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EFFECTIVE ELECTRON MICROREFRIGERATION BY SIN TUNNEL
JUNCTIONS WITH ADVANCED GEOMETRY OF ELECTRODES

Ian Jasper Agulo', Leonid Kuzmin®, Michael Fominsky® and Michael Tarasov*
Department of Microtechnology and Nanoscience, Quantum Device Physics Laboratory
Chalmers University of Technology, SE-412 96 Goteborg, Sweden
E-mail: 'agulo@fy.chalmers.se, *kuzmin@fy.chalmers.se, 3fominsky@fy.chalmers.se,
*tarasov@fy.chalmers.se

We demonstrate effective electron cooling of normal strip by superconductor-insulator-
normal metal (SIN) tunnel junctions. This was achieved by two methods: first, by using an
advanced geometry of the superconducting electrode; and, second, by adding a normal metal
metal trap near the cooling junctions. With simple cross geometry and no metal traps, the
decrease in electron temperature is 56 mK. With the improvement of the geometry of
superconducting electrodes, the decrease in electron temperature is 129 mK. With the addition
of normal metal traps, the electron temperature decreased by 197 mK. This is the best electron
cooling ever achieved (Fig.1).

We attribute this effective electron cooling to the reduction of the number of quasiparticles in
the superconducting electrode. At voltages slightly below the superconducting gap, hot
electrons in the normal metal tunnel through the barrier and appear as quasiparticles in the
superconducting electrode. In order to achieve effective electron cooling by SIN tunnel
junctions, quasiparticle density in the superconductor must be reduced. To do this, previous
articles [1,2] have suggested increasing electrode thickness and adding normal metal traps.
Both methods of electrode enhancement facilitate the removal of quasiparticles from the
electrode (Fig.2).

Figure 3 shows an atomic force microscopy image of our device. There are four junctions.
The outer pair of junctions is used for cooling junctions, while the inner pair for temperature
sensing. The edges of the cooling junctions are equidistant to the edge of the gold traps
separated by a distance of about 750 nm. They are electrically connected through the
superconducting electrode.

Figure 4 shows the schematic diagram of the bolometer structure both with advanced
geometry, one with (b) and the other without (b) normal metal traps. In both diagrams, the
geometry of the aluminum electrodes around the cooling junctions gives more space for
quasiparticle diffusion from the tunnel junctions than those at the middle junctions. This
decreases the probability of quasiparticles accumulating at the junction region. Adding a
normal metal trap, as shown in figure 2b, leads to more effective cooling since it removes and
traps quasiparticles.

Our results were compared to theoretical calculations developed by Golubev and Kuzmin [3].
Comparison reveals good coincidence between experimental results and theory as bias is
increased. At temperatures of about 300-400 mK, the cooling of normal metal electrons is the
dominant process. Going down to 20 mK, the effect of heating due to bias current and
quasiparticle back absorption effects begins to be evident.

Comparison of experimental results to theory also shows some discrepancy. At temperatures
greater than 150 mK, our experiments show even better cooling than theory predicts. In the
theory, only the heat flow from the electron subsystem to the phonon one in the normal metal
is analyzed, since the Kapitza resistance is negligible compared to the electron-phonon
thermal resistance in the normal metal. However, if the normal electrode is thermally isolated,
such as probably in our case where we use SiO; as substrate, refrigeration of the lattice
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becomes possible. The decoupling between the two phonon subsystems should therefore be
also considered in the theory. This revision, which includes this particular decoupling for

better fitting with experimental data, is in progress.

References:

[1]J. P. Pekola, D. V. Anghel, T. I. Suppula, J. K. Suoknuuti, A. J. Manninen, Appl. Phys.

Lett., 76 (2000) 2782.

[2]J. N. Ullom, P. A. Fisher, M. Nahum, Physical Review B, 61 (2000) 14839.
[3] D. Golubev, L. Kuzmin, J. of Appl. Phys., 89 (2001) 6464.
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FIGURE 1. The dependence of electron temperature on voltage for
different superconducting electrode configurations. The best electron
cooling was observed for the electrode with normal metal trap, displaying a
temperature drop of 197 mK.
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FIGURE 3. AFM picture of the tunnel junctions with the normal metal trap.
The two outer tunnel junctions are the cooling junctions, while the two
inner junctions were used for temperature measurements. Gold was used as
the normal metal trap. It has a rounded edge around the cooling junctions in
order to achieve uniform junction-to-trap distances. Aluminum was used as
the superconducting electrode. It was evaporated on gold with a thickness
of about 65 nm, followed by oxidization to form the tunnel barrier. A bi-
layer of chromium/copper was subsequently evaporated to form the normal
metal, with a thickness of about 70 nm. The junctions were fabricated using
shadow evaporation technique.
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FIGURE 2. At voltage near the superconducting gap voltage. hot electrons
tunnel through the barrier and appear as quasiparticles in the
superconductor. These quasiparticles may back tunnel or combine with
other quasiparticles to form Cooper pairs emitting a phonon in the process.
which can also proceed back to the normal metal. Both processes
contribute to the heating of the absorber. To remove quasiparticles, a
normal metal trap is added near the tunnel junction to minimize the
probability of quasiparticle back tunneling and recombination.
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FIGURE 4. Schematic dlagram of our device showmg advanced geometry
of outer junctions (a) without and (b) with normal metal traps. The grainy
areas in (b) indicate metal regions with gold undemeath it.
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MAGNETO-OPTICS AND MAGNETIC INTERACTIONS IN CO
NANOSTRUCTURE ARRAYS

R. Alvarez-Sanchez , J.L. Costa-Krimer, P. Garcia-Mochales, A. Bengoechea,
F. Torres, and F. Briones

Instituto de Microelectrénica de Madrid, IMM (CNM-CSIC)
[saac Newton 8, PTM, 28760 Tres Cantos, Spain

Proximity effects between micron and sub-micron size magnetic elements in a planar array
determine the integration limits of magnetic memories and nano-patterned recording media.
Magneto-optic techniques and, in particular Diffraction Magneto-Optic Kerr Effect
(DMOKE), are most suited to experimentally investigate such effects as showing the high
sensitivity needed to monitor the magnetization changes of thin films and very small
elements. We have previously shown also that DMOKE supplies valuable information also
on the magnetization distribution (') and anisotropy ("). On the other hand, micro-magnetic
modelling is not only highly valuable interpreting and calculating magnetic interactions, but
permits also to set the basis for an extended model in which electromagnetic fields interact
with the array. In this way, DMOKE effects can be modelled and interpreted.

In this work the magnetic properties of arrays of micro-squares of polycrystalline Co are
studied, as a first step on the way of analysing sub-micron magnetic elements. The square
arrays are fabricated by e-beam lithography and Co triode sputtering on glass substrates, and
the magnetic response of the arrays is measured by magneto optics (MO) focussing a He-Ne
laser within the array (fig. 1). The MO response is measured at both reflected and diffracted
beams. This magnetic response is measured exciting the array with uniaxial magnetic fields.
These reflected and diffracted beams MO dependencies are analysed in detail for Co arrays
with elements of the same size and different inter element separation in the same range. This
allows to discern the relative relevance of the magnetic interaction between adjacent tiles,
and the effect it has on the measured MO dependencies. The experimental results are
correlated with micromagnetic simulations, that are also used to calculate the expected MO
dependencies at the different diffracted beams.

Photodiode

.4.‘./ \ m ~ Pqlarizer
1 11

Fig. 1: Magneto-optic setup for tile arrays measurements.

Arrays of 2 pm tiles with the uniaxial Co anisotropy easy axis parallel to one of the square
edges at 2.0, 1.0, 0.5 and 0.2 pm separation are studied. Fig. 2 shows the hysteresis loops for
tiles separated 2 pm, 0.2 pum and for the continuous film. As the distance between tiles
decreases, the hysteresis loop trends to the continuous film one as expected.
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In addition, the evolution of the diffracted beams MO dependencies (diffracted X -in the
polarization plane- and diffracted Y -perpendicular to the polarization plane-, see fig. 1) is
also studied with the magnetic field applied along both Co hard and easy axes, correlating
these measurements with micromagnetic simulations. As an example, in fig. 3 a comparison
is carried out between the experimental loops and micromagnetic simulations in the
particular case of 0.2 um separation between tiles with H parallel to the Co easy axis.

2 um separation between tiles 0.2 um separation between tiles Continuous film
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Fig. 2: Hysteresis loops for arrays of 2 pm separated 2 pm, 0.2 um and the continuous film with H parallel to
the Co uniaxial anisotropy hard axis.
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Fig. 3: Comparison between experiments and simulations for arrays of 2um tiles separated 0.2um with H
parallel to Co easy axis
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NEAR-FIELD OPTICAL MICROSCOPY OF POLYMER-BASED FILMS WITH
DISPERSED TERTHIOPHENE CHROMOPHORES FOR POLARIZER
APPLICATIONS

A. Ambrosio, M. Alderighi, M.Labardi, L.Pardi, F.Fuso, M. Allegrini
INFM, Dipartimento di Fisica “E. Fermi”, Universita di Pisa, Via F. Buonarroti 2, [-56127 Pisa, Italy
S. Nannizzi, A. Pucci, G. Ruggeri
Dipartimento di Chimica e Chimica Industriale, Universita di Pisa, Via Risorgimento 35, [-56126
Pisa, Italy
e-mail: ambrosio@df.unipi.it ;
http://www.df unipi.it/gruppi/struttura/ma/page.htm

The recent developments of near-field scanning optical microscopy (NSOM) open the way to investigate the
optical properties of samples with a space resolution well below the diffraction limit. Such capabilities make
NSOM a unique tool for the assessment of sample performance in the sub-micron range while providing
valuable information for a deep understanding of the physical processes involved at the local scale. In
particular, by combining NSOM with techniques aimed at controlling the polarization state of the light
coupled to the near-field probe, optical activity can be successfully investigated provided that suitable
tapered optical fibers are used as probes [1].

