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Invited Talk DS 11.1 Tue 9:30 H32
Strained silicon for advanced nanotechnology — eMICHAEL
GoryLL!, DaN Bucal, QING-TAr Znao', BerND HOLLANDER!,
SIEGFRIED MANTL!, RoGER L002?, Duy NGUYEN?, and MANFRED
ReicHE? — lInstitut fiir Bio- und Nanosysteme (IBN1) und cni,
Forschungszentrum Jiilich, D-52425 Jiilich, Germany — 2IMEC,
Kapeldreef 75, B-3001 Leuven, Belgium — 3MPI fiir Mikrostruktur-
physik, Weinberg 2, D-06120 Halle, Germany

Introducing strain into silicon layers has shown carrier mobility in-
crease in CMOS devices. Two prevailing approaches, the global strain
and the local strain platform, will be presented. While in case of local
strain, small-area selective epitaxial SiGe growth is employed, global
strain presents more challenges regarding layer deposition. We will dis-
cuss our approach towards global strain based on thin pseudomorphic
SiGe layers, that are being strain relaxed using He® ion implantation
and thermal annealing. The morphology and crystallinity of the layers
was investigated using optical microscopy, atomic force microscopy and
transmission electron microscopy. Characterization methods employed
to determine the residual strain in the silicon layers comprise angular
ion beam scanning and Raman spectroscopy. Strained silicon on in-
sulator (sSOI) layers were produced by layer transfer to an insulating
substrate. This process includes wafer bonding as well as splitting
performed by H;r ion implantation and annealing. Electrical measure-
ments on n-channel MOSFETSs fabricated on this sSOI material will
be presented that exhibit the expected electron mobility enhancement.

Invited Talk DS 11.2 Tue 10:00 H32
Integration of functional epitaxial oxides into silicon: From
high-K application to nanostructures — eH. JORG OSTEN —
Institut fiir Materialien und Bauelemente der Elektronik, Leibniz Uni-
versitdt Hannover, Appelstr. 11A, 30167 Hannover

There are several attempts to increase the material variety that is com-
patible with Si technologies. The ability to integrate crystalline dielec-
tric barrier layers into silicon structures can open the way for a variety
of novel applications ranging from high-K replacements in future MOS
devices to oxide/silicon/oxide heterostructures for nanoelectronic ap-
plication in future quantum-effect devices. First, we will demonstrate
and discuss the epitaxial growth of oxides on different oriented Si sub-
strates based on surface and interface considerations. Here, we will
present results for crystalline lanthanide oxides on silicon in the cubic
bixbyite structure grown by solid state MBE.

Experimental results for Gd2O3s-based MOS capacitors show that
these layers are excellent candidates for application as very thin high-
K materials replacing SiO2 in future MOS devices. In addition, we will
present a new approach for nanostructure formation which is based on
solid-phase epitaxy of the Si quantum-well combined with simultane-
ous vapor-phase epitaxy of the insulator on top of the quantum-well.
Ultra-thin single-crystalline Si buried in a single-crystalline insulator
matrix with sharp interfaces was obtained by this approach on Si(111).
Finally, the incorporation of crystalline Si islands into single-crystalline
oxide layers will be demonstrated.

Invited Talk DS 11.3 Tue 10:30 H32
Rare Earth based amorphous ternary oxide layers as alter-
native gate dielectrics — eJURGEN SCHUBERT!, TassiLo HErG!,
MARTIN ROECKERATH', JOAO MARCELO JORDAO Lorrs!, Urre
LITTMARK!, CHAO ZHAOZ, MATTY CAYMAX?, VALERIE AVANASIEVS,
LisA EpGe*, Yunra Jia*, WEI Tian*, and DARRELL ScHLOM? —
BN 1-IT and CNI, Forschungszentrum Jiilich GmbH, 52425 Jiilich
— 2IMEC, Kapeldreef 75, B-3001 Leuven, Belgium — 3Department of
Physics, University of Leuven, Celestijnenlaan 200D, B-3001 Leuven,
Belgium — “4Penn State University, 16802 University Park, Pennsyl-
vania, USA

Rare Earth based oxide thin films are promising candidate materials to
replace SiO2 as a gate dielectric in MOSFETSs of the next generation.
So far most attention attracted HfO2 and Hf-containing silicates but
they have severe drawbacks such as too low recrystallization temper-
ature (Te = 600°C). Calculations on the thermal stability of ternary
oxides in direct contact with silicon were resulted in a number of more
appropriate oxides [1]. E.g. GdScOs single crystals showed excellent
properties which could be reproduced for amorphous films. Permit-
tivity of 22, a bandgap of 5.6 eV, band offsets larger than 2eV and a
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good thermal stability (T¢r > 900°C) could be verified. Furthermore
those oxides are not hygroscopic in contrast to most of the binary sys-
tems. Another promising system is LaL.uO3 which shows k-values of
32 combined with a high thermal stability (T¢r > 900°C). Most recent
results will be presented and discussed. [1] D.G. Schlom and J. Haeni,
MRS Bulletin V. 27, No. 3 (2002)

