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Deliverable D3.3: Design study of NFFA user-oriented material synthesis facilities 

1. INTRODUCTION  

1.1 Purpose of the document  

The purpose of this document is to describe the concept of dedicated material synthesis facilities within 
the framework of NFFA-RIs in the vicinity of LSFs. 

1.2 Application Area  

The targets of this document are the members of the NFFA Project, the EC Project Officers, and the 
general public. 

1.3 References  

Description of Work (DoW). See at web site:  
http://www.nffa.eu/UserFiles/file/Annex_I_DoW.pdf 
 
This design study summarizes strategic and technical information collected from different sources 

during visits to research centres, workshops, congresses and discussions with researchers from Europe and 
the United States. 

1.3.1 Objective of Work Package 3  

The Objective of WP3 is the design study of NFFA-RI centres, the technical layout of instrumentation 
and tools. 

1.3.2 Description of work broken down into tasks  

The following tasks are defined in WP3: 
T3.1) Design study of the overall infrastructure 
T3.2) Design study of a nanolithography station within the facility 
T3.3) Design study of user-oriented materials synthesis facilities 
T3.4) Design study of user-oriented metrology facilities 
T3.5) Design study of a molecule and nano-particle manipulation lab 
T3.6) Design study of nano-bio labs 
T3.7) Assessment of the possible contribution of existing facilities that could be integrated in NFFA-RI 

http://www.nffa.eu/UserFiles/file/Annex_I_DoW.pdf
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2. EXECUTIVE SUMMARY 

Within the European scientific community a strong request for materials growth and nanostructures 
synthesis, as basic tools for a nanoscience centre, emerged in the NFFA survey [D2.2]. NFFA Research 
Infrastructure will thus host materials synthesis facilities with the objective to offer to all scientific and 
technological communities open access to the state of the art of the synthesis techniques. The rather broad 
definition of materials includes all different forms in which materials can be prepared, spanning from single 
crystals, thin films and nanostructured materials, to nanoparticles and supramolecular aggregates. An 
arsenal of both conventional and cutting edge preparation techniques as well as the ability to develop new 
techniques will be therefore included, pointing to make NFFA material synthesis facilities excel over more 
conventional ones. 

The NFFA material synthesis facilities will pursue the following objectives: 

 explore the possibility to create new nano-materials with new functionalities, 

 improve the in-situ monitor of the synthesis processes in order to better correlate the synthesis 
parameters to the structure of the growing material, 

 take advantage of the unique co-location with LSFs, by using fine analysis techniques as advanced 
tools to investigate the atomic structure of the grown materials, 

 foster the collaboration between nano-synthesis experimentalists and material science 
theoreticians. 

Nanostructured materials have attracted great interest in recent years. Besides they are becoming 
increasingly important in many areas as energy storage, environment, detectors and biochemistry, 
important advance in microelectronics is perhaps one of the most relevant examples. The actual need are to 
tailor novel nanostructures with new geometries and functions (e.g. “functional interfaces”) and to explore 
new combinations of different materials (“hybrid materials”) paying special attention to the interface with 
biological materials. NFFA centres will meet these needs as their major goals. 

There is an increasing need to identify well-defined and standardized processes for the synthesis of 
materials so that they can be reliably reproduced in any laboratory. Nano-materials can be prepared and 
then transferred to the characterization tools allowing the ex-situ measurements of several parameters. 
Each sample produced in the NFFA material synthesis facility will be provided with a standardised set of ex-
situ measurements performed in the neighbouring NFFA metrology facility. However to increase the 
reproducibility and to control at the nanometre level all the structural parameters of material growth, which 
is a basic issue to correlate the synthesis parameters with the nano-material structure and function, it is 
fundamental to improve in-situ and in-operando characterization of all the relevant synthesis steps by using 
non-destructive and high resolution techniques directly connected to the synthesis reactor. In each NFFA 
centre the in-situ monitoring will be technically feasible either by inserting characterisation tools into the 
synthesis reactor or, vice versa, by implementing growth processes into the characterisation chamber. Both 
methods will be achievable in all NFFA centres, each having both metrology and synthesis facilities, by 
exploiting the collaboration and the exchange of knowhow between scientists from the two facilities. 

A sizable amount of nanofabrication and synthesis of functional materials at the nanoscale level is 
currently performed in laboratories operating at national or regional level without taking full advantage of 
fine analysis methods available at the LSFs. An important goal of the NFFA infrastructure will be to optimize 
the exploitation of LSFs by nano-oriented scientific communities. As outlined in an NFFA workshop 
organized in order to discuss possible strategies to make effective the link between nanocentres and LSFs, a 
well-known criticality when accessing e.g. synchrotron radiation facilities is the limited time available for 
sample preparation, a preparation that has to be usually performed during beam time and with limited 
capabilities of synthesis as well as characterization techniques. This is in general a serious drawback 
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producing a waste of beam time but, more important, acting as the main bottleneck for the potential 
advances in material science, as it could be on the basis of the fine analysis state of the art. This crucial point 
that has not being adequately addressed in most cases and NFFA centres, all close to LSFs, would offer 
consistent solutions: (1) an NFFA endstation or beamline managed by the NFFA centre dedicated to the in-
situ study of synthesis processes, (2) a battery of selected synthesis chambers very close to the beamlines 
with the possibility to transfer the grown sample from the reactors to the fine analysis endstations under 
controlled UHV conditions. 

Another original interconnection between the NFFA material synthesis and the collocated LSFs, well 
suited to improve a systematic understanding of complex compounds, is that of implementing sample 
libraries, e.g. alloys or metal oxide compounds as obtained by cross wedge depositions on a substrate or 
other gradient concentration systems that will produce a continuous variation of 
composition/crystalline/stress/strain properties of a class of samples all grown on a common substrate and 
separated laterally by tens of micrometers. An automated scan of these properties will quickly identify the 
“regions” of interest for further investigation and speed up considerably the material science/nanoscience 
analysis. 

