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Different picture zooms of a lithographic pattern on a 500 nm thick resist.
The center-left picture shows a panoramic view of four terminal device
lithographies with their contact pads. The top-left picture is a zoom of the
center area with cross junctions and four ‘concentrators' adjacent to the
junction. The potential of the lithography even for thick resists is very clear
in this picture. Thinner tracks in the cross junction are easily achievable.
The bottom picture shows the logo of the lithography and on the top right
there is a zoom into that logo, showing some nano-square pillars.
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PREFACE

The Institute for Systems based on Optoelectronics and Microtechnology (ISOM) is devoted to research and
development activities in information and communication technologies based on Ill-V semiconductors, magnetic and
non-metallic materials. This report summarizes the technical and scientific activities carried out at ISOM in years 2004-
06, inclusive. Looking back, this period has been key in the growth and consolidation of ISOM scientific staff, in
installing new technical facilities and in carrying out leading research activities. Complementing the research teams of
Semiconductor Devices and Magnetic Devices, which founded ISOM in Y2000, a new group from the Chemistry
Department of UPM, led by Prof. Manuel Laso and devoted to the simulation of non-metallic materials, joined ISOM in
Y2005. We are very proud of joining forces with such world class team, giving ISOM new strengths in the area of

materials for information technology and nanostructures.

UPM launched in 2005 a program aiming to provide tenure research positions to young researchers with
outstanding scientific curricula. This UPM program, plus the national Ministry of Education (MEC) program for
postdoctoral fellows (Ramdn y Cajal), has allowed ISOM to gain five experienced research members, already leading

some new research activities.

In 2006 UPM institutes underwent a scientific evaluation by external committees, for the first time. ISOM was
evaluated in June 2006, with a very favourable final report by the evaluation committee. As we tried to emphasize
already in the cover plate, in this period ISOM moved to nanofabrication and nanoengineering by decisive steps. A new
MBE system for Ill-nitrides growth, granted by the Madrid Regional Administration, started operating in 2004. A second
key nanotechnology facility, an electron beam nanolithography system, funded by the Spanish Ministry of Education

was installed and set in operation in the fall of 2006.

Research on semiconductor materials and devices at ISOM has been largely based on binary and ternary
compounds containing nitrogen (group lIl nitrides), leading to either wide or narrow band-gap heterostructures. These
compounds show quite interesting properties, many scientific challenges and important applications. Progresses in
optical sensors based on nitride QD and QW, nanocavity structures for quantum computing and nanoemitters, IR lasers
based on dilute nitrides, acoustic wave devices, high temperature electronics, and in understanding the surface
physicochemical properties of AlGaN/GaN transistors, have been made in this period. In the area of magnetic materials,
research has been focused on nano and microstructured soft materials, multilayer microsystems, hybrid systems and

magnetic nanoparticle fabrication, structures to be used in multifunctional sensors and biomedical imaging.

The research period covered by present report shows ISOM significant participation in European Union
research programs, in both the VI Framework Program and through the newly formed European Defence Agency. A
new line of research on photonic devices based on slot-waveguides was initiated in 2006 as a participation in an EU

FP6 project. Besides, the association of ISOM with CSIC-IMB-CNM also led to a joint international project.
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As summarized in this report, ISOM participated significantly in national and regional research programs. Rapid
developments in information, communication and nanotechnologies moved us to seek and to obtain the participation in
frontier research areas as nanotechnology, biosensors and MEMS. ISOM cooperation with Spanish industries and
institutions has been reinforced in this period. Direct contracts with companies, and joint projects funded by the Spanish

Administration (PROFIT projects) have supported such cooperation.

Although in 2001 the Technology Center of ISOM was acknowledged as a Scientific and Technological
Singular Facility (ICTS) by the Spanish MEC, it has been in 2005 when the mechanisms for providing technological
services to external academic labs were defined by MEC. We consider this activity of ISOM as having a clear priority in

the institute strategy and objectives.

Finally, | wish to thank all ISOM scientific staff members, PhD students and support personnel for their
commitment and continuous efforts through these years. We acknowledge the support of the various funding institutions
for their confidence in our activities. Thanks also are given to the Electronic Engineering, Applied Physics and
Chemistry Departments, to the ETSIT and ETSII Directors and to the UPM Rector for their continuous support and
understanding. Special credit has to be given to Pedro Sanchez, Marco Maicas and Montse Judrez for their dedication

and efforts to make this report to be possible.

Madrid, January 2007 Elias Munoz Merino

Director
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1 PRESENTATION AND OBJECTIVES
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The Instituto de Sistemas Optoelectronicos y Microtéogia (ISOM) is an
interdepartmental research institution @hiversidad Politécnica de MadrigUPM).
ISOM was created on March 16th, 2000. ISOM techyiold facilities are located in the
basement of thedpez Araujdbuilding at theEscuela Técnica Superior de Ingenieros de
Telecomunicacion (ETSIT) of UPM (Ciudad Universitariacampus). These facilities
include a 400 mclean room and 300 fof characterization and system development
laboratories. Simulation activities of non-metatiaterials are carried out at thecuela
Técnica Superior de Ingenieros IndustrialéSTSIl) of UPM (Nuevos Ministerios
location). The institute has presently 42 reseas;He computer manager, 1 clean room
engineer, 3 technicians and 1 administrative as#istResearchers from Electronics,
Physics and Chemistry Departments are combining tlesearch efforts in a truly
multidepartment and pluridisciplinar R&D institute.

The mission of ISOM is to perform research in tieéd of detection, processing,
transmission and recording of information by meafsmicro and nanotechnologies
based on the optical, electronic, magnetic and daw&nproperties of materials and
structures. As a university institute, education araining of innovative professionals
and scientists is a first priority, to be accompid through their participation in research
and development activities seeking new knowledgw @hrough graduate education
programs.

The Technology Centre of ISOM was awarded the neitiog as a Scientific and
Technological Singular Facility(ICTS) by the Spanish Ministry of Education in(0
Through periodic public calls, ICTS-ISOM offers #srvices on technology, processing
and characterization to the Spanish and EU scietifd technical community.

The transfer of R&D results to the industry, theoperation with external
laboratories and institutions, are very importdsjeotives pursued by the institute. ISOM
seeks to be a R&D laboratory able to participatd snlead research projects at the
European Union and international level. ISOM airasbe a centre of excellence, a
reference research laboratory, and a singular t#oteand technological facility that
openly provides assessment and services to otlagleaic and non-academic entities.
The institute intends to contribute to the generabf spin-off companies by means of
temporary agreements on usage of clean room spacpracessing equipment as well as
by providing its R&D expertise.

Since 2002, ISOM is an Associate Unit@dnsejo Superior de Investigaciones

Cientificas(CSIC), through IMB-CNM Ifstituto de Microtelectrénica de Barcelona,
Centro Nacional de Microtelectronita
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2 ORGANIZATION CHART
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Plane view picture of a series of processed edge-emitting
Gain(N)As/GaAs quantum well laser diodes (vertical stripes), grown by
MBE on n-GaAs. These lasers are broad area laser diodes with Fabry-
Perot cavities defined by cleavage and widths ranging from 10 to 100 ym.
Their emission wavelengths can be tuned from 1 to 1.55 um, thus
covering the 1.3 and 1.55 um windows for optical fiber communications
applications.
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3 ICTS (Scientific and Tecnological
Singular Infraestructure, for

external assistance)
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High Resolution Electron Beam Lithography System
(CRESTEC CABL-9500C)
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3.1 Description of the ICTS: “CT-ISOM”

At the end of 2001, theTechnology Center of ISOMCT-ISOM) was acknowledged as a
Large Scientific Infrastructure (GIC) by the Spaniinistry of Science and Technology. Recently
(BOE June 18 2006) the GIC were renamed as “Singular Scientfitd Technological
Infrastructure” (ICTS). This title acknowledges tingportant material and human resources of the
Centre that are open to offer scientific and tetdgioal services and assistance. Thanks to these
resources, we are able to develop state of thee@mology and to establish scientific links with
other top research centres, both inside Spain ametseas, in the fields of Micro and
Nanotechnology. We should highlight that our ingét is presently the only ICTS in Spain
belonging to a University.

The CT-ISOM has both a Clean Room and differentoatories for devices and materials
characterization. In these installations reseas;htechnicians and administrative personnel work
to sustain our research lines and to provide eateservices. In particular, the research groups of
the ISOM have participated in the last 15 yeass liarge number of European projects.

The facilities at the CT-ISOM allow the fabricatiari different materials, technological
processing, and implementation of different deviaed integrated electric, optic, optoelectronic
and magnetic structures. Indeed CT-ISOM has thaaigpto develop and fabricate laser diodes
for instrumentation, environment and optical comroations; high power and high temperature
microwave transistors; infrared detectors for miljt and non-military applications; ultraviolet
detectors to monitor the UV radiation from the samd for military applications; visible light
detectors for biophotonic applications; magnetiesses for all sort of applications and also SAW
RF filters for sensors and mobile phones, nanoabtiavities, etc. The range of possibilities of the
CT-ISOM covers not only the micrometric scale, bigo the nanometric frontier thanks to the
newly acquired e-beam lithography system. This &tlolws a line resolution of about 10 nm.

The CT-ISOM has developed processing and fabricgtiotocols that allow a control of the
incidences and of the final quality of the struesirEach processing order gets a “processing form”
where all the individual processes and their inot#s are recorded. This gives us a feedback for
future processing so we can improve it or to repeedit. The information from these processing
forms is later incorporated to the Specific FalirazaProtocols of the CT-ISOM.

18



3.2 Services offered by the CT-ISOM

The CT-ISOM offers external services within theeagh lines (Chapter VI) and capabilities
of the Institute (Chapter V), from a simple chaeaiziation to the complete device fabrication
(sensors, actuators, transistors, integrated snesst filters, optical emitters, etc). The CT-ISOM
has the capability to fabricate and optimize a gfesil structure, thanks to its technology line,
design and fabrication of masks, deposition of migmpes of materials and characterization of the
final product/device.

These external services are offered to the indwstd/to all scientific community, national
and international.

The academic researches interested on using tiilgidacof the CT-ISOM have now the
possibility of doing it free of charge under thdl c&yudas financieras para lanejora de las
Infraestructuras Cientificas y Tecnoldgicas Singe$a(ICTS) y para eaccesoa las mismas”
(BOE 04/08/06). Find details in our website:

http://www.isom.upm.es

- CT-ISOM: Singular Scientific and Technologicalrestructure.
- Services offered by the CT-ISOM.

This initiative from the Ministerio de Educacion Giencia (MEC) has the following
objective:

“to promote the access of new research groups dividual investigators to ICTS, for the
acquisition of new knowledge, their formation oa technology available at the Installation or
for the completion of their research work”

The selection of applications that could benebitirthe terms of this service is first done by
an internal CT-ISOM committee. In this evaluatidime Institute determines the viability of the
research requested and selects a number of prepésather, an External Committee, formed by
prestigious national investigators, chooses ankisramong the proposals selected.

Today, the equipment needed for micro and nanotdobwy is very expensive and requires
an expensive maintenance. Therefore a nationatypfsbm MEC has been launched to allow ALL
researchers to have access to the equipment deadalthe various ICTS, so they are able to
complete their research.

19



4 TECHNOLOGICAL AND
CHARACTERIZATION FACILITIES
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Compact21S RIBER MBE system dedicated to the growth of llI-Nitrides
materials (GaN, AIN, InN and their alloys). The MBE system has 7 source
ports, including a central flange for the installation of the radio-frequency
plasma source to activate the nitrogen. Introduction of samples is
implemented by the use of a loadlock chamber. The system is also
provided with standard in-situ real-time characterization techniques such
as RHEED (reflection high energy electron diffraction) and RGA (residual
gas analyzer).
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4.1 Materials Growth and Processing Systems

* Molecular Beam Epitaxy (MBE) (3 systems)

» Magnetron Sputtering system (3 systems)

» Chemical Vapour Deposition (CVD and PE-CVD)

» Metal Deposition (Joule, e-beam) (5 systems)

» Electron Beam Nanolithography (resolution ~ 10 nm)
» Electron Beam Lithography (resolution ~ 0.2 pm)

» UV Photolithography (resolution ~ 1 um ) (2 systgms
» Reactive lon Etching (RIE)

» Standard and Rapid Thermal Annealing (RTA)

» High precision disk sawing systems and diamondoScri
» Ultrasonic and Thermocompression Microsolderingy@ems)

4.2 Characterization Systems

A)  Surface and Structural properties

* High Resolution X-Ray Difractometers (HR-XRD) (2s8yms)
» Thickness Profiler (DekTak)

» Atomic Force Microscope (AFM)

» Scanning Electron Microscope (SEM) with EDAX

B) Electric and Magnetic properties

» Electrical and Optical Characterization Systemseurtlydrostatic Pressure.
» Carrier Traps and Defect Analysis Techniques (DLAS, etc.)
» Two-port and microstrip probes for RF analysis {@g0 GHz)

» Electrical Characterization (transistor curve trat®/ parametrizer, impedance bridges up
to 1GHz, sampling oscilloscopes, nanovolt genesatdock-in amplifiers, boxcar
amplifiers, low noise amplifiers, system analyzdc,)

» Hall Effect System (including cryostat)
» Magnetic Characterization (VSM , including cryo¥tat
* Magnetic Force Microscope (MFM)

22



C)

D)

Optical properties

VIS and IR Fourier Transform Absorption Spectrom¢kd IRS)
High Resolution Nomarski Optical Microscope

Ellipsometry System

Cryogenic Systems (5 systems)

UV, VIS and IR Luminescence (PL) (4 systems)

Device characterization

Probing Stations (Low Capacitance) for VLSI anccok$e devices (2 systems)
Probing Station for RF measurements
VIS-IR Optical Spectrum Analizer (OSA) for LEDs abdsers

Electrical Characterization Systems for Transistorg Devices up to 20 GHz (C-V, I-V, C-
f, 1/f noise, T, etc.)

Image Capture and Analysis System
Optical characterization for detectors (from IRXd)
High temperature device assessment chamber

23



4.3 ISOM going nano

Our institute has recently installed an e-beam #anography tool (high resolution
electron beam lithography, HREBL), CRESTEC CABL-060(see Figure 1). This is the second
HREBL from this manufacturer in operation in Eurcgféer the one in the university of Magna
Grecia and before the one recently acquired bytieersity of Cambridge.

Perhaps the best characteristics of this toolésntimimum line width, which can go below
10 nm and its outstanding stability, in both beamrent and beam position.

The system performances are listed below

Writing method: Vector and raster scanning usingssan distribution electron beams.
Stage-movement: Using stepping motors.
X and Y axes: Laser interferometer for pagity. Resolution: 0.6 nm.
Z axe: Semiconductor laser displacement fagtteontrol.resolution 200 nm.
Wafer size: 2,3,4,5,6,8 inch wafers andjitar pieces.
Electron beam scanning areas: 60,120,300,600 microns
Minimum lithography line width. 10 nm.
Minimum electron beam diameter: 2 nm.
Beam current: 5 pA to 800 nA.
Beam current stability: Less than 1% /5 h (at £8.femperature stability).
Beam current homogeneity: Less than 0.5 %
Beam position stability: £30 nm/5h.
Stiching accuracy:
50 nm (mean +c3 for 500 pm scanning area.
35 nm (mean +c3 for 100 um scanning area.
20 nm (mean +c3 for 50 pm scanning area.
Overlay accuracy:
50 nm (mean +c3 for 500 pm scanning area.
35 nm (mean +c3 for 100 pm scanning area.
20 nm (mean +c3 for 50 pm scanning area.
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Some examples of preliminary achievements and eiins already obtained at ISOM are
shown below:

- Dots Arrays

In future optical and magnetic recording, quantwtsdnd nanocolumns fabrication have to
form an ultrahigh packed fine dots arrays ( 2.50% tlots/cnf). HREBL has a potencial to form
these structures. ISOM is already able to genashédlenging patternings for nanodots arrays.
Some of the applications will be the depositionmafgnetic nanodots for medical applications with
very controlled characteristics, regular patterniiog nanocolumnar growth, micro and nano
LED'’s, photodetector arrays, etc. The image bedbaws the pattern of dots transferred to the Si
substrate through a dry etching technique.

A:0.042u
B:0.115u

A0.032u

30kX 50.0kV

SEM images of 120 nm pich hole array lithography.

Atomic force microscopy image of 50 nm pitch heteked on silicon.
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- Line Arrays

There is a wide range of applications for diffrantgratings for opto-electronics. From the
generaration of polarized modes in lasers to difraoptics.

A:0.021u
B:0.085u

24kX 50.0kV

40kX 50.0kV

SEM images of linear and circular gratings lithography.

Below we show the picture of some lithographed lines transferred to a Si substrate through a
conventional etching technique.

1 Instrumen

— light angl

Atomic force microscopy image of 100 nm pitch linear grating etched on silicon
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- SAW devices

SAW technology has evolved to the GHz range inmegears and now routinely covers the frequency
range of up to 3 GHz. Nowadays, in order to redidh frequency band and higher (10-20 GHz) High
Resolution Electron Beam Lithography techniquestpuired.

A:0.021u |
B:0.100u

}

100kx | 50,0V | o _ 30kX 50.0kV

Letf. SEM imagen of IDT with 100 nm period lithography.Right. Ti/Au metallization of IDT with 400 nm
period

- Transistors

The availability of overlay tecnique allow the integration of photolithography and electron beam
lithography with accuracy below 20 nm. This tecnique is crucial for transistors development which
combine pads of hundred of microns with a gate of several tens of nanometer.

13
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Overlay of ohmics contacs and gate in HEMT transistor based on AlGaN/GaN
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5 RESEARCH LINES
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Top:  Orthogonal and parallel surface acoustic wave (SAW) delay lines.

Bottom: Nomarsky (left) and scanning electron (right) micrographs,
showing details of interdigital transducers transferred by optical
and e-beam lithographies (pitches of 2 and 0.5 um, respectively).

Several devices were developed using nitride-based structures, including
remote UV photodetectors assisted by SAWs (with undoped, non-
conductive layers) and voltage controlled SAW filters and oscillators (on
2DEG structures).
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5.1 Microsystems and Nanotechnology

Semiconductors-Optoelectronics-MOEMS

- InGaAs(N) Quantum Dots and QWs, grown by MBE
- Fabrication of IR emitters with InGaAs(N) QDotca@W layers

- Optical Properties of nanostructures for quanitvfiormation systems (Single
Photon Emitters)

- GaN, InN, AlGaN e InGaN on Si(111) and Si(100nNeolumns growth

- Growth of AlGalnN QW and quantum discs

- Optical properties of diluted and Nitrides-IIl Nastructures

- Planar and Columnar InGaN/AlGaN microcavitieg]uding Bragg reflectors
- Nanovision: single photon detectors in the VI8 apar UV

Semiconductors- Nanoelectronics-MEMS

- Electron transport in AlGaN/GaN hetero-junctiongihhfrequency effects

- Submicron HEMT transistors for microwave appieas and high T operation
- Opto-acousto-electronic interactions in SAW stinwes based on GaN/AlGaN
- Optoelectronics, physico-chemical and biologsmtsors based on SAW

- Multifunction sensors based on HEMTs and magrgdie layers

- SAW filters for high frequency and high temperat

- High temperature microsystems based on GaN

- Polymer deposition for molecular electronics

- Atomic force and electron lithography. Force ragcopy control

Magnetic Microsystems-MEMS

- Magnetic multilayer structures.Applications taser production and spintronics
- Layered systems for magnetic anisotropy inductio
- Nanodots and magnetic MEMS. Applications to semand magnetic recording
- Magnetic Nanoparticles

5.2 Optical Sensor Systems
Ultraviolet and visible tunable photo-detection

- UV-B solar radiation monitoring systems
- UV and VIS integrated systems for fluorescengaiagtions
- Fire detection systems based on UV detection

- High temperature AlinGaN photodetectors: comlmmstiontrol applications by
optical detection and analysis of flame emissions.

- UV imaging in Astrophysics
- Biosensors based on AllnGaN devices for watatarninants detection
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Infrared photo-detection with multispectral resp@IiQWIPS)

- Multispectral integration. Associated electronics
- Environmental applications of IR detection
- Quantum dots detectors

5.3 Optical Communications

Medium-power lasers from 0.9 to 1.3 micron (InG&2eAs) and 1.3 to 1.55 micron
(InGaAsN)

Resonant cavity emitters (LED, 510-570 nm) fonsraission through plastic optical fibres
(POF)

LEDs in the visible range for displays and whitdaor lighting

5.4 Systems with Magnetic Sensors

Magnetometric sensors for low magnetic field measients: fluxgates, piezoelectric,
magnetostrictive, magnetoresistive and magnetgptisors

Multisensors
- Ground airplane control and guiding
- Applications to monitoring large battery complsxe

Planar devices. Applications to planar inductorscommuting sources and antennas

Low frequency intelligent cards with magnetic sess

5.5 Simulation of Non-Metallic Materials

Simulation of Non-Metallic Materials and Compleliids

- nanocavity oscillation and collapse in viscoelaitics

- rheomechanical modelling of biological membrane-ptax fluid interaction

- micro-macro calculation of complex non-newtoniaowls (CONNFFESSIT + level
set techniques)

Advanced Monte Carlo and Molecular Dynamics
- bijective-mapping min-map Monte Carlo for chain pmiles
- high-density and jammed chain fluids via multipledging Monte Carlo

Nanostructured Materials and Adsorption

- self-organized nanostructured interfaces for biglaigsensors
- nanoindentation obtaphylococcus Aurewsa atomic force microscopy
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SEM micrograph of a three-color quantum IR detector:

a) Mesa etching carried out in three stages in order to isolate each one of
the active zones.
b) Cross section showing the active regions (in dark) in contrast with the

conductive layers used as ohmic contacts. The mesa etching isolates
perfectly the mentioned active regions.
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6.1 Group llI-nitride-based photodetectors: new futignalities and
advanced structure’

The ISOM has maintained during the last ten yearmi@nse research activity on group IlI-
nitride-based photodetectors. In contrast to prei@search, current efforts have been focused on
the development of devices based on low dimensigygiems and on advanced new structures. In
addition to this device development activity, ati@m has been paid to some basic aspects in such
low dimensional and novel devices, with the doublgective of understanding the physics
involved and to propose new detection concept2]1][

l. Quantum-Well-based photodetectors

There are two main motivations for using multipleagtum-well (MQW) photodetectors,
one is from technological origin and the other frarbasic origin. The technological motivation is
related to the interest in covering the full spaictange in photodetection, from ultraviolet (U\9) t
the visible (VIS) range. From a basic point of viegroup lll-nitride semiconductors exhibit
potential advantages over other materials, sudheapossibility to tune the absorption edge from
UV to VIS ranges or a theoretically expected lowerse. In order to extend lll-nitride detection
range to the VIS regions, In alloys must be usedt. iBitial experiments showed that (In,Ga)N-
bulk photodetectors had high dark currents, and MGAsed photodetectors have been studied as
an alternative. MQW:-based photodetectors additipnaffer new functionalities not present in
bulk-based devices. These functionalities, properigineered, can be exploited to improve the
photodetection response.

Structures studied as photodetectors were photootms, Schottky barrier (SB), metal-
insulator-semiconductor (MIS) and p-i-n photodiodesth (In,Ga)N/GaN quantum wells
embedded in their active region (i.e. the spacegehgegion).

Samples were grown on c-face sapphire substratdmthymolecular beam epitaxy (MBE)
and metalorganic vapour phase epitaxy (MOCVD). Triwest interesting results were achieved in
p-i-n and SB photodiodes. In the first case, higtedtivities and UV/VIS contrasts were measured,
allowing narrow band detection for back-illuminatednfiguration. It was also shown that
detectivity in these devices was higher than fanercial Si photodiodes at high temperatures
[3]. In the second case, a large gain under pesitias was obtained at low dark current levels [4].