We have studied optical activity of polymer-based films with potential applications in a variety of fields,
ranging from high-tech packaging to liquid crystal colour display fabrication [2]. The films are produced
starting from a toluene solution of a terthiophene derivative chromophore (3% wt) and a high-density
polyethylene, the ultra high molecular weight polyethylene (UHMWPE). A casting process with solvent
evaporation is used to obtain a bulk sample, followed by drawing to fabricate films with polymer chains
aligned along the drawing direction; the dispersed chromophore molecules turn out to align along the same
direction, with a larger concentration close to the upper surface of the cast. So-produced films turn out to
exhibit remarkable optical activity due to their dichroic behavior.

We have analyzed bulk samples and films produced with different drawing ratios. Furthermore, since the
chromophore can be synthesized in both right- and left-handed isomers, we have explored the associated
effects by investigating samples containing only right-handed isomers, and samples with the same
concentration of the two isomers. Studies have been carried out by using radiation from an Ar" laser operated
at 488 nm, a wavelength weakly absorbed by the chromophore. NSOM fluorescence measurements have
been carried out by exciting the samples with the violet radiation (417 nm) from an external-cavity coupled
diode laser.

Our set-up is based on a home made NSOM. Polarization control is achieved by sending the Ar* laser beam
through a chain consisting of a linear polarizer, an electro-optic modulator (EOM) and a quarter-waveplate.
The linear polarizer fixes a vertical polarization for the light, selected at 45 degrees with respect to the EOM
axis. The EOM behaves like a waveplate providing an electrically variable phase delay between the two
components of the incoming beam. We obtain a phase delay varying from 0 to 2n by biasing the EOM
crystal with a periodic saw-tooth voltage (typical frequency 3-5 kHz). In these conditions, the laser beam
emerging from EOM exhibits time-depending elliptical polarizations. Further passage through the quarter-
waveplate produces a linear polarization rotating with the same period of the bias modulation. The laser
beam is then coupled into the NSOM optical fiber to illuminate the polymer film in the near-field through the
aperture of the metallized tip (nominal diameter 50 nm). An electronic feedback circuit, fed by a photodiode
collecting a portion of the laser beam is used to stabilize the laser power within the bandwidth of interest.
The radiation transmitted by the sample, spectrally selected by an interference filter at 488 nm, is collected in
the far-field by a lens and sent to a miniaturized photomultiplier (PMT) housed within the NSOM piezo-
scanner tube. The photocurrent, after amplification and conversion into a voltage signal, is analyzed by a
dual lock-in amplifier, synchronous with the EOM bias modulation. We recorded the demodulated amplitude
(ac) and phase (¢) signals from the lock-in while the NSOM tip scanned the sample surface. We also sent
part of the PMT signal to a low-pass filter, in order to acquire a signal (dc) representative of the transmitted
intensity averaged over all the different polarization states. During each scan we also acquired topographical
images of the surface by the shear force method.
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In data analysis, we have accounted for the residual optical activity of the NSOM fiber according to the
method presented in [3]. Namely, we have produced maps of the local dichroic ratio y = (I.-I I.+1,), I-
and /, being the intensity of the transmitted field with polarization parallel and orthogonal to a reference axis,

respectively, and maps of the angle 8 of the radiation collected by the PMT with respect to a reference axis,
by using the following relations:

2
(2, ) (] ®

(EJ sin2¢

20=arctan de )
ac ac
(—) cos2¢ —(—)
de de Sfiber

where the subscript fiber refers to measurements carried out on a non-dichroic sample (a glass slide). We
note, that the method we have applied is not suitable to truly distinguish between dichroism and
birefringence. A more detailed analysis is the subject of further work.

An example of our results is shown in Fig. |, where a comparison between the & maps acquired in a pristine
film, i.e., non stretched (a), and in a film produced with a drawing ratio of 30 (b) is presented (in both cases,
an equal concentration of the two chromophore isomers is used). &values are almost randomly spread in the
non-stretched sample with sub-wavelength-sized features, whereas in the stretched films regions are clearly
discerned characterized by almost constant Gvalues. Such regions, which exhibit different topographic
features (even if the overall roughness is typically small, in the tens of nm range), are aligned along the
drawing direction. Further comparison with the dc and the fluorescence maps suggest an inhomogeneous
local dispersion and orientation of the chromophore molecules, strongly affected by the drawing parameters.
Furthermore, comparative analysis of the results obtained in samples with different isomer concentrations
reveals that the macroscopic behavior of the films (larger optical activity for samples with equal
concentration) can be interpreted on the mesoscopic scale by considering the specific aggregation processes
of the chromophore in the stretched matrix.

(b)

[degrees]

" 5B
0 1 2 3 4 5 [um] o 1 2 3 4 5w
Fig. 1: Maps of @ values obtained during a Sum x Sum scan on a non-strecthed film (a)and in a film

stretched with a drawing ratio of 30 (b); islands with randomly spread & values are observed in (a),
whereas a mesoscopic-scale ordering along the drawing direction is evident in (b).
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EFFECT OF THE ANCHORING GROUP ON SELF-ASSEMBLED
MONOLAYERS PROPERTIES

D. Auguste', T. Koulminskaia', F. Laffineur!, L. Hevezi?, J. Delhalle!, Z. Mekhalif'

FUNDP, départ. de Chimie, 'LISE and *CMO, 61 rue de Bruxelles, 5000 Namur,
Belgium

Self-assembled monolayers (SAMs) are considered as thin organic films
constituted generally of long alkyl chain molecules which posses a particular functional
end-group that has specific interaction with the surface. Depending on the surface state
and its reactivity of the metal, thiol, silanes, phosphonic and carboxylic acids are the
most studied terminal groups. Such molecules have been self-assembled on gold,
copper, aluminium, titanium, glass, ... The interest of using such nanostructures is the
great variety of properties conferred to the surface. SAMs are in fact used from model
of biological membranes or for wettability studies to lubrication or corrosion inhibition
applications.

SAMs of alkylsenenolate have been investigated as alternative adsorbates to
alkylthiols on gold surfaces [1, 2]. Well organised monolayers have been obtained and a
formation mechanism has been proposed [3]. Comparison between monolayer
formation of small aromatic disulfide and diselenide molecules has been done on gold
[2, 4] and cleavage of S-S and Se-Se bounds allow the formation of stable monolayers
with a better organisation observed in the case of disulfide. Selenolates exhibits a
greater ability to adsorption than thiolates but are less stable to air oxidation. Selenium
derivatives show nevertheless interesting properties for molecular electronics by
providing a better metal-molecule electronic coupling than sulfur derivatives {5].

Most papers concern self-assembling of diaromatic diselenide on gold. From our
knowledge, very few adsorption of organoselenol on gold were performed [1, 3] and
none on other substrates (such as copper or silver). In this work, four types of groups
are compared : thiol, disulfide, selenol and diselenide with a partially perfluorinated
alkyl chain structure (CF3-(CF;)3-(CH,)-X). The monolayers have been self-assembled
on gold and copper. The effect of the metal (nature and oxidation state) on the
anchoring group reactivity and the monolayer structure was especially studied . The
surface composition, the structure and the organisation as well as the protecting
properties of the monolayers have been determined by a multi-technique approach
(XPS, PM-IRRAS, EIS, CV, ...).
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CHEMICAL OPTIMIZATION OF CARBON NANOTUBES
TRANSISTORS

S. Auvray, E. Valentin, M. Goffman, S. Palacin, A. Filoramo, V. Derycke and J.P Bourgoin

Laboratoire CEA-MOTOROLA d’Electronique Moléculaire
CEA/DSM/DRECAM/SCM
CEA Saclay 91191 GIF/YVETTE CEDEX
France

Individual semiconducting single-wall carbon nanotubes (SWNTs) can be used as the channel
in field effect transistors (FETs). Recent progresses have brought these transistors to a level of
performance comparable with state of the art silicon MOSFETs [1,2] . But these advanced
devices are not fully optimized. In particular, it was recently recognized that most carbon
nanotube transistors work as Schottky barrier transistors. Their performances are limited by
the Schottky barriers at the metal-nanotube interfaces. Reducing the barriers by forming
ohmic contacts would lead to improved device characteristics in both the on- and the off-
states. In parallel to the device optimization issue, the capability to produce large numbers of
operational devices is critical for the potential use of nanotube transistors in a future
technology.

To address these two issues, we have developed efficient techniques based on chemical
modifications of the surface, the nanotube and the metal electrodes. In a first step, we use self-
assembly to control the systematic and reproducible placement of SWNTs on selective areas
of SiO, surfaces [3,4]. Reactive templates of aminopropyltriethoxysilane (APTES) enable the
controlled deposition of SWNTs with tunable density and preferential orientation. This
chemical modification of the surface is compatible with the production of high quality FETs.

In a second step, we perform a chemical optimisation of the operational p or n-type transistors
using either acid or amine vapors.

The acid vapors have a twofold effect: (i) reducing the Schottky barriers at the metal-
nanotube interfaces favoring holes injection and (ii) doping the nanotube with holes. That
leads to the drastic improvement of all the key device parameters. The maximum hole current
in the on-state, the transconductance and the sub-threshold slope can be improved in a
continuous fashion by adjusting the acid vapor dose. These effects are mainly due to the
highly polar nature of the acid molecule used.

In the case of the amine vapors, we also observed a very significant improvement of the
devices performances, this time for what the p-type behavior. Noticeably, the threshold of
detection of the effect of the vapors is shown to be in the ppb range.
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THIN FILMS MULTILAYER FOR GIANT MAGNETORESISTIVE
SENSOR APPLICATIONS

Marioara Avram
National Institute for Research and Development in Microtechnologies (IMT), P.O.Box 38-
160, Bucharest, Romania, fax: 40.21.4908238, tel.: 40.21.4908412/33,

e-mail: marioaraa@imt.ro

The GMR properties are controlled by the materials composition, geometry selected, and the
structure of interfaces of the films. A series of experiments involving RF diode sputter
deposition of GMR multilayers was presented. The process conditions used to deposit GMR
multilayers have been systematically varied and the dependence of magnetotransport
properties upon the process environment has been studied. Another systematic series of
experiments have been conducted to evaluate the dependence of magnetotransport properties
upon composition and morphology of a multilayer structure utilized for magnetic sensing.

