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Mass Spectrometry Imaging in Clinical Research

Bram Heijs
Leiden University Medical Center
The Netherlands

Matrix-assisted laser desorption/ionization mass spectrometry imaging (MALDI-MSI) is an
analytical technique that allows the visualization of 100-1000’s biomolecules directly from
tissue sections. Often applied in clinical research, samples are often limited and precious.
Robust and novel methodologies are required to extract as much molecular information from
the tissues as possible in order to gain insight in the molecular background of disease. In the
presented work, the combination of on-tissue (enzyme) chemistry and high resolution MALDI-
MSI is displayed in order to obtain more in-depth access to specific analytes or obtain
sequential access to multiple analyte classes from the same tissue section.



Magnetic filaments: a new promising technological field

Joan J. Cerda?, Pedro Sanchez’ , Daniel Liisebrink ©, Sofia Kantovich ¢, Elena S.
Pyanzina® , Ekaterina V. Novak?, and Tomas Sintes®

*Departament de Fsica UIB i Institut d’Aplicacions Computacionals de Codi Comunitari (IAC3),

Campus UIB, 07122 Palma de Mallorca, Spain,

® Faculty of Physics, Universitit Wien, Boltzmanngasse 5, 1090 Wien, Austria ,

¢ UCB Department of Physics and Astronomy, University of British Columbia, 6224
Agr. RoadVancouver, B.C. V6T 1Z1, Canada,
4 Ural Federal University, Lenin av. 51, 620000, Ekaterinburg, Russia,

¢IFISC (UIB-CSIC) Instituto de Fisica Interdisciplinar y Sistemas Complejos,

Campus UIB, 07122 Palma de Mallorca, Spain.

Magnetic filaments [1,2,3,4] or Stockmayer polymers are strings of magnetic
nanocolloids linked consecutively to form nano-chains. These polymers exhibit very
unusual properties and their structural and rheological properties can be tuned
externally via magnetic fields leading to many potential applications. Such
applications range from solutions of those polymers used as enhanced ferrofluids till
the design of mesoscopic structures known as magnetic brushes [5,6,7], where
magnetic polymers are attached by one of their ends to a surface in order to create the
responsive structures. Magnetic brushes can be used as actuators as well as filters
among many other applications like new revolutionary types of nanochromatographic
columns. In this talk we will explore the potential of magnetic filaments and show the
results of our preliminary tests aimed to assess the viability of these systems for
technological applications.
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Smart Surfaces for SERS Detection

Maria Pilar Pina
Universidad de Zaragoza
Spain

Surface Enhanced Raman Spectroscopy (SERS) is one of the leading techniques for label-free
ultrasensitive vibrational fingerprinting of a variety of molecular compounds. Since its
discovery in 1974. the field of research is continuously evolving thanks to the advances in
bottom up or top-down strategies for the synthesis and fabrication of nanomaterials
combined with an increased understanding of their plasmonic properties. In this talk, | will
briefly introduce the SERS fundamentals, describe its potential advantages for sensing
applications and present its main limitations when dealing with gas/vapor sensing at trace
level. Then, | will primarily focus on our main contributions to this topic, with emphasis on:
the fabrication/synthesis approaches for metallic nanostructures, and the deployment of
either partition layers or more selective coatings over the plasmonic surface for the real time
label-free detection of neurotoxic agents in gas phase.
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The new approach to photoelectric properties of the MIS system at near zero
photocurrents. Theory and applications

Henryk Przewlocki
Institute of Electron Technology, Warsaw
Poland

The energy band diagram is a fundamental property of any semiconductor device.
Photoelectric measurements are the most effective methods of nanoelectronic devices band
diagram determination. They deserve therefore detailed theoretical analysis and precisely
controlled experimental procedures. The theory of photoelectric phenomena taking place in
the MIS system which is now commonly accepted and applied agrees quite well with the
experimental results for high enough electric fields in the insulator, however it fails at low
electric fields (usually for E<(10%-10°) V/cm, i.e. at near zero photocurrent. The failure of the
“classical” theory will be demonstrated and our new approach to this problem will be
presented. It will be shown that this approach opens up the possibilities of developing new
measurement methods of high accuracy.
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Assessment of THS exposure effects in liver by

multiplatform metabolomics analysis
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Abstract

Thirdhand smoke (THS) is the accumulation of
secondhand smoke gases and particles that become
embedded in materials. Inhalation, ingestion and dermal
absorption are the main pathways of THS exposure.
Although the increasing evidences of THS hazards, the
specific cellular and molecular consequences of
exposure to THS remain to be fully elucidated. We used
a multiplatform metabolomics approach by Mass
Spectrometry Imaging (MSI), Nuclear Magnetic
Resonance (NMR) and liquid chromatography coupled
to high-resolution mass spectrometry (LC-MS), for the
characterization of metabolic disorders in liver of mice
exposed to THS. We demonstrate that THS exposure
results in abundant hepatic triglyceride accumulation,
choline deficiency and oxidative stress which lead to
Non Alcoholic Fatty Liver Disease (NAFLD).

1. Introduction

Thirdhand tobacco smoke (THS) is a novel and poorly
understood pathway of tobacco exposure that is
produced by the accumulation of secondhand smoke
(SHS) on environmental surfaces that ages with time,
becoming progressively more toxic [1]. The health
effects of THS exposure have been recently studied
using cells[2] and animal models[3][4]. Liver is an
essential organ involved in metabolizing many toxins,
including drugs, and chemicals. Just one previous study
assessed THS hazards on liver [5] revealing that THS
leads to increased lipid levels and non-alcoholic fatty
liver disease. However, the metabolic pathways
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implicated in liver disease because of THS exposure are
currently unknown. The main objective of this paper is
the characterization of the specific metabolic disorders
caused in liver beacause of THS exposure. To that end,
we present a broad characterization of liver of mice
exposed to THS through a multiplatform metabolomics
approach by the combination of three different
analytical platforms, Mass Spectrometry Imaging
(MSI), for the mapping of lipids in control and THS
samples, Nuclear Magnetic Resonance (NMR) and
liquid chromatography coupled to high-resolution mass
spectrometry (LC-MS) for the identification of a wider
range of metabolites.