A final important challenge for NFFA material synthesis is the dialogue between material synthesis 
experts and material science theoreticians: the systematic availability of experimental results about in-situ 
characterisation of the synthesis steps will serve as effective input for testing new theoretical models on 
growth and assembly processes and vice versa, easily accessible simulations will act as quantitative data 
analysis of spectroscopic and imaging data. 

3. MOTIVATION 

The main motivation of NFFA synthesis facilities will be to offer to all scientific and technological 
communities open access to the state of the art of the material synthesis techniques, and also to provide 
well defined fabrication protocols in order to reproduce the same sample in different NFFA centres. 

To respond to the emerging needs of modern nanomaterial synthesis, NFFA synthesis facility will 
pursue the following activities: 

 will explore the possibility to create new nanomaterials with new functionalities (3.1), 

 will improve the in-situ monitor of the synthesis processes in order to better correlate the synthesis 
parameters to the structure of the growing material (3.2), 

 will take advantage of the unique location close to a LSF, by using fine analysis techniques as advanced 
tools to investigate the microscopic structure of the grown materials (section 3.3), 

 will foster the collaboration between nanosynthetizers and material theoreticians (section 3.4). 

3.1 Key challenges for modern nanomaterial synthesis 

Nanostructured materials have attracted great interest in recent years because of their unusual 
electrical, magnetic, optical, mechanical and chemical properties that can be traced back to their 
dimensional confinement, and because of the combination-competition of bulk-surface properties. 
Important advance in microelectronics is perhaps one of the most relevant examples. Nanostructured 
materials are becoming increasingly important in many areas as energy storage (lithium batteries, fuel cells 
and supercapacitors),1 environment,2 detectors, biochemistry,3 etc.  

The future nanomaterial synthesis will exploit all the types of materials (metals, ceramics, biological 
materials, etc.) in all the state of matter (solid, liquid, gas), and will explore all the most advanced synthesis 
technologies in order to find new kinds of materials with novel functionalities.  
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A NFFA web based survey was designed and launched on July 2008 in order to investigate the current 
and future needs concerning Nanotechnology and Fine Analysis methods within European scientific 
community (see D2.1). The survey has brought out a strong request for materials growth and nanostructures 
synthesis as basic tools for a nanoscience centre. This request arises from the actual need to tailor novel 
nanostructures with new geometries and functions (exploring, for example, new chemical, electronic and 
magnetic phenomena at the solid-solid, solid-liquid and solid-gas “functional interfaces”), and from the 
emerging need to explore new combinations of different materials (“hybrid materials”) paying special 
attention to the interface to the biology.  

An example is the recent 
work of scientists at the U.S. 
Department of Energy’s 
Brookhaven National Laboratory4. 
They have demonstrated the 
ability to enhance the intensity of 
light emitted by individual 
quantum dots by up to 20 times 
by linking quantum dots to gold 
nanoparticles by means of short 
strands of DNA used as a “glue” 
(Fig. 1). The authors also apply 
this DNA-nanoassembly method 
to integrate nanoscale 
components into well-defined 
three-dimensional architectures 
to create novel materials with optical and magnetic properties not found in the individual components5. This 
kind of work has required a strong interaction between scientists coming from different research areas, and 
modern material synthesis will move in this direction.  

Further examples of future challenges in material synthesis are presented in the next two sections. 

3.1.1 Need of top quality crystal growth units 

In Europe as well as in the US the know-how to grow complex crystals has been slowly disappearing6 
However, most progress in condensed matter physics comes from the synthesis of new materials (i.e. 
superconductors, multiferroics, doped semiconductors, oxides, organics, etc.). A recent illustrative example 
is the growth of potassium beryllium fluoroborate (KBBF) single crystals, a frequency-doubler that permits 
lasers to operate in the 6-7 eV range, in clear competition with synchrotron sources. Such crystals are 
produced in a single laboratory, in China, limiting the development of the associated techniques, as laser 
photoemission.7,8 Under discussion in the US condensed-matter community is whether to form national 
centres for crystal growth collocated with other facilities.  

Fig. 1 Photoluminescence enhancement at the single molecule level for 
two-particle systems composed of a quantum dot and gold nanoparticle 
linked by double stranded DNA when optically excited with wavelengths 

within the surface plasmon resonance range of the gold nanoparticle. 
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3.1.2 Intelligent surfaces 

The manufacturing of intelligent surfaces is an 
important research topic for the near future. 
Nowadays several coatings exist which are able to 
adapt their properties to environmental conditions. 
Prominent examples are windows with switchable 
transmission or self-cleaning surfaces based on 
photocatalysis. Novel thin films exhibiting excellent 
tribological as well as sensoric properties open new 
paths for the future design of driving components. 
Examples are diamond-like carbon films which can be 
used as extremely hard force sensors. They are able to 
detect and influence the state of surfaces under 
mechanical load. There is a huge variety of potential 
applications for such sensors9 Other important 
applications include the controlled wettability of surfaces. This can be achieved e.g., with thermo-responsive 
grafted polymers such as poly(N-isopropylacrylamide)10 Applications of intelligent surfaces on medicine (i.e., 
tissue reconstruction) will be an issue of future research. 