The photoresponse characteristics of p-i-n dewases function of applied voltage, In content
and number of QWs were reported in detail in Ref-ifure 1(a) shows the spectral response of
two different samples with 10 and 20% In conteaspectively. A high contrast in excess of 10
between QW response above and below the absorptige is observed in this figure. It is also
worth noting that, although quantum efficiency wast optimized, the peak detectivity was
determined to be higher than 218> cmHZ"AW™ in 9-mnf devices, which is comparable to
standard bulk-based photodetectors. The specgpbnse for the back-illuminated configuration
shown in the inset of Fig. 1(a) corresponds onlyQ/ photodetection. These devices have
successfully been used in flame detection, comtaugtionitoring and biophotonics [6][7]. We

! Contact person: Elias Mufioz: elias@die.upm.es
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have also demonstrated that the transport mechafipimotogenerated carriers, either diffusion or
drift, is critical to improve QW photodetection. idaly, the collection efficiency for QWs
increases dramatically as the QWs move from theieueutral region to the space charge region.
Photocapacitance and photocurrent measurementsrsgop model as shown in Fig. 1(b). In Fig.
1(b), each photocurrent step is related to a changde current transport mechanism from

diffusion to drift as the width of the space changggion increases. Fig. 1(c) displays the
photodetector layer structure.
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Figure.1l. (a) Spectral response of 10% and 19% In sampfeyating in photovoltaic mode.(b)
Photocurrent under optical excitation in the QWhkeTnset shows a schematic of the processes irvoive
the photocurrent model.(c) Device layer structure.

We have recently proposed that the large gain &gsdcto SB devices is caused by the
negative average electric field (NAF) region fornseda result of the piezoelectric fields present in
the quantum wells [8]. In this work, we explainttlaa additional barrier for carrier transport can
appear at the boundary of the quantum well regiotet certain conditions (applied voltage, In
content,...). Photocurrent gain appears when thisdsaneight is modulated by photogenerated
carrier screening. This novel gain mechanism isinsic of piezoelectric materials. Measured
responsivities were higher than 1 A/W at forwardtage, whereas that dark current was below 10
nA/mn?. Specific detectivities in the range of*1@mHZ'“W™ were measured at 1.5 V, providing
a far superior performance than typical lll-nitddased photoconductors. Moreover, the
parameters of the device (e.g. wells width) candbsigned to customize the range of optical
excitation for optimum operation. These devices suggested as an alternative to avalanche
structures for high sensitivity applications.
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Figure.2. (a) Conduction band diagram of a SB diode with@a)N/GaN QWs embedded within the
space charge region at different voltages.(b) Ptestponse at different applied voltages. Inset: Pevi
layer structure. A gold semitransparent Schottkytact is used for front-illumination.
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The conduction band diagram of the SB devices asvehin Fig. 2(a). We can observe that
the piezoelectric field effect on the potential elope divides the space charge region into two
electric field domains at forward voltage. In thse, light can be used to screen the electrid fiel
in the QW region, thus modulating the effective riaar height. The spectral response of a
representative (In,Ga)N/GaN MQW-based SB devica asction of applied voltage is shown in
Fig. 2(b), and its inset shows the layer structiréhe detector. The shift in the absorption edy# a
the change in the shape of photoresponse seenrédalbed to NAF effects.

Il. Polarization-sensitive photodetectors

The growth of group llI-nitride compounds along Amwiar directions has attracted much
attention for its potential application to QW-basaditters (both laser and light emitting diodes),
but also in polarization-sensitive detectors anchuiic filters. More precisely, Ghosét al.
proposed the use of the in-plane asymmetry enhabgdte anisotropic strain generated by the
lattice mismatch between the nitride film and théosdrate to fabricate polarization-sensitive
photodetectors [9]. These photodetectors can bd uselata storage, optical communications,
biophotonics and other sensing applications.

GaN films are usually grown d@-plane sapphire in their hexagonal-phase (wurtZig@ding
to C-plane oriented surfaces along ttiaxis. Hence, these GaN films exhibit in-plane syetmn
which cannot be broken under isotropic strain. Hvethe use of other growth orientations such
as in the case d¥l-plane orA-plane GaN films results in a reduced in-plane sygtnyn[see the
inset of Fig. 3(a)]. The in-plane asymmetry affdmbsh the electrical and optical properties of the
film. For the realization of polarization-sensitipbotodetectors we will be interested in the effect
of the in-plane asymmetry on the optical properiethe film.
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Figure.3. (a) Photocurrent spectra for different in-planenlgrization angles(lunder normal
incidence at room temperature.lnset: The unit oélthe wurtzite crystal structure of GaN. (b) Carstr of
the responsivities for polarization perpendiculardaparallel to the c-axis. Inset: Responsivity dsirction
of the in-plane polarization angle (squares) ariqdolid line).

Birefringence and dichroism were foundNhplane GaN films grown ogLiAIO ; (100). In
these films wherec-axis lies in the in-plane, besides the intrinsicplane asymmetry, an
anisotropic strain is generated between GaN and LiAdO, substrate. Theoretical and
experimental works have demonstrated that the agparbetween the two topmost valence bands
increases under anisotropic compressive strainhdsame time, the two interband transitions in
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the vicinity of the energy gap become almost cotepfepolarized either parallelE(|| § or
perpendicular to the-axis € /7c). Therefore, it is possible to use the in-planis@nopy to detect
the polarization state of light i || candE /7c directions.

The work carried out in the ISOM consisted of tlesign, fabrication and characterization
of polarization-sensitive photodetectors based/ieplane GaN films grown on LiAl@substrates.
Films were grown in the Paul-Drude Insitute fori@dtate Electronics (Berlin, Germany). Both
SB and MIS nitride-based structures have been asgublarization-sensitive photodetectors for the
first time [10].

These photodetectors show particular charactesistic their sensitivity to the polarization
state of light. We have defined two new figuresnarit to represent the specific characteristics of
this type of photodetectors, namely the polarizagensitive bandwidth and the contrast between
the detection of light polarized perpendicular gratallel to thec-axis (hereafter referred as
contrast). Firstly, since the valence band aniggtis produced in the vicinity of the energy gap,
the polarization sensitivity appears at the barm ey@ergies where only the first topmost transition
is possible [see Figs. 3(a) and 3(b)]. For higheergies, both bands absorb light, so that no
polarization sensitivity is found. Neverthelesswibuld be possible to extend the polarization-
sensitive bandwidth to other wavelengths from irdfdato vacuum ultraviolet by using (In,Ga)N or
(Al,Ga)N compounds. The polarization-sensitive lvaidth is related to the valence band spilitting.
Secondly, the maximum contrast depends on the anoduight absorbed for each polarization at
the peak wavelength.

From our results, we have proposed general desigs to improve the response of this type
of photodetectors through film thickness [10]. Bpitlarization-sensitive bandwidth and contrast
depends on film thickness, since it determinesstiein state and the total absorption at a certain
wavelength. Signal to noise ratio was also includedour design considerations to obtain
reasonable values of contrast and polarization#semndandwidth without affecting significantly
to specific detectivity. Currently, we are tryirgdptimize the electrical characteristics of daiest
to reduce the leakage current at reverse voltage.
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6.2 Quantum Dot structures for IR detectors and Jufh lasers®

Since its creation in 2000, the Institut for Systerbhased on Optoelectronics and
Microtechnology (ISOM) has an active research fimeused on the growth by Molecular Beam
Epitaxy (MBE), fabrication and characterizacion @antum Well (QW) based structures for
Infrared (IR) detection and lasing applications.tiwi this framework, several devices were
developed using different material systems inclgddaAs/AlGaAs, GaAs/InGaAs as well as the
so-called dilute nitrides GaAs/(In)GaAsN. Besideferent crystal orientations were considered
for these studies, in particular GaAs(111)B surdasehere we have fabricated to our knowledge
the first GaAs/InGaAsN QW laser with operation i2 im at room temperature [1]. On the other
hand, another original contribution of the ISOMhg development of INnGaAsN/AlAs/GaAs QW
intraband IR detectors for the 3-5 pm atmospheiimdaws [2]. In this case, due to the high
effective mass of the InGaAsN, similar to thattu AIAs, and depending on the QW thickness, it
Is possible to confine more than two levels in@W, giving rise to a multicolor detection [3].

In parallel with this investigation, in 2004 theQB! initiated the study of quantum dot (QD)
layers to be used as the active regions of bottdfectors and lasers. The physical properties of
these zero dimensional (0D) structures are of gietdrest, in particular to improve the
characteristics of such devices with the tempeeatbiurthermore, in comparison with the QW IR
detectors, QD IR detectors have a lower dark ctiraed a higher photoresponse resulting from
longer carrier capture and relaxation times. Tistacked self-assembled QDs, instead of MQWSs,
have been employed as a possible solution for owairg these problems. All this, leads to the
fact that in theory it is possible to fabricate QEtectors with operation at room temperature which
is not yet possible using QW structures. Howeveamyrproblems still exist in controlling the size,
homogeneity, and distribution of QDs, which sigrafntly affect the tunneling transport of carriers.
The ISOM is now researching how the different gtowonditions and growth techniques affect
the surface distribution and homogeneity of the @iers, as well as their influence in the
photoluminescence (PL) emission. The materials s& for such QD are mainly InAs or more
recently InAsN.

Among the different techniques employed to fabdacttese OD nanostructures, we have
chosen the so-called Stranski-Krastanov growth mddes mode is an intermediate case in
between the island growth and the layer by layewtit modes. After forming a few monolayers of
material (in our case InAs or InAsN on GaAs), st layer growth is highly strained, and
thus, islands are formed on top of this intermediayer (normally calledwetting layef). The
most important point is to control the first nudlea of these islands on the wetting layer in order
to achieve self-ordered distribution of the QDg ().

Islands
(QDOTs)

A A AAAAA
InAs wetting layer

GaAs

Figure 1. Stranski-Krastanov growth mode. InAs
guantum dots are formed on top of a InAs wettilygia

2 Contact person:; Alvaro de Guzman Fernandez: guzman@die.upm.es
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All the samples described in this report were growia RIBER 32 MBE reactor equipped
with a valved cracker As cell and an Oxford AppliBéF plasma source for supplying the N
species. After the native oxide desorption at 580f€ grew a 1 um GaAs buffer layer at
approximately 600° calibrated to the GaAs congrwgmitimation temperature at 640°C and the
mentioned oxide desorption at 580°C. This layepféte surface to smooth and to be prepared for
the growth of the quantum dot structures. Aftergatte temperature of the substrate was dropped
down to a value below that of the transition frdme (2x4) to the c(4x4) surface reconstructions.
Then, the In shutter was open in order to grow\tlegting layer. In situ reflection high energy
electron diffraction (RHEED) patterns were used nonitor the transformation from two-
dimensional to three-dimensional growth. This tiams occurred after the deposition of several
monolayers of InAs, indicating the onset of islamydiand hence quantum dot growth. Finally,
some of the samples were capped with a 50nm Ga/ss Ia order to bury the QD to allow the
photoluminescence studies to be carried out. Thpkes without capping were studied using SEM
and AFM to estimate the surface density of QD &edQD size.

After an exhaustive scan of the growth conditigudll flux ratio, growth temperature,
InAs growth rate and number of InAs monolayers dépd) we observed a clear improvement of
the QD surface density as well as of the PL emisgiben we used a V/Ill ratio of ~60, a growth
rate of 0.14 ML/s, a substrate temperature 40°Gvb¢the (2x4) to c(4x4) transition and 20 sec.
growth (2,8 ML). For these conditions a surfacesitgrof ~5-18° cmi? of pyramidal 30nm x 30nm
in width and 5 nm in height QD can be achieved.sEhealues are the current state of the art for
this type of layers. In fig. 2 we show AFM imagdstlee surface of several samples grown under
different growth conditions, it can be observed hbw growth evolves from pure isolated islands
of InAs to a high density of QDs.

c)

Figure 2. AFM images (1x1 um) of different QD layers. a) QD are formed, big islands
reveal a layer by layer 2D growth. b) Low densifybig QD (120 nm wide). ¢) moderate
density of small QD (30 nm wide). d) High densftgraall QD (optimum conditions)

Another approach to grow these QD layers is theepahg of the surface prior to the InAs
deposition. This, normally requires the sample @¢oubloaded from the MBE reactor, processed
using some nanolithography and etching techniques then introduced again in the growth
chamber to carry out the final growth of the QD.eto the different roughness at the bottom of
the etched holes compared to that on the surfaea]dts tend to nucleate in such holes, giving rise
to a higher level of order in the QD distributiddne of the original contributions of the ISOM in
this area is the development of amsitu pre-patterning technique using dilute nitrides on
GaAs(111)B surfaces [4]. Since step-flow is the nmgriowth mode for these surfaces it is very
difficult to obtain a transition from a 2D growth & 3D growth. We demonstrated that the different
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migration coefficients of the N and As species otlex surface of the sample gives rise to the
formation of a regular distribution of self-orgamiz holes. High definition AFM images show an
interruption of the step flow growth mode due to pinesence of the N that creates such holes on
the surface (fig.3 a,b). Afterwards, the above nometd holes can be used as patterns to grow
standard InAs QD (see fig. 3 c¢) without unloadimg tsample from the growth chamber. In
addition, controlling the amount of InAs ML depesito top of the dilute nitride layer, it is
possible to cover completely or partially the hateys providing an easy way to tailor the height of
the QD obtained (fig 3. d,e).

Figure 3. In-situ pre-patterned surfaces. a) A few GaAsNdviLGaAs(111)B, the presence of
N produces the interruption of the step-flow growttode creating holes. b) Schematic
showing the generation of the holes. c) SEM imdgeveng a QD grown inside one of the
mentioned holes. d) High density of holes completelered by InAs QD, e) ) High density of
holes partially covered by InAs QD

However, in order to use the QD layers as the aatdgion of an intraband detector it is
necessary to introduce some doping species in Bhdrithis case the carrier transitions take place
from a ground level bound in the quantum dot teeeosd level. The carriers promoted to this
latter, may escape if a bias voltage is appliedngirise to a net photocurrent at the contacts. To
ensure the presence of carriers in the ground,léved necessary to introduce n-type or p-type
doping species near the quantum dots layer. Duleetdact that the quantum dots have a reduced
density of states (the ground level can only accodate 2 electrons) it is critical to have an
accurate control of the doping concentration inticetl (the surface doping concentration must be
at most twice the density of QD). If the dopingdEis lower, the performance is reduced, but if
this limit is exceeded, the second level startsdpulate, thus reducing the response of the device.
In our case we have introduced the doping spe&eff n-type doping) in the GaAs barrier with
an spacer of 10 A. Since our QD surface densipidd° cm?, we have introduced a doping level
of ~10" cmi®. We grew weveral samples with different dopingelevaround the theoretical limit to
optimize the final response of the devices involved

Finally, the performance of the device is improvieshore than one QD layer is grown. This
increases the total responsivity reducing moredber dark current. We grew samples with
different number of QD layers (5,10,17 and 25)ifbthe active region separated by GaAs layers
100 nm wide and further sandwitched between twoaf& barriers in order to reduce more the
total dark current of the device (see fig. 4). Asixan see in the figure, we have achieved good PL
emission, compared to that of a®a - /As 3nm thick QW. The responsivity of one of these
devices is also shown as a function of the tempexalt can be observed how the detector can
operate from low temperature to 150K. The measunéroethe responsivity above this limit is
difficult since the dark current increases dradijcanaking it hard to separate from the
photocurrent. We are now developing a low noiseldiempcapable of removing the dark current
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from the photosignal. With this equipment we wilbpably be able to operate this device at higher

temperatures.
7 InGaAs Quantum well 7
AGahs 30% 3 ] 10 QD layers ]
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Figure 4. Quantum Dot IR Photodetectors (QDIPs) a) Layeucure. b) Photoluminescene
spectra for three different QDIPs with 10, 17 arid@D layer. ¢) Responsivity of the QDIPs, it can
be measured from low temperature to 150 K, aboigdithit the dark current is too high to separate
it from the photosignal.

In conclusion, we have explored the possibilitiethe InAs QD to achieve high temperature

detectors. We developed devices operating at teahpes as high as 150K. In the future, our main
interest is to use these QD layers to fabricatertasind to use the material system InAsN to
increase the wavelength to 1.3 um.
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6.3 MBE growth of IlI-V-N quantum structures for optoedctronic
devices?

The ISOM has a long tradition of research devoted to m(hdxedneam epitaxy (MBE, Fig 1)
growth of traditional arsenide binary and ternamynpunds\"
(Al,Ga)(As) and nitrides (In,Al,Ga)(N) for thei
applications on optoelectronic devices (Detectersitters,
etc.). In the recent years, a lot of effort haverbdone one . _
new kind of materials in which small amounts ofoden ‘ ‘
are incorporated to the arsenic sitesin the serdioctor = |/

structure. These materials are called 'dilute desi and L
have a lot of interesting properties.

>>>>>

Figure 1 - (In,Al,Ga)(As,Sb,N) MBE at ISOM.

1.- Interest of 111-V-N for telecom industry

Due to the high g; high refraction index contrast with AlGaAs ance tpossibility of
emission at 1550 nm using GaAs substrates, thesietlse present a great interest in this field of
diluted nitrides.

2.- (Ga,In)(N,As) on (100) and (111)B

Almost every publication in the literature up toteladevoted to the research on diluted
nitrides, is based on (InN)GaAsN grown on GaAs (100)hose references we can find that some
problems still arise related to the growth of timaterial. We can cite some of them briefly. Fiitst,
is widely reported in the literature a strong reducin the optical quality with the incorporatiof
nitrogen in the InGaAsN layers [2-5]. Another pral that is usually found, is the transition from
the 2D to the 3D growth mode, due to the decomiposibf the material [6-9]. For this reason,
InGaAsN requires a low growth temperature (arou@d 24C) to avoid the deterioration of these
layers. In our case, we have chosen (111)B GaAstiaibs for the development of dilute nitrides-
based devices. This election is not arbitrary, sndue to the following reasons. First of all, our
group and others demonstrated the growth of highlityuIlnGaAs based devices on this
orientation, as well as the development of lowshodd (200 A/cm?) InGaAs laser diodes. [10,12-
15]. Secondly, the intrinsic properties of the miate grown on this orientation, make the GaAs
(111)B substrates interesting candidates for thveldpment of INnGaAsN based devices. The first
of these properties is the presence of a piezaektd in the strained heterostructures grown on
this orientation.[11,12] This piezoelectric fieldodifies the band structure of the devices, giving
rise to the possibility for the development of Homear devices and optical modulators. [13-15]
Another interesting property is the absernce of3transki-Krastanov or 3D growth mode (layer +
islands) in this kind of surfaces. [16] This is doehe fact that the misoriented substrates grow i
the step-flow growth mode. This last property magid the decomposition of the material duing
growth, obtaining thus flatter layers, with betteptical properties. Additionally, for the
InGaAs/GaAs system, the posibility of growing widgrantum wells (QWSs) without relaxation on
GaAs (111)B than on GaAs (100) was reported. []7TiRis, the emission wavelength from the
QWs could be extended toward longer values. Thig reduce the concentration of N of the QWs

% Contact person:; Alvaro de Guzman Fernandez: guzman@die.upm.es
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(required to reach long wavelenghts). Thus, we c¢awlduce the nitrogen induced damage
previously described. The resarch in diluted ngsidgrown on (111) is a new and interesting field,
in which still only very few works have been puhksl in the literature. [19-27]. First of all, the
growth of high quality Bragg reflectors is quitengolex, due to the small difference in the
diffraction index of the materials suitable forithgrowth. The absence of these high quality Bragg
reflectors based on the InP material system makesVICSEL technology quite complicated.
Secondly, the conduction band discontinuity betwiderbarrier and the quantum well (QW) levels
is small. This causes a poor confinement of thetelas. [1] Due to this last reason, the
characteristic temperature (To) of the InP-baseérlaliodes is low. A convenient candidate to
substitute these InP-based emitters is the soekcdileted nitride INnGaAsN/GaAs system, proposed
in 1996 by Kondow et al. [1]. This group demongdathat the addition of small amounts of
nitrogen to the InGaAs layers (less than 5%) caasssong reduction in the bandgap. Thus, it's
possible to achieve wavelengths long enough us@a§sGechnology, to be effectively integrated
in the optical communications systems. [1]. Thecteten confinement in the conduction band of
this system is much higher, implying a higher chtmastic temperature (up to 150 K [1]) than that
found for the InGaAsP/InP system. Additionallyjstpossible to grow virtually lattice-matched
high quality Bragg reflectors based on the Al(Gd#eAs system. This allows the fabrication of
vertical cavity surface emitting lasers (VCSELs)hna simple technology. Some of the advantages
of these lasers are an easier alignment with thieadgdiber in the final device, and the possilyilit

of in-situ wafer testing, without cutting nor cling the laser devices, saving time and money in
industrial productions. For all these reasons,etherat the present a great interest in this foéld
diluted nitrides. Almost every publication in the&efature up to date, devoted to the research on
diluted nitrides, is based on (In)GaAsN grown orA&4100). In those references we can find that
some problems still arise related to the growtthaf material. We can cite some of them briefly.
First, it is widely reported in the literature aostg reduction in the optical quality with the
incorporation of nitrogen in the InGaAsN layersgR-Another problem that is usually found, is the
transition from the 2D to the 3D growth mode, do¢he decomposition of the material [6-9]. For
this reason, InGaAsN requires a low growth tempeeataround 400 °C) to avoid the deterioration
of these layers. In our case, we have chosen (1G8Y8s substrates for the development of diluted
nitrides-based devices. This election is not aabjtrand is due to the following reasons. First of
all, our group and others demonstrated the growthigh quality InGaAs based devices on this
orientation, as well as the development of lowshodd (200 A/cm?2) InGaAs laser diodes. [10,12-
15]. Secondly, the intrinsic properties of tt 16
materials grown on this orientation, make the Ga
(111)B substrates interesting candidates for
development of InGaAsN based devices. The f
of these properties is the presence of a piezael¢
field in the strained heterostructures grown os t
orientation.[11,12] This piezoelectric field moeii
the band structure of the devices, giving riseht®
possibility for the development of non-line:
devices and optical modulators. [13-15] Anoth
interesting property is the absence of the Stran:
Krastanov or 3D growth mode (layer + islands) 200 1202 1204 1206 1208 1210
this kind of surfaces. [16] This is due to the fe Wavelength (nm)

that the misoriented substrates grow in the stepigure 2.- Room-temperature lasing spectrum
flow growth mode. This last property may avoidrom an GalnNAs—-GaAs LD under pulsed
the decomposition of the material duing growthgperation. The inset shows the light power
obtaining thus flatter layers, with better opticalersus current measurements (300 K) from the
properties. Additionally, for the InGaAs/GaAssame GalnNAs—-GaAs LD.

system, the possibility of growing wider quantum
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wells (QWSs) without relaxation on GaAs (111)B tham GaAs (100) was reported. [17,18] Thus,

the emission wavelength from the QWs could be a@ddrtoward longer values. This may reduce
the concentration of N of the QWs (required to helang wavelengths). Thus, we could reduce the
nitrogen induced damage previously described. €search in diluted nitrides grown on (111) is a
new and interesting field, in which still only velgw works have been published in the literature.
[19-27] and in which we demonstrated the first wilunitride laser grown on a GaAs (111)B

substrate. [28] (Fig. 2)

3.- The role of Nitrogen ionic species on MBE grow  th of llI-V-N layers

The strong reduction of the optical quality of quen wells, due to the formation of non-
radiative defects, is mainly due to the creatiorGaf vacancies [29], interstitial incorporation of
nitrogen [4] and damage caused by the ionized getnospecies from the plasma [5,26,27,30,31].
The formation of the first two types of defectslisectly related to the growth dynamics and can be
controlled by using the proper growth conditiomsour lab, we study the latter type of defects, i.e
those formed by ions generated in the nitrogennmasand their impact on the GalnNAs QWs
grown on GaAs (111)B and (100) has been assesseddér to incorporate nitrogen in the dilute
nitride QW an atomic nitrogen source is needed. mbst extended method to achieve this goal in
MBE systems is to create a plasma from ultra-putregen. In
these plasmas, different species coexist simultsigo . f :
electrons (g, atomic nitrogen (N), diatomic nitrogen {Nand 16K
their excited species ¢N etc) [30,31]. The ratio of the ionized |

\Magnet

species to the atomic species is called ionizafsmtor. The — 2T
lower this ionization factor, the higher the qualif the plasma
for epitaxial growth applications.