Experimental

Three-inch diameter p-type silicon wafers were used for the substrates. A porous silicon film
was grown on top of each wafer using an electrolytic method. The porous silicon (PS) film
acted as an electrically insulating and diffusion-inhibiting layer between the silicon wafer and
the subsequently deposited metal film. The PS layer is a buffer, to give a good surface to
grow on. The GMR active region will be only about 100A thick, with the whole structure
being about 3004, on top of a 0.5 mm thick Si wafer. The test devices were carried out on PS
of two porosities (50% and 70%) and two types of contact magnetic metals: Ni and
Permalloy. FM / PS interface is influenced by the extraction work and diffusion of the metal
in PS. FM / PS / Si-p /Al structure is like a Schottky diode with an [-V redresser
characteristics and different values for the resistor R,. Electrical characteristics of the MIS test
structure were performed through I-V measurements (forward and reverse at room
temperature) using a Keithley interfaced with a computer. In the case of forward bias the
structure is composed by two diodes, one of them forward biased and other one reverse: one
diode with heterojunction at the interface PS / Si —p, where the PS band gap is Eg=1.65¢eV
and the Si band gap is Eg = 1.1 eV and the other one is a Schottky diode at the FM / PS
interface.

The redresser characteristics of the PS/Si-p interface are given by the equation:

I=IOCqu(V—IRY) (])
nkT
where: 1, = ST exp 422 @

V is the diode potential, n is the ideallity factor, A* the Richardson constant that depends on
the crystallographic orientation and the type of the semiconductor. The contact resistivity, R
has a reduce effect compared to the height of the potential barrier Fy, at the FM/PS contact
and the carrier concentration. S is the PS surface (~800 m*cm’ for P = 50% and ~300 m?*/cm’
for P = 70%). At high porosity the dissolution of the thin fibres rises, the pores enlarge and
the surface grow. Current density, Jo, ideallity factor, n, and the height of the potential
barrier, F, are determined from the forward I — V characteristics of the metal / PS contact.
The n values are connected to the to (V< 0.1V) existing in the SiO, layer to the PS surface.
The low values of n low levels of injection are due to a low interface density of states and a
good stability of the PS layer. The values of the ideallity factor, n, to high levels of injection
are due to: contact resistance of the ferromagnetic metal on porous silicon and the tunnelling
of the carrier to the FE/PS interface. In our experiment, all the structures using Fe as a
ferromagnet shows a great dispersion of I -V characteristics, while in the case of Ni or
Permalloy the I-V characteristics are grouped. The electrical measurements bring in front a
high contact resistance because the FM/PS interface is a crowd of contact dots that lead to
local injections of carriers and to the focus of the electric field. The table 1 shows the
experimental results of the electrical measurements of the MIS test structure in the absence of
the magnetic field.
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Table 1. The results of electrical measurements

Contact metal | Porosity (%) | I, (A) | ¢s (V) n Inflection point
Ni 70 1E%8 1,43 0,6 0,1V
50 514 1,27 0,74 0,45v
Permalloy 70 1% 1,19 1,5 0,25V
50 11 1,2 1,2 02V
Fe 70 1" 1,31 0,9 0,35 v
50 1! 1,1 1,6 0,45-0,5Vv

The type of the deposition process used and the architecture of the multilayer selected control
the GMR properties in the first time [5]. Background pressure is one of the most important
parameters to establish in a sputtering system. In a series of experiments, the input power was
held constant at 200 W and the background pressure was varied from 10 mTorr (1.33 Pa) (the
lowest achievable without losing the discharge) to 50 mTorr (6.65 Pa). For a second series of
experiments, the background pressure was held constant at 20 mTorr and the input power was
varied from 50 to 350 W.

Figure | shows the dependence of the measured GMR ratio upon the background pressure.
The maximum GMR ratio was achieved at an intermediate background pressure (20mTorr).
The maximum GMR ratio was achieved at an intermediate input power (200W).

281 . Fig. 1. The dependence of magnetoresistance ratio
26 NG upon the background pressure for multilayers with a
24 / " fixed CuAgAu layer thickness of 20A.
£ 2] .
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Background Pressure (mTorr) g 181
161
Fig.2.The dependence of magnetoresistance ratio 14 . : . .
upon the input power for multilayers with a fixed 0 100 200 300 400
CuAgAu layer thickness of 20A. Input Power (W)

The drop in GMR as the pressure is increased beyond 20mTorr also is linked to a reduction in
surface mobility as metal atom energy decreases. Energetic Ar” ions transfer their kinetic
energy to the metal atoms and induce local heating. Increasing the Ar" ions energy will reduce
the surface roughness and increase the adatom mobility promoting larger column widths and
smooth surfaces, but high energy Ar’ ions bombardment can also cause interfacial
intermixing of the magnetic and nemagnetic atoms. The intermixing fraction decreased with
increasing background pressure and/or decreasing input power.
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DIELECTRIC RESPONSE OF NOVEL NANO-COMPOSITE METAL/SEMICONDUCTOR-
POLYMER FILMS

E. Axelrod', Yu. Feldman' and L.L Trakhtenberg’
'Department of Applied Physics, The Hebrew University of Jerusalem, 91904, Israel.
2L.Ya. Karpov Institute of Physical Chemistry, 103064, Moscow, Russia.
E-mail: katya@vms.huji.ac.il

The design, structure and dielectric properties of a new generation of
metal/semiconductor-containing polymer systems produced by cryochemical solid-state
synthesis were investigated. The synthesis consists of low-temperature co-condensation
of metal (M)/semiconductor (SC) and monomer vapours followed by low-temperature
solid-state polymerisation of the co-condensate [1]. Synthesized materials show specific
dielectric responses, which are discussed in relation to material structure and electron
transfer between nanoparticles.

The dielectric measurements for investigation of polymer pure matrix PPX, polymer
matrix PPX with the addition of Cu (2 vol%) and Zn (8 vol%) and a set of PPX films
containing different concentrations of PbS-nanocrystals [2] were taken with a Broad-
Band Dielectric Spectrometer BDS 4284 (NOVOCONTROL) in the frequency range 20
Hz = 1 MHz and in the -120°C + 100 %C temperature interval. The typical 3-
dimensional spectra of the dielectric losses (e”) for the studied polymers vs. frequency
and temperature are displayed in Fig. 1.

In the M-containing samples, in the temperature interval of =70 + 0 °C and in the low-
frequency range, an unexpected dielectric relaxation process for polymers is detected.
This process is observed clearly in the sample PPX+Cu. In sample PPX+Zn only traces
of this process can be observed, and in the pure PPX matrix the process completely
vanishes. This is a typical dielectric response for percolation behaviour [3]. Analysis of
dielectric relaxation parameters of this process allowed us to determine fractal
properties of the percolation cluster [4]. For the sample, PPX+Cu the calculated fractal
dimension Dy is equal to 2.609.

The next relaxation process is typical for amorphous polymers and can be assigned to
the o-relaxation that appears in the whole frequency range and in the temperature
interval from 50 °C to 100 °C (Fig.1a). The temperature dependencies of the relaxation
times of the observed o-relaxation process for pure PPX, PPX+Cu and PPX+Zn
samples (Fig. 2) demonstrate an Arrhenius behaviour with the energies of activation
196 kJ/mol, 187 kJ/mol and 201 kJ/mol, respectively, and correlate with the activation
energies of the a-process in most known polymer materials [5].

In the SC-containing samples, in the low temperature region —100 °C + ~15 °C, a
relaxation process is distinctly observed (Fig. 1b). The temperature dependencies of the
relaxation times of this low-temperature process demonstrate the Arrhenius behaviour
with the energies of activation 4 kJ/mol and 3.3 kJ/mol, respectively (Fig. 3), and can be
correlated with two groups of shallow traps in semiconductor nanocrystallites inside the
porous polymer matrix.
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Figure 1. Three dimension plot of the frequency and temperature dependence of the dielectric losses £”
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ZnS :Mn NANOPARTICLES SYNTHESIS AND CHARACTERIZATION

Yvonne Axmann, Alke Petri, H. Hofmann
Powder Technology Laboratory, IMX, EPFL, Lausanne, Switzerland
E-mail: yvonne.axmann@epfl.ch
http://www.epfl.ch/ltp/ltp.en.htm

The optical properties of nanocrystalline semiconductors have been studied
extensively in recent years and a wide range of synthetic methods have been developed [1].
Many approaches involve non-aqueous methods and the classical techniques of colloidal
chemistry. However, biological and medical applications require water-dispersible
nanocrystals that can be covalently coupled to biomolecules for use in e.g. ultra sensitive
biological detection.

In our work we characterize L-cysteine coated ZnS:Mn nanoparticles by a variety of
methods. The particles are prepared in a colloidal synthesis using L-cysteine as surfactant and
show an orange fluorescence at 585 nm characteristic for the 4T| - 6A1 transition of Mn**
ions in a crystalline ZnS-matrix [2]. The absorption spectrum exhibits a shoulder at 285 nm,
which is blue-shifted compared with the absorption of bulk ZnS (342 nm) [3] indicating a
quantum size effect (Fig. 1). For the determination of the particle size distribution different
techniques were applied, for example TEM picture analysis, photon correlation spectroscopy,
or analytical ultra centrifugation.

The doping of the particles with Mn*" was investigated by means of atomic absorption
spectroscopy. The luminescence intensity shows a maximum at a Mn** content of 0.2 mol%
related to Zinc before the formation of the particles under the chosen experimental conditions.
A further increase of the Mn®" content leads to decrease in the fluorescence intensity.

To investigate the adsorption of the surfactant on the particle surface Fourier transformed IR
spectroscopy was applied. The absence of the S-H stretching mode for the cysteine adsorbed
on the particle surface indicates that the bonding to the particle surface via the sulphur atom.

