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Sehr geehrter Prof. Dr. Griese,

hiemit sende ich Thnen meine Bewerbungsunterlagen zu der ausgeschriebenen Professur.

Das von lhnen beschriebene Aufgabengebiet entspricht meinem Profil und Neigungen. Im THz
Photonik Gebiet verflge ich Gber eine mehrjahrige Berufs- und Forschungserfahrung.

Als Dipl. Physiker und Dipl. Ingenieur (Nachrichtentechnik) habe ich im akademischen Bereich, in
der Forschung und in der Telekommunikationsindustrie gearbeitet. Meine Promotion in Physik
.Photomixers as tunable terahertz local oscillators® habe ich mit ,.Summa Cum Laude“ am 18.09.08
abgeschlossen.

Mein Wissen und Kénnen habe ich als Wissenschaftlicher Mitarbeiter seit 2002 am Max Planck
Institut flir Radioastronomie in Bonn unter Beweis gestellt.

Mein Know-How gepaart mit hoher Leistungsmotivation sehe ich als eine gute Ausgangsbasis fur
das neue Aufgabengebiet der Professur.

Die Spitzentechnologie, die ich am MPIfR entwickelt habe, ist bereits in der Lage, die
anspruchvollen Anforderungen eines astronomischen Heterodynempfangers zu erfiillen. Daher bin
ich mir sicher, dass andere Anwendungen dieser Technologie, wie z. B. in Zivilsicherheit, stark von
davon profitieren wirden.

Uber eine Einladung zu einem persénlichen Gesprach wiirde ich mich sehr freuen.

Mit freundlichen GriiBen,
Dr. Ivan Camara Mayorga.

PS.: Sollte Sie mir zu einem persdnlichen Gesprach einladen, bitte ich Sie zu berilcksichtigen,
dass ich mich zwischen 9.10-24.10 im Ausland befinden werde.
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Overview

The reported research achievements are a solid basis from which I would like to trace a line of
continuity. I have elaborated a list of current problems to be addressed and the strategy to solve
them. In addition, I plan to broaden the application spectrum of terahertz to other exciting uses apart
from the current LO application.

Current problems and goals
1. Material research and device fabrication

a. Definition of the problem: The use GaAs as a photoconductive material for 800 nm
wavelengths prevents the use of standard telecommunication components, which are
significantly less expensive and easier to adjust. In addition, telecommunication
wavelengths (1.3 and 1.55 pm) benefit from lower attenuation losses in fiber optics.
Up to date promising results have been obtained with ion-implanted InGaAs
photomixers, nevertheless their high dark current limit the maximum THz power to
several nW at 1 THz.

Goal: to extend material research to materials compatible with telecommunication
wavelengths. The ohmic contacts of InGaAs photomixers will be replaced by
Schottky or tunnelling contacts in order to reduce their high dark current.

b. Definition of the problem: the stoichiometry of LT GaAs or ion-implanted GaAs is
restored by thermal annealing. When operating photomixers at high photocurrents,
the Joule and laser heating lead to a progressive annealing of the photomixing
material —thereby eliminating the electron traps. This aging process depends abruptly
on the substrate temperature.

Goal: to improve the devices lifetime by a better thermal management. This can be
achieved by processing layers of high thermal conductivity within the photoactive
volume.

c. Definition of the problem: Photomixing technology gets extremely inefficiently to
generate radiation beyond 3 THz.

Goal: to generate radiation by non-linear optics methods (see future directions)

2. Systems

a. Definition of the problem: the material dispersion of the MgO:LiNbOs phase
modulator used as a comb generator limits its bandwidth below 3 THz.

Goal: to improve the bandwidth of the comb by negative dispersion materials which
compensate for the MgO:LiNbO3 dispersion.

b. Definition of the problem: The ultimate power generated by a single photomixer is
limited to several microwatts. This power is still insufficient for some applications.