No

150 Magnet

300 K
Since electron cyclotron resonance (ECR) plasmacesu

show high ionization factors [32,33], the most exled nitrogen

sources for the growth of nitrides and dilutedidés are radio

frequency plasmas (rf) and direct-current (dc) mlas. In our 5oF

lab, we use an Oxford Applied rf source. To prdgismntrol

the amount of atomic nitrogen in the plasma, welseOptical 0 |

Emission Detector (OED) that detects the charatieri 1200 1300 1400 1500 1600

emission of atomic nitrogen. This device gives assitu and Wavelength (nm)

real-time value proportional to the amount of atomirogen in

the plasma. It consists of an optical detector,pedpwith a Figure 3: Low (16k, grey) and

narrow band-pass optical filter tuned to the emissnergy of RT (black) spectra for two

the photons emitted from excited nitrogen atomgaplasma. €duivalent as-grown samples,

We have developed different ways for in-situ chszation of With and without a magnetic field

plasmas allowing to determine optimum working ctinds for during the QW growth.

epitaxial growth are described. We additionally destrated how these ionic species are

detrimental for the optical quality of dilute ndas.(Fig 3)

=
o
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4.- (Al,Ga)(As,N) growth and characterization

We additionally study the relatively less known Al&SN compound. AlGaAs is a direct
bandgap semiconductor up to around 40 % Al, bututoknowledge, the type of transition for the
AlGaAsN quaternary material is still unknown. Onlgry few works have been devoted to the
study of the growth of this compound [34] and t® ¢haracterization [35-38]. A more intensive
structural and optical study of AlGaAsN could peibetter understanding of the way that the
very electronegative N atom incorporates to thevihost matrix. Additionally, the impact of N
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and N species on the properties of AlGaAs layers isreaginterest due to the extensive use of
this ternary as the cladding layers in (Ga,In)(NS% long wavelength lasers on GaAs. The
growth of these claddings under a residual dverpressure, after the growth of the InGaAsN
quantum well, can lead to the generation of stmattdefects that directly have an impact on lasing
performance [39]. In our work, we use a radiofreguyenitrogen plasma source and a solid source
molecular beam epitaxy system to grow AlGaAs(NgkHayers on GaAs (100), capped with GaAs
layers to avoid AlGaAs(N) oxidation. Two differeaffects were analyzed: the impact of a N
overpressure on the growth of AlGaAs, and the ipaation of N in AlGaAs using the plasma
source with a 0.3 sccm N flux and varying the swlbstgrowth temperature. In the AlGaAs
samples with a N overpressure, we find a broadeaofnidpe X-Ray diffraction peaks associated
with poorer structural quality, but no N incorpaoat In the samples grown with a N plasma, the
X-Ray diffraction peaks associated to the straifgiaAsN shifted apart from the GaAs substrate
as the growth temperature was decreased. Thisatedia stronger N incorporation for reduced
substrate temperatures, as found for related ralgeguch as GalnNAs, but contrary to what was
theoretically expected from delta lattice paramatet valence force field calculations.
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6.4 IlI-Nitride Nanocolumnar heterostructures’

During the last years, the ISOM has a very actesearch line focused on the growth and
characterization of nitride based nanocolumnshis field pioneering work on nanocolumns and
nanocolumnar heterostructures has been conductedudnlished. After the demonstration of first
nanocolumnar devices from detectors, Lasers, LEHEMT, SAW [1-4], the next challenge for
nitride nanocolumnar heterostructures is to prdwa it is possible to integrate such nanoobjects
into wide spread Si integrated circuit (IC) teclogyl. For that purpose, the study on the growth of
GaN nanocolumns on Si and their characterizatiorewenducted. For that purpose, the Si(001)
substrate is the preferred one because it is ttst widely used in the mainstream IC technology.

GaN nanocolumns on Si(001) grown by Pambe: Optical and Structural study

Several groups have attempted in the past to ¢ileé compact layers on Si(001), either
seeking the metastable zinc-blend (cubic) phasenf5S]sing a complicated buffer [6] to obtain
wurtzite GaN while avoiding cubic phase inclusioms. addition to the substrate integration
difficulties, 11I-N compact layers grow on non-coha@mt substrates show high concentrations of
threading dislocations due to the very high lattioe thermal mismatch.

In the last couple of years a lot of effort hasgemade to achieve and control the formation
of IlI-N nanostructures like nanocolumns (or namsowhiskers, nanopillars...). These nano-
structures offer a very high crystalline qualityedio the strain free structure and the absence of
dislocations and extended defects. In additiorseh@ne dimensional semiconductor structures are
known to be suitable for the studies of quantuneaff and the realization of quantum devices.
After the successful self assembled growth androbof size and density of nanocolumns (GaN,
AlGaN, InN [7-9]) by Plasma Assisted Molecular Be&pitaxy (PAMBE) on Si(111), it has been
reported the consecutive growth of several typdsetérostructures (quantum disks (QDs) [10,11],
nanocavity [12]). Thus, this simple process (withany buffer) to grow GaN nano-devices will be
a straightforward way for the direct integration rafride nano-devices on Si(001). This letter
shows that the GaN wurtzite nanocolumns can be myrdirectly on Si(001), having the same
extraordinary properties as similar nanostructgresvn on an hexagonal substrate like Si(111).

The samples were grown by PAMBE with a RF-plasma®to activate the nitrogen. The
substrates used were on axis (x0.5-1°) Si(001) mwafehe growth temperature was that used to
grow GaN nanocolumns on Si(111). Growth is initiatgth GaN, without any buffer. In order to
obtain columnar morphologies, the growth proceededer excess nitrogen [7,8] (N-rich
conditions: lll/V ratio << 1). The growth rate wastimated from SEM measurements (Figure 1) to
be of some 0.2um/h. Samples structural and opicgderties were assessed by Scanning Electron
Micrography (SEM), High Resolution Transmission d&tenic Microscopy (HR-TEM) and low
temperature photoluminescence (PL).

4 Contact person: Enrique Calleja: calleja@die.upm.es

46



Figure 1 shows GaN nanocolumns grown on Si(001niypaiertically aligned with rather
uniform heights, diameters and distribution densiiye nanocolumns diameter ranged from 20 to
40 nm. The morphology of the GaN nanocolumns gromwisi(001) is identical to that of the GaN
nanocolumns grown on Si(111).
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Figure 1: SEM micrograph of GaN nanocolumns grown by PAMBE Si(001) substrate

Optical properties of the GaN nanocolumns growrthen Si(001) substrate and on Si(111)
(reference sample) have been studied at 10K byi@anis Wave (CW) PL with the 325-nm line
of an He-Cd laser, dispersed by a Jobin-Yvon THBOI®onochromator and detected with a UV-
enhanced GaAs photomultiplier and a lock-in amglifFigure 2 shows the PL spectrum measured
at 10 K of GaN nanocolumns grown on Si(001).

PL linewwidths are found to be 0.10 YTV GaN/Si(001)
identical in GaN nanocolumns { o1 f .
grown either on Si(001) or Si(111) .| pareey To 10K
[13,14]. Near band-edge peaks
observed at 3.470-3.478 eV are
attributed to the exciton transitiong 0.06
The inset in the fig. 2 shows that thg
near band edge emission consistsgof
four distinct peaks at 3.448, 3.475,
3474 and 3.478eV, that are
attributed to an undetermined ¢ god
contaminant or structural defect; a
neutral-donor bound exciton DOX;
and the free excitons A (FXA) andg 004 =
(FXB)  respectively  [13,15,16]. 20 22 24 26 28 344 345 346 347 348 3.49
Emission is dominated by the DOX
with a full width half maximum
(FWHM) of 2.3 meV. The FWHM Figure 2.- PL spectrum of GaN nanocolumns measured at 10 K.
value of excitonic peaks in GaNNo deep level emission is observed at 2.3 eV.ridet shows the

dominant near band edge emission.
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nanocolumns is narrower than those correspondingotopact layers [15,16]. Lower energy
emissions attributed to deep level emissions, stracdefects and impurities, like the so-called
yellow band centred at 2.2eV, were not observeghasvn in figure 2 [17]. No cubic GaN-related
PL signatures, typically observed around 3.3eV gvwexidenced [18].

The excitonic emission energy position clearly g®that nanocolumns are fully relaxed and
the absence of signatures around 3.2 eV showghbdilm is hexagonal. This has been further
assessed by electron diffraction and Raman expatamé&he intensity and sharpness of the optical
emissions indicate a very high crystal quality.
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Figure 3. (a) Cross-sectional TEM image of GaN
nanocolumns grown on Si(001).

(b) The corresponding selected area diffraction
pattern. The solid and the dashed lines indicage th
Si[110] and GaN[11-20] zone axis orientation,
respectively. All spots in the pattern belong to
either Si or hexagonal GaN.

(c) Cross-sectional TEM image of a GaN
nanocolumn epitaxially aligned to the Si(001)
substrate.

HR-TEM measurements, were carried out in a Jeol JENMIO microscope operating at
300kV, prove that the GaN nanocolumns grown on@8ifCQare structurally uniform and single
crystalline with the growth direction along the hgrnal [0001] axis (see Fig.3.a and b). The
nanocolumns diameters vary between 20 and 40 nntheiddensity is rather high occasionally
resulting in column coalescence. As in the cagg&afAl)N nanocolumns [19] grown on Si(111),
no threading dislocations or other extended defeete detected (very few stacking faults were
found, which are probably related to the coalesegmrocess). Selected area diffraction patterns
(SAD) in fig. 3(b) reflect a texture-like behaviof the columns, i.e., the GaN(0002) planes are
parallel to the Si(002), however, the in-plane mingnt is not well defined, although few columns
show an epitaxial orientation with their [11-20][@¢100] directions parallel to the Si<110> axis,
respectively. An example is given in fig. 3(c) th&itows a HR-TEM micrograph of a perfect
epitaxially aligned hexagonal nanocolumn with GaMN®)||Si(002) and GaN[11-20]||Si<110>.
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The Si(001)/ GaN nanocolumn interface appears amooigy most probably due to nitridation of
the Si substrate prior to the growth, yielding @\glayer of a few nanometers thick. The study of
the degree of column twist with respect to theuBissrate surface is still in progress.

In conclusion, this work investigates the opticald astructural properties of the GaN
nanocolumns grown directly on Si(001). The sharp aarrow PL features evidences high
crystalline quality as was the case in the (Al)GaBnocolumns grown on Si(111). The
nanocolumns are hexagonal and strain free. Morediverstructural properties measured by TEM
proved that the growth of the GaN is along the [JO@irection without any defects. We
demonstrated for the first time the growth of Gadhocolumns on Si(001) having the same
extraordinary crystalline properties as GaN nanavols grown on Si(111). With these
experiments, we open the possibility to integrateeadly GaN nano-devices on the Silicon
technology.
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6.5 Lasing Characteristics of 1.3-1.52m GalnNAs/GaAs QW Laser
Diodes: Degradation Mechanisnis

Diluted nitride laser diodes (LD) have already destoated their potential for 1.30-1.8in
emission, with excellent figures of merit alreadported for these devices, including low threshold
current densities ), and high power emissiof$. However, one of the challenges remaining is to
extend the emission wavelength above 1u8i, with the final goal of reaching 1.58m with
improved performances that could compete with ttaeliional InP family. This wavelength
extension requires to increase the N content indhlNAs quantum well (QW), but is typically
accompanied by a very large degradation of allrla$@aracteristics, in particular a very large
increase in ¢ >*° However, the mechanisms responsible for this as®eare still under debate,
especially at long wavelengths. We analyze herenbehanisms causing the degradationycdrdd
external differential quantum efficiencyd) in single quantum well LDs with 1.3 to 1.h#n lasing
wavelengths.

Molecular beam epitaxy of the QW LDs was perfornadthe Centre National de la
Recherche Scientifique (France) by Benjamin Damiland coworkersvith a RF-plasma source
for N and solid sources for the other elementsailbon the optimization of the growth conditions
are discussed elsewhefe The LD active regions were made by a 300-400 mickt GaAs
waveguide, with a 70 or 100 A—thick GalnNAs sin@®@/ in the centre. A series of samples were
grown with different N compositions and an In camication of 38-40 %. A reference InGaAs QW
LD was also grown with the same layer structuréhasGalnNAs LDs, and a 100 A-thick 20 % In
QW. The N content was extracted by using the nohhmand QW thickness as known parameters,
and by applying the band-anti-crossing (BAC) mdde match the measured PL emission energy
of each QW LD. All structures were processed asdbrarea LDs (see Ref. 5 for details). The
Fabry-Perot resonant cavities were defined by elgawf the LD stripes to lengths from 600 to
1500um. The as-cleaved devices were
then accessed with a fine probe and
measured p-side up, sitting on a Cu
heatsink, under pulsed conditions (1
us, 0.1 %).
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As shown in Figure 1, the set of ]
GalnNAs LDs covered the spectral = 1000-
region from 1.29 to 1.52m, with J, 1 —@
and ng representing state of the art 0
results for quaternary LDs emitting
above 1.4-1.45um. ° However, a

strong tendency of »J and ngq to

degrade with increasing wavelength is Figure 1: Dependence on the lasing wavelength of

observed. Such degradation has alsothe threshold current density{lJand external differential

been observed before®* and in quantum efficiencyskyx) of GalnNAs/GaAs LDs. The inset

particular, has been clearly correlated shows the lasing spectra for the 1.55LD.
to a degraded PL intensily.
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We first focus on the determination of the intergalantum efficiency r{j) and internal
optical lossesq(;) of the 1.29-1.521m series of LDs. For this analysisy was measured in six to
seven LDs from each bar with a given cavity len@gth andn; anda; were deduced from a linear
regression to the 44 vs. L curve® The

resulting values are shown in Figure 2 as ' e GaAs Barrier .
a function of N content in the GalnNAs 1 o GaAsN Barrier '_10
QW. We see that; decreases when N is 807 é i
added to InGaAs, which has been + s
observed before, but remains constant £ o - R
with increasing N up to 2.0 %, contrary < LN é% + o 8
to what is reported in samples grown by 40- @ o
metal-organic-chemical-vapor ] M
deposition with GaAsP in the barriefs. 20- * %] [

To understand this decrease, we will . ® 5 N
next analyze the mechanisms that affect 1 _, P . Lo

T T
ni 0.0 1.5 1.8 21 00 1.5 1.8 2.1

N content (%)
As reported by Smowton and

Blood, *° n; is given by the product of

three terms: the lateral current spreading Figure 2. Dependence on N of the internal
efficiency @19, the radiative efficiency  quantum efficiencys{) and optical lossesa) of

of the QW (), and the current injection ~ GalnNAs/GaAs LDs.

efficiency (). The first term, ns,

should be close to unity in our structures, sife LD mesas are etched passed the waveguide
region.'® The second termm,, is also expected to be close to unity above timidswhen the Fermi
level is pinned in the QWP Thus,n; is limited by the current injection efficiencyinj, which is
related to carriers lost in the barriers by recarabon, or by drift or diffusion through the claddi
layers, but is not related to recombination at@h# itself.

Looking at previous reports, the origin of this detedn; in GalnNAs LDs could be ascribed
to higher hole leakage, as discussed in Ref. @iceSj; is in fact limited by the carrier injection
efficiency, an increasing hole leakage would predaalecrease af, (as it is the case in Ref. 10),
opposite to the approximately constant value itnghm Figure 1 for N contents from 1.4 to 2 %.
Moreover, the InGaAs LD reference contains 20 %aihile all the GalnNAs LDs contain 38-40
% In. Since the valence band offsAE() in GalnNAs/GaAs remains almost unchanged asdtres
of adding N, as shown in Ref. 8F, should be larger (~20-25 meV) in the GalnNAs Lbart in
the InGaAs reference LD. Thus, hole leakage casagsfactorily explain the behavior of.
Recalling again that; is limited by the carrier injection efficiency atitht the LD layer structure
is the same for the InGaAs and GalnNAs LDs, theaise of); from InGaAs to GalnNAs can be
explained to result from a higher loss of carrtereugh recombination in the barriers or claddings.
This loss mechanism would then remain constant imitheasing N content in the QW (Fig. 2),
strongly suggesting that it is the presence ottediN in the MBE chamber during the growth of
the barriers that is responsible for the generabiodefects in these layers. These defects in turn
cause higher carrier losses and give rise to amrased ] and a decreaseag. In order to verify
this picture, a 1390 nm GalnNAs LD with an unop#ied 3-nm thick GaNAs barrier was analyzed
(3=3.28 kA/cnt for a 1000um-long cavity). The resulting; is shown in Fig. 2, and is indeed
smaller than in the LDs not containing intentiobaln the barrier, supporting the picture that N
incorporation in the QW barrier can be the origimdigher carrier loss.
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The next loss mechanism that can partially explh@increase ofnJwith A is the loss of
photons by optical reabsorption, givendoy(Fig. 2). In the GalnNAs LDs this parameter tetms
increase with increasing N content, and thus dyre¢grades bothy,Jandng. The origin of the
largera; at higher N contents could be related to the higitea-valence band absorption, which is
expected at longer wavelengths. As it will be shdvetow, the carrier transparency density does
not vary with the N content in GalnNAs QWs, andstiticould not contribute to the increaseiin

The internal transparency current density) @Was also obtained (note that this parameter is
only related to the carrier recombination mechasigmthe QW)2 Assuming that the gain has a
logarithmic dependence on the current densitgah be deduced from a plot ofin) vs. 1/L.2
The resulting values are shown in Fig. 3. We nlo# &dding 1.4 % N to the InGaAs reference has
a small impact onJ) from 135 to 196
Alcm?, but further increasing the N content 1400 {25 ¥
leads to a monotonic increase @f Which
reaches 906 A/cfnat 2 % N. This strong
increase inyabove 1.4% N is the third and <
dominant mechanism leading to the= ]
degradation of ¢ at long lasing

A/ cnﬁ

800 8
/

Interna

400 /O/,
wavelengths. |
200 O
O e
To analyze this increase with N N I
content, we note that, assuming Boltzman 0.0 o ™ - -

statistics, ¢ is directly given by _ N content (%)
J=qV(Cny+Bn*+An,>), where V is the Figure 3: Impact of N on the internal transparency

volume, @ is the transparency carrier current density of GalnNAs/GaAs LDs

density, and C, B and A are the

monomolecular defect-related (non-radiative), beaalar (radiative), and Auger (non-radiative)
recombination coefficients, respectivefy.One possible explanation for the increase,ofith N
content (Fig. 3) could be an increase @f Mmhis possibility was examined by calculating the
dependence ofgon N content using the BAC model, and following #pproach from Ref. 12 to
calculate the material gain. The results are showhig. 4, where two effects can be observed.
First, nr increases when N is added to InGaAs (maintaineglh content constant at 39%), but
remains approximately constant with N content, gtto what it is obtained experimentally for
Jr (Fig. 3). Second,ndecreases from the 20 % In InGaAs reference Lihea39 % In GalnNAs
LDs, also contrary to the measured increasg.dfdnsequently,hhas to be ruled out as the origin
of the increase of,Jvith N content.

The contribution to Jfrom the bimolecular radiative component?d= B - n? was also
calculated as a function of N content (Fig. 4). Mége that, in fact,JF“ decreases with increasing
N content (in agreement with what is reported ir. R8 or pairs of In-N contents leading Jufh
emission) and neither can explain the overall iaseeof J with N. Thus, only a large increase in
the monomolecular (defect-related) or Auger coedfits could account for such effect. Fhese et
al** have measured these coefficients in a MBE-growinibas/GaAs single QW LD, with 36%
In and 1.7% N, and emitting at 148n with J,~600 A/cnf. They found that the radiative and
Auger components are only ~20 and ~25 % of thd tataent, respectively, whereas the defect-
related component was ~55 %. Using these resulteun 1.29um LD (1.4 % N, with a similar
structure andy), we estimate that the Auger coefficient woulddheeincrease by a factor of ~15
to entirely account for the increase ipflom 1.4 to 2 % N. Such increase is extremelykatyi
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and, indeed, in InGaAsP the factor is between taa faur when shifting from 1.30 to 1.58n.°
Thus, the monomolecular (defect-related) recomhnnatoefficient, C, is the coefficient that likely
accounts for most of the large

increase in ] and therefore in 1x10" e — 80

Jn (Fig. 1), with increasing N ] ,
content. ~This is strongly . |20%InInGaAsreference
supported by the characteristic /o 60—
reduction in photoluminescence™ |

efficiency observed when the NE 8x10"1"

d
Squares = | ™

A

‘ .- .(::]o -o ° o
0bs . S 0 ‘ S
content is increased in the.s 1 5
GalnNAs QW3 7510 EL.\\\ /‘//'/ 39 % In series N,
A j 120
,/'/’ - O--- ‘D""’{:L
. 11 | / e
In this work the 01077 o 0

mechanisms causing the e 0
. . 0.0 0.5 1.0 1.5 2.0 2.5 3.0

degradation of ¢ and ng in .

GalnNAs/GaAs LDs from 1.29 N content (%)

to 1.52um have been analyzed. _ _
The first mechanism is the Figure 4. Dependence on N of the transparency carrier

decreased carrier  injection density () and radiative current density ;).

efficiency when N is present in

the chamber, which is related to carrier recomimnaat defects in the barriers. The second one is
an increased internal optical loss for larger Nteots. And the third and dominant factor fgr i$

the large increase of With increasing N, which can be directly linkedao increase in the defect-
related recombination coefficient in GalnNAs QWdaager N contents.
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6.6 Characterization of InN layers and nanocolumnsgyvn on
Silicon (111) by Plasma-Assisted Molecular Beam iy °

In recent years lll-nitrides and their alloys hatgacted much attention mainly due to their
potential application in optoelectronic and elesicodevices [1]. Main efforts have been focused
on the development of GaN and Ga-rich InGaN andaNGlloys. With these two alloys the
electromagnetic spectrum ranging from ultraviolet to the visible zone is covered. The InN
binary has received much less attention in the aastompared with GaN and AIN; however the
recent determination of the band gap energy, asdevd.7 eV [2], has extended the range of
application of lll-nitrides into the near infrargurt of the electromagnetic spectrum and a great
deal of renewed interest has arised.

One of the main problems to obtain high crystalliuéilms of this material, as for all the
nitrides, is the lack of a suitable substrate. [Htigce mismatch between InN and the typical used
substrates in Nitrides is about 25% with sapphir®% with 6H-SIC and 8% with Si(111).
Nevertheless good quality films have been obtaoredll these substrates [3-5].

The most critical parameter to grow high qualitiNlfilms is the substrate temperature [6],
due to the low dissociation temperature of INN &50and the extremely high equilibrium vapor
pressure of nitrogen in this compound. An excesgemiberature during the growth may dissociate
the InN, leaving the substrate covered with In tbtsp since dissociation takes place at a much
lower temperature than the desorption of metatiic |

Figure 1. Scanning electron microscope photographs of mMis described in Table 1:
a) Sample A, b) Sample B.

A first series of InN samples were grown on Si(lat fifferent substrate temperatures to
establish the influence of this parameter in thephology of the layers (Table 1). All these InN
layers were grown on top of a 50 nm thick AIN buffayer. Growths performed at substrate
temperatures above 500 °C show dissociation ofrtNelayer and the formation of metallic In
droplets on the surface (Figure 1a) while redudhmy temperature down to 475° C leads to the
formation of columnar material (figure 1b). Whermwging at 500° C, too close to the dissociation
limit (550° C), samples under stoichiometry coratif exhibit some degree of decomposition at the
surface as shown in figure 2a (sample C); while@asngrown with an excess of nitrogen shows

® Contact person: Miguel Angel Sanchez: sanchez@die.upm.es
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pyramidal shape due to the segregation of the hwetadlium and dissociation of the InN, figure
2b (sample D). This effect indicates that the disgton temperature of InN is lower than the
temperature needed to desorb the excess indiunt, less previously been reported by other
researchers [7]. In order to avoid this phenometima substrate temperature is pointed out as the
first critical parameter to be selected.

Table 1. Selected samples to study the effect of subsaateerature.

Sample Subs. RF Nitrogen Plasma  Indium Beam Equivalent
Temp. Power (W) Pressure (Torr)
(°C)
A 550 220 2.5x 10
B 475 220 2.5x 10
C 500 200 5.5 x 10
D 500 315 2.5x 16

Figure 2. Scanning electron microscope images of InN lagesgsvn at 500°C. a) Close to stoichiometry, b)
under Nitrogen rich conditions.