Invited Talk DS 11.4 Tue 11:00 H32
Advanced SOI CMOS transistors for high performance mi-
croprocessors — eMANFRED HORSTMANN — AMD Saxony LLC &
Co. KG, Wilschdorfer Landstrasse 101, 01109 Dresden, Germany

An overview of state of the art advanced Silicon on Insulator CMOS
transistors used for high performance microprocessors will be given.
For advanced SOI transistors stress engineering has become a stan-
dard feature since the 90 nm technology node due to gate oxide scal-
ing limitations [1]. Especially techniques to induce local strain like
compressive and tensile stressed over-layer films, embedded-SiGe, and
stress memorization are keys to maintain transistor performance. With
optimization, the different stressors are highly compatible and additive
to each other, improving PMOS and NMOS saturation drive current
by ca. 50 % and 30 %, respectively. This results in 40 % higher product
speed. In addition to reduce the lateral and vertical device dimensions
advanced Laser or Flash) annealing has been applied [2]. These an-
neal processes yield an improved dopant activation for active and gate
regions resulting in lower source-drain resistance and gate depletion
without any additional diffusion. These techniques have been applied
and optimized for 90nm and 65nm volume manufacturing and are
scaleable to 45 nm design rules. Technology options for future transis-
tors like Strained Silicon directly bonded on SOI, fully depleted SOI,
High K or FinFETSs will be discussed.

[1] M. Horstmann, et al., IEDM 2005, p. 243 [2] Th.Feudel et al.,
RTP Conference, Kyoto, 2006

DS 11.5 Tue 11:30 H32
Herstellung und Charakterisierung von MOSFETs mit Gado-
liniumscandat als alternatives Gatedielektrikum — eMARTIN
ROECKERATH, JOACHIM KNOCH, JOAO MARCELO JORDAO LOPES, TAS-
SiILO HEEG, JURGEN SCHUBERT und SIEGFRIED MANTL — Institut fiir
Bio- und Nanosysteme (IBN 1 - IT) und CNI, Forschungszentrum
Jiilich, D-52425 Jiilich, Germany

Seltene-Erd-Scandate sind durch ihre herausragenden morphologischen
und elektrischen Eigenschaften eine vielversprechende Materialklasse
fiir die Verwendung als High-k-Dielektrikum in zukiinftigen CMOS An-
wendungen. Speziell GAScO3 weist eine hohe thermische Stabilitét so-
wie eine DK von ca. 23 auf. In dieser Arbeit wurde dieses Material nun
in Feldeffekt-Transistoren (MOSFETS) als alternatives Gateoxid inte-
griert. Besonderer Schwerpunkt der Untersuchung lag auf dem Einfluss
der High-k-Silizium-Grenzflache auf die elektrischen Eigenschaften der
Bauelemente. Das Oxid wurde mittels Elektronenstrahlverdampfen
von stochiometrischem Quellenmaterial im Hochvakuum hergestellt.
Um die Grenzfliche zu variieren wurde das GdScO3 sowohl auf che-
mischem Oxid als auch auf wasserstoffterminierter Si(100)-Oberfléche
abgeschieden und einige Proben auflerdem nachtréglich in Sauerstoff
getempert. Die elektrische Charakterisierung der Bauelemente zeigt
einen deutlichen Einfluss sowohl des Temperns als auch der Vorbehand-
lung auf deren Strome sowohl im Aus- als auch im Anzustand. Aufler-
dem kann eine Schwellspannungsverschiebung beobachtet werden. In
diesem Beitrag wird auch der Einfluss der Grenzflicheneigenschaften
auf die Ladungstragerbeweglichkeit diskutiert.

Invited Talk DS 11.6 Tue 11:45 H32
Graphene: A new Electronic Material — eMAX CHRISTIAN
LeMME!, Tim ECHTERMEYER', MATTHIAS BAus?, and HEINRICH
Kurzh2 — 1Advanced Microelectronic Center Aachen (AMICA),
AMO GmbH, Otto-Blumenthal-Str. 25, 52074 Aachen, Germany —
2Institut fiir Halbleitertechnik, RWTH-Aachen, Sommerfeldstr. 24,
52074 Aachen, Germany

Carbon based electronics offer one of the most promising options to
enhance silicon CMOS technology in the future. Great attention has
been paid to carbon nanotubes (CNTs) because of their intriguing
electronic properties. Their application in electronics, however, will de-
pend strongly on the availability of self organizing processes. Graphene
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films, monolayers of carbon, have only recently been identified as a
new contender for carbon electronics. Graphene’s planar form pre-
destinates it as a booster for silicon technology. In this talk, field ef-
fect devices (FEDs) manufactured from few- and monolayer graphene
are presented. Except for graphene deposition, only conventional
top-down CMOS-compatible processes have been used. Raman spec-
troscopy is presented as the method of choice for distinguishing few-
from monolayer graphene. Electron and hole mobilities in graphene
pseudo-MOS structures are compared to those obtained from double-
gated Graphene-FEDs. Even when covered by silicon oxide, the values
exceed the universal mobility of silicon and silicon-on-insulator MOS-
FETs.

