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Abstract
Research by Fraunhofer IKTS and TECHCET LLC, an advisory services firm providing electronic materials
information, has shown that strong growth in IC fabrication demand for atomiclayer deposition (ALD),
chemicalvapor deposition (CVD) should result in a combined global market size of US$1.3 billion by the
year 2023. Metal precursors are expected to see a compound annual growth rate (CAGR) of 6.2 percent
through 2023 starting from $460 million in revenues for this year. The market for dielectric materials is
forecasted to be $465 million this year with CAGR of 8.2 percent through 2023, as detailed in the latest
CMR. Plasma enhanced CVD and ALD processes drive increasing demand for silicon precursors, used in
depositing the 3272 layers and more of 3DNAND chips and in selfaligned multiple patterning for advanced
logic and memory chips. In addition, the research see a need for more advanced ALD/CVD precursor
production in China, to support more leadingedge logic and memory fabs ramping production there. Cobalt
(Co) metal is being used to encapsulate copper onchip multilevel interconnects in the most advanced logic
fabs for both foundries and IDMs. Intel is using full cobalt interconnects to replace some of the copper levels
in its newest logic chips. The conservative demand forecast for cobalt metal in the form of ALD/CVD
precursors for logic IC fabs is $25 million in 2018, with considerable growth to $70 million by 2023. Due to
the competitive demand for cobalt needed for the lithium batteries used in EVs, and due to conflict issues in
the supplychain, cobalt metal pricing is volatile and reliable forecasting is correspondingly difficult. To
anticipate supplydemand imbalances, the research also tracks ALD and CVD precursor demands in

competing high volume manufacturing industries such as flatpanel display, photovoltaics, MEMS, and LED
as well as emerging semiconductor ALD/CVD applications, equipment and precursor developments.
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Abstract
Atomic scale processes such as atomic layer deposition (ALD) and atomic layer etching (ALE) are increasing
in popularity with more and more applications requiring or benefitting from atomic level control. ALD and ALE
provide the control they do because they are based on selflimiting surface processes. This contribution will
discuss the basics for both techniques and discuss how they can be further advanced.
For ALD two trends will be discussed: i) controlling the ion energy in plasma ALD to tune material properties.
Generally processes are optimized to have minimal ion energies to avoid potential damage. Interestingly, for
these low damage plasma sources, the ion energy can be increased by substrate biasing providing
additional knobs for tuning film properties. Key examples are stresscontrol of oxides such as achieving
nearzero stress in TiO2 and reduction of the resistivity of conductive nitrides (e.g. for TiN, HfN x, and NbN). ii)
Usage of novel plasma gases. For instance H2S plasma gas mixtures have been shown to allow growth of
2DMoS2 at low temperatures and SF6 plasma was found to allow ALD of AlF3, which could be of interest as
an optical coating or for batteries.
For ALE the basics will be discussed and how these can be used for applications. More and more processes
are being developed (e.g. ALE of GaN, AlGaN, Si, SiO 2 & 2D materials). Interestingly besides the exact
control of etch depth, other aspects of ALE might turn out to be more important for certain applications. For
instance ALE of AlGaN was found to reduce the surface roughness, while generally plasma etching would
increase the surface roughness somewhat. Other advances for both ALD and ALE are expected to be in the
form of combinations with other techniques. Therefore clustering of ALD and ALE tools with 2D materials
growth can allow precise control of interfaces and allow avenues into selective growth, surface cleaning and
etching.
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Abstract
Graphene and other layered 2D materials have been the focus of intense research in the last decade due to
their unique physical and chemical properties. This presentation will highlight our recent progress on the
synthesis and integration of 2D materials for nanoelectronics applications using atomic layer deposition
(ALD). ALD is a chemical process that is based on selflimiting surface reactions and results in ultrathin films,
with subnm control over the thickness and waferscale uniformity. Two of the critical issues in unlocking the
potential of graphene are the ability to deposit ultrathin highK dielectrics on grapene and fabricate low
resistance contacts to graphene. Technologically, it is desirable to use atomic layer deposition (ALD) for this
purpose. The inert nature of graphene however has made ALD on graphene very challenging. This
presentation will give an overview of ALD techniques that were developed in our lab to initiate oxide and
metal ALD on graphene to form ultrathin dielectrics and lowresistance contacts, without deteriorating
graphene’s electrical properties.
In addition, ALD might prove as a key enabler for tackling the current challenge of largearea growth of 2D
materials with wafer level uniformity and digital thickness controllability. We have implemented plasma
enhanced ALD to synthesize largearea MoS2 thin films with tuneable morphologies i.e. inplane and
vertically standing nanoscale architectures on CMOS compatible SiO2/Si substrates. The large scale 2D in
plane morphology has potential applications in nanoelectronics, while the 3D nanofin structures could be
ideal for catalysis applications such as water splitting.
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Abstract
The Smart Cut ™ technology applied to the fabrication of SOI, is used in volume manufacturing by SOITEC,
serving digital, RF, power and photonics markets. Application of this technology using ion implantation to
transfer thin films of compounds semiconductors has also been developed. The Smart Cut ™ process has
technical and economical advantages. Transfer of thin layers onto many various materials with both a good
thickness homogeneity and a high crystalline quality has been demonstrated. From an economic point of
view, the possibility of reusing the remainder of the implanted substrate helps to reduce costs, especially for
the IIIV materials. We will focus on the application of the Smart Cut ™ technology for two different materials,
InP and GaN.
InP is widely used for the optoelectronic market. The Smart Cut ™ technology, has been tuned to this
material. In addition to the cost advantage of the recycling, different receiver substrates such as GaAs,
Sapphire or Si have been evaluated to enable new functions: receiver lift off, lower fragility, better
integration. Using the InPonGaAs engineered substrate combined with direct wafer bonding, Soitec
together with Fraunhofer ISE and CEA Leti have demonstrated wafer bonded 4junction solar cells with
highest conversion efficiency of 46.1 %. We will discuss also how the Smart Cut™ technology can enable
the use of InP for RF 5G products.
Regarding GaN, Smart Cut ™ technology enables the layer transfer of up to 1 µm thick GaN films either from
bulk GaN or GaN on sapphire. We have demonstrated up to 3 cycles of reuse of the GaN donor substrate.
Different receiver substrates such as Sapphire, Molybdenum and polycrystalline Aluminum Nitride have been
evaluated. Through this innovative engineered GaN substrate, we have demonstrated a 20µm GaN epi
growth. This breakthrough could enable new vertical GaN devices for high power application such as electric
vehicle powertrain and RF power products serving the 5G market.
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