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Introduction to the 2008 annual report 
FIRST – Frontiers in Research: Space and Time – is  ETH Zurich’s joint cleanroom facility (450 m2 

plus grey room), supporting now more than 50 research projects with state of the art unit 

processes from epitaxial growth and nano lithography to functional nano material 

integration. The rolling number of trained users in FIRST increased again by 15% from 2007 to 

2008 and reached a record number of 228. 

FIRST is a cleanroom laboratory. There are numerous challenges, opportunities and 

achievements in the operation of this cleanroom laboratory. The training, education and 

mentoring of more than 200 users requires a well conceived and structured system of courses, 

seminars and efficiency control measures. Freshmen have to pass introduction and cleanliness 

seminars before access is granted; equipment responsible users provide training on their 

machines and in processing; mentors, i.e. experienced users, support freshmen during their 

first weeks in the lab and are good examples for proper cleanroom behavior. The FIRST 

technical team and the FIRST operations team define rules and procedures, which help un-

experienced users get a quick start in FIRST and which allow operating a multi-user laboratory 

with limited resources. They teach, supervise and help where needed, and they enforce rules if 

necessary – but first of all, they are also good examples for all users in the cleanroom. A user 

survey proved increased satisfaction of our researchers in FIRST in 2008; room for further 

improvement is identified and measures are taken. 

A cleanroom for semiconductor processes requires the installation and controlled operation of 

hazardous substances, e.g. pyrophoric materials and toxic gases. Work safety and the physical 

integrity of everyone entering the lab are our top priorities. The safety infrastructure is 

continuously controlled and updated by the FOT, safety procedures and checklists are 

coordinated and maintained by the equipment responsibles and the FOT (FIRST Operation 

Team) in close collaboration with ETH Zurich’s SGU department. In case of an accident, safety 

precautions, immediate first aid, and clear-headed actions limit the risks and health threats 

for the users in the lab. The FIRST teams continue analyzing safety risks and take apropriate 

measures. 

FIRST being a cleanroom laboratory, requires absolute dedication to state of the art processes 

and clean conditions. The continuously increasing number of projects and users, and the high 

quality research results of the scientists and engineers, which use FIRST as technology 

platform, provide enough evidence for the operational success of FIRST. The FIRST expertise 

and operational experience was highly welcome and taken as a benchmark in 2008 for the 

planning and definition of the strategic collaboration between ETH Zurich and IBM ZRL, 
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Rüschlikon, which is called NETL (Nanotechology Exploratory Technology Lab), and which is 

the next infrastructure project of ETH Zurich, complementing FIRST.  

I want to express my gratitude to everybody who contributed to the operational success of the 

FIRST cleanroom laboratory in 2008: all FIRST teams, all volunteers, called FMT staff, who 

spent many hours as equipment responsibles and as mentors to support equipment 

maintenance and user training, and the ETH Zurich Board, which greatly supports FIRST and 

all research groups in FIRST. 

 

Christofer Hierold 

FIRST Coordinator 
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FIRST – Frontiers in Research: Space and Time 
FIRST is an interdepartmental clean-room facility that is directly supported by ETH Zurich. The 

scope of FIRST is to support a multi-disciplinary spectrum of research groups of ETH Zurich as 

well as industrial partners by state of the art micro- and nanotechnologies. An open concept 

for process capability and collaboration is executed, which allows for quick and efficient 

reactions to the scientific needs in a rapidly changing field and which is in particular suited to 

welcome new research groups utilizing the excellent processing infrastructure of FIRST. The 

FIRST lab is driven by scientific motivation: process technology serves as a tool for science, and 

process technology development helps solving the challenges in engineering and process 

integration. In the original FIRST proposal in 1997, many groups at ETH expressed a strong 

interest in such an interdepartmental technology facility. A core group of six professors, Profs. 

Werner Bächtold, Jürg Dual, Klaus Ensslin, Heinz Jäckel, Ursula Keller and Nic Spencer, from D-

ITET, D-PHYS, D-MAVT and D-WERK spent the necessary effort to establish a cleanroom facility 

of this kind. FIRST started operation in July of 2002. 

At this time (2002) the FIRST lab  supported process technologies in the area of III-V 

semiconductor materials with MOCVD/MBE systems, as well as general processing and 

characterization tools for micro- and nanotechnologies and devices. Since then, the FIRST 

Management Team (FMT) has grown to eleven contributing professors from D-ITET, D-PHYS, 

D-MAVT, and D-MATL. Accordingly, FIRST now offers a broader spectrum of process 

technologies for more than 50 projects and 230 users, including a strong expertise for 

electron-beam based nanolithography, new materials, and processes for the integration of 

functional materials in micro- and nanosystems (MEMS/NEMS). The competence in 

MEMS/NEMS process technology has recently been completed by integrating the CLA 

cleanroom facility into FIRST. FIRST-CLA is a 150 m2 cleanroom facility in the CLA building at 

ETH Zentrum, offering MEMS processes, including high-aspect-ratio advanced silicon etch 

(ASE, Bosch process), sacrificial layer etching, critical point drying, wafer bonding and polymer 

material integration, thereby offering the full spectrum of surface and bulk micromachining 

processing technologies. 
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Figure 1: Organigram of FIRST 
 

FIRST Management Team (FMT) 
The FIRST-Management Team (FMT) determines the scientific and strategic directions of the 

FIRST. It consists of those ETH professors who have a major technological and scientific 

involvement and take a responsibility in FIRST by contributing actively to the operation of the 

FIRST technology lab.  A list of FMT members is given below.  

Each FMT professor has to contribute manpower to the FIRST lab to support its operation. This 

personnel support is referred to as the FIRST staff. The FMT professors and their group 

members are considered to be primary users of the FIRST lab. 

