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Integrated optics microresonators can be used in modern telecommunications for
wavelength filtering and signal modulation. In the figure a two-ring cascaded filter is
shown schematically. In an ideal case, when both rings are resonating at the fre-
quency of incoming light, all the light is coupled to the second straight waveguide.
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RESEARCH SUMMARY
RESEARCH SUMMARY
This report summarizes the main research activities performed within the

Nonlinear Optics Laboratory in 2001. Our group was active in the following fields:

• Integrated Optics and Microresonators
• Photorefractive Optics
• Photonics Materials Technology
• Blue and UV Solid State Lasers

The research projects in these areas are described briefly in this report. In 2001
several new research directions have been started  and others have been discontin-
ued. In the photorefractive optics team our aims have been focused on the develop-
ment of  infrared and UV sensitive crystals and the investigation and application of
photochromic organic materials. In addition we plan to use these materials in laser
applications based on laser diodes.

The activities in the photonics materials technology team will continue in the areas
of self-assembled organic nonlinear optic thin films and in the development of or-
ganic thin films with efficient charge transport and electro-luminescence.

In the area of all solid state blue lasers we started a project on diode pumped fre-
quency doubled blue and UV lasers in addition to the running projects on direct di-
ode doubling into the blue and UV.

On September 1st a new project on electro-optical microcavities for LAN appli-
cation has been started. In this EU funded project:

"Next Generation Active Integrated Optic Subsystems (NAIS)"
performed within the IST program (Information, Society, Technology) we will

develop and investigate the potential of electro-optical microcavities for high den-
sity optical telecommunication components.

We congratulate PD Dr. Ivan Biaggio who has completed all requirements for his
habilitation and has received the "venia legendi" at the ETH.

In 2001 the following PhD students have successfully completed their theses:
Dr. Markus Abplanalp, Dr. Martin Bösch and Dr. Ilias Liakatas. They have left the
Nonlinear Optics Laboratory and are now active in industrial laboratories in Eu-
rope. It is my pleasure to thank all these colleagues for their successful and pleasant
collaboration.

Finally, during 2001 we could welcome Prof. Marko Zgonik as the leader of the
team "Integrated Optics and Optical Microcavities", Dr. Roger Cudney, Dr. Mojca
Jazbinsek, Dr. Ali Rashid as new postdoctoral fellows and Andrea Guarino and
Blanca Ruiz as new scientific collaborators. Finally Liselotte Artel joined us as the
new secretary replacing Brigitte Spaenhauer who accepted another challenging
staff position at the ETH. 
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RESEARCH SUMMARY
Activities of members of the Nonlinear Optics Laboratory in 
Conference Committees and Editorial Boards 0.1

Several members of the nonlinear optics laboratory continued to be active in a se-
ries of international committees and as editorial board member of scientific journals
in the fields of optics, nonlinear optics, quantum electronics, solid state physics of
ferroelectric, organic and polymeric materials. Prof. P. Günter  is a member of the
editorial board of the following scientific journals:

• "Ferroelectrics"
• "Ferroelectrics Letters"
• "Nonlinear Optics"
• "Optica"
• "Optics Communication"
• "Photonics Science News"

and is a member of the advisory or program committees of the following interna-
tional conferences:

• "European Conference on Applications of Polar Dielectrics" (ECAPD)
(Chairman of the European Steering Committee)

• IEEE Ferroelectrics Committee of the "Ultrasonics, Ferroelectrics and Fre-
quency Control Society"

• "International Conference on Organic Nonlinear Optics" (ICONO-6) 
• OSA topical meeting on "Photorefractive Materials and Applications"
• "European Meeting on Ferroelectricity"
• "International Workshop on Photonic Materials for the New Century"
• "International Conference on Photoactive Organics and Polymers"
• "International Workshop on Organic Self-Assembly"
• "Conference on Thin Films for Optical Applications"
• "International Conference on Organic and Molecular Electronics and Photo-

nics"
6 Institute of Quantum Electronics



RESEARCH SUMMARY
Teaching 0.2

P. Günter
"Physics II" for electrical engineers
WS 2000/2001

P. Günter
"Electro-optics"
SS 2001

P. Günter
"Quantum Electronics" 
WS 2001/2002

Ch. Bosshard
"Nonlinear Optics" 
WS 2000/2001

G. Montemezzani
"Electro-optics" 
SS 2001

I. Biaggio
"Nonlinear Optics"
WS 2001/2002
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INTEGRATED OPTICS AND MICRORESONATORS
INTEGRATED OPTICS AND MICRORESONATORS
Organic Electro-optic Crystals and Thin Films 1.1

H. Wüest, J. Hajfler and R. Gianotti

Aims:  The quality and reproducibility of materials used in nonlinear optics is of
crucial importance when possible applications are studied.  We study methods to re-
producibly produce organic electro optic crystals and thin films.  We search for new
materials and characterize them.  A particular aim is to grow DAST single crystals
of sizes above 1 cm3.