2. Materials and methods

C57BL/6 mice were exposed for 24 weeks to THS,
under conditions that mimic exposure of humans in
homes of smokers. Liver extracts were analyzed by 'H
NMR and UHPLC-MS. The acquired '"H NMR spectra
were integrated using the AMIX 3.8 software
package (Bruker, GmBH). Several database engines
(BBioref AMIX database (Bruker), Chenomx and
HMDB [2] were used for 1D-resonances assignment
and metabolite identification. The statistical analysis
was performed using RStudio (version 3.3.2). FDR-
adjusted p<0.05 was considered to indicate a
statistically significant difference between groups.
LC-MS data was processed by using the XCMS
software (version 2.9.2). to detect and align features.
Filtered features (minimum intensity and analytical
variation) were used for univariate statistical analysis.
Features with p-value, FDR corrected < 0.05 and fold
change > 1 were putatively identified by searching



against Human Metabolome Data Base (version 3.0)
within 5 ppm error threshold. Relevant putatively
identified metabolites were used for MS/MS analysis

and identification by comparing the obtained
experimental mass fragmentation spectra with those
found in open access databases (e.g., Human

Metabolome Database, METLIN and LipidMaps).

Mass spectrometry images of liver were acquired by
laser desorption-ionization MS using sputtered gold
nanolayers over the tissue slices. LDI-MS data was
processed using the in house developed rMSI and
rMSIproc R packages [6]. HMDB 4.0 database was
used for identification. Then statistical analysis to
compare control and THS samples was done using K-
means approach. Identification of some putative
identified metabolites were confirmed by UHPLC-
MS/MS.

3. Results
Our NMR and UHPLC-MS/MS-based untargeted
metabolomic approach revealed more than 95

metabolites dysregulated in liver due to THS exposure.
Lipid metabolic profiling unequivocally identified a
total of 42 lipids comprising of triglycerides (TG),
phosphocholines (PC), lysophosphocholines (LPC),
sphingomyelin (SM), cholesterol, coenzyme Q9 and
fatty acids. The differential expressions of lipids in
response to THS (fold change) revealed that 21
tryglecerids, unsaturated phosphocholines,
lysopophoscholines, Docosahexaenoic (DHA), Oleic,
Linoleic, monosaturated and polyunsaturated fatty acids
are up regulated in THS liver samples. Against,
saturated PC, sphingomyelin, free and total cholesterol
and Coenzyme Q9 are down regulated in THS samples.

MS images showed lipid accumulation in the form of
lipid droplets and increased lipid droplets concentration
due to THS-exposure (Figure 1). The abnormal lipid
metabolism known as NAFLD was confirmed by the
deficiency of Choline and all metabolites related with
phosphatidylcholine synthesis. Choline deficiency has
an important role in NAFLD, it has been related not
only with the deposition of triacylglycerol in liver and
reduced phospholipid synthesis [7][8] but also with the
expression of genes involved in cell proliferation,
differentiation and apoptosis, and with liver dysfunction
[9] and cancer.
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Figure 1. MS images of liver slices that plot the relative
abundance of the triglyceride TG(52:4) in control (first row)
and THS exposed liver samples (second row).

Pathway analysis showed that 19 metabolites of the
dysregulated metabolites were involved in the
glutamate, glutathione and nicotine /nicotinamide
metabolism pathways, which are related to nucleic acid
and protein synthesis among others[10],[11],[12].
Furthermore, the dysregulation of these pathways
confirms the oxidative stress nature of THS exposure
health effects. Oxidative stress also affects lipid
composition.  Thus, the  overexpression  of
monounsaturated and polyunsaturated fatty acids as well
as that of Polyunsaturated PC found in THS increase the
risk of suffering lipid peroxidation, which are product of
oxidative stress [13].

5. Conclusions

The multiplatform metabolomic approach presented
here allowed an enhanced characterisation of the
metabolite disorders in liver of mice exposed to
THS. The combination of three different analytical
platforms allowed the identification of more than 90
metabolites relevant for the health assessment of THS
exposure. NMR provided reliable identifications and
quantifications, UHPLC-MS was key for the
identification of many dysregulated metabolites and the
identification of lipids, whereas MSI allowed us to
enrich the biological interpretation by the mapping of
lipids in control and THS-exposed livers. Moreover, the
identified metabolites can potentially serve as
biomarkers for the elucidation of NAFLD and
its various stages.
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Abstract

We have synthesized and characterized two low
molecular weight organic molecules, namely CS01 and
CS03 having the benzo[c][1,2,5]thiadiazole-4,7-diamino
core but differing in the number of aromatic rings at the
amino groups. The molecules, when processed to make
thin organic films, display absorbance up to the near IR
region (=750 nm) and good hole mobility values. Upon
mixing each organic semiconductor molecule with the
fullerene derivative PC1BM we monitored a strong
quenching of the fluorescence emission. We assigned
such process to efficient charge transfer from the CS01
and CS03 molecules to the fullerenes. We prepared
organic solar cells and obtained, as a first attempt,
efficiencies over 2% under 1 sun light simulated solar
radiation. Furthermore, the film optimization through
solvent annealing process increased further the
efficiencies up to 4.80 % for CSO1 and 5.12 % for
CS03. The observed increase in efficiency is due to a
better morphology. However, an analysis in depth
reveals that the solvent annealing leaded to a better hole
mobility but the electron mobility remains alike.

1. Introduction
Silicon based solar cells are the leading photovoltaic
technology but it is desirable to look at other more
flexible, low cost, low weight transparent and suitable
for roll-to-roll fabrication materials. Organic solar cells
(OSCs) based on the solution processed bulk
heterojunction (BHJ) consisting of conjugated polymer

16

as donor and fullerene and non-fullerene acceptor meet
all these necessities.

OSCs prepared using low molecular weight molecules
are attracting interest due to their small losses in Voc in
comparison  with  other organic  semiconductor
materials®, like the polymers. However, the so called
“small molecules (SMs)” have the advantage of not
being dependent on regionregularity issues, differences
in molecular weight and the difficult purification
processes to clean the catalysts®. Moreover, their
synthesis has a few steps and it is easy to scale up. To
achieve efficient light harvesting, it is also desirable that
the SMs extend their absorbance as far as in the IR as
possible’. The state of the art of OSCs based on SMs
had made great strides with PCE more than 11 % based
on fullerene derivatives as acceptors®, which is
comparable to the polymer counterpart.

