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FIRST Turned Five 
 
FIRST – Frontiers in Research: Space and Time. It was in 2002, when FIRST – ETH 
Zurich’s joint clean room lab – started its operation on the initiative of six founding members. 
Research was focused on high speed electronics and photonics, ultrafast laser sources, 
new materials for electronic applications, micro electromechanical systems and 
nanostructures for quantum devices, just to name a few examples from the spectrum of 
activities, which were aligned with the scientific motto of FIRST. The number of users was 
small and clean room space allowed for enough flexibility to offer new colleagues a 
technology platform of high standards.  
 
Today, eleven groups share responsibility for FIRST and benefit from FIRST’s 
infrastructure. The research focus has broadened to include nano-devices and nano-
systems, represented by carbon nanotube and nanowire research, exploration of quantum 
optical phenomenon, devices utilizing quantum mechanical effects, research on terahertz 
transistors, and nano robotics. In 2007, Prof. Jérôme Faist, Department of Physics, joined 
the FIRST Management Team, working on photonic devices and quantum cascade lasers. 
In addition, FIRST supports numerous research groups from materials science, physics, 
electrical and mechanical engineering, and offers state-of-the-art processes to external 
companies. The number of trained and registered users has reached 170, mainly senior 
scientists, PhD students, PostDocs and Masters students. After five years, FIRST has 
become an essential part of micro and nanotechnology research at ETH Zurich and the 
FIRST teams enable state-of-the-art research results for all contributing groups. To keep 
pace with the increasing number of users and the diversity of equipment and processes, the 
FIRST Team welcomed three new members: Sandro Bellini for wet processing and electron 
beam lithography support, Petra Burkard for processing and infrastructure support, and 
Christian Fausch for electronic maintenance.  
 
Running a user lab like FIRST requires the committed support from all benefitting research 
groups, especially from the FIRST Management Team members, and the financial 
commitment of the ETH Zurich Board. The enthusiasm and dedication of the FIRST 
Operations Team and the FIRST Technical Team, and excellent training and team work of 
all users, are prerequisites for success and safety. The assignment of the FIRST volunteers, 
called FMT Staff, who spend many hours as equipment responsibles and mentors to 
support equipment maintenance and user training, is necessary, highly appreciated and 
very welcome. I want to express my gratitude for everybody who contributed to the success 
of the FIRST five years. 
 
Christofer Hierold 
FIRST Coordinator 
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Organigram 
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FIRST Management Team (FMT) 
 
 
Prof. Dr. C. Bolognesi Terahertz Electronics Group 
 http://www.ifh.ee.ethz.ch/ 
 
Prof. Dr. J. Dual Mechanics and Experimental Dynamics 
 http://www.ifm.ethz.ch 
 
Prof. Dr. K. Ensslin Nanophysics, FIRST coordinator 2004–2006  
 http://www.nanophys.ethz.ch 
 
Prof. Dr. J. Faist Quantum Optoelectronics Group 
  http://www.phys.ethz.ch/~mesoqc 
 
Prof. Dr. C. Hierold Micro- and Nanosystems  
 http://www.micro.mavt.ethz.ch 
 
Prof. Dr. A. Imamoglu Quantum Photonics 
 http://www.iqe.ethz.ch/quantumphotonics 
 
Prof. Dr. H. Jäckel High-Speed Electronics and Photonics 
 http://www.ife.ee.ethz.ch 
 
Prof. Dr. U. Keller Ultrafast Laser Physics 
 http://www.iqe.ethz.ch/ultrafast 
 
Prof. Dr. B. Nelson Institute of Robotics and Intelligent Systems 
 http://www.iris.ethz.ch 
 
Prof. Dr. N. D. Spencer Laboratory for Surface Science and Technology 
 http://www.surface.mat.ethz.ch 
 
Prof. Dr. A. Wallraff Quantum Device Lab 
 http://www.solid.phys.ethz.ch/wallraff/ 
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The Team operating FIRST 
The daily business of FIRST is managed by a team of scientists and technicians organized in 
the FIRST Operations Team. The main tasks and responsibilities are: evaluation and support of 
technical and scientific work in FIRST, facility management of FIRST, supervising of additional 
staff supplied by FMT members, and the administration of FIRST. 
 
 

 

 
Prof. Christofer Hierold 
 
FIRST Coordinator 
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Dr. Otte Homan 

 
FIRST Operation Team 
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Dr. Emilio Gini 
 
FIRST Operation Team 
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Dr. Silke Schön 

 
FIRST Operation Team 

 
MBE, Characterization 

Public Relations 
User Interface & Projects  

 

 
In 2007, an additional full position was granted to FIRST by the ETH executive board. We 
welcomed Sandro Bellini in our technical team, who strengthens our team in the field of wet 
chemistry and e-Beam lithography. In addition, Christian Fausch joined the team to support us 
with his electronic know-how. Christoph Widmeier, our technician for thin film processing 
changed over to the group of the new FMT member of Prof. Bolognesi. We thank him for his 
work and wish him all the best. We are glad to have Petra Burkard back as his successor, who 
took over Christoph’s responsibilities.  
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Scientific equipment: additions and upgrades 
Scientific equipment: new acquisitions and upgrades 
 
To serve its scientific users, FIRST operates a large amount of scientific and technological 
equipment, ranging from tools for epitaxy, lithography and vacuum systems for thin film 
deposition and etching, to precise analysis equipment for the control and verification of 
material parameters and processes. We continually improve these systems, upgrade them or 
replace them where necessary. 
 
SEM upgrade 
Our new Zeiss Ultra-55 field emission scanning 
electron microscope (FESEM) received an improved 
detector for backscattered electrons. It allows a better 
imaging contrast between different materials in 
semiconductor and other structures. In the same 
upgrade, we also received a specimen current 
monitor. Although not able to offer us absorbed 
current imaging capabilities, it does allow us to 
evaluate the current absorption and secondary 
electron emission properties of materials and 
substrates. 
 
New wafer bonder 
From the Quantum Optoelectronics Group of Prof. 
Jérôme Faist we received a wafer bonder from EV 
Group. The system was installed, debugged, and 
taken into operation. It allows bonding of InP (and 
other) wafers to various substrates, to improve 
properties such as the thermal conductivity or heat-
sinking for high-power laser diodes. 
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A third MBE system 
 
The transfer of Prof. Jérôme Faist to ETH Zürich also 
brought us another MBE system, this time a V80H 
from VG Semicon. The system was delivered at FIRST 
in December 2007, and installation and 
recommissioning will continue in 2008. It will mainly 
grow materials and structures for advanced unipolar 
quantum cascade lasers, based on the GaAs/AlGaAs 
materials system. 
 
 
Upgrade Veeco MBE systems 
 
Both Veeco MBE systems received a hardware/software upgrade which finally allows logging 
all parameters at any time. This improvement simplifies the analysis of the machine in the 
case of any failure. 
In addition, the As-MBE received a professional cleaning in May 2007. This was a big 
organization, manpower, time and cost consuming effort to remove all depositions inside the 
MBE chamber and on the LN2 shrouds and thereby to improve the electron mobility of the 
epitaxial layers. 
 
Sputter deposition tool 
 
Our new sputter deposition system from PVD 
Products, Inc. has been accepted and tested, and was 
given to the users in the first half of 2007.  
 
 
 
 
 
 
Another electron beam evaporation system 
We also received a new electron beam evaporation 
system from Plassys S.A. It is especially configured for 
shadow evaporation of Aluminium for the 
development and fabrication of superconducting 
tunnel junctions. The system was purchased by Prof. 
Wallraff of the Solid State Physics laboratory and 
placed in FIRST for joint use with other interested 
groups. Special features are a cryo-pump for high 
vacuum operation, controlled sample rotation and 
tilting, as well as controlled static and plasma 
oxidation of Al films for Al2O3 junction barriers. Apart 
from Al it offers Au, Ti and Cr as source materials. 
 
 
Simple small annealing furnace 
 
A simple and small annealing furnace has been built, and was brought into the service area of 
the laboratory. It allows alloying of n-type In/Sn and p-type In/Zn eutectics with GaAs and InP 
(InGaAs) materials for quick Hall-effect measurements. 
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FIRST equipment: overview 
Molecular beam epitaxy (2x Veeco/Applied EPI Gen-III MBE system, VG V80H system) 

• Epitaxial growth of phosphides, arsenides, antimonides and dilute nitrides on up to 4-inch 
substrates with Si-, C- or Be-doping 

• Three growth chambers with diffuse reflectance spectroscopy (DRS, BandiT), pyrometers, 
reflectometry (Laytec EpiR) and reflection high-energy electron diffraction (RHEED) for in-
situ growth monitoring 

• Analysis chamber with X-ray photoelectron spectroscopy (XPS) and Auger electron 
spectroscopy (AES) including an Argon sputter source for depth profiling and an atomic 
Hydrogen source for surface oxide reduction processes. 

 
Metal-organic vapor phase epitaxy (AIX 200/4) 

• Growth of phosphides, arsenides and 
antimonides on InP and GaAs substrates with Zinc 
or Carbon for p-type, silicon or tellurium for n-type 
doping and Fe for semiinsolating material 

• EpiRAS in-situ growth monitoring 
 

 
 

 

Thin film deposition and etching 

• Plasmalab 80+D plasma deposition (PECVD) of SiNx and SiOx films (Oxford Instruments) 
• Electron beam evaporation of metals and dielectric materials 
• Rapid thermal annealing system with N2 and N2/H2 gas supply 
 
Materials characterization 

• Four-crystal, high resolution, X-ray diffraction 
system (Seifert 3003 PTS-HR) 

• Rapid photoluminescence mapping system 
(Accent RPM 2000) 

• Digital scanning electron microscope (Zeiss) 
• C-V doping profiler (Dage) 
• Hall-effect measurement system 
• Spectroscopic ellipsometer (Sentech SE850) 
• Stylus force step profiler (Alphastep 500) 
• Atomic force microscope (MFP-3D, Asylum 

Research) 
• Optical microscopes (Nikon Eclipse L200 and 

L200D) 
 
 

Optical lithography 

• Karl Süss MJB3 manual contact printing mask aligner, also suited for IR back-side 
alignment. It uses 365 nm and 405 nm UV-light. Optical resolution is approximately 0.4 
μm 
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• Karl Süss MA6 semi-automatic contact printing mask aligner with split field optics. 

Currently configured for 2/3/4-inch substrates and 3/4/5-inch masks. It uses 365 nm and 
405 nm wide-band UV-light.  Optical resolution is approximately 0.4 μm 

• Photo resist spinners, furnaces and hot plates, wet processing area 
 
Electron beam lithography 

• Electron beam lithography system (Raith 150), control software environment. Thermal 
Schottky field emitter source, with 2 nm resolution, and with up to 30 keV beam energy. 
Maximum sample size is 4-inch, unstitched writing fields are typically 100 μm to 1 mm. 

 
Atomic force microscope lithography 

• Atomic force tip oxidation of Ti, GaAs and graphene films, using a scanning force 
microscope in atmospheric conditions. Write fields are approx. 10 μm x 10 μm, and sub-
micron to nm line width has been demonstrated. 

 
Wet and dry etching 

• 20m2 wet benches with ultrasonic baths, dry 
spinner, heater/ chiller, solvents, acids, base liquid 
handling. 

• 2x RIE systems (Oxford PlasmaLab 80) with 
fluorine based chemistry for dielectrics and 
metals. 

• ICP system (Oxford PlasmaLab 180): Chlorine 
based chemistry, 13.56 MHz RIE and synchronous 
ICP power sources, load lock. 

• Technics Plasma 100E down-stream microwave 
oxygen asher. 

 
LPCVD nanotube and nanowire deposition 
• Carbon nanotube and (new in 2007) Silicon 

nanowire research is boosted by our LPCVD 
system from ATV Technology. It allows 
catalytically supported growth of single- and 
multiwall Carbon nanotubes (CNTs) from 
Methane gas as well as Silicon nanowires (SiNWs) 
from Silane gas on structured substrates (e.g. 
MEMS and NEMS devices) at low process 
pressures. Low frequency plasmas can be used as 
well using dipole antennas inside the reactor. 

 
 
Atomic layer deposition 
 
• MEMS and NEMS processes, as well as basic 

chemistry research profits from the atomic layer 
depositon system in FIRST, bought from Picosun.  
It is configured for the controlled and defect free 
deposition of Al2O3 and ZnO2 from metal-organic 
precursors and pure water, one atomic layer at a 
time. 
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FIRST Infrastructure and Safety 
There is a lot of power behind the walls of FIRST. A total area of 860 m2 contains 10 clean room 
cabins with an area of 400 m2 of ISO class 4 to 7. The air in the cabins is controlled and 
monitored with respect to particle concentration, temperature and humidity and is 
exchanged about once per minute. Various loops with different water qualities are installed. 
Over 20 different media are distributed throughout FIRST. Included are water in different 
qualities, neutral and reactive gases and large amounts of liquid nitrogen. Several kilometers 
of cables distribute electrical power and collect data from controllers and sensors. An 
automatic surveillance system with over 800 data points monitors the status of the facility 
including the very important safety infrastructure. 
 
Expressed in numbers: 
• fresh air input: 45’000m3/hour 
• maximum cooling power: 650 kW 
• installed electrical power: 350 kW 
• liquid nitrogen consumption: 370’000 liters/year 
• 26 toxic gas sensors 
 
As long as the infrastructure works well, hardly anyone will notice its complexity. We are 
confident of maintaining this flawless record in the future. 
In 2007, FIRST has completed the separation of the liquid nitrogen exhaust from the main air 
conditioning system. Beside the improvement in safety, this increases our flexibility for 
services in either system. Additional sensors for temperature and humidity have been installed 
in the air conditioning system. They will be used for the optimization of energy consumption.  
We started the replacement of our fire barriers by a model with better reliability. The batteries 
of our electricity buffer system have to be exchanged, we placed the order. Supplies for new 
equipment (second electron beam lithography, additional MBE, second X-ray diffractometer, 
wafer bonder) have been installed and our gas distribution system has been extended (anneal 
oven, wafer saw, MBE room, ALD). 
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Visits and Public Relations 
Over 330 visitors from all over the world have visited our laboratory in 2007, mainly 
researchers and industrial partners. 
 
A scientific symposium was hold to celebrate the 5th anniversary of FIRST. Keynote speakers 
were Prof. M. Rouke, California Institute of Technology, Pasadena, USA, and Prof. C. Sirtori, 
Université Denis Diderot, Paris, France. Talks from Industry and research reports of the FMT 
professors completed the program. Available talks can be found in the appendix of this annual 
report. Many VIPs and journalists used this occasion and visited FIRST Lab. The FIRST Team 
organized a big party for all users of the lab to celebrate the FIRST birthday on July 5, 2007. 

Education and use of the lab 
In 2007, 100 people took part in our regular FIRST introduction seminars. In order to improve 
the continuous education of the users and to accommodate the constantly increasing number 
of users, we introduced a mandatory cleanliness seminar in February 2007. This seminar given 
by Maria Leibinger teaches users how to behave in a clean room environment from properly 
dressing to not forget to trash used gloves. Furthermore, FIRST followed the user request for 
improved training of new users, by starting a mentoring system in November 2007. 
 
Specific equipment related seminars were offered by FIRST to the user. There is a weekly MBE 
user meeting to discuss technical and scientific topics regarding molecular beam epitaxy. We 
also arranged seminars for other equipment users, e.g. for RIE76 users. 
 
A meeting of the equipment responsibles in March 2007 was accompanied by a dinner to 
thank all of them for their support of the FIRST infrastructure. A more regular training of the 
equipment responsibles has been started in October 2007. 
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Research in FIRST 
In this section, we give an overview of the projects conducted in FIRST in the year 2007. For 
more details please refer to the project reports in the Appendix or to the cited web-pages. 