A new series of samples were grown to determineirtieence of the III/V ratio on the
morphology of the samples, by varying only the imdimolecular flux and keeping the rest of the
growth parameters fixed, as described in Tableh2. ratio between the molecular indium flux and
the active nitrogen (i.e. 11l/V ratio) is the fundantal parameter controlling the morphology of the
films. N-rich conditions lead to columnar InN saewl(Figure 1b) with very intense low-
temperature photoluminescence emission at 0.74wéVe compact layers are obtained when
using growth conditions towards In-rich (Figure.1d} is worthy to note that the effective IlI/V
ratio is also strongly affected by the substrateperature. Therefore, a slight change in the growth
temperature has a direct effect on the morpholdghelayers. The In molecular flux was varied
from sample D to sample F (see Table 2) correspgntti 111/V ratios with N-rich conditions for
sample D, low indium flux, and close to stoichiorgdior sample F. The morphologies of these
samples are shown in the SEM cross-sectional phagpbg of Figure 3. Sample D, grown with N-
rich conditions, consists in an array of columnanacrystals (Figure 3a), with morphology very
similar to the one obtained in GaN layers grownernd-rich conditions [8]. As the In molecular
flux is increased towards In-rich conditions (saespE and F), the structure of the layers evolves to
a more coalesced morphology (Figures 3b and 3pectisely). For these three samples (D, E and
F) the growth rate measured by SEM, was betweehdnd 0.93 um/hour. This high growth rate,
together with the IlI-V ratio, can be consideredaaiitional factor for a non-optimal nucleation
process at the beginning of the InN growth, by préwng the total coalescence of the InN columns
or grains (sample F). The growth rate can be lodenédhile maintaining close to stoichiometry
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conditions, by re-adjusting the plasma power amtium flux as in sample G of Table 2 (growth
rate of 0.4 um/h). The morphology of this sampligre 3d) exhibits a better coalescence.

Table 2. Selected samples to study the effect of incrgakmindium molecular flux

Sample Subs. RF Nitrogen Plasma  Indium Beam Equivalent
Temp. Power (W) Pressure (Torr)
(°C)
D 475 300 2.5x 10
E 475 300 3.5x 10
F 475 300 6.5 x 10
G 475 185 4.0x 10

Figure 3. Scanning electron microscope photographs of Inbicsed samples increasing the indium
molecular flux: a) Sample D, b) Sample E, c) Sarkpded d) Sample G.

Low temperature PL was performed on the seriesaofpdes described in Table 2. The N-
rich layer (sample D) exhibits an emission at Ge¥5while the intensity of the PL signal for the
other two samples is two orders of magnitude lowlerall cases, the emission is observed in the
range 0.74-0.76 eV with no other emission presehigher energies.

The decrease in the PL intensity as the materiablbes more compact has also been
observed in GaN layers with similar morphologiegtes ones described in this work [8]. During
the coalescence of the nanocolumns, grain boursdanié extended defects are generated, acting as
non-radiative centers and being the main fact@paesible for this phenomenon.

Excitation power dependence has been also invéstige 16 K, observing no variation on

the position of the emission energy and a linearease of the integrated intensity with the
excitation power over two orders of magnitude.
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It is also confirmed by high resolution transmissiglectron microscopy that the columnar
material exhibits a morphology free of defect, &amto the case of GaN nanocolumns [9], and
without segregation of metallic indium (Figure 4@ll these findings suggest that the PL emission
corresponds to a band-edge recombination, obtaiméamgl gap values of 0.75 eV and 0.72 eV, at
low and room temperature respectively.

Compact material exhibits also a PL emission attlemwperature at 0.75 eV as is the case for the
INN nanocolumns, but with an intensity two ordefsnagnitude lower. It should be noted that there
are no other emissions at higher energies.

In order to verify the crystal quality, InNN compastaterial was characterized by X-ray
diffraction showing a rocking curve of the (0002flection with a full width at half maximum
(FWHM) value down to 682 arcsec. Figure 4a shoasgmission electron microscopy images of the
INN-AIN and AIN-Si(111) interfaces. A perfect epital alignment is observed via the selected area
electron diffraction (SAED) pattern of the insetigure 4b is a high resolution TEM image of the
abrupt interface between the InN and the AIN bufiger.

0)

10 nm

Figure 4.a) TEM analysis of INN / AIN / Si (111) interfac&ge inset shows the perfect epitaxial alignment.
b) HRTEM image of the abrupt interface betwieninN and the AIN buffer layer.
c) HRTEM of a InN defect- free nanocolum ftapt); no metallic Indium inclusions are observed.
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6.7 AlGaN/GaN High Electron Mobility Transistors

Despite the significant advances made in GaN tw@olgy, new progresses and basic
understanding are still needed in materials quatdigrvice processing and reliability issues. In the
case of GaN HEMT, it has been long recognized tatAlGaN/GaN surface plays a key role in
controlling the channel two dimensional electromsiy (2DEG), in current collapse problems,
behaviour of passivation layers, breakdown voltaggémization, etc. A series of related problems
ranging from wafer cleaning procedures and surfaa@ments, to finding the optimum passivation
layer in relation to device performance and relighi still needs further research efforts.
Improvements in the AlIGaN/GaN heterostructure (Hi8g introduction of channel In alloys, thin
AIN spacer layer, use of quaternary barrier all@ts,, pose some materials issues like interface
quality control, more accurate strain and compositassessment procedures, reproducibility
problems, origin of residual traps, reliability méw designs, etc. Besides, the final goal for high
temperature high power devices keeps alive a winategge of processing and fundamental
questions in relation to a better understandingllBMT operation at high temperatures, optimized
ohmic contacts, reliability issues, etc.

At ISOM we have been working on AlGaN/GaN trarmistfor about a decade, first under
partial support from ESA and later with the fina@upport of the Ministry of Defense-CIDA and
the Spanish Ministry of Education. Along this périthe whole spectrum, from AlGaN/GaN HS
growth by MBE to full device processing and powspéifier prototyping has been covered. The
recent participation of ISOM in project Korrigaimdnced trough the EDA, has allowed us to use
this past experience to now address some questaated to nitrides surface physical and
chemical properties, passivation issues, high teatpes characterization and modelling, traps and
parasitics, and aiming to get knowledge and undedshg for physical mechanisms that may be
below device degradation and reliability probleifisanks to the cooperation with U. Autbnoma de
Madrid, very powerful tools for AlGaN/GaN surfacedastructural characterization are now being
used [RBS, ERDA, at CMAM, Prof.A.Climent, and X-rghotoelectron spectroscopy (XPS),
AES, at the Surface Phys. Lab., Prof. C. Palacio].

a) Surface cleaning and treatments.

Aiming to study AIGaN/GaN HEMT electrical charatstics vs. some technological
processing steps and AlGaN surface treatmentse thtepps have been studied in detail: cleaning
recipes, exposure to plasma atmospheres and ammpetmbBatments. We selected a set of
representative cleaning procedures and surfacémesds that HEMT wafers suffer during the
various device fabrication steps. After one or savef these steps, AlGaN surfaces are studied by
XPS. Samples were grown by metal-organic chemiapbur deposition (MOCVD) on a sapphire
substrate. Three wafers were grown with a Ju25GaN and a 28 nm AlGaN layer, labelled KQ20,
KQ21 and KQ23. The aluminium content in the AlGadrker was 33, 35 and 33 %, respectively.
As-grown, heterostructures cleaned in organic sutvevere measured by a Hg-profiler. The
capacitance-voltage (CV) measurements were unagrtgbm O to -10 V obtaining the 2-DEG
carrier concentration {n pinch off voltage (%) and 2-DEG distance to the surfaceg{WrThen,
two different surface heterostructures were exposed) PE-CVD N-Plasma and b) rapid thermal
annealing (RTA): 30 s at 845 °C.

" Contact person: Elias Mufioz: elias@die.upm.es
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In sample KQ21, taking the organics treated serfes a reference, pinch off voltages,, Vs
reducedAVth = -1.8 V, for the M-plasma treated sample and is almost maintainedh®RTA

step, AVyp = 0.3 V. Similarly, the N

plasma treated sample shows less 2-DE ™

charge densityAns = -2.8 16° cm?, and
increases after RTAns =1.4 162 cm®.

Similarly, the N-plasma treated
sample shows less 2-DEG charge densi
Ans = -2.8 16% cm?, and increases aftel
RTA, Ans =1.4 16° cmi® In contrast, the
mean position of the electrons from th
surface, W, diminishes either for the RTA
and the N-plasma treatmentsAWg -5.6
and -2.1 nm, respectively.

Carbon and oxygen contaminatio
for the three samples were measured
XPS. Carbon concentration is reduced wi
both the RTA and MNPlasma. However,
we found more coherent results on tt
three samples for thefblasma cleaning
than for the RTA step. This one reduce
carbon concentration in a percentage
(40 = 20), while N-Plasma does by (70
6). On the other hand, oxygel
concentration variation is lower, thus th
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standard deviation from the mean value
less than 3, on each surface for the
different treatments. Despite of this fact, 'tFlgure 1.

IS not coherent over the three samples, dl&ntamma“on (b) 2-DEG, Vi and Wg, for

to a higher concentration of oxygen insamples KQ20, KQ21 and KQ23, after
sample KQ23 for the Nplasma treatment. organics, RTA and N,-plasma.

Finally, regarding other contaminants,

fluorine contamination was found on the surface masion a range between 3.5-4.7 %, not
included in fig 2 (a), only after the,Nblasma treatment. The electrical characteristitchke2-DEG
are summarized in fig.1. The pinch off voltagensreased with Nplasma treatmenp\Vth = (1.3

+ 0.4) V, but showing no effect with RTAVth = (0.2 £ 0.2) V. The 2-DEG carrier density is
reducedAns = (-2.4 + 0.3) cr?, with the N2-plasma, and increasaas = (1.4 + 0.3) cn2, with
the RTA. Moreover, the mean distance of the elestto the surface is increasedy/B = (5 * 2)
nm, after RTA, but no clear tendency is observedte N-Plasma treatmemtWB = (0.1 £ 3.6)
nm.

(&) Oxygen and carbon

Summarizing, RTA reduces WB, increasinguith almost the same®on the three samples.
In addition, AlGaN surface composition showed ailsimoxidation but almost half of the carbon
compared to the organics treatment. On the othed,Hs-plasma treatment, reduces botland
Vi , while there is no clear change on WB. MoreovePSXon the N2-plasma treated samples
reveals a less carbon contaminated surface andglat slifference oxidation degree than the
organics treated ones.
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b) Surface Passivation of AlIGaN/GaN HEMT

We are studying some optimization steps in theosigpn of Silicon Nitride (SNy), the
most widely used layer to mitigate collapse effeCisr efforts have been focused to investigate the
effect of surface pre-treatments before SiN layepagition. Both Metal-Insulator-Semiconductor
(M-1-S) structures on GaN templates and AlGaN/GaEMTs have been used as test vehicles.
From the electrical characterization of the M-1<vides we have obtained a reduction around 60%
of the density of the interface trapsijbetween the SiN and GaN as thgpgiasma pre-treatment
is used. This is in agreement with the resultsiobthfor HEMTs, where the output characteristics
of the devices with that plasma pre-treatment vbetéer than those without it. Figure 2 shows the
increase of the DC maximum drain-source curregit.{) and the maximum transconductance
(gm maxy In the case of using the; ldre-treatment respect to the case without it.

600

I with N2 plasma pretreatment
22 without N2 plasma pretreatment

+35%

+34%
+20%

SixNy using
(SiH4 + N2)

+28%

400

3004
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+75%
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+40%

SixNy using
(SiH4 + N2) |

+60%

Ids max (mA/mm)
Gm max (mS/mm)

=

o

o
1
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T75

T150 U150 T150

HEMT HEMT

Figure.2.- Maximun values of drain-source current densigft and trasconductance (right) of several
HEMTs passivated with SiN using (SiH4+N2) with anthout N plasma pre-treatment.

We have also studied the use of different precuysses to form the By film. The main
effect on the M-I-S structures, wherp, Ié used instead of NHwas the high reduction of the
hysteresis in the C-V characteristics, probably tdudne 30% lower concentration of the Hydrogen
in the film. In addition, it was proved that thdesf of the N plasma pre-treatment in the reduction
of the Dit was independent of the precursor gasesl tio form the &Ny. Nevertheless, Ids max
and gm max in HEMT were even higher in the caseisaig (SiH + Ny). These results may
suggest that the reduction of hydrogen in the fdmot a main point to reduce the trap density at
the insulator/semiconductor interface, and a serfae-treatment based on a plasma before the
SixNy deposition seems to be beneficial in this sense.

¢) Analysis of HEMTs at high temperature

The performance and modelling of HEMT transistats high temperature (HT) is an
important issue regarding applications. In ordegé&in a deep insight, we have performed DC
measurements in HEMTs grown on several substrateshe temperature range from room
temperature (RT) up to 350°C (HT). Botpsland g, of a HEMT decrease significantly as
temperature increases, mainly due to the redudidhe electron mobility at HT. Differences in
this thermal evolution have been observed betweEMHon SiC and on sapphire. It is well
known that HEMTs on SiC substrates show a betteiopeance at RT than those on sapphire,
although in our samples theisland g, worsen faster at HT, as shown in Fig. 3a. Furtioeem
HEMTSs on SiC show an irreversible degradation al83@°C (Fig. 3b), whereas those on sapphire
present a quite reversible behaviour along thenthkrcycle. These findings require extra
verification and understanding.
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Measurements in TLM test structures, through theva same thermal cycling conditions,
have been carried out to assess ohmic contactaests and electron mobility variation with
temperature. Ohmic resistance increases linearlyr wamperature, following some expected
behaviour with T of the metal layer components, iehe the electron mobility decreases, being the
scattering due to polar optical phonons the dontin@gchanism at HT. The reversible behaviour
of both parameters in such structures after therthlecycle suggests that other specific parts ef th
HEMT device, such as the Schottky gate contactsipaison layer, layer relaxation, trap
generation, etc., should be responsible for therx@ntally observed HEMT degradation.
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d) Parasitics and traps

The detection of traps in the various regions 6fE8MT device is being studied by transient
I-V responses and capacitance techniques, botteinddrk and under illumination with photons of
selected energies. Slow transient I-V recordingsngff ms to seconds) have been detected, and
linked to surface traps and passivation qualityspersion analysis by C-V-f techniques is being
used to compare HEMT devices made by Molecular BEpitaxy (MBE) and MOVPE, using Si,
SiC and sapphire substrates, and being processesdvigyal foundries. It is intended to develop a
kind of screening procedures to compare the firegdst shown in the devices studied in the final
comparison. Those devices, with their C-V-f fingants, will be thus tracked as they suffer
thermal storage tests, RF stress cycles and operig® tests. As an example, Figure 4 shows the
dispersion characteristics in two wafers, grownMi®VPE, on SiC (left) and on sapphire (right).
Such procedure and results need further efforie toompleted.
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6.8 SAW and PSAW Devices in Nitride Heterostructures:
Characteristics and Novel Applicatiorfs

Surface acoustic wave (SAW) devices have undergogeeat development in the last three
decades in the field of fast analog signal proogssiue to their compactness and reliability.
Nowadays, they are key components in wireless camgations and systems, both in the IF and
RF ranges, as well as in tag and sensor applicatigiost of the outstanding characteristics of
SAW devices rely on the correct choice of the pa&ectric substrate material used for their
fabrication.

(Al,Ga)N layers combine a high sound velocity, asiderable electromechanical coupling,
and an outstanding thermal and chemical stabilitg]] However, the required heteroepitaxial
growth of nitrides imposes the study of the acauptopagation properties and the dispersion of
the particular layered system. In addition, wavefic@ment may arise on these systems depending
on the layer(s)-substrate combination. Thus, tret 8ection of this paper will be devoted to the
dispersion characteristics of the different SAWd grseudo-SAWs (PSAW) propagating in
(Al,Ga)N layers on sapphire(0001). The polarizatorture induced by the acoustic anisotropy of
the substrate will be described.

On the other hand, the semiconductor characterdaedt bandgap of nitrides enables the
combination of SAW devices with electronics andoefectronics [4]. Therefore, the interaction of
SAWs and PSAWs with carriers will be addressedeictions 2 and 3. In particular, section 2 is
devoted to the performance of SAW devices on Al@aN heterostructures, which present a two
dimensional electron gas (2DEG) at the heterojonctiroduced by the bandgap discontinuity of
the system. Finally, section 3 is dedicated to theegration of SAW devices with UV
photodetectors in GaN layers, based on the trahgpdhe photogenerated carriers by the SAWs
and PSAWs.

1.- Anisotropy-induced polarization mixture in (Al, Ga)N/sapphire(0001) systems

Figure 1(a) and (b) shows the transmission chanatts of two SAW filters along the

[]iOO] and [1léO]directions of sapphire, in a GaN film and in anGaN/GaN bilayer on
sapphire(0001), respectively. The anisotropy isdpeed by the trigonal symmetry of sapphire

(crystal class3m), since wurtzite nitrides (crystal classn®) present isotropic elastic and
piezoelectric properties in theplane [5]. The higher sound velocity in the sudistrthan in the
layer allows the propagation of guided modes onatberlayer. Thus, in addition to the Rayleigh
(R) mode, guides Sezawa)(8nd Love (L) modes arise in the heterostructure. It has tpdeted

out the unusual excitation of shear horizontal @rntodes, since conventional interdigital
transducers (IDT) are expected to excite only s&giaves. This novel behaviour is produced by
the polarization mixture induced the sapphire anigy [6]. The GaN and AlGaN/GaN on
sapphire systems also support PSAWs above cergdacity threshold related to the longitudinal
bulk wave velocity, as indicated in the dispersianves of the GaN/sapphire(0001) heterostructure

along the ﬂiOO] and [1150] directions shown in Figs. 2(a) and (b), repedyive

8 Contact person: Fernando Calle: calle@die.upm.es
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Figure 1. Transmission characteristics of two SAW filters @ (a) GaN film (H=1.24m) and an (b)

AlGaN/GaN structure (H=0.02/7.6m) on sapphire(0001) along théJ{OO] and [1120] directions of the
substrate, as shown in the inset of (a).
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Figure 2. Phase velocity dispersion of the SAWs (Rn8 L. modes) and PSAWs (PBodes) propagating

in the GaN/sapphire(0001heterostructure along the (aD]iOO] and (b) [lléO] directions of the
substrate.

2. Field-effect-modulated SAW devices in AlIGaN/GaN heterostructures

Figure 3(a) shows the transmission of the Rayleigide for a SAW filter on a 2DEG
AlGaN/GaN heterostructure for different symmetricput- and output-IDT-bias conditions
(V1=Vy). In the non-biased case, the SAW transductieampeded since the piezoelectric fields are
screened by the 2DEG. However, the application loifaa larger than the threshold voltage of the
heterostructure allows to fully deplete the 2DEG@emthe IDTs, as indicated by the capacitance-
voltage curve and the associated sheet densityhafge shown in Fig. 3(b) [7-8]. This charge
depletion is accompanied by a reduction of 25 dBhm insertion loss of the filter, Fig. 3(a). In
addition to the 2DEG depletion, the filter resporisealso governed by the band diagram
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modulation and the electromagnetic feedthroughdedwby the particular DC polarization scheme
[9]. The field-effect modulation of the insertioosk of the 2DEG AlGaN/GaN filters offers new
synergies and capabilities. Thus, this voltage rotlet! filter can be integrated into GTC (Gain
Time Control) circuits for radar applications, whicequire a time dependent control of the
amplitude response of the system. Other applicatisuch the integration of the SAW technology

with microwave electronics based on AlIGaN/GaN HEMds well as acousto-electric modulators
and sensors are foreseen.
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Figure 3. (a) Transmission spectra of the Rayleigh modegtigated) for a SAW filter on a 2DEG
AlGaN/GaN heterostructure on sapphire(0001) und#eient bias; (b) Capacitance-voltage charactddst
and associated sheet carrier density, of the heterostructure.

3. SAW-assisted UV MSM photodetectors in GaN

Figure 4(a) shows a SAW delay line, in which thpuinlDT acts as a SAW generator and
the output IDT as a metal-semiconductor-metal (M$Mptodetector [10]. The GaN film region

between both IDTs is illuminated with an UV lasedicated by the spot in the figure, whereas the
MSM illumination is prevented.
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Figure 4. (a) MSM photodetector assisted by SAWSs; (b) Resyity of the MSM-SAW detector compared
to the transmission characteristic of the SAWT ilte
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The SAW filter transmission and the responsivitytttd MSM detector assisted by SAWs
are compared in Figure 4(b). The responsivity geased when the resonance frequencies of the
IDT, corresponding either to SAWs or to PSAWSs, tareed. The photogenerated carriers, spatially
separated by the piezoelectric fields accompanyirey acoustic waves and confined in their
moving potential wells, are swept to the MSM, whaodtlects them. The responsivity of the system
is linear with the optical irradiance, but non-Bmevith the RF power [11]. The latter saturates for
high RF powers in the low optical power regime vehalt the photogenerated carriers are expected
to be swept by the acoustic wave. The remote dalewmf the e-h pairs assisted by SAWs
increases the active optical area of the photottetewhich is restricted to the depletion region
around the Schottky contacts in a conventional M&\ector. In addition, it allows to take the
detector out of the sensing region in the caseatdthenvironments. Moreover, further applications
such as single or 2D-array multicolor detectorgyuato-optical modulators, and opto-chemical
sensors are envisaged.

In summary, the propagation characteristics of SA&visl PSAWSs in various nitride
heterostructures are described. The field-effeautadion of the SAW device response in a 2DEG
AlGaN/GaN heterostructure is presented. The adgastaf the integration of a SAW device with
a MSM photodetector and the performance of this dewice are addressed. In addition to SAW
devices, thin-film bulk acoustic resonators (TFBARMhd Microelectromechanical Systems
(MEMS) based on nitride heterostructures are pldrasefuture research lines.
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6.9 Photonic devices based on slot-waveguites

The Institute for Systems based on OptoelectraamcsMicrotecnology (ISOM) has started
a new research line focused on the developmenbweélmphotonic devices based on a recently
demonstrated waveguide structure named slot-wastegui By using the electric (E)-field
discontinuity at the interface between high-indextcast materials, this structure enables to guide
and to confine light inside a nanometer-size afdave-index material, with high E-field amplitude
and optical intensity in that region. This propeatipws highly eff icient interaction between fisld
and active materials, which may lead to all-optisalitching and parametric amplification on
integrated photonics. Since, a strong E-field cwrhent is localized to a nanometer-sized low-
index region; therefore the slot waveguide can beduto greatly increase the sensitivity of
compact optical sensing devices or to enhanceftivgeacy of near-field optical probes. Besides,
the use of a high index-contrast system enablesntplementation of compact devices based on
this new type of waveguide.

1.- Electrically-driven silicon resonant light emit ting device based on slot-waveguide

ISOM, in collaboration with Cornell University (USAis involved in the development of
light emitting resonant devices on silicon basedskat-waveguides. Recent breakthroughs have
boosted the interest in Si microphotonics as anelclyy for integrating optical and electronic
components on a single Si chip. In particular, deenonstration of a continuous-wave optically-
pumped Si laser has been of special relevance. ekenwsuch a device is optically-pumped and
emits at 1.68um wavelength, limiting its practical application&n electrically-driven Si light
emitting device (LED) is desirable since it can dmnsidered as the natural interface between
photonics and electronics. In addition, emissionl®54um-wavelength is also required for
applications in the telecommunication field.

Among the different approaches for achieviag electrically-pumped Si-based light
emitting material at 1.55m compatible with the CMOS technology, Erbium (Boped SiQ has
been shown to be a promising option. Si LEDs basedmetal-oxide-semiconductor (MOS)
structures with Er implanted in the thin gate oxideve shown external quantum efficiencies as
high as 10%, which is comparable to that of stashddfV semiconductors LEDs. By current
injection through the MOS structure, energetic Xhelectrons can excite Er ions by impact
ionization and generate electroluminescence atjins4

An optical cavity can enhance the exterm@mum efficiency of LEDs and it is an essential
element for a laser. In order to be employed with aforementioned Er-doped Si@ctive
material for on-chip applications, an optical cg\ahould: 1) permit electrical injection, 2) presen
a high optical mode-active material overlap, 3)rbade of CMOS-compatible materials, 4) be
micron-size, and 5) exhibit a high quality-factor ® planar waveguide-based cavity, such as a
ring or disk resonator, is a good choice for thigspose since it can provide a long light-matter
interaction path. However, Er-doped $ikas low refractive index and, therefore, a conoeat
strip waveguide using this material as the core ldvquesent two important drawbacks: a)
waveguides would require a large cross-section, amdach makes difficult current injection
through the thick oxide, and b) the low-index-castr system Si@air does not facilitate
miniaturization.

° Contact person: Carlos Angulo: cbarrios@die.upm.es
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Slot-waveguides overcome the aforementionexvblacks.
concentrate a large fraction of the guided mode mtthin low-index layer (slot) sandwiched
between two high-index strips. Thus, if the sl@weguide geometry consists of two doped Si
strips (electrodes), sandwiching a thin Er-doped,SBlot layer (gate oxide), current injection
through the gate oxide can be achieved, generbgingin the oxide-slot region where the guided-
mode is strongly confined. Thus, the aforementiorequisites 1, 2 and 3 are fulfilled. The
feasibility of requisites 4 and 5 has been dematet; reporting 5@m-diameter high-Q
(~20,000) optical resonators in silicon-on-insuldiased on slot-waveguides with losses as low as

10 dB/cm.