Benzo[c][1,2,5]thiadiazole-based molecules have been
used recently to prepare OSCs'®*2. We report the
synthesis, photophysical and electrochemical properties
of two novel benzo[c][1,2,5]thiadiazole derivatives
(Scheme 1). The electrochemical measurements
indicate that these SMs are suitable as donor along with
PC7:BM ([6,6]-phenyl C71 butyric acid methyl ester) as
acceptor for the solution processed BHJ OSCs. After the
optimization of the active layer, the OSCs based on
CS01 and CS03 exhibit overall PCEs of to 4.80 % and
5.12 %, respectively. The higher value for CSO3 is
attributed to the denser =-m stacking distance, more
crystalline, beneficial for better hole transport and
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broader absorption spectra of CS03:PC1BM active

layer.
0\& N N 07
Cso1 Cso03

Scheme 1 Chemical structures of CS01 and CS03.

2. RESULTS AND DISCUSSION.
2.1 Absorption and PL emission spectra

The absorbance of CS01 and CSO03 in solution (1x10°
M) and in thin film (thickness 80 nm) processed from
chloroform solution are shown in Figure 1(a). The
absorption spectra of CS01 and CS03 in solution show
a panchromatic absorption from 350 nm to 650 nm and
700 nm, respectively. Moreover, an important red shift
of the main absorption band with a noticeable shoulder
can be monitored when the molecules are deposited in
thin films attributed to the strong interactions may be
originated from the ordered SM r-n packing®, due to
the formation of J-type aggregates in the solid state. In
fact, for the CS03 the formation of J-aggregates seems
favored and a higher bathochromic shift is observed.
The optical gap (Egp°™) was calculated from the onset
of the absorption wavelength (Aonset) in the thin films
using Egap®=1240/Aonset, With values of 1.72 eV and
1.65 eV for CS01 and CS03, respectively.

o= CS01 (sol)
1 o= CS03 (so)
o= CS01 (film)

€503 (film)

Absorption (a.u.)

30 40 40 500 S0 60 650 700 750
Wavelength (nm)

—o-CS01

o= CS03

o= CS01:PC71BM
CS03:PC71BM

PL intensity (a.u.)
°
>

500 600 700 800 900
Wavelength (nm)

Figure 1 (a) Normalized absorption spectra of CS01 and
CS03 in chloroform solution and thin films. (b) Fluorescence
emission spectra for CS01 and CS03 and the CS01:PC7:BM
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and CS03:PC7:BM thin films upon excitation at Aex=530
nm for CS01 and Aex= 540 nm for CS03.

Figure 1(b) illustrates the PL spectra. When the organic
thin films contain the fullerene derivative PC7:BM in a
ratio 1:2 the CS01 and CS03 fluorescence is totally
quenched. This indicates efficient electron transfer from
the CS01 and CSO03 excited state to the fullerene and it
is a first indication that both CS01 and CS03 can be
used in BHJ thin films, together with the PC»1BM, in
OSCs.

2.2 Electrochemical properties and relative energy
levels.

The electrochemical properties of CS01 and CS03 were
analyzed using cyclic voltammetry (CV). Figure 2
shows the cyclic voltammograms. Both compounds
show a first reversible oxidation wave at 0.22V for
CS01 and 0.03V for CS03 versus Fc/Fc*. From those
values, the relative HOMO energy level for CS01 and
CS03 was calculated: -5.32 eV and -5.13 eV hy
applying Equation 1, respectively. The deeper value for
the CS01 HOMO should lead to higher Voc in the solar
cells compared to the CS03. The relative LUMO energy
values are -3.6 eV for CSO1 and -3.48 eV for CS03 as
calculated using Equation 2.

The experimental results show good correlation with the
theoretical values with the HOMO energy value for
CS01 being deeper than the HOMO energy value of
CS03.
Equation 1 Enowmo (eV) = [-q(Eox+5,1)]eV

, where q is the electron charge, Eox is the oxidation
potential of the first wave of the molecule measured
using Fc/Fc* as reference.

Equation 2 ELumo (EV) = Egopt_ Enomo

Figure 2 Cyclic voltammograms for CS01 (a) and CS03 (b)
using ferrocene (Fc/Fc*) as internal reference in
dichloromethane measured at room temperature.

2.3 Photovoltaic measurements

OSCs were fabricated with the following device
structure ITO/PEDOT:PSS/CS01 or CS03:PC:BM/
PFN/AL. We have optimized the performance of OSCs
through varying the D:A weight ratios in CHCl;
solution. The optimized weight ratio is 1:2 for both the
CS01 and the CS03. The current-voltage (J-V) curves



under illumination for the devices are shown in Figure
3a and photovoltaic parameters are listed in Table 1. As
commented before, the higher Voc observed for CSO01 is
due to the deeper relative HOMO energy value in
comparison with the CS03. As demonstrated previously,
for equal recombination kinetics the Voc of the organic
solar cells can be correlated with the energy difference
between the HOMO of the electron donor molecule and
the LUMO energy level of the electron acceptor
molecule. The differences in Jsc can be understood in
terms of better light harvesting in the case of the CS03
thin films as already observed in Figure 1la.
Nonetheless, to reinforce our hypothesis we measured
the incident photon to current conversion efficiency
(IPCE) spectra for the OSCs (Figure 3b) which is in
perfect agreement with the absorption data. Moreover,
the integration of the IPCE spectrum with respect to the
1.5 AM G sun spectra leads to values of Jsc very close
(Table 1).

2
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Figure 3 (a) Photocurrent —voltage characteristics under 1 sun
simulated illumination and (b) IPCE spectra of the organic
solar cells based on CS01 and CS03 as donor and PC7:BM as
acceptor.

Table 1. Photovoltaic parameters (Jsc (photocurrent density),
Voc (open Circuit Voltage), FF (fill factor), PCE (solar cell
efficiency at 1 sun) for the different solar cells using CS01 and
CS03 as donor and PC71BM as acceptor.

Jsc Voc FE PCE Jsc
(mACT?) (V) (%) (mAem?)”
(aiigit) 713 084 034 203 7.01
(acsigft) 861 073 038 239 8.49
(2\5/% 1048 079 058 480 10.37
(2\5/% 1281 067 062 532 12.73

b Calculated after the integration of IPCE spectra with respect
to the 1.5 AM G solar spectrum.

