpm for 15 min. The supernatant was removed and 2/3 
ethanol was added to precipitate the DNA. Finally the DNA was collected with a 
sterile glass pipette. 

3. RESULTS AND DISCUSSIONS 

3.1. SOLID PHASE LIFT 

The transfer of polymer patterns is of great interest due to their application in 
chemical sensors. Chemoselective polymers can be integrated into a single sensor 
or a matrix of sensors. In this section the use of LIFT for precisely detaching 
polymer “pixels” from thin polymer films obtained either by MAPLE or spin 
coating is presented. Additionally, some examples of precise positioning of 
polymer pixels onto surface acoustic wave sensor devices are shown because the 
focus of this paper is on the ability of LIFT for polymer depositions with high 
spatial resolution.  

The laser system used for polymer printing is the excimer XeCl laser, 
emitting at 308 nm. A triazene polymer was used as DRL in all the experiments 
presented in this section. All transfer experiments were carried out in close contact 
between the donor and the receiver. Previous studies [39–41] have shown that for a 
transfer across a gap no well-defined pixels are obtained. A possible explanation is 
that the reflection of the shockwave by the receiver substrate destroys the material 
before it reaches the receiver surface.  

In previous studies [28, 42, 43] it has been demonstrated that a clean transfer 
of polyisobutylene (PIB) and polyethilenimine (PEI) pixels by the nanosecond 
LIFT technique is possible. The PIB and PEI pixel transfer was carried out onto 
glass substrates and SAW resonators, and the transfer was realized with the 
receiver and donor substrates in contact.  

In the present study we show that PECH polymer can be transferred by TP 
assisted DRL LIFT. The laser fluence is an important parameter that requires 
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careful control in order to obtain a regular, debris free transfer. The data in this 
section are obtained for PECH films of 150 nm deposited by MAPLE onto 200 nm 
thick TP coated fused silica plates. The laser fluence was varied over a broad 
range, i.e. from sufficient conditions to eject the donor layer to high irradiation 
fluences (100–800 mJ/cm2) in order to optimize the shape of the transferred pixels. 
An optical microscopy image of PECH pixels (150 nm thick) transferred by TP 
(200 nm thick) LIFT onto glass at different laser fluences is shown in Fig. 4.  

 

 
Fig. 4 – Optical microscopy images of PECH pixels transferred by LIFT onto glass by 308 nm  

at different laser fluences: a) 450 mJ/cm2, b) 500 mJ/cm2, c) 550 mJ/cm2, d) 600 mJ/cm2,  
e) 650 mJ/cm2, f) 700 mJ/cm2. 

In Fig. 4f is shown an optical microscopy image of a PECH microarray with 
clean cut pixels, at a laser fluence of 700 mJ/cm2. The pixels in Fig. 4f have a 
regular and reproducible shape. 

Optical microscopy images of PECH pixels transferred onto two different 
types of sensor structures are presented in Fig. 5. An image of a PECH pixel 
transferred by LIFT onto a solidly mounted resonator (SMR) is shown in Fig. 5 
(left) while an image of a PECH pixel transferred onto the interdigital transducers 
(IDTs), i.e. on the acoustic resonating cavity of the devices, is presented on the 
right (Fig. 5). 
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Fig. 5 – Optical images of PECH pixels transferred on solidly mounted resonators (left)  

and on the interdigital transducers of 2-port surface acoustic wave resonators (right) obtained  
with a laser fluence of 700 mJ/cm2. 

3.2. LIQUID PHASE LIFT 

3.2.1. Influence of the laser fluence 

The influence of the laser fluence was investigated for both the ArF, and the 
XeCl laser system with a biomolecule-free solution as well as with a liposome 
containing solution. For these experiments, the distance between the target and the 
receiver was kept constant at 400 µm, and the thickness of the liquid layer was 10 µm.  

In the case of irradiation at 193 nm and a TP thickness of 60 nm no regular 
transferred patterns are obtained, as already established in a previous study [44], 
and only splashes and irregular droplets are present. In this case the TP layer is 
probably too thin to protect the soft, easily damageable biomolecules. For 
irradiation with the ArF laser system, regular droplets are obtained with TP layers 
thicker than 150 nm.  