Approach: DAST (4-N,N-dimethylamino-4’-N’-methyl stilbazolium tosylate)
crystal is a very promising material for several applications and especially for com-
pact electro-optic modulators for modern fiber-optic telecommunications using
dense wavelength division multiplexing.  For many applications a possibility of de-
positing a thin film of single crystalline organic material on top of a Si based device
is extremely attractive.  We study methods of producing thin single-crystals of
DAST on various substrates.  The techniques we study are two-dimensional ∆T
method, the traveling cell technique, the capillary and ∆T -aided capillary methods,
the undercooled flow technique, the growth by solution epitaxy, and the fabrication
using the laminar flow.

Results: A series of crystal growth cells was designed to allow the solution growth
of more than 10 bulk crystals simultaneously.  Some of the cells are also devoted to
experimenting with alternative growth procedures.  The successful growth of sev-
eral DAST crystals allowed us to produce optimized seed geometry and gives a
good starting point for growth of single crystals larger than 1 cm3.  

The illustration shows a scheme of undercooled flow cell growth set-up.  A side
view of a thin single crystal produced by this method is shown in the middle.  A
single crystal produced by the traveling heater zone refiner experiment is shown
right.
Nonlinear Optics Laboratory 9



INTEGRATED OPTICS AND MICRORESONATORS
Electro Optic Polymers 1.2

B. Ruiz-Santos

Aims:  Production of waveguide structures in forms of passive microcavity resona-
tors with materials, which would later allow upgrading to active microresonators.
The device based on such microresonators should work in the telecommunication
wavelength range from 1500 to 1600 nm.

Approach: Organic polymers have become an important class of nonlinear optical
materials for electro-optic modulation. They have been the subject of intense re-
search since they combine the nonlinear optical properties of conjugated π-electron
systems with the possibility of additional molecular engineering, i.e. creating new
materials with appropriate optical, structural, and mechanical properties.
We want to apply the existing polymers to electro-optic modulators as well as syn-
thesize new chromophores with large optical nonlinearities.  The relatively simple
methods of producing waveguides with polymers are very attractive for producing
advanced microcavity resonators. Waveguides are fabricated with polymers on
glass or Si wafers. (spin coating, dip coating, …)  The most suitable polymer should
be identified and a planar waveguide produced.  With the planar waveguide com-
pletely characterized the possible methods for the fabrication of straight and curved
channel waveguides with photolithography, etching, and photobleaching should be
defined.

Results: Start of the project September 2002.  In first preliminary experiments pho-
tolithography and direct photobleaching of several spin coated polymers was tested.  

EO polyimide side-chain polymer based on disperse red (DR-1).
10 Institute of Quantum Electronics



INTEGRATED OPTICS AND MICRORESONATORS
Organic Electro-optic Microcavities 1.3

M. Zgonik

Aims:   Investigate the properties of new passive integrated optic structures in com-
bination with active electro-optic optical materials for use in compact elements for
fiber telecommunications.  Using hybrid integration of passive and active materials
a working prototype of microresonator-based mux/demux and high-speed switch
and modulator should be demonstrated.

Approach: The elementary building block of the subsystem is shown in the figure.
Straight waveguide segments form the input and output ports. By means of evanes-
cent-field-coupling the waveguides interact with the micro resonator.  The transfer
characteristics exactly match the characteristics of a Fabry Perot interferometer,
therefore a microring resonator can be used as a narrow band filter.  Metallic elec-
trodes are included for modulating and for tuning purposes. The active electro-optic
material is a bulk DAST crystal in contact with the planar microring structure. 

Results: We evaluated possible geometries of a hybrid microring device using
SiON or TiO2 on SiO2 technology for the waveguides and DAST overlay for the
electro optic material.  
1. Using a high refractive index for the waveguide (TiO2, refractive index more than
n1 = 2.132 of DAST) the highest electro-optic coupling can be realized.  Light po-
larization is parallel to the wafer.  Coupling between the ring and the DAST crystal
varies along the circumference of the ring because the refractive index for this light
polarization varies.  The three largest electro-optic coefficients r111, r221 and r122
are made active by the proposed electrode configuration. 
2. Using a lower refractive index microring, as can be produced with SiON technol-
ogy, light polarization should be perpendicular to the wafer and the coupling be-
tween the ring and the DAST crystal is constant along the circumference.  The
second largest electro-optic coefficient r221 is used in this configuration.  

A scheme of an EO active microring resonator vertically coupled to two straight optical
waveguides.
Nonlinear Optics Laboratory 11



INTEGRATED OPTICS AND MICRORESONATORS
Highly Integrated Electro-optical Devices Based on 
K1-yNayTa1-xNbxO3 1.4

A. Guarino

Aims:  Exploit the extraordinary pyroelectric, electro-optic and nonlinear optic
properties of the solid solution system K1-yNayTa1-xNbxO3 (KNTN) for new appli-
cations in optical telecommunications.

Approach: With liquid phase epitaxy thin films are grown on KTaO3 substrates.
The KTaO3 substrate can be Ba doped to increase the conductivity, therefore, the
substrate can be used as a bottom electrode in pyroelectric and electro-optic appli-
cations requiring an out of plane electric field direction.  
By varying the ratio of K/Na atoms in the KNTN films the lattice matching of the
film - in the cubic phase - with the substrate can be adjusted to 0.03%.  Poling of the
film is possible over small areas in the in-plane or out-of-plane direction.  Properties
of films with reduced thickness will be studied with respect to their optical and non-
linear optic properties.