3.2 In-situ monitoring the synthesis steps 

To explore new nanomaterial functionalities it is fundamental to increase the reproducibility and the 
control at the nanometre level of the structural parameters of grown materials. It is fundamental for 
material synthesis the improvement of the collaboration between people who usually synthesizes the 
samples and nanoscientists expert in material characterisation techniques. Nanomaterials can be prepared 
ex-situ and then transferred to the characterization tools allowing the measurements of several parameters. 
In this case it should be useful to develop well defined sample transfer methods from synthesis chambers to 
characterization chambers under controlled conditions (e.g. controlled suitcase, load-lock and special 
sample holder) in order e.g. to avoid contamination of the grown sample before the characterization. 

Each sample produced in the NFFA Synthesis facility will be equipped with a set of ex-situ 
measurements to define its main parameters (e.g. size, shape, chemical composition, roughness, etc...), 
these measurements will be performed in the neighbouring NFFA metrology facility. 

However to increase the control of the growth parameters for all the available techniques, in order to 
correlate the synthesis parameters with the nanomaterial structure, it is fundamental to improve the in-situ 
and real-time control of all the relevant synthesis steps by using non-destructive and high resolution 
characterization techniques directly connected to the synthesis reactor. This will be one of the main 
challenges of the future NFFA material synthesis and will be realized using advanced characterization 
techniques, especially those available in the LSFs (next section). 

In each NFFA centre the in-situ monitoring will be technically possible either by inserting 
characterisation tools into the synthesis reactor or, vice versa, by implementing growth processes into the 
characterisation chamber. Both methods will be available in all NFFA centres, all having both metrology and 
synthesis facilities, by fostering the collaboration and the exchange of knowhow between scientists from the 
two facilities.  

A good example for the first proposed solution can be the UHV interconnected growth, in-situ 
processing & characterization system of the Nanostructure Materials & Devices Laboratory of the University 
of California11, where different synthesis chambers are UHV interconnected with several characterisation 
chambers (Fig. 3). 

Fig. 2 KBBF crystal 



NFFA - Nanoscience Foundries and Fine Analysis  

NFFA Deliverable 3.4 Public Page 9 of 21 

In the other case an 
example is the laboratory 
of the Nanofabrication 
Research Group of the NIST 
Centre for Nanoscale 
Science and Technology12. 
They are developing a 
system for the in-situ 
characterisation of 
nanoscale gas-solid 
interactions by modifying 
the column of their 
TEM/scanning-TEM to 
permit the introduction of 
reactive gasses at 
pressures up to 2.5x106 Pa 
in the sample region. They 
will use the modified 
system to observe at the 
nanoscale gas-solid 
reactions, including 
oxidation, reduction, 
nitridation, polymerization, and catalyst synthesis. The system will measure morphological, structural, and 
chemical changes occurring during the synthesis and functioning of catalytic nanoparticles; also real-time 
monitoring will be performed using time-resolved high resolution imaging, electron diffraction, electron-
energy loss spectroscopy (EELS), and energy-dispersive X-ray spectroscopy (EDS). 

  

3.3 Material synthesis facilities in context with fine analysis at LSFs  

Nanofabrication and synthesis of functional materials at the nanoscale level are currently performed in 
laboratories (academic or industrial) operating at national or regional level and they do not take full 
advantage of fine analysis methods. An important goal of the NFFA infrastructure will be to optimize the 
exploitation of LSFs by nano-oriented scientific communities by raising the standards in sample preparation 
for the most advanced fine analysis tools. 

In June 2009 an NFFA workshop was organized in order to discuss possible strategies to make effective 
the link between nanocentres and LSFs. Selected representatives of Nanoscience centres, material science 
community and biology community were invited, and one of the main resulting considerations was that we 
are presently at the bottleneck where in situ fine analysis of nanostructured materials is inhibited because 
time consuming sample preparation does not match with stringent beamtime allocation at the LSFs. One of 
the main problems when accessing e.g. synchrotron radiation facilities is the limited time available to 
prepare samples, a preparation that has to be usually done during beam time. This is in general a serious 
drawback and a waste of precious beam time. Ideally one should be able to prepare and characterise 
samples close to LSFs prior to the measurements. This is a critical point that is not being adequately 
addressed in most cases and dedicated NFFA centres close to LSFs would greatly help in this direction.  

The Material Science community have underlined the need to have synthesis facilities very close to the 
LSF, possibly by effectively joining material synthesis and fine analysis facilities, for example with a physical 
connection. A possible solution could be to build a NFFA endstation or beamline managed by the NFFA 

Fig. 3 UHV interconnected growth, in-situ processing & characterization system of 
the Nanostructure Materials & Devices Laboratory of the University of California 
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centre partially dedicated to the in-situ study of synthesis processes. From the point of view of the Material 
Science community, this could be a good solution especially for beamlines dedicated to surface and 
interfaces analysis. The choice of the synthesis tool to be installed on the dedicated beamline is not easy. As 
outlined in D3.1 (section 5.1.3) there is a substantial difference between the deposition techniques and the 
nanolithography techniques, the last ones use on most cases the same tools, instead for the synthesis 
techniques specific equipments are requested for specific materials. Each centre will have a large number of 
tools and will have to choose the particular synthesis chamber to be installed in the endstation, following its 
particular research fields and matching peculiarities of the close LSF.  

A good example is the Nano beamline of the Anka synchrotron facility at the Karlsruhe Institute of 
Technology13. A relevant part of its activity is dedicated to real-time monitoring of growing epitaxial thin 
films, superlattice and nanoparticle, and to in-situ growth studies of crystals, organic and inorganic films, by 
means of high resolution X-ray diffraction and surface & interface scattering. This beamline has two 
independent experimental chambers running in parallel: while one chamber is used for the characterisation 
beamtime, the other one can be used for offline preparation of the sample for the next beamtime. In this 
way the beamtime is effectively used for sample characterisation and not for sample preparation, besides 
each chamber is completely independent having nearby its own offices for users. Furthermore a UHV tube 
equipped with several characterisation techniques very close to the beamline enables a first characterisation 
of the grown sample and rapid transfer to the beamline. 