ETH Projects (FMT) 
Prof. C.Bolognesi, Terahertz Electronics Group, D-ITET: 
http://www.ifh.ee.ethz.ch/ 
• Terahertz InP/GaAsSb Double Heterojunction Bipolar Transistors (BOL1) 
• InP/GaInAs Low-Noise Pseudomorphic High Electron Mobility Transistors (BOL2) 
• AlGaN/(Ga,In)N Heterostructure Field-Effect Transistors (BOL3)  
 
Prof. J. Dual, Institute for Mechanical Systems , D-MAVT: 
http://www.ifm.ethz.ch 
• Mechanical structures for nanosonics / Mechanical behaviour testing and resonators 

(DUA1) 
• Micromanipulation with ultrasound (DUA2) 
• Micromechanically tunable, small-bandgap IR sensors for wavelengths from 2.5 μm to 

5 μm (DUA3) 
 
Prof. K. Ensslin, Nanophysics, D-PHYS: 
http://www.nanophys.ethz.ch 
• Spins effects in nanostructures (ENS1) 
• Manipulation and spectroscopy of quantum dots (ENS2) 
• Local spectroscopy of quantum dots (ENS3) 
 
Prof. K. Ensslin, Nanophysics and Prof. A. Imamoglu, Quantum Photonics Group, D-PHYS: 
• Nanowhiskers (ENS4) 
 
Prof. C. Hierold, Micro and Nanosystems, D-MAVT: 
http://www.micro.mavt.ethz.ch 
• NEMS (HIE1) 
• CNT growth (HIE2) 
 
Prof. A. Imamoglu, Quantum Photonics Group, D-PHYS: 
http://www.iqe.ethz.ch/quantumphotonics 
• Quantum dots in a nano-cavity (IMA1) 
• Controlled doping of a single quantum dot (IMA2) 
• Quantum optics using carbon nanotubes (IMA3) 
 
Prof. H. Jäckel, Electronics Laboratory, D-ITET: 
http://www.ife.ee.ethz.ch 
• InP-double heterojunction bipolar transistors for +100 Gb/s integrated circuits (JAE1) 
• Photonic bandgap engineering for dense optical integration / Photonic crystals for active 

optical devices (JAE2) 
• InP-based all-optical sub-ps switches for Tb/s optical communication (JAE4) 
• Composite doped meta-materials (JAE5) 
 
Prof. U. Keller, Ultrafast Laser Physics Lab D-PHYS: 
http://www.ulp.ethz.ch 
• Dilute Nitrides for 1.3 μm and 1.55 μm (KEL1) 
• Ultrafast diode-pumped solid-state lasers (KEL2) 
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• Passively Mode-Locked VECSELs (KEL3) 
 
Prof. B. Nelson, Institute of Robotics and Intelligent Systems, D-MAVT:  
http://www.iris.ethz.ch 
• CNT-based NEMS (NEL1) 
• Nanocoils based on III-V compounds (NEL2) 
 
Prof. N. Spencer, Laboratory for Surface Science and Technology, D-MATL: 
http://www.surface.mat.ethz.ch 
• Microfabricated surfaces as platform to study adult and stem cells  

in designed microenvironments(SPE1) 
• Self-assembly of micron size particles combined with molecular assembly patterning 

techniques to produce ordered arrays of nano-sized features (SPE2) 
• Large-area nanopore-patterned membranes for waveguide and biosensing integrated with 

on-chip microfluidics (SPE3) 
 
Prof. A. Wallraff, Quantum Device Lab, D-PHYS: 
http://www.solid.phys.ethz.ch/wallraff/ 
• Quantum information processing with superconducting circuits (WAL1) 
• High Frequency Molecular Electronics (WAL2) 

 

ETH Projects (non-FMT) 
 
Prof. B. Batlogg, Physics of New Materials, D-PHYS: 
http://www.pnm.ethz.ch 
• Novel organic semiconductors for thin - film transistor applications (BAT1) 
 
Prof. L. Gauckler, Nonmetallic Inorganic Materials, D-MATL: 
http://www.nonmet.mat.ethz.ch 
• OneBat – micro solid oxide fuel cell (GAU1) 
 
Prof. P. Günter, Nonlinear Optics Lab, D-PHYS: 
http://www.nlo.ethz.ch 
• Structuring of thin ferroelectric films for electro-optically active photonic devices (GUN2) 
 
Prof. J. F. Löffler, Laboratory of Metal Physics and Technology 
(http://www.metphys.mat.ethz.ch/), D-MATL: 
• Composite doped meta-materials (LOE1) 
 
Prof. M. Morbidelli, Institute for Chemical and Bioengineering, D-CHAB: 
http://www.icb.ethz.ch/ 
• Characterization of Protein Aggregates Using Atomic Force Microscopy (MOR1) 
 
Prof. R. Nesper, Inorganic Solid State Chemistry, D-CHAB: 
http://www.solid.ethz.ch 
• Gold microlayer deposition on anodic alumina membranes (NES1) 
 
Prof. D. Poulikakos, Laboratory of Thermodynamics in Emerging Technologies, D-MAVT: 
http://www.ltnt.ethz.ch/ 
• Measurement of Thermophysical, Electromechanical and Transport Properties of Individual 

Carbon Nanotubes (POL1)  
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Prof. V. Sandoghdar, Nano-Optics, D-CHAB: 
http://www.nano-optics.ethz.ch 
• Comb electrodes (SAN3) 
 
Prof. B. Schönfeld, Laboratory of Metal Physics and Technology, D-MATL: 
http://www.metphys.mat.ethz.ch/ 
• Near-surface microstructure of Ni-Pt (SCH1) 

 
Prof. R. Spolenak, Nanometallurgy, D-MATL: 
http://www.met.mat.ethz.ch 
• Combinatorial thin metal film deposition (SPO2) 
 
Prof. J. Vörös, Laboratory of Biosensors and Bioelectronics, D-ITET: 
http://www.lbb.ethz.ch/ 
• 3D Micro-/Nano-Structured Surfaces for Proteomics (VOE1) 
• Development and Characterization of Nanowires for Applications in (Bio-)Electronics 

(VOE2) 
  
Prof. V. Vogel, Biologically Oriented Materials, D-MATL: 
http://www.nanomat.mat.ethz.ch 
• Micro- and nanofabrication for biological applications  (VOG1) 
 

External Projects 
 
Prof. J. Faist, Mesoscopic Physics, University of Neuchâtel: 
http://www.unine.ch/phys/meso 
• High performance, single frequency quantum cascade lasers(FAI1) 
• Short wavelength and highly tunable QCLs (FAI2) 
• Terahertz sources and PhC (FAI3) 
• High performance QCL material (FAI4) 
 
Prof. A. Schilling, Physik-Institut, University of Zurich 
http://www.physik.uzh.ch/groups/groupschilling 
• Physics of Superconducting Thin Films and Nanostructures and Applications as Single-

Photon Detectors (SCI1) 
 

Collaboration with Industry 
The board of ETH supports collaboration with industry. Main goal is not production but 
combined research and development. For this purposes the industrial partners can profit from 
reduced rates for the use of the FIRST-lab infrastructure. 
In 2007, FIRST hosted people from the companies Alpes Lasers, Epispeed, and SUV-Detectors. 
The types of collaboration ranged from standard inspection and processing over prototype 
epitaxial layer delivery to proof-of-concept for innovative processing techniques. 
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Publications 2007 
J. J. Abbott, Z. Nagy, F. Beyeler, B. J. Nelson: 

“Robotics in the small, Part I: Microrobotics”, 
IEEE Robotics & Automation Magazine, vol. 14, (2), pp. 92-103, 2007 

L. Aebi, K. Löffel, J. Vollmann, J. Dual: 
„Validation of an algorithm for wave propagations in graded materials with an analytical 
solution“, 
Proc. SPIE, vol. 6616, Part 2, p. 134, 2007 

M. Atature, J. Dreiser, A. Badolato, and A. Imamoglu: 
“Observation of Faraday rotation from a single confined spin”,  
Nature Physics, vol. 3, pp. 101-106, 2007 

A. Baumgartner, T. Ihn, K. Ensslin, K. Maranowski and A. C. Gossard: 
“Quantum Hall effect transition in scanning gate experiments”, 
Phys. Rev. B, vol. 76, 085316, 2007 

D. J. Bell, T. E. Bauert, L. Zhang, L. X. Dong, Y. Sun, D. Grützmacher, and B. J. Nelson: 
“Directed batch assembly of three-dimensional helical nanobelts through angular 
winding and electroplating”,  
Nanotechnology, vol. 18, (5), 055304, 2007  

F. Beyeler, A. Neild, S. Oberti, D. J. Bell, Y. Sun, J. Dual, B. J. Nelson: 
"Monolithically Fabricated Microgripper With Integrated Force Sensor for Manipulating 
Microobjects and Biological Cells Aligned in an Ultrasonic Field", 
J. Microelectromechanical Systems, vol. 16 (1), pp. 7-15, 2007 

A.Cambruzzi, J.Dual: 
"Fatigue Crack Growth Experiments of Resonating Micro-Samples",  
Key Engineering Materials, vol. 345-346, pp. 817-820, 2007 

L. X. Dong and B. J. Nelson: 
“Robotics in the small, Part II: Nanorobotics”, 
IEEE Robotics & Automation Magazine, vol. 14, (3), pp. 111-121, 2007 

L. X. Dong and B. J. Nelson: 
“Nanotechnology for advanced life science automation”, 
Life Science Automation: Fundamentals and Applications, 1st ed, M. J. Zhang, B. J. Nelson, 
and R. A. Felder, Eds., Adtech, Chapt. 18, 2007  

L. X. Dong, A. Subramanian, and B. J. Nelson: 
“Carbon nanotubes for nanorobotics”,  
Nano Today, vol. 2, (6), pp. 12-21, 2007 

L. X. Dong, A. Subramanian, B. J. Nelson, and Y. Sun: 
“Nanotube Encoders”,  
Solid State Phenomena, vol. 121-123, pp. 1363-1366, 2007 

L. X. Dong, X. Y. Tao, L. Zhang, X. B. Zhang, and B. J. Nelson: 
“Nanorobotic spot welding: Controlled metal deposition with attogram precision from 
copper-filled carbon nanotubes”, 
Nano Letters, vol. 7, (1), pp. 58-63, Jan. 2007 

Y. Fedoryshyn, P. Strasser, P. Ma, F. Robin, and H. Jäckel: 
“Optical waveguide structure for an all-optical switch based on intersubband transitions 
in InGaAs/AlAsSb quantum wells”, 
Optics Letters, vol.32 (18),  pp. 2680-2682, 2007 
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A. E. Gildemeister, T. Ihn, R. Schleser, K. Ensslin, D. C. Driscoll, and A. C. Gossard: 

“Imaging a Coupled Quantum Dot - Quantum Point Contact System”, 
J. Appl. Phys., vol. 102, 083703, 2007 

A. E. Gildemeister, T. Ihn, M. Sigrist, K. Ensslin, D. C. Driscoll, and A. C. Gossard: 
“Measurement of the tip-induced potential in scanning gate experiments”, 
Phys. Rev. B, vol. 75, 195338, 2007 

A. E. Gildemeister, T. Ihn, M. Sigrist, K. Ensslin, D. C. Driscoll, and A. C. Gossard: 
“In Situ Treatment of a Scanning Gate Microscopy Tip”, 
Appl. Phys. Lett., vol. 90, 213113, 2007 
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Introduction 

The highest reported cut-off 
frequencies for InP –based HBTs exceed 
800 GHz but were achieved in SHBTs 
with low breakdown voltages 
(BVceo ~ 1.4V). The best digital circuits 
approach data rates of 165 Gb/s. 
Although such digital ICs have been 
realized with type-I InP/GaInAs DHBTs, 
such "spot" demonstrations do not 
suffice to establish that technology as 
the optimal choice for the future 
development of high-performance ICs.  
The “type-II” InP/GaAsSb/InP DHBT 
provides an elegant solution to the 
design of high-speed millimetre-wave 
transistors with useful breakdown 
voltages. Work from our group that has 
now been confirmed by others has 
shown that InP/GaAsSb DHBTs offer a 
better breakdown voltage vs. cut-off 
frequency trade-off than any other 
alternative. 

Achievements 

In 2007 we achieved what we believe to 
be the world's fastest DHBT with a 
conservatively estimated cut-off fre-
quency of 700 GHz at a temperature of 
5 K. This unprecedented performance 
was presented at the exclusive IEEE Int. 
Electron Device Meeting in Washington 
DC, December 10-12, 2007. 

 
Fig. 1: Electron beam lithography patterned 

deep-submicron emitter. Such sub-
100nm structures should enable THz 
bandwidth transistors. 

Electron-beam lithography was used to 
pattern submicrometer emitter/base 
contact structures on MOVPE epitaxial 
layers grown in FIRST.  
The epitaxial layers feature among 
others a grading of the GaAsSb base 
composition from Sb-rich on the B/C 
side, to As-rich on the E/B junction side. 
This allows us to implement an aiding 
quasi-electric field of ~30 kV/cm which 
significantly speeds up electron trans-
port across the 20 nm thick base layer. 
The equilibrium band diagram for such 
a transistor structure is shown in Fig. 2. 
We believe this is the first ever 
realization of a functional device relying 
on a group-V element compositional 
grading, clearly demonstrating the 



outstanding capabilities of our MOVPE 
growth. 
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Fig. 2: Equilibrium band diagram for a GaAsSb 

graded-base DHBT. A significant 
conduction band discontinuity only 
appears at the B/C heterojunction and 
acts as an electron launcher. 

 
Microwave characterization up to 
100 GHz revealed a room temperature 
cut-off frequency exceeding 600 GHz 
with a breakdown voltage above 4.2V 
(see Fig. 3-4). Under cryogenic operation, 
the cut-off frequency reached 700 GHz 
with a breakdown voltage of 4.4 V, thus 
establishing a new record value for 
BVceo x fT = 3.1 THz-V. 
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Fig.3: Breakdown characteristics for large area 
InP/GaAsSb DHBTs grown by MOCVD in 
FIRST.  

 
Fig. 4 illustrates the corresponding 
device characteristics at various 
measurement temperatures: the data 

clearly show the stability of device 
operation with high breakdown 
voltages. Continued device scaling 
should allow the realization of 1 THz 
bandwidths with at least a 2.0 to 2.5 V 
breakdown voltage, thus enabling the 
realization of "true" THz electronics. 
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Fig.4 Device characteristics of our improved 
InP/GaAsSb graded-base DHBTs. Inset: 
complete transistor before interconnect 
deposition. 
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Introduction 

The aim of this work is the development 
of a new designed MEMS gyroscope. 
The 3D gyroscope is manufactured in 
the 100-μm thick device layer of a SOI 
wafer. Therefore, the thickness of the 
entirely packaged gyroscope will be in 
the range of 2-3 mm only. The new 
design consists of two single clamped 
beams for x and y rotation sensing and 
a single clamped beam attached to a 
double-side clamped beam for z rota-
tion [1,2]. Actuation of the x and y 
sensing beams is in the plane of the 
wafer surface, whereas sensing of these 
beams is the out of plain movement. 
The motion directions for actuating and 
sensing of the z sensing beam are both 
in the plane. Because of two effects, the 
ARDE (Aspect Ratio Dependent Etching) 
effect and the etching rate 
inhomogeneity over a whole 4” wafer, 
overetching can not be avoided. There-
fore, notching appears and the cross 
sections of the etched structures are no 
longer totally symmetric. This has to be 
taken into account in FEM models in 
order to predict the eigenfrequencies of 
the beams. 