The FIRST coordinator represents the FMT to the ETH management. He reports to the Vice 

President Research and Corporate Relations and represents the FMT and the FOT. The FIRST 

coordinator is elected for a 3-years period by the members of the FMT and appointed by the 

ETH Board. The FIRST coordinator is a member of the FMT. 

Executive Board of ETH Zurich 
Vice President Research 
and Industry Relations 

FIRST Coordinator 
Member of FMT 

Elected for 3 years 

FMT 
FIRST Management Team 

11 Professors 

FOT 
FIRST Operation Team 

3 Academics 
FMT staff 

Additional staff from 
FMT professorship 

FTT 
FIRST Technical Team 

5.6 Technical Positions 

FIRST Users 
About 230 different users from ETH, 

external research institutions and industry 
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The FMT in 2008:  
 
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; http://www.nanophys.ethz.ch 
 FIRST coordinator 2004–2006 
 
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 
 FIRST coordinator 2007–2009 
 
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 
 FIRST coordinator 2002–2003 
 
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 three scientists (FIRST Operation Team, 

FOT) with the support of technicians (FIRST Technical Team, FTT). The main tasks and 

responsibilities of the FOT 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 
 
2007 - 2009 

Dr. Otte Homan 
 

FIRST Operation Team 

 
Thin Film Technology 

Processing & Lithography 
Safety 

   

 
 

   

 

Dr. Emilio Gini 
 
FIRST Operation Team 
 
MOVPE, Characterization 
Infrastructure 
Finances  

Dr. Silke Schön 
 

FIRST Operation Team 
 

MBE, Characterization 
User Interface & Projects 

Public Relations 
  

 
 
The FIRST Technical Team consists of 5.6 full positions shared by 6 technicians, 1 secretary and 

1 person for IT support. 70% of one full technical position is funded by the FMT as “FMT staff 

support” and is used for IT support and technical electron beam lithography support. 

In 2008, an additional 60% position was granted to FIRST for the time period of 2 years. We 

welcomed Claudine Wehrli in our team, who supports us with the administrative work in 

FIRST. 

 

 
 

Dominique Aeschbacher 
(50%) 
FIRST Technical Team 
 
Computer Administration 

Christian Fausch (50%) 
 

FIRST Technical Team 
 

Electronics, 
Semiconductor 

Characterization  
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Sandro Bellini 
 
FIRST Technical Team 
 
Wet chemistry 
e-Beam lithography 

Maria Leibinger (50%) 
 

FIRST Technical Team 
 

Photo lithography  
e-Beam lithography  

CV Profiling  
 

 
 

   

 

Petra Burkard (50%) 
 
FIRST Technical Team 
 
Thin film technology 
Plasma technology 

Hansjakob Rusterholz 
 

FIRST Technical Team 
 

MBE support  
Wire bonding 

Web / Graphics 
 

 
 

   

 

 

Martin Ebnöther 
 
FIRST Technical Team 
 
MOVPE support 
Laboratory supplies 

Claudine Wehrli (60%) 
 

FIRST Technical Team 
 

Secretary 
User administration 
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Scientific equipment: additions and upgrades 
FIRST Center for Micro- and Nanoscience enables and supports cutting-edge research projects 

in the field of epitaxial thin film growth, micro- and nanolithography, and processing of layers 

and devices. To always accomplish this ambitious goal, the FIRST Operation Team 

continuously analyzes future research needs in order to plan and realize additions and 

upgrades of the state-of-the-art infrastructure in FIRST. In 2008, great efforts were made in 

the field of molecular beam epitaxy, electron beam lithography, thin film deposition and 

characterization. 

kSA BandiT – Temperature monitor for P-MBE 

The kSA BandiT (Figure 2) is a non-contact, non-invasive, real-time, wafer absolute 

temperature sensor. Using the temperature-dependent optical absorption edge of 

semiconductor materials, the kSA BandiT provides wafer temperature monitoring in ranges 

that pyrometers cannot measure: substrates transparent in the IR (including GaN, SiC and 

ZnO), as well as low temperature monitoring, e.g., LT GaAs and Si deposition. Combining that 

capability with an integrated multi-wavelength pyrometer gives kSA BandiT the ability to 

monitor the full range of temperatures for most semiconductor substrate materials. Because 

kSA BandiT is insensitive to changing viewport transmission, stray light sources, and signal 

contribution from substrate heaters, kSA BandiT is the most accurate and repeatable optical 

method for measuring true substrate or film temperature.  

The kSA BandiT was acquired as replacement fort the DRS spectrometer, which proved to be 

fault-prone and is no longer supported by the manufacturer.  

                             
Figure 2: kSA BandiT mounted to a MBE chamber (left) and temperature control during an MBE run (right). 

P-MBE deep cleaning 

As the As-MBE in 2007, the P-MBE also experienced an extended maintenance phase in 2008. 

Particularly challenging was coping with the high flammability of phosphorous upon contact 
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with oxygen, and the particle emission during deep cleaning. The P-MBE was decommissioned 

in March 2008, removed from the cluster and shipped abroad for professional cleaning (Figure 

3). Valved cracker cells and effusion cells were serviced in the meantime. The P-MBE was 

reassembled with the help of the FIRST team and FIRST MBE users in summer 2008. Issues 

with transport damages to welded joints and an extended repair period of one of the valved 

cracker cells were overcome. The P-MBE went back into operation in fall 2008. Extensive 

calibration growth proved the excellent quality of the epitaxial layers with respect to 

crystallinity, thickness control and process stability. 

                 
Figure 3: Transport, cleaning and reassembling of the P-MBE. 

Electron beam lithography 1 – system upgrade for Raith150 

The first electron beam lithography system in FIRST – a Raith150 system – has now been in 

operation for more than 7 years. After some problems occurring in the second half of 2007, it 

was decided to replace the electron beam column. This column was installed and qualified in 

March 2008, and has since then been very reliable, resulting in the repeated manufacturing of 

sub-50 nm sized structures, e.g. for semiconductor and superconductor quantum physics. 