Results: First conductive substrates have been produced.  They will be used for
KNTN deposition experiments.

Lattice misfit f of KTN films with x = 0.29 for different Na concentrations.
Surface morphology of KTN film grown on a (100) 3° KTaO3 substrate. is
shown in the right picture.
12 Institute of Quantum Electronics



INTEGRATED OPTICS AND MICRORESONATORS
Characterization of Nonlinear Optical Materials 1.5

M. Jazbinsek, L. Mutter and M. Zgonik

Aims:  For electronic and photonic applications organic molecules with extended
conjugation of the π-orbitals and donor-acceptor end groups are of particular inter-
est.  We look for new materials and characterize them with respect to their electrical,
linear optical and nonlinear optical properties.  We are also interested in their sta-
bility and damage resistance.

Approach: Investigation of new molecules with electric field induced second har-
monic generation (EFISH) and hyper-Rayleigh scattering.  Wavelength dependent
transmission/reflection measurements, Michelson interferometric measurements
and Maker fringe second harmonic generation are used to determine the linear optic
properties, transparency range  and second order nonlinear optic properties of new
materials. Electro-optic measurements are used to characterize new materials for
applications in high frequency modulators, detectors and sources of THz electro-
magnetic waves.  Pulsed degenerate four wave mixing and third harmonic genera-
tion are used to characterize third order nonlinear optical susceptibilities of new
materials. 

Results:  Linear optic properties and absorption was studied in DAST crystals with-
in the absorption band in order to determine the depth range of photobleaching. The
figure shows the results of  the determination of the absorption constants in DAST
for the three eigen polarizations.   All the results are obtained from reflectivity mea-
surements.  Scanning the wavelength dependence of reflectivity at normal inci-
dence gave the results shown with lines.  Discrete points are the results of measuring
the angular dependence of reflectivity.
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Absorption constants α1, α2, and α3 of DAST crystal for light po-
larization parallel to the dielectric axes x1, x2, and x3 respectively.
The measurements within the absorption band were performed by
two methods. 
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Generation of THz Waves in DAST 1.6

A. Schneider and I. Biaggio

Aims: To build up a generation and detection system for single cycle THz pulses,
to investigate new THz generation configurations,  and to perform nonlinear optical
spectroscopy on the femtosecond and picosecond time-scale.

Approach: An ultrashort laser pulse (τ~150 fs) is used to induce a polarisation
within the organic  crystal DAST via the second-order nonlinear optical effect of
optical rectification. The amplitude of this polarisation follows the envelope of the
intensity of the laser pulse. The polarisation acts as a source for a secondary elec-
tromagnetic pulse whose main frequency is inversely proportional to the duration
of the primary laser pulse, i.e. a few THz. The THz pulse is focused by reflective
optics onto an electro-optic crystal where it induces a refractive index shift via the
Pockels effect. This shift is read out by a second optical pulse (probe). By varying
the time delay between the THz and the probe pulse, the temporal profile of the THz
electric field can be determined directly.

Results: THz generation from a DAST crystal was observed. The polarisations of
pump and THz pulse were parallel to the crystal a-axis to use  χ(2)

111, the largest
component of the  second order nonlinear otpical susceptibility. The electro-optic
crystal used for detection was a 0.5 mm thick ZnTe <110> plate. The THz signal
from the DAST crystal was compared with the signal from the standard source ma-
terial ZnTe (see figure). The frequency for DAST ranges up to 0.9 THz, for ZnTe
up to 1.4 THz. However, most recent experiments using a novel geometry showed
significant THz intensity from DAST crystals up to 2.6 THz. This value will in-
crease further with additional optimization of the set-up (e.g. by variation of the
pump wavelength). 

Left:   Measured THz signal. Multiple reflections within the detecting ZnTe crystal are
visible.

Right: Frequency spectrum of these signals. The fringes (mainly visible for ZnTe) are
due to the reflections (Fabry-Pérot). The dashed line indicates the noise level.
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PHOTOREFRACTIVE OPTICS
PHOTOREFRACTIVE OPTICS
Growth, Preparation  and Characterization of Photorefractive 
Crystals 2.1

H. Wüest, J. Hajfler, D. Haertle and G. Montemezzani

Aims: The photorefractive effect offers the possibility to obtain light-light interac-
tions already for moderate intensity levels. It has been proven very useful for appli-
cations in areas like dynamic holography, optical processing, storage and phase
conjugation. The requirements on the nonlinear material are different depending on
the specific application. This project is aimed at the investigation and characteriza-
tion of several photorefractive materials and the assessment of their performance in
view of different applications involving ultraviolet, visible or near infrared light.

Approach: Crystals of KNbO3 are grown in our laboratory by the top seeded solu-
tion growth method. Presently one concentrates principally on samples doped with
Rh  and Fe subjected to a special in-situ high-temperature gas reduction treatment.
Other materials under investigation are stoichiometric LiTaO3 crystals grown at the
National Institute for Materials Science in Tsukuba, Japan (Dr. K. Kitamura) by a
double crucible method, as well as Sn2P2S6 crystals grown at the University of Uzh-
gorod, Ukraine in the group of Prof. Y. Vysochanskii and Dr. A. A. Grabar. The
crystal quality and performance are characterized by various physical, optical and
photorefractive methods, such as absorption and photoconduction spectroscopy and
photorefractive wave mixing.