Another possible solution could be to have a battery of selected synthesis chambers very close to the 
beamline with the possibility to transfer the grown sample to the fine analysis beamlines under controlled 
conditions. In this case there is no need for a NFFA endstation at the LSF. 

Another possible strategy to be developed is that of producing sample libraries, e.g. alloys or metal 
oxide compounds as obtained by cross wedge depositions on a substrate or other gradient concentration 
techniques that will produce a continuous variation of composition/crystalline/stress/strain properties of a 
class of samples all grown on a common substrate and separated laterally by tens of micrometers. At NFFA it 
will be possible to “scan” these samples also by exploiting micro-beams of X-rays or soft X-rays to probe 
structure or magnetic properties for example. An automated scan of these properties will quickly identify 
the “regions” of interest for further investigation and speed up considerably the material 
science/nanoscience analysis. 

3.3.1 Spectroscopy at the nanometre scale: an example 

In the last years a growing interest in the 
spectroscopic characterization of samples at the 
nanometre scale has emerged due to the possibility of 
preparation of nanostructured materials and to the 
intrinsically small size of certain complex materials, due 
to the difficulty of their growth as single crystals. The 
focusing of X-rays and VUV light can be achieved by 
means of zone plates (i.e. Fresnel-type), that are 
prepared by nanolithography (Section 3.5 of Deliverable 
D3.2). This technology will allow the spectroscopic 
characterization in both real and reciprocal space at the 
nanometre scale. 

Ultrahigh resolution ARPES (UHR ARPES) has 
enormous potential in most fields of solid state physics. 
Extremely accurate band structure measurements make 
it possible to track most phenomena affecting the 
electronic structure: superconductivity, magnetism and 

Fig. 4 NanoARPES using zone plates 

http://www.kit.edu/
http://www.kit.edu/
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phase transitions, strongly correlated electron systems, nanoscale systems and emerging complex materials 
as unconventional superconductors, alloys, intermetallic compounds, magnetic semiconductors, f-electron 
systems and low-dimensional as well as self-organized systems. 

Existing dedicated UHR ARPES beamlines in Europe are BaD ElPh at ELETTRA and 13 at BESSYII with the 
additionally planned at DIAMOND and ALBA. At the ALS in Berkeley, CA, USA, in one branch of MAESTRO, a 
nanoARPES facility for the study of surfaces and structures created in the Molecular Foundry has been 
designed, conceived for inhomogeneous and ultrasmall samples that cannot be prepared in large formats.14 

3.4 Theoretical contribution 

Another important challenge for material synthesis is the dialogue between the material synthesis 
experts and the material science theoreticians: the prompt availability of experimental results about the in-
situ characterisation of the synthesis steps will serve as fast input for developing new theoretical models of 
the growth process and vice versa.  

4. RELEVANT TECHNICAL CRITERIA  

In order to identify the optimum infrastructure in context with the proposed NFFA centres, we list the 
following technical criteria:  

4.1 Accuracy 

The range of demanded accuracy is very broad, spanning from control down to the atomic scale in the 
monolayer and submonolayer regime to a less stringent control, but maintaining high standard of high 
purity and high perfection. 

4.2 Reproducibility and standardization of processes 

In order to study the structure-property relationships in diverse materials, it is mandatory to produce 
given materials of interest with a high degree of reproducibility, thus establishing standard processes in the 
preparation. This would be ideally performed with the combination of close lying NFFA Centres and LSFs. 

4.3 In-situ vs. ex-situ characterization 

Several materials can be only characterized in-situ, as a consequence of their instability in air, but 
others can be prepared ex-situ. For the characterization in the LSF, in-situ preparation implies having the 
preparation systems attached to the experimental stations, while different strategies can be considered for 
ex-situ preparation. Within the in-situ preparation there is an increasing demand to perform in operando 
measurements in order to characterise dynamical processes in real time (section.3.2) 

4.4 Required environment 

The required environment will strongly depend on the involved processes, although most of the growth 
processes should be operated in clean room (an ISO06 cleanroom would be suitable). In general there is no 
need to push the cleanliness to the limit, clean dedicated chambers will be sufficient for most of the 
techniques. If combined with biology-oriented experiments, where substrates act as support for DNA, 
proteins, cells, etc., the most stringent conditions arise from the biology side (temperature, liquid 
environment, pH, light, biohazard, etc.).  
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4.5 Mode of operation and access 

The need for an NFFA synthesis facility arises from those researchers and users of LSFs who have little 
knowledge and access to material growth tools. This calls for a very open-access type of NFFA centres, with 
personnel dedicated to user support. It shall be stressed that the main point of a Nanofoundry is to provide 
(i) expertise and (ii) easy access to state of the art tools to people who don’t have it, not only state-of the art 
tools. This will foster interdisciplinary research projects from those scientists who have ideas but do not 
have know how and with whom these can be realized.  

General NFFA user access modes are defined in the Deliverable D4.4. In the synthesis facility the user 
will be usually present (presential mode), following an hand off or an hand on approach depending on their 
expertise and the complexity of the specific instrumentation. The hand on mode will be reserved only for 
particular cases, and appropriate training and clear rules have to be established. Also a mixed hand off/hand 
on mode will be possible. Remote access is indeed a possibility that might be of interest to industry and to 
research groups running collaborations with scientific personnel from NFFA. 

4.6 Flexibility 

One of the goals of the material synthesis facilities within NFFA centres should be the design of flexible 
and upgradeable equipments, in order to meet the users’ needs and to be in the forefront of research. Top 
level research implies high specificity, but such facilities should be able to adapt to incipient topics in a 
reasonable time (thus implying reduced inertia), critically evaluating the opportunities to lead research in 
such topics and ideally to launch new topics.  