Electron beam lithography 2 – increased capacity for our users 

One of the major bottlenecks for users in FIRST is the electron beam lithography – by the end 

of 2008 we had 20 active users on our Raith150 EBL system, logging over 600 EBL sessions 

with more than 4200 hours of workload. This is equivalent to 11.6 hours per day, 365 days per 

year. FIRST approved additional EBL capacity and purchased a second EBL system, a 

Raith150TWO from Raith GmbH in Dortmund, Germany. A major share of the funding came 

from participating professors directly. The new system is compatible with the older system in 

FIRST (which makes exchange of data- and job-deck files between the two systems very 

comfortable for our users), and has some additional features: a laser based wafer level control 

system, software option for curved (circular) elements as well as a fixed-beam moving-stage 

(FBMS) lithography option for very large continuous structures such as waveguides, curved 

gratings, etc.. Write field stitching and alignment overlay accuracy have been demonstrated to 
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be better than 30 and 40 nm respectively. Due to the design of the system, beam energies 

between 0.2 and 30 keV can be used, and beam currents between 15 pA and 3.8 nA are 

available. The new system has an excellent beam current stability and very low beam position 

drift. A 20MHz pattern generator allows high-speed exposures, with dimensions (line/space 

width) below 10 nm. The first users have been trained and are now successfully writing very 

high speed transistor structures with the new system. More training sessions have been 

scheduled and we expect to achieve a user base of 10-15 people during the first half of 2009, 

reaching a total of around 30 active EBL users on both machines. 

        
Figure 4: Left: optical waveguide with photonic crystal based coupler after ICP etching into an InP/InGaAsP 

waveguide structure. Hole diameter is ca. 170nm, periodicity is ca. 350nm, and hole depth is ca. 
3.5um. Center: proximity corrected electron beam lithography exposure pattern for left figure. Right: 
superconducting wire with 16nm line width. 

Atomic layer deposition 

In 2008, a novel heated source for solid precursors and a special receptor for powder coating 

applications for our atomic layer deposition (ALD) system were purchased, installed and 

tested. These sources now allow us to deposit special coatings such as Hafnium-oxide and 

Titanium-oxide on wafers and chips, as well as oxide coatings on the surface of catalyst 

powders.  

Plassys aluminium evaporator 

A special purpose evaporation system for high quality superconducting Aluminum films was 

bought and installed in 2007. In 2008, it was commissioned and 8 users have been trained. It 

is especially configured for shadow evaporation of Aluminum 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. Work with this 

dedicated system has already led to a number of high-profile and high-visibility scientific 

publications. 
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A second X-ray diffraction system 

Prof. Jérôme Faist installed a second X-ray diffraction (XRD) 

system in FIRST. The X'Pert Pro-MRD from Panalytical features a 

high power copper X-ray source, a number of Germanium 

monochromators, a high-resolution goniometer, special 

rocking curve and triple axis optics and 2 high-efficiency Xe 

detectors, as well as the latest simulation software for rocking 

curves. The main application is measurement and analysis of 

thin film epitaxial layers from MOVPE and MBE sources. 
Figure 5: X’Pert MRD X-ray 

diffraction system. 

A special LN2 cooled chuck for the PVD sputter system 

The research group working with Prof. Ralph Spolenak 

designed and supplied a special cryogenic chuck to the 

sputter deposition system in FIRST. It allows the 

freezing of thin film binary and ternary metals after 

sputter deposition. This enables the group to study 

special metallurgic states in the phase diagrams of 

these films, which could not be achieved with a regular 

slow cooling process. Combinatorial metal films can be 

co-sputtered at temperatures up to 700°C and then 

shock-frozen to -150°C within a very short time, 

preventing the phase transitions, which such metals 

would normally experience when cooling down. The 

PVD sputter system now enjoys 25 users and can 

deposit high quality films of over 30 different 

materials 

Figure 6: Triple-target co-sputtering 
view into the deposition 
chamber of the PVD 
sputtering tool. The circular 
structure in the middle of the 
image is the reflection of the 
third magnetron plasma 
source discharge arc, also 
visible in the bottom middle 
of the image, in the 4" Si 
substrate. 

 

Upgraded deposition rate control for the Univex500 

The Univex500 evaporation system experienced some problems with the deposition control 

hardware in the past, leading to several interrupted layer depositions, sometimes inaccurate 

film thicknesses, and to too many chamber openings for monitor crystal replacements.  
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In2008, our workhorse electron beam metal 

evaporator (6 different metals, 35 active 

users, 635 evaporation sessions with 1475 

deposited layers) received a new deposition 

controller and two new high-precision 

vacuum phase-locked oscillators. The average 

crystal lifetime has increased by 

approximately a factor of 4, and the system 

Figure 7: New deposition controller for 
Univex500. 

uptime is now only limited by the maximum metal supply in the crucibles. Thin film layer 

thickness precision is approximately 1% for all metals in the system 
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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 (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 Argon sputter source for depth profiling and an atomic 

hydrogen source for surface oxide reduction processes. 

 
Figure 8: MBE systems in FIRST: 2 Veeco GEN III systems and a VG V80H system. 

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

 
Figure 9: MOVPE reactor.  

 

 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 semi-

insulating material. 

 EpiRAS in-situ growth monitoring. 

 

Thin film deposition and annealing 

 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 
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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) 

 

 
Figure 10: Seifert X-ray diffraction system. 
 

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 

 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 

Two electron beam lithography systems (Raith150 and Raith150TWO), dedicated control 

software environment. Thermal Schottky field emitter source with 2 nm beam resolution, and 

with variable beam energy between 0.2 keV and 30 keV, with beam currents between 15 pA 

and 3.8 nA. Maximum sample size is 4 inch on the Raith150 and 6 inch on the Raith150TWO.  