The CS01 and CS03 based OSCs without any treatment
showed low PCEs mainly due to the low values of both
Jsc and FF and may be due to poor nanoscale
morphology of the active layer which lead to charge
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recombination during their transportation towards
electrodes. In order to improve the morphology of the
active layer, we have adopted the solvent vapor
annealing (SVA) as reported in literature!*. We have
used CS, for SVA treatment during 30 s due to its high
vapour pressure and the solubility the SMs have with it
Moreover, PC71BM exhibits better solubility in CS; as
compared to other solvent such as tetrahydrofuran.
Therefore, the combination of high vapour pressure and
medium solubility of the small molecule donor implies
fast vapour penetration in the active layer. The current-
voltage characteristics of the OSCs based on SVA
treated active layer are shown in Figure 3a are listed in
Table 1. The photovoltaic performance of the OSCs has
been significantly enhanced compared to as cast OSCs.
Since the SVA treatment the crystallite of donor
materials are grown, this treatment for longer time,
would make an over grown of the crystallite (> exciton
diffusion length) and as large as the film thickness and
the active layer no longer form the BHJ networks.

The increase in the Jsc for the OSCs after the SVA
treatment has been also confirmed from the IPCE
spectra of devices (Figure 3b). Those values are higher
than those for the as cast counterparts, indicating that
the exciton generation and their dissociation into free
charge carriers have been improved, related to the
improved nanoscale morphology and phase separation.

The hole mobility of CS01 and CSO03 in the blend films
were measured by the J-V characteristics on the hole
only devices (Figure 4). The hole mobility values for as
cast and SVA treated active layers are summarized in
Table 2. The electron mobility in the as cast and SVA
treated active layers were measured using electron only
devices in similar manner as for hole mobility and
complied in Table 2. There is a slight change in the
electron mobility values after the SVA treatment. The
improved hole mobility and better balance between the
electrons and holes mobility after the SVA treatment
could promote charge transport and reduced charge
recombination, leading to improvement in Jsc and FF,
and thereby PCE. Moreover, the hole mobility in
CS03:PC7BM is higher than that of CS01:PC7BM for
as cast and SVA processing conditions, respectively
irrespective of processing conditions, may be one the
reasons for high values of FF and PCE for former
OSCs.
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Figure 4. (a) Current-voltage characteristics of hole-only
devices based on CS01:PC1BM and CS03:PC71BM
photoactive thin films.

Table 2. Solar cells carriers mobility measured using the
Space Charge Limited Current (SCLC) model.

Hole Electron
Active layer mobility mobility Ratio
(cm?/Vs) (cm?/Vs)
CSOLPCHBM | 5 564105 2.13x10 8.32
(as cast)
CSO3:PCHBM | 194105 228 x10* 5.44
(as cast)
CS01:PCnBM 5 a
(SVA) 7.89 x10 2.42 x10 3.06
CS03:PCnBM 5 4
(SVA) 9.87x10 2.48 x10 2.51

3. Conclusions

In summary, we have synthesized two new low weight
organic molecules that can be processed to form
semiconductor organic thin films. The molecules show
excellent absorption from the visible to the near IR
region of the sun spectra and interfacial electron transfer
process when mixed in thin BHJ films with PC71BM.
The optimization through SVA of the photoactive films
in solar cells with the standard configuration
ITO/PEDOT:PSS/Photoactive  film/PEN/AI leads to
efficiencies of 4.80 % and 5.1 for CS01 and CSO03,
respectively. However, a deeper analysis of the
photovoltaic parameters leads to the finding that the
SVA processing implies the formation of an unbalanced
process between holes and electrons mobility. While the
hole mobility property of the thin BHJ film improves
noticeably, the electron mobility characteristics remains
almost identical indicating the improved balanced
charge transport. Nevertheless, the solvent annealing
has positive effects on the film morphology that leads to
better charge collection as measured by monitoring the
changes in Jpn VS. Ve leading to higher solar-to-energy
conversion efficiencies over 5 % in the case of the CS03
molecule. These SMs can be used as donor with the low
bandgap non-fullerene acceptors and we are working in
this direction.
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Abstract

Sequential attachment of streptavidin and biotin to
nanoporous anodic alumina (NAA) inner pore surfaces
is a key step in the design of biosensing systems based
on such structure. In this work we study by means of
reflection interference  spectroscopy (RIfS) the
attachment of these two molecules to NAA
functionalized  with  3-aminopropyltriethoxysilane
(APTES) and we evaluate how RIfS signal depends of
different biotin concentrations.

1. Introduction

Nanoporous anodic alumina is a material with growing
interest in nanotechnology since it consists on an array
of regularly ordered straight pores perpendicular to the
material surface [1] obtained by the electrochemical
anodization of aluminum in the appropriate conditions
[2]. Thanks to its high surface-to-volume ratio,
tailorable geometry and chemical stability NAA is
widely used as a biosensing platform [3]. For this
propose the surface modification of NAA by grafting
functional molecules is a key step. The streptavidin-
biotin interaction system is widely used in biosensors
[4]. Thanks to their strong affinity and specificity, it is
easy to immobilize any biotinylated molecule on a
biosensor surface previously functionalized with and
provide sensitivity for a great variety of analytes [5].
Optical biosensing with NAA has been demonstrated
with the Reflection Interference Spectroscopy method
[6]: the atachment of a specific chemical or biological
molecule to the inner pore surface (conveniently
modified) of a NAA thin film is detected by a change
in the reflectance spectrum, quantified as a shift in the
film effective optical thickness (EOT). In this work, we
study the successive attachment of streptavidin and
biotin to the NAA inner pore surfaces, adequately
functionalized, by means of RIfS. The data on the
detectability of these grafting steps is a key knowledge
to understand the results in successive biosensing
experiments.
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2. Experimental
NAA thin films were obtained following the two-step
anodization process [6] using a 0.3 M oxalic acid
electrolyte at an anodization potential of 40 V and at 4
°C in both anodization steps. Anodization time of the
second step was adjusted to obtain a pore length of 5
pm. Figure 1 shows a top-view SEM picture of one of
the NAA thin films obtained with such procedure.
NAA were then immersed in 5% w/w H3PO,4 for 10
min to adjust the pore diameter to 50 nm. Finally, 5 nm
thickness gold film of was deposited by sputtering on
top of the NAA to increase contrast in the measured
spectra.
Functionalization of the NAA started by immersing
during 1h in boiling hydroxyperoxide (H20;) to obtain
hydroxyl (-OH) groups on the surface. Next, samples
were incubated (under nitrogen flux) for 1h in 20ul of
dry toluene and with 0.2ul of APTES added dropwise,
followed by rinsing with toluene and ethanol and
storage in oven overnight. Prior to flow cell
experiments, streptavidin was mixed with EDC and
NHS both at 8mg/ml for 30 min so as to activate the
carboxyl group.
To carry out the RIfS experiments NAA samples were
mounted on a flow cell. In all steps, the different
solutions were circulated until a stable value of EOT
was achieved. First step consisted of buffer injection
followed by the circulation of the streptavidin
(previously incubated with EDC-NHS) at 100 pg/ml.
After this step, buffer was injected to wash the non-
bounded streptavidin. Finally, biotin at different
concentrations (25 pg/ml, 50 pg/ml and 100 pg/ml)
was circulated to study the influence of biotin
concentration.
To prove the god attachment of a biotinylated molecule
to the streptavidin we use biotinylated thrombin after
the injection of streptavidin. In this case the injection
was followed by the circulation of streptavidin at 50
pg/ml, then buffer was injected to wash the non-
binding streptavidin molecules and finally biotinylated
thrombin was injected at 20 pg/ml.