FEM Model 

The calculated resonance frequencies 
(FEM model) for x and y sensing beams 
are 4348 Hz for actuation (in plane 
motion) and 4543 Hz for sensing (out of 
plane motion) [3]. Resonance frequency 
of actuation of the z sensing support  

 
 
 
beam (double side clamped beam) is 
5208 Hz and for the sensing mode 
(single side clamped beam attached to 
the double side clamped beam) 5171 Hz. 
These numbers are calculated for 
perfect rectangular structures (0% 
notching). Due to the notching effect, 
the structures are no longer simple 
rectangles. Therefore the resonance 
frequencies change. To investigate the 
amount of changing, an FEM model has 
been used wherein the notching was 
parameterized using parameters N1 to 
N4 as indicated in figure 1. The cross 
section of the beams (dark coloured) 
and the front view of the attached 
comb drive plates (light coloured) are 
shown in the figure. 
 

 
Fig. 1: Notching model for x and y sensing 

beams (a) and for z support beam (b) 

Two factors will influence the eigenfre-
quencies; the change in mass and the 
change in stiffness. In case of the x and 
y beams, the variation in the actuation 
eigenfrequency ranges from 4348 to 



4470 Hz, and for the sensing mode from 
4543 to 4330 Hz. The increasing 
eigenfrequency of the actuating direc-
tion movement with increasing not-
ching can be explained by mass loss due 
to etching of the comb drive plates. This 
etching off of the comb drive fingers 
has no influence on the stiffness of the 
beams. The calculations show that the 
loss of mass has bigger influence on the 
eigenfrequency than the loss of 
stiffness due to the notching of the 
beam itself. 
For the z beam motion, the actuation 
frequencies (of the double clamped 
beam) are in the range from 5208 to 
5140 Hz and sensing frequencies of the 
single clamped beam in the range from 
5171 to 5030 Hz. In this case, the 
decreased stiffness has bigger influence 
on the eigenfrequency than the loss of 
mass and therefore the eigenfrequency 
drops with increasing notching. 

Results and further work 

Table 1 shows FEM and measurement 
results for different samples at 
changing distance from the wafer 
centre. A very good accuracy of 0.65% 
between measured and modelled 
eigenfrequencies for the sample 
measured by means of SEM viewgraphs, 
i.e. sample no. 7L, has been shown. A 
discrepancy of about 4% between 
measured and calculated eigenfre-
quencies of an x,y sensing beam leads 
to the assumption that the notching 
effect can not be scaled linearly for the 
parameters chosen. Samples in the 
middle of the wafer could even show 
more notching and different cross 
section than samples at the edge of the 
wafer. Eigenfrequency measurements 
on different samples near the centre of 
a wafer and on its edge, followed by 
cutting the samples and measuring 
their cross sections in SEM are in 
progress. 

Due to the asymmetric cross sections of 
the beams cross talking between 
actuation motion and sensing motion is 
expected. Measurements of this effect 
are planned. 
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Table 1: Measured and FEM modelled 

eigenfrequencies on specially prepared 
beams 
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Introduction 

For the further development, 
commercialization and miniaturization 
of microelectromechanical system 
(MEMS), the mechanical properties of 
materials employed in MEMS devices 
must be understood. New test methods 
and new testing techniques suitable for 
micrometer-scale specimens are neces-
sary to evaluate the mechanical proper-
ties of thin films and microstructures 
because these properties differ from 
those of bulk material. 

Achievements 

An experimental technique to study 
fatigue crack growth and its results for 
UV-LIGA Ni micro-beam resonators 
produced by electroplating from a 
sulfamate bath. Free standing micro-
samples are excited and maintained in 
resonance by a Phase Locked Loop (PLL) 
feedback control at a load suitable for 
nucleation and propagation of a fatigue 
crack from a notch root. The drop in the 
resonance frequency can be attributed 
to the local increase of compliance and 
through a mechanical model related to 
the stable growth of the fatigue crack 
and to the stress intensity factor. High 
stability in frequency and precise laser 
interferometer measurements are the 
key features that enable this technique 
to achieve high resolution (tens of nm) 
in crack length measurement. Using the 
model da/dN vs. ΔK curves are obtained. 
 
 

 

 
Fig. 1: Crack emanating from the notch root in 

a LIGA Nickel micro-beam. 

Further work 

The presented results are obtained for 
beams with a cross section of 120x60 
μm2. A higher crack growth rate and a 
lower stress intensity threshold were 
found on this specimen. Thus can 
probably be attributed to a short crack 
behaviour. In the future work, we intend 
to investigate different beam dimen-
sions in order to determine the source 
of this unexpected higher crack growth 
rate. 
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Introduction 

A technique has been demonstrated by 
which micrometer sized particles (e.g. 
cells, copolymer beads,…) can be mani-
pulated by forces arising from a stand-
ing ultrasound pressure field. A force 
field can be established in a micro 
machined fluidic cavity (e.g. channel) 
which holds the particles in known and 
predictable locations. The applications 
of this work lie in lab-on-a-chip devices, 
cell assays and alignment of particles 
prior to gripping allowing automation.  

Achievements 

After having shifted the focus of our 
research on acoustic manipulation from 
macrosystems to microsystems in 20041 
by collecting particles in parallel lines 
along a micro machined fluidic channel 
etched into a silicon wafer, sealed on 
the top with a glass plate and provided 
with a piezoelectric transducer on the 
backside for the excitation to vibration, 
we showed at the end of 2005 the 
feasibility of the combined use of 
different manipulations techniques in 
2005. In particular, particles previously 
aligned along the centre line of the 
beforehand mentioned channel (1 mm 
wide, 200 μm deep, 5 mm long), have 
been removed from the liquid by means 
of a microgripper (collaboration with 
IRIS-Prof. B. Nelson, funded by KTI, 
TopNano 21 Number 6643.1 and 
6989.1)3. The major drawback of this 
system was represented by the fact that  
 
 

 
 
 
the microgripper needed to be moved 
more and more along the channel by 
each grasping process. In 2006, this 
problem has been solved by adding two 
150 μm wide microchannels on the sides 
of the main channel, in proximity of the 
liquid-air interface (Fig. 1). 

 
Fig. 1: New device for combined particle 

manipulation (acoustic and mechanical 
manipulation) aided by microfluidics 

By applying a negative pressure to these 
microchannels (for instance by means 
of a syringe pump) the fluid could be 
moved towards the interface and with it 
the particles previously positioned by 
ultrasound. This way the first particle in 
the line can be expected always in the 
same position and adjustment of the 



microgripper position is no longer 
necessary. 
The research in 2007 has been focused 
in the FE-modelling of this device and 
other devices and its experimental 
verification2. 

 
Fig. 2: Modeling of the acoustic field in the 

device of Fig. 1. Top: pressure field; 
bottom: force potential field 

Furthermore, research has been done in 
the positioning of particles in two 
dimensions4. A two dimensional stand-
ing pressure field can be expected when 
two orthogonal standing pressure 
waves are superimposed. A new device 
has been built where the channel has 
been substituted by a square chamber 
(5 x 5 x 0.2 mm) and on the lower 
surface of the piezoelectric a set of 
orthogonal electrodes has been defined, 
by removing the metallic layer by 
means of a wafer saw. (Fig. 3) 
 

 
 
Fig. 3: Device for 2D positioning 

By applying AC-signals with the same 
amplitude and the same frequency to 
two orthogonal electrodes, particles 
could be gathered in oval clumps 
(orientated in zigzag pattern). By 
slightly changing the frequency of one 
of the signals, the clumps become 
circular (Fig. 4). 
Currently side channels have been 
added at the side of the chamber and 

their effect is studied by experimentally 
investigating different geometries. 

 
Fig. 4: Particles positioned in oval clumps 

(zigzag pattern) by applying to signals 
with same frequency (left) and in circular 
clumps by slightly shifting the frequency 
of one of the signals. 

Further work 

A device is currently being developed 
which meets the requirements of the 
interfacing with other types of tools and 
where the medium in which the 
particles are suspended can be 
exchanged whilst the particles are 
trapped in the acoustic field. Further-
more, the work started in the last 
months on the further development of 
a device for two dimensional posi-
tioning of particles will be continued. 
New geometries will be tested, with 
multiple inlets and outlets on the side 
of the chamber, to investigate their 
effect on the acoustic field. 
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Introduction 

Narrowband infrared detector systems 
for applications such as infrared spec-
troscopy can be realized by placing a 
mid-IR photodiode in an optical cavity 
formed by two mirrors. This Resonant 
Cavity Enhanced Detector (RCED) is only 
sensitive near the resonance wave-
length of the cavity. The detection 
wavelength can be tuned by moving 
one of the cavity mirrors. Thus, the 
detector system consists of two parts: a 
mechanically movable micro-mirror and 
a mid-IR photodiode combined with a 
fixed Bragg Mirror (DBR) mirror (Fig. 1). 

Achievements 

Photodiodes exhibiting a single detec-
tion peak were realized in the Thin Film 
Physics Group using IV-VI materials [1]. 
In the mechanical part of the project a 
first prototype of an electrostatically 
actuated, vertically movable MEMS 
mirror was fabricated [2]. Further, a first 
complete tunable RCED using these 
MEMS mirrors was realized [3].  

Further work 

The next steps consist in further 
developments of the photodiode and on 
the micromirror, including reduction of 
mirror curvature and mirror surface 
roughness in order to narrow the 
detection linewidth, and increase in the 
mirror travel distance in order to 
increase the optical tuning range.  
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Fig. 1: Front view showing the working principle of the complete tunable RCED device. The upper part of 
the schematics shows the micromirror whereas the lower part contains the mid-IR photodiode. 
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Introduction 

Modern electronics is still based only on 
manipulating the charge of electrons. It 
is well established that besides its 
electric charge the electron has a 
magnetic moment described by the 
spin. Therefore, the natural question 
arises if it is possible to utilize the 
electron spin instead of its charge as a 
carrier of information. Advantages of 
spintronics compared to present 
charge-based electronics should be 
nonvolatility, less electric power con-
sumption and higher data processing 
speeds. 

Ring-shaped nanostructures  

A charged particle traversing a ring-like 
mesoscopic structure in the presence of 
an external magnetic flux acquires a 
quantum mechanical phase. The 
interference phenomenon based on this 
phase is known as the Aharonov-Bohm 
(AB) effect and manifests itself in 
periodic oscillations of the resistance of 
the mesoscopic ring. The particle's spin 
can also acquire an additional geo-
metric phase in systems with spin-orbit 
(SO) interaction. The total accumulated 
phase, composed of the AB phase and 
the SO induced geometric phase, is 
different for the two spin species, and 
the magneto-resistance of the ring is 
obtained as the superposition of the 
oscillatory contributions from the two 
spin species. Such a superposition is 
predicted to produce a complex, 
beating-like pattern. 

 
 
We have measured highly visible 
Aharonov-Bohm (AB) oscillations in a 
ring-structure defined by local anodic 
oxidation on a p-type GaAs hetero-
structure with strong spin-orbit 
interaction (1). Clear beating patterns 
observed in the raw data can be 
interpreted in terms of a spin geometric 
phase, see Fig. 1. Besides h/e oscillations, 
we resolve the contributions from the 
second harmonic of AB oscillations and 
also find a beating in these h/2e 
oscillations. A resistance minimum at 
B=0 T, present in all gate configu-
rations, is the signature of destructive 
interference of the spins propagating 
along time-reversed paths. 
 

 
Fig. 1:  Aharonov-Bohm oscillations measured 

in the resistance of a ring structure. The 
data is obtained after subtraction of the 
low-frequency background from the raw 
data. 

Optical detection of spins 

Spin–orbit coupling is a manifestation 
of special relativity. In the reference 
frame of a moving electron, electric 
fields transform into magnetic fields, 
which interact with the electron spin 
and lift the degeneracy of spin-up and 



spin-down states. In solid-state sys-
tems, the resulting spin–orbit fields are 
referred to as Dresselhaus and Rashba 
fields, depending on whether the elec-
tric fields originate from bulk or struc-
ture inversion asymmetry, respectively. 
Yet, it remains a challenge to determine 
the absolute value of both contributions 
in a single sample. 
Neglecting cubic terms, the Rashba and 
Dresselhaus spin–orbit couplings in a 
quantum well are linear in wave vector 
k and can be described by an effective 
magnetic field for a coordinate system 
with x and y as indicated in Fig. 2. 
 

 
Fig. 2: Rashba (a) and Dresselhaus (b) spin–orbit 

fields for different orientations of the k-
vector on a unit circle. 

Here, we show that both fields can be 
measured by optically monitoring the 
angular dependence of the electrons’ 
spin precession on their direction of 
motion with respect to the crystal 
lattice.  
To induce an oscillating spin–orbit field, 
we impose an oscillating drift 
momentum on the QW electrons by 
applying an in-plane AC electric field 
with a frequency of 160 MHz, at an 
angle with the x axis, see Fig. 3. We 
monitor the spin precession frequency, 
of optically polarized electron spins at 
different times using time-resolved 
Faraday rotation. By tuning the angles 
as indicated in Fig. 3 the strength of the 
Rashba and Dresselhaus magnetic fields 
are determined. 
Furthermore we demonstrate spin 
resonance induced by the spin–orbit 
fields. In electron spin resonance (ESR) 
experiments, spins that are initially 

polarized along the direction of a static 
magnetic field perform Rabi oscillations 
between the states parallel and anti-
parallel to B if an AC magnetic field (the 
tipping field) is applied in the plane 
perpendicular to B and at the Larmor 
frequency. Instead of an AC magnetic 
field, we use an AC electric field in the 
plane of the QW. It induces an 
oscillating spin–orbit field, which can 
serve as a tipping field for ESR, in this 
context referred to as electric-dipole-
induced spin resonance (EDSR). 
This work was done in collaboration 
with G. Salis, IBM Rüschlikon. 

 
Fig. 3: The bright lines indicate Schottky 

contacts to the electron gas below the 
wafer surface. By applying suitable 
voltages to the electrode pairs in x and y 
direction an electric field with arbitrary 
in-plane direction can be produced in the 
experiment. 
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Introduction 

Quantum dots realized in semicon-
ductor nanostructures can be controlled 
on the single electron level. By suitable 
lithography the geometry of the 
confining potential can be defined 
leading to characteristic features in the 
energy spectrum. We focus on the 
fabrication of devices which allow us to 
probe single and double quantum dots 
embedded in a more complex circuitry. 
In particular, we demonstrate that 
phase coherent transport can be investi-
gated in ring geometries containing 
several quantum dots. Also time-
resolved electron transport can be used 
to investigate single photon detection 
in the microwave regime using a double 
quantum dot. 

Phase coherence in dots 

Quantum coherence and inelastic 
processes are valuable concepts for the 
understanding of quantum systems and 
the limitations for their manipulation. 
These topics can be studied by embed-
ding semiconductor quantum dots 
(QDs) in interfering paths of electronic 
Aharonov-Bohm (AB) interferometers. 
We present results (1) in a setting where 
the spatial arrangement of paths and 
inelastic processes allows which-path 
detection in principle, but decoherence 
is inefficient as a result of a particular 
ratio of transport and inelastic 
relaxation rates. 
 
 

 
 
The sample shown in Fig. 1 is based on a 
Ga[Al]As heterostructure with a two-
dimensional electron gas (2DEG) 34 nm 
below the surface. It was fabricated by 
multiple-layer local oxidation with a 
scanning force microscope. The 2DEG is 
depleted below the oxide lines written 
on the GaAs surface [bright lines in Fig. 
1] thus defining the ring interferometer. 
A Ti film evaporated on top is cut by 
local oxidation [faint lines in Fig. 1] into 
mutually isolated top gates. 
 

 
Fig. 1: SFM micrograph of the sample 

We have shown that the measurement 
of the coherent contribution to the co-
tunneling current in an Aharonov-Bohm 
interference experiment can be used to 
detect coherent elastic co-tunneling 
processes on a background of other 
inelastic processes. This coherent 
current contribution contains qualita-
tive information about the occupation 
probability of the involved excited dot 
state and ratios of transport and 
relaxation rates. The results give a new 
perspective on inelastic co-tunneling 
onsets. The measurement technique 



can be employed for further studies of 
coherent tunneling and interference 
involving quantum dots. 