Further experiments, with a XeCl, laser system operating at 308 nm, show 
that circular droplets with a well defined contour are obtained also for a 60 nm 
thick TP layer. An optical microscopy image of a deposited liposome microarray 
(three rows per 4 columns) is presented in Fig. 6a. Moreover, fluorescence 
microscopy was used to determine whether the integrity of the liposomes was 
altered after laser transfer. A fluorescence image of a microarray obtained at 30 
mJ/cm2 laser fluence is presented in Fig. 6b. All transferred droplets are regularly 
arranged with some randomly distributed small droplets around them. The 
transferred droplets are well defined and compact with no visible changes in the 
morphology or debris from the TP.  
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a 

 
b 

Fig. 6 – a) Optical microscopy image of a microarray (liposome solution: glycerol, 
50:50 ν/ν, SDS 2 mg/ml); b) fluorescence microscopy image of a microarray obtained from a 10 µm 

thick liquid layer on top of a 60 nm thick TP layer, at a laser fluence of 30 mJ/cm2. 
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Another aspect worth mentioning is the droplet diameter which increases 
with the laser pulse energy (as shown in Fig. 7). Droplets with diameters ranging 
from 40 µm to 20 µm were obtained. These sizes are smaller than those obtained 
by conventional printing techniques [45]. This behavior can be observed for 
droplets printed from targets with TP layers thicknesses of 60 nm, 150 nm and 350 nm. 
 

 

Fig. 7 – Optical microscopy images of droplets printed with different laser fluences from targets 
consisting of water and glycerol solutions (50% v/v) which are drop cast on top of the TP layers with 

different thicknesses. The wavelength used for the transfer is 308 nm and the scale bar is 40 µm. 

These results are in good agreement with those obtained for a biomolecule-
free solution presented by Colina et al. [46] in which a linear relationship between 
droplet volume and laser pulse energy has also been observed. 

Optical micrographs of (water + glycerol + SDS) solution droplets obtained 
immediately after transfer with the XeCl laser at different energies per pulse are 
displayed in Fig. 8. Well defined droplets for applying a TP layer thickness of  
350 nm are obtained for the XeCl laser fluence in the range 30–35 mJ/cm2, which 
is different to the transfer with the ArF laser where fluences between 35 and  
60 mJ/cm2 are required. 

The threshold fluence for the transfer of the liposome solution from the 
irradiated area with a diameter of 40 µm is 30 mJ/cm2, which is lower than the 
energy needed for the complete vaporization of the triazene polymer layer with 
thickness of 350 nm, which occurs above 43 mJ/cm2. No transfer occurs at fluences 
below 30 mJ/cm2 while at fluences above 35 mJ/cm2 splashes surrounding the spot 
are observed and for even higher fluences the transfer features become irregular. 

It can therefore be concluded that the laser fluence is a very important 
parameter for printing droplets with high resolution, reproducibility, and integrity 
of the biomolecules.   
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Fig. 8 – Optical microscopy images of water + glycerol (20%, 40% and 60%) +SDS solution droplets 

obtained by using different fluences for the transfer and a TP layer of 350 nm thickness and an 
irradiation wavelength of 308 nm. The scale bar is 40 µm. 

3.2.2. Influence of target substrate distance 

The influence of the target-substrate distance on the size and shape of the 
transferred patterns by using the TP as sacrificial layer with different thicknesses 
was also analyzed. It is very interesting to compare the transfer for the LIFT 
process with TP as sacrificial layer to the application of Au or Ti layers. What 
distinguishes the classical Au or Ti thin films from the photosensitive TP layers 
used as sacrificial layers is the absence of ejected material, i.e. “debris”, after the 
irradiation process in the case of TP. This behavior is rarely observed with any 
other materials [47] and metals are detected in the transferred materials which may 
alter the properties of the biomaterials. 

A study on the influence of the target-substrate distance was presented by 
Dinca et al. [21] where the transfer of a phosphate buffer saline (PBS) and glycerol 
solution (50:50 in volume) with a 10 nm thick Au sacrificial layer was analyzed. 
The applied laser system was a KrF excimer laser (248 nm, 15 ns pulse length,  
1 Hz repetition rate) and the values of the laser fluences were in the range 0.1 to 
0.5 J/cm2. The authors showed that by varying the target-receiver distance from  
20 µm to 1 mm no significant changes of the deposited features occur. 