2. Results

Figures 2 and 4 shows the results of the flow cell
experiments. The graphs show the relative change of
EOT as a function of the experiment time. In the figure
2, as a reference, the 0% change corresponds to the
stable level after the first PBS injection, while a 100%
change corresponds to the variation of EQT after the
streptavidin circulation. Figures 2 a b and ¢ correspond
to 25 pg/ml, 50 pg/ml and 100 pg/ml  biotin
concentrations respectively. In all the experiments, the
injection of streptavidin is clearly detected by the RIfS
method with a rapid increase in EOT as the injection
begins and stabilization after 300 s. The circulation of
the PBS buffer results in a reduction of the EOT
indicating the washing of the non-linked streptavidin
molecules.

Figure 4 shows the result when we inject biotinylated
thrombin after the streptavidin, in this case we observe
an increase of 5nm in EOT which reminds after
injection of PBS.

a)

500 nm

Figurel: SEM pictures of the nanoporous anodic alumina
samples a) Top view and b) cross-section.
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Figure 2: Relative EOT change as a function of time in flow
cell with injections of streptavidin (STV) at 100 pg/ml and
biotin (BIOT) at a)25ug/ml, b)50 pg/ml, and ¢)100 pg/ml
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Figure 4: Relative EOT change as a function of time in flow
cell with injections of streptavidin (STV) at 50 pg/ml and
20pg/ml biotnylated thrombin.

7. Conclusions
The capability NAA-based sensing of streptavidin-
biotin attachment with RIfS has been demonstrated.
Attachment of streptavidin, previously activated with
EDC/HNS cross-linker, to the APTES is clearly shown
in the RIfS experiments as an EOT increase. Instead, a
decrease in EOT after the circulation of biotin is
observed. Furthermore, EOT decrease is bigger for
higher biotin concentration.
Moreover, we prove the good attachment of biotinylated
thrombin to the NAA through streptavidin, this suggest
that we can attach any biotinylated molecule to the
surface of alumina for biosensors design.
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Abstract

Rugate filters based on nanoporous anodic alumina are
nanostructures are obtained by electrochemical
anodization of aluminium in the appropriate conditions
and by means of continuously varying anodization
current. In this work we show the design and fabrication
of rugate filters using successive sinusoidal components
in the anodization and study its capabilities in
biosensing.

1. Introduction
Rugate filters with continuous variation of the refractive
index with depth are one-dimensional photonic crystals
with tunable stop bands. They present an interesting
optical response characterized by a narrow and high
reflectance band [1-2]. Nanoporous Anodic Alumina
(NAA) is a very suitable material for the formation of
variable refractive index structures because of its cost-
effective and highly controlled fabrication process [3].
NAA consists of a network of self-arranged pores
perpendicular to the surface in an aluminum oxide
matrix. This nanomaterial presents an exceptionally
high effective surface area (hundreds of m?/cm?®), very
useful for applications like optical biosensing and drug
delivery platforms [4-7].
In this work, we design and fabricate Rugate filters with
complex optical response based on NAA (RF-NAA)
with photonic peaks in the UV and VIS spectral range.
They are formed by stacking together three periodic
structures tuned at different wavelengths. These RF-
NAA are used for developing a sensing system with real
time monitoring for the detection of biological elements.
D-Glucose solutions with different concentrations are
used to evaluate the sensitivity of this complex optical
structure.

2. Materials and Methods

Materials

High purity Aluminium foils (thickness 0.5 mm and
purity 99.99%), Ethanol (C,HsOH), perchloric acid
(HCIO.), oxalic acid (H.C,04), hydrochloric acid (HCI),
copper chloride (CuCl) and D-glucose (CsH1206) Were
purchased from Sigma-Aldrich. Double deionized water
(DI) (18.6 MQ) was used for all the solutions unless
other specified.

22

Fabrication

First Al substrates were degreased in acetone, cleaned
with ethanol and DI water and finally dried under steam
of air. Before the anodization, Al substrates were
electropolished in a mixture of Ethanol and Perchloric
acid 4:1 at 20 V and 5°C for 5 min. During the
electropolishing step the stirring direction was
alternated every 60 s. After the electropolishing the
samples were cleaned with ethanol and DI water and
dried under steam of air [4]. Then, the anodization was
carried out in H,C,0s 0.3 M at 5°C applying a
sinusoidal current profile with several design parameters
like offset current (10), amplitude current (I11), Period
(T) and number of periods (N). Multiple periodic
currents are applied sequentially instead of
simultaneously. In this case, the different rugate filters
are stacked on the same structure. This permits to use a
bigger current contrast in the current variations and
using electrolytes with different composition. Figure 1
shows the sinusoidal current profile and involved
parameters during the fabrication.

Current [mA]

Time [ms]

Figure 1. Current profile in stack configuration of
Rugate Filters based on nanoporous and alumina and
involved fabrication parameters.

3. Results

Figure 2 shows the reflectance spectrum of the
described sample after removing the remaining
aluminum. As it can be seen, the three successive
sinusoidal currents give rise to the formation of three
stop bands. The height of these stop bands reaches
between 25 % and 52 % while its widths are between 20



nm and 30 nm. It can be observed that there is a direct
relationship between the period of the anodization
current and the corresponding central wavelength, A, =
516 nm of T; =160 s, A, =606 nm of T, = 175, A3 =
694 nm of T3 =195s.

The ability to detect a change in refractive index of the
medium filling the pores has been investigated by real-
time spectroscopy. To this end, the sample is mounted
in a sealed cell with a transparent window that permits
the measurement of the reflectance spectrum by a fiber
mini spectrometer as different fluids are injected to the
cell and fill the staked structure NAA pores. Figure 3
shows s a plot of the peak wavelength for each stop
band in the sample as a function of time, as different
glucose solutions of increasing concentration are
injected. It can be seen that the peak wavelength shifts
linearly towards higher values for increasing glucose
concentrations, with a lower limit of detection.