Results: In KNbO3 the largest performance improvement was the increase in the
recording speed achieved for infrared wavelengths. For the first time we could dem-
onstrate response times τ below 100 ms in the near infrared at 1 W/cm2 power lev-
els. We found τ ≈ 20 ms at λ = 780 nm, τ ≈ 65 ms at λ = 860 nm, and τ ≈ 2 s at λ =
980 nm. These inprovements are the result of the optimization by suitable crystal
doping together with the degree of chemical reduction treatment. In optimized sam-
ples, self-pumped phase conjugation in the near infrared using the CAT configura-
tion could be observed as well. At λ = 780 nm we obtained a reflectivity of 30%
with a rise time in the order of 2 seconds using 1000 ppm Rh doped KNbO3. The
infrared response of Sn2P2S6 was found to be even faster, τ ≈ 70 ms at 980 nm and
τ ≈ 3 ms at 780 nm at the 1 W/cm2 power level. Infrared self-pumped phase conju-
gation was demonstrated using a thin "brown" sample in an external ring cavity con-
figuration where we obtained a reflectivity of the order of 20% and ms build-up
time. The characterization of the electro-optic properties of Sn2P2S6 has also been
started. The unclamped electro-optic coefficient r111 exceeds 150 pm/V at room
temperature and approaches a value of 5000 pm/V at the temperature of the second-
order phase transition to the paraelectric phase. These large values show all the po-
tential of this new material for electro-optic and photorefractive applications.
Nonlinear Optics Laboratory 15



PHOTOREFRACTIVE OPTICS
Light Induced Dynamic and Static Optical Waveguides 2.2

Ph. Dittrich and G. Montemezzani

Aims:  Optical waveguides play a key role in the development of all-optical devices
and optical micro-circuits. They confine light along a well defined path and allow
to connect different optical inputs, outputs, and devices inbetween without conver-
sion to the electronic domain. They may be produced by various techniques, mostly,
however, by a permanent change of the structure or the composition of the material.
The aims of this project are to build dynamic optical interconnectors and to inves-
tigate the method of femtosecond laser-ablation for producing channel waveguides
in electro-optical crystals.

Approach:   We create dynamic, reconfigurable waveguides which are induced by
the external light illumination only. The waveguides are produced underneath the
surface of  a photorefractive crystal (KNbO3) illuminated by UV light with the help
of the interband photorefractive effect and the linear electrooptic effect. The
waveguide structure mimics the spatial distribution of the illuminating light. By
modifying the surface illumination of the crystal the waveguide structures can be
reconfigured in real time. Our approach to produce light induced static waveguides
uses femtosecond laser pulses that can very effectively ablate material without de-
stroying neighbouring or underlying regions. This is due to the short interaction
time (ca. 100 fs) in which no energy can be transferred to the crystal lattice. 

Results: We have demonstrated
a light induced dynamic 1 to 8
coupler which allows to distrib-
ute light from one input channel
into 8 different output channels.
As the coupler may be reconfig-
ured dynamically in a few µs, it
is possible to select or deselect
the different output-channels in-
dividually in real time. 
First results on femtosecond ablation suggest
that this method is suitable for electro-optic
crystals. The neighboring figure shows the
surface of a KNbO3 crystal with a series of
grooves ablated with different pulse intensi-
ties. Further investigations have to be made
to optimize the ablation process  and to fur-
ther minimize the surface roughness.

Output channels of the 1 to 8 coupler. From left to right
the light is distributed equally to 8, 5, and 1 channel.

KNbO3 surface with ablated grooves.
16 Institute of Quantum Electronics



PHOTOREFRACTIVE OPTICS
Dynamic Holographic Light Coupling in Hollow Planar Optical 
Waveguides 2.3

Ph. Dittrich and G. Montemezzani

Aims:  It is well known that low power cw light beams can exchange energy via
photorefractive two-wave mixing. This phenomenon is very useful for wavelengths
within the transparency region of the nonlinear material being employed. Our aim
is to obtain such an effect also at wavelengths that are normally completely ab-
sorbed by the electro-optic materials. This should allow us to design a "wave-cou-
pling device" in a way which is independent on the details of the properties of the
nonlinear material such as doping, chemical treatment or transmission range. Fur-
thermore, an enhancement of the optical nonlinearity may be obtained at such
wavelengths due to resonant effects. 

Approach: Our approach is based on the use of a hollow planar waveguide. This is
a pseudo-waveguide were the waves travel in the thin (typically 10-20 µm) air gap
between two electro-optic crystals (see Figure). Part of the light is guided along the

channel as a result of the high reflectance of the grazing incidence beams, while part
of the light leaks into the electro-optic material and induces a change of the optical
properties at the surface. Different effects can contribute to this change, including
interband photorefractive effects, piezoelectric effects, absorption changes and
thermal gradients. The resulting modulation of the surface properties leads to the
coupling between the pump and the signal wave. 