Write field stitching and overlay accuracy are better than 40 nm for 200 μm write field size. 

The Raith150TWO system also offers wafer height measurement and control, as well as a 

fixed-beam moving-stage exposure option for very long structures. It has a new 20 MHz 

pattern generator, equipped with very efficient data object fracturing algorithms. 
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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, 

spin-dryer, 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 micro-

wave oxygen asher. 

 

 
Figure 11: Reactive ion etching (RIE). 
 

LPCVD nanotube and nanowire deposition 

 
Figure 12: Low-pressure chemical vapor 

deposition (LPCVD). 
 

Carbon nanotube and silicon nanowire research is 

boosted by our LPCVD system from ATV Technology. 

It allows catalytic growth of single- and multiwalled 

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. If desired, low frequency 

plasmas can be generated by dipole antennas inside 

the reactor. In 2008, first experiments were done 

with a novel built-in micro-heater, allowing localized 

CNT deposition on individually heated areas on 

substrates. 



FIRST Center for Micro- and Nanoscience     Annual report 2008 
 
 

18 

Atomic layer deposition 

MEMS and NEMS processes, as well as basic 

chemistry research, profits from the atomic layer 

deposition 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. In 2008, a novel heated source for solid and 

low pressure liquid precursors and a special 

receptor for powder coating applications were 

purchased, installed and tested, allowing HfO2, TiO2 

and powder coatings. 

 
Figure 13: Atomic layer deposition (ALD). 
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FIRST infrastructure and safety 
FIRST’s total area of 860 m2 contains 10 cleanroom 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: water of different qualities, neutral and reactive gases and large amounts of liquid 

nitrogen. Several kilometers of cables distribute electrical power or 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: 45’000 m3/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 condition in the future by continuously maintaining 

and upgrading all of our technical installations. 

In 2008, we replaced our fire barriers with ones having higher reliability. We exchanged the 

batteries of our electricity buffer system. The former temperature increase during operation is 

not observed anymore. Our process cooling water ring has been expanded to the VG-MBE 

system. The wardrobe at the cleanroom entry was improved; the capacity for shoes and 

cleanroom clothes was expanded owing the constantly increasing number of FIRST users. The 

transmission of fire alarms is now additionally based on internally developed hardware and is 

more reliable. A water detection system has been installed in order to decrease the 

intervention time in the case of a leakage. Our dead man control system has been changed to 

a new generation of transmitters, the number of transmitters has been increased to 12. All 

operations for the maintenance of the technical infrastructure were defined in detail and new 

contracts have been signed. 

Since 2002, the number of staff running FIRST has increased from 6 to 11 people. 

Unfortunately, the office space did not change at all. FIRST has been trying for years to obtain 

an additional office that is close to the cleanroom. Negotiations with D-CHAB were not 

successful and also the Stab Portfoliomanagement could not offer a solution. We will 
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continue to look for a solution for the problem of our increasingly difficult office space 

situation. 

FIRST invited the company Comprei for further education in the field of cleanroom operation 

of the FIRST and FIRST-CLA team in May 2008. This one-day seminar covered all aspects of 

providing and keeping a clean environment in a multi-user cleanroom lab. Special emphasis 

was attributed to a proper training of the cleaning personnel. 

 
Figure 14: FIRST team at the Comprei seminar. 
 
The electronic access system for entering FIRST cleanroom facility was technically adapted to 

accept the ETH card as an electronic key. In summer 2008, all legic keys were collected and 

ETH card access was granted to all active FIRST users. This step will decrease the 

administrative effort in user management. In a second step, the FIRST access system will be 

harmonized with ETH access system for control of building entrance doors. 

 

In 2008 work safety in FIRST demanded our increased attention. The deep cleaning of the 

phosphorous MBE (see above) confronted us with major challenges with respect to the 

handling of pyrophoric materials in the laboratory. This specific issue was also a special topic 

during a rump session at the DMBE workshop in September, a panel discussion with experts 

on phosphorous MBE technology and safety from Germany, Switzerland and France, and with 

interesting discussions with users of such equipment. For FIRST, one of the major conclusions 

was to invest in fire protection clothing for the MBE staff, as well as in a special vacuum 

cleaner with water scrubber in order to be able to safely catch, collect, and contain highly 

flammable deposits from such an MBE system during maintenance sessions. It also 

stimulated us to return to the roots, and analyze and improve – where necessary – all of our 

safety checklists and procedures. We took the opportunity to extend this analysis to all other 

potentially dangerous systems and procedures in FIRST as well. 
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A second important topic in 2008 was the evaluation of risks in FIRST due to possibly 

uncontrolled release of nanometer sized particles. For many of these particles, including 

carbon nanotubes (CNTs) such as being produced in our LPCVD system, the long-term effects 

on humans is unknown, and the risk of exposure of humans to such particles must be kept at 

a minimum. As a first step, we implemented stringent operating procedures for standard, 

maintenance and emergency work on the LPCVD system to protect the users and the 

cleanroom environment. A second step will be to enclose the LPCVD system in its own mini-

environment, providing special particle filtering for the exhaust air from this area. This will 

prevent the release of possibly contaminated air into the rest of the cleanroom and the 

adjacent service area with its installed back-end tools. Separate funding for this project was 

requested and granted in 2008. The encapsulation is expected to be completed by the 

summer of 2009.  
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Education and use of the lab 

General seminars 

FIRST contributes to the education of students and researchers at ETH Zurich by offering 

various seminars and trainings. A general education with respect to scientific and technical 

work in a cleanroom environment is provided by the FIRST Introduction Seminar, which is 

mandatory for all FIRST users. In this seminar, FIRST organization and its integration in the ETH 

community, access procedure, infrastructure and safety relevant behavior is taught by the 

FOT. In 2008, 108 participants visited the FIRST Introduction Seminar. The FIRST introduction 

seminar is accompanied by the Cleanliness Seminar.  