Goal: to further improve the radiated power by developing arrays of photomixers.
The phase control of the terahertz radiation of the radiating photomixer elements (via
i.e. Spatial Light Modulators) would enable beam-steering. This technology would
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find a direct application for terahertz cameras or synthetic aperture radars (SAR)
when using the photomixer array as a homodyne receiver.

Research plans
1.  Continuous-wave (cw) terahertz spectroscopy

It is my intention to extract the full potential of photomixer technology, which up to date 1
developed focused on radio astronomical uses. In particular, the unprecedented broadband
properties (DC - several THz) of this technology together with the relative frequency stabilization
of the driving lasers open exciting applications in the field of ultra-high resolution (<3kHz),
wideband cw THz spectrometers. In this field, record breaking results have been achieved by
industrial partners using cw THz spectrometers based on our photomixers.

The current research activities in the University of Siegen for homeland-security could be
complemented by the installation of a photomixer based cw THz spectrometer for explosive
detection. In comparison to the current pulsed system, the cw system would offer an increase of
several orders of magnitude in the spectral resolution and sensitivity.

The groups of Prof. S. Schlemmer (University of Cologne, 1. Physikalisches Institut) and
Prof. M. Griininger (University of Cologne, II. Physikalisches Institut) have already worked with
THz spectrometers based on our photomixers for spectroscopy of gases (D,0) and and solids
(lactose). These groups are very interested in the further development of this technology. The
collaboration with these groups will be further maintained and intensified. A joint project in order
to apply for funding would be possible.

The application of THz spectroscopy for food science is a relatively unexploited field. 1
consider that the potential of this technology for quality control in food industry is enormous.
Therefore I plan to establish collaboration with Dr. Oliete from Centro Regional de Seleccion y
Reproduccion Animal (C.E.R.S.Y.R.A.), Valdepeiias (Spain). The aim of the joint research is to
determine by THz spectroscopic methods the quality and authenticity of Manchego Cheese and/or
milk.

2. Electro-optic generation of cw terahertz radiation

The non-linear optics approach for THz generation is a field with great perspectives. I plan to
employ difference frequency generation in non-linear optical quasi-phase-matched waveguides
illuminated by two laser modes. Since the optical waves are guided, first, a long interaction length
can be achieved and second, a high optical intensity is available for efficient second-order ¥'* non-
linear processes to occur. Currently, exciting results have been obtained in a collaboration with the
non-linear optics group of Prof. Buse in the University of Bonn: by the use of an optical parametric
oscillator (OPO), 2.2 uW @ 1.4 THz cw have been obtained [Nature Photonics submitted].

3. Radio Astronomy

In the framework of collaboration with Max Planck Institute for Radio Astronomy, the use of
photomixing technology as a local oscillator could be further developed. The aim would be to
continue the development of photonic LO systems for the APEX telescope up to 1 THz and for the
Stratospheric Observatory for Infrared Astronomy (SOFIA) at 2.7 THz.



Overview

Hereby, I describe the research activities of the THz Photonics group at the Max Planck
Institute for Radio Astronomy (MPIfR). Since 2002 I work as a Research Associate
(Wissenschaftlicher Mitarbeiter) and am responsible for this group, which is subordinated in the
Sub-millimeter Technology Department. Our primary goal is the development of tunable, small
linewidth (< 100 KHz) cw terahertz sources to deliver a local oscillator (LO) signal with sufficient
power to pump radio astronomical heterodyne receivers. The approach followed to achieve this
objective is to generate a THz beat signal by photomixing two NIR lasers in an ultra-fast
semiconductor material. In order to develop a technology capable of fulfilling the demanding
requirements imposed by a radio astronomical receiver system, a comprehensive and
interdisciplinary research has beencarried out. The main milestones are listed below.