Single Photon Detection 

The interplay between quantum optics 
and mesoscopic physics opens up new 
horizons for investigating radiation 
produced in nano-scale conductors. 
Microwave photons emitted from 
quantum conductors are predicted to 
show non-classical behavior such as 
anti-bunching and entanglement. 
Experimental investigations of such 
systems require sensitive, high-
bandwidth detectors. On-chip detection 
schemes, with the device and detector 
being strongly capacitively coupled, 
offer advantages in terms of sensitivity 
and large bandwidths. 

 
Fig. 2: (a) Schematic for operating a double 

quantum dot (DQD) as a high-frequency 
noise detector. The tunable level 
separation of the DQD allows frequency 
selective detection. (b) The sample used 
in the measurement, with two QDs 
(marked by 1 and 2) and a nearby QPC. 

The sample shown in Fig 2 (b) consists 
of a double quantum dot neighbored by 
quantum point contact (QPC) detectors 
which allow monitoring the charge 
occupation of the dots in a time-
resolved way. The time-resolved 
measurement technique allows the 
rates for electron tunneling into and out 
of the double quantum dot (DQD) ), and 
the tunnel coupling between the dots 
to be determined separately. The large 
intra-dot coupling enhances the 
probability for the photon absorption 
process sketched in Fig. 2(a). Intra-dot 
transitions occur on a time scale much 
faster than detectable. 
We have shown that a DQD can be used 
as a frequency-selective detector for 
microwave radiation. Time-resolved 
charge-detection techniques allow 
single photons to be detected, giving 
the method a very high sensitivity. To 
prove the principle of the device we 
have investigated the high-frequency 
spectrum of radiation emitted from a 
voltage-biased QPC. The emission rate 
was found to increase linearly with 
applied bias, with a spectrum having a 
sharp cut-off for frequencies higher 
than the QPC bias. The frequency-range 
can be extended by using DQD in 
carbon nano-tubes or InAs nano-wires, 
where the single-level spacing is 
significantly larger. 
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Introduction 

Common to most experimental studies 
on transport in quantum dots is that 
they investigate the various aspects 
based on macroscopic current and 
voltage measurements, not based on 
local measurements. An interesting 
goal for a local study of quantum dots 
would be, for example, to measure the 
spatial variation of the probability 
density of the electrons in the dot. A 
promising approach to this and other 
questions pertaining to local properties 
of quantum dots is the scanning gate 
technique, where the sharp conducting 
tip of a scanning force microscope 
(SFM) is employed as a movable gate 
that can be scanned over the surface of 
the sample. The technique has already 
been successfully used to manipulate 
single electrons in quantum dots in 
carbon nano-tubes and GaAlAs hetero-
structures, where a singly occupied 
quantum dot could be studied. 

Scanning gate experiments 

Here, we deliberately used a quantum 
dot as a very sensitive potentiometer to 
study the tip potential (1). We 
demonstrate how, with the help of a 
feedback mechanism, one can map the 
tip potential with high spatial and 
energy resolution. Additionally, we 
show how the tip’s lever arm on the 
quantum dot can be mapped and used 
to better understand the properties of 
the tip potential. For the measurement  

 
 
of the lever arm we used a technique 
that minimizes the perturbation of the 
energy levels of the quantum dot. In 
these measurements, we find fine 
structure which illustrates how the 
scanning gate technique may yet unveil 
information about the quantum dot. 
 

 
Fig. 1: (a) Conventional scanning gate image of 

the current through a quantum dot. The 
grounded tip is moved over the dot at a 
constant height of about 200 nm above 
the sample surface. The oxide lines that 
define the quantum dot in the center are 
outlined in white. (b) The tip potential 
measured with the quantum dot. Equi-
potential contours are plotted as black 
lines. 

Raman imaging of graphene 

Two-dimensional electron gases in 
semiconductors are usually located at 
some distance below the surface which 
makes them inaccessible for investiga-
tions with a scanning tunneling 
microscope. A rather novel and different 
approach for high-quality carrier gases 
is based on graphene. 



Single- and few-layer graphene could be 
transferred to a substrate. Transport 
measurements revealed a highly 
tunable two-dimensional electron-hole 
gas with linear energy dispersion 
around the Fermi energy embedded in a 
solid-state environment. Going to few-
layer graphene, however, disturbs this 
unique system in such a way that the 
usual parabolic energy dispersion is 
recovered. The large structural 
anisotropy makes few-layer graphene 
therefore a promising candidate to 
study the rich physics at the crossover 
from bulk to purely two-dimensional 
systems. Turning on the weak interlayer 
coupling while stacking a second layer 
onto a graphene sheet leads to a 
branching of the electronic bands and 
the phonon dispersion at the K point.  
Raman mapping of single- and few-
layer graphene flakes resting on a 
silicon oxide substrate has been 
performed (2). Lateral resolution of 400 
nm allows one to address neighboring 
sections with various layers of graphene 
down to a single graphene sheet, 
previously determined with the 
scanning force microscope (SFM). We 
find that the integrated G line signal is 
directly correlated with the thickness of 
the graphitic flake and is shifted up-
ward in frequency for double- and 
single-layer graphene compared to that 
of bulk graphite. The mapping of the 
peak width of the D’ line shows a strong 
contrast between single- and few-layer 
graphene. Such a pronounced sensitivi-
ty to the transition to the very last layer 
offers an optical and nondestructive 
method to unambiguously detect 
single-layer graphene. In addition, we 
locally resolve the structural quality of 
the flake by investigating the D band, 
which is related to elastic back-
scattering. The map of the integrated D 
line signal of a graphitic flake with 
double- and single-layer sections shows 
that the inner part of the flake is quasi-

defect-free, whereas edges and steps 
serve as scatterers. 
 

 
Fig. 2: (a) SFM micrograph of a graphitic flake 

consisting of one double- and two single-
layer sections (white dashed line along 
the boundaries), highlighted in the 
Raman map (b) showing the FWHM of 
the D line. (c) Raman mapping of the 
integrated intensity of the D line: A 
strong signal is detected along the edge 
of the flake and at the steps from 
double- to single-layer sections. (d) 
Raman cross section (white dashed 
arrow in (c)): staircase behaviour of the 
integrated intensity of the G peak (solid 
line) and pronounced peaks at the steps 
for the integrated intensity of the D line 
(dashed line). (e) Spatially averaged D 
peak for the crossover from double to 
single layer (disk, dashed line) and from 
single layer to the SiO2 substrate (square, 
solid line). 
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Introduction 

As an alternative way to state of the art 
semiconductor technology, the use of 
as-grown nano-objects to assemble 
electronic devices “bottom-up” looks 
promising. We focus on nanowires 
grown by Metal-Organic Vapour Phase 
Epitaxy (MOVPE) on almost mono-
disperse, colloidal Au nano-particles. 

InAs nanowire quantum dots  

Nano-wires (NWs) grown from InAs 
combine the properties of narrow con-
finement in the lateral direction with-
out the need for lithographic steps and 
promising spin-related properties be-
cause of strong spin-orbit interactions 
in InAs. 
The InAs (NWs) are catalytically grown 
using MOVPE, and are subsequently 
transferred to an oxidized silicon sub-
strate. Ohmic contacts and top gates 
are then created in a two-step litho-
graphic process, yielding devices as 
shown in Fig. 1(a).  
Transport measurements are performed 
in a dilution refrigerator at a base tem-
perature of 30 mK. A magnetic field is 
applied perpendicular to the wire axis. 
Two quantum dots in series are formed 
along the NW by applying voltages to 
the top gates G1, G2, and GC. Adjusting 
the voltages VG1 and VG2 we can either 
tune the global energy in both dots, or 
detune the levels in the dots with 

respect to each other. While for 
negative VSD a large current is measured 
in the whole triangle around the triple 
point in the charge stability diagram, 
the current is suppressed close to the 
base of the triangle for positive bias. 
Similar results have been observed in 
GaAs DQDs containing two electrons, 
and attributed to spin blockade (SB) due 
to the Pauli Exclusion Principle. Two 
electrons in the double dot can form 
either singlet or triplet states, for both 
occupations (1,1) and (0,2). The current 
at finite bias voltage can be suppressed 
due to the Pauli Exclusion Principle, 
which forbids a transition from singlets 
to triplets. A current through this spin-
blockade is then directly related to spin 
relaxation. 

 
Fig. 1: (a) Scanning electron microscope image 

of a device. Voltages on the top gates G1, 
G2, GC create a double quantum dot. (b) 
Level scheme and relaxation rates inside 
the spin blockaded region. A small 
magnetic field splits the triplets T0,1.. 
Fluctuating nuclear spins lead to 
relaxation of the triplets to the singlets. 
Alternative processes such as spin-orbit 
mediated relaxation and co-tunnelling 
are sketched. 

We measure the leakage current 
through the spin-blockade as a function 
of magnetic field and level detuning. 



The observed relaxation changes 
drasticcally for different coupling 
between the two dots. 
For weakly coupled dots, we observe a 
current peak around B=0 mT with a 
width of ≈1.5 mT. In InAs dots, spin-orbit 
interaction is strong which results in an 
additional broadening of the peak 
compared to GaAs. The situation is 
reversed for strong inter-dot coupling. 
Spin blockade is observed around B = 0 
mT and lifted for finite fields. After a 
monotonic increase for small fields, the 
leakage current saturates to a field 
independent value probably limited by 
the coupling to the leads. 
Tuning to intermediate coupling, we 
observe a complex behaviour. In Fig. 2 
(upper panel), current traces for up 
(green) and down (black) sweeps of the 
magnetic field are shown. The bi-stable 
suppression abruptly vanishes above a 
critical temperature of Tcr ≈ 600 mK; 
see Fig. 2 (lower panel). At high 
temperatures, the current traces are 
similar to the ones for strong coupling 
[dotted line in Fig. 2, upper panel]. 

 
Fig. 2: upper panel: Current traces for inte-

rmediate inter-dot coupling as a func-
tion of magnetic field, up sweeps (green) 
and down sweeps (black). The dotted 
curve for strong coupling does not 
exhibit bi-stability. Lower panel: current 
traces for different temperatures. 

The bi-stable behaviour is due to 
competing relaxation mechanisms oc-
curring at this intermediate coupling, as 
sketched in Fig. 1(b). The interplay of 
two independent relaxation mecha-
nisms leads to suppressed leakage. 

InAsP core-shell nano-wires 

We also grow core-shell nano-wires for 
quantum optics. We focus on InP wires 
containing a thin InAsP section, encap-
sulated in a thick InP shell. The InAsP 
section has a smaller band gap than the 
surrounding InP, so that it can act as an 
optically active quantum dot. The InP 
shell is crucial for improving the optical 
properties of the quantum dot, i.e. in 
reducing the emission line width, 
increasing the emission intensity, as 
well as improving the polarization 
properties of the wire. 

 
Fig. 3: (a) Scanning electron microscope image 

of an InP nano-wire containing an InAsP 
quantum dot, surrounded by an InP shell. 
Scale bar indicates 1 micron. (b) Photo-
luminescence of a nano-wire as shown in 
(a), containing a quantum dot. The trace 
was taken at 4 Kelvin, with 1 nW 
excitation at 633 nm. 

In this way, we have demonstrated line 
widths down to ~100 μeV, representing 
an improvement of more than an order 
of magnitude over the typical line 
widths of uncapped quantum dots. 
Although the line width is still far from 
being lifetime-limited, this reduction 
should open the door to detailed studies 
of the behaviour of electrons and holes 
in nano-wire quantum dots. 
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Introduction 

This project is focused on the design, 
fabrication and characterization of 
carbon nanotube based nano 
transducers. Carbon nanotubes have 
been investigated during the last 
decade and have attracted great 
interest due to their exceptional 
electronic, mechanical and 
electromechanical properties. (e.g. high 
elasticity and very high effective 
piezoresistive gauge factors of up to 
3000). The field of chemical- and 
biochemical sensing using carbon 
nanotubes as transducer backbone has 
emerged in 2000 and attracted great 
attention due to unique advantages 
over conventional chemical sensors (e.g. 
high sensitivity at room temperature 
operation, low power consumption, 
small size). However, despite the 
mentioned advantages a number of 
sensor and electronic specific key issues 
have to be investigated on the way 
towards applications, such as the 
signal-to-noise ratio (SNR) and the long 
term stability. 

Achievements 

We successfully fabricated and 
measured NO2 sensors based on 
individually suspended (freestanding) 
[1] and non-suspended SWNTs in a field-
effect transistor configuration (FET) (Fig. 
1 a).  
 

 

  
Fig. 1: (a) Schematic of an SWNT based NO2 

sensor and a 3D AFM scan of one 
contacted non-suspended SWNT. (b) Gas 
sensor measurement with fixed Vds and 
Vg for various NO2 concentrations and 
(c) monotonic shift of the gate voltage 
threshold of the SWNT when exposed to 
NO2.  

The sensors were tested for a wide 
range of NO2 concentrations (6ppm-
200ppm) and the following results were 
found: (i) Both types of sensors are 
highly sensitive to NO2 (i.e. a strong 
influence of the SiO2 substrate to the 
sensing mechanisms of SWNT gas 



sensors can be ruled out). (ii) The NO2 
sensing is reversible by heat treatment 
of the SWNTs. (iii) The change in the 
SWNT conductance is exponential upon 
NO2 exposure for a fixed source-drain 
and gate voltage (Fig. 1 b). (iv) The 
intrinsic gate characteristic of SWNT 
FETs is shifted monotonically towards 
positive gate threshold voltages as a 
function of NO2 concentrations (Fig. 1 c). 
We have also developed a process to 
fabricate potential SWNT based 
pressure sensors based on chemical 
vapour deposition (CVD) grown SWNTs 
and a bilayer membrane made of SiO2 
and atomic layer deposited (ALD) 
alumina (Fig. 2a). The SWNTs are 
contacted by Ti/Au contacts written by 
electron-beam lithography and are fully 
passivated by the ALD alumina top layer 
(zero level packaging). We performed 
electrical characterization of the 
encapsulated SWNT FETs and 
mechanical characterization of the 
bilayer membrane. The results are 
summarized as follows: (i) SWNT FETs 
show stable behaviour and a reduced 
hysteresis over more than 6 months in 
ambient air when passivated with ALD 
alumina (Fig. 2b). (ii) SWNTs show 
strong 1/f noise that is due to carrier 
number fluctuation in the channel. 
Alumina passivation reduces the 1/f 
noise level and will lead to better sensor 
performance (higher SNR) (Fig. 2c). (iii) 
Mechanical bulge test investigations on 
the sensor membrane yield an initially 
flat membrane with intrinsic tensile 
stress. This stress can be tailored by the 
ALD alumina thickness. 

Further work 

Optimization of the bilayer SiO2/ALD 
alumina membrane-based sensors and 
in depth sensor characterization. 
In-depth study of CNT NEMS for gas 
sensing. 
 

 
Fig. 2: Electrical characterization of the new 

pressure sensor structure (a) schematic 
of a pressure sensor (without alumina 
coating). (b) Gate characteristic and (c) 
1/f noise of a small-bandgap SWNT prior 
and after passivation by ALD alumina. 
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Introduction 

This project is focused on chemical 
vapour deposition (CVD) growth of 
carbon nanotubes (CNTs) and the 
development of process integration of 
CNTs in state-of-the-art microsystems. 
We explore and characterize CVD 
carbon nanotube growth to integrate 
individual single walled carbon nano-
tubes on controlled places on pre-
processed micromachined chips. The 
grown carbon nanotubes are charac-
terized via atomic force microscopy, 
Raman spectroscopy, as well as 
scanning and transmission electron 
microscopy. Moreover, the fabricated 
micro electromechanical system 
(MEMS) devices with integrated CNTs 
will be used to load and stress 
individual CNTs reproducibly while 
continuously measuring their electrical 
and electromechanical properties.  