A cleanroom is much different from a 

normal lab. The demands for 

cleanliness and reproducibility are very 

high. That requires a high level of 

professionalism of all FIRST users such 

that their behavior does not interfere 

with other users’ work. To work cleanly 

and efficiently in FIRST, all users must 

be well trained and must know how to 

behave in a cleanroom. The Cleanliness 

Seminar provides an introduction into 

the way a user should behave in a 

cleanroom. It is mandatory for all users. 

Figure 15: A multi-user lab is always a challenge with 
respect to cleanliness. It demands intensive 
training to keep up a high-level cleanroom 
environment. 

Mentoring 

FIRST introduced a mentor system to complement the training of new cleanroom users in 

November 2007. Each new FIRST user is required to have a mentor that supervises her/him 

during the first 6 months of work in FIRST. The mentor is co-responsible for the proper 

cleanroom behavior of her/his trainee and should help her/him to define appropriate process 

flows to account for the interference of unit process steps, their competing influence on 

device performance and their influence on equipment performance. The mentor plans and 

discusses with her/his trainee the process plan and process flow. She/he helps the trainee to 

efficiently develop the first processes, taking safety, contamination and cleanliness 

requirements into account. The mentor is contact person for her/his trainee in case of work 
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related questions and problems. She/he encourages the trainee to ask him/her in case of any 

questions and problems. 

FIRST mentors are experienced users preferable from the same work group as the trainee. 

Currently, FIRST has appointed 36 FIRST users as mentors. 

FMT staff 

The members of the FIRST Management Team contribute to maintain the technical infra-

structure of FIRST by allocating manpower of their research groups to FIRST (FMT staff). 

Mentor responsibilities, equipment evaluation and setup are considered as FMT staff 

activities. Active FIRST users take over responsibility for their favorite equipment. These so-

called equipment responsibles play an important role for the successful operation of FIRST. 

They train new users on the equipment, consult for process development und support the 

equipment maintenance.  

In 2008, FIRST could rely on the expertise of around 40 people. Five special training seminars 

were given to introduce them into the rights and duties of this function. FIRST thanked all 

users involved in the active support of the technical infrastructure with a social event.  

Special seminars 

FIRST offered special seminars on lithography, which were visited by about 30 FIRST users in 

February 2008. The company Yield Management Consult presented thorough knowledge on 

photolithography beginning from the history of lithography, all the way to state of the art 

processes, in two half-day seminars. 

FIRST hosted the annual German MBE Workshop on 

September 1-2, 2008. More than 90 researchers

participated in this 1.5-day event. 27 talks in 5

sessions were presented about new scientific and

technical results in the field of molecular beam

epitaxy. MBE activities in FIRST were reported by MBE

growers from the groups of Profs. Faist, Jäckel and

Keller. A special highlight of the workshop was the

panel discussion about best practice in MBE

maintenance and safety, where the issue of 

maintaining phosphorous-containing MBE systems

received special attention. 

 

 
      Figure 16: German MBE workshop with 

industrial exhibition organized by 
FIRST.  
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The MBE workshop was accompanied by an industrial exhibition. 26 companies presented 

their portfolios. These exhibiting companies, including the local company Bookham, partly 

sponsored the MBE workshop. Financial support was greatly appreciated by the NCCR-QP and 

MNSP.  

User questionnaire 

The user questionnaire 2008 was launched on 24.07.2008 and closed on 15.08.2008. 

Approximately 200 users, project managers and professors were invited to participate. 91 

Individual persons started the questionnaire, 78 finished the complete survey. 

Although the number of FIRST users has increased (Figure 17), the average satisfaction of the 

users increased too. The users seem to be satisfied with the increased availability of the 

equipment, the online reservation system and the electronic access system. The cleanliness of 

FIRST has been stated to be much better than a year ago. The users are satisfied with the 

cleanroom garment situation. Specific comments document that users feel disturbed by 

visitors;, in general however, visitors are accepted by FIRST users. 

Concerning the equipment, the FIRST users’ favorites are the SEM and the MA6 mask aligner, 

strong improvement in the rating has been achieved with the LPCVD, RIE76 and the 4-inch 

spinner. Issues were identified with the Univex450 evaporator. 

 
Figure 17: Temporal development of the number of users and 

projects in FIRST. 
 

The new mentor system has not 

yet created evident improve-

ments in general cleanroom 

behavior (neutral assessment); 

the roll out of the system, 

including mentor training and 

information, left room for 

improvement. There is a need for 

more training and information 

exchange with the mentors. 

Most of the improvement suggestions strongly depend on the behavior of all users in FIRST. 

The larger the number of users, the more important is the discipline and reciprocal support of 

the users. On this point, every user of FIRST can and must help to maintain our high level. 
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Visits and Public Relations 
FIRST seems to be a favorite spot to visit at the ETH Zurich. In 2008, more than 260 visitors 

were guided through our lab. Many of these visitors are researchers from abroad who have 

collaboration with one of the FIRST user groups. However, to keep the quality of the 

cleanroom high, visitor guidelines were updated, and certain cleanroom cabins can only be 

viewed through the window but not entered anymore, e.g. photolithography and MBE rooms. 

Requests for visits are coordinated and managed by Dr. Schön and the FOT. 

 

Research in FIRST 
FIRST is open to all institutes at ETH, to external research laboratories and also to companies 

and industrial partners. In order to work within FIRST, a future user has to propose her/his 

project to the FOT. The FOT will check on technical feasibility within FIRST, compatibility to 

existing processes sharing the same equipment and on equipment availability. It will also 

estimate the annual project costs because work in FIRST is charged to the user. Upon positive 

evaluation, the FOT will suggest the new project for approval to the FMT. Once a new project 

is approved, project staff can start with the general FIRST training (introduction and 

cleanliness seminars). However, FIRST is a user lab. Project staff have to be trained on 

cleanroom behavior and technical equipment in order to be able to carry out research work 

within their own project. Each piece of equipment in FIRST has two responsible persons who 

are entitled to carry out training on this specific equipment, consult on process development 

and support in equipment operation, or recommend other active users as expert contact. 