Results: First results confirm that this proximity optical nonlinearity driven by the
refracting waves allows the transfer of energy from the pump to the signal beam.
Using KNbO3 crystals and illumination at the wavelength of 351 nm (light penetra-
tion depth into the crystal ≈ 5 µm) one observes an increase of the signal’s beam
intensity of about 7% already at the comparably large grating spacing of 2.6 µm and
for an air gap of ≈ 20 µm. Fast response times of about 1 µs could be observed. This
confirms the advantage of using resonantly absorbed light (interband photoexcita-
tions in the electro-optic material) as compared to wavelengths that can induce only
the conventional photorefractive effect. 

KNbO3

b
c

a

Pump Beam Signal Beam

d

Experimental setup. The crystal-axes of the orthorombic system are indicated by the arrows.
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PHOTOREFRACTIVE OPTICS
Holographic Optical Elements for Infrared Lasers 2.4

D. Haertle and G. Montemezzani

Aims: Compared to other high power cw sources, laser diodes and laser diode ar-
rays are compact, efficient and cheap. The main disadvantages are a bad spatial
beam quality and a rather broad spectral distribution. The aim of this work is to im-
prove the spatial and spectral properties of near infrared laser diodes and laser diode
arrays by means of holographic techniques. This would be attractive for a large
number of applications, such as longitudinal pumping, frequency conversion, or la-
ser printing or machining. 

Approach: Two different approaches are being considered, which involve either
static or dynamic holograms. Static holograms are mainly useful for spatial reshap-
ing of the laser diode beam. Complex holographic optical elements in combination
with an external grating or a second hologram can be used for an additional frequen-
cy locking of the emitted light. Due to the large dynamic range, our materials of
choice here are different types of photopolymers.  The second appoach involves dy-
namic holograms recorded in infrared sensitive photorefractive media. Upon care-
ful design of the set-up, the combined nonlinear dynamics in the laser medium and
the external dynamic holograms should lead the system to self-organize into a state
with a nearly diffraction limited output and a much narrower spectral bandwidth. 

Results:  The work involving static holograms has started with the characterization
of different kinds of photopolymers in terms of recording dynamics and refractive
index change. The change of the hologram diffraction characteristics due to the fact
that recording and read-out wavelength are usually different was analyzed (see Fig-
ure) and first simple optical elements substantially decreasing the divergence of 980
nm laser beams were recorded.
Different set-ups are currently being analyzed for the approach based on dynamic
holography. At the same time optimization of the infrared response of the required
nonlinear materials is being performed with special focus on Rh doped KNbO3 and
Sn2P2S6 crystals. 

Diffraction efficiency of
a 100µm thick photo-
polymer versus writing
time and writing intensi-
ty. The hologram is writ-
ten by two plane waves
at 514nm (grating spac-
ing Λ=0.63µm), and
contemporarily read out
at 633nm (left) and
980nm (right).
18 Institute of Quantum Electronics



PHOTOREFRACTIVE OPTICS
Holographic Filters and Switches 2.5

A. Gosteva and G. Montemezzani

Aims: The high selectivity of the Bragg condition in volume holograms leads to the
possibility of realizing very narrow wavelength filters. An attractive property
brought about by the photorefractive effect is the possibility to record such filters
dynamically and/or the possibility to tune the center wavelength. Such tunable fil-
ters are interesting in connection with future ultra-dense wavelength division mul-
tiplexing telecommunication systems. The aim of this project is the realization of
tunable narrow bandwidth wavelength filters by means of static or dynamic holo-
grams. 

Approach: Due to the requirements on spectral selectivity, reflection type filters
have to be used, as schematically shown for a general case in the picture below.
Static holograms are recorded in photorefractive LiTaO3, a material showing gen-
erally a large dynamic range also at small grating spacings due to the strong trap
concentration that can be achieved by doping. Filtering an infrared wavelength λIR
requires a grating spacing Λ ≈ λIR/2n (n: refractive index). In order to avoid com-
plex prism-assisted configurations, recording of holograms with such short grating
periods is better performed using ultraviolet light (λ = 364 nm in our case), a spec-
tral region that produces efficient holograms in photorefractive LiTaO3. For the fil-
ters based on switchable dynamic holograms we plan to use photorefractive
KNbO3. The use of ultraviolet light inducing the interband photorefractive effect
should allow switching and tuning in the microsecond range.

Results: First filters for infrared wavelengths
in the first telecommunication window
(λ = 1.3 µm) were realized using LiTaO3.
The external diffraction efficiency is larger
than 60% associated to a bandwidth which is
typically of about 0.1 nm. The diffraction ef-
ficiency can be improved further by a proper
antireflection coating of the crystal for the in-
frared wavelength of interest. At the same
time detailed analysis of the best configura-
tions for realizing tunable narrow band filters
in KNbO3 crystals have been performed
while taking into account all the crystal prop-
erties as well as the special features related to
the interband photorefractive effect. Besides
isotropic diffraction geometries also anisotropic diffraction geometries with propa-
gation in the ab-crystal plane appear suitable for this task. 