5. GROWTH TECHNIQUES FOR NFFA CENTRES 

We describe next some preparation techniques that should be available in dedicated NFFA centres. We 
classify them in three main areas: thin films (vapour and solution), single crystals and sol-gel. 

5.1 Physical Vapour Deposition 

Under the term Physical Vapour Deposition (PVD) a variety of well-known and extensively used growth 
techniques are included, which are essentially dedicated to the preparation of thin films and to a lesser 
extent to the growth of single crystals (i.e., organic). PVD involves purely physical processes such as thermal 
vacuum evaporation or plasma sputter bombardment rather than involving a chemical reaction at the 
surface to be coated as in chemical vapour deposition (CVD, see below). PVD includes thermal, electron 
beam, sputtering, cathodic arc and pulsed laser deposition. All these techniques, which span different 
degrees of complexity, should be at hand in the different NFFA centres to meet the foreseen broad demand. 
We shortly describe next those techniques exhibiting a higher degree of complexity. 

5.1.1 Molecular Beam Epitaxy  

Molecular beam epitaxy (MBE) is a growth technique for the deposition of high quality and high purity 
epitaxial layers on suitable substrates. It is mainly used for the growth of semiconductors, oxides and 
organic materials. Thermally produced atomic or molecular beams of the constituent materials migrate in 
Ultra High Vacuum (UHV) environment until impinge on a heated substrate where they are incorporated. 
The growth rate is generally very slow, of the order of one monolayer (ML) per second, allowing a ML 
control of the deposition. The UHV environment allows for the use of diagnostic techniques during the 
growth as the reflection high energy electron diffraction (RHEED) and the integration of the growth system 
with UHV surface characterization techniques. When combined with the referred ability to perform in-situ 
high-resolution structural and electronic diagnostics of the films as they are being deposited, MBE provides 
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the ideal scenario for understanding many of the fundamental 
structural and physical properties of ultrathin inorganic and 
organic film systems.15 

In order to face the argument of time consuming sample 
definition versus in-situ fine analysis, a possible technical 
solution is the physical connection and UHV transfer from an 
MBE growth chamber to a fine analysis beamline (In the Fig. 5 
the existing TASC versus ELETTRA facility at BEAR beamline is 
shown). The operative system is devoted to the atomic design of 
complex oxide heterostructures and devices MBE Oxide 
Laboratory. 

In some cases, MBE systems should be prepared not only 
for in-situ characterization but for in operando as well, in order 
to study the dynamics of growth. This should lead to the design 
of compact, element or material specific and flexible systems. In 
operando studies are particularly interesting for understanding catalytic processes. Such studies will indeed 
benefit from the near ambient photoemission stations (to date in ALS and in BESSY II and the future NAPP 
station in ALBA) that can operate at pressures up to 10 mbar. 

5.1.2 Pulsed Laser Deposition 

The pulsed laser deposition (PLD) technique is 
widely used for inorganic materials but is becoming 
increasingly employed for the preparation of thin films 
of polymers and biomaterials.16 A focused laser pulse 
passes through an optical window into a vacuum 
chamber and interacts with a solid surface, the target. 
The laser pulse is absorbed, and above a given power 
density significant material removal occurs in the form 
of an ejected forward-directed plume. The threshold 
power density needed to generate such a plume 
depends on the target material, its morphology, the 
laser pulse wavelength and the laser pulse duration. 
The material targets are usually formed by casting the 
powder under high mechanical pressure. PLD is 
extensively used for the production of thin films of 
complex materials as copper oxide superconductors, 
magnetoresistive oxides, etc. 

In order to minimize photochemical damage that results from the interaction of the laser light with 
organic targets, a novel deposition technique, known as matrix-assisted pulsed laser evaporation (MAPLE), 
has been developed. MAPLE has been successfully used to deposit thin and uniform layers of polymers and 
biomolecules. In MAPLE, a frozen matrix consisting of a dilute solution of an organic compound in a 
relatively volatile solvent is used as the laser target. The photon energy absorbed by the solvent is converted 
to thermal energy that causes the organic molecules to be heated and the solvent to vaporize. As the 
surface solvent molecules are evaporated into the gas phase, the organic molecules attain sufficient kinetic 
energy through collective collisions with the evaporating solvent molecules to be transferred into the gas 
phase. 

 

Fig. 6 PLD deposition system at CIN2-CSIC 
(Bellaterra, Spain) 

 

 

Fig. 5 MBE Laboratory at BEAR beamline 
in ELETTRA 
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5.1.3 Sputtering 

The deposition takes place under controlled atmosphere conditions in a vacuum chamber. The 
sputtering process consists of the deposition on a substrate of atoms pulled out from a target by 
bombardment with accelerated ions coming from gaseous plasma. The sputtering gas is often an inert gas, 
such as argon, or oxygen for oxides. An energy source (e.g. RF, DC, MW) is required to generate and 
maintain the plasma and an electric field is used for accelerating the ions from this plasma to collide with 
the target. The dynamic conditions of the whole system are maintained by metering a gas (e.g. Ar) into the 
vacuum chamber and allowing the chamber pressure to reach a specific level (e.g. 0,1 Torr). The entire range 
of energies, from high-energy ballistic impact to low-energy thermalized motion, is accessible by changing 
the background gas pressure. An important advantage of sputtering technique is that high melting point 
materials are easily sputtered while evaporation of these materials with other evaporation techniques is 
problematic or even impossible. In addition, sputtered films have a composition very close to that of the 
source material. This technique can be used with most of the materials, from metallic to dielectric, magnetic 
or non magnetic etc. Sputtering sources contain no hot parts (to avoid heating, they are typically water 
cooled) and are compatible with reactive gases such as oxygen. Sputtering is a suitable technique for growth 
of highly epitaxial films and substrate temperature can be properly controlled to improve growth conditions. 
It is also a versatile technique allowing the fabrication of nanometric particles by a proper choice of the 
growth conditions and with specific high pressure ion gun. 

