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Abstract
Nanostructured monolayers of molecules can be formed at a variety of interfaces. At a liquidsolid interface, such two-dimensional (2D) molecular assemblies can be created by depositing a
solution of the compound of interest on top of the substrate (drop casting) or by immersing the
substrate into a solution (dip coating). Advanced interfacial analysis methods such as scanning
tunneling microscopy (STM) and atomic force microscopy (AFM) provide nanoscale structural
information of the assemblies.
In this presentation, we focus on several aspects of molecular self-assembly at the interface
between liquid or air, and surface substrates such as highly oriented pyrolytic graphite and
graphene. Highly oriented pyrolytic graphite can be considered as excellent model surface for
adsorption and self-assembly of molecules on graphene. We will reveal novel concepts of 2D

crystal engineering including the effects of solvent, solute concentration, temperature, and
other external stimuli. Self-assembly controlled under nanoconfinement conditions also delivers
insight into thermodynamic and kinetics aspects of these systems.
We will demonstrate molecular self-assembly based functionalization of graphite and graphene.
Various applications will also be presented.
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Abstract
With a budget of €1 billion, the Graphene Flagship forms Europe's biggest ever research
initiative. The Graphene Flagship is tasked with bringing together academic and industrial
researchers to take graphene from the realm of academic laboratories into European society in
the space of 10 years, thus generating economic growth, new jobs and new opportunities. The
core consortium consists of over 150 academic and industrial research groups in 23 countries.
The Graphene Flagship is implemented as four divisions and a total of 15 research Work
Packages. A brief overview of these work packages and the related innovation activities is
given. The most promising application areas are also discussed.
The excellency in science and technology for graphene and related 2d materials developed
within the Graphene Flagship pave the way for future innovations and applications. While the
main graphene applications are still several years into the future, there are already a number
of promising emerging application areas and concrete advances towards commercialization.
These include the latest developments in the work packages for electronic devices, photonics
and optoelectronics, flexible electronics and wafer-scale system integration.
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Abstract
Chemical vapor deposition and its more recent offspring Atomic Layer deposition are workhorse
technologies for thin film deposition in the semiconductor industry. The critical dimension
shrinkage and the move to ever more aggressive wafer topography is further accelerating the
adoption of CVD and more particularly of ALD processes, owing to its capability to deposit
perfectly conformal films, whether conductive or dielectric. The versatility of the technology
has also enabled the introduction of multiple elements and materials in advanced chips, and of
multiple flavors of well know material like SiO or SiN to meet specific integration needs.
While hardware engineers worked on tool improvements to extend CVD capabilities and make
ALD production worthy, a new breed of process chemists started designing molecules to meet
process and integration challenges from the chemistry angle. Such challenges were generally
related to at least one of the following aspect: a- decreasing thermal budgets, b- the need for
highly conformal films, c- the need for films with more extreme electrical properties (higher k,
lower k, lower resistivity, better EM barriers), and the need for ancillary and sacrificial films to
support complex lithography schemes.
Addressing these challenges means resolving a multivariable equation of finding in time a
molecule that meets all requirements related to process performance, scalability, safety, and
affordability.
The presentation will illustrate through a few examples how chemical innovation has enabled
recent advances in chip manufacturing, such as the tuning the ligands of a molecule to
facilitate it’s delivery, or the design of a brand new substance to double the throughput of SiO2
ALD in multiple patterning schemes.
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Abstract
Driven by fabrication cost reduction and device performance improvement, the Silicon
semiconductor industry continues its never-ending pursuit of new approaches for fabricating
integrated circuits. In this context, the monolithic integration of III-V semiconductors epitaxially
grown on Si substrate have been attracting much attention as building blocks for nextgeneration electronics and photonics due to their potential intrinsic properties.
Direct heteroepitaxy of III-V compound semiconductors on Si has traditionally represented a
formidable challenge, due to the high material mismatch (lattice parameter, polarity, thermal
coefficient, ...) between Si and III-V semiconductors generating high density of defect density
during the epitaxial process. To overcome this, selective area growth of III-Vs in a pre-patterned
Si substrate by Selective Area Metal-Organic Vapor Phase Epitaxy allow the possibility to obtain
high quality and reduced defect density III-V based active layers onto standard Si(001)
substrate.
Using this approach we integrate III-V materials monolithically on Si while focusing on both
ultimate trench widths (W < 20 nm) scaling as well as relaxed trench dimension in function of
the targeted application. We report here on the heteroepitaxy of InP buffer on initiated from a <
111 > V-groove Si surface and discuss the unique relaxation mechanism of such compound
with respect to Si substrate. We derived a fundamental understanding and theoretical modeling
of the growth mechanisms in STI trenches as well as the determining role of the InP nucleation
layer. The subsequent growth approach of InGaAs active layer, used for both nFET or Laser
applications, is further studied.
Finally, III-V based electronic and photonic devices realized using selective area growth
technique are presented and benchmarked to the current state of the art.
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Abstract
Atomic Layer Deposition (ALD) was conventionally developed as a purely thermal process to
deposit two-element films such as oxides and nitrides. ALD of single-element films (metals and
semiconductors), with a few exceptions, is still a difficult task. Plasma-enhanced ALD (PEALD)
can enable deposition of certain single-element films but has a reduced step coverage
compared to thermal ALD, can cause damage to the wafer under treatment and involve a large
variety of chemical reactions. As a result, the wafer surface may be exposed to many ions,
radicals and atoms, as well as UV photons. This makes the composition and structure of the
growing film not trivial to predict and control.
This work explores alternative techniques to generate radicals without plasma. We choose
processes where dissociation of a certain precursor, to form radicals, can be achieved by
collisions with a hot tungsten wire heated up to a temperature in the range of 1600-2000 oC.
We use in situ real-time spectroscopic ellipsometry in combination with ex-situ techniques, to
characterize deposition. The successful generation of atomic hydrogen (at-H) by the hot wire
and its delivery to the substrate over a distance of 70 cm have been confirmed by etching of
tellurium (Te) films at room temperature.
In this presentation, the concept will be explained and discussed; several examples of the
radical-enhanced processes, enabled by utilizing a hot wire instead of using a plasma, will be
given. The main example concerns hot-wire atomic layer deposition (HWALD) of tungsten (W)
films. The films were grown on a 100-nm thick thermal SiO2 with a proper seed layer. Two
different reactor configurations were employed: a large-volume reactor (70 cm distance
between the HW and the substrate) and a small-volume reactor (3-5 cm distance between the
HW and the substrate). In my presentation, I will further look into the chemistry behind these
and other examples.
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Abstract
The continuing down-scaling of dimensions in modern microelectronics as well as a huge
number of applications beyond semiconductor technology lead to an increasing need for
advanced deposition and etching technologies. Atomic Layer Deposition (ALD) is a method for
thin film deposition, which is based on self-limiting monolayer by monolayer growth. ALD offers
outstanding process properties like excellent step-coverage, film thickness control in the subnm range, pore-free deposition as well as a high thickness uniformity over large area
substrates. Complementary to ALD, Atomic Layer Etching technology (ALE) removes material
monolayer by monolayer. Like in ALD, sequential self-limiting surface reactions play a crucial
role and potentially result in sub-nm etch depth control and a high anisotropy of etching.
In our presentation we will give an overview of research and applications for both ALD and ALE
technology. Based on experiences and possibilities at IHM and ALD Lab Saxony we will present
selected results on ALD or ALE for e.g. device encapsulation, through silicon via, organic field
effect transistors, 3D structures or memory devices. Thereby, a key component is the
application of in situ and in vacuo metrology, which enables a detailed understanding of growth
or etching processes.
Biografie
Christoph Hossbach obtained the M.Sc. degree in Electrical Engineering in 2005 and the Ph.D.
degree in Electrical Engineering in 2013. He is currently a Senior Scientist at the Institute of
Semiconductors and Microsystems of Technische Universität Dresden, Germany. His fields of
expertise include Atomic Layer Deposition (ALD), Plasma Enhanced ALD, Molecular Layer
Deposition (MLD), Chemical Vapor Deposition (CVD), Plasma Enhanced CVD, process, film and
growth characterization with in situ and ex situ metrology, as well as tool and component
design. Dr. Hossbach is co-founder and university representative of science network ALD Lab
Saxony. He is author or co-author in more than 30 publications and involved in organization of
workshops, teaching and consulting.