Interaction scheme for reflection grat-
ing recording

UV laser light
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PHOTONIC MATERIALS TECHNOLOGIES
PHOTONIC MATERIALS TECHNOLOGIES
Supramolecular Organic Thin Films for Nonlinear Optics 3.1

A. Tapponnier, E. Delvigne, A. Rashid and I. Biaggio

Aims: To explore new routes (e.g. ultra-high vacuum molecular beam deposition)
for fabricating non-centrosymmetric molecular assemblies in the form of thin films
for nonlinear optics.  Applications include electro-optic modulation and frequency
conversion in nonlinear optical waveguides.

Approach: One technique
which was invented in our
laboratory is Oblique Inci-
dence Organic Molecular
Beam Deposition (OI-
OMBD). The self-assembly
process is based on deposi-
tion by a  molecular beam at
oblique incidence on an
amorphous substrate and on
selective hydrogen bonding
between molecule end-
groups. The fact that the di-
rection of the molecular
beam is the only parameter
that influences the direction
of the polar order in the film
implies an unprecendented
fabrication flexibility for
complex nonlinear optical
structures. It is therefore
very interesting to explore the experimental conditions under which this technique
works best.

Results: We completed the investiation of of the deposition conditions of 4-[trans-
(pyridin-4-yl-vinyl)] benzoic acid (PVBA) on amorphous glass substrates, and stud-
ied  the dependence of the nonlinear optical properties on the molecular beam inci-
dence angle. We showed that the optimum deposition conditions are reached for  a
molecular beam incidence angle of about 50 degrees from the substrate normal, and
that the film quality tends to decrease for larger angles.

Reference: C. Cai, B. Müller, J. Weckesser, J. V. Barth, Ye Tao, M. Bösch, A. Kündig, 
Ch. Bosshard, I. Biaggio, P. Günter,  Adv. Mater. 11(9), 750-754 (1999).

PEPG (N-{4-trans[2-(4-pyridyl)ethnyl]-phenyl}glycine})
molecules linked via hydrogen bonding and principle of
Oblique Incidence Organic Molecular Beam Deposition.

Substrate

The molecules self-assemble
in a predominant head-to-tail
arrangement in the direction of 
the molecular beam.

The molecules form an 
oblique molecular beam

Individual molecules are
evaporated at high temperature
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PHOTONIC MATERIALS TECHNOLOGIES
Charge Injection and Transport in Amorphous Organic 
Semiconductors 3.2

M. Kiy, M. Koehler, A. Rashid and I. Biaggio

Aims: To improve the understanding of the intrinsic charge transport properties (i.e.
charge-carrier mobility and its origin) in amorphous organic semiconductors and of
the charge-injection process at a clean metal-organic interface. We currently fo-
cused on Alq3, an important electron transport material for organic electrolumines-
cent devices.

Approach: It is  essential for this investigation to perform all fabrication and char-
acterization steps of our samples inside the same Ultra High Vacuum (UHV) envi-
ronment. Only the perfect "encapsulation" provided by this environement, at a base
pressure of less than 10-9 mbar, allows the characterization of the intrinsic proper-
ties of the organic film and of the organic metal interface..

Results:   We fabricated, operated, and characterized devices consisting of an Alq3
thin film sandwiched by two magnesium contacts under different conditions of pu-
rity, and we proved that in UHV it is possible to reach a limit where injected charge
carriers dominate the transport, leading to space-charge-limited current (SCLC) and
to the direct measurement of electon mobility in Alq3. Moreover, a careful study of
the onset of current injection in different devices exposed to various degrees of con-
tamination with oxygen allowed the observation of an injection barrier caused by
oxidation at the Mg/Alq3 interface. This barrier is obviously always present in ex-
periments performed outside of a UHV environment. This is a reason why no other
clear report of SCLC in Alq3 thin films has been published to date.

Reference: M. Kiy, P. Losio, I. Biaggio, M. Koehler, A. Tapponnier, and P. Günter, 
"Observation of the Mott-Gurney law in tris(8-hydroxyquinoline)aluminium 
films", Appl. Phys. Lett. 80(7), 1198-1200 (2002).
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Current-density vs. electric
field E for a Mg/Alq3/Mg
electron-only injection de-
vice with a 300 nm thick
Alq3 layer (open circles).
The dashed line corresponds
to a j~E2 dependence pre-
dicted for space-charge-lim-
ited current.  The dotted line
shows a linear proportionali-
ty j~E. In region C the cur-
rent is space-charge-limited.
Region B corresponds to
trap-filling.
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PHOTONIC MATERIALS TECHNOLOGIES
Design and Fabrication of Field Effect Transistors for the
Investigation of Charge Transport in Organic Semiconductors 3.3

A. Tapponnier and I. Biaggio

Aims: To develop a field-effect transistor geometry that can be used in  a flexible
way to investigate charge transport in novel organic semiconductors.

Approach: Field-effect transistor structures are
fabricated both by photolithography and by va-
por deposition of source and drain contacts on an
oxidized n-type silicon wafer. The active layer is
an organic thin film produced by molecular
beam deposition in ultra-high vacuum. Several
relevant charge transport parameters can be in-
vestigated by studying the source-drain current
produced with different (tunable) densities of injected carriers

Results: First results could be obtained in C60 thin films, where we observed a hole
mobility of 0.01 cm2/(Vs). This value is probably limited by grain boundaries in our
films. The figure below shows the current flowing between the source and the drain
contacts in a C60 film under the influence of different voltages applied to the Si sub-
strate (gate electrode). The gate voltage determines the number of charge carriers
injected into the organic films which are then responsible for charge-transport. The
curves show the linear rise at low drain voltage that is characteristic of ohmic source
and drain contacts and from whose slope the charge carrier mobility can be derived,
and a saturation at higher drain voltages. The latter  is due to the decreased charge-
carrier density available for transport when the gate voltage becomes comparable to
the source-drain voltage.