60 T T T T

50 A=516nm |
TW: 160s 2,=608 nm
404 T,=175s |
230
x
204
10
0 T T T T
300 400 500 600 700 800

Wavelength [nm]

Figure 2. Reflectance spectra of Nanoporous Anodic
Alumina Rugate Structures samples with different
period time (T) in stack configurartion
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Figure 3. Peak wavelength shift as a function of time
for the three photonic stop bands of the stacked
structure, as glucose solutions with the indicated
concentration are injected in the flow cell.
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4. Conclusions

In this work we demonstrate the possibility to fabricate
Rugate filters based in Nanoporous Anodic Alumina in
stack configuration by the application of successive
sinusoidal anodization currents with different period.
The central wavelength of the obtained photonic stop
bands is directly related with the period of each of the
different applied successive sinusoidal currents. Further
research will be carried out to determine the relation
between these two magnitudes. We also demonstrated
the ability of these structures to detect a change in the
refractive index of the fluid filling the pores by means
of real-time spectroscopy.
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Abstract
Herein we describe a library of four azafullerene (AF)
monoadducts (DPS-CsgN, HDP-CsgN, DBOPCsgN and
DHOP-CsgN) used as acceptor materials in PSCs in
conjunction with PTB?.

DPS-CgoN

HDP-C,,N

DBOP-Cy,N

Figure 1: Structure of azafullerenes.

1. Introduction

Polymer solar cell (PSCs) have attracted great interest in
the field of renewable energy due to their recent
increase in power conversion efficiency and low
manufacturing costs. Since the early days of PSCs, a
great number of electron donor materials have been
reported, however very few alternatives to PCBM
fullerenes have been reported to date. Recently,
Azafullerenes have been considered as a promising
alternative acceptor material due to their stronger
absorption in the visible region of the solar spectrum
compared to PCegBM, without affecting the frontier
orbital energies.

2. Experimental and Results
Fabrication of solar cells: The hole transport material
(PEDOT:PSS) was spin-coated on the top of the pre-
patterned 1TO surface, yielding a film thickness of ca.

30 nm. The PTB7/AF (donor/acceptor) blend solutions
were prepared from a 1:1 or 2:3 D/A weight ratio in
Chloroform (10 mg/mL total weight concentration) with
3 or 1 % w/w of DIO additive. The blend solution were
deposited by spin coating at 1300 rpm, for 30 s on top
of the ITO/PEDOT:PSS surface. After spin-coating, the
samples were placed in a thermal evaporator and a Ca
layer (20 nm) and an Ag layer (100 nm) were deposited
under high vacuum (1x10° mbar). The active area of the
devices were 0.09 cm?,

Solar cells characterization: The J-V characteristics of
the devices were recorded using a Sun 2000 solar
simulator (150w, ABET Technologies). The
illumination intensity was measured to be 100 mwW/cm?
with a calibrated silicon photodiode (NREL). The
results are summarized in the table 1 for each fullerene,
and the J-V characteristics of the best performing
devices plotted in Figure 2.

DPSCssN HDPCsN  DBOPCsN  DHOPCsgN
Jsc [mMACmM™?J? 8.43 0.92 2.40 0.55
Voc [V] 0.728 0.655 0.666 0.632
FF [%] 49 28 32 25
PCE [%0] 3.03 0.19 0.55 0.09
D/A ratio 2:3 2:3 11 1:1
DIO [%] 2 2 3 3

Table 1: 2 Values of best-performing devices measured at 1
SUN A.M. 1.5 illumination (100 mW cm). Solvent: CHCls.
PCE: power conversion efficiency. D/A: donor/acceptor. DIO:
1,8-Diiodooctane.
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Figure 2: J-V characteristics of best-performing devices.

3. Conclusions

We observed that all azafullerenes, except DPS-C59N,
show rather deteriorated J-V characteristics. Our studies
indicate that thiophenol-functionalized azafullerenes
substituted with single n-alkyl chains lead to favorable
J-V characteristics. Although it can be difficult to draw
clear structure—property relationships in OPV, we
deduced from our studies that two- fold n-alkyl-
substituted and branched-alkyl-substituted derivatives
lead to poorer characteristics. Further studies on
azafullerene-based OSCs should therefore focus on
single n-alkyl chain functionalization. [1]
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Abstract

Mass spectrometry imaging is a label-free analytical
technique capable of molecularly characterizing
biological samples, including tissues and cell lines. The
organic matrices used in matrix-assisted laser
desorption/ionization mass spectrometry experiments
hampers  the analysis of low molecular weight
compounds (i.e. metabolites) due to the high interfering
ions generated by the organic matrix itself. The use of
solid-state substrates instead of the classical matrices is
very appropriate to overcome this problem. In this study
we focus on developing a novel nanostructured
substrate based on black silicon fabricated by reactive
ion etching and coated with sputtered gold. The
hydrophaobic/hydrophilic properties of this surface have
been tailored in order to detect both polar and nonpolar
compounds. This surface demonstrated to be very
effective for analyzing imprinted mouse brain tissues
and fingerprints.

1. Introduction

Matrix-assisted laser  desorption/ionization = mass
spectrometry (MALDI-MS) is a popular technique that
has been used extensively in mass spectrometry
imaging (MSI) for protein and peptide mapping of
animal or vegetal samples. However, the main
problems of this technique are the limited spatial
resolution, the lack of spatial homogeneity and the
difficulty to detect low molecular weight compounds
(< 400 Da) because of the interfering signals coming
from the organic matrices [1].

Nanostructured  functional surfaces have been
developed to eliminate the use of MALDI matrices and
to overcome the above mentioned limitations. These
matrix-free LDI-MS methods demonstrated their great
value by their versatility: both liquid analysis and
tissue metabolite mapping can be achieved at low
concentrations and with little or no ion fragmentation
[2].

We investigated the fabrication and use of novel gold-
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coated black silicon substrates (Au-BSi) for LDI
metabolomics analysis of imprinted fingerprint and
mouse brain tissue. Characterization of structure,
reflectance, and hydrophilic/hydrophobic behavior
revealed that the gold-coated black silicon substrate
possesses optimal properties for LDI analysis.