Development of block copolymers to create complex
M. Morris
Director, AMBER Research Centre
AMBER, Trinity College Dublin, Chemistry, Dublin,
Ireland

Abstract
The development of block copolymer self-assembly techniques as on-chip lithographic masks
can provide methods to form regular nanopatterned substrates. Block copolymer (BCP)
lithography is nearing a point where it could be transferred into industrial fabrication and
complement traditional UV and E(xtreme)UV lithographies. As feature sizes decrease, pattern
transfer from an etch mask to the substrate is becoming more critical. Thus, whilst BCP based
methods can yield ultra-small feature sizes, can they be used to create hi-fidelity, hi-quality
silicon features? Here we show that BCP methods can be used to create patterns of inorganic
oxides on a substrate that can act as hard masks. These materials should have high etch
contrast (to silicon) and so allow high aspect, high fidelity pattern transfer whilst being readily
integrateable in modern semiconductor fabrication (FAB friendly). Here, we show that ultrasmall dimension hard masks can be used to develop large areas of densely packed vertically
and horizontally orientated Si nanowire arrays. Ni, NiO and ZnO hard masks of different
morphologies and dimensions were formed using microphase separated polystyrene-bpoly(ethylene oxide) (PS-b-PEO) block copolymer (BCP) thin films. The self-assembled polymer
patterns were solvent processed and metal ions included into chosen domains via a selective
inclusion method and subsequent inorganic oxide nanopatterns were developed using standard
techniques. It is shown by high resolution transmission electron microscopy studies that high
aspect pattern transfer could be affected by standard plasma etch techniques. The masking
ability of the different materials was compared in order to create the highest quality uniform
and smooth sidewall profile of the Si nanowire arrays. Notably, good performance of metal
masks were seen and this could impact the use of these materials at small dimension sizes
where conventional methods are severely limited.
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