5.1.4 Cluster beam deposition 

Cluster production of any kind of materials with size control in a wide range is one of the first 
challenges in cluster science. Several kind of cluster sources are available nowadays to study the properties 
of free clusters, like, for example, supersonic-cluster beam sources (SCBS), gas aggregation sources, laser 
vaporization sources, pulsed-arc cluster ion sources (PACIS), liquid-metal-ion sources and ion-sputtering 
sources. In general most of the above sources produce low intensity cluster beams, and there is small 
selectivity of the cluster size (small clusters: laser vaporization sources, PACIS and ion-sputtering sources, big 
cluster (N>1000): gas aggregation sources). Among the several kinds of cluster sources, SCBS allow high flux 
of well-collimated cluster beams and can be used to produce neutral and (positive and negative) charged 
ionized clusters. The main advantages with respect to other techniques are the high deposition rate, the 
possibility to exploiting aerodynamic focusing effects and the possibility to control the neutral cluster 
distribution, allowing the deposition of thin films with tailored nanostructure.17 The use of aerodynamical 
lenses enable to decrease the cluster beam divergence up to 1°, allowing to deposit patterns with high 
aspect ratio and controlled shapes using stencil masks.18 In addition, due to high deposition rates, high 
lateral resolution, low temperature processing, SCBD can be used for the integration of cluster-assembled 
films on micro- and nanofabricated platforms with limited or no post-growth processing.  
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Small, well-defined, atomic aggregates, ranging from 2 to about 100 atoms, can instead be produced 
using state-of-the-art soft-landing size-selected cluster sources, adopting laser vaporization and supersonic 
expansion, with ion optics and radio frequencies for mass-selection, energy and spatial control.19 The 
identification of the correlation between the size-geometry-composition of the nano-objects 
grown/deposited on solid surfaces and the electronic, magnetic and catalytic properties will pave the road 
for developing new functionalities. The target systems, with applications spanning across chemistry 
(catalytic and electrocatalytic materials), physics (thermodynamic and magnetic properties), drug delivery 
and nanotoxicology, can be pure elements (from carbon to gold), bimetallic and oxide compounds. 

5.1.5 e Ion implantation 

With this process ions can be implanted into a given solid, thus changing its physical properties. Ion 
implantation is used in semiconductor device fabrication (the introduction of dopants in a semiconductor is 
the most common application of ion implantation) as well as in various applications in material science 
research. The ions, typically accelerated in the 10-500 keV range, introduce both chemical and structural 
changes in the target material. Aside from doping, ion implantation is also used for mesotaxy. The term 
mesotaxy is used to describe the growth of a crystallographically matching phase underneath the surface of 
a host crystal. Just recall that the term epitaxy is used for the growth of a matching phase on the surface of a 
substrate. 

5.2 Chemical Vapour Deposition 

Chemical vapour deposition (CVD) includes a variety of chemical processes used for the growth of high 
quality deposits of materials such as silicon, carbon fibres, carbon nanofibres, filaments, carbon nanotubes, 
SiO2, silicon-germanium, tungsten, silicon carbide, silicon nitride, silicon oxynitride, titanium nitride, high-k 
dielectrics as well as synthetic diamonds. Gaseous precursors of the constituent materials are transported 
by a carrier gas (typically helium or argon) to a mixing zone where they react, and then to the deposition 
zone. What differentiates CVD from other evaporation techniques is that growth units, the fundamental 
bricks essential for growth, are chemically generated at the mixing zone. The formation of growth units 
implies either chemical reaction of the precursors, where the resulting final products differ from the 
precursors, or collective assembling via intermolecular interactions, where the final products and the 
precursors are identical. Different CVD techniques are known referring to their specific processes. We list 
here the most relevant ones.  

 

Fig. 7 Schematics of a SCBS 
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5.2.1 Plasma-Enhanced CVD 

Plasma-Enhanced CVD (PECVD) is used to enhance chemical reaction rates of the precursors. The 
plasma is generally created by RF or DC discharge between two electrodes. PECVD processing allows 
deposition at lower temperatures, which is often critical in the manufacture of semiconductors. Silicon 
dioxide can be deposited from dichlorosilane or silane and oxygen, typically at pressures below a few Torr 
range. Plasma-deposited silicon nitride, formed from silane and ammonia or nitrogen, is also widely used. 

5.2.2 Rapid Thermal CVD 

In Rapid thermal CVD (RTCVD) the wafer substrate is rapidly heated in order to reduce unwanted gas 
phase reactions that can lead to particle formation. The temperature ramps lie typically below 30 degrees C 
per second. This technique is being successfully used for the growth of carbon nanotubes on surfaces using 
methane and different catalysers. 

5.2.3 Atomic Layer Deposition 

Atomic layer deposition (ALD) is a thin film preparation technique with atomic layer control.20 ALD is 
similar to CVD except that the CVD reaction is broken into two half-reactions, keeping the precursor 
materials separated during the reaction. ALD is being applied to several material of interest. In 
microelectronics, ALD is studied as a potential technique to deposit high-k (high permittivity) gate oxides, 
high-k memory capacitor dielectrics, ferroelectrics, and metals and nitrides for electrodes and interconnects. 
The motivation for high-k oxides comes from the problem of high tunnelling currents through the currently 
used SiO2 MOSFET gate dielectric when it is downscaled to a thickness of 1,0 nm and below. With the high-k 
oxide, a thicker gate dielectric can be made for the required capacitance density, thus the tunnelling current 
can be reduced through the structure. 