Achievements 

For CNT integration into MEMS, the 
control of the CNT density, diameter, 
length and growth direction is crucial. 
To reach these goals, we are 
investigating the CNT growth 
parameters and catalyst formation 
processes in FIRST. Fig 1 shows three 3D-
AFM (atomic force microscope) images 
of a plan SiO2 surface, of Fe catalyst 
nanoparticles formed by electro-
chemical deposition and of SWNTs  

 
grown form these catalysts by CVD. 
With this catalyst formation method in 
combination with CVD process opti-
misation we were able to growth 
SWNTs with narrow diameter distri-
butions (0.6nm ± 0.25nm). Using 
Ferritin-based Fe catalyst (Fig. 2a), it is 
possible to control the CNT density on 
the surface. This allows the formation 
of surfaces with low CNT density, which 
is important for the building of CNT 
based FET devices. The CNTs were 
contacted by E-beam lithography and 
metal lift-off process (Fig. 2b). The CNT 
FET devices were characterized through 
electrical measurements and field-
effect properties were confirmed. 

 
Fig. 1: 3D-AFM images of, plan SiO2 surface, Fe 

catalyst nanoparticles formed by 
electrochemical deposition and SWNTs 
grown form these catalysts by CVD, z 
range: 2nm  



 
Fig. 2: a) 3D-AFM image of Ferritin based Fe 

catalyst nanoparticles and b) a SWNT 
grown by LPCVD from such a particle 
contacted by Cr/Au layers, structured by 
electron beam lithography and lift-off, z 
range: 30nm. 

Additionally, AFM tips were integrated/ 
modified with CNTs in order to enable 
electrochemical experiments and po-
tential driven nano-etching. Figure 3 
shows a scanning electron microscopy 
image of a CNT grown directly from a 
blunt Si AFM probe. 

 
Fig. 3 SEM image of an AFM tip from which 

CNTs were grown. Catalyst nanoparticles 
were formed on the Si AFM probe by 
ferric nitrite solution. CVD growth in  
150 mbar CH4 + 50 mbar H2 at 850° C 
followed the pretreatment in H2. The 
apparent diameter is about 10 nm. 
Contrast is inversed. 

Further work 

Improve the CVD growth of single 
walled carbon nanotubes with respect 

to improved catalyst formation control, 
CNT density, diameter and length 
control.  
Introducing of a process based on 
optically lithography for pre-patterning 
of CNT growth islands and contacting 
of CNTs towards batch integration of 
single individual SWNTs.  
Establishing a technology of directly 
integrating CNTs (by CVD growth) on 
pre-processed micromachined MEMS 
devices (e.g. thermal actuators, and 
capacitive sensors). 
Testing of functionality of realized CNT 
based micro-/nano-systems and 
comparison with developed models. 
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Introduction 

This project investigates cavity 
quantum electrodynamics (CQED) 
effects in solid state. Cavity refers to the 
resonator being employed and QED 
refers to the quantum nature of the 
coherent light-matter interaction. 
Landmark experiments on atoms in 
cavities have revealed fundamental 
aspects of coherence in quantum 
systems. Solid state CQED is now 
accessing the same questions in a 
many-body context. The cavity QED 
fundamental system is the single atom 
coupled to the electromagnetic field of 
a cavity. Our atom-cavity system is 
formed by a single self-assembled 
semiconductor quantum dot (QD) 
grown by molecular beam epitaxy 
(MBE) embedded within a two-
dimensional photonic crystal L3 defect 
microcavities (PCMs). Our specific 
objectives include the observation of 
the coherent interaction between single 
QD excitons and single cavity modes. By 
reaching this regime in a deterministic 
fashion, we can access the dynamical 
processes of individual quantum 
systems and implement novel semi-
conductor quantum photonics devices. 

Achievements 

On devices where single QDs were 
deterministically coupled to PCMs using 
AFM metrology at FIRST [1], we observed 
vacuum Rabi splitting up to 300 μeV.  
We studied new microcavity designs 
that could allow us to implement  

 
 
 
photon boxes in PCMs coupled to 
quantum wells and gated PCMs 
embedding QDs. The material was 
grown by MBE in collaboration with 
Prof. W. Wegscheider at Regensburg 
University and PCMs were fabricated at 
UCSB in collaboration with Prof. E. Hu. 
At the same time, we started 
developing PCMs fabrication at FIRST. 

Further work 

We plan to develop PCMs fabrication 
and to implement gated PCMs 
embedding QDs [2] at FIRST. 
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Introduction 

In this project we study a single electron 
confined in a self-assembled InAs/GaAs 
quantum dot, with the primary goal of 
all-optical initialization, read-out and 
control of the electron spin. In addition 
we study the coupling of the electron 
spin to its surrounding environment 
and its relaxation and coherence time 
scales. 
From a processing point of view the 
basic element in this project is the 
realization of a quantum dot containing 
a single conduction band electron. We 
have achieved deterministic electron 
injection into the quantum dot using 
dots sandwiched between a highly 
doped n-GaAs back gate and a semi-
transparent metallic Schottky gate on 
the surface. A bias voltage applied to 
such a structure can be used to inject 
electrons one by one into a quantum 
dot.  

Achievements 

Individual quantum dots have been 
extensively studied and remarkable 
control over their properties has been 
achieved. This includes optical spin 
preparation with a fidelity exceeding 
99.8% (Ref. 2). 
In 2007, we have demonstrated an all-
optical dispersive measurement of the 
time-averaged spin state of a single 
electron in a quantum dot (Ref.3). The 
information on the spin state is 
obtained through conditional Faraday  

rotation of a spectrally detuned laser, 
induced by the polarization- and spin-
selective charged quantum dot transi-
tions (Fig. 1). 

 
Fig. 1: Spin-dependent FR signal (Ref. 3). Red 

(blue) dots correspond to the dispersive 
signal when the electron is prepared in a 
spin up (down) state. Black circles 
correspond to a randomized spin. 

Further, through the utilization of 
index-matched GaAs solid immersion 
lens (SIL) techniques, we have demon-
strated a record extinction (12%) of a 
far-field focused laser beam by a single 
quantum dot (Ref. 4). Figures 2 and 3 
show the quantum dot/SIL assembly 
and a frequency scan with a 12% 
contrast measured. The high contrast 
level achieved in these experiments 
enables us to perform, for the first time, 
resonant laser transmission spectros-
copy on a single quantum dot without 



the need for phase sensitive lock-in 
detection. 

       
Fig. 2: Quantum dot sample/SIL assembly. 

 
Fig. 3: 12% extinction ratio measured for a 

quantum dot equipped with a SIL.  

Efficient implementation of the SIL onto 
the sample requires a clean and dust-
free surface quality. Towards that end 
we have switched to using shadow 
evaporation masks (Fig. 4) instead of 
conventional photolithography techni-
ques for the deposition of the Schottky 
surface gates. By avoiding the use of 
photo-resist and solvents we achieve 
cleaner surfaces in a one-step evapo-
ration-only process.  

        
Fig. 4: Shadow evaporation masks developed 

for speedy and clean one-step gate 
deposition. 

Further work 

Our current research focuses on the de-
tection of time resolved Faraday 

rotation induced by a single electron 
spin which would then allow for repe-
titive non-destructive measurements of 
the electron spin state. These efforts 
will be followed by combining the high 
collection efficiency obtained by using 
SIL techniques with the spin initializa-
tion and read-out procedures to achieve 
a single-shot read-out of the spin. The 
spin of a single electron trapped inside 
the QD can display very long relaxation 
times, on the order of 10 msec. We will 
investigate the relaxation and depha-
sing properties of single spins by 
studying their coupling to a variety of 
environments, including the hyperfine 
coupling to the nuclear spin ensemble, 
the Kondo coupling to the free electron 
reservoir, as well as the spin-orbit 
interaction. 
Further, we will investigate the 
possibility of replacing the metallic 
Schottky surface gate currently used for 
deterministic charging of the QDs with 
a doped GaAs surface layer that will be 
added to the heterostructure during the 
MBE growth. This will be an important 
step towards controlled charging of 
quantum dots coupled to photonic 
crystal microcavities. 
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Introduction 

Fiberoptic high-speed communication, 
defence and measurement systems are 
the major drivers for the quest for 
higher speed of transistor-based elec-
tronics. In particular ultrahigh-speed 
Tb/s-communication systems would 
benefit from an increase of channel 
data rates from presently 40 to 80 and 
ultimately 160 Gb/s. 
Although 80–100 Gb/s electronics is 
feasible, 160 Gb/s could stretch the 
current transistor electronics to its 
physical or practical limits. 
This research project focuses on the 
exploration of the speed limits of 
advanced transistor concepts. In parti-
cular, we investigate InP/InGaAs or 
InP/GaAsSb Double-Heterojunction Bi-
polar-Transistors (DHBTs), as one of the 
candidates for the fastest electronic 
transistor devices. 
As a performance-oriented project, the 
major challenge is the need for all 
parameters, from materials to device 
structure and circuit design, to be 
pushed simultaneously to their limits. 

Achievements 

We have replaced our old CH4/H2/Cl2 
ICP emitter formation process by a pure 
Cl2/N2 process to avoid H2-passivation 
of the base layer. The novel emitter 
process provides good feature control 
for emitter widths as small as 0.2μm  

 
 
 
(see Fig. 1). For improved uniformity we 
have introduced a hybrid base/collector 
etching process. The whole DHBT 
process sequence has been now 
adapted for two-inch wafer processing. 

 
Fig. 1: Hybrid emitter etching using a dry 

Cl2/N2 ICP process and H3PO4:HCl for 
wet etching 

EBL emitter/base overlay accuracy is 
excellent as shown in Fig. 2. for a 0.2-
μm device with base contact widths of 
300nm. The EBL exposure time for a 
two-inch wafer is in the order of 30h for 
the emitter and 50h for the base layer 
(including large area test patterns). 
The SiNx sidewall process for the 
protection of the base/emitter interface 
during base and collector etching is 
characterized by means of spectroscopic 
ellipsometry. The PECVD deposition rate 
and the RIE etch rate for the SiNx layer 
is confirmed for two-inch wafers prior 
to sidewall formation. 



 
Fig. 2: Cross section of a 0.2μm wide emitter  

DHBT device with SiNx sidewall and 
~100nm base undercut 

A stable and reproducible process for 
the fabrication of thin film resistors has 
been developed. The homogeneity is 
<1% and the deviation from the nominal 
resistance is less than 5% over a two-
inch wafer. 
Bencocyclobutene (BCB) has been 
introduced as a new passivation 
material for two-inch wafers. Fig. 3 
shows part of a frequency divider circuit 
after BCB passivation. The IC includes 
thin film resistors and lower level metal 
interconnects.  

 
Fig. 3: Frequency divider IC after BCB 

passivation with thin film resistors and 
lower level metal interconnects. 

Epitaxial layer growth is constantly 
verified by means of large-area device 
measurements and layer characteri-
zation. We successfully grow high 
quality C-doped GaAsSb base layers 
with carrier mobilities of 35-40cm2/Vs 
and low sheet resistance. Fig. 4 is an 

example of a typical Gummel plot for a 
20x30μm2 DHBT device. Excellent base 
and collector current ideality factors are 
achieved. The DC gain of ~30 is 
adequate for digital circuit applications. 

 
Fig. 4: Gummel plot for a 20x30μm2 DHBT with 

a 25nm base and a 200nm collector. 

Further work 

For +100Gb/s scaled DHBTs, we address 
next year the following issues: 
• Two-inch wafer processing of self-
aligned DHBT devices and ICs including 
e-beam emitter and base patterning 
• Optimize base material growth for 
improved current gain and low sheet 
resistance 
• IC fabrication including thin film 
resistors 
• DC and high-frequency character-
ization of single DHBT devices and 
circuits 
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Introduction 

Photonics offers tremendous band-
width, high speed and new functional-
ities, but suffers from a low integration 
density. Planar photonic crystals (PhC) 
are an alternative for light manipulation 
and guiding on the wavelength scale. 
As a goal of our PhC research, we inves-
tigate a low-index-contrast slab wave-
guide InP/InGaAsP/InP technology for 
the integration of passive and active 
devices at telecommunication wave-
lengths (1.55μm). This technology allows 
current injection and heat management 
in active PhC-based devices. The peri-
odic in-plane permittivity modulation is 
obtained by etching deep holes into the 
slab waveguide. 

 
Fig. 1: PhC holes in InP etched with an 

Cl2/Ar/N2/He-process. The N2 flow in the 
semiconductor etching plasma is in-
creased from 1.3sccm to 6sccm. 

Achievements 

Deep InP etching: to achieve low optical 
loss, the PhC holes, ICP-etched with a 
Cl2/Ar/N2 chemistry, must exhibit 

smooth sidewalls and should be deep 
and cylindrical. We showed that low 
power and low physical etching are 
beneficial for achieving deep holes, 
whereas for the N2 concentration in the 
plasma, a delicate balance needs to be 
found. Nitrogen has a negative impact 
on hole shape and surface roughness, 
but is capable to prevent under etching 
below the mask by sidewall passivation 
(Fig. 1). We demonstrated more than 
4μm deep holes with low sidewall tilt. 

  
Fig. 2: AFM-measurement of the sidewall 

roughness of a PhC hole, de-embedded 
from the curved hole shape. 

Measurement of surface roughness in-
side PhC holes: The quantitative meas-
urement of this roughness is not 
straight forward. SEM images loose the 
3D nature of the holes, and atomic force 
microscopy (AFM) has difficulties with 
the curved surface of a PhC holes. A new 
data processing method allows sub-
tracting the curvature from the AFM 
roughness scan and thereafter measure 
the roughness (Fig. 2). The existence of a 
minimum in roughness as a function of 
the nitrogen content in the etching 



plasma could be quantitatively con-
firmed with this technique. 

 
Fig. 3: Metal contact strip (slightly overhang-

ing) on top of a W3 PhC waveguide fab-
ricated using a copolymer lift-off. Con-
tact width: ~300nm. 

Contact fabrication for active PhC: for 
the ultimate goal of PhC-based all-
optical systems we need electrically 
pumped active PhC devices like amplifi-
ers and laser sources. The first steps in 
this direction have been taken by the 
fabrication of long and narrow (~300 
nm) contact strips on top of PhC 
waveguides (Fig. 3). Two alternative lift-
off techniques have been successfully 
tested with similar quality. One ap-
proach is based on copolymer lift-off di-
rectly after ebeam-patterning of the 
contact structures; the other solution 
involves a SiNx hardmask which, in a fi-
nal step, is lifted off with HF. Excellent 
ebeam alignment precision was 
achieved.  

20μm
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Fig. 4: Top-view of a SEM image of the power 

splitter. 

Fabrication of an ultracompact power 
splitter: Photonic crystals can contribute 
to shrink the device size and broaden 
the transmission bandwidth. With the 
help of PhCs, we designed a power split-
ter (Fig. 4) for any arbitrary splitting ra-
tios, combining simultaneously small 
device size and wide bandwidth. 

Fabrication of holes by FIB sputtering: 
We also investigate the applicability of 
the FIB structuring of InP-based 
photonic crystal power splitters. The de-
vices are fabricated with EBL and reac-
tive ion etching (ICP-RIE). FIB, which 
provides in-situ navigation and direct 
fabrication, was used to mill the central 
hole of the power splitters as shown in 
Fig. 5. Different hole diameters and 
beam scanning strategies were tested. 
Simulations show that the central hole 
is essential for reducing reflections, but 
that the spectral behaviour of the de-
vice is very sensitive to its position and 
shape. 

 
Fig. 5: SEM micrographs of PhC-based power 

splitter before (left) and after (right) mill-
ing the central hole. 