 

In the following section, we provide a list of projects approved and carried out in FIRST in the 

year 2008. For more details please refer 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 
• Mechanics of Micro- and Nanostructures (DUA4) 
 
Prof. K. Ensslin, Nanophysics, D-PHYS: 
http://www.nanophys.ethz.ch 
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• 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. J. Faist, Quantum Optoelectronics Group, D-PHYS:  
 (http://www.phys.ethz.ch/~mesoqc) 
• High performance, single frequency quantum cascade lasers (FAI1) 
• Short wavelength and highly tunable QCLs (FAI2) 
• Terahertz Sources and Photonic Crystals (FAI3) 
• High performance QCL materials (FAI4) 
 
Prof. C. Hierold, Micro and Nanosystems, D-MAVT: 
http://www.micro.mavt.ethz.ch 
• NEMS (HIE1) 
• CNT growth (HIE2) 
• Flywheel gyro (HIE3) 
 
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) 
 
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) 
 
Prof. U. Keller, Ultrafast Laser Physics Lab D-PHYS: 
http://www.ulp.ethz.ch 
• Ultrafast diode-pumped solid-state lasers (KEL2) 
• 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) 
• Thin oxide coating of controlled stoichiometry for functionalization of biosensors (SPE4) 
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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) 
• Hybrid quantum systems (WAL3) 

 

ETH Projects (non-FMT) 
 
Prof. B. Batlogg, Physics of New Materials, D-PHYS: 
http://www.pnm.ethz.ch 
• Organic thin-film and single crystal transport (BAT1) 
• (In,GA,Al)N epitaxial layer by LEPEVPE (BAT2) 
 
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. 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)  
 
Prof. V. Sandoghdar, Nano-Optics, D-CHAB: 
http://www.nano-optics.ethz.ch 
• Nanooptics (SAN2) 
 
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. P. Smith, Polymer Technology, D-MATL: 
http://www.polytech.mat.ethz.ch 
• Substrate preparation (SMI1) 
 
Prof. R. Spolenak, Nanometallurgy, D-MATL: 
http://www.met.mat.ethz.ch 
• Combinatorial thin metal film deposition (SPO2) 
 
Prof. W. Stark, Functional Materials Laboratory, D-CHAB: 
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http://www.fml.ethz.ch 
• Functionalization of graphene sheets (STA1) 
 
Prof. J. van Bokhoven, Heterogeneous Catalysis, D-CHAB: 
http://www.vanbokhoven.ethz.ch 
• Catalysts (BOK1) 
 
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 
Dr. E. Kirk, PSI: 
• Field emission electron gun (PSI1) 
 
Dr. S. Liebert-Winter, EMPA 
• Delayering of microelectronic materials (EMP1) 
 
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 ETH Zurich Board supports collaboration with industry. The main goal is not production, 

but collaboration in research and development. For this purpose the industrial partners can 

profit from attractive rates for the use of the FIRST-lab infrastructure. 

In 2008, FIRST supported researchers from the following companies: 

Epispeed AG 

IBM Rüschlikon 

Sensirion AG 

Spectrosolutions AG 

SUV-Detectors 

The type of collaboration ranged from standard inspection and processing to prototype 

epitaxial layer delivery, and to proof-of-concept support for innovative processing techniques. 
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FIRST Publications 2008 
V. Auzelyte, H. Solak, Y. Ekinci, R. MacKenzie, J. Vörös, S. Olliges, R. Spolenak: 

“Large area arrays of metal nanowires”, 
Microelectronic Engineering, vol. 85, (5-6), pp. 1131-1134, 2008 

D. Bachmann and C. Hierold:  
"Determination of the pull-off forces and pull-off dynamics of an electrostatically 
actuated silicon disk”, 
Journal of Microelectromechanical Systems, vol. 17, pp. 643-652, 2008 

K.A. Barth, G. Coullerez, L.M. Nilsson, R. Castelli, P.H. Seeberger, V. Vogel, M. Textor: 
“An Engineered Mannoside Presenting Platform: Escherichia coli Adhesion under Static 
and Dynamic Conditions”, 
Advanced Functional Materials, vol. 18, pp. 1459-1469, 2008 

M. A. Belkin, F. Capasso, F. Xie, A. Belyanin, M. Fischer, A. Wittmann, J. Faist: 
"Room temperature terahertz quantum cascade laser source based on intracavity 
difference-frequency generation", 
Applied Physics Letters, vol. 92, (20), 201101, 2008 

B. Bhushan, X. Ling, A. Jungen, C. Hierold: 
„Adhesion and Friction of Multi-Walled Carbon Nanotube Sliding against Single-Walled 
Carbon Nanotube”,  
Physical Review B, vol. 77, (16), pp. 165428-1-12, 2008 

A. Bieberle-Hütter, D. Beckel, A. Infortuna, U. P. Muecke, J. L.M. Rupp, L. J. Gauckler, S. Rey-
Mermet, P. Muralt, N. R. Bieri, N. Hotz, M. J. Stutz, D. Poulikakos, P. Heeb, P. Müller, 
 A. Bernard, R. Gmür, T. Hocker: 
„A micro-solid oxide fuel cell system as battery replacement“, 
Journal of Power Sources, vol. 177, (1), pp. 123-130, 2008 

T. M. Blättler, A. Binkert, M. Zimmermann, M. Textor, J. Vörös, E. Reimhult: 
“From particle self-assembly to functionalized sub-micron protein patterns”, 
Nanotechnology, vol. 19, 075301, 2008 