2. Fabrication and Characterization

The black silicon substrates have been prepared using
reactive ion etching (RIE) processes as previously
described in [3]. A mixture of oxygen (O2) and sulfur
hexafluoride (SFe¢) plasma with 1:1 ratio, was used to
create the ordered needle-like structures as presented in
Fig. 1. Afterwards, a gold layer of 10 nm thickness was
deposited onto the black silicon by sputtering. Finally,
the hydrophilic (hydrophobic) regions were obtained
by applying O, (CHF3) plasma treatment with the help
of a silicon shielding mask (Fig. 1.).

O, and SF; plasma

Silicon wafer Au sputtering

A

plasma Functionalizationusing CHF, plasma
| maskand plasma

Hydrophobic

O,

Hydrophilic

Hydrophilic/hydrophobic Au-Bsi substrate

Fig. 1. Fabrication steps of selective Au-BSi substrate.
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Fig. 2. Scanning Electron Microscopy cross-section
image of Au-BSi substrate.

The black silicon surface presents a needle-like array
structure (Fig. 2.), that absorbs visible light and gives
the black aspect of silicon. Remarkably, at 337 nm (the
wavelength of LDI-MS laser) the reflectance value is
very low (<2%). The hydrophobic or hydrophilic
property of the gold-coated black silicon surface was
characterized with a contact angle (CA) measurement
equipment. We fabricated the superhydrophobic surface
with a mean CA of ~165°, due to CHy terminal groups
and the hydrophilic surface with a mean CA of ~45°,
due to hydroxyl terminations (Fig. 3).

Fig. 3. Contact angle measurements on hydrophilic (left)
and hydrophobic (right) Au-BSi substrates.

3. LDI-MS Results and Discussion

Both silicon nanostructure and Au nanolayer are
contributing with their specific properties for the novel
substrate. These properties enable the LDI acquisition of
rich mass spectral data with a minimal interfering
background. The black silicon nanostructure provides a
biologically inert environment to which sample
molecules can adhere without being contaminated. Also,
black silicon absorbs the laser energy of the
spectrometer and transforms it into energy necessary for
desorption and ionization of molecules. The gold
nanolayer plays two important roles: first, it helps the
ionization and desorption processes of the analytes and
second, the Au clusters peaks that appear in the spectra
are used for spectrum calibration. It has been previously
demonstrated that nano-sized gold layer is affected by
the laser wavelength and interacts with the molecules to
be ionized, thus guiding the ionization and desorption
processes.

The MS images of imprinted fingerprint and mouse
brain tissue are represented in Fig.4. The gold-coated
black silicon substrate has successfully discriminated
between ions of different polarity as they have adhered
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to their specific selective area. In the case of the
fingerprint, the top half region was functionalized with
hydrophilic terminations and the bottom half with
hydrophobic  terminations. To demonstrate the
functionality of the selective regions, we represented the
distribution of the hydrophilic ion m/z 284.34, which is
uneven throughout the selective surface, as expected. In
the case of the brain tissue, we mapped the

concentration of the m/z 274.87 ion, which has adhered
to the hydrophilic area of the surface (left side),
suggesting that the ion is a hydrophilic metabolite.

Fig. 4. Mass spectrometry imaging of fingerprint (left)
and mouse brain tissue imprint (right) on the gold-coated
black silicon substrate, with the color intensity scale.

4. Conclusion
Selective detection of hydrophobic or hydrophilic
metabolites is possible with the help of our novel
nanostructured gold-coated black silicon functional
surfaces. We successfully differentiated between
hydrophilic and hydrophobic molecules of imprinted
fingerprints and mouse brain  tissues. The
nanostructured gold-coated black silicon substrates
assisted in the ionization/desorption  processes,
facilitating detection in the low molecular mass range
without interfering background signal.
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Improving classification by harnessing the
potential of 1H-NMR signal chemical shifts

(Manuscript pending publication)

Metabolomics studies use 1H-NMR spectra to quantify
metabolite concentrations. Nevertheless, there is much
more information available in a spectrum not used by
now in metabolomics studies, such as the chemical shift
of metabolite signals. This information may be helpful
to enhance the discrimination of samples. Here, we
demonstrate the potential of chemical shift to reach a
much higher quality in sample characterization and
discrimination. We applied the collection of the
chemical shifts of metabolite signals in two public
metabolomics study datasets. The accuracy in the
classification of samples of smokers or of ulcerative
colitis patients improves up to 20 percentage points
thanks to the use of chemical shift information (Figure
1). Improved classification can be explained by the pH
imbalance characteristic of the condition studied in both
datasets. The high range of diseases characterized by pH
imbalance suggests great potential in the use of
chemical shift information to enhance the diagnostic
and predictive properties of NMR.

Maximizing the NMR automatic profiling
quality through prediction of expected
metabolite signal parameters

(Manuscript submitted)

Automatic approaches to profile NMR data are
compromised by multiple sources of variability present
in complex matrices. These sources give variability to
the parameters of metabolite signals, forcing profiling
algorithms to relax their criteria (and, therefore,
reducing their effectiveness). To maximize the quality
of lineshape fitting during NMR profiling, it is
necessary to restrict as much as feasible the possible
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value ranges in the parameters during lineshape fitting;
therefore, it is necessary to create spectrum-specific
value ranges for each parameter. This can be done if
signals parameters are predicted with the information
achieved during a first profiling iteration (Figure 2).
The results of the study showed that the prediction of
signal parameters values through the use of the
information collected during a first profiling iteration
helps maximize the profiling performance. In addition,
our study also presents a new quality indicator based
on the information generated by our machine-learning
based pipeline. This new quality indicator provides
higher-quality information than current approaches
(e.g., lineshape fitting error) to improve the detection
of suboptimal quantifications and to enable the
detection of wrong annotations, two current bottlenecks
in metabolomic studies.

rDolphin: a GUI R package for proficient
automatic profiling of 1D 1H-NMR spectra
of study datasets

(Manuscript published)