Further work 

Extending the technology towards ac-
tive PhCs, including contacting, vertical 
layer structure optimization and active-
passive integration. 
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Introduction 

All-optical switches (AOS), for which an 
optical control pulse controls an optical 
signal pulse, with ultra fast switching 
speed (<1 ps) are key elements in future 
Tb/s hybrid OTDM/OWDM communica-
tion systems. It indeed becomes increas-
ingly challenging to scale transistor 
electronics down to sub-ps switching 
times. Basic requirements for absorp-
tion-based AOS are ultra-fast carrier 
relaxation times in the few 100fs range 
combined with low saturation energy 
and low control-pulse energy (<100 fJ) 
needed for switsching. 

 
Fig. 1: SEM image of trench waveguide proc-

essed by dry-etching. Cracks in the semi-
conductor are observed on both sides of 
the trench. 

In this project, we investigate (i) materi-
als with a potential for very short carrier 
lifetimes and (ii) the dense integration 
of optical switches incorporated into 
photonic-crystal (PhC) and photonic-
wire (PhW) devices for enhanced non-
linearities and reduced saturation en-
ergy. 
 
 

Achievements 

Our current research activities include: 
Optical waveguide structure for an all-
optical switch based on intersubband tran-
sitions (ISBT) in InGaAs/AlAsSb quantum 
wells (QW). The QWs have unfortunately 
almost the same refractive index as the InP 
substrate. Therefore it is not possible to 
form a slab waveguide for vertical light 
guiding with using InP cladding layers. We 
therefore designed a slab waveguide includ-
ing high refractive index InGaAsP guiding 
layers on both sides of the QW stack which 
confine the optical mode vertically in the 
low refractive index quantum well region. 
This enables light guiding with low contrast 
InP cladding layer. 

 
Fig. 2: SEM image of ridge waveguide processed by 

wet-etching. No crack-formation is observed. 
Smooth etched sidewalls obtained. 

Ridge waveguide etching technique: Later-
ally, the light must be guided by ridge 
waveguides. Their fabrication is challenging 
due to the complex, highly stressed and 
fragile material system used for the QWs. 
Two different etching techniques to process 
the waveguides were investigated. Dry-
etching: The sample was patterned with 3, 5 
and 10μm wide deeply-etched trench 
waveguides by electron beam lithography 



(EBL), and then dry etched using an in-
ductively coupled plasma (ICP) reactive 
ion etching process based on a Cl2-
plasma chemistry and an intermediate 
SiN hardmask. In these samples random 
crack formation after SiN hard mask 
deposition was observed along and 
across the waveguides (Fig. 1). The 
cracks are attributed to the relaxation 
of residual strain in the epitaxially-
grown layers which undergo thermal 
and mechanical stress during SiN depo-
sition. Optical losses of 24.2dB/cm and 
23.7dB/cm for TM and TE polarized light, 
respectively, were obtained in the dry-
etched samples. The poor performance 
of these waveguides is attributed to 
high losses caused by the cracks, which 
result in increased out-of-plane scatter-
ing. Wet-etching: Conventional photo-
lithography was used to pattern 10μm 
wide ridge waveguides followed by wet-
etching using an isotropic HBr etch so-
lution. No crack formation was observed 
in these samples (Fig. 2). Samples proc-
essed by wet-etching demonstrated 
improved waveguiding performances 
with optical losses of 13.5dB/cm and 
12.8dB/cm for TM and TE polarized light, 
respectively. 
Slow light and high field densities in 
waveguides. As the control-pulse en-
ergy of AOS depends on the optical field 
density in the waveguide, topologies 
which enhance the photon density are 
crucial. We investigate manufacturable 
photonic crystal structures with a large 
photonic bandgap for TM-polarized 
light for ISBTs in our QWs. We have 
numerically investigated substrate-type 
and airbridge-type PhCs with honey-
comb lattice geometry. Large TM PBGs 
up to 14% bandwidth are obtained and 
optimized for both cases. Two types of 
PhC waveguides with ultra-flat bands 
are proposed which are able to guide 
TM modes. Their unique properties 
demonstrate the potential to apply 
them as waveguiding structures in all-
optical switches (Fig. 3). 

 
Fig.3: 3D simulation of projected band structure of a 

proposed PhC waveguide for guiding TM-
polarized light. Upper inset: schematic repre-
sentation of PhC waveguide; lower inset: SEM 
picture of fabricated SOI device 

Further work 

In-plane and out-of-plane time-resolved 
material and device characterization. 
Development of a suspended-membrane 
technology for strong vertical as well as 
horizontal optical-mode confinement in 
PhCs and PhWs. 
Investigation of alternative switch topolo-
gies based on resonant cavities and 1D 
photonic crystals. 
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Introduction 

GaInNAs is a promising semiconductor 
material for low cost laser sources at 1.3 
- 1.5 μm wavelength. Broadband fiber 
optical communication networks need 
cost-effective pulsed laser sources in 
the zero-dispersion wavelength regime 
of 1.3 μm. These sources can also be 
used for optical clocking and RGB pro-
jection systems employing frequency 
doubling to generate red light. In our 
project, we develop state-of-the-art 
ultrafast laser sources based on the 
GaInNAs material system. To this pur-
pose, we develop both semiconductor 
laser gain structures and saturable 
absorbers.  

Parameter tunable GaInNAs satu-

rable absorbers for modelocking 

of solid-state lasers 

Passively modelocked solid-state lasers 
require semiconductor saturable ab-
sorber mirrors (SESAMs) with a recovery 
time up to 10 to 30 times longer than 
the final pulse duration. GaInNAs 
SESAMs have normally a high defect 
concentration that support a fast 
picosecond recovery time and have 
been used to passively modelock lasers 
at 1.3 μm. Post-growth annealing is a 
very useful technique to adapt the 
absorption edge of the GaInNAs ab-
sorber to the laser. However, larger 
absorption edge tuning reduces the 
defect concentration and increases the 
recovery time too much for picosecond  

 
pulse generation. We have developed a 
novel growth technique that allows 
wavelength tuning with post-growth 
annealing but without any increase of 
the recovery time and without degra-
ding the absorber performance [1]. This 
was achieved by exposing the GaAs 
barrier with nitrogen from a plasma 
source for about 20 seconds before the 
GaInNAs quantum well was grown. 

 
Fig.1: The slow component of the recovery 

time from a double exponential fit of 
pump-probe measurements clearly indi-
cates the strong effect of the nitrogen 
exposure. At exposure times longer than 
20 s, no PL was measurable, even after 
annealing. 

Nitrogen-dependent effects on 

GaInNAs photoluminescence up-

on annealing 

In order to assess the effects of nitrogen 
on GaInNAs during the annealing 
process, we analyzed several quantum 
wells with various nitrogen content 
after annealing at different rapid ther-
mal annealing (RTA) conditions [2]. In 
the experiments where only the RTA 
temperature was varied, we found two 



blueshift regimes. Up to 700ºC (strong 
blueshift regime), the blueshift expe-
riences a rapid increase with increasing 
RTA temperature, while above this 
temperature (weak blueshift regime) it 
saturates. The activation energies of the 
blueshift mechanism in the strong 
blueshift regime decrease with in-
creasing nitrogen content. In the weak 
blueshift regime, the blueshift saturates 
more slowly with respect to RTA 
temperature. In the experiments where 
the RTA time duration instead of 
temperature was changed, the blueshift 
again saturated to higher values the 
more the nitrogen content. The photo-
luminescence (PL) efficiency improve-
ment is, on the other hand, unaffected 
by the nitrogen concentration but only 
by the RTA condition used. Moreover, 
short-time annealing at high tempe-
ratures results in a smaller PL 
broadening and is therefore preferable 
for the growth of active GaInNAs layers. 
High-resolution X-ray diffraction 
(HRXRD) analysis shows that In out-
diffusion from the QW is evident only 
for long-term annealing, implying that 
the blueshift effects seen for the short-
term annealing are related to a 
different mechanism. 

All-GaInNAs ultrafast lasers: 

material development for emit-

ters and absorbers 

Defect engineering is a key feature in 
material development for active and 
passive laser devices. Active devices 
such as surface emitting lasers require 
excellent material quality with low 
defect concentration and good strain 
management. In contrast, passive 
devices such as saturable absorbers 
benefit from nonradiative recombi-
nation via defect states. Different MBE 
growth conditions and annealing 
parameters have been developed to 
optimize GaInNAs for both active and 

passive devices [3]. We have demon-
strated for the first time an all-GaInNAs 
modelocked vertical external-cavity 
surface-emitting laser (VECSEL) at 
1.3 μm. We combined a GaInNAs 
VECSEL with a GaInNAs semiconductor 
saturable absorber mirror (SESAM) in a 
laser cavity.  

  
Fig. 2:  HAADF-STEM cross-section of a basic 

GaInNAs VECSEL structure. The gain 
structure containing five 8 nm GaInNAs 
QWs is visible in the center. 

The VECSEL was optically pumped by an 
808-nm semiconductor diode laser. The 
intracavity GaInNAs SESAM self-starts 
stable modelocking and generates pulse 
duration of 18.7 ps with a pulse 
repetition rate of 6.1 GHz at 57 mW of 
average output power at a center 
wavelength of 1308 nm.  

 
Fig.3: Intensity autocorrelation and optical 

spectrum of the 18-ps pulses 
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Introduction 

The sophisticated technology of the 
FIRST Center for Micro- and 
Nanoscience allows us to push the 
performance of ultrafast solid-state 
lasers into extreme regions by 
systematic improvement of 
semiconductor saturable absorber 
mirrors (SESAMs), which are initiating 
and stabilizing the pulse formation in 
our lasers. In 2007, we continued to 
demonstrate new state-of-the-art 
modelocked laser systems, achieving 
record high performance in several 
areas. 
In the following, we will focus on two 
research highlights: modelocked lasers 
with record high pulse energy, and 
mode-locked solid-state lasers 
operating in the 1.5 μm spectral region 
at record high repetition rate and with 
excellent noise properties.  

Femtosecond oscillator exceeding 

10 μJ pulse energy 

The tremendous progress in 
femtosecond laser research enabled 
many breakthroughs in science and 
technology, and contributed to two 
recent Nobel Prices (i.e femtochemistry 
by A. Zewail in 1999 and frequency 
metrology by J. L. Hall and T. W. Hänsch 
in 2005). Numerous applications in 
science and industry require high 

energy pulses with durations in the 
femtosecond regime. The direct  
generation of such pulses with a diode-
pumped high power solid-state laser 
oscillator has significant advantages in 
terms of robustness and simplicity over 
the more complex amplifier systems 
which are typically operating at 
kilohertz repetition rates. Multi-
megahertz laser oscillators enable new 
industrial and scientific applications, 
due to substantially improved 
acquisition speed and signal-to-noise 
ratio compared with kilohertz systems. 
However, modelocked femtosecond 
oscillators were limited to nanojoule-
level pulse energies for many years (Fig. 
1). Applications requiring more intense 
pulses relied on complex and expensive 
amplifier systems. These systems 
operate at low repetition rates in the 
kilohertz-regime and average power of 
only a few watts, which limit many 
experiments in areas as topical as high 
field science.  

 
Fig. 1: Frontier in pulse energy from 

femtosecond laser oscillators.  



In 2007, we demonstrated the first 
modelocked laser exceeding a pulse 
energy of 10 μJ [1]. It is based on an 
Yb:YAG thin disk laser head. Passive 
mode locking is started and stabilized 
using a SESAM with a saturation 
fluence of 115 μJ/cm2 and a modulation 
depth of ≈ 0.6%. The SESAM was 
manufactured in FIRST, and the 
optimization of its nonlinear absorption 
parameters was essential for the 
realization of this result. The laser 
operated at 4 MHz repetition rate with 
an average output power of 45 W 
corresponding to a pulse energy of 11 μJ. 
The FWHM pulse duration was 790 fs 
and a peak power of 12.5 MW was 
achieved. The beam quality was nearly 
diffraction limited with an M2 value of 
1.1. We expect this approach to be 
suitable for increasing the pulse energy 
towards the 100-μJ regime. Moreover, 
we demonstrated the first modelocked 
thin disk laser based on the gain 
material Yb:Lu2O3, which achieved 
higher efficiency than previous 
modelocked lasers [2].  

Record high repetition rates in the 

telecom spectral region 

With increasing data transmission 
rates, pulsed lasers with high repetition 
rate are becoming increasingly 
important for future high-speed RZ data 
transmission systems operating at e.g. 
100 Gbit/s. Also the upcoming 100 
Gbit/s ethernet standard might benefit 
from these lasers. Passively mode-
locked Er:Yb:glass lasers represent a 
simple way to directly generate a high 
repetition rate pulse train in the 
telecom C-band. As the pulse 
generation in our high repetition rate 
lasers is passive, no high frequency 
electronics is required, and excellent 
noise properties are obtained [3]. We 
demonstrated a passively 
fundamentally mode-locked diode-

pumped Er:Yb:glass laser operating at 
an extremely high repetition rate of 
77 GHz at 1535.8 nm [4] and later up to 
90 GHz [5], which is the highest 
repetition rate obtained directly from a 
solid-state laser oscillator operating in 
the 1.5-μm telecom window. We 
achieved self-starting and stable 
modelocking by use of an optimized 
SESAM.  

 
Fig.2: Setup of the 90-GHz Er:Yb:glass laser 

The combination of high output power 
and good pulse quality with a compact 
and simple setup makes this laser very 
competitive against actively 
harmonically mode-locked fibre lasers, 
semiconductor lasers and DFB lasers 
used in future high-speed OTDM and 
DWDM telecom applications. Initial 
results up to 99 GHz have been 
observed with this setup. Thus 100-GHz 
operation seems to be feasible, which 
would also allow for wavelength 
division multiplexed (WDM) 
applications matching the 100-GHz-grid 
defined by the international 
telecommunication union (ITU). 
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Introduction 

Today, ultrafast lasers can be found in 
physics, engineering labs, chemistry, 
biology, and medical labs. However, the 
stumbling block for bringing ultrafast 
lasers to more interdisciplinary research 
and industrial applications is their 
current complexity, low reliability, and 
high price. Semiconductor lasers are 
ideally suited for mass production and 
widespread applications, because they 
are based on a wafer-scale technology 
with a high level of integration. So far, 
ultrafast semiconductor lasers have not 
achieved the impact of continuous-
wave semiconductor lasers. Mode- 
locked vertical external cavity surface 
emitting lasers (VECSELs) represent a 
novel type of pulsed semiconductor 
lasers, which generate ultrashort pulses 
at multi-GHz repetition rates with high 
output power. Such performance makes 
these sources particularly attractive for 
commercially promising applications 
such as telecommunications, optical 
clocking of multi-core microprocessors, 
or biomedical applications. 
A passively mode-locked VECSEL (Fig. 1) 
consists of two key functional elements: 
a semiconductor gain structure and a 
semiconductor saturable mirror 
(SESAM) for self-starting, reliable pulse 
formation. We produce both compo-
nents at the FIRST Center. A number of 
sophisticated technologies available at 
FIRST is essential for producing record 
high mode-locking performance. 

 
Fig. 1: Setup of a mode-locked VECSEL for 

repetition rates up to 50 GHz 

Moreover, we have demonstrated for 
the first time the integration of the 
saturable absorber with the gain 
structure [1]. 

Combining high average output 

power and GHz repetition rates 

Since several years, our research group 
achieves the highest average output 
power and the highest repetition rate 
from passively mode-locked VECSELs [2] 
(Fig. 2). For achieving passively mode-
locked VECSEL with up to 50 GHz 
repetition rate [3], we rely on quantum-
dot SESAMs with low saturation 
fluence. For precise optical 
characterization of these samples, we 
developed a new technique that makes 
nonlinear reflectivity measurements 
more accurate and more accessible. We 
achieved peak-to-peak fluctuation of 
less than 0.05% for incident pulse 
fluences varied over more than three 
orders of magnitude [4]. We recently 
demonstrated the first systematic study 
of recombination dynamics in InAs QD-
SESAMs. Decreasing growth 



temperature and increasing indium 
coverage reduces the recovery time 
from 1500 to 24 ps, leading to shorter 
pulses in modelocked VECSELs [5].  