The most limiting factor for the luminescence intensity of nanoparticles is the radiationless
recombination of the electron and the hole at the particle surface. Unsaturated valences at the
surface act as recombination centres and so their saturation leads to an increase in
luminescence intensity [1]. To saturate these “dangling bonds™ the particles are coated with
silica. This coating has many advantages, it is chemically inert, optically transparent [4], the
shell has a sufficient lattice match with the ZnS and its refractive index is smaller than the one
of ZnS so that the excitation light is diffracted into the particle core. The thus coated particles
show luminescence intensity, which is 3.5 times higher than the intensity obtained without the
silica coating (Fig. 2).
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DISSOCIATION OF H_2 MOLECULES AT NANOCONTACTS
A.Ayuela'*, M.J. Puska', N. Zabala? and R. M. Nieminen'

! Helsinki UNivresisty of Technology(HUT), Espoo, Finland.
2 Universidad del Pais Vasco(UPV), Leijona, Vizcaya, Spain.
* Actual address: Donostia International Physics Center (DIPC), Donostia, Spain

The observation of electronic conductance through H_2 molecules between two
Pt electrodes has been reported recently in mechanically-controlled break
junctions measurements [1]. We have simulated this system by relativistic
electronic-structure calculations based in the density-functional theory within the

generalized gradient aproximation (GGA) for electron exchange and correlation.
According to our results H 2 molecules dissociate irrespective of the shape used
for the electrodes. The same is true also for Au electrodes although there are
differences between the dissociation mechanisms at Pt and Au nanocontacts. Our
results call for improvements for the GGA or alternative interpretation of the

experimental result [1-3].
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Surface Nanopatterning of Metal Thin Films by Physical
Vapor Deposition onto Surface-Modified Silicon Nanodots

O. Azzaroni™*, M. Fonticelli’, P.L. Schilardi’, I Caretti*, R. Gago™, L. Vazquez™
and R.C. Salvarezza”

*INIFTA- Universidad Nacional La Plata — CONICET — Argentina
*Instituto de Ciencia de Materiales de Madrid (ICMM) — CSIC - Spain
*Forschungzsentrum Rossendorf eV — Germany

One of the most active research topics within the nanoscience and nanotechnology
fields are those related to large-scale fabrication, in an accurate manner, of nanostructured
metal thin films [1]. This interest is due to their potential applications for different
technological purposes such as electrocatalysis [2] and optical devices [3]. In order to
obtain these nanostructured films different techniques, such as ion sandblasting [4] or
nanotransfer printing [5], have been developed. In this work we present results on the large-
scale preparation of nanostructured metal thin films from surface-modified silicon nanodots
templates [6]. The nanopatterning process is based on the deposition of a copper thin film
(approximately 300nm thick) by physical vapor deposition on nanostructured silicon
substrates [7] (Figl.a,b), which were previously surface-modified with an
octadecyltrichlorosilane (OTS) self-assembled monolayer in order to promote an easy metal
film detachment after deposition. Once the 300 nm thick film has been deposited, a thick
(10 um approximately) film of copper is electrodeposited onto it to improve the mechanical
properties of the physically-deposited nanostructured thin film. Thanks to the very low
adhesion of OTS layer to the metal film the latter is easily mechanically detached from the
template. Thus, the inner face (i.e. that one which was in contact with the nanostructured
silicon surface) can be imaged by AFM (Figl.c,d). These images reveal a nanostructure
corresponding to that one of the negative replica of the original nanopatterned silicon
template. This metal nanopatterning strategy shows potential applications for accurate
large-scale fabrication of nanostructured metal thin films.
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Figure 1. 1 x 1 um® top view AFM images of the silicon nanostructured template
((a), (b)] and the physically-deposited nanostructured copper thin film [(c),(d)]. The
horizontal bar in Panel [(a),(c)] corresponds to 200 nm. Insets show the two-
dimensional autocorrelation function showing the short-range hexagonal order.
Panels [(b),(d)] correspond to 200 x 200 nm? three-dimensional AFM images, the
vertical bar corresponds to 20 nm.
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NANOMAGNETIC FLUIDS UTILIZATION IN CHRYSANTEMUM
SP. AND SOLANUM TUBEROSUM L. EXPLANTS
CAULOGENESIS

Anca Mihaela Baciu
University of agricultural Sciences of Banat County, Timisoara, Romania

In the scientific activity of the Department of Genetics the nanomaterials have been
used since from 1985. From the historical point of view the nanomaterials were use in
technology, medicine and in the plant kingdom. The most spectacular results were obtained in
medicine in the carcigenesis treatment. The nanomaterials were used in biotechnology,
especially for improving the regenerative processes.

In biotechnology the nanomaterials were used especially in eukaryote and prokaryote
organism.

In our experiments we wanted to understand the magnetic nanoparticles (NMPs)
effect upon some species with vegetative reproduction (Chrysantemum sp. and Solanum
tuberosum L.).

The biological material consisted in Chrysantemum sp. an ornamental plant and
sometimes used in homeopathy and Solanum tuberosum L. (potatoes) an economic plant.

About Nanomagnetic Fluids

For the biological purposes the Magnetic Fluids have to be biocompatible and
bioactive. At the “University Politehnica” the “Complex Fluids” Institute, were prepare
different kind of magnetic nanoparticles (Fe;Co) using biological surfactants (lauric acid,
oleic acid, etc.) and suspendants (H,O-distill, DDW, a plants sap) have been prepared.

In our experiments we use distill water as suspendant (positive control). The
experimental variants had different concentrations of magnetic nanoparticles varying from 6
=0,037x107 g/cm® to 6 = 0,37x10”° g/cm® and 0 = 3,7x10” g/cm’. They were compared with
the positive control and negative control (lauric acid). The growth quantifications, as hight,
LAI (Leaf Area Index) were evaluated every seven days until the 28™ day. The obtained data
were statistical processes.

We found out that the plants i.e. chrysantemum and potato can be maintained for a
longer period of time in in vitro. For that purpose we tested 8 =37x107 g/cm’ concentration.

The results obtained pointed out also differences in caulogenesis in Chrysantemum
and Solanum tuberosum.

In comparison to controls the nanomagnetic particles repressed the plant growth along
all period: from the beginning until the 28" day. The repression effect was more obvious on
potato explants than in Chrysantemum.

In comparison to lauric acid, representing the negative control, the differences when
using magnetic nanoparticles were positive both in Chrysantemum and the majority of
potatoes.

The lauric acid has represive effect upon the neoplantlets. The strongest effect was in
potato where the differences after 28 days were d=-1,74+1,31 cm.

It is visible the positive influence of nanomagnetic particles in the first life cycle is
visible. In Chrysantemum a high nanomagnetic particles concentration repressed the plant
growth.

The potato revealed a higher sensitivity to nanomagnetic particle presence.

In conclusion it can be stressed the favourable effect of nanomagnetic particle upon
Chrysantemum caulogenesis can be observed.

The potato Runica variety was sensitive to nanomagnetic presence in the growth media.

The nanomagnetic particles can be used to improve the in vitro culture technology.
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Fully Electrically Controlled, Room-Temperature Memory Devices Based on
Self-Assembled InAs Quantum Dots

C. Balocco, M. Missous, and A. M. Song
Department of Electrical Engineering and Electronics, UMIST, Manchester M60 1QD, UK

Self-assembled semiconductor quantum dots (QDs), created by epitaxial growth using Stranski-
Krastanow mode, have been intensively studied because of their importance in device applications and
considerable interests in fundamental physics. While so far most investigations focused on optoelec-
tronic devices such as lasers, LED, and photodetectors, the possibilities to design quantum-dot-based
memory devices have recently attracted more and more attention. Because of the single-electron charg-
ing/discharging effect in self-assembled QDs, the electric current and therefore power consumption re-
quired for memory operations in a QD-based memory device could be substantially lower than in a
conventional memory cell. Furthermore, the strong quantum carrier confinement in QDs may lead to
much longer charge-retention or memory holding time. The most common and perhaps the simplest
design is to embed quantum dots in close vicinity to the two-dimensional electron gas (2DEG) in a high-
electron-mobility transistor (HEMT) structure, and the quantum dots are charged and discharged by gate
bias. Despite much effort, so far most such devices were demonstrated only at low temperatures{1-4].
Although Koike et al recently presented memory operations at room temperature, the devices required
a light excitation to discharge the QDs[5]. From the application point of view, however, both room-
temperature and fully clectrically controlled memory operations are essential. Furthermore, compared
with many measurements on hysteresis in electron density [L, 2], source-drain current [3, 6], and ca-
pacitance [6], hardly any time-domain measurement has been carried out to characterise the memory
holding time, despite it being one of the most important parameters of memory devices. In this work, we
fabricated memory devices using two pseudomorphic different InGaAs/GaAs/AlGaAs HEMT structures,
each with five layers of stacked InAs quantum dots. An atomic force microscope (AFM) was used to
examine the dot density and room temperature photoluminescence (PL) measurements were carried out
to study the carrier confinement energies in the dots, before the fabrications of the memory devices.
Our experiments not only demonstrated both room-temperature and fully electrically controlled memory
devices, which are, to the best of our knowledge, the first of this type, but also showed a remarkable
memory holding time of tens of minutes in real-time characterisation measurements.

Figure 1 shows the schematics of the two wafers grown on rotating substrates in a Thermo VG
V90 molecular beam epitaxy growth chamber. Note that wafer #1681 is an inverted, modulation-doped
quantum well structure so that the stacked QD layers are much closer to the 2DEG than in wafer #1680.
From AFM measurements on an uncapped control wafer, a dot density of about 6 x 10° em~2? was
obtained. Figure 2 showed well-defined QD PL peaks at about 1050 nm at room temperature. In wafer
#1681, largely because of the inverted structure, PL signals from the InGaAs quantum well were also
clearly observed. The fabrication is essentially the same as that of a conventional HEMT, using a standard
photolithography combined with a wet etching. A large number of devices were fabricated from both
wafers, with the gate length ranging from 2 pm to 5 um and the gate width from 10 pm to 100 pm. The
characteristic of a device fabricated from wafer #1681 is shown in Fig. 3, which is close to that of the
devices from wafer #1680. However, in the memory operation measurements, devices from wafer #1681
showed a much stronger memory effect than the devices from wafer #1680, mainly because of the difference
in the distance between QDs and 2DEG. Figure 4 presents a pronounced hysteresis in the source-drain
current, Isp, versus the gate bias, Vg, curve, measured at a fixed source-drain voltage Vsp = 100 mV
and at room temperature. This is, to the best of our knowledge, the first QD-based HEMT-type memory
device that not only is fully electrically controlled but also operates at room temperature. Furthermore,
our real-time characterisation experiments have reliably revealed a remarkable typical memory holding
time of tens of minutes, which is promising for real applications.