Major Research Achievements

1. Material research

Non-stoichiometric gallium arsenide is well-known to show ultra-fast carrier trapping properties
due to the presence of arsenic antisites Asg, and arsenic precipitates. This material is usually
fabricated by molecular-beam-epitaxy (MBE) growth at low temperatures (250-350 °C) and a
subsequent anneal. The resulting material is known as low-temperature-grown GaAs (LT-GaAs)
and is an extended photoconductive material. Unfortunately, the growth temperature, at which
an LT-GaAs sample shows optimal properties, lacks very often from fabrication reproducibility.
This problem has been solved by the use of high energy ion-implantation in GaAs wafers
(publications list [2], [3], [7]). The collision of incoming ions with the lattice atoms creates -
amongst others - arsenic antisites, which are responsible for ultra-fast electron trapping, so that
the material can exhibit similar carrier trapping mechanisms as LT GaAs.

The precise control over implantation energy and dose during implantation makes defect tai-
loring possible. Currently, the ion-implantatio technique is applied to optimized epitaxial
designs. Apart from reproducibility, ion-implanted photomixers show state-of-the-art terahertz
performance in bandwidth (~ 500 GHz) and power (10 uWatts @ 1 THz —experimentally
confirmed). Novel photomixer antenna, epitaxial design and electrode structures have been
implemented, from which a dramatic power increase is expected.

2. Laser system developments

The linewidth and long-term stability of the THz signal which results from photomixing two
semiconductor free-running lasers is insufficient for any radio-astronomy application. To
address this problem a laser frequency stabilization scheme was performed. The semiconductor
lasers were locked using a self made optical comb generator. This optical reference, which is
based on a high efficiency resonant MgO:LiNbO3 phase modulator and a high finesse Fabry-
Perot cavity, allows laser frequency stabilization in a range up to 3 THz (dispersion limited). By
using a frequency discriminator and a high speed phase phase locking scheme, the linewidth of
the photomixing signal was stabilized to less than 2 KHz (3dB linewidth @ 30ms integration
time). [to be published].

In addition a laser system has been constructed in a dual-mode -working simultaneously in two
longitudinal modes- Littrow configuration, (publications list [1], A. Schmitz. Aufbau und
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Charakterisierung eines Zwei-Farben Diodenlasers. Master’s thesis, Rhein-Ahr Campus, 2005.).
Since the laser medium is the same for both modes the mixing signal benefits from a drastic
linewidth reduction (120 KHz @ 150ms). This new system allows in-field operation and its
volume requirements are 20 times less than that of the laser system used before. The tuneability
range of this novel laser unit allows terahertz generation up to 5 THz. A fiber optic at the laser
output drives our pigtailed photomixers — a special photomixer pigtailing technique has been
developed: a portable robust tuneable terahertz source has become a reality.

3. Terahertz Local Oscillator Application results for Radio Astronomy

Our group is a leader in the application of photonic technology for delivering the local oscillator
signal to terahertz heterodyne radio astronomical receivers. Our last achievement has been the
installation, testing and commissioning of a compact terahertz local oscillator system at 1.05
THz in the Atacama desert at 5100m height. The system was installed in the radiotelescope
APEX (Atacama Pathfinder Experiment) and consisted on a stand-alone laser system delivering
two NIR single mode laser signals with enough power to drive a high-performance photomixer.
The laser system included a novel phase-locking scheme based on a comb generator which
enabled a relative frequency and phase stabilization of both lasers. The terahertz signal resulting
from the photomixing of both lasers showed excellent spectral properties (< 2 kHz 3 dB
linewidth!!), continuously tunable over the whole receiver band. Regarding the photomixer, we
demonstrated successful pumping of the receiver. The measured noise temperature of the
receiver system (780 K) was similar to that of classical solid-state LO.

It is important to remark that this is the highest reported frequency (1.05 THz) at which a
heterodyne receiver has ever been pumped with photonic technology.

In addition we were the first team to report pumping of a hot-electron bolometer (HEB) mixer
with a photonic local oscillator (@ 750 GHz, see [4])

Our next goal is to develop a photonic LO capable of pumping HEB mixers at 2.7 THz for the
SOFIA NASA-DLR project.

4. CW Terahertz spectroscopic system based on photomixers

Our partners from the industry have demonstrated state-of-the-art performances in their CW
Terahertz spectroscopic system using our photomixers (85 dB SNR @ 100 GHz, ~ 40 dB @
2 THz).
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