This waveguide enables to

In this work, we show how by using theskantageous characteristics of the slot-

waveguide geometry, compact electrically-driveronast cavity light-emitting devices (RCLED)
for Si microphotonics can be obtained.
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Figure 1.a) Schematic cross-sectional view of a horizom@lS slot-waveguide.
b) Transverse E-field amplitude (contour) of thasjtlr M optical mode.

We have recently demonstrated disk resonators baseldorizontal slot-waveguides on
both Si/SiGQ/Si and SiN4/SiO,/Si configurations, with quality factors as high4t&000 and optical
losses as low as 1.5 &rwhich makes them very promising for implementinectrically-pumped
light emitting devices (laser or LED) in Si.

2.- Ultrasensitive nanomechanical photonic sensor b ased on horizontal slot-waveguide

resonator

ISOM is also involved in the development of anotpéotonic device based on a slot-
waveguide for sensing applications: a novel narto-opechanical deflection sensor.

Micro-opto-electro-mechanical (MOEM) devices lhsmn the principles of integrated
optics and micromachining technology on siliconén@awmense potential for sensor applications.
In particular, microcantilevers represent ultrageressnanomechanical sensors for the detection of
chemical and biochemical reactions in both gasgleam liquid environments. In these devices,
either a laser beam reflected off the cantilevefase is monitored with a position-sensitive
photodetector or the coupling efficiency betweeno twptical waveguides is measured.
Subangstromg and subnanometer resolutions haveelbéited by these devices.
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Integrated optical microresonators have been alsmwis to be efficient devices for
biochemical sensing. Optical enhancement produnedisk and ring resonators makes the
response of these photonic structures very seesttivsmall variations of its optical length
(refractive index, physical length or both) origea by biochemical reactions.

Thus, a sensor combining the advantages of boththef aforementioned devices
(microcantilever and optical microresonator), wouldenefit from the high sensitivity of both
structures leading to an overall enhanced sertsitiin this work, | show how by using a recently
invented photonic structure called slot-waveguidach a device can be achieved. A slot-
waveguide consists of two stripes or slabs of & lglex material separated by a thin low-index
region (slot). In such a structure, the electri:fi{&ld discontinuity at the interface between high
index-contrast materials enables to guide and mdir® light inside a nanometer-size area of low-
index material, making it very sensitive to smaltiations of the slot distance.
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Figure 2. A) Sensor device operation. Surface stresshenupper surface of the cantilever
produced by the adsorption or recognition of molesuresults in a static bending of the
cantilever. B) Variation of the effective refragiindex of the disk mode as a function of the
deflection d.

Ultrahigh sensitivity results from the combinatiaf the high sensitivity of the slot-
waveguide to slot distance variations and the Brgsitivity of a disk resonator to effective index
variations. A deflection sensitivity of 33 finis predicted, representing an enhancement of drsrd
of magnitude as compared to state-of-the-art mamblever sensors.

3.- Ultrahigh sensitivity slot-waveguide biosensor on a highly integrated chip for
simultanous diagnosis of multiple diseases

ISOM is a partner of the European Project entitidtrahigh sensitivity Slot-wAveguide
BlOsensor on a highly integrated chip for simultaaaliagnosis of multiple diseaseSABIO).
This is a multidisciplinary project involving themerging fields of micro-nano technology,
photonics, fluidics and bio-chemistry, targeting dontribute to the development of intelligent
diagnostic equipment for the healthcare of therit®ABIO will address this objective through
the demonstration of a compact polymer-based dimbrsibased CMOS-compatible micro-nano
system. It integrates optical biosensors for ldted- biomolecular recognition based on a novel
photonic structure named slot-waveguide with imriedd biomolecular receptors on its surface.
This structure offers the possibility of confinerhend guidance of light in a nanometer-size void
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channel enhancing the interaction between an dgtiche and biomolecular complexes (antibody-
antigen). A slot-waveguide interferometric biosensqredicted to exhibit a surface concentration
detection-limit lower than 1 pg/nfmthat is the state-of-the-art in label-free int#gd optical
biosensors, with additional advantages such apdhksibility of multiplexed assay, which, together
with reduced reaction volumes, leads to the abiiityperform rapid multianalyte sensing and
comprehensive tests. This offers the further adgedus possibility of assaying several
parameters simultaneously (e.g. several canceciassd antigens in one sample or several
diseases antigens, such as those originating freral infectious pathogens). Consequently,
statistical analysis of these results can potdntiicrease the reliability and reduce the
measurement uncertainty of a diagnostic over sipglameter assays. In addition, the SABIO
micro-nano system device applied to its novel pnebased diagnostic technology has the
potential to be fast and easy to use, making relugareening or monitoring of diseases more cost-
effective. The ultimate target of SABIO is demoastrg the feasibility of diagnostics ‘outside’ of
laboratory settings (e.g. at ‘point of care’, ircklas General Practitioner’s surgery, in the fmld

in urgent situations). A final prototype consigtiaf a packaged biochip will be used on clinical
samples in order to detect important virus diseagesh as viral hepatitis, liver cancer and
cytomegalovirus (CMV).
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Figure 3. A) Schematic cross section of a silicon nitrglet-waveguide for the detection of
biomolecules (antibodies, antigens). B) Schemafiestypical antibody and target biomolecules.
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6.10 An approach to an integrated magnetic sen%or

This work represents a joint effort from differegitoups within Europe to create a new
technology of integrated magnetic sensors. Magrsetitsors based on magnetostrictive materials
have been used in the past [1-3], showing very [miogp characteristics. Nevertheless, this family
of sensors has never been successfully integrakedodmany different problems.

We have developed the technology to integratetyipis of sensors. The sensor head is a free-
standing structure covering a total area of 2004860 and less than 3 um thick. This structure
has a frame of Si/SiOattached by four legs to the bulk (Figure 1). thié elements within the
sensor head are connected to the contact padggthtbose four legs that also help to dissipate
heat. The piezoresistive bridge (doped Si) is buimethe thin free-standing structure. Figure 1
right shows a picture of the device illuminatednaiiack light were the bridge is visible.

Figure 1. Left is a SEM picture of a device with all thedesy visible. Right is a back light picture
showing the embedded piezoresistive bridge.

The magnetic material is a 150 nm thick layer ads{€0.0)s0B20 (As~25 ppm in our films),
deposited by DC magnetron sputtering both belowantbp of a 300 nm thick Cu layer acting as
a current line. We call this configuration ‘clostalx’: the pulsated current flowing through the Cu
current line generates a field, which is antipataith the top and bottom magnetic layers. This
antiparallel configuration helps the magnetizatimocess of the magnetic elements, otherwise

(A) (B)

Figure 2. (A) Closed loop configuration. (B) Magnetizatigmocess of the
maandic material due to the current. showina the chairosize.

1% Contact person: Jose Luis Prieto: joseluis.prieto@upm.es
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difficult due to the demagnetizing field (Figure. ZJhis same figure shows how the current
magnetizes the magnetic material and changes#s Bhe operation mode of the device drives the
device to the mechanical resonance of the freestgrstructure, which depends on the dimensions
and design, ranging from 10 kHz in simple cantiteve® 80 kHz in the ‘crocodrile’ structure
shown in Figure 1.

Obviously, the coercivity of the magnetic matersatrucial for the operation of the device. If
the coercive field is high, the current requiredrtagnetized the device would be too high and the
dissipation of heat would be impossible. It is lgekmown for decades that compositions giving
softer magnetic properties are those with zero mtgtriction [4] (for instance Permalloy dytex
or the amorphous EgNixB2o, with the softest properties for low content of fhich gives close
to zero magnetostriction) and it is commonly bedig\that magnetostriction and large coercivity
are inseparable. During this project, we have dger a method where both the coercive and the
anisotropy field (Hc and HK) in a magnetostrictivaterial can be reduced only by playing with
the anisotropy direction and with the stress induce the deposition technique (sputtering). The
key is to play with the magnetoelastic energy dythe sputtering deposition of the film. Dividing
the sample in multilayers with perpendicular anispies, we have been able to have, on average, a
clear reduction of the coercive field. Additionallyy having orthogonal anisotropies we are able to
reduce the total anisotropy of the sample and thexehe anisotropy field. This is a very important
control from the point of view of a magnetic sens® low anisotropy field implies lower dynamic
range but larger sensitivity. Figure 3 shows theagarison between two samples, one single layer
and one multilayer with orthogonal anisotropies.e Timprovement of the material is quite
substantial.
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Figure 3. Comparison between the hysteresis loops in twoptes, a single layer
(left) and a multilayers with orthogonal anisotrepi(right).

The device operates as follows: the electrical endrrflowing through the current line
magnetizes the magnetic material at a frequendyightharmonic of the mechanical resonance of
the structure which, depending on the device isir@to80 kHz. We have found that the output
signal is quite large even at higher than tfeharmonic, which helps to avoid the noise created b
the mechanical beat thermally induced by the exgiturrent, which is a"2 harmonic. The
sensing element is a piezoresistive Wheatstongy®drammbedded in the Si frame. All the metal
depositions are made before the sensor structueteizsed. The releasing technique will be briefly
explained further below. The project is now throdigh optimization of the first devices, which are
showing a moderate sensitivity or around 1 mV/Qwas Bensitivity should increase by a factor 100
when the devices are encapsulated in vacuum, &3 thetor of the devices increases dramatically
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in those conditions. One interesting fact, as noeietil before is that the device does not loose
much performance when working with the forth harmoof the resonance. This has two
advantages: it avoids thé“zharmonic of the thermal drift of the current pslsand it allows
operation at lower frequencies. Figure 4 showstmparison between the response of a cantilever
structure at second and fourth harmonic. Although $ensitivity drops slightly working at the
fourth harmonic the Q factor is even better thathatsecond harmonic.

5.00 - 16.00 -
4.50

4.00

14.00 4

350 12.00
Y1 factor @ 4f factor @ 2f
3.00 1 o @ w00] & @

2.50 §
2.00 4

8.00 §

Output (mV)
Output (mV)

6.00 q
1.50 4

4.00
1.00 -
0.50 1 2.00 -
0.00 0.00

2200 2400 2600 2800 3000 4800 5000 5200 5400 5600

Excitation Frequency (Hz) Excitation Frequency (Hz)

Figure 4. Response of a prototype device at the second amthfharmonic of the mechanical
resonance of the device.

Although the fabrication route is industry friendind based on Si, it is complicated. Firstly,
the piezoresistive elements are buried on a Sinwafee wafer is aligned with a glass substrate
with pre-etched cavities were the devices will ibgased. The Si wafer is wet etched away, until its
thickness is about three microns. At this stage,Shand the embedded piezoresistive bridges are
held by the glass with cavities. The Au contacts deposited but a pulsated large current is
required to make the contact with the piezoresistomic. The chip as it is can be used for the

deposition in the sputtering of the metallic laydise closed flux trilayer. The last step is RIE
etching with SF6 in order to define the structure.

Next page shows some data and pictures of finideettes.
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Figure 5.- Simulations of the mechanical behaviour of déifé configurations
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Lateral view of the device

Eigenfrequencies of the interesting modes

SEM overview of the chip

Top view of the measuring rig with chip
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6.11 New RFID system of low frequency that avoidsresmming
magnetic problems*

1. Introduction.

The term RFID is the short of Radio Frequency |Dmattion and comprises all different
technologies that uses radio frequency signalsatesimit information from a movil element (tag)
and a fixed station (excitation and reader). Thesbnologies have lots of different application
like object track, control access, real time lamati manufacturing processing, medicine,
agriculture, automatical identification, logistiestc. Its comercial use is growing exponentically.
During the last year, about 600 million tags hagerbsold and the value of this market is expected
to be multiplied by ten during the next decade

Basically, there are tree different RFID technoésgiattending to the physical way of
comunication: inductive coupling, electromagnetackscattering and electrical coupling. The two
first groups can be classified according to its kvivequency band: low frequency (LF- 125 and
134.2 kHz), high frequency (UF- 13.56 MHz), ultraghh frequency (UHF-[B00 MHz) and
microwave (ISM- 2.4 GHz). All this technologies leascreening problems when working with
metals in the surruondings. For example, a layeRfum of aluminium completely shields a
typical passive teg Tags are called active if they have a battery gassbive if they have not. The
last type of tag are the most important from a aemépoint of view. The screening problems can
be avoided by reducing the work frequency. Howetrez,previous mentioned technologies work
by using resonant circuits that became ineficiextow 100 kHz. The system developed at ISOM
avoids such a problem and make possible work gtlegr frequencies down to 1 kHz.

2.  Description.

The new RFID system is based on the measuremetimeothanges of magnetization of a
magnetic core inside the card (that are produced tiycuit integrated in the card by opening and
closing a winding around the magnetic core). Tapoe the magnetization of the magnetic core,
power the circuit of the card and produce the curre the winding, it is employed an alternating
magnetic field (emitter modulus). The changes ofjnedization are detected (reception modulus)
by a magnetic field sensor. The card is magnetided to the magnetic field and so, the
magnetization has the same frequency than theeapplagnetic field. The higher magnetization of
the magnetic core of the card, the higher amplitefdée signal at the reception modulus. Thus, by
opening and short-circuiting the winding of thectafwith a minor frequency than the magnetic
field) and so by changing the magnetization of iregnetic core, information can be sent to the
reception modulus.

Let us now to sum up the characteristics of theghmodulus. Figure 1 represents a block
diagram of the system.

! Contact person: Claudio Aroca: caroca@fis.upm.es
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Emitter Modulus.

It consists in a source of an alternating magrfetld with a frequency minor to 100 kHz but
with a region without magnetic field where the mgtc@n modulus can be set avoiding its
saturation. The alternating magnetic field magmstithe magnetic core of the contactless smart
card and it powers the integrated circuit of theldao.

Reception Modulus.

It is used a tunable magnetic sensor of magnetld ffluxgate) that detects the changes of
the magnetization of the magnetic core of the caml.avoid the saturation of the sensor, it is
placed in the region without magnetic field given the excitation modulus. So, the sensor can
measure the presence of a magnetic material magdeliy the magnetic field produced by the
emitter modulus but not this magnetic field itsétifis made a double in phase demodulgticine
first one to obtain a signal proportional to thegmetic field and the second one to select only the
magnetic fields that change with the same frequethan the magnetic field employed as
excitation (that is the frequency of the magneitwaof the card).

Tag.

It has a magnetic core and a short-circuitable iwgp@round it. The magnetic field produced
by the winding (due to the induced current by thieraating magnetic field of the emitter
modulus) can produce a change of the magnetizafidhe magnetic core without employing a
resonant circuit. The induced electromotive forcethe winding is also used to power the
integrated circuit of the card. This circuit opeasd closes the same winding changing the
magnetization of the magnetic core. Information lbarsend in this way.

fonf finf Helmholtz's

CLOCK 1 Amplifier Coils in
Cpposition

i Woltaje-Currert Primary )
HHE( S Converter Fluzgate™s
Winding

2f

i < —

2f

: First Low-pass Secondary
Lock-In > Eiler o Fluzgate's
Amplifier Winding

h

St

* Second

Lock-In ——» QUT
Phaze Shifter i
- Ref. Amplifier Contactless
Card

Figure 1. Block diagram of the system. The frequency oéxe#ation frequency of the primary winding
of the fluxgate is used at the detection modulst(fock-in amplifier) to select the second
harmonic of the signal at the secondary windinge $kecond lock-in amplifier demodulates the
signal produced by the firs lock-in. The modulatisrdue to the magnetization of a magnetic
material in the contactless card or tag.
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3.- Experimental Setup.

As it has been previously shown, the system usethéexcitation of the card has to produce
an alternating magnetic field, except in a regiowhich the magnetic field should be negligible to
place there the reception system avoiding its atitur. Different geometries are possible. For
example, a pair of Helmholtz coils connected inagpon and driven by a 1.9 kHz current has
been used and the detection system is placed imitheie point of the two coils, where the field is
almost zero. Some other interesting possibilitegehbeen proven including planar geometries.

A card with the shape and dimensions of a credd bas been fabricated using two printed
circuit boards with the tracks of the winding iretbuter part and a soft magnetic thin film in the
inner part. To fabricate the card both boards Hseen joined and the tracks have been welded. It
forms 55 coils around the core with a total resista of 4 Q. The magnetic core is an
electrodeposited CoP amorphous alloys with a ti@skrof 4Qum.

The integrated circuitry in the tag must be doneuling low powering components. In
particular, we have used the PIC16F84 from Micr@Cli= 2 V; | = 15pA at 32 kHz). Other
possibilities could be the Fairchild ECL logic (1¥.,2 mA) or the Texas Instruments AUP family
(V=0.8V;I=0.5uA).

To detect the magnetic signal from the card, adhleesensor, placed in the region in which
the alternating field is negligible, should be uséte have used two different kinds of fluxgates
(the traditional bulk and a planar one) with a deuttemodulation similar to the one reported by
Aroca and collaboratotsThe amplitude of the second harmonic inducedhénsecondary winding
of the fluxgate is proportional to the applied matimfield. A first demodulation made with a lock-
in amplifier using 2f as the reference frequendyeg the second harmonic rectified. A second
demodulation is made to detect a field with the esdiraquency that the alternating magnetic field
(fmf) produced by the excitation system. This allowes itieasurement of the variation of the field
produced by the magnetization of the card. Thegit& has been driven by a sinusoidal current
signal of 12 kHz (f) supplied by a PIC by usinguarent-voltage converter.

All the signals are obtained from a Programmabtedrated Circuit (PIC 16F84A) using a
Digital-to-Analog Converter (DAC 0808). The usedkan amplifiers have been made ad-hoc
using the components CD 4016, inverters and LM@&3tational amplifiers.

4.- Experimental Results and Conclusions.

The system works properly with magnetic fieldslamk frequency and amplitude. As an
example, results are shown in figure 2 using thihélz coils set-up in opposition and being 1.9
kHz the excitation frequency and only just 1 oenitaximum amplitude (next to the coils). The
card can be fed even through an aluminium foil @ gm without any problems. The change of
voltage level at the output of the reader modukhswn in figure 2.B.

This system could substitute RFID systems in appbas in which screening problems due
to induced currents are a problem, like contructidhis technology has proven its efficiency
sending and receiving information even when thel tes been introduced in aluminum envelops
of different thickness, as can be seen in the éguit is important to note that, despite de low
applied magnetic field (in the order of the eartagmetic field), it has been detected the card at
about 10 cm using at the same time an aluminumlepweth a thickness of 0.2 mm.
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Figure 2. It is represented the electromotrive force (EME}tee winding of the tag (Figure 2.A) and the
change of the voltage at the output of the readeerwopening and shortcircuiting this winding
(Figure 2.B) versus the distance to the Helmhotidtscas a function of the thickness of the
aluminium shielding. The excitation frequency @ BHz and the maximum amplitude (near the
Helmholtz coils) of 1 Oe

By increasing the applied magnetic field the diseawould increase the same rate as the
magnetization depends linearly on this magnetitd fi®ther configuration could be proven as
introducing the card (with the person) in a Helntthabil avoiding the dependence on the distance.
The real limits on the distance (for a fixed apgplraagnetic field) will be given by the minimum
electromotive force needed to power the integraieclit on the card. Of course, if the card is
powered by an external battery (by its integratiroa mobile phone, for example) this distance will
be highly increased.
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6.12 Domain walls and exchange-interaction in Permall&d films*

One of the research lines at the ISOM is focusediagnetic multilayer thin films obtained
by dc-magnetron sputtering. In particular we atergsted in multilayers of Transition Magnetic
Metals (TMM) and Heavy Rare Earths like Fe/Gd or/@b These multilayers exhibit an
antiferromagnetic coupling between Gd and TMM whiebults in twisted magnetic structures at
the interfaces [1-6]. In these samples the magmigdiz process is mainly due to coherent
magnetization rotation. However, for thicker layargl low exchange coupling, the magnetization
process can be also due to nucleation and propagaftidomain walls. In particular in the case of
multilayers of hard/soft magnetic materials the rmeization inversion in the soft magnetic layers
will be mainly due to domain wall (DW) displacem&nThis DW displacements could influence
the exchange-bias field and it could even produteapparent positive exchange coupling in
antiferromagnetic coupled multilayers [7]. The exmtion proposed shows that magnetization
process in soft layers are not only dependent ereitthange-bias field and the applied magnetic
field but are also dependent on the propagatiomamcteation field.

In this report we describe the results obtainedaf@ystem based on two antiferromagnetic
exchange coupled thin films, ({¥Fe0)/Gd, with a hard magnetic layer that produceshils field
(Gd) and a soft magnetic layer in which we study ttegnetization process @fex). The Curie
temperature of the hard magnetic film (290 K) iscimlower than the soft one (853 K) and so the
strength of the exchange coupling can be contrdieathanging the system temperature. For a
weak exchange coupling the magnetization procesbeofoft magnetic film takes place by DW
displacements, whereas for a stronger exchangdicgufwisted magnetic structure will appear at
the interface and magnetization rotation can beebeaul.
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Figure 1. a) Coercive field as a function of the temperattar the bilayer Py(100 nm)/Gd(50 nme) @nd a
Gd layer of 50 nma(). Inset: @) Magnetic hysteresis loop of a 75 nm Gd singledat 80 K. b) VSM
hysteresis loop of the bilayer Py(100 nm)/Gd(50 atr{p) 175 K and ¢) 90 K

Samples were grown in a dc-magnetron sputteringesy®n corning-glass substrates. The
residual pressure in the growth chamber was ung&@4mbar. Depositions were done at room

12 Contact person: Marco Maicas: maicas@fis.upm.es
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temperature being the Ar pressupel@® mbar and the deposition power 30 W in all cased0A
Oe magnetic field was applied during the growthniduce a magnetic anisotropy axis in the Py
layer. In order to reduce the Ni diffusion into @acgnt layers [8] we have grown Py as the bottom
layer and then Gd on it [9]. In all samples Mo layef 10 nm and 60 nm were used as buffer and
capping layers. Samples were characterized in aaWily Sample Magnetometer (VSM). Two
Py/Gd bilayers were required in thin samples witv Imagnetic signal. To that effect, Py/Gd
bilayers separated by 20 nm Mo spacer layers, MtgB(Py/Gd/Mo]2/Mo(capping) were
grown.

32 & LA B S p S p — — 1.50x10° T T T T T T T
L a — ] .
i / @ 1.0x10° g0 =S Sl | i (b) A/ . H
5 2H A
ol g | swpy | i 7.50x10” |- .ﬂ ° ,'. -
M. - £ ° / | : f
0.00 |-

1.0x10° ."‘_.'_'.'......-.-o--'" 1
4510 -5 0 5 10 15

[ ] .80‘
. ! H (Oe) _ ! .."" ] ol
8l \ / -7.50x10* | o Be ,"’ _

H WPy (Oe)
—
m (emu)

Ao B
vooiadeSED" Se '“'J-n-u-'.
s oo= \Q\ =01 0000000
AAS—A—A—A—A- ' r
0 1 TR -1.50x10° . | . 1 . 1 i
60 90 120 150 180 210 240 270 300 -20 -10 0 10 20

T (K) H (Oe)

Figure 2. a) H,, as a function of the temperature for the samp#gsRy(100 nm)/Gd(50 nm)p) [Py(50

nm)/Gd(50 nm)/Mo(20 nmp] (o) [Py(25 nm)/Gd(50 nm)/Mo(20 nm)](©) [Py(50 nm)/Mo(20
nm)/Gd(50 nm)] and (A) Py(75 nm). Inset: Kv.py has been inferred as shown in the schematic
representation., b) Minor hysteresis loop of a Ry(#n)/Gd(50 nm) bilayer at 100 Ka)(the minor
hysteresis loop is recorded after a magnetic figid T is applied, €) the minor hysteresis loop is
applied after a magnetic field of —1 T is applied

The coercive field of the Py/Gd bilayer, lower thédme Gd one, increases as temperature
decreases (Figure la) showing an unexpected tetuperbehavior for antiferromagnetically
coupled bilayers. The Py/Gd bilayer hysteresis $oa@ approximately the superposition of a soft
and a hard magnetic loop (Py and Gd loops) (Fidie The coercive field is directly related to
the two large Barkhausen jumps corresponding tortagnetization inversion of the Py layer. As
temperature decreases the Gd remanent magnetizatimmases and the Barkhausen jumps are
vertically shifted, so the coercive field increasedely by this effect (Figure 1b). This shift istn
directly related to the magnetic coupling betwegnaRd Gd layers. A more directly parameter
related with the magnetic coupling is the switchiiedd (Hsw). Hsw is the magnetic field necessary
to switch the magnetization of the Py layer. Takimg account that the Gd layer is at remanence,
the switching field is the Py coercive field plire teffective exchange bias field. It is measured as
half the distance in the field axis between thedi@dgoints of the Barkhausen jumps (Figure 2a.
Inset).