In our experiments the model system was a solution of double distilled water 
and glycerol (50:50 in volume) which was drop cast on top of 150 nm and 350 nm 
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thick TP films. This study was carried out both for the ArF laser as well as for the 
XeCl laser. Below only data for the ArF laser are shown, due to the fact that very 
similar data are obtained for both lasers. 

Double distilled water was chosen instead of PBS because the liposomes 
used in this study do not require a certain pH for preservation of the native state, 
which is necessary for proteins. 

The transfer was performed at different laser fluences and the droplets were 
analyzed by optical microscopy. The distance between the target and substrate was 
varied from 50 µm to 2 mm. Optical microscopy images of droplets transferred by 
LIFT from a 50% v/v water and glycerol donor film on top of a 350 nm TP layer 
are shown in Fig. 9. 

 

 
Fig. 9 – Optical microscopy images of droplets transferred by LIFT at different target-receiver 

distances, and for different laser fluences. The target consisted of glycerol and double distilled water 
suspension (50% v/v) on top of a 350 nm TP film. The irradiation wavelength was 193 nm. 

The results show that in the case of TP as sacrificial layer the size and the 
shape of the transferred patterns did not change by varying the distance between 
the target and the substrate. On the basis of these results we can conclude that the 
target – substrate distance is not important in obtaining debris free and circular 
shaped patterns. 

3.2.3. DNA patterns transfer by 266 nm 

The transfer of DNA solutions (at 266 nm) with Ti films of 60 nm has been 
analyzed for a thickness of the liquid layer of 10 µm and a constant distance 
between the target and the receiver of 400 µm. Moreover, the quantification of the 
preservation of the biological activity of DNA transferred by LIFT was 
investigated. 
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In the case of irradiation at 266 nm, regular DNA transferred patterns are 
obtained for a narrow range of laser fluences (1–3 mJ/cm2). The mechanism 
involved in DNA solution transfer with respect to the laser-material interactions 
can be described as follows: 

First, the incident laser energy interacts with the absorption Ti layer on the 
target. At low intensities, the processes relate to a simple excitation in the layer, 
with low thermal effects and only minor perturbation of the target [13, 48]. For 
sufficient laser energies the absorption layer acts as an energy conversion material. 
In this case, as energy density increases, the absorption depth increases resulting in 
a larger interaction volume and increased heat conduction to the surrounding 
material. Even at low energy densities, radiative coupling of energy from the 
ablation plasma may induce thermal effects, depending on the sensitivity of the 
material. This explains our case, when the liquid that is in contact with the metallic 
layer is vaporized and expelled onto the substrate. 

A digital image of agarose gel electrophoresis is shown in Fig. 10, showing 
that the activity of the spotted DNA was maintained only for laser fluences up to  
3 mJ/cm2 as compared to the DNA control ladder.  

 

 
Fig. 10 – Agarose gel electrophoresis: 1. Φ = 3 mJ/cm2; 2. Φ = 4 mJ/cm2; 3. Φ = 5 mJ/cm2;  

4. DNAcontrol = 12 ng/µl. 



 Alexandra Palla-Papavlu, Valentina Dinca, Th. Lippert, Maria Dinescu 14 

 

1298 

4. CONCLUSIONS 

The application of LIFT for printing soft materials for potential applications 
in sensors, biosensors, and microarrays is demonstrated. 

Ns-LIFT for direct-writing of polymer patterns shows that the transfer with a 
308 XeCl laser and the TP DRL yields promising results, e.g. clean cut pixels. 
Single polyepichlorhydrin pixel could be transferred by LIFT onto the active area 
of a SMR and 2-port resonator, suggesting that chemical sensor may be prepared 
by LIFT.  

The data on liquid phase LIFT show that this technique is a promising 
approach for printing liposome and DNA solutions and can be utilized for 
biosensor or microarray systems. Regular patterns of DNA embedded in glycerol 
were obtained using a Nd:YAG laser operating at 266 nm, without vacuum, and at 
room temperature. 

The transfer process of liposome solutions can be optimized by applying 
DRLs with variable thicknesses. For all three investigated TP thicknesses (60 nm, 
150 nm, and 350 nm) clean transfers are obtained for 308 nm laser irradiation, 
while in the case of 193 nm laser radiation, only for TP layers thicker than 150 nm 
a clean transfer is observed. The target-substrate distance is a parameter that does 
not influence the morphology of the obtained micro-patterns.  
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