Invited Talk DS 11.7 Tue 12:15 H32
Electronic Transport in Carbon Nanotube FETs — ¢JOACHIM
KNocH — IBM Research GmbH, Zurich Research Laboratory, Sdumer-
strasse 4, 8803 Riischlikon, Switzerland

Carbon nanotubes have recently attracted a great deal of interest due
to their unique structural and electronic properties. In particular, car-
bon nanotube field-effect transistors have been widely investigated as
an alternative for future nanoelectronics applications. In the present
talk we will discuss the electronic transport properties of CNFETSs.

Usually, contacts are formed by depositing metals on top of the
nanotube. One focus of the talk will be the investigation of the role of
these source/drain contacts on the device behavior. As it turns out,
CNFETSs behave similarly to ultrathin-body Schottky barrier MOS-
FETs. Although the ultrathin diameter (body) allows for an excellent
carrier injection through the Schottky-barrier, its presence prohibits
the observability of multi-mode transport in such CNFETs. Details
regarding multi-mode transport and the role of scattering for the vis-
ibility of multi-mode transport will be discussed. Furthermore, we
will present CNFETSs with ‘doped’ source/drain contacts and study
the relevant phenomena occuring in such conventional-type devices.
A charge pile-up in case of short channel devices deteriorates the de-
vice performance and leads to large off-state leakage currents. Finally,
a new device architecture based on band-to-band tunneling is intro-
duced which allows to combine an excellent on-state performance with
a switching ability superior to any conventional FET. It will be shown
that one-dimensional objects are ideally suited for the realization of
such tunneling FETs.

DS 11.8 Tue 12:45 H32

Strukturierte Schichtsysteme fiir horizontal gerichte-
tes Wachstum von Kohlenstoff-NanorShren — eMATTHIAS

BUENFELD!, BERND SCHROTER!, FRANK SCHMIDL', MATTHIAS
GrUBE!, RENE GEITHNER?, THOMAS PERTSCH!, DETLEF SCHELLEZ,
WOLFGANG RICHTER!, ANDREAS TUNNERMANN? und PAUL SEIDEL!
— Mnstitut fiir Festkoérperphysik, Friedrich-Schiller-Universitit, Je-
na, Germany — 2Institut fiir Angewandte Physik, Friedrich-Schiller-
Universitdt, Jena, Germany

Kohlenstoff-Nanorshren erméglichen durch ihre Form und Groéfle sehr
interessante Anwendungen. Das gerichtete Wachstum ist fiir solche
Anwendungen ein grundlegender Aspekt. Ziel ist es, die Nanorchren
gezielt horizontal auf Oberflichen wachsen zu lassen. Dabei bieten
sich unterschiedliche Einflussméglichkeiten. Fiir das Wachstum der Na-
nordhren sind Katalysatorpartikel im nm-Bereich (im wesentlichen Ei-
sen, Nickel oder Kobalt) notwendig. Vorstrukturierung dieser Materia-
lien und die Gréfe dieser Partikel haben wesentlichen Einfluss auf den
Durchmesser und das Wachstum der Nanoréhren. Durch Kombination
unterschiedlicher, strukturierter Oxidschichten sind weitere Auswahl-
kriterien fiir Wachstumsort und Wachstumsrichtung gegeben.

DS 11.9 Tue 13:00 H32
Determination of the coefficient of thermal expansion (CTE)
of porous dielectric films using x-ray reflectometry —
eSEBASTIAN TAUBE, HOLM GEISLER, ULRICH MAYER, INKA ZIENERT,
MICHAEL HECKER, and EHRENFRIED ZSCHECH — AMD Saxony LLC
& Co. KG, Wilschdorfer Landstr. 101, D-01109 Dresden, Germany

In advanced integrated circuits thin interlayer dielectric (ILD) films
with reduced relative permittivity (k) will be used for reducing
crosstalk and interconnect signal delay. It is the final goal to achieve
as small as possible k-values which are close to the physical limitation
( kvacuum = 1). For reaching lowest possible k values, new mate-
rials or nano porous layers are potential candidates. However, these
layers have many different properties in comparison with the tradition-
ally used silica glass, e.g., considerably reduced mechanical stiffness.
The CTE value is one important property of such an ILD layer. The
advanced integrated circuits undergo during the fabrication and later
in the practice permanent changing temperature cycles. Thin film
stacks with relatively large differences in the CTE of the individual
thin films are a reliability concern for microelectronic products. The
thickness of a thin film as well as the variation of the thickness due
to increased temperature can be measured very precisely with XRR.
It will be shown here that the CTE of (ultra) low-k layers can be de-
termined for relevant process and application temperatures with the
XRR method. The measured CTE values are typically higher than for
metals, e.g., copper.