Structure of an organic thin film
field-effect transistor.
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Drain current versus drain-source voltage for different gate
voltage for a C60-based organic field-effect transistor.
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PHOTONIC MATERIALS TECHNOLOGIES
Theoretical Description of Injection, Charge Transport and 
Space-Charge Effects in Insulators 3.4

M. Koehler and I. Biaggio

Aims: To develop a theoretical approach that allows a better modelling and a better
understanding of the charge transport processes  in organic thin films when the
charge carriers are injected from metal contacts rather than by chemical doping.

Approach: We considered the
typical organic Field Effect Tran-
sistor (FET) configuration shown
in the figure. The FET consists of
an organic thin film (channel insu-
lator) that separates a source and a
drain electrode. The channel insu-
lator is separated from a third contact (the gate) by a material where carrier injection
and transport is forbidden by high potential barriers (gate insulator, normally an ox-
ide like SiO2). The equations governing the charge transport process in the channel
insulator are established from first principles, and they are solved by taking into ac-
count the peculiar FET geometry and the possibility of charge-carrier injection from
both source and drain electrode. The model takes into account that charge-carriers
can be injected, by the source-drain voltage, into the depletion zone established by
the gate voltage. 

Results: The inclusion of charge injection into the nominal depletion zone of the
FET has important and novel effects. The FET characteristics strongly deviate from
the saturation behaviours long known from doped semiconductor FETs, and this ef-
fect is strongly dependent on the geometry of the FET devices and on the way it is
miniaturized. The present approach provides a new basis for the interpretation of
existing and future data, and new design guidelines for insulator-based FETs. More-
over, the equations at the basis of this theory allow for a relatively straightforward
extension of the model to include additional effects, such as trap filling or field-de-
pendent mobility.

DChannel insulator

V g

V ds

S

Gate

Gate insulator

Field Effect Transistor (FET) geometry consid-
ered in this study.
24 Institute of Quantum Electronics



PHOTONIC MATERIALS TECHNOLOGIES
Characterization of Novel Nonlinear Optical Materials 3.5

S. Concilio and I. Biaggio, in collaboration with Prof. F. Diederich

Aims: The determination of the second and third order nonlinear optical suscepti-
bilities of novel organic compounds for the investigation of the relationship be-
tween molecular structure and nonlinear optical properties. In this project we
focused on third-order nonlinear optical effects, because this is the field where the
strategies to improve the molecular nonlinear optial properties is less developed.

Approach: A possibility for tuning the third-order nonlinear optical material of
conjugated polymers backbones is the introduction of additional groups in the back-
bone itself, rather then grafting them on laterally.  To study the effects of these

"spacer" groups we measured the third-order nonlinearity of molecules consisting
of two Polytriacetylene (PTA) units with a functional group in the middle. The non-
linearity was measured in solution, with different solvents and concentrations,  by
the Maker-Fringe technique for third harmonic generation with a fundamental
wavelength of 1.9 µm.

Results: The use of new aromatic spacer groups which where able to donate elec-
trons to the conjugation path lead to a significant increase of the third order suscep-
tibility above the one seen in the PTA trimer (that is, a compound where the spacer
group is the same triacetylene monomer as the end-groups). The interplay between
the delocalization of the electrons and the substitution with electron-donating
groups is an interesting approach that allows to taylor the nonlinearity. The present
measurements can give experimental proof of the ability of a given spacer-group to
interrupt the electron conjugation and/or to release electrons to the conjugated sys-
tem, and are therfore quite interesting also because they can help further the under-
standing of the physical properties of conjugated polymers.

Substitution in the backbone. a new spacer group is introduced be-
tween two triacetylene units.
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BLUE AND UV SOLID STATE LASERS
BLUE AND UV SOLID STATE LASERS
Diode-Pumped Frequency Doubled Blue and UV Lasers 
Using KNbO3 Crystals and Waveguides 4.1

C. Medrano and R. S. Cudney, in collaboration with Rainbow Photonics AG, Zürich

Aims: Compact blue and ultraviolet solid-state lasers based on optical frequency
conversion play an important role in the new generation of optical data storage de-
vices, high resolution printing, fluorescence spectroscopy, biotechnology and li-
thography, just to mention a few examples. There are two key elements in the
realization of compact blue and ultraviolet lasers: the pump  source,  i.e., laser di-
odes, and the element for frequency conversion, namely, the crystal or waveguide.
Our aim is to develop all solid-state compact blue lasers at 430 and 488 nm with out-
put powers of at least 15 mW and ultra low noise levels (<-110dB/Hz).

Approach: We have three different approaches: a) direct frequency doubling, using
multiple pass configuration; b) direct doubling using ion-implanted waveguides,
and c) direct doubling of beam-shape corrected diode bar lasers.