 
 
 

Fig. 8 RTCVD system at CNM-CSIC. General view 
(left) and detail of the furnace (right) 



NFFA - Nanoscience Foundries and Fine Analysis  

NFFA Deliverable 3.4 Public Page 17 of 21 

5.3.Chemical Solution Deposition 

5.3.1 Spin and Dip Coating 

The preparation of thin films from solution can be carried out employing different techniques. One of 
the most used approaches used is spin coating. This technique is based on the deposition of a solution of the 
molecules on a substrate which is then rotated at high speed in order to spread the fluid by centrifugal 
force. This process leads to the formation of a thin homogenous film. The thickness of the film can be 
modified depending on the solvent, concentration and spin rate used. Also, one of the key factors required 
to obtain thin homogenous films with this technique is the affinity of the molecules with the substrate.  

Dip coating is also a technique which leads to the formation of thin films. It consists of immersing a 
substrate in a container full of a solution of the molecules that one is willing to deposit, and slowly removing 
it vertically allowing it to drain. Also here, the solvent, concentration, speed of the substrate and molecule-
substrate affinity will be key parameters to be controlled in order to have a homogenous film with a specific 
thickness. 

5.3.2 Self-Assembled Monolayers 

The fabrication of Self-Assembled Monolayers (SAMs) is based on the spontaneous organization of 
molecules in solution on a surface resulting in the formation of a film that consists of a single molecular 
layer. This technique allows one to obtain well-organized molecular monolayers that confer new properties 
to the surface. In order to be able to form a SAM the molecules have to bear a functional group capable of 
interacting with the substrate. The systems which have been more widely employed for this purpose are 
silane-functionalised molecules on silicon oxide and thiols on gold. The structure and organization of the 
monolayer will be determined by the molecule-substrate bonding as well as by the lateral non-covalent 
intermolecular interactions (i.e. van der Waals, hydrogen bonding, etc). In addition, the terminal functional 
groups of the molecules will be responsible for the new properties that the surface will exhibit. In this way, 
this technique has been widely used in biological applications, catalysis, sensors, for protecting surfaces 
from corrosion and for modifying the hydrophobicity character of a substrate. 

5.3.3 Langmuir-Blodgett technique 

The Langmuir–Blodgett (LB) technique is a way of preparing ultrathin organic films with a controlled 
layered structure and is based on the assembly of condensed monomolecular films on the surface of water 
followed by transfer to solid surfaces. LB films constitute the earliest example of man-made supramolecular 
assembly, providing a relatively high level of control over the orientation and placement of molecules in 
monolayer and multilayer assemblies that otherwise is hardly available.21 A trough is filled with pure water, 
the so-called subphase, and moveable barriers are used to skim the surface of the subphase permitting 
control of the surface area available to the floating ML. To form a Langmuir ML, the molecule of interest is 
dissolved in a volatile organic solvent. Surface active molecules are normally amphiphilic. A quantity of this 
solution is placed on the surface of the subphase, and as the solvent evaporates, the surfactant molecules 
spread. The result is that the hydrophobic tail points towards the air and the hydrophilic head points 
towards the water surface. Hence, the molecules at the interface are anchored, strongly oriented and with 
no tendency to form a layer more than one molecule thick. 

5.4 Single crystal growth 

5.4.1 Inorganic single crystals 

Inorganic single crystals can be prepared by different methods such as the Czochralski and Bridgman 
techniques as well as various floating zone methods, electron beam drip melting and strain annealing.22 
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Examples of recent remarkable developments in the growth of bulk crystals are hydrothermal growth of 
large high-quality low-dislocation density quartz, hydrothermal growth of large ZnO and emerald crystals, 
high-temperature solution growth of perovskites and garnets by top-seeded solution growth and by the 
accelerated crucible rotation technique, aqueous solution growth of KDP, Bridgman–Stockbarger growth of 
alkali halides and of CaF2, float-zone growth of TiO2, skull-melting growth of zirconia. The world crystal 
production is estimated at more than 20.000 tons per year, of which the largest fraction of about 60% are 
semiconductors Si, GaAs, InP, GaP, CdTe and its alloys. The rest of crystals are devoted to optical, scintillator, 
acousto-optic, laser and nonlinear-optic applications as well as in jewellery and watch industry. 

5.4.2 Organic single crystals 

Organic single crystals can be prepared from solution using a large variety of methods. In all the cases, 
the choice of the solvent will be very important since it might have a strong influence on the crystal 
formation and, in some cases, it can also be included in the structure. Also, different techniques used or tiny 
changes in the experimental condition might result in the formation of different polymorphs. For this 
reason, it might be necessary to have a high control of parameters such as temperature, humidity and 
solvent quality. Probably the most employed procedures to obtain single crystals from solution is based on 
simply preparing a solution of the molecule and letting the solvent evaporate slowly so the molecules have 
time to interact between them and crystallize. Also the crystallization of molecules can be promoted by 
solubilising them in a solvent at high temperature and then slowly cooling down the solution so then the 
molecules are less soluble and precipitate forming, in some cases, single crystals. Single crystals can also be 
obtained by diffusion of an anti-solvent (a solvent in which the molecules are not soluble) into a solution of 
the molecules. This method can be carried out by using two solvents which are immiscible between them, so 
then the crystals can be formed at the interface, or by using a special two-compartment cell. 