[1] G. Yusa and H. Sakaki, Appl. Phys. Lett. 70, 345 (1997).

[2] G. Yusa and H. Sakaki, Superlatt. Microstr. 25, 247 (1999)

[3] H. Kim, T. Noda, T. Kawazu, and H. Sakaki, Jpn. J. Appl. Phys. 39, 7100 (2000).

[4] A. Schlicmann, L. Worschech, S. Reitzenstein, S. Kaiser, and A. Forchel, Appl. Phys. Lett. 81, 2115 (2002).
[5] K. Koike, K. Saitoh, S. Li, S. Sasa, M. Inoue, and M.Yano, Appl. Phys. Lett. 76, 1464 (2000).

[6] H. Son, J. Kim, M. Kim, and S. Hong, Jpn. J. Appl. Phys. 40, 2801 (2001).
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FIG. 1: Schematics of the structures of wafers #1680 and #1681.
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Design and characterization of RF ballistic nanodevices

L. Bednarz, Rashmi, L. Gence, B. Hackens, H. Boutry, V. Bayot and I. Huynen

CERMIN, EMIC, PCPM and DICE Labs, Université catholique de Louvain (UCL)
1348 Louvain-la-Neuve, Belgium

Introduction

With conventional semiconductor devices approaching their limits of miniaturization, further
advancement of IC technology is possible only through developments in nanotechnology. The industry
is facing the challenge of exploring novel nanodevices that can be reproducibly fabricated for mass
production and are capable of operating at room temperature, with speeds high enough to enable
digital/analog data processing and transmission at ultra-high bit rates (up to sub-millimeter wave
frequencies). The growing interest for systems operating at 80 GHz and 160 GHz for direct
modulation/demodulation of optical telecommunication carrier essentially requires electronic devices
operating up to THz frequencies. In the present work, we exploit the ballistic effects in nano-scaled
InAlAs/InGaAs/InP based devices for RF applications up to the THz range. Owing to the large values
of electron scattering length (1.) (higher than 100 nm at room temperature) in InGaAs-based material
system, it is possible to fabricate and operate ballistic devices of dimensions comparable to I, at room
temperature [1], with sufficient repeatability and robustness. Those devices are fully compatible with
the existing HEMT technology that has already demonstrated cut-off frequencies as high as 562 GHz
for 25nm gate pseudomorphic Ings»Alg 43As/Ing ;Gag ;As HEMT [2].

RF characterization of ballistic channels

We first aim to investigate the ballistic and non-linear effects in InGaAs-based nanodevices as a
function of frequency, device size, and temperature to provide a physical insight into the ballistic
behavior of nanodevices in THz frequency range. Simple ballistic channels have been designed and RF
measurements carried out at room and at low temperatures. The preferred geometry for on-wafer
characterization at RF frequencies is the coplanar waveguide (CPW) transmission line, because signal
and ground pads are located in the same plane, facilitating the contacts (Fig. 1). The 2-DEG resistance
presented by ballistic channels was measured as a function of temperature and frequency (Fig. 2). The
observed dependence is close to that presented for 2-DEG, over the restricted frequency range 0-2.5
GHz, in the literature [3]. Due to the lack of published experimental results at higher frequencies,
modeling is still in progress to validate over a wider frequency range the S-parameters of these simple
channels.

Design of RF ballistic nanodevices

Results on ballistic channels show that matching of access impedances to the high impedance

presented by the ballistic channel for efficient injection of microwave and millimeter wave signals
requires optimization of the topology of 2-DEG channel and RF accesses. To avoid a strong forward
reflection of RF signal at the input of ballistic devices and to increase the total conductance, arrays and
matrices of devices of various geometries were also fabricated and characterized. From the observed
agreement between circuit-oriented modeling and measurement (Fig. 3), it is concluded that crucial
parameters for the injection of RF signals are the geometry of the channel, the distance between the
CPW metallic pads, and the nature of the contacts between the gas channel and the metallic pads.

Based on these previous RF characterizations, a Y-branch junction has been designed for RF
operation. Nonlinear ballistic behavior of three-terminal ballistic junctions (TBJs) has been reported
extensively in literature [4]. When finite dc voltages (V| and V,) are applied to the left and right-hand
side branches of a symmetric TBJ in a push-pull manner (V;= -V,), the voltage measured at the central
branch (V,) is always negative, thus the TBJ acts as a dc rectifier. This ballistic effect is further
enhanced in YBJs, depending on the angle between the two symmetric branches and is expected to offer
excellent performance at extremely high frequencies [5-6]. In order to operate the Y-junction in push-
pull manner in RF, a 180° phase-shift has to be introduced in one of the input branches. Here it is
created around 10 GHz by means of a wideband hybrid coupler (Fig. 4). Such a feeder will enable to
demonstrate for the first time the operation of the Y-junction as a frequency-doubler or power detector
in the microwave range, in view of extrapolating its design for operation in the THz range. The intrinsic
cut-off frequency, sensitivity and linearity of the YBJ frequency-doubler can indeed be improved by
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reducing the size and optimizing the device geometry. Experimental results on this ballistic frequency
doubler are expected soon.
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CHARGE TRANSPORT IN SELF-ASSEMBLED COPT;
NANOCRYSTAL ARRAYS

P. Beecher®, A. Quinn®, E. Shevchenko®, H. Weller?, G. Redmond®

Nanotechnology Group, NMRC, Ireland.
® [nstitute of Physical Chemistry, University of Hamburg, Germany.

Monodisperse, chemically-synthesised nanocrystals are promising candidates as
building blocks for future 2D and 3D quantum dot architectures due to their
monodispersity and self-assembly capabilities. Although such nanocrystals are often
referred to as “artificial atoms”, there are distinct differences between nanocrystal
arrays and crystalline solids, i.e. atomic arrays. Developing an understanding of
charge transport in real nanocrystal arrays in order to ultimately control the electronic
properties is a key milestone en route to future nanocomponent-based architectures.

We report on the fabrication of arrays of 3.8 nm CoPt; nanocrystals between 70nm
gap electrodes by self-assembly. Using variable temperature dc electrical
characterisation as a probe of charge transport in the array, we demonstrate that the
inter-nanocrystal separation, and hence the electronic properties, can be tuned in-situ
using mild thermal annealing.

For devices annealed at 80 °C, we observe Coulomb Blockade at temperatures below
35K. Scaling behaviour of the current above the blockade threshold indicates that the
current flows through a 2D/3D network i.e. there are no significant bottlenecks in the
array. Above 35K, the conduction is thermally activated, as expected for an insulating
array of monodisperse metallic islands.

Slightly higher anneal temperatures (~100 °C) yield quasi-metallic transport
behaviour with a transition from a negative temperature coefficient of resistance
(TCR) at low temperatures to a postive TCR above 80K. Devices annealed at 150 °C
show fully metallic transport characteristics similar to those of ceramic-metallics.
Since the nanocrystals are air-stable to 200 °C, it appears that the nanocrystals do not
fuse during annealing, but rather that the anneal-induced inter-nanocrystal coupling is
sufficiently strong to delocalise the electron wavefunctions over the array, resulting in
tuneable electrical transport behaviour. We believe these results constitute an initial
demonstration of in-situ thermally induced insulator-metal transitions in self-
assembled metal nanocrystal arrays.
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PURE MAGNETO-OPTIC DIFFRACTION AND DOMAIN
OBSERVATIONS IN PERIODIC DOMAIN STRUCTURES INDUCED IN
MAGNETIC THIN FILMS

A. Bengoechea, J. L. Costa-Krdmer, P. Garcia-Mochales,
R. Alvarez-Sanchez, and F. Briones

Instituto de Microelectronica de Madrid, IMM (CNM-CSIC)
I[saac Newton 8, PTM, 28760 Tres Cantos, Spain

Magnetic couplings in magnetic heterostructures produce a wide variety of phenomena that
have shown in recent years their potential for applications. In addition, conventional magneto-
optic techniques, and more recently, Diffraction Magneto-Optic Kerr Effect (DMOKE) in
regular arrays of magnetic elements, are very powerful methods that posses the high
sensitivity required to monitor magnetization changes in thin films and very small elements.
A recent work [1] has reported the appearance of diffraction spots when illuminating a flat Co
ferromagnetic surface that is magnetically coupled to an array of magnetic elements. These
diffraction spots appeared at angles corresponding to the periodicity of the array only at
selected field values, i.e., they could be switched on and off with an applied magnetic field.
This work has been extended, studying by Kerr domain observations the domain structures
both at the patterned and flat sides of the structures, confirming the appearance of periodic
domain structures at the flat ferromagnetic surface. Likewise, we have studied the couplings
between the array of magnetic elements and the continuous ferromagnetic film, for different

thicknesses and orientations of the array elements with respect to the anisotropy axis of the

continuous film.

Our goal is understanding the operative magnetization and coupling processes in these new
structures. MOKE and domain observations together with micro-magnetic simulations help to
resolve these processes, being domain observations the conventional MOKE hysteresis loops

but resolved spatially.

Co stripes —a 1D pattern- and arrays of squares —a 2D pattern- are fabricated by sputtering and
lift-off technique on top of a previously sputtered continuous Co layer. MOKE hysteresis
loops for Co stripes on continuous Co are measured when light is shined both from the flat
side, Fig.1a), and from the patterned side, Fig.1b). The different behaviour displayed in Fig. 1
demonstrates that the Co stripes are exchange decoupled from the continuous Co layer. The
negative differential susceptibility observed in Fig.1a) is due to an antiferromagnetic type of
coupling between the stripes and the continuous Co.

e

Fig. 1. Transverse MOKE hysteresis loops measured from a) the flat side and b) the patterned side ofa
structure of Co stripes of 6 pm width (and 9 pm periodicity) deposited on top of a continuous Co layer.
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The hysteresis loops from patterned and flat sides are correlated with the domain observations
at selected field values for this 1D pattern for arrays of micro-stripes with different widths and
periodicities. ’

Domain images acquired during the magnetization process at the flat side of the Co stripes/Co
heterostructures. The domain structure replicates the shape of the periodic array of elements
deposited at the opposite side at selected field values (fig. 2). The pure magneto optic contrast
explains the appearance of a diffraction spot at selected field values when illuminating this
flat side. This replica is due to the magnetostatic coupling between the patterned and the
continuous layers. This is possible due to the thickness of the layers, of the order the domain
wall width, and a thin nanometric barrier that exchange decouples the pattern and the
continuous layers.