 
Fig. 2:  Output power for different types of 

ultrafast lasers operating in the 
gigahertz regime 

Vertical integration of ultrafast 

semiconductor lasers (MIXSEL) 

Previously, ultrafast VECSELs required a 
folded cavity with a separate saturable 
absorber device for passive modelocking 
(Fig 1). Recently, we demonstrated that 
the pulse-forming saturable absorber 
and the VECSEL gain structure can be 
vertically integrated into a single 
semiconductor structure [1]. We refer to 
this class of devices as the modelocked 
integrated external-cavity surface 
emitting laser (MIXSEL). 
 

 
Fig. 3: Design of the integrated VECSEL 

The design of our integrated structure is 
shown in Fig. 3. The structure was 

produced at FIRST using molecular 
beam epitaxy (MBE). It was optically 
pumped at an angle of 45º by a diode 
laser at 808 nm (Fig. 4).  

 
Fig. 4: MIXSEL cavity setup 

 
Modelocking was obtained with 32-ps 
pulses at a wavelength of 957.3 nm (Fig. 
2) and an average output power was 
195 mW. In a next step the GaAs 
substrate can be removed from the 
structure by epitaxial lift-off, and the 
structure can be directly soldered to a 
heat sink with good thermal 
conductivity (for example copper or 
diamond). This advanced heat 
management should result in multi-
Watt average output powers as 
previously demonstrated in the former 
VECSEL-SESAM modelocking experi-
ments [2]. The simple straight cavity 
geometry should allow record-high 
repetition rates. The MIXSEL is a 
promising technology amenable for 
cost-efficient wafer-scale high-volume 
manufacturing. 
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Introduction 

Multi-walled carbon nanotubes 
(MWNTs) possess a number of 
favourable attributes for use as 
fundamental building blocks in next 
generation nanoelectromechanical 
systems (NEMS). These include high 
stiffness/strength, robust elastostatic 
relaxation mechanisms and extra-
ordinary current capacities before 
failure. In addition, suitable modi-
fication of the unique, as-grown nested-
shell architecture can be used to 
construct linear and rotary nano-
bearings.  
This effort focuses on solving the key 
research barriers that impede the use of 
MWNTs as moving electromechanical 
elements in next generation nano-
systems. The key focus areas relate to 
process engineering/nanofabrication [1-
4], multiscale/multiphysics modelling 
and the development of novel NEMS [5, 
6]. 

Achievements 

Two unit processes have been 
developed to integrate MWNTs into 
nanostructures in a form that is suited 
for use in NEMS. The first process 
involves the assembly of NTs using 
Dielectrophoresis (DEP) to realize 
nanostructures with increased com-
plexity. The second unit process relates 
to developing novel techniques for 
engineering MWNT shell structures 
with control over location, length and 
number of shells (Figure 1).  

 
Fig. 1: Batch fabrication of carbon nanotube 

bearings. (a) Nano-array design, (b) A 
shell-engineered nanotube realized by 
current-driven etching, (c) Ultra-high 
density, bi-directional, linear bearings 
(arrows point to gaps), and (d) Local 
control of NT shell etching by defining 
nanomachined heat sinks that modulate 
the Joule-heat dissipation along NT 
lengths. 

It is important to note that this 
nanostructuring effort has 
demonstrated significant improve-
ments over previous reports in several 
aspects. For instance, by constructing 
suitably designed MWNT nanostructure 
arrays based on the DEP assembly 
process, we have demonstrated batch 
fabricated carbon nanotube bearings 
for the first time [1]. Sophisticated shell 
architectures such as bi-directional 
linear bearings and nano-shuttles, 
previously impossible with conventional 
two electrode designs, and multiple but 
independent bearings on single NTs for 
ultra-high device densities are other 
important contributions from this effort 
[1, 2]. Our investigations have also 
resulted in novel approaches that 
employ heat dissipation modulation to 
confine electric current driven shell 
etching within localized regions of Joule 



heat induced peak NT temperatures [3, 
4]. This method for constructing 
electromechanical building blocks is 
anticipated to be a fundamental unit 
process for manufacturing future NEMS 
with sophisticated architectures and to 
drive several nanoscale transduction 
applications. 
 

 
Fig. 2: Three-state, electrostatically actuated 

NEMS switch based on elastostatic 
deformations in a MWNT. (a) Conceptual 
illustration, (b) SEM image of a 
fabricated switch, and (c) I-V curve 
demonstrating switching operation. The 
low-power operation (<4V for switching) 
and the hysteresis induced by van der 
Waals forces can be discerned from this 
plot. 

These nanostructuring capabilities have 
been leveraged to demonstrate two 
types of NEMS switches. One such 
switch is shown in Figure 2. In this 
device, a spatially separated gate 
electrode induces electrostatic forces on 
a suspended NT and the resulting NT 
deformation closes the switch (Figure 
2). These devices provide important 
improvements over their micro- and 
macroscale counterparts in terms of 
operating power, frequency and size. 

Further work 

Future directions of this effort are 
expected to entail three focus areas: 
nanostructuring, investigation of 
nanomaterial properties and develop-
ment of microwave NEMS. In the area of 
nanostructuring, the next steps within 
this activity will involve constructing 
devices that can be investigated inside a 
Transmission Electron Microscope 
(TEM). This is expected to provide 
valuable insights into the novel 
performance regimes that have been 
predicted using simulations. In the area 
of device development, we will 
investigate the resonant modes of the 
constructed MWNT nanostructures. 
These structures are anticipated to 
operate at GHz frequencies and enable 
attogram-scale mass sensing. 
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Introduction 

Recently, a strategy to fabricate 3D 
structures using a self-scrolling 
technique was introduced by Prinz et al. 
This method is based on the curling of 
strained 2D thin films to generate 3D 
structures after the films are detached 
from the substrate by selective etching. 
In this process, lithographic patterning 
is employed to define the shape and 
position of the thin films. Using this 
self-scrolling technique, nanocoils 
based on varied materials such as III-V 
compounds and SiGe/Si were success-
fully produced. Our current efforts are 
focused on creating NEMS from these 
structures [1-5]. 
It is possible to utilize various materials 
to produce nanocoils that may be used 
as components of MEMS/NEMS such as 
nanosprings, electromagnetic nano-
coils, nano-capacitors, and nano-
inductors. The as-fabricated helical 
structures have an extremely high 
surface to volume ratio, therefore, by 
functionalizing the coiled thin film 
surface or employing specific physical 
properties of the film, the nanocoils are 
excellent candidates for devices such as 
force and bio-chemical sensors. In 
addition, we have demonstrated that 
these helical nanostructures may serve 
as propellers that resemble bacterial 
flagella [4].  

 

 

Achievements 

Two types of helical nanostructure have 
been fabricated and investigated, single 
chirality (see Fig. 1) and dual chirality 
(see Fig. 2) nanocoils.  
Single chirality nanocoils were 
investigated for both swimming 
microrobots (Fig. 1) and piezoresistivity 
measurements. For swimming micro-
robots, a combination of Cr/Ni/Au 
multi-layers was patterned on the free 
end of the nanocoils. To release the 
nanocoils from the substrate, they were 
cut by a nanomanipulator (Kleindiek, 
MM3A) in an SEM or under an optical 
microscope (see Fig. 1c). Preliminary 
efforts demonstrated that the nanocoils 
can be actuated remotely using an 
external rotating magnetic field [4]. For 
piezoresistivity measurements, metal 
contacts were prepared on both ends of 
the GaAs/InGaAs. Experimental results 
indicate that the resistance of the 
nanocoil increases with larger tension, 
resulting in positive piezoresistivity. 
GaAs/InGaAs dual chirality nanocoils, 
consisting of a left handed and a right 
handed part, can be fabricated by a “V” 
shape mesa design as shown in Fig. 2a. 
A new process was developed to achieve 
freestanding structures by etching the 
GaAs substrate. The process is repro-
ducible and has a high yield (see Fig. 2b). 
The shape and structure of the 
nanocoils, such as helicity angle, dia-
meter, and pitch, can be well controlled. 
By inducing translation displacements 
of the two ends of the dual chirality coil, 
the central part rotates providing a 



unique and fundamental mechanical 
mechanism for realizing linear-to-rotary 
motion conversion [5] at nanoscales. 

 
Fig. 1: Nanocoils as artificial bacterial flagella. 

(a) Schematic drawing showing the 
relationship between the stripe and 
etching direction in nanocoil parameters. 
(b) Process sequence: initial planar, 
epitaxial bilayer with Ni parts, all pat-
terned through conventional micro-
fabrication techniques, self-forms into a 
3-D nanostructure during wet etch 
release. (c) SEM image of an as-
fabricated nanocoil with a Ni plate 
attached to one end. The probe tip that is 
used to break the attachment of 
individual coils is also visible. (d) A 30-μm 
nanocoil rotated in oil with a magnetic 
field, which results in forward motion. 

Further work 

The next step of our research for single 
chirality nanocoil will focus on swim-
ming microrobots, and different shape 
designs for the swimmer will be in-
vestigated. For dual chiralty coils, we 
will explore how to achieve reversible 
rotary movement in a simple way, and 
eventually plan to develop a MEMS 
device based on this structure.  
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Introduction 

In addition to substrate rigidity, matrix 
composition, and cell shape, 
dimensionality is now considered an 
important physical property of the cell 
microenvironment which directs cell 
behaviour. However, available tools for 
the study of cell behaviour in two-
dimensional (2D) versus three-
dimensional (3D) environments are 
difficult to compare, and no tools are 
available which provide 3D shape 
control of individual cells.  
The goal is to develop a platform 
technology where single cells can be 
studied in engineered quasi three-
dimensional (3D) microwells. Further-
more, we envision model cell culture 
systems that allow for quantitative 
control of 3D cell shape independent of 
other properties of the micro-
environment and therefore advance our 
understanding of how form and 
function are related in single cells.  
A)       B)        C) 

 
Fig. 1: Microwell array with different shapes in 

the size of a singe cell (A), close up of a 
triangular microwell (B), stained cell in a 
triangular shaped well with a blue 
nucleus and a green actin cytoskeleton 
(C). 

Achievements 

We have developed a set of tools which 
combine 2D chemical patterning with 
topographical microstructuring, thus 
presenting to the cells a controlled 
microenvironment where dimensiona-
lity is an independent parameter. The 
technique combines master fabrication 
in silicon and replication techniques 
which result in polydimethylsiloxane 
(PDMS) chips that display defined 
microwells of various shapes and 
dimensions in the size range of single 
cells. Cell adhesion was limited to 
within microwells by passivation of the 
flat upper surface through an inverted 
microcontact printing technique of a 
non-fouling graft-co-polymer (PLL-g-
PEG) onto the plateau and backfilling of 
the wells with either specific adhesive 
proteins or lipid bilayers (Fig. 1). 
We managed to produce a microwell 
platform with a controlled micro-
environment of the cell and indepen-
dently tunable parameters such as cell 
shape, chemical coating of the 
microwells and substrate stiffness. 
Endothelial cells constrained within 
microwells were viable, and actin stress 
fibers were present even within cells 
cultured in very constrained microwells. 
Thus, the cytoskeleton exhibited 3D 
arrangement and was not only limited 
to the cell-substrate interface in 
contrast to studies on 2D surfaces 
(Fig.2). 



 A)   B) 

   
Fig. 2: 3D reconstruction of a cell in a microwell. 

Fluorescent confocal images are shown 
of cell nuclei (blue/ red) and actin 
cytoskeletal networks (green). HUVECs 
cultured for 24 hours are shown in a 
microwell (A), a spindle-shaped 
microwell (A), and a triangular microwell 
(B) which adequately controlled the 3D 
shape of cells. 

 
These observations demonstrate that 
microwells can be used to produce 
microenvironments for the study of cell 
behaviour in reductionist 3D environ-
ments with single-cell shape control. 
The demonstration of an altered actin 
cytoskeleton in 3D demonstrates that 
cell shape in 3D may fundamentally 
influence cell behaviour. 

Further work 

This platform is the basis of different 
projects. One wants to study the 
influence of dimensionality on 
cytoskeletal organization and the 
relationship between cell spreading in 
3D and fibronectin fibrillogenesis. 
Production of a fibronectin matrix 
(fibrillogenesis) is required for both 
development and wound healing. Cell-
generated force is a necessary prere-
quisite for fibronectin matrix 
production (fibrillogenesis)2, and fibro-
nectin fibrils grow along actin 
cytoskeleton tracks.  
Another project focuses on the 
interaction of cells with cadherins, the 
molecules responsible for cell-cell 
contact. We will use 2D and 3D 
patterned surfaces to study the 
influence of cadherin density on cell 
behaviour. The combination with lipid 
bilayer coating allows for a platform 

where cadherins are surface mobile. 
This enables us to study events, like 
clustering of cadherins, and the 
mimicking of cell-cell contacts. 
The third project investigates how 
endothelial, as well as epithelial cells, 
respond to stimuli from their 
microenvironment and how they 
generate highly ordered polarized 
structures when they are in a confined 
and chemically well controlled 
microenvironment. 
Next to the fundamental biological 
research, it is also in our interest to 
direct this project more towards high 
throughput devices, namely drug 
screening platform or drug develop-
ment by further refining the micro-
structured platform. 
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Introduction 

To gain better understanding of the 
complex interrelations in biology it is 
first of all important to understand the 
single interactions taking place. 
Therefore, it is necessary to ask specific 
questions and to have tools available to 
answer them. Chemical and/or 
topographical patterns are important 
such tools. The size and shape of such 
patterns depend on the specific 
questions asked. In addition, it is 
important that biological entities, e.g. 
proteins, do not lose their function 
(denature) when they get into contact 
with patterned substrates. In this 
project we aimed at creating a process 
to prepare structures in a wide range of 
feature sizes and separations, expanded 
over large areas and gentle to biological 
entities. Furthermore, the power of self 
assembling building blocks for the 
creation of structures was investigated 
and was shown to have great potential 
when controlled in the right way. 

Achievements 

Self-assembly of polystyrene particles 
was used to prepare hexagonally 
ordered monolayers. The assembly was 
investigated and optimized using four 
different particle self assembly 
techniques (dip-coating, tilt-drying, 
spin-coating and spotting). Several self 
assembly parameters such as substrate 
withdrawal speed, spinning speed, 
particle concentration and solvent  

 
 
composition of the suspension were 
optimized. Dip-coating resulted in the 
best particle patterns in terms of 
domain size, order and monolayer 
coverage for particles having a diameter 
of 1 μm or less. Spin-coating of 2 μm 

particles showed fast assembly, but 
small domains of only a few particles in 
diameter, while tilt-drying of the same 
particles resulted in slow assembly but 
larger domains of more than 100 
particles in diameter. Using spotting of 
particle suspensions islands of particle 
monolayers having diameters between 
8 and 150 μm were created. Island size 
could be tailored as function of the 
particle concentration. 
The hexagonally ordered particle 
monolayers were used as etch masks. 
The size and separation of the 
polystyrene particles were tailored 
linear with time using an optimized 
oxygen and nitrogen containing gas 
mixture. 

 
Fig. 1: Hexagonal ordered assembly of 220 

nm polystyrene particles using dip-
coating. 



Changing the gas composition into an 
optimized fluorinated gas mixture 
allowed transferring the mask into the 
underlying substrate. Dot patterns of 
SiO2 and TiO2 were therewith prepared 
from thin film coated substrates and 
transferred into a biochemical pattern 
applying the 'selective molecular-
assembly patterning' technique. Multi-
analyte chips were then produced using 
microfluidics for applications in 
simultaneous drug screening with 
membrane protein containing vesicle 
arrays. 

 
The substrate surface of microfluidic 
channels was directly patterned using 
particles assembled inside channels as 

protecting mask for passivation of the 
background. After the creation of the 
non-fouling background and removal of 
the particles, proteins could be 
adsorbed to the former particle 
locations creating protein patterns. All 
steps were performed in liquid 
providing a gentle environment for 
proteins and other biomolecules of 
interest. The technique was therefore 
named 'Wet Particle Lithography'. 