L. X. Dong, K. Shou, D. R. Frutiger, A. Subramanian, L. Zhang, B. J. Nelson, X. Y. Tao, X. B. Zhang: 
"Engineering Multi-walled Carbon Nanotubes Inside a Transmission Electron Microscope 
Using Nanorobotic Manipulation",  
IEEE Transactions on Nanotechnology, vol. 7, pp. 508-517, 2008 

X. H. Dong, X. Y. Tao, X. B. Zhang, L. Zhang, L. X. Dong, B. J. Nelson, G. Hwang, C. Dockendorf, 
D. J. Bell, L. X. Dong, H. Hashimoto, D. Poulikakos, B. J. Nelson:  
"3-D InGaAs/GaAs Helical Nanobelts for Optoelectronic Devices",  
International Journal of Optomechatronics, vol. 2, pp. 88-103, 2008 

J. Dreiser, M. Atature, C. Galland, T. Müller, T. Badolato, A. Imamoglu: 
"Optical Investigations of Quantum Dot Spin Dynamics as a Function of External Electric 
and Magnetic Fields", 
Physical Review B, vol. 77, 075317, 2008 

L. Durrer, T. Helbling, C. Zenger, A. Jungen, C. Stampfer, C. Hierold: 
“SWNT growth by CVD on Ferritin-based iron catalyst nanoparticles towards 
CNT sensors”,  
Sensors & Actuators B: Chemical, vol. 132, (2,) pp. 485-490, 2008 
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O. Ergeneman, G. Dogangil, M. Kummer, J. J. Abbott, K. Nazeeruddin, B. J. Nelson: 
"A Magnetically Controlled Wireless Optical Oxygen Sensor for Intraocular 
Measurements", 
IEEE Sensors Journal, vol. 8, No. 1, pp. 29-37, 2008 

S. Fält, M. Atature, H. E. Tureci, Y. Zhao, A. Badolato, A. Imamoglu: 
"Strong Electron-hole Exchange in Coherently Coupled Quantum Dots", 
Physical Review Letters, vol. 100, 106401, 2008 

J. Faist: 
“Quantum-Cascade Lasers: Recent Advances Extend Spectral Output of QC Lasers”, 
Laser Focus World, vol. 44, (4), p. 71-74, 2008 

J. Faist, T. Aellen, T. Gresch, M. Beck, M. Giovannini: 
"Progress in Quantum Cascade Lasers",  
in “Mid-infrared Coherent Sources and Applications”, p.171-192, Editors: M. Ebrahim-
Zadeh and I.T. Sorokina, Springer Verlag, 2008, ISSN: 1871-465X, ISBN: 978-1-4020-6439-5 

L. Feller, J. P. Bearinger, L. Wuc, J. A. Hubbell, M. Textor, S. Tosatti: 
“Micropatterning of Gold Substrates Based on Poly (Propylene Sulfide-bl-Ethylene Glycol), 
(PPS-PEG) Background Passivation and The Molecular-Assembly Patterning by Lift-Off 
(MAPL) Technique”, 
Surface Science, vol. 602, pp. 2305-2310, 2008 

H. Figi, M. Jazbinsek, C. Hunziker, M. Koechlin, P. Günter: 
"Electro-optic single-crystalline organic waveguides and nanowires grown from the 
melt",  
Optics Express, vol. 16, pp. 11310-11327, 2008 

J. M. Fink, M. Goeppl, M. Baur, R. Bianchetti, P. J. Leek, A. Blais, A. Wallraff: 
“Climbing the Jaynes-Cummings ladder and observing its square root of nonlinearity in a 
cavity QED system”, 
Nature, vol. 454, pp. 315-318, 2008 

A. Fragner, M. Goeppl, J. M. Fink, M. Baur, R. Bianchetti, P. J. Leek, A. Blais, A. Wallraff: 
“Resolving Vacuum Fluctuations in an Electrical Circuit by Measuring the Lamb Shift”, 
Science, vol. 322, pp.1357-1360, 2008  

C. Galland, A. Hoegele, H. E. Tureci, A. Imamoglu: 
"Non-Markovian Decoherence of Localized Nanotube Excitons by Acoustic Phonons", 
Physical Review Letters, vol. 101, 067402, 2008 

C. Galland, A. Imamoglu: 
"All-Optical Manipulation of Electron Spins in Carbon-Nanotube Quantum Dots", 
Phyical Review Review Letters, vol. 101, 157404, 2008 

F. Gattiker, J. Neuenschwander, U. Sennhauser, F. Umbrecht, C. Hierold:  
"Drahtloser, implantierbarer und passiver Dehnungssensor,"  
Technisches Messen, vol. 75, pp. 110-119, 2008 

F. Gattiker, F. Umbrecht, J. Neuenschwander, U. Sennhauser, C. Hierold:  
“Novel ultrasound read-out for a wireless implantable passive strain sensor (WIPSS)”, 
Sensors and Actuators A-Physical, vol. 145, pp. 291-298, 2008 

A. E. Gildemeister, T. Ihn, M. Sigrist, K. Ensslin, D. C. Driscoll, A. C. Gossard:  
“Lever arm of a metallic tip in scanning gate experiments”, 
Physica E, vol. 40, (5), pp. 1640-1641, 2008  
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W. Glatz, L. Durrer, E. Schwyter, C. Hierold:  
"Novel mixed method for the electrochemical deposition of thick layers of Bi2+xTe3-x 
with controlled stoichiometry", 
Electrochimica Acta, vol. 54, pp. 755–762, 2008 

M. Goeppl, A. Fragner, M. Baur, R. Bianchetti, S. Filipp, J. M. Fink, P. J. Leek, G. Puebla,  
L. Steffen, A. Wallraff: 
“Coplanar Waveguide Resonators for Circuit Quantum Electrodynamics”, 
Journal of Applied Physics, vol. 104, 113904, arXiv:0807.4094, 2008 