Fig. 2 Pure magneto-optic diftraction: Spots appeaf\at angles cdﬁbsgpnding to the periodicity of the array
only at selected field values. This replica is due to thégmagnetostatic coupling between the patterned and the
continuous sides.

Both for 1D (fig.3a) and 2D (fig.3b) patterns, and for patterns that are exchange coupled and
decoupled from the continuous Co layer, the domain structure observations (fig.3 a&b) and
the hysteresis loops measured at flat and patterned sides will be presented. These will be
compared with micro-magnetic simulations, studying both reflected and diffracted beams, for
different widths and periodicities between elements.

Fig. 3 Domain structure at the flat side of two structures with different patterns at selected field values: a) A
continuous Co layer with a 1D pattern of Co stripes deposited at the opposite side and. b) A continuous Fe
layer with a 2D square pattern deposited at the opposite side. The images size is around 600x450 pm.

References:

[17 J. L. Costa-Kramer, C. Guerrero, S. Melle, P. Garcia-Mochales and F. Briones.
Nanotechnology 14 (2003) 239-244
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ELECTRONIC CHARACTERIZATION OF ASYMMETRIC
MULTIPLE QUANTUM WELLS

R. Betancourt-Riera, R. Riera, I.E. Marin and J.L. Marin

A complete characterization of double and triple asymmetric quantum wells are studied
theoretically. Taking into account the asymmetry due to different widths of the wells
with same potential barriers and then with wells of the same widths and different
potential barriers. The structures consisting of three levels in two or three coupled

quantum wells are optimized for a maximum Raman gain at zero bias.
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BAND ALIGNMENTS AND QUANTUM CONFINEMENT IN
GAASN/INAS STRAIN-BALANCED NANOSTRUCTURES

L. Bhusal, A. Alemu, A. Freundlich _
Texas Center for Superconductivity and Advanced materials, University of Houston,
4800 Calhoun, Houston-77204, Texas, USA.

Email: Ibhusal@uh.edu

The unusual large band gap lowering observed in GalnAs with low Nitrogen(N)
fraction has sparked a recent interest in development of dilute nitrogen containing III-
V semiconductors for long-wavelength optoelectronic devices (IR lasers, detector and
solar cells). Most of the work has been concentrated on the development of InGaAsN
alloys lattice-matched to the GaAs substrate. The practical limitation in N
incorporation in these epilayers has so far prevented the realization of materials with
operating wavelengths beyond 1.6 um (0.8 eV). From a theoretical stand point, longer
wavelength materials could be achieved by subjecting the GaAsN alloys to a large
biaxial compressive strain e.g by fabricating pseudomorphically strained layers on
commonly available InP substrates. While such an approach in principle could allow
attaining longer wavelength materials, the large lattice mismatch between GaAsN and
InP(4-5% for N<5%) imposes a severe restriction on the total amount of material that
can be deposited (few atomic monolayers) prior to lattice relaxation.

We propose to circumvent this limitation by introducing alternating layers of opposite
strain in conjunction with GaAsN. We have chosen InAs for this purpose, since
tensilely strained on InP InAshas still a relatively low band gap and the lattice
mismatch between InP and InAs (3.1% at 300K) has nearly the same order of
magnitude, but with opposite sign, as the one between GaAs|.x<Nx and InP (4-5% for
x<0.05). Therefore, by adjusting dot size/epilayer thickness accordingly with respect
to the stress magnitude, the composite structure of alternate growth of GaAsN and
InAs layers will lead to a lower total strain energy in the system through a strain
balance. = Consequently, even infinite pseudomorphically strained superlattice
thickness can be realized from a sequence of GaAsN and InAs quantum wells if the
thickness of GaAsN and InAs in each period is below the critical thickness of their
respective single layers. The strain ratio is inversely proportional to the individual
layer thickness.

In this work we have undertaken a theoretical investigation of the band structure of
this new type of heterostrutures. The numerical modeling for the proposed structure
has been done under the envelop function approximation, using a transfer matrix
method. The conduction band is treated separately from the valance band by assuming
that there is no interaction between them. Strain effects on the band gap of both
materials and N-induced reduction of the conduction band of GaAsN were included
in the calculations. Based on the theory of Luttinger-Kohn and Bir-Pikus, including
the spin-orbit coupling, the valance band of a strained material with zinc-blende
summetry is described by a 6x6 Hamiltonian. The study was limited to low practically
achievable Nitrogen (N<4%)containing materials.

It is shown that by increasing the composition of N in GaAsN layers the fundamental
bandgap of the quantum dot/well superlattice alloys strained on InP substrate could be
reduced to well below 0.5 eV (N>2%). In addition the conduction and valence band
offsets (band discontinuities) of GaAsN with respect to strained InAs (P) “barriers”

TNT2003 September 15-19, 2003 Salamanca-Spain

33




34

Poster

have been evaluated. A critical concentration of N is found, which marks the onset of
type-I band alignment, in which holes and electrons are confined in GaAsN, to a type-
II band alignment, in which holes and electrons are confined respectively in GaAsN
and InAs (P). Hence by controlling the amount of N in the GaAsN, (GaAsN)n/InAs)m
quantum dot/well superlattice lattice matched to the InP offers a potential material for
long-wavelength device operating beyond 2.2 um. The modeling data for a bi-
dimensional (well) system is also extended to include the evolution of the band
structure and electron and hole confinement levels as a function of the dot size and
nitrogen content for GaAsN quantum dots imbedded in InAs- InP matrix.

Finally an experimental investigation on these new types of nanostructures has been
initiated and in addition to theoretical data preliminary experimental results will be
presented at the conference.

References:
(1] S.L. Chuang, C.S. Chang. Phys. Rev. B, 54, 2491,1996.

[2] S.H. Park, S.L.Chuang, J. Appl. Phys., 87, 353, 2000
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FIELD EMISSION FROM A BUNDLE OF CARBON NANOTUBE
PRODUCED BY ARC DISCHARGE METHOD
S. Bini F. Tombolini G. Giannini S. Bellucci
INFN Frascati Via Enrico Fermi 40 00044 Italy
E-mail:simone.bini@Inf.infn.it
http://www.Inf.infn.it

In our laboratory, we have studied electron emission from carbon nanotubes produced by arc-
discharge method. Field emission is defined as the emission of electrons from surface of
condensed phase into another phase, usually a vacuum , under the action of high (3-6 KV/
um) electrostatic fields.The stable electron emission at relatively low fields (<10 V/ pum)
makes nanotubes very attractive for field emission display application. In the present work,
we report the fabrication of a micro machining sample based on arc-produced carbon
nanotubes. Carbon nanotubes were synthesized in a dc arc system in helium atmosphere at
low pressure, about 0.5 atm. Arc-discharge is a method which was usually used in synthesis
of carbon nanotubes in the early stage. Two graphite rods are used as the cathode and anode,
between which arcing occurs when DC voltage power is supplied. A large quantity of
electrons from the arc-discharge move to the anode and collide into the anodic rod. Carbon
clusters from the anodic graphite rod caused by the collision are cooled to low temperature
and condensed on the surface of the cathodic graphite rod. The graphite deposits condensed
on the cathode contain both carbon nanotubes, nanoparticles, and clusters. The graphite
clusters synthesized in these initial experiments contained a small amount of carbon
nanotubes. The schematic diagram of arc-discharge apparatus for the synthesis of carbon
nanotubes is represented in Fig | where the apparatus is connected both to a vacuum line
with a diffusion pump, and to a helium supply. The electrodes are two graphite rods, usually
of high purity. Typically, the anode is a long rod approximately 6 mm in diameter and the
cathode a much shorter rod 13.6 mm in diameter. Efficient cooling of the cathode has been
shown to be essential in producing good quality nanotubes. The position of the anode should
be adjustable from outside the chamber, so that a constant gap can be maintained during arc-
evaporation. A voltage-stabilized DC power supply is normally used, and discharge is
typically carried out at a voltage of 20 to 40 V and at a current in the range of 50 to 100 A.
When a stable arc is achieved, the gap between the rods should be maintained at
approximately 1 mm or less. Carbon nanotubes synthesized by arc-discharge normally have
multi-walled structures. We have made with the arc-discharge methode single wall nanotube
of a diameter of about 1.5 nm.