 

Further work 

The protein patterns prepared using 
particle mask by self assembly on flat 
surfaces may now be directly applied to 
answer biological questions such as e.g. 
cell-ECM interactions. The size and 
separation of the features in the pattern 
may therefore easily be tailored. 
Wet Particles Lithography needs further 
improvement to achieve a more reliable 
pattern transfer from the particle to the 
protein pattern. We are therefore 
designing hybrid flow-cells - having a 
hard top and soft walls - in order to hold 
the assembled particles in place using 
pressure. 

 
Fig. 4: Hexagonally assembly particles inside 

a microfluidic channel serving as 
mask for the preparation of protein 
patterns created totally in liquid. 

 
Fig. 3: Fluorescently labelled streptavidin 

pattern in a protein resistant 
background. 

 
Fig. 2: Linear etching and shrinking of 

polystyrene particles independent on 
the particle size. 
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Introduction 

With the field of biosensing pushing 
closer to proteomics chips and single 
membrane protein functional assays, 
there is a need for novel ways of 
patterning common biosensor plat-
forms to increase sensitivity, array 
density and allow for sensor 
integration. For any concept to make 
commercial sense, the processes used 
to obtain these goals have to be low 
cost and scalable in a parallel sense to 
larger areas and new material 
combinations. 
In this project we develop processes - 
mainly based on particle lithography 
and etching - which address several of 
these needs for optical, acoustic and 
electrochemical biosensors, while still 
being parallel, low-cost and compatible 
with self-assembly of biological systems 
for specific sensor modification. The 
main platforms to which the processes 
will be applied are: 
1. porous waveguide biosensors for 
increased sensitivity and size selectivity; 
2. arrays of nanoelectrodes for 
electrochemical studies integrated with 
other biosensors like quartz crystal 
microbalance and waveguide sensing; 
3. porous optical windows integrated 
with on-chip microfluidics for combined 
electrochemical and microscopy studies 
of lipid membrane and transmembrane 
protein properties. 

Achievements 

Capability to use particle lithography to 
produce well separated nanoscale 
features (size range 30-1000 nm) on 
oxide and nitride substrates has been 
obtained. The process has been 
optimized for achieving 10% surface 
coverage or lower over wafer-size areas 
and on a range of biosensor chip 
substrates. 

By combining particle self assembly 
with a metal mask and highly 
anisotropic reactive ion etching it has 
been demonstrated that sub-100 nm in 
diameter pores can be etched through 
e.g. waveguide layers at least one 
micron thick (Figure 1). This process has 
allowed production of sensor 
waveguides of controlled unidirectional 
porosity that have potentially higher 
sensitivity than normal waveguides and 
also demonstration of combination of 

 
Figure 1: A commercial waveguide spectro-

scopy chip from Micro vacuum 
patterned with nanopores by the 
developed process. 



waveguide spectroscopy and electro-
chemical measurements on the same 
chip without need to change the 
surface chemistry. 

The versatility of the process in terms of 
patterning different substrates having 
well-defined pores with sharp edges 
(see Figure 2) have furthermore allowed 
us to pattern other substrates, e.g. for 
quartz crystal microbalance sensors, 
substrates for fluorescence microscopy 
and additional optical evanescent 
sensing techniques. This has made it 
possible to study kinetics of self-
assembly and formation of pore-
spanning artificial cell membranes and 
also to develop a platform for size-
sorting of proteoliposomes harvested 
from cells based on etching of nano- 
and microwells into wafers and 
subsequent separate functionalization 
of the inside of wells and the wafer 
surface using stamping method also 
developed in FIRST. 

Further work 

Current work is focused on optimizing 
the process for creating nanoporous 
waveguides to two commercial 
platforms, where the unique properties 
of these sensors will be used primarily 
to study size- and site-selective binding 

into the nanopores and the properties 
and function of supported lipid bilayers 
self-assembled on top of the structures. 
This work requires further optimization 
of the size, density and definition of the 
pores as well as development of etching 
protocols for the mixed oxide/nitride 
waveguides used in the commercial 
instruments. This project will continue 
simultaneously with pursuing the third 
goal of the project, which has not yet 
been addressed, in the framework of a 
European program. 
An additional direction for the project 
will be to explore the influence of other 
nano and low micron structures defined 
by particle and photolithography on the 
self assembly of artificial membranes 
and their lateral organization on the 
substrate surface. 
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Figure 2: Side profile of an Si3N4 thin film 

coated chip after interrupted etching 
of straight nanopores. 
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Introduction 

Integrated circuits based on super-
conducting materials form one of the 
most advanced technologies aiming at 
the realization of a solid state quantum 
information processor. Quantum 
coherent superconducting electronic 
circuits with appreciable coherence 
times have been designed, imple-
mented and tested in recent years. Not 
only coherent single qubit control and 
read-out but also inter qubit coupling as 
required for realizing quantum logic 
operations have been successfully 
demonstrated. 

Achievements 

Superconducting qubits make use of 
sub-micron size Al/AlOx/Al Josephson 
tunnel junctions which are fabricated 
using electron beam lithography and 
shadow-evaporation. We have success-
fully implemented and improved these 
techniques for the purpose of our 
project within the FIRST lab. 
The Josephson junctions are fabricated 
using a bi-layer electron-beam resist 
(PMMA/MAA) with controlled undercut 
in which free standing bridges are 
realized as a shadow mask. The upper 
layer (PMMA 950k) is about 60 nm thick 
and serves as mask for the subsequent 
evaporation of aluminium. The lower 
layer (PMMA/MAA) serves as spacer and 
is about 600 nm thick. A large undercut  
 

 
in the resist structure leads to free 
standing resist bridges. 
When evaporating aluminium under a 
certain angle, the free standing resist 
bridge casts a shadow in the aluminium 
film on the substrate. Evaporating a 
second aluminium layer under an 
appropriately chosen angle leads to an 
overlap of the two films. The aluminium 
films form the two electrodes of a 
Josephson tunnel junction. A thin 
aluminium oxide tunnel barrier is 
realized by oxidizing the bottom 
electrode in situ. Figure 1 shows a 
typical qubit structure after evaporation 
and lift-off. The red circles indicate the 
Josephson junctions. The junction area 
and the thickness of the barrier 
determine the Josephson and charging 
energies. These two intrinsic energy 
scales of the structure have to be well 
controlled. We have optimized both 
parameters and tested different qubit 
designs. 

 
Fig. 1: Qubit structure integrated into a strip 

line resonator. Red circles indicate the 
Josephson junction positions. 



In parallel we have developed processes 
for fabrication of niobium and 
aluminium thin film resonators based 
on optical lithography. Figure 2 shows a 
reactive ion etched (RIE) niobium 
resonator. 
  

 
Fig. 2: Optical image of an etched Niobium 

resonator. The crosses in the central part 
are alignment marks for the subsequent 
qubit fabrication by e-beam lithography 

 
Resonators with quality factors up to 
several hundred thousand have been 
realized. Figure 3 shows the trans-
mission spectrum of an aluminium 
resonator fabricated on a thermally 
oxidized silicon wafer using lift-off. We 
have systematically investigated the 
dependence of the resonator properties 
such as resonance frequency, quality 
factor and insertion loss on resonator 
geometry and coupling strength. We 
have also studied the effect of different 
substrates such as single crystal silicon 
with and without oxide and sapphire on 
the resonator properties. 
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Fig. 3: Transmission spectrum of an aluminium 

resonator with quality factor of 480000. 

 

For cavity quantum electrodynamics 
and quantum information processing 
experiments a number of devices with 
single qubits embedded into a 
resonator have been fabricated. The 
qubit-resonator interaction has been 
characterized in our low temperature 
(20 mK) and microwave frequency (20 
GHz) setup. Figure 4 shows a 
measurement of a vacuum Rabi mode 
splitting spectrum. The spectrum is split 
into two symmetric peaks when the 
transition frequency of the embedded 
qubit is in resonance with the 
resonator. The measurement demon-
strates the coherent exchange of a 
single photon between the resonator 
and the qubit at a rate of 310 MHz, 
much faster than the decoherence rate 
of the circuit. This enables quantum 
optics and quantum information 
processing experiments on the single 
photon level. 
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Fig. 4: Transmission spectrum of a stripline 

resonator coupled resonantly to a qubit. 
The resonator qubit interaction leads to 
a vacuum Rabi mode splitting spectrum. 

 

Further work 

Future work includes the optimization 
of our qubit design parameters as well 
as the integration of 2 to 4 qubits into 
resonators for quantum information 
processing experiments. 

δν = 6.7 kHz  

g/π = 310 MHz 
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Introduction 

An essential ingredient for the progress 
in modern microelectronics and in-
formation technology is the miniaturi-
zation of the device components used in 
integrated circuit fabrication. The 
successive miniaturization of such de-
vice elements allows for a doubling of 
the number of components used in an 
integrated circuit, such as a micro-
processor, every 18 months. This in-
creases the versatility of the device 
while at the same time reducing its 
cost. Currently novel approaches for 
further reducing component size in 
integrated circuits are intensely investi-
gated. These approaches are exploring 
the use of nano-scale objects such as 
nano wires, nano tubes and even 
individual molecules for integrated 
circuit technology. A number of im-
portant results have been obtained. 
However, it still remains a difficult 
problem to manipulate and probe such 
electronic devices on short time scales. 
The band widths with which such 
operations can be performed are limited 
by the intrinsic high impedance of nano 
scale objects, the resistance of which 
are on the order of the quantum resis-
tance or above. We intend to ad-dress 
this problem by embedding nano scale 
circuits into high-frequency impedance 
transformation circuits. This will for 
example allow us to address individual 
molecules on short time scales and 
explore their properties for integrated 
circuit fabrication in novel and efficient 
ways. 

Achievements 

Two important steps towards the 
reflectrometric measurement of single 
molecules were made in our lab in 
2007: the fabrication of impedance 
transformers and of nm spaced leads 
for the molecule. 
To create nm spaced gold leads for 
embedding nm scale objects, gold 
nanowires were broken in a controlled 
fashion by electro migration. This is a 
process in which the momentum 
transfer from electrons to the gold 
atoms leads to a mass flow, creating 
voids and hillocks.  
The first step in fabrication is the 
definition of gold bond pads and 
connections for the gold nanowires 
using optical lithography and lift-off 
(Fig. 1). This step is followed by e-beam 
lithography and lift-off, in which 200 
nm long and 60 nm wide gold 
nanowires are inserted in a 4-point 

 
Fig. 1: Sequential magnification of an electro-

migrated break junction. The gap in the 
nanowire (SEM picture) is < 10 nm. 



 
Fig. 2: Quantized conductance observed at 

room temperature during electro-
migration of a nano wire. 

measurement configuration. After 
mounting and bonding, the sample is 
ready for electro migration. 
By ramping the voltage and monitoring 
the rate of change in resistance of the 
nanowire, electro migration can be 
detected and a controlled thinning of 
the wire is made possible. At cross 
sections of tens of atoms, the conduc-
tance through the wire becomes quan-
tized. This effect has been observed 
during the breaking process (Fig. 2). 
The second step has been the 
fabrication of superconducting high 
frequency impedance transformers and 
their characterisation. 
The implemented transformers are 
single stub tuners, in which the load is 
attached to a length of transmission 
line, with a short stub of transmission 
line in parallel (Fig. 3). The lengths are 
chosen such that the reflected waves 
from the matched load and the stub 
interfere destructively.  

 
Fig. 3: A 6 GHz stub tuner for a matched load of 

1 MW. 

A change in the load thus changes the 
reflection coefficient, as the load moves 
in or out of match. 

The samples were made using optical 
lithography and Reactive Ion Etching 
(RIE) to define structures in Niobium on 
Silicon/Silicon Oxide substrates. 
Measurements of several unloaded 
devices have been made at 
temperatures down to 20 mK, where 
the reflection spectrum allows the 
extraction of characteristic parameters, 
such as microwave phase velocity and 
loss. Temperature dependent measure-
ments have been carried out showing 
that the devices indeed work as 
impedance transformers. A stub tuner 
can match to its intrinsic losses in a 
temperature sweep as both phase 
velocity and loss are temperature 
dependent (Fig. 4). 

Further work 

The next step will be the integration of 
a nanowire into a stub tuner via e-beam 
lithography. Subsequent electro 
migration of the nanowire will yield a 
stub tuner with a controllable load, as 
well as a first test of time resolved 
measurements using reflectrometry. In 
a first test carbon nanotubes will be 
placed in the impedance matching 
circuit to characterize its transport 
properties.  

 
Fig. 4: Temperature dependent reflection 

coefficient of an unloaded 6 GHz stub 
tuner. At 7.5 K the tuner matches to its 
intrinsic loss. 



Physics of superconducting thin films and nanostructures 
and applications as single-photon detectors 

H. Bartolf, L. Gómez, A. Engel, A. Schilling 

Physics Institute, University of Zurich, Winterthurerstr. 190, 8057 Zurich 
FIRST Center for Micro- and Nanoscience, ETH Zurich, Wolfgang-Pauli-Str. 10, 8093 Zurich

Introduction 

Reducing the dimensions of a super-
conductor (SC) down to its charac-
teristic length scales (λ, ξ) leads to new 
and interesting phenomena. Addi-
tionally, the possible application of such 
nm-sized SC devices, as single photon 
detectors [1], is a strong motivation to 
study such structures. Their excep-
tionally high speed and low noise even 
in the infrared spectral region makes 
them particularly interesting for a 
number of applications, e.g. in quantum 
cryptography. 

Achievements 

During the last year, we achieved the 
development of a multiple step process 
that enables us to fabricate SC nm-sized 
devices of very high quality. 

 
Fig. 1: SEM picture of a superconducting 

meander structure made from NbN; false 
colour representation of different process 
steps. 

 

Fig 1. shows a SEM picture of a meander 
made from a 10 nm thick NbN film 
fabricated on a silicon substrate. This 
meander has a conduction path of 200 
nm in width. The colours indicate the 
different process steps. The fabrication 
process is subdivided in the following 
steps: First, alignment marks for 
electron beam lithography were placed 
on top of the film by a standard lift-off 
deposition process (yellow in Fig. 1). 
Next, the meander device (blue) was 
defined by exposing an organic mask 
with the Raith 150 lithograph operated 
at 30 kV. The electron beam speed and 
step size were adopted to deposit the 
clearing dose for the resist used. After 
development, the non-protected NbN 
film was etched away in a reactive 
plasma. Finally, bond pads and their 
connections (golden) to the device were 
defined again by the lift-off of a 
metallization. The device layout was 
chosen to allow for a four-point 
resistivity measurement. Connections 
to our measurement setup were made 
using a standard wire bonding 
procedure. With the same process, we 
have also fabricated a meander 
structure on sapphire substrate. 
Sapphire will be the substrate material 
of choice for detector applications. 
We have characterized the transition to 
superconductivity of this meander by 
measuring the resistance vs. 
temperature in different magnetic 
fields (Fig 2.). From these measurements 
we determined the critical temperature 
Tc(0) ≈ 14.6 K and the coherence length 
ξ(0) ≈ 4 nm in zero magnetic field. 



 
Fig. 2: Transition to superconductivity of a 

similar meander structure as shown in 
Fig 1, on a sapphire substrate. 

In this report period we have also 
started to deposit thin films of 
transition metals (Ta, Mo) and their 
nitrides using the new sputter machine 
in FIRST. These new materials could be 
interesting alternative superconductors. 
With them we might be able to increase 
their spectral sensitivity further into the 
infrared. 

Further work 

Next year, we plan to fabricate SC 
meander structures with narrower 
conduction paths. We aim to 
characterize these devices by transport 
and photon detection measurements. 
The work on thin films made from 
transition metals and their nitrides will 
also be continued. 
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