The electrocrystallization technique is a general and versatile synthesis method for the preparation of 
high-quality single crystals involving molecular ions.23 The method requires electroactive species, neutral or 
charged, leading their electrooxidation (or reduction) to stable radicals. If soluble, the generated radical 
species may diffuse into solution, but under suitable conditions of concentration, solvent, temperature and 
current density, they will crystallize on the electrode. The use of a stable and constant direct current source, 
the so-called galvanostatic mode, allows control of the local concentration of electroactive species and thus 
the rate of crystal growth. The other parameters involved (concentration, solvent and temperature) 
essentially control the solubility of the crystalline phase. The appropriate combination of these factors, 

together with the use of high-purity starting materials, 
ultimately determines the success of the 
electrodeposition process. Electrodeposition allows 
high-purity materials to be reproducibly obtained only if 
all materials and chemicals involved are properly 
purified.  

When the electrocrystallization process is forced to 
occur within two opposite insulating flat substrates the 
technique is termed confined electrocrystallization and 
leads to thin single crystals, their thickness ultimately 
defined by the separation between both substrates.24 
This technique can be universally applied, as the parent 
standard technique, to the synthesis of a variety of thin 
single crystals of conducting and insulating molecular 
materials. 

 

Fig. 9 SEM images of a superconducting thin single 
crystal of (BEDT-TTF)Cu2(NCS)3 
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5.5 Sol-gel 

The sol-gel technique is based on the hydrolysis of liquid precursors and formation of colloidal sols. It is 
a cheap and low-temperature technique that allows for the fine control of the product’s chemical 
composition. Sol-gel materials have grown in importance over the past 30 years as chemists and engineers 
have learned how to vary the reactants and processing conditions to tailor material properties for specific 
applications. Sol-gel technology offers many important advantages in materials processing. The nanometre 
structure of the gels permits low temperature processing of ceramic materials so that ceramics and plastics 
can be combined in hybrid materials. The introduction of metal alkoxides precursors for sol-gels has made 
possible the production of high purity materials that dramatically improved the quality of optical fibres. The 
pore structure and large surface areas associated with sol-gel materials have been essential to the 
development of catalysts and adsorbents making possible improved production of gasoline and removing 
impurities for automobile exhausts and new photocatalysts for splitting water. The gels can be dried in 
controlled fashion to produce porous solids with unique thermal, mechanical, optical and chemical 
properties.  

The precursor sol can be either deposited on a substrate to form a film (e.g., by dip coating or spin 
coating), cast into a suitable container with the desired shape (e.g., to obtain monolithic ceramics, glasses, 
fibres, membranes, aerogels), or used to synthesize powders (e.g., microspheres, nanospheres). Sol-gel 
derived materials have diverse applications in optics, electronics, energy, space, (bio)sensors, medicine (e.g., 
controlled drug release), reactive material and separation (e.g., chromatography) technology. One of the 
more important applications of sol-gel processing is to carry out zeolite synthesis. Other products fabricated 
with this process include various ceramic membranes for microfiltration, ultrafiltration, nanofiltration and 
reverse osmosis.25 

5.6 Polymer synthesis 

Polymers are very long chains of high molecular weight molecules, with very different architectures 
(linear, cyclic, branched, dentritic, etc..) and particular properties not observed for any other kind materials. 
From the point of view of the synthesis mechanism they can be classified into two categories: chain-growth 
and step-growth. The chain growth polymerization is based on the presence of activated species, one 
monomer molecule is added after the other; in the step growth polymerization there are no specific 
activated centres, the monomers are tied via organic reactions. It is also possible to obtain polymers by 
modifying existent natural or synthetic macromolecules. From the point of view of the synthesis techniques 
the polymers can be divided into three different categories: processes in bulk (without solvents or diluents), 
processes in solution (aqueous and organic solutions) and processes in dispersion (suspension and 
emulsion). 

NFFA material synthesis will house standard polymer synthesis equipments including vacuum/argon 
manifolds, hot plates, balances, rotary evaporators, as well as glove boxes and solvent purification systems. 

6. REQUIRED RESOURCES 

6.1 Synergies with other NFFA-centres 

Ideally each NFFA centre should be specialized in specific subjects and collaborate with the rest of 
centres, optimizing the important investment, by sharing equipment and know-how. The construction of 
independent, weakly interacting centres addressing very similar issues does not seem correct, although 
apparently this has been the rule followed in the USA with the Nanoscience and Nanotechnology initiative. 
The experience in the USA should help structuring the future NFFA centres. 
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6.2 Required infrastructure, staff, and access mode  

In the Table 1 NFFA synthesis techniques are listed with the dedicated staff and the access mode. The 
numbers are based on the assumption that 4 NFFA centres are created. 

 
 
TECHNIQUES  Required 

units 
Cost/unit 
(M€) 

Total investment 
(M€) 

Access 
mode 

Dedicated 
staff/unit  

Total 
staff 

       

PVD       

Thin film evaporators 12 0,2 2,4 Hands On 0,33 4 

MBE 6 0,4 2,4 Hands Off 1,33 8 

PLD 2 0,7 1,4 Hands Off 2 4 

Sputtering  8 0.3 2,4 Hands On 1 8 

CBD 2 0,2 0,4 Hands On 1,5 3 

Size-selected cluster 
source 

1 0,3 0,3 Hands Off 1 1 

Ion Implantation 2 1,5 3 Hands Off 1,5 3 

       

CVD       

CVD, PECVD, RTCVD, 
etc 

12 0,5 6 Hands Off 1 12 

ALD 2 0,4 0,8 Hands Off 1,5 3 

       

CSD       

SAMs, LB, spin coating, 
etc. 

4 0,2 0,8 Hands On 1,5 2 

       

Single crystal growth 2 1 2 Hands Off 4 8 

       

Sol-gel 3 0,5 1,5 Hands On 4 12 

 
Table 1 Required infrastructure, staff and access mode 
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