The powder containing nanotubes was thoroughly mixed into non conductive epoxy in a
volume ratio of approximately 1:1 to produce a conductive matrix of nanotubes.It was
deposited on the PVC cylinder, and then mechanically shaped to obtain a well-defined
circular emission surface with diameter of order 2mm.Fig 3 depicts the experimental setup for
detecting nanotube field emission The sample was placed in a vacuum chamber at 10 Torr.
Using an insulator foil thick 80um  the prepared surface was sandwiched with a cathode
brass plate. The sample was then biased at negative voltage V with respect a anode . We can
see that the turn on -voltage is near 430 V.The value that we have obtained with error bars are
shown in Fig2 The source display a stable and reproducible current-voltage characteristic
with activation field of order (6 V/ um ) and emission current of order 1 pA /mm2 after HV
conditioning .Further improvement of this technology may lead to easy-to-make and
inexpensive flat panel displays
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Fig. 1. Schematic diagram of an arc evaporator (horizontal arrangement of electrodes) . (A) Carbonaceous hard
deposit grown on the end of the cathode is called *“cylindrical hard deposit’’; (B) soot grown on surfaces of the

cathode is “‘chamber soot™"; (C) soot deposited on the ceiling of the evaporator is ‘cathode soot’’(Saito et al.
Carbon 38,169(2000))
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SYNTHESIS, STRUCTURAL, ELECTRICAL AND MAGNETO-
OPTICAL CHARACTERIZATION OF PbSe QUANTUM WIRES

M. Brumer, M. Bashouti and Efrat Lifshitz, Dept. of Chemistry and Solid State Institute,
Technion, Haifa, 32000, Israel (ssefrat@tx.technion.ac.il )

Semiconductor quantum wires (QWs) are attracting much attention in recent years, due to their rich
physical phenomena, differing substantially from the bulk or quantum-dots counterparts. Novel
properties are expected in semiconductor QWs, such as enhanced conductivity along the wire,
linear polarized optical transitions and long spin-lattice relaxation, all tunable with the width,
length (the aspect ratio=length/width) and properties of the surface. This work describes the
change in the electronic, electrical, optical and magneto-optical properties of PbSe QWs, upon a
change in their width, length and surface properties. The PbSe QWs were selectively chosen for
the present study due to their optical activity at the IR spectra regime and the strong size
confinement effect on their exciton emission. The research focused on the following issues: (a)
Development of colloidal synthesis, which led to a free standing QWs with controlled aspect ratio;
(b) Determination of the growth mechanism, governed by initiation of catalyst seed, stabilizing
surfactants and thermodynamic and kinetic processes; (c) Capping of the QWs with various organic
ligands; (d) Determination of the structural and morphological properties of the aforementioned
QWs; (e) Determination of the magneto-optical properties of the materials such as, linear Zeeman
splitting of electron and hole energy levels, the spectroscopic g-factor, and angular momentum of
electronic states; () Electrical transport property of a single QW and its dependence on the
physical dimensions and the surface quality.

The colloidal synthesis was carried out at low temperatures (10-117°C), using alkyl-diamines as the
surfactants. The crystallographic and morphological properties of the QWs were examined by
high-resolution scanning and transmission electron microscopy (HR-SEM and HR-TEM) and
electron diffraction (ED). The results showed that a delicate balance between electrostatic and
steric interactions, temperature and duration of the reaction, determines the nanocrystallines’ shape.
Wires with a ~20 nm diameter and a 1-5 pm length are formed at the lowest temperatures (e.g.,
figure 1), while quantum-rods and cubes are formed at elevated temperatures. Short alkyl-diamine
(e.g., ethylene diamine) chains permitted the growth of crystalline wires, while a long organic chain
(e.g., hexane diamine) hindered the formation of an ordered structure. The optical (quantum size
effect) and magneto-optical (Zeeman splitting, g-factors, angular momentum) properties were
investigated by the use of linearly and circularly polarized photoluminescence (LP- and CP-PL) in
the presence of an external magnetic field (under resonant/nonresonant excitation). Representative
CP-PL measurement is shown in figure 2). The last revealed an angular momentum of J=1/2 for
both, the valence and conduction band edges, with similar g-factor (g.-g,=0.1). The time-resolved
CP-PL showed a relatively long spin relaxation (~70 nsec), showing a potential use in spinstronics
devices. The electrical properties of the QWs were studied by measuring the conductivity of a
single QW (deposited between metal leads) with a two-probe technique. This electrical
measurements showed a typical specific resistance of p=0.15 Qcm (e.g., figure 3).
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Figure 3: A typical I-V curve of
three different single PbSe QWs,
measured between two Ag leads
(treated with e. beam lithography).
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Figure 2: Degree of circular polarization
[P=(c” - 6 )(c* + 6 )] versus strength of an
external magnetic field, B (at T=1.4 K),
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MOVING MOLECULES: DYNAMICAL MODELING AND A NEW
STM MANIPULATION TECHNIQUE

S.A. Burke, J.M. LeDue, J.C. Neima, H.J. Kreuzer, M.H. Jericho
email: sarah.burke@mail.mcgill.ca

Since the rise of Scanning Probe Microscopy, the idea of having “hands” as well as
“eyes” in this nanoscale world has intrigued those who have entered the field.
Experiments involving controlled modification of systems on this scale are becoming
increasingly routine, even though the manipulation processes are often not well
understood.

To better understand the underlying mechanisms for the contolled manipulation of
molecules on surfaces using a Scanning Tunneling Microscope (STM) tip, a classical
model of the STM tip—adparticle—substrate system has been developed [!]. The full
dynamical equations of motion are solved numerically revealing that net forces of ~InN
on the adparticle during manipulation give rise to kinetic energies of several hundred
meV. Results from the simulations agree well with other modelling studies [2] and
previously reported experimental results [3].

The model is also used to test a novel new form of manipulation where the tip is
circulated around the adparticle, trapping it while the tip is then translated. The model
suggests that this technique may be the method of choice on substrates where the
adparticle is strongly bound.

Preliminary experimental results for the circulation method applied to Ceo on Si(l11) at - -

room temperature can be interpreted within the framework of the model and will be
presented.

References

[1] J.M. LeDue, H.J. Kreuzer, S.A. Burke, M.H. Jericho, and J.C. Neima. Dynamical
modeling of STM manipulations of molecules on surfaces. Surface Science Letters,
538(1-2):L465-1L470, 2003.

[2] A. K uhnle, G. Meyer, S.W. Hla, and K.-H. Rieder. Understanding atom movement
during lateral manipulation with the STM tip using a simple simulation method. Surface
Science, 499:15, 2002.

[3] L. Bartels, G. Meyer, and K.-H. Rieder. Basic steps of lateral manipulation of single
atoms and diatomic clusters with a scanning tunneling microscope tip. Physical Review
Letters, 79(4):697, 1997.
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CHEMFET ACTIVATION DERIVED FROM A MOLECULAR
BINDING EVENT

C.P. Kubiak', R.G. Reifenbcrgerz, E.S. Burns'
email: eburns@ucsd.edu

lDepartment of Chemistry, University of California, San Diego, La Jolla, California,
USA, 92093-0358

Department of Physics, Purdue University, West Lafayette, Indiana, USA, 47907

The electrostatic potential of thiol derivatized organic molecules bound to the surface
of a Au(111) substrate have been previously measured with a modified AFM.!
Changes to the Self Assembled Monolayer (SAM) were shown to be detectable by
monitoring the Surface Potential of the sample. A chemically reactive SAM has been
developed that can reversibly bind small gas phase molecules. We have chosen the
basic system previously reported in literature consisting of a zinc porphyrin axially
ligated to 4-mercapt0pyridine2 and adapted it to a Ruthenium porphyrin. RuTPP(CO)
(Ruthenium tetraphenylporphyrin Carbonyl) was self assembled onto a SAM of 4-
mercaptopyridine on Au(111) through the pyridine nitrogen to test our ability at
detecting a binding event. A binding event at the porphyrin metal center leads to a
change in the surface potential of the SAM and activation of a Chemical Field-Effect
Transistor (ChemFET) device. Using surface IR methods the axially bound CO mode
at ~1978 cm™' for the SAM can be seen. Ligand exchange reactions to substitute the
sixth coordination site from CO to other small molecules such as NO are being

investigated.

References

1) S.Howell, D. Kuila, B. Kasibhatla, C.P. Kubiak, D. Janes, R. Reifenberger,
Langmuir, 2002, 18, 5120-5125.
2) Z.Zhang, and T. Imae, Langmuir, 2001, 17, 4564-4568
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PARTICLE SIZE EFFECTS ON THE DIELECTRIC PROPERTIES
OF CaMmOu

A. Castro-Couceiro', B. Rivas-Murias’, S. Yéfiez Vilar', A. Fondado?,
J. Mira? J. Rivas® and M. A. Sefiaris-Rodriguez'
'Dpto. Quimica Fundamental, Universidade da Corufia, 15071 A Corufia, Spain.
2Dpto. Fisica Aplicada, Univ. de Santiago, 15782 Santiago de Compostela, Spain.

Recently, there is a considerable interest in the high dielectric constants (&'~ 10* at 300 K)
displayed by some perovskite-type materials ACusM4O12 (A= Ca, etc; M= Ti, Fe, etc).
Although this anomalous behaviour has been extensively investigated in order to know
whether the dielectric properties of these systems are intrinsic or extrinsic, the origin of this
high permittivity remains unclear [1, 2].

A related compound with similar structure, CaMn7O12, shows also an anomalous high
dielectric constant [3]. In this work, we have prepared samples of CaMn;O;; with different
particle size to see the effect of this parameter on the dielectric properties of this material. For
this purpose we have synthezised the samples by the “Pechini” method, heating the precursor
powders at different final temperatures. According to powder X-ray diffraction results,
CaMn;0;; (space group R 3) is the major phase for all the samples. Nevertheless, extra peaks
on XRD patterns reveal the presence of small amounts of MnzO3 and Mn;0; as secondary
phases (<5%, estimated by Rietveld refinement).

SEM micrographs reveal that the grain size of the samples increases from 0.4 pm to 1 um
with the acumulative thermal treatements.

As an example Fig. | shows the temperature dependence of the dielectric constant of samples
with different particle size and Fig. 2 their frequency dependence at 300 K. Meanwhile, Fig. 3
shows the frequency dependence of the dielectric loss tangent; tan o = g’fe’.

All the results reveal that, as the particle size increases, the dielectric properties of these
materials improve. This is a somehow surprising result, as in traditional dielectric materials
the dielectric properties are indeed enhanced as the number of grain boundaries increase.

In any case, these results clearly confirm that the origin of this anomalous high dielectric
constant is intrinsic, and is not due to grain boundaries effect.

References:

[1] M. A. Subramanian, Dong Li, N. Duan, B. A. Reisner and A. W. Sleight, Jounal of Solid
State Chemistry, 151 (2000) 323.

[2] P. Lunkenheimer, V. Bobnar, A.V. Pronin, A I Ritus, A.A. Volkov and A. Loidl.
Physical Review B, 66 (2002) 052105.