B. Grbic, R. Leturcq, T. Ihn, K. Ensslin, G. Blatter, D. Reuter, A. D. Wieck: 
“Hysteretic magnetotransport in p-type AlGaAs heterostructures with In/Zn/Au ohmic 
contacts”, 
Physical Review B, vol. 77, 245307, arXiv:0711.0534, 2008 

B. Grbic, R. Leturcq, T. Ihn, K. Ensslin, D. Reuter, A. D. Wieck: 
“Strong spin–orbit interactions in carbon doped p-type GaAs heterostructures”, 
Physica E, vol. 40, (6), pp. 2144-2146, 2008 

B. Grbic, R. Leturcq, T. Ihn, K. Ensslin, D. Reuter, A. D. Wieck:  
“Strong spin–orbit interactions and weak antilocalization in carbon doped p-type GaAs 
heterostructures”, 
Physical Review B, vol. 77, 125312, arXiv:0711.0492, 2008 

B. Grbic, R. Leturcq, T. Ihn, K. Ensslin, D. Reuter, A. D. Wieck:  
“Aharonov-Bohm oscillations in p-type GaAs quantum rings”, 
Physica E, vol. 40, (5), pp.1273-1275, arXiv:0711.0489, 2008 

J. Grond, W. Potz, A. Imamoglu: 
"Spin Entanglement Using Coherent Light and Cavity-QED", 
Physical Review B, vol. 77, 165307, 2008 

J. Guettinger, C. Stampfer, S. Hellmueller, F. Molitor, T. Ihn, K. Ensslin: 
“Charge Detection in Graphene Quantum Dots”, 
Applied Physics Letters, vol. 93, 212102, arXiv:0809.3904, 2008 

S. Gustavsson, R. Leturcq, M. Studer, T. Ihn, K. Ensslin, D. C. Driscoll, A. C. Gossard: 
“Time-resolved interference experiments in a solid state environment”, 
Physica E, vol. 40, (5), pp. 1044-1047, 2008 

S. Gustavsson, R. Leturcq, M. Studer, T. Ihn, K. Ensslin, D. C. Driscoll, A. C. Gossard: 
“Time-resolved detection of single-electron interference”, 
Nano Letters, vol. 8, pp. 2547-2550, arXiv:0807.1881, 2008 

S. Gustavsson, I. Shorubalko, R. Leturcq, T. Ihn, K. Ensslin, S. Schön: 
“Detecting THz current fluctuations in a quantum point contact using a nanowire 
quantum dot”, 
Physical Review B, vol. 78, 035324, arXiv:0805.1341, 2008 

S. Gustavsson, I. Shorubalko, R. Leturcq, S. Schön, K. Ensslin: 
“Measuring current by counting electrons in a nanowire quantum dot”, 
Applied Physics Letters, vol. 92, 152101, arXiv:0712.3634, 2008 

S. Gustavsson, M. Studer, R. Leturcq, T. Ihn, K. Ensslin, D. C. Driscoll, A. C. Gossard:  
“Detecting single-electron tunneling involving virtual processes in real time”, 
Physical Review B, vol. 78, 155309, arXiv:0805.3395, 2008 
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T. Helbling, C. Hierold, L. Durrer, C. Roman, R. Pohle, M. Fleischer: 
"Suspended and non-suspended carbon nanotube transistors for NO2 sensing –  
a qualitative comparison", 
Physica Status Solidi (b), vol. 245, (10), pp. 2326–2330, doi: 10.1002/pssb.200879599, 2008 

T. Helbling, R. Pohle, L. Durrer, C. Stampfer, C. Roman, A. Jungen, M. Fleischer, C. Hierold: 
“Sensing NO2 with Individual Suspended Single-Walled Carbon Nanotubes”,  
Sensors & Actuators B: Chemical, vol. 132, (2), pp. 491-497, 2008  

A. Hoegele, C. Galland, M. Winger, A. Imamoglu: 
"Photon Antibunching in the Photoluminescence Spectra of a Single Carbon Nanotube", 
Physical Review Letters, vol. 100, 217401, 2008 

M. Hoffmann, Y. Barbarin, D. J. H. C. Maas, M. Golling, I. L. Krestnikov, S. S. Mikhrin, A. R. Kovsh, 
T. Südmeyer, U. Keller: 
“Modelocked quantum dot vertical external cavity surface emitting laser”, 
Applied Physical B, vol. 93, (4), pp. 733-736, 2008 

C. Hunziker, S. J. Kwon, H. Figi, M. Jazbinsek, P. Günter: 
"Fabrication and phase modulation in organic single-crystalline configurationally locked, 
phenolic polyene OH1 waveguides",  
Optics Express, vol. 16, pp. 15903-15914, 2008 

G. Hwang, C. Dockendorf, D. J. Bell, L. X. Dong, H. Hashimoto, D. Poulikakos, B.  J. Nelson:  
"3-D InGaAs/GaAs Helical Nanobelts for Optoelectronic Devices",  
International Journal of Optomechatronics, vol. 2, , pp. 88-103, 2008 

T. Ihn, D. Graf, F. Molitor, C. Stampfer, K. Ensslin: 
“Phase-coherent transport in a mesoscopic few-layer graphite wire”, 
Physica E, vol. 40, pp. 1851-1854, 2008  

G. Jundt, L. Robledo, A. Hoegele, S. Faelt, A. Imamoglu: 
"Observation of Dressed Excitonic States in a Single Quantum Dot", 
Physical Review Letters, vol. 100, 177401, 2008 

W. L. Kalb, K. Mattenberger, B. Batlogg: 
“Oxygen-related traps in pentacene thin films: Energetic position and implications for 
transistor performance”, 
Physical Review B, vol. 78, 035334, 2008 

Y. Komijani, M. Csontos, T. Ihn, K. Ensslin, D. Reuter, A. D. Wieck: 
“Observation of excited states in a p-type GaAs quantum dot”, 
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