Results: We have developed two versions of an all solid-state compact blue laser,
one emitting at 430 and another at 488 nm. We use direct frequency doubling of sin-
gle mode laser diodes using potassium niobate, with an output exceeding 10 mW of
near diffraction-limited blue light and a proven lifetime of over 10,000 hours of use.
These lasers use bulk potassium niobate as the nonlinear medium. Higher powers
(over 50 mW) shall be obtained with waveguides used as the nonlinear medium.
Improvement of the technology for the fabrication of these waveguides, which in-
volves combining ion-sputtering, photolithography and ion-implantation, is cur-
rently in progress.

All  solid-state compact blue laser.
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BLUE AND UV SOLID STATE LASERS
Frequency Doubled Diode-Pumped Solid-State Lasers 4.2

A. Walser, S. Zeller, C. Medrano and R. S. Cudney

Aims:  We investigate optimized configurations of diode pumped frequency dou-
bled solid state lasers. The efficiency, stability and other physical parameters of
Cr:LiSAF, Nd:KGW, Nd:YAG, and Nd:YVO4 lasers are being investigated with
respect to the suitability of these laser hosts for optical frequency conversion. Com-
pact frequency-doubled all solid-state blue lasers are developed and investigated.

Approach: In this project our approach is to diode-pump a solid-state laser that
emits radiation at the desired wavelength for frequency conversion. The require-
ments imposed on the spatial and spectral quality of the radiation emitted by the
pump diode are substantially reduced as compared to direct diode doubling. The
mode quality of the resulting beam can be much better than what can be achieved
with a laser diode, since the spatial mode depends primarily on the optics of the res-
onator. One of the best laser materials for this application is Cr:LiSAF, which can
be pumped with 670-690 nm light, a region well covered by present diode laser
technology.

Results: A first prototype of a Cr:LiSAF has been built. The laser uses a 400 mW,
680 nm single-stripe laser diode as the pump source and a 5 mm long Cr:LiSAF
crystal as the lasing medium, as shown in the figure. With this set-up we have ob-
tained more than 50 mW of output power around 860 nm with less than 300 mW of
absorbed pump power. In addition, the wavelength can be tuned (840-875 nm) and
the mode quality can be nearly diffraction limited. We also have preliminary results
on highly efficient, compact cw laser systems based on Nd:YAG, Nd:KGW and
Nd:YVO4.

T > 90% 680 nm
R > 99% 860 nm

Cr:LiSAF

  5  cm

etalon

R > 99% 860 nm

laser diode (680 nm)

Prototype of a diode-pumped solid-state laser using a single-stripe laser diode
and a Cr:LiSAF crystal.
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BLUE AND UV SOLID STATE LASERS
Optical Frequency Doubling in KNbO3 Waveguides 4.3

C. Medrano and R.S. Cudney, in collaboration with Rainbow Photonics AG, Zürich

Aims:  To develop optical ridge waveguides in KNbO3 by ion implantation and ion
etching. These waveguides are required for applications such as data storage, color
printing, displays, bio-fluorescence, photolithography, remote sensing, molecular
identification and projection systems. The use of nonlinear optical waveguides for
second harmonic generation is vital to obtain a high conversion efficiency. In view
of the excellent power handling capability at visible wavelengths of KNbO3
waveguides, our aim is to produce and optimize high quality,  KNbO3 waveguides
with high conversion efficiency. 

Approach: We produce ridge waveguides by first creating a planar waveguide by
He+ ion implantation and then etching the ridge using photolithography and Ar+ ion
etching. The index of refraction and absorption profiles of the waveguides, their
second harmonic conversion efficiency and damage threshold are determined by a
variety of techniques. 

Results: High quality ridge waveguides of 1µm height have been produced so far.
To accomplish this we first created planar waveguides on KNbO3 substrates by ir-
radiating them with a beam of He+ ions with an energy of the order of a few MeV.
Then the ridge waveguide was formed by depositing a photoresist mask a few mi-
crometers wide and then etching off the exposed regions of the substrate by irradi-
ating it with Ar+ ions. No sign of degradation was observed for intensities up to
1MW/cm–2.

He+ Ar+

a) b) c)

KNbO3

Ridge waveguide fabrication in KNbO3.  a) Formation of planar waveguide by He+ ion
implantation; b) formation of ridge waveguide by Ar+ ion sputtering; c) resulting
waveguide.
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"Aufbau eines kompakten blauen Festkörperlasers mittels Frequenzverdopplung"
ETH Zürich, March 2001 (Prof. Dr. P. Günter)
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"Photorefractive Effects and Phase Conjugation for Beam Clean-up of Laser Diodes by 
Two- and Four-Wave Mixing in Photorefractive Materials"
ETH Zürich, March 2001 (Prof. Dr. P. Günter)

Frei, Thomas 
"Physikalische Charakterisierung und Simulation parasitärer Smart-Power IC 
Strukturen"
ETH Zürich, March 2001 (Prof. Dr. P. Günter & Prof. Dr. W Fichtner)
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"Parameterextraktion für Halbleiterlaser"
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"Electro-optical and Photorefractive Effects in Sn2P2S6"
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