[3] J. Rivas, M. A. Sefiaris- Rodriguez, J. Mira, A. Fondado and B. Rivas-Murias, Spanish
Patent Proposal N. P200300702, March 3, 2003.
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Fig. 1.: Evolution of the dielectric constant with temperature at 1154 Hz.
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Fig. 2.: Dielectric constant vs frequency at 300 K in materials with different particle size.
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SCANNING PROBE MICROSCOPY FOR ELECTRICAL
CHARACTERISATION OF BIOLOGICAL SAMPLES

LCasuso', G. Gomila', A. Errachid', 0. Ruiz', J. Sammer G. Ferrari?, M. Sampletro C.
Pennetta’, E. Alfinito’, L. Regglam J. Bausells®, N Jaffrezic-Renault’, E. PaJot-Augy6
and R. Salesse®

'Research Centre for Biolectronics and Nanobioscience and Departament d'Electrénica,
Universitat de Barcelona, C/ Marti i Franqueés 1, 08028 Barcelona, Spain. E- mail:
icasuso@pcb.ub.es http://www.nanobiolab.pcb.ub.es
?Dipartimento di Elettronica ed Informazione, Politecnico di Milano, Milano, Italy
3INFM-National Nanotechnology Laboratory and Dipartimento di Ingegneria
dell'Innovazione, Universita di Lecce, Lecce, Italy.

*Instituto de Microelectrdnica de Barcelona, Centro Nacional de Microelectrdnica, CSIC,
Barcelona, Spain.

SLaboratoire de Ingénierie et Fonctionalisation des Surfaces, Ecole Centrale de Lyon-CNRS,
Lyon, France.
$Laboratoire de Biologie Celluler et Moleculer, Institute National de la Recherche
Agronomique, Jouy-en-Josas, France

Scanning Probe Microscopy (SPM) is one of the more versatile instruments for the
characterization of surfaces with nanometre scale resolution. A part from its use in the
realization of topographic images, many other functionalities have been developed in recent
years. This has given rise to a bunch of different SPM modes, as for instance capacitance,
resistance or magnetic modes [1].

Most of the modes developed so far have been designed for the study of solid state surfaces.
Only recently, these modes have been adapted to the special requirements of biological samples
[2,3].

One of the modes whose adaptation to biology may turn out to be more interesting is the
electrical mode, allowing the performance of current-voltage or impedance spectroscopy
measurements on biological samples. This mode will help, in particular, the development of
electronic nanbiosensors [4], with great impact in biomedical and environmental industries. In
our Laboratory we have started the adaptation of a commercially available Scanning Probe
Microscope to the realization of electrical measurements (current- voltage characteristics and
impedance spectroscopy) on biological samples. This adaptation requires, among other things,
the design and fabrication of special tips and electrochemical cells or the use of specific
electronic instrumentation to adequately pre-amplify the electric signals [4].

In the present communication we will report on the advances performed so far in the adaptation
of the SPM for electrical measurements on biological samples, and will present some
preliminary results obtained on bacterias and proteins.

[1] “A practical guide to Scanning Probe Microscopy”, Thermomicroscopes, 2001

[2] S. Lyndsay, “The scanning probe microscopy in Biology”, preprint available at
http://green.la.asu.edu/review/content.htm.

[3] V. J. Morris, A. R. Kirby and A. P. Gunning, Atomic Force Microscopy for Biologists,
(Imperial College Press, London, 1999).

[4] “Single protein Nanobiosensor Grid Array”, (IST-38899),
http://nanobiolab.pcb.ub.es/projectes/spotnosed
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NANOSCALED INORGANIC COMPOSITES FOR LOCALISED IN-
VIVO HEAT GENERATION

Mathieu Chastellain
Powder Technology Laboratory, Swiss Federal Institute of Technology (EPFL), Switzerland
E-mail: mathieu.chastellain@epfl.ch

http://itp.epfl.ch

Nanoscaled particles showing a superparamagnetic behaviour have been intensively studied
these past years for various in vitro as well as in vivo bio-medical applications. Among them,

well controlled magnetically induced heat generation inside a body is a promising mean to

locally modify specific cells activities [1], [2].

For this purpose nanoparticles are placed in the zone to be treated and heat is generated by
external magnetic excitation of the latter. The particles must fulfil several criteria such as
biocompatibility and chemical inertness and must be able to interact with the external
magnetic field, which is limited in terms of amplitude and frequency for physiological

reasons. The particles must then be tailored so that to be sensitive to low energy excitations.

The present work presents the synthesis and characterisation of nanoscaled iron oxide
particles embedded or coated with different compounds (Fig. 1 and 2). The particles
composition, size distribution and magnetic properties are characterised and compared to the

power loss generated when submitting them to low energy alternative magnetic fields (Fig. 3).

References:
[1]J.-C Bacri et al., Scientific and Clinical Applications of Magnetic Carriers, (1997)

[2] A. Jordan, Journal of Magnetism and Magnetic Materials, 201 (1999) 413-419
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Figures:

Fig. 1) Bright field TEM picture showing well separated bare iron oxide nanoparticles.

Fig. 2) Bright field TEM picture of iron oxide particles embedded in a silica matrix.
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Fig. 3) Heating generated by silica embedded particles when submitted to an external
alternative magnetic field of 6 mT and with varying frequencies.
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HELICAL ROSETTE NANOTUBES AS MORE EFFECTIVE
ORTHOPAEDIC IMPLANTS

A.L. Chun’, H. Fenniri' & T.J. Webster®
Departments of Biomedical Engineering & Chemistry, Purdue University, 500 Central Drive,
West Lafayette, IN 47907
Email: *ailin@purdue.edu, " hf@purdue.edu, * twebster@ecn.purdue.edu

A class of organic nanotubes called helical rosette nanotubes (HRN) have been
synthesized. They possess properties suited for various nanotechnology applications such as
molecular electronic or photonic devices, drug delivery systems and also implant materials.
These HRN are assembled from a single bicyclic block with a Guanine-Cytosine (GC) motif
designed to have hydrogen-bond donor-donor-acceptor array on one side and complementary
acceptor-donor array on the other side. These building blocks assemble through H-bonds to
form the rosette, which then stack to form a nanotube with a hollow core 11 A across and up
to several micrometers long. The tube structure is maintained by electrostatic, hydrophobic
and stacking interactions.

A variety of functional groups suited for different applications can be attached to
these building blocks. With such flexibility and design, it is thought that these HRN are
suited for orthopaedic implants since one can attach growth factors and/or specific bone
recognition peptide sequences that will preferentially attract bone cell adhesion. Moreover,
HRN possess biologically-inspired nanometer features that resemble naturally-occurring
nanostructured constituent components in bone such as collagen fibers and hydroxyapatite
(Cai0(PO4)s(OH),) that bone cells are accustomed to interacting with. Previous studies have
provided evidence of increased new bone synthesis on nanostructured ceramics, metals and
polymers. Yet, currently used orthopaedic materials such as titanium do not possess desirable
nanometer surface roughness. This is believed to be one of the reasons why titanium
sometimes fails clinically as a bone implant material. In addition, reorganization of tissues
adjacent to implants depends largely on protein adsorption, which in turn depends on the
initial response of cells to a material. Implant surfaces therefore play an important role in
forming the connection and integration between implant and tissue. Much effort has thus
been dedicated to developing improved bioactive surfaces.

For the first time, to determine the possibility of utilizing this novel nanomaterial for
bone implant applications, ir vitro cytocompatibility properties of HRN-coated titanium were
determined. Compared to uncoated titanium, these studies demonstrated increased osteoblast
(bone-forming cell) functions on titanium coated with HRN possessing a lysine side chain
(HRN-K1). Preferential osteoblast adherence on HRN-K1 over conventional titanium
indicates that HRN-K1 is a non-toxic, cytocompatible and promising nanostructured material
for bone tissue engineering applications. In addition, concentrations of HRN-K1 as low as
0.005mg/ml still showed enhanced cell adhesion. This is very encouraging since less material
is needed to achieve the same increased cell adhesion properties. It is hoped that through the
use of HRN, the optimal material to promote efficient new bone growth will be obtained.
Such a criterion is critical for orthopaedic implant success.
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DIHEXYLQUATERTHIOPHENE FIELD EFFECT TRANSISTORS
FABRICATED BY NANOIMPRINT LITHOGRAPHY AND SOLUTION
PROCESS

C.E. Clavijo Cedeiio, A.P. Kam, and C.M. Sotomayor Torres

Institute of Materials Science & Dept. of Electrical Engineering, University of Wuppertal,
Gauss-Str. 20, 42097 Wuppertal, Germany.

Email: clavijo@uni-wuppertal.de

Organic electronics is leading to interesting applications due to the use of low-cost
techniques, as well as to the unique properties of organic-electronic devices. Several methods
have been demonstrated which allow low-cost deposition of the organic materials in contrast
to the time consuming and expensive high-temperature vacuum evaporation of inorganic
semiconductors. Furthermore, the use of nanoimprint lithography (NIL) permits patterning of
organic thin films and fabrication of nanometer-size interdigitated electrodes for field-effect
transistors (FET) [1]. Figure 1 shows the interdigitated source and drain electrodes for FETs
with a channel length (L) of 50 nm.

Previous experiments with organic FETs (OFETs) based on spin-coated
dihexylquaterthiophene (DH4T) show low carrier mobilities as a result of non-uniform
coverage of the channel using this method [2]. Nevertheless, there is room for improvement
of the quality of the organic layer by optimizing the deposition parameters such as solvent,
concentration, rotation speed and time. OFETs based on drop-cast deposited DH4T show
relatively high mobilities for channel lengths above approximately 10 pm (See Figure 2) [3].
This is a consequence of the tendency of DHAT to form large crystallites with a size of the
order of 10 um when is drop-cast on hexamethyldisilazane (HMDS)-treated SiO; substrates.
On the other hand, for L below 1 pm the field-effect mobility was drastically reduced. This
result can be understood considering that filling of nanometer-size gaps on the substrate
between source and drain by large DH4T crystallites is an unlikely process.

Alternative methods for deposition and formation of organic films from solution are
Langmuir-Blodget (LB) deposition, dip coating and self-assembly. However, LB deposition
requires amphiphilic molecules while DH4T has hexyl groups attached to both ends. In this
work, we report on the optimization of the deposition of DH4T films on SiO, by spin- and dip
coating in order to increase the field-effect mobility of short-channel-length OFETs.
Preliminary results show an increase of two orders of magnitude in the field-effect mobility
for cast films with respect to spin coated ones. Characterization of the film morphology was
done by atomic-force microscopy (AFM) and charge transport was studied by current-volt