The Gd coercive field is much higher than the Py.o80 if there would be a negative
exchange coupling between layers the magnetic fieltbssary to switch the magnetization of the
Py layer (H.) would decrease as temperature decreases andiid ween become negativegH
increases almost linearly from room temperature)(Rp to 120 K (figure 2a). Below this
temperature the & behavior strongly depends on the Py thickness.38onm and 100 nm Py
samples there is a large increase of the switclhd) which, in principle, could be explained by a
positive coupling at this temperature range. Fon25Py sample K indicates a negative coupling.
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To understand this behavior we have measured ttieaage decoupled samples Py(x nm)/Mo(20
nm)/Gd(50 nm) (Figure 2a), observing that,hcreases almost linearly for all temperature eang
being its behavior similar to the exchange coumacdples in the RT to 120 K range. As in
decoupled samples the magnetization processes waretod Py DWs displacements, it can be
inferred that for the RT to 120 K range all othamples have similar magnetization processes and
the DWSs pinning mechanism is also similar. Whentémeperature decreases the linear increase of
the decoupled samplegkl as opposed to the single Py layer (Figure 2aly oan be due to
magnetostatic interaction between Permalloy DWs thedGadolinium. The Py DWs stray field
produces local changes in the Gd magnetizationcindua quasi-DW in Gd [12] that pins Py DW.
This pinning could be produced by the interactiogtween the Gd quasi-DW and the Gd
magnetoelastic energy fluctuations [13].

Below 120 K the Hy behavior is strongly dependent on Py thickneskes.25 nm Py
thickness all Py layer is exchange coupled to Gdrland so K, decreases. In thicker Py layers
Hsw increases. Therefore, we can assume that DW d&plkent magnetization processes still exist
and that another stronger pinning mechanism adsdci@ the exchange coupling appears. To
confirm this DW pinning effect we measured minostayesis loops (Py 50nm/Gd50nm, at 100K)
after saturating the bilayer first in one directi@) and then in the opposite direction (b) (Figure
2b). The switching field is half the distance ieldi axis between A and B and the bias field is half
the distance in the field axis between the certeminor hysteresis loops A’ and B’ sfiwould be
reduced by the bias field effect but as the pinmfigct is even higher, djincreases. As this effect
is not observed in the exchange decoupled samileslarge coercive field increase in minor
hysteresis loops must be due to DWs pinning cabigete exchange coupling.
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Figure 3. A bilayer a of Py(100 nm)/Gd(50 nm) has been oreglsat 80 K. (a) A first minor hysteresis loop
has been measured after an applied magnetic fielldbOe has been applied in the Py easy axis
direction @). Then, the sample is rotated?2 and a second hysteresis loop is recorded wiéh th
applied magnetic field in the hard axis direction).( Inset: Schematic representation of the
measurement configuration. (b) In this case, & finfhor hysteresis loop has been measured after a
magnetic field of 1D0e has been applied in the Py hard axis direc(®n Then, the sample is
rotatedz/2 and a second hysteresis loop is recorded withatbplied magnetic field in the easy axis
direction (0). Inset: Schematic representation of the measunecenfiguration.

To verify these assumptions we have measured niigsteresis loops, at 80 K, in the
thicker (100nm) Py/Gd bilayers with the Py domaimgmetization parallel (Figure 3a) and
perpendicular (Figure 3b) to Gd magnetization,uohsa way that the bias field is first parallel and
then perpendicular to the magnetizing field. Figde shows the low field zone of the
magnetization curve obtained after saturating tampe at 16 Oe in the Py easy axis, then
reducing the field up to —50 Oe to observe the Rgmetization inversion. Being the Gd coercive
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higher than]-50| Oe, we can suppose that the Gd magnetizationmgstlat remanence. Then
another minor hysteresis loop is measured appljtreg magnetizing field perpendicular to Gd
magnetization and so to Py easy axis. The magtetizprocess will be mainly due to 90°
magnetization rotation. As the negative exchanggplong takes place in the easy axis direction the
bias field reduces the hysteresis loop slope aockases the apparent anisotropy field (in the Py
single layer the anisotropy field is about 15 Qr)the same way, Figure 3b shows the low field
zone of the magnetization curve obtained afterrating the sample at 1@e in the Py hard axis,
then reducing the field up to —50 Oe. Afterwardsjiaor hysteresis loop is measured applying the
magnetizing field in direction perpendicular to @dgnetization and so parallel to Py easy axis. In
this case the magnetization process is mainly du®W displacements and as the negative
exchange coupling effect on domain energy is npeddent on magnetization direction, the bias
field is perpendicular to DWs. The unique pressameDW is produced by the applied field. The
coercive field is in the same order than thg measured in figure 2a. This confirms that thedarg
increase of K, below120 K is due to the DW pinning produced bgrenge coupling.

In summary, in Py-Gd bilayers the interface excleaimgeraction is weak over temperature of
120 K and the magnetostatic interaction betweerD®¥ and Gd magnetization can explain the
switching field behavior. Below this temperature tmagnetization process is due to an in-plane
magnetization rotation. The exchange interactiosdpces a negative bias field that reduces the
switching field. However, in samples with thickey Ryer the magnetization process seems to be
mainly due to DW displacements. The exchange iotiemra results in two effects: 1) an exchange
coupling between Py DWs and Gd magnetization gralrgative exchange coupling of Gd with
the Py domain magnetizations that can be considéteda bias field. The first one produces a
strong pinning in DW displacements due to the higgh magnetostriction and to the local Gd
anisotropy fluctuations, a pinning that increades switching field. The second one reduces the
switching field. In spite of the negative exchamgelpling between Py and Gd layers, for certain
temperatures and Py thickness the first effectreatgr than the second one and apparent positive
exchange interaction appears between Py and Gplirgiple these effects are not restricted to
multilayers with antiferromagnetic coupling and ytheould also appear in systems with
ferromagnetic coupling
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6.13 Nanocavity oscillation and collapse in viscoeiagluids **

Overview of the Methodology

The goal of this research line is to formulate antve the field equations and conservation
laws in a micro-macro framwork, which will includes a micro part the stochastic equations.
Towards this direction, an appropriate continuursciditization scheme is being developed and
later on will be coupled with the stochastic moddlkis scheme is able to handle the numerical
solution of the problem in total, thus provide smo under flow conditions for themacro fields
(velocity, pressure, stress fields) andhiero fieldsas well.

At the same time information for biological moleesll (proteins, toxins) absorption is
included by applying appropriate BC’s and in adudiitsurface tension effects will be taken into
account. The system to be considered consistddob@et containing a nematic liquid crystal that
forms an interface with an isotropic fluid (e.g.ted where proteins are dissolved, leading to the
absorption of nanoscopic particles (proteins) m ltiC/aqueous interface. Generally, in addition to
the coupling between micro and macro unknowns gtltygses of problems which incorporate free
surfaces and complex geometries possess additiiffialiities due to continuous change of the
flow domain. Therefore, the choice of the disciagian scheme for the macroscopic numerical
solution is very crucial for solving accurately tih@v problem.

To handle this problem some recent developed mesthodackle free surfaces, variable
topology and three dimensional problems using stsiit molecular constitutive laws [1-5] will be
coupled with a quasi-elliptic mesh generation sah&rhich is capable to adjust to the geometry of
the flow domain [6-7].

Nanocavity response under oscillatory ambient press ure

A nanocavity is assumed to be surrounded by amiiefiliquid either Newtonian or
viscoelastic. Flow is induced by varying the ambigmressure periodically with time:
P=R+Pasin(t), where B=1atm, Pa the amplitude of the oscillations. Thi@mmenon may

appear in cases of medical ultrasound diagnosihealetermination of the conditions at which
nanocavity collapse can be observed is very impobrta avoid undesired effects in medical
applications [8,9]. The discretization scheme, bhtedo conform to these oscillations, avoiding
remeshing, and gives accurate predictions for treoaoavity radius and the flow kinematics. We
describe mathematically the problem in sphericalrdmates, with the centre of the coordinate
system placed in the centre of the nanocavity. phidblem has been extensively been studied, in
its 1D simplification [8, 10-12]. In this case king into account the symmetry of the problem in
respect to angl® the problem degenerates in the solution of onterdifitial equation for the
nanocavity radius, {Rwith time. We validated our results with the 1Dusion and the agreement is
excellent.

The governing flow equatiort®nsist of the momentum and mass conservation iegsaind
the constitutive equation for the extra stressdens

13 Contact person: Manuel Laso: laso@diquima.upm.es
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p(g—l:+uEI]]uj:—DP+DET (1)

Om=0 (2)
_ T
r—n(Du+(Du) j (3)
wheret denotes the deviatoric part (extra stress) otdked stress tensar (¢ = - Pl+ 1) andp, 0

are the liquid density and viscosity respectivélifjne shape of the nanocavity-liquid interface,
Ru(0,t), is determined by the kinematic condition:

R
atb+uEIEIRb=u 4)
RBasVY = constant (5)

where Basand V denote the instantaneous gas pressure ancheaf the nanocavity ang= 1.4.
Additionally, at the nanocavity-liquid interface harmal force balance condition is applied which
is actually imposed as a natural condition in motmenequation (1).

nffre —7.)=(200)n+(R - R N (6)

where, n is the unit vector normal to the interface poigtaiways outwards from the centre of the
coordinate system an2l] is the curvature of the interface calculated ahgaint defined through
200 = -00h. The imposed oscillatory pressure in the outembauy:

outIa I:)O + Pa Sin‘@t) (7)

is applied also as a natural boundary conditiothénmomentum equation (eg. 1), by replacing the
value of pressure with eq. (8) in the boundarygraéarising by integrating by parts the weak form
of eq. 1. [13]. The method chosen, which produbesmesh adjusted to the new position of the
boundaries at every time step and belongs to ththads of Arbitrary Lagrangian Eulerian
methods. At each time step the mesh in the physilcal domain which evolves with time is
mapped into a constant, computational domain aedtrdmsformation is achieved by solving a
Laplace like equation.[6,7]. In particular for tlgeometry the physical domain which is described
by the coordinates @), Ry(0 ,t)< r<Rou(t), O< 6<m is mapped into a constant computational domain
(M), defined by the initial geometry at t=0yR 11 <R.u0, O< y <n. This mapping is achieved by
solving the following Laplace equation for the mecdinate:

On=0 (8)

The lines with constani values are parallel to the deforming nanocavitye Bolution of
equation (8) gives the r —position in the meshawfhenodal point. For this specific problem we do
not solve any other equation for the remaining domte6 since the mesh produced by simply
settingb=y, was proven to be sufficient. Equation (8) is sdltogether with appropriate boundary
conditions that take into account the movementhef houndaries (i.e. eq. 4 for the nanocavity-
liquid interface).
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The input parameters for these validation runs veken from the literature and correspond
to conditions encountered in ultrasonic medicaliappons [8]. In more details the density and the
viscosity of the surrounding liquid aps 103kgr/m3 andn = 3 x 102 Ns/n® respectively and the
surface tensiong= 0.072N/m. The initial nanocavity radius is of teler of lim. Typical values
for the imposed frequency and the amplitude ofithgosed pressure oscillations are: f =3 MHz

: wR?
and Pa = 2 bar. These values result in a Reynaldsbar Re:%: 0.6z , and a Weber
number We = RS ~=0.2. Deviations from spherical shape were quantifigdcbmputing a
PR,

nanocavity deformation parameter (which is defifgdthe ratio of the difference of the two
nanocavity axis over their sum) which was fountbécsmaller than 10 The surrounding liquid in
the problem description is regarded to be infinite practice we develop a mesh with a much
larger outer radius than the nanocavity radius. ifial nanocavity shape is described by an
expression of the form:

b&0) = & + & &9 Pn(0) (10)
where 0€<1 andPp, a Legendre polynomial of ordeeh.

We impose the same periodic external pressure/fegnd we are focusing in the case with
large pressure amplitude, Pa = 30 bar. During flee,analyze the shape of the nanocavity at each
time step to check if the imposed initial perturbatin nanocavity shape remains in time. The
shape of the nanocavity is decomposed in Legeralggm@mials to examine if the imposed initial
perturbation remains in the nanocavity shape arsppherical symmetric shape is preferred:

N

R,(6,)=) a (tR, (co® (11)
k=0
The coefficients @are calculated through the equation:
2k+1) ¢ :
ak(t):%J.Rb(e,t)Pk sird @ (12)
0

No mode coupling is observed in this calculations.

100 80 100 80

160/

180
(a) (b)
Figure 1.- Snapshots of nanocavity shape during the oscfiaivhen the initial shape is described by
Rb0O=1+0.1P3: a) during the'period b) during ¥ period
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In Figure 1 snapshots of the nanocavity interfaee shown during %t and 2¢ period of
applied oscillation when a perturbation of & &der Legendre polynomial is added in the initial
nanocavity shape. The initial nanocavity radiusathejfgnce on angkeis described by:

R,o(0 )= 1+ 0.1P3 = 1+0.1(5 cosB— 3 cosh)/2 ).

In these snapshots it is also shown that the frtion is present in theIperiod (it is mostly
evident when the nanocavity reaches its minimung) snless important in"2 period. For the
parameters used in these cases, the surface teffaohis important which tends to smoothen out
the perturbations. We have indeed observed thitieitimit of negligible surface tension the initial
perturbation is present at longer times.
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6.14 Bijective-mapping min-map Monte Carlo for chain metules*’

We have developed a novel Monte Carlo (MC) simafatscheme based on Theodorou's
bijective mapping strategy (D. N. Theodorou, JounfaChemical Physicd24 034109 (2006)).
This Min-Map Bias Monte Carlo acts in combinatioithvany other proper, bare MC. It carries

over the bare MC move from the original configusatspaceQ®, where trial move acceptance
may be low, to a different configuration spa€®, where acceptance is higher. The bare MC
move is then performed iR" and the resulting configuration is finally mappeack to Q.

Mappings betwee®® and Q™ entail weighted selection of trial configuratiotise bias of which

Is subsequently removed in the overall acceptamterion. The new method is applied, in

conjunction with Continuum Configurational Bias hare MC scheme, to the simulation of
explicit-hydrogen linear alkanes in the canoniceeamble. Min-Map Bias MC is found to alleviate

the pervasive problem of very low acceptance rates®untered when using an explicit molecular
description.

Computation of excess chemical potential is basethe evaluation of ensemble averages of
the type:

(1)([(0)) exp[ AU, (r) | o
o 0, (1]

,—(o)(r(O))

min| 1, SO @) (1)

0
where 8= (k,T)™ and (), denotes an ensemble average over all paittsin Q1,1 =0,1

sampled according to the canonical probability dgnse. proportional toexp[—,B’UI (r('))]. In

Theodorou's min-map chemical potential method i rof configurational integrals can be
interpreted as Boltzmann factors of the excess Helin free energy difference between system 1
confined in subsef ® and system 0 confined in subdét’. However, the idea of establishing a
bijective relationship between domains in the apnfation space® and Q" can be applied as
the basis of a generating scheme for trial MC movdge overall trial generation method is
schematically depicted in the following figure:

Nu(lp-lh configuration (“old”) (N, +1)-th configuration (“new”)

Figure 1. Schematic representation of the
bijective mapping and of the
correspondence between configurations in

spaces Q@ and Q. Transition between
the Negth (“old”) configuration and the
(Nsept1)-th  (“new”)  configuration is
attempted, through a “bare” MC move, in
spaceQ®.

4" Contact person: Manuel Laso: laso@diquima.upm.es
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Application to continuum configurational bias Monte Carlo

It may happen that the efficiency of the bare M@nacon configurations that belong 0
is so poor as to render it useless, while the dasme scheme acting on configurations that belong

to Q@ is efficient. The situation just described is fiamm being exceptional, as will be discussed
below. Hence, the effect of the factors pre- anst paultiplying a,,, in the acceptance/rejection

criterion can be such that an increase in ovefaliency is achieved while strictly preserving the
properness of the combined MC scheme. To achiesesiid, instead of performing the bare move
in configuration spaceQ®, where the bare scheme is assumed to be cornacipéfficient,

individual configurations are projected fro@(® to Q® where the bare move is performed, in the
hope that its efficiency may be higher and thatabeeptance criterion may yield greater overall
acceptance. Obviously, the success of this stratlpends entirely on the specifics of the
molecular system under investigation and on the efagelecting corresponding configurations in

Q® and Q. Hence,q,,, is the ratio of the products of Boltzmann weigtitsthe old and the
new (trial) configurations:

m
W(l) l:lwk(,lgm
0.)(1) — __Told — k=
bare W(l) m
new lj'Wk(,lrzew
The probabilities of the old and new configurations the canonical ensemble in the
acceptance criterion lead to:

(2)

! 1
eXpI:_ﬂUO(r')] @ 1)new eXpI:_,BUl(l")] a’
P=min| 1 r(O)OId(r(O)OId) eXp[—,BUl (r( ) ):I 3 r(l)new([(o)nem) )
’ 1 _ (old are 1
— exp[ AU, (r )] -
(1)om(“(o)ald)exp|i_ﬂUl (r )] a (O)newz[(o)nevj eXp[_ﬂUo (r )] o
J. exp[_:gul (I")] a’ new eXp[—,BUO (l")] o’
min 1’ r(@old ("(O)o\d) eXp|: IHUI (r )j| aéi;)re r(O)new(r(O)nev\)
e T Y | i IR

This equation has a very simple structure whicb alsggests why the min-map biased MC
move may be advantageous over the bare MC scheme.

For a two-bond deep cut, the last two torsionalreleg) of freedom of a chain in the united
atom representationg,_, and ¢,,, drive sites(N -1) and (N) respectively. In the course of a

CCB chain regrowth, the total potential energy fiorcassociated with sitéN —1) is a function of
@y, only: U, (#,.,). Once a particular valu¢N_1:¢*N_lhas been selected in the regrowth
process, the total potential energy function asdgedi with site(N) is a function of¢, and
parametrically of¢;71: U, (#,;¥,.). CCB approximates the restricted configurationattipon
function associated with these two bonds
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Q= [[ dpy dp\exp| ~B(Uy @)+ Uy @1i8')) |

Q= [[ dp by, exp] ~B(Uns Gr ¥ U 0,8'1) | =

@)
{[d6,.exp[-BU, .6, J}{[ b exif U, 6, ¥ )]

where in the second factor of the right hand side, takes on the constant valyg, :¢*N_l

corresponding to the torsion angle chosen in tgeoreth process. In a united atom representation,
@ and Q are sufficiently close for the acceptance ratibecappreciable. In the explicit hydrogen

representationé is a poor approximation t@ and acceptance drops steeply. The reason for

Qand Q to differ markedly is that the energy landscapetlie explicit hydrogen representation is
more "rugged" than for the united-atom represematDifferences in level of detail in energy
landscapes are more pronounced the closer indivedaens come to each other, i.e. the higher the
density. The presence of additional explicit atomekes the energy landscape more intricate and
@ becomes an increasingly poor approximatiotoThis is illustrated quantitatively in Figure 2
which shows the contour levels of the total eneaiggociated with the last two torsional angles

@,., and g, as a function of these for a particular alkanérciraa dense system
-3 ) = ¢

(rad)

¢——3
1 )] i 2 3 - 2 %
(rad) {rad)
(DN -1 goN—l

Figure 2.- Active degrees of freedom for a two-bond dee¢prca CCB trial move. Torsion angle
@, drives site(N —1), torsion angleg,, drives site(N).

The procedure just described univocally charaatsrinappable domains 2® and Q®
with the same formal structure. Additionally, wevbaised a homotopical minimization procedure
based in Watson and Haftka's HOM to perform theusege of minimizations involved in the

mutation process for the transitions in force figlf® ~u® U9 (@) - UL () and

on-bonded

in geometrical parameters (bond lengths, bond aragie torsion angles).

Finally, the evaluation of restricted partition @tions is carried out numerically by standard
Monte Carlo integratioh using a numbek_ . of points uniformly distributed over":
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Iexp[ ] / (1> a DZ{exp{ ﬂU / <1) gl),( @) l_(l)} (4)

r@

The selector functions convert integrals o¥el in integrals over hyperspheres so that
hypervolumes cancel and need never evaluated, hleageoportionality suffices.

Outlook

The min-map bias is general and can be combined any type of proper MC move. It
seems to be quite effective in alleviating the expless problem. Specifically, when combined
with a CCB scheme and applied to an explicit dpsiom of eicosane, acceptance rates for trial
moves were high enough for efficient and correctfiguration space sampling.

The simple strategy behind min-map bias is thatasfying over the MC move from the
original configuration spac&®®, where MC moves are almost always rejected, taffarent
configuration spaceQ®, where acceptances are high; performing the mov@? and finally
mapping back the resulting trial configuration @”. Configurations are mapped betwe@’

and Q® and back using weights (bias) which are subsetjussthoved in the overall acceptance
criterion.

However, if the descriptions chosen @? and Q® are too different, the efficiency of the

method will decline. The method is strictly appbtato configuration space®® and Q® of the
same dimensionality. It also has the potential écapplied to multiple "hopping" between more
than just two configuration spaces, so that MC rsgeerformed in a relatively simple molecular
representation can be mapped stepwise onto corngaicpossibly biological, molecules. Needless
to say, although multiple hopping is a clearly tegate extension of the present method (it reduces
to a well-defined sequence of bijections, and torcatenation of formally identical terms), itslrea
usefulness and computational efficiency still remtai be demonstrated.
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Upper picture:  AlGaN/GaN HEMT transistor for high temperature, high
power microwave applications.

Lower picture: ~ Four GaN/InGaN MQW photodetectors fabricated to

sense flame optical emissions from a gas domestic
combustion boiler
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SCIENTIFIC ACTIVITY
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Scanning Electron Microscope image of Co nanoparticles
produced by electrochemical deposition in liquid cathode.
The mean patrticle size is approximately 200nm with a quite
homogeneous size distribution. After biocompatibilization
with Dextran, these nanopatrticles will be used as magnetic
markers for medical imaging.
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Microtechnologies for the New Millenium 2005. Photonic Materials Devices and Applications, Proceeding SPIE,

Sevilla (Spain), 2005

M. ZAMFIRESCU, M.GURIOLI, A. VINATTIERI, J. RISTIC, E. CALLEJA

“Study of piezoelectric field in GaN Quantum Discs for estimating the residual strain in self assembled AlGaN Nanocolumns”
5th Int. Conf. on Phys.of Light-Matter Coupling in Nanostructures, (PLMCN5)

Glasgow, (U.K.), 2005

2006

C.A. BARRIOS, Q. XU, J. SHAKYA, C. MANOLATOU, M. LIPSON,
“Compact Silicon Slot-Waveguide Disk Resonator,”

Conference on Lasers and Electro-Optics (CLEO) 2006, paper CTuCC3,
Long Beach, California (USA), 2006.

E. CALLEJAetal.

“Self-assembled MBE growth of lll-Nitride Nanocolumnar Heterostructures on Si substrates”
33rd Conf. on the Physics and Chemistry of Semiconductor Interfaces (PCSI),

Florida (USA), 2006

E. CALLEJA et al.

“Growth of lll-Nitride Nanocolumnar heterostructures on Si(111) and Si(100) by MBE”
Japanese-Spanish-German Workshop,

Berlin (Germany), 2006

E. CALLEJA et al.

“lll-Nitride Nanocolumnar Heterostructures on Silicon: Growth Mechanism and Application to Devices”
2006 International Conference on Blue Lasers and Light Emitting Diodes,

Montpellier (France), 2006
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E. CALLEJA et al.