Adoption of automatic profiling tools for 1H-NMR-
based metabolomic studies still lags behind other
approaches in the absence of the flexibility and
interactivity necessary to adapt to the properties of
study data sets of complex matrices. To provide an
open source tool that fully integrates these needs and
enables the reproducibility of the profiling process.
rDolphin incorporates novel techniques to optimize
exploratory analysis, metabolite identification, and
validation of profiling output quality.The information
and quality achieved in two public datasets of complex
matrices are maximized. rDolphin is an open-source R
package  (http://github.com/danielcanueto/rDolphin)
able to provide the best balance between accuracy,
reproducibility and ease of use.
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Figure 1: The samples are better differentiated by the
location of the signals (parametrized by the chemical
shift in ppm) than by their intensity (top). This pattern is
observed in multiple signals in the dataset. As a result,
the PCA of the collected chemical shifts of signals
shows much better separation of samples than the PCA
of the collected quantification of metabolite

concentrations.
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4-deoxythreonic acid doublet in 1.1 ppm region
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Figure 2: The signal parameter prediction pipeline
enables a strict and accurate reduction in the
bounds to use during lineshape fitting. The figure
shows a very difficult signal fitting found with the 4-
deoxythreonic acid signal in human urine matrix. The
chemical shift variability present in this signal (a)
forces lineshape fitting algorithms to consider a wide
range of possible chemical shift values during the
fitting (b). This wide compromises the right assignment
of the doublet center when other signals appear
adjacent to the signal to fit (d). The chemical shift
prediction generates spectrum-specific chemical shift
possible distributions (c). These distributions are very
strict and can help generate much narrower fitting
bounds (d)
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Abstract

Physics based models for calculating the threshold
voltage (V) of GaN-based high electron mobility
transistor (HEMT) is proposed. Assuming that the
2DEG in III-V heterostructures originate from donor
like surface states, an analytical expression for ¢p is
derived based on the condition of charge neutrality
across the barrier layer and applied to develop Vy
model. Furthermore, the ¥ models are implemented in
the physics-based I — ¥ model previously proposed by
our group for AlGaN/GaN HEMTs and tested with
devices of different geometry. Excellent agreement is
obtained between the model and experimental data of
the drain current and transconductance of the devices
over a full range of bias conditions.

1. Introduction

Hitherto physics-based models developed for GaN
HEMTs account for the polarization effect in a unified
threshold voltage (V) equation. However, this
expression fails to accurately predict the parameter for
GaN-based HEMT devices with Al concentration x over
0.15 [1]. In this work, we have presented a threshold
voltage model that properly accounts for the
polarization effect for Al,Ga;N/[AIN]/GaN device.

2. Model derivation

The device band diagram is depicted in Fig.1. The
potential drop across the AlIGaN and AIN layers, Vaigan
and Va, can be expressed using Poisson’s equation as

VAlGaN __ OAlGaN _4Ts
dalGaN € €

(M

VAIN _ SAIN _d7s
dAIN £ £

2

where, VAIGaN> VA]N, O AlGaN> and OAIN are the potential
drop across the AlGaN and AIN layers and polarization
induced charge in both layers respectively, ng is the
2DEG density, daigan and dan are thickness of the
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AlGaN and AIN layers, € is the permittivity which is
considered here as the same for both layers for
simplicity.

qVan
AEcAiGaN/aIN
AV aiGan

A

X 3 |
¥

Q(P-Ve) N AR AINGaN
AlGaN

Fig.1. band diagram of AIGaN/AIN/GaN Structure.

Applying basic geometry rule on Fig.1, with V=0 and
neglecting E the Schottky barrier height (¢p) can be
expressed as

qdp =9Vaican + qVaiw + AE¢ 3)

where, AE, =AEqnGaN-AEsicavaiv.  AEsiGavan  and
AE v cav are the band offsets at the AlGaN/AIN and
AIN/GaN interfaces respectively. Moreover, it has been
shown in [2] that the origin of 2DEG in GaN based
HEMTs is the donor-like surface states located at barrier
layer surface. Therefore, ng can be calculated as

N, = no(qPp-Eq) 4)

where n, is donor state density per unit area per unit
energy and E, is the energy level below which the donor
states are located. Solving (1), (2), (3) and (4)
simultaneously gives
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Based on the physics of heterojunctions, and

considering the effect of the gate bias (V), an analytical
expression for the 2DEG density is derived as

ng = (¢/qd)(Vs-Ven-Er) ™

where, ng is the 2DEG anSity, d= dAlGaN+ dA[GaN- dAlGaN
and dy are thickness of the AlGaN and AIN layers
respectively, E; is the Fermi level, Vg is the applied gate
voltage. V7, corresponds to the polarization dependent
threshold voltage which is expressed as

®)

AE, galGaNdAlGaN | TAINAAIN
Vip = ¢p-—L- alNZAlGaN
th b" g . B

3. Results

The above Vy and ¢, models are incorporated in I-V
model for GaN HEMTs presented in [3], and one
AlGaN/AIN/GaN device was simulated (Fig. 2 and Fig.
3). Excellent fit is obtained for the device characteristics
and this validated the models proposed in this work.
Furthermore, we have adapted the V;, and I-V models
presented in [1] and [3] respectively, for the first time,
for double channel (DH) AlGaN/GaN device and good
agreement is achieved between the model generated and
experimental data of the device characteristics ( Fig.4
and Fig.5).

7. Conclusions
We have presented a Schottky barrier and threshold
voltage model for AIGaN/AIN/GaN and DH-
AlGaN/GaN HEMTs. A good level of accuracy is
obtained between the model and experimental data.

16 T T T T

Model & Experiment

lgs(A/mm)

Fig.2. output characteristics of AlIGaN/AIN/GaN structure
(experimental data from [4]).
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Fig.3. Transfer characteristics of AlGaN/AIN/GaN
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Fig.4. output characteristics of DH-AlGaN/GaN structure
(experimental data from [5]).
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Fig.5. Transfer characteristics of DH-AlIGaN/GaN
structure (experimental data from [5]).
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Abstract
Femtosecond Transient Absorption Spectroscopy (fs-
TAS) is a useful technique which allows to make
studies on the kinetics at very fast time scales (up to the
femtosecond timescale ~ 1015 s). In this work, we have
used this technique to identify and analyze carrier
kinetics in lead halide perovskite solar cells.

Also, we have identified charge transfer processes
between the photoactive material, perovskite, and both
charge extraction layers, TiO2 as Electron Transporting
Material (ETM), and a series of semiconducting
polymers that act as hole transporting materials (HTM)
in Perovskite Solar Cells.

1. Introduction
Since 2009, the first time that lead halide perovskite
was applied as light sensitizers in solar cells?; there has
been some kind of revolution in the field of
photovoltaics, with more than 3000 papers published
last year on perovskite solar cells.

These great efforts have supposed power conversion
efficiencies (PCE) bigger than 22%?2 by different
strategies in the solar cell fabrication, especially in the
perovskite preparation step.

Even though these great efficiencies have been
achieved in less than 10 years, there are a lot of
physical insights that need to be understand, as it could
be charge generation, ionic movement, charge transport
or charge recombination. For