“Crystal damage assessment of Be+-implanted GaN by UV Raman scattering”
2006 International Conference on Blue Lasers and Light Emitting Diodes,
Montpellier (France), 2006

E. CALLEJA et al.

“GaN Nanocolumns Grown on Si by Molecular Beam Epitaxy for integrated nanophotonics”
14th International Conference on Molecular Beam Epitaxy (MBE2006),

Tokyo (Japan), 2006

E. CALLEJA et al.

“Coupled Longitudinal Optical Phonon-Plasmon Modes in InN Nanocolumns”
28" International Conference on the Physics of Semiconductors (ICPS),

Vienna (Austria), 2006

E. CALLEJA et al.

“Growth and characterization of InN and In-rich (Al,Ga)inN quantum well heterostructures by PA-MBE”
International Workshop on Nitride Semiconductors (IWN 2006)

Kyoto (Japan), 2006

E. CALLEJA et al.

“Electrical performance of Gallium Nitride nanocolumns”
European Materials Research Society Spring Meeting (E-MRS)
Nice (France), 2006

E. CALLEJA et al.

“Self-assembled MBE growth of lll-Nitride Nanocolumnar Heterostructures on Si substrates”
12th Advanced Heterostructure Workshop,

Hawaii (USA), 2006

E. CALLEJA et al.

“Growth, morphology, and structural properties of lll-Nitride nanocolumns and nanodisks”
| Jornadas de Nanofoténica, Universidad Politécnica de Valencia

Valencia (Spain), 2006

E. CHO, E. SILLERO, D. PAVLIDIS, G. ZHAO, S. SEO, S.JATTA, B.KOGEL, P. MEIBNER,
“GaN/Air Gap Based Micro Opto Electro Mechanical (WOEM) Fabry-Pérot Filters”
International Workshop on Nitride Semiconductors 20086,

Kyoto (Japdn), 2006

R. CUERDO, J. PEDROS, A. BRANA, F. CALLE, E. MUNOZ,

“High temperature characterization of nitride-based HEMT and SAW devices”
15™ European Workshop on Heterostructure Technology,

Manchester (U.K.), 2006

R. CUERDO, J. PEDROS, A. NAVARRO, A. BRANA, J.L. PAU, E. MUNOZ, F. CALLE

“High temperature assessment of nitride-based devices”

6th International Conference on Materials for Microelectronics and Nanoengineering, Proc. 110-113. ISBN 10:0-9553082-1-6.
Cranfield (U.K.), 2006

T. DOLLASE, M. LASO

“Product anisotropy in hotmelt coating processing of pressure-sensitive adhesive materials”
Swissbonding 2006

Rapperswil (Switzerland), 2006

S. LOURDUDOSS, F. OLSSON, C.A. BARRIOS, T. HAKKARAINEN, A. BERRIER, S. ANAND, A.AUBERT, J. BERGGREN, R. G. BROEKE, J.
CAO, N. CHUBUN, S-W SEO, J-H BAEK, N. CHUBUN, K.AIHARA, ANH-VU PHAM, S.J.BEN YOO, M. AVELLA, J. JIMENEZ.
“Heteroepitaxy and Selective Epitaxy for Discrete and Integrated Devices,”

Conference on Optoelectronic and Microelectronic Materials and Devices (COMMAD 20086),

Perth (Australia), 2008.

I. LUCAS, L. PEREZ, M.PLAZA, M.C. SANCHEZ
“Pinning field and coercivity in CoP alloys”

Il Joint European Magnetic Symposia,

San Sebastian (Spain), 2006
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J. MIGUEL-SANCHEZ, A. GUZMAN, J. M. ULLOA, M. MONTES, A. HIERRO, E. MUNOZ

“MBE growth and processing of diluted nitride quantum well lasers on GaAs (111)B”

Sixth International Workshop on Epitaxial Semiconductors on Patterned Substrates and Novel Index Surfaces (ESPS-NIS)
Nottingham (U.K.), 2006

M. MONTES, A. HIERRO, J.M. ULLOA, B. DAMILANO, M. HUGUES, M. AL KHALFIOUI, J.-Y. DUBOZ, J. MASSIES
“Thermal characteristics of 1.3-1.5 Im InGaAs(N)/GaAs quantum well laser diodes grown by molecular beam epitaxy”
European Semiconductor Laser Workshop (ESLW) 2006

Nice (France), 2006

A.NAVARRO, C. RIVERA, R. CUERDO, J. L. PAU, J. PEREIRO, E. MUNOZ
“Low-frequency noise in InGaN/GaN MQW-based photodetector structures”
SBLLED 2006

Montpellier (France), 2006

J. PEDROS, R. CUERDO, F. CALLE, J. GRAJAL, J. L. MARTINEZ-CHACON, Z. BOUGRIOUA
“Field-Effect-Modulated SAW Devices on AlGaN/GaN Heterostructures”

IEEE International Ultrasonics Symposium,

Vancouver (Canada) , 2006

R. RANCHAL, C. AROCA, M. MAICAS, E. LOPEZ

“Temperature dependence of magnetic and electrical properties of Py/Gd/Py thin films”
Joint European Magnetic Symposia (JEMS’06)

San Sebastian (Spain), 2006

R. RANCHAL, C. AROCA, E. LOPEZ,

“Influencia de la difusion de Ni en el acoplamiento magnético en la interfase Permalloy/Gadolinio”
IV Reunién Nacional de G.E.F.E.S. de laR.S.E.F.

Alicante (Spain), 2006

C. RIVERA, P. MISRA, J. L. PAU, E. MUNOZ, O. BRANDT, H. T. GRAHN, K. H. PLOOG
“M-plane GaN-based dichroic photodetectors”

ISBLLED 2006

Montpellier (France), 2006

C.RIVERA, J. L. PAU, E. MUNOZ

“Internal gain mechanisms in lll-nitride based MQW photodetectors”
IWN 2006

Kyoto (Japan), 2006

C.RIVERA, P. MISRA, J. L. PAU, E. MUNOZ, 0. BRANDT, H. T. GRAHN, K. H. PLOOG
“Electrical and optical characterization of M-plane GaN films grown on LiAIO: substrates”
IWN 2006

Kyoto (Japan), 2006

B. SCHMIDT, C. A. BARRIOS, M. LIPSON,

“Si3N4-Si02-Si slot-waveguide disk resonators in a silicon photonic platform”
Materials Research Society (MRS)

Boston, Massachussets (USA), 20086.

J. SEGURA, N. GARO, A. CANTARERO, J. MIGUEL-SANCHEZ, A. GUZMAN, A. HIERRO
“Photoluminescence and magneto-photoluminescence studies in GalnNAs/GaAs quantum wells”
International Conference on Physics of Semiconductors (ICPS) 2006

Viena (Austria), 2006

E. SILLERO, F. CALLE, D. LOPEZ-ROMERO, M. EICKHOFF, J. F. CARLIN, N. GRANDJEAN, M. ILEGEMS,
“Selective etching of AllnN/GaN heterostructures for MEMS technology “

32nd International Conference on Micro and Nano Engineering (MNE2006),

Barcelona (Spain), 2006

E. SILLERO, F. CALLE, M. EICKHOFF, J. F. CARLIN, N. GRANDJEAN, M. ILEGEMS

“Etching procedures for lll-N microsystems technology”

6th Int Conf. Materials for Microelectronics and Nanoengineering, Proc. 41-44. ISBN 10:0-9553082-1-6.
Cranfield (U.K.), 2006

I. TANARRO, C. DOMINGO, M.CASTILLO, T. DE LOS ARCOS, M.M. SANZ, V.J. HERRERO

“FTIR Spectroscopic Diagnosis of Cold Reactive Plasmas generated in Hollow Cathode Discharges”.
18t International Workshop on Infrared Plasma Spectroscopy

Greifswald (Germany), 2006
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8.3 Invited Talks

F. CALLE, J. PEDROS, T. PALACIOS, J. GRAJAL

“Acoustic wave devices on llI-V nitrides”

European Materials Research Society 2004 Fall Meeting, EMRS.
Warsaw (Poland), 2004

E. CALLEJA, J. RISTIC, S. FERNANDEZ-GARRIDO

“Nanocavities and Nanoemitters with AIN/GaN Bragg Reflectors Grown by MBE in Nanopillar Arrays”
"Trends in NanoTechnology" International Conference (TNT-2004)

Segovia (Spain), 2004

C. RIVERA, J. L. PAU, J. PEREIRO, E. MUNOZ
“Photoresponse of lll-nitrides detectors in the A>360nm and A<200nm regions”

11t Advanced Heterostructure Workshop
Kohala Coast, Big Island of Hawai'i (USA), 2004

E. MUNOZ, E. LUNA, J. MIGUEL SANCHEZ, C. RIVERA, A. GUZMAN, A. HIERRO, J.L. PAU, E. CALLEJA
"Quantum well photodetectors based on nitrides. Operation in the near IR, visible and UV"
Japan-Germany-Spain Joint Workshop on advanced Semiconductor Optoelectronic Devices and Materials
Yufuin, Oita (Japan), 2004

E. CALLEJA

"lll-Nitrides: Growth by MBE and Applications"
Universidad de Roma “Tor Vergata”,

Roma (Italia), 2005

E. CALLEJA, J. RISTIC, C. RIVERA, S. FERNANDEZ-GARRIDO, M. POVOLOSKY!I, A DI CARLO, A. TRAMPERT, K.H. PLOOG
“Self-assembled growth of AlGaN/GaN/AIGaN Nanocavities on Si(111) by MBE”

13t European Molecular Beam Epitaxy Workshop

Grindelwald (Switzerland), 2005

A. GUZMAN, E. LUNA, D. LOPEZ-ROMERO, E. MUNOZ

“Quantum well infrared detectors based on dilute nitrides”

Workshop on Compound Semiconductor Devices & Integrated Circuits in Europe 2005. Cardiff School of Engineering. 2005
Cardiff (U.K), 2005

E. MUNOZ, J.L. PAU, C. RIVERA, J. PEREIRO, A. NAVARRO, R. PECHARROMAN
"Al,In,GaN)N-based UV and VIS Photodetectors"

18th Annual Meeting of the IEEE Lasers & Electro-Optics Society

Sydney (Australia), 2005

J.L. PAU, C. RIVERA, J. PEREIRO, A. NAVARRO, R. PECHARROMAN, E. MUNOZ
"Ultraviolet and visible photodetectors: applications"

Conferencia de Dispositivos Electronicos, CDE 2005

Tarragona (Spain), 2005

M. LASO, N, JIMENO

“Polymers in confined geometries: PE in a zeolite catalyst”
ECOREP Il

Lyon (France), 2005

M. LASO

“Ergodic Generation of Amorphous Cell Structures in Atomisitic Simulations of Polymers™”
Xl Congreso de Fisica Estadistica

Madrid (Spain) 2005
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E. CALLEJA et al.

“Self-assembled MBE growth of lli-Nitride Nanocolumnar Heterostructures on Si substrates”
33rd Conf. on the Physics and Chemistry of Semiconductor Interfaces (PCSI),

Florida (USA), 2006

E. CALLEJA et al.

“Growth of Ill-Nitride Nanocolumnar heterostructures on Si(111) and Si(100) by MBE”
Japanese-Spanish-German Workshop,

Berlin (Germany), 2006

E. CALLEJA et al.

“lil-Nitride Nanocolumnar Heterostructures: Growth, Properties and Application to Devices”
Monte Verita Summer School on "Wide Bandgap Semiconductor Quantum Structures”,

Ascona (Switzerland), 2006

E. CALLEJA et al.

“Growth, morphology, and structural properties of lll-Nitride nanocolumns and nanodisks”
| Jornadas de Nanofotdnica, Universidad Politécnica de Valencia,

Valencia (Spain) 2006

A.HIERRO, M. MONTES, J.M. ULLOA, B. DAMILANO, M. HUGUES, M. AL KHALFIOUI, J.-Y. DUBOZ, J. MASSIES
“Carrier recombination mechanisms in MBE-grown InGaAsN/GaAs laser diodes”

European Semiconductor Laser Workshop (ESLW) 2006

Nice (France), 2006

M. LASO

“Short Course on Multiscale Modelling Techniques”
Annual European Rheology Cconference 2006

FORTH, Institute of Electronic Structure & Laser
Heraklion (Greece), 2006

E. MUNOZ

“Recent advances in lll-N-based photodetectors”

2006 Japanese-Spanish-German Joint Workshop on Advanced Semiconductor Optoelectronic Materials Devices
Berlin (Germany), 2006

E. MUNOZ,

“lll-nitrides photodetectors for the VIS and UV regions”
Research Institute of Electronics, University of Shizuoka
Hamamatsu (Japan), 2006

L. PEREZ

“Synthesis of GaN: Gd by MBE”

Workshop on Gd-doped Nitride Semiconductors
Gainesville, FL (USA) 2006

R. RANCHAL, C. AROCA, M. MAICAS, E. LOPEZ

“Temperature dependence of magnetic and electrical properties of Py/Gd/Py thin films”
Joint European Magnetic Symposia (JEMS’06)

San Sebastian (Spain), 2006
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“Disefio y fabricacion de reflectores Bragg para diodos LED de cavidad resonante”
Susana Fernandez Ruano

Enrique Calleja Pardo - Fernando Calle Gdmez

Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacion, 2004

Sobresaliente “Cum Laude”

“Desarrollo de detectores de infrarrojo fotovoltaicos, de pozocuantico y doble barrera
para la banda de 3-5 ym”

Esperanza Luna Garcia de la Infanta

Alvaro de Guzman Fernandez Gonzalez - José Luis Sanchez Rojas Aldavero

Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacién, 2004

Sobresaliente “Cum Laude

“Estudio de Dispositivos Magnetométricos. Aplicacion al Proyecto NANOSAT”
Marina Diaz Michelena

Pedro Sanchez Sanchez - Claudio Aroca Hernandez-Ros

Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacion, 2004
Sobresaliente “Cum Laude”

“Materiales magnéticos blandos obtenidos por electrodeposicion: aplicaciones en sensores
integrados”

Lucas Pérez Garcia

Maria del Carmen Sanchez Trujillo- Claudio AROCA Hernandez-Ros

Universidad Complutense de Madrid, Facultad de C.C. Fisicas, 2004

Sobresaliente “Cum Laude”

“Diseno, fabricacion y caracterizacion de diodos ldser basados en pozos cudnticos de
InGaAs(N)/GaAs”

José Maria Ulloa

José Luis Sanchez-Rojas Aldavero - Adrian Hierro Cano

Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacién, 2005

Sobresaliente “Cum Laude”

“Crecimiento y caracterizacion de estructuras nanocolumnares de nitruros del grupo lII”
Jelena Ristic

Enrique Calleja Pardo

Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacién, 2006

Apto “Cum Laude” por unanimidad

“Crecimiento por MBE de pozos cuanticos de InGaAsN sobre GaAs (111)B y (100) para su
aplicacion a laseres de semiconductor”

Javier Miguel-Sanchez

Alvaro de Guzman Ferndndez Gonzalez

Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacién, 2006

Sobresaliente “Cum Laude”
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Title: “Microestructuras magnéticas obtenidas mediante procesos electroquimicos”
Autor; Oscar de Abril Torralba

Director; M& del Carmen Sanchez Trujillo - Claudio Aroca Hernandez-Ros

University: Universidad Complutense de Madrid, Fac. Ciencias Fisicas, 2006

Grade: Sobresaliente “Cum Laude”

Title: “Optimizacion de las propiedades magnéticas y de transporte en multicapas metdlicas y
heteroestructuras magnéticas diluidas”

Autor: Rocio Ranchal Sanchez

Director: Eloisa Lopez Pérez - Claudio Aroca Hernandez-Ros

University: Universidad Complutense de Madrid, Fac. Ciencias Fisicas, 2006

Grade: Sobresaliente “Cum Laude”
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8.5 B.Sc. Thesis
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“Desarrollo de matrices de detectores cudnticos tricolor en el infrarrojo medio utilizando ataque por
iones reactivos (RIE)”

Raquel Gargallo Caballero

Alvaro de Guzman Fernandez

Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacién

September 71, 2004

Matricula de Honor, 10 p.

“Desarrollo de sistemas electronicos de deteccion de ultravioleta visible basados en sensores de
Nitruros del Grupo III"””

Alvaro Navarro Tobar

Elias Mufioz Merino

Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacién

October 14, 2004

Matricula de Honor, 10 p.

“Tecnologias de Dispositivos basados en Nitruros: diodos Schottky y filtros SAW
Roberto Cuerdo Bragado
Fernando Calle Gémez
Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacion
September 23, 2005
Matricula de Honor, 10 p.

“Desarrollo de Tecnologias de procesado asistido por plasma para nitruros IlI-V: RIE, y PECVD”
Eugenio Sillero Herrero

Fernando Calle Gémez

Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacion

September 23t 2005

Matricula de Honor, 10 p.

“Automatizacion de la medida del efecto Hall y aplicacion a medidas de transporte electronico”
José Maria Gutierrez
Adrian Hierro Cano
Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacion
September 30, 2005
Matricula de Honor, 10 p.

‘Disefio e implementacion de un sistema prototipo antirrobo de deteccion de etiquetas comerciales
para tiendas y centros comerciales”

José Miguel Diaz Maroto

Claudio Aroca / Pedro Sénchez

Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacion

October 19, 2005

Matricula de Honor, 10 p.
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Title: “Sistema y Control y Monitorizacion para reactor de epitaxia de haces moleculares (MBE)”

Autor: Gerardo Martinez Bernat

Director: Miguel Angel Sénchez-Garcia

University: Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacion

Date: December 221, 2005

Grade: Matricula de Honor, 10 p.

Title: “Analisis térmico mediante emision infrarroja de transistores basados en Nitruro de Galio™

Autor: Andrés Tallos Tanarro

Director; Elias Mufioz Merino

University: Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacion

Date: February 15th, 2006

Grade: Matricula de Honor, 10 p.

Title: “Desarrollo de un Sistema de Adquisicion y Procesado de Imdgenes de Corriente Inducida por Haz de
Electrones (EBIC)”

Autor: Javier Carretero Moya

Director; Adrian Hierro Cano

University: Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacion

Date: September 18t 2006

Grade: Matricula de Honor, 10 p.

Title: “Desarrollo de sistemas optoelectronicos integrados basados en Nitruros del Grupo Ill para
aplicaciones en Biofotonica”

Autor: Iciar Sarasola

Director: Elias Mufoz Merino

University: Universidad Politécnica de Madrid, E.T.S,. Ing. de Telecomunicacion

Date: December 20th, 2006

Grade: Matricula de Honor, 10 p.

8.6 Patents

Inventors: David Ciudad Rio-Pérez, Claudio AROCA Hernandez-Ros, Pedro Séanchez Sanchez, M2, del
Carmen Sanchez Truijillo, Eloisa Lépez Pérez.

Title: Low frequency emitter — receptor system for intelligent contactless cards.

Number of Request: P200402437

Country of Priority: Spain

Date of Priority: 2.004

Entidad titular: Universidad Politécnica de Madrid

Countries to which it has spread:  Spain

Inventors: Carlos Angulo Barrios.

Title: Nuevo sensor dptico integrado de deflexion mecanica de ultra-alta sensibilidad
Number of Request: P200602724

Country of Priority: Spain

Date of Priority: 2.006

Entidad titular: Universidad Politécnica de Madrid

Countries to which it has spread:
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Top:  Imaging of the photoluminescence (PL) quenching in an
homogeneous GaN surface with sparse Ga-droplet footprints
under the propagation of a SAW. The acoustic transport of
photocarriers is partially disrupted at the outgoing boundary of
the footprint, as shown by the local enhanced recombination.

Bottom: Experimental configuration of the PL mapping; the interdigital
transducer (IDT) launches a SAW which propagates across the
scanned area shown in the top figure.

[In collaboration with the Paul-Drude-Institut fiir Festkdrperelektronik
(Germany)]
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9.1 International

—  Centre de Recherche sur L’'Hétéro-epitaxie et ses Applications, CRHEA-CNRS, (Valbonne, France)
- Cornell University (USA)

—  Ghent University (Ghent, Belgium)

—  INTEC/IMEC (Leuven, Belgium)

- Laboratoire d’Analyse et Aplications des Systémes LAAS-CNRS, (Toulouse, France)
- Massachusetts Institute of Techonology, M.I.T (USA)

—  Northwestern University, (USA)

- Paul Drude Institute (Berlin, Germany)

- Technische Universiteit Eindhoven (The Netherlands)

- Thales (Thomson CSF), (France)

- The University of Sheffield (U.K.)

—  The University of Cambridge (U.K.)

- The University of California, Santa Barbara (USA)

- University of Colorado at Boulder (USA)

- Walter Schottky Institut - Technical University of Munich (Germany)
- West Virginia University (USA)

—  University of Wisconsin-Madison (USA)

- Eidgenéssische Technische Hochschule (ETH), Ztirich (Switzerland)
- Friedrich-Alexander University Erlangen-Nurember (Germany)

—  University of Surrey (U.K.)

- Ecole Politechnique Federale de Lausane (Switzerland)

- University of Darmstadt (Germany)

- Wake Forest University (USA)

—  Purdue University (USA)
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9.2 National

- Centro Nacional de Microelectronica - Instituto de Microelectrénica de Barcelona IMB-CNM. CSIC
—  Centro Nacional de Microelectronica - Instituto de Microelectrénica de Madrid IMM-CNM-CSIC
—  CIDA (Centro de Investigaciones de la Armada)

—  CIEMAT (Centro de Investigaciones Energéticas y Medio Ambientales)

- INDRA Sistemas, S.A.

— Instituto de Fisica Aplicada — Centro de Tecnologias Fisicas «Torres Quevedo » - CSIC

— Instituto de Estructura de la Materia- Centro de Fisica « Miguel Antonio Catalan »-CSIC

— INTA (Instituto Nacional de Tecnologia Aeroespacial)

- Mondragdn Corporacién Cooperativa (lkerlan, Orkli

- SIMAVE SA.

- TUDOR-EXIDE

= Universidad Auténoma de Madrid

- Universidad Carlos IIl de Madrid

—  Universidad Complutense de Madrid

—  Universidad de Barcelona, Dpto. Electrénica

- Universidad de Cadiz, Centro de Microscopia Electrénica

—  Universidad de Oviedo.

- Universidad de Valencia

—  Universidad Politécnica de Madrid, SSR Department (ETSI. Telecomunicacion)

—  Universidad Rey Juan Carlos.
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9.3 Cooperation and Services

Centre de Recherche sur L’Hétéro-epitaxie et ses Applications, CRHEA-CNRS
(Valbonne, Francia)

Researchers: Dr. P. Gibart and Dr. P. de Mierry

Research line: Reflectivity Measurements for Bragg reflectors for LEDs
Researcher: Dr. F. Omnes

Research line: Materials for UV detectors and HEMT transistors.
Researcher: Dr Z. Bougrioua.

Research line: Wafers for HEMT transistors.

Researcher: Dr B. Damilano

Research line: GalnNAs laser diodes

Centro de Investigacion y Desarrollo de la Armada, CIDA

Researchers: Dr. M.T. Montojo and Dr. G. Vergara
Research Line: Far IR detectors

Centro de Investigaciones Energéticas y Medio Ambientales, CIEMAT

Researcher: Dr. J. Cérabe

Research Line: Surface Measurements by SEM
Researcher: Dr. M.T. Gutiérrez

Research Line: Hall Measurements at different temperatures

Resistivity Measurements

Researcher: Dr. A. Martinez

Research Line: SEM Measurements and compositional analysis by means of EDS
Researcher: Dr. F.L. Tabarés

Research Line: Plasma fusion wall interactions

European Synchrotron Radiation Facility (ESRF), Grenoble (France)

Researcher: Dr. G. Martinez Criado
Research Line: Lithography
FTIR measurements.
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Instituto de Energia Solar (UPM)

Researcher: Dr. C. Algora

Research Line: PL measurements on materials for solar cells
X-Ray diffraction measurements on materials for solar cells
C-V characterization for solar cells

Hall measurements
Researcher: Dr. I. Rey-Stolle
Research Line: Rocking-Curve Measurements
Researcher: Dr. B. Galiana
Research Line: Hall Measurements
Researcher: Dr. C. del Cafizo Nadal
Research Line: Ellipsometry Measurements

Instituto de Estructura de la Materia (CSIC).

Researcher: Dr. V.J. Herrero
Research Line SEM Measurements.

Instituto de Fisica Aplicada (CSIC).

Researcher: Dr. I. Sayago
Research Line Lithography

Instituto de Microelectrénica (CSIC).

Researcher: Dr. L. Gonzélez Sotos
Research Line Prfocessing of Semiconductor Nanostructures as components for Quantum
Information.

Universidad Complutense de Madrid, Facultad de Ciencias Fisicas,

Researcher: Dr. G. Gonzélez
Research Line Metallization processes
Researchers: Dr. M.E. Lopez Pérez and Dr. M.C. Sanchez Truijillo
Research Line: Photolitography processes
Surface and Structural Characterization
Magnetic sensors
Researcher: Dr. E. San Andrés
Research Line: Ellipsometry measurements
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Universidad Miguel Hernandez

Researcher: Dr. S. Fernandez de Avila

Research Line: Metallization and Characterization of hybrid polymers-nanoparticles systems to be
used in photodetectors and photovoltaic devices.

Universidad de Oviedo, Dpto. Quimica Analitica

Researcher: Dr. R. Badia

Research Line: Polimers Deposition for Chemical Sensors.

Researcher: A. Fernandez Gonzalez

Research Line: Imprinted sol-gel films characterization by means of FTIR, AFM, SEM and
ellipsometry.

Universidad del Pais Vasco.

Researcher: Dr. F. Plazaola
Research Line Metallization processes and Hall measurements

Universidad Politécnica de Madrid, Dpto. Ciencia de Materiales, ETSI Caminos

Researcher: Dr. M. Elices, Dr. J.M. Atienza.
Research Lines: Metallic evaporations
SEM measurements

Universidad Rey Juan Carlos, Madrid.
Researcher: Dr. A.L. Alvarez
Research Line Pulsed I-V measurements.

Thickness measurements for organic films

Universidad de Salamanca

Researcher: E. Diez Fernandez
Research Line Processing of InGaAs/InAlAs quantum wells grown by MBE and AlGaAs/GaAs
superlattices

Universidad de Valladolid

Researcher: Dr. M.L. Rodriguez Méndez

Research Line Gas sensors based on magnetostrictive cantilevers and organic semiconductors.
University of Surrey (U.K.)

Researcher: Dr. P. Sellin

Research line: Fabrication of ionising radiation detectors
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9.4 Stays abroad of ISOM members

D. Jorge Pedrés Ayala
“Ferdinand-Braun-Institut fiir Hochstfrequenztechnik”
Berlin Germany 2004 9 weeks

DZ. Jelena Ristic
“Paul Drude Institut fiir Festkrperlektronik” (PDI)
Berlin Germany 2004 4 weeks

D. Carlos Rivera de Lucas
“Paul Drude Institut fiir Festkérperlektronik” (PDI)
Berlin Germany 2004 9 weeks

D. Jorge Pedrés Ayala
“Paul Drude Institut fiir Festkérperlektronik” (PDI)
Berlin Germany 2004 8 weeks

D. Fernando Gonzalez Posadas
“Institute for Microstructural Sciences”
Ottawa Canada 2005 12 weeks

D. Alvaro de Guzman Ferandez
“Paul Drude Institut fiir Festkdrperlektronik” (PDI)
Berlin Germany 2005 8 weeks

D. Javier Miguel Sénchez
“Paul Drude Institut fiir Festkérperlektronik” (PDI)
Berlin Germany 2005 2 weeks

D. Juan Pereiro Viterbo
“Institute of High Pressure Physis Polish Academy of Sciences”
Warsaw Poland 2005 8 weeks

D. Jorge Pedrés Ayala
“Paul Drude Institut fiir Festkorperlektronik” (PDI)
Berlin Germany 2005 13 weeks

D. Enrique Calleja Pardo
“Paul Drude Institut fiir Festkdrperlektronik” (PDI)
Berlin Germany 2005 1 week

D. Eugenio Sillero Herrero
“University of Darmstadt”
Darmstadt Germany 2006 13 weeks

D. Roberto Cuerdo Bragado
“Walter Schottky Institut”, Technical University of Munich
Munich Germany 2006 3 weeks

Lucas Pérez Garcia

“Paul Drude Institut fiir Festkérperlektronik” (PDI)
Berlin Germany 2005-2006 78 weeks
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9.5 Programme Committees Membership

Fernando Calle

Member of Steering Committee, Sessions Chairman
European Heterostructure Technology Workshop, HETECH
Crete, Greece (2004)

Fernando Calle

Member of International Advisory Committee, Session Chairman

International Conference on Materials for Microelectronics & Nanoengineering, MFMN
Southampton, UK (2004)

Elias Mufioz

Member of the International Committee

5t International Symposium on Blue Laser and Light Emitting Diodes (ISBLLED-2004)
Gyeongju, Korea (2004)

Enrique Calleja

Member of the Conference Committee Board

27" International Conference on the Physics of Semiconductors (ICPS-27)
Flagstaff, USA (2004)

Enrique Calleja

Session Chairman

4t International Conference on Physics of Light-Matter Coupling in Nanostructure
St. Petersburg, Russia (2004)

Enrique Calleja

Member of the Conference Committee Board

5t International Symposium on Blue Laser and Light Emitting Diodes (ISBLLED-2004)
Korea (2004)

Enrique Calleja

Member of the Conference Committee Board

International Conference on Molecular Beam Epitaxy (MBE-2004)
Edimburg, UK (2004)

Fernando Calle

Member of Jury Committee

COIT Prizes for Thesis and Career Projects
Madrid, Spain (2005)

Fernando Calle

Chairman of the Organizing Comittee, Session Chairman

2nd Research and Technological Development Meeting at ETSIT-UPM
Madrid, Spain (2005)

Fernando Calle

Member of Steering Committee

European Heterostructure Technology Workshop, HETECH
Smolenice, Slovakia (2005)

Fernando Calle

Member of the Program Committee

Spanish Meeting on Telecommunication (Telecom I+D)
Malaga-Madrid, Spain (2005)
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Elias Mufoz

Member of the International Advisory Committee
WOCSDICE 2005

Cardiff, U.K. (2005)

Elias Mufoz

Member of the International Advisory Committee
International Conference on Nitride Semiconductors, ICNS-6
Bremen, Germany (2005)

Elias Mufioz

Member of the Programme Committee

International Symposium on Compound Semiconductors ICSC
Fribourg, Switzerland (2005)

Enrique Calleja

Session Chairman

131 European Workshop on Molecular Beam Epitaxy
Grindelwald, Switzerland (2005).

Enrique Calleja

Member of the Conference Committee Board

13" European MBE Workshop on Molecular Beam Epitaxy
Switzerland (2005)

Enrique Calleja

Member of the Conference Committee Board

6" International Conference on Nitride Semiconductors (ICNS-6)
Bremen, Germany (2005)

Fernando Calle

Member of Jury Committee

COIT Prizes for Thesis and Career Projects
Madrid, Spain (2006)

Fernando Calle

Member of the Program Committee

Spanish Meeting on Telecommunication (Telecom I+D)
Madrid, Spain (2006)

Fernando Calle
Session chairman
Amena Chair Meeting
Madrid, Spain (2006)

Fernando Calle

Member of Steering Committee, Sessions Chairman
European Heterostructure Technology Workshop, HETECH
Manchester, UK (2006)

Fernando Calle

Member of International Advisory Committee, Session Chairman

International Conference on Materials for Microelectronics & Nanoengineering, MFMN
Cranfield, UK (2006)

Elias Mufioz

Member of the International Advisory Committee

6" International Symposium on Blue Laser and Light Emitting Diodes (ISBLLED-2006)
Montpellier, France (2006)
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Elias Mufoz

Member of the International Advisory Committee
EWN-2006

Crete, Greece (2006)

Elias Mufioz

Member of the International Advisory Committee
International Workshop on Nitrides

Kyoto, Japan (2006)

Enrique Calleja

Member of the Conference Committee Board

6" International Symposium on Blue Laser and Light Emitting Diodes (ISBLLED-2006)
France (2006)

Enrique Calleja

Member of the Conference Committee Board

8 Int. Workshop on Expert Evaluation & Control of Comp. Sem. Mat. Tech. (EXMATEC)
Cadiz, Spain (2006)

Enrique Calleja

Member of the Conference Committee Board

International Workshop on Nitride Semiconductors (IWN 2006)
Kyoto, Japan (2006)

9.6 Invited Seminars held at ISOM

D. Miguel Angel Alvarez Bemardo

"Quantum Cascade Lasers - Multilayer Semiconductor Injection Lasers"
ETSIT

March 26, 2004

D. Andrés Diaz Gil

"Un paseo por el Universo"
Departamento de Fisica Tedrica. UAM
April 2nd, 2004

D. Fernando Rodriguez Gonzalez
"Micro-electro-mechanical systems (MEMS)"
ETSIT

April 16, 2004

Dr. Mark Hopkinson

"Dilute Nitrides"

Universidad de Sheffield (U.K.)
May 12t 2004

Dr. Rafael J. Jiménez Riobdo

"Luz para medir el sonido. (Espectroscopia éptica y propiedades elasticas
Instituto de Ciencia de Materiales de Madrid (CSIC)

May 7i, 2004
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D. Stephane Gouraud

"Tertiary-Butyl-Chloride assisted Selective MOVPE Growth of Semi-Insulating Fe-doped InP applied to the
fabrication of Electroabsorption Modulators on InP substrate”

University of Clermont-Ferrand, Clermont-Ferrand, (Francia)

December 10, 2004

Dr. Laurent Cerruti

"Sb-based VCSEL in the 2-2.5 micron wavelength range”

Center of Electronics and Micro-optoelectronics.University of Montpellier, Univ. of Montpellier; (Francia)
December 17, 2004

D. Antonio Bazan Sulzberger

"Desarrollo de Transductores Ultrasonicos de Potencia con Radiadores de Placa para Procesos
Industriales en Liquidos"

Instituto de Acustica, Consejo Superior de Investigaciones Cientificas, Madrid (Spain)

July 1st, 2005

Dr. Martin Stutzmann

"lll-Nitride research at the Walter Schottky Institut: an Overview"
Walter Schottky Institut , Munich (Germany)

October 25, 2005

D. Francisco Javier Blanco

"Tecnologias Microfluidicas y sus Aplicaciones"
IKERLAN, Madrid (Spain)

December 27, 2005

Dr. Tomés Apdstol Palacios Gutiérrez

“Nuevos Transistores de Nitruros para Aplicaciones a 40, 60 y 94 GHz"

Electrical and Computer Engineering Department, University of California Santa Barbara (USA)
December 15%, 2005

Dr. Adriana Gil

"Microscopia de campo cercano, herramienta clave para la Nanotecnologia”
NANOTEC ELECTRONICA, Madrid (Spain)

December 20™, 2005

Dr. Héctor Guerrero Padrdn

"Nanotecnologia para los Sectores Aeroespacial y Defensa"
Instituto Nacional de Técnica Aeroespacial, Madrid (Spain)
January 20t, 2006

Dr. Martin Eickhoff

“Biochemical Analytics with Group-Ill Nitrides"
Walter Schottky Institut, Technische Universitat Manchen, Munchen (Germany)
January 23, 2006

Prof. T. Suski, M. Leszczynski

“Nitride semiconductors: Review on Research Carried on at the Institute of High Pressure Physics and
TopGaN”

The Institute of High Pressure Physics and TopGaN (Poland), Varsaw (Poland)

February 03th, 2006
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Dr. Isabel Tanarro

"Plasmas reactivos a baja temperatura: Caracterizacion y diagndstico"
Instituto de Estructura de la Materia, CSIC, Madrid (Spain)

February 17, 2006

Prof. Peter Kordo$

"Research activities of the Institute of Electrical Engineering, Slovak Academy of Sciences, particularly on
GaAs-based QWIPs and GaN-based MOSHFETs"

|EE SAS, Bratislava (Slovakia)

May 10t, 2006

D. Jorge Julidn Sanchez Martinez

"Fotonica para seguridad y defensa: Aplicaciones y tendencias"

Sistema de Observacion y Prospectiva Tecnoldgica de Defensa SDG-TECEN (Ministerio de Defensa), Madrid
(Spain)

May 26, 2006

Prof. Pierre Lefebvre

“Some subtleties of GaN and ZnO based quantum wells and quantum dots”

Directeur de Recherche — CNRS. Groupe d'Etude des Semiconducteurs. Universite Montpellier 1l, Montpellier
(France)

June 23, 2006

Prof. Martin Spaeth

"The beneficial role of defects in digital radiography"
University of Paderborn, Paderborn (Germany)

October 20, 2006

Prof. Holger Grahn

"Prospects of group-lll nitrides with nonpolar surfaces"
Paul-Drude-Institut flir Festkérperelektronik, Berlin (Germany)
November 29, 2006

Dr. Fumitaro Ishikawa

“Molecular beam epitaxial growth window for high quality (Ga,In)(N,As) quantum wells for 1.55 mm
emission"

Paul-Drude-Institut fir Festkdrperelektronik, Berlin (Germany)

December 01st, 2006
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9.7 Internal Seminars by ISOM members

D. Jorge Pedrés Ayala
“Anisotropic surface accoustic wave propagation in GaN and AlGaN/GaN heterostructures grown on sapphire”
February 231, 2004

D. Carlos Rivera de Lucas
“Detectores de visible y ultravioleta basados en pozos cudnticos de InGaN/GaN”
February 6, 2004

D. David Lépez-Romero
“Disefio y fabricacion de redes de difraccion submicronicas para acoplo de luz QWIPs en el infrarrojo medio”
February 3, 2004

D. Pedja Mihailovic
“Magnetic field and electric current measurements using Faraday effect”
February 20, 2004

D. Javier Miguel Sanchez
““Crecimiento de InGaAsn sobre sustratos de GaAs por Epitaxia de Haces Moleculares”
February 2319, 2004

D. Miguel Angel Alvarez Bernardo
“Quantum Cascade Lasers - Multilayer Semiconductor Injection Lasers” “
March 25, 2004

D2. Jelena Ristic
“Crecimiento de nanoestructuras Ill-V: Estudio de nucleacion”
April 24t 2004

D2, Esperanza Luna Garcia de la Infanta
“Desarrollo de detectores de infarrojo fotovoltaicos, de pozo cuantico y doble barrera para la bandas 3-5 micras”
April 301, 2004

D. Eugenio Sillero Herrero
“Silicon Nitride by Plasma Enhanced CVD”
June 18", 2004

D. José Maria Ulloa
“Dominant carrier recombination processes in GalnNAs/GaAs QW light-emitting diodes”
June 25™, 2004

D. Raul Pecharromén Gallego
“Investigations of the luminiscence of GaN and InGaN/GaN quantum wells”
October 29, 2004

D. Javier Grandal Quintana
“Indium Nitride layers grown on silicon substrates by PA-MIBE”
November 5, 2004

D. Alejandro Brafia de Cal

“Seminario de seguridad y uso de la Sala Blanca del ISOM”
November 12h, 2004
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D. Sergio Fernandez Garrido

“GaN/AlGaN Nanocavities with AIN/GaN Bragg Reflectors Grown in AIGaN Nanocolumns by Plasma Assisted MBE
for Ultraviolet Emitting Devices”

November 19, 2004

D2, Fatima Romero Rojo
“Tecnologia de fabricacion de HEMTs de AlGaN/GaN”
November 26, 2004

D. Juan Pereiro Viterbo
“InGaN - based photoconductors and photodiodes grown by molecular beam epitaxy”
January 14, 2005

D. Jorge Pedrés Ayala
“Interaction of surface acoustic waves with light in GaN heterostructures”
January 21st, 2005

D. Carlos Rivera de Lucas

“Strain-Confinement in Mesoscopic Devices: Application to Nanocolumnar GaN/AlIGaN Quantum Discs Grown by
MBE”

February 4th, 2005

D. Alvaro Navarro Tobar

“Desarrollo de sistemas electronicos de deteccion de ultravioleta y visible basados en sensores de nitruros del
Grupo III”

February 1st 2005

D. Javier Miguel Sénchez
“Estudio de las propiedades dpticas y estructurales de defectos sobre GaAs (111)B bajo diferentes microscopias”
February 8%, 2005

D. Sergio Fernandez, D. Juan Pereiro, D.Javier Miguel Sanchez, D.Jose Maria Ulloa
“Presentacion de posters para el congreso EURO-MBE 2005”
March 3rd, 2005

D2. Jelena Ristic
“Growth and fabrication of nanocolumnar GaN diode structures”
March 10t, 2005

D. José Maria Ulloa
“Impact of N on lasing characteristics of Galn(N)As/GaAs heterostructures emitting between 1.3 and 1.5 um”
March 18th. 2005

D2. Rocio Ranchal Sanchez
“Estudio y optimizacion de peliculas delgadas de La0.5Sr0.5TiO3-d”
April 1st, 2005

D. Miguel Montes Bajo
“Generacion de pulsos cortos y ultra cortos en ldseres de estado sdlido mediante Q-Switch pasivo”
April 8t 2005

D. Oscar de Abril Torralba
“Estructuras magnéticas submicrométricas obtenidas mediante procesos electroquimicos”
April 15t. 2005

D. José Maria Ulloa

“Diseno, fabricacion y caracterizacion de diodos laser basados em pozos cuanticos de InGaAs(N)/GaAs”
April 22nd 2005
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D. Alvaro Navarro Tobar
“Exactitud, precision, y ruido electronico en fotodetectores”
June 17t 2005

D2 Raquel Gargallo Caballero
“Disenio, crecimiento por MBE y caracterizacion de QDs de InAs o InGaAs orientados al desarrollo de QDIPs”
June 24t 2005

D. Juan Pereiro Viterbo

"Crecimiento y caracterizacion de filtros opticos de InGaN para su posterior integracion en fotodetectores basados
en estructuras p-i-n de InGaN/GaN"

16/12/2005

D. Victor Gracia Verano
"Filtros Clasicos con Elementos Activos de Ganancia Unidad"
10/03/2006

Dr. Ana Bengoechea Encabo
"Magneto-dptica en redes periddicas ferromagnéticas”
17/03/2006

D. Roberto Cuerdo Bragado
"Caracterizacion de fotodetectores a alta temperatura”
24/03/2006

Dr. Lucas Pérez Garcia
“Ferromagnetismo a temperatura ambiente en GaN dopado con Gd”.
31/03/2006

D. Eugenio Sillero Herrero
"Selective etching of lattice matched AlinN/GaN structures for microsystem technology"
07/04/2006

D. Fernando Gonzalez Posada-Flores
"SiC, Al203 and Si HEMT Structures Characterisation and Processing Impact on AlGaN Surface"
12/05/2006

D2. Raquel Gargallo Caballero

“Crecimiento por MBE de patrones auto-organizados de GaAs sobre sustratos GaAs(111)B desorientados usando
nitruros diluidos"

02/06/2006

D. Andrés Redondo Cubero
"lon beam analysis of GaN-based heterostructures”
09/06/2006

D. Diego Alonso Alvarez
“Aplicacion de AES y XPS al estudio de dispositivos electronicos basados en GaN”
9/06/2006

Dr. José Luis Prieto Martin

"Introduccion a la Spintronica: ; Qué podemos hacer en el ISOM"
30/06/2006
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9.8 Scientific workshops and meetings organized by IS@Mmbers.

On May 22, 2006, a meeting on Optoelectronics fpintganized by the National Science
Council of Taiwan and UPM-ISOM took placeEI S| Telecomunicacigoremises. The event was
promoted by the UPM Vicerector for Research andhieyTaiwan Science and Technology Office
in Paris. A total of 10 presentations were givensbientist from various scientific institutes and
universities in Taiwan and by ISOM members. Thenéwgas held as one step to foster the
cooperation between Taiwanese and UPM-ISOM scieritighe area of optoelectronics.

138



139



1 O FUNDING INSTITUTIONS
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Our institute has all the facilities for a clean and reliable optical lithography
process. We have two mask aligners in our class 100 lithography room. In
the same room we have two chemical benches, one with the spinner and
two digital hot-plates and the other with all the developing facilities.
Although the institute has plenty masks for many different processes and
devices, new ideas or configurations require alternative masks that can be
designed in our CRESTEC CAB-9500C nanolithography tool.
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Companies and Public Institutions

* ORKLI,, S.COOP.

»  Comunidad Auténoma de Madrid

»  Exide-Tudor

»  European Regional Development Fund (ERDF)

» European Space Agency ESA-ESTEC

» Fifth and Sixth Framework Programme for Research and Technological Development (EU)
» INDRA SISTEMAS S.A.

e Ministerio de Educacién y Ciencia

e Ministerio de Industria, Turismo y Comercio

*  Ministerio de Defensa-CIDA

»  Mondragén Corporacion Cooperativa

«  Office of Naval Research (ONR-USA)

*  ONERA (France)

» SeCreteria de Estado de Educacion, Universidades, Investigacion y Desarrollo. Plan Nacional de |1+D
» Borealis A/S

»  CapSolva-Integrated Process Solutions Aps

» DICE Technologies

»  ExxonMobil Chemical Europe

* Beiersdorf AG/ TESA AG
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Senior Researchers

Aroca Hernandez-Ros, Claudio (caroca@fis.upm.es)
Calle Gémez, Fernando (calle @die.upm.es)

Calleja Pardo, Enrique (calleja @die.upm.es)

Laso Carbajo, Manuel (laso@diquima.upm.es)

Ldpez Pérez, Eloisa (elolopez @fis.ucm.es)

Merino Mufioz, Elias (elias @die.upm.es)

Sanchez Sanchez, Pedro (psanchez @fis.upm.es)
Sanchez Trujillo, M2 del Carmen (santruji@fis.ucm.es)

Ph.D. Students

Bengoechea Encabo, Ana M? (abengo @die.upm.es)
Ciudad Rio-Pérez, David (dciudad @fis.upm.es)

Cuerdo Bragado, Roberto (rcuerdo@die.upm.es)

Durén Retamal, José Ramon (jrduran@die.upm.es)
Fernandez Garrido, Sergio (sfernandez@die.upm.es)
Gargallo Caballero, Raquel (rgargallo @die.upm.es)
Glez-Guerrero Bartolomé, Miguel (mgonzalez @fis.upm.es)
Gonzalez-Posada Flores, Fernando (fposada@die.upm.es)
Grandal Quintana, Javier (jgrandal @die.upm.es)

Lépez Romero, David (dlromero @die.upm.es)

Montes Bajo, Miguel (mmontes @ die.upm.es)

Navarro Tobar, Alvaro (anavarro @die.upm.es)

Pedrds Ayala, Jorge (jpedros @die.upm.es)

Pereiro Viterbo, Juan (jpereiro@die.upm.es)

Plaza Dominguez, Manuel (manuel@material.fis.ucm.es)
Prieto Ortiz, Juan Luis (juanluis.prietoortiz@gmail.com)
Rivera de Lucas, Carlos (crivera@die.upm.es)

Romero Rojo, Fatima (fromero @die.upm.es)

Sillero, Eugenio (esillero@die.upm.es)

Utrera Lépez, Maria (mutrera@die.upm.es)

11 MEMBERS

(at January 2007)

Doctors

Angulo Barrios, Carlos (cbarrios @die.upm.es)

Brafia de Cal, Alejandro F. (abranha@die.upm.es)
Fernandez Gonzalez, Alvaro de G. (guzman@die.upm.es)
Foteinopoulou, Katerina (katerina @diquima.upm.es)
Fuentes Iriarte, Gonzalo (gfuentes @die.upm.es)
Hierro Cano, Adrian (ahierro @ die.upm.es)

Jiménez Martin, Ana (ajimenez @depeca.uah.es)
Jimeno Aguilar, Nieves (jimeno@diquima.upm.es)
Karagiannis, Nikolaos (nikos @diquima.upm.es)
Maicas Ramos, Marco C. (maicas @fis.upm.es)
Miguel Sanchez, Javier (jmiguel @die.upm.es)

Pérez Garcia, Lucas (lucas.perez @fis.ucm.es)

Prieto Martin, José Luis (joseluis.prieto @upm.es)
Ristic, Jelena (jelena@die.upm.es)

Sanchez Garcia, Miguel Angel (sanchez@die.upm.es)
Sanz Lluch, M2 del Mar (mmsanz @die.upm.es)

Administration and Technicians

Contreras Gonzalez, Fernando (fcontreras @die.upm.es)
Garcia Gonzélez, Oscar (oscar@die.upm.es)

Juarez Miguelafiez, Montse (montse.isom @die.upm.es)
Padilla Gonzalez, Isidoro (jpadilla@die.upm.es)

Pérez de Lama, M2 Teresa (maite.isom@die.upm.es)

BSc. D. Students

Eroles Matallana, Javier (javier.eroles @die.upm.es)
Moran Gémez, Soraya (smoran@die.upm.es)
Tapia Reyero, Pablo (ptapia@die.upm.es)

External Collaborators

Abril Torralba, Oscar (oscar.deabril @fis.ucm.es)
Ranchal Sanchez, Rocio (rociran @fis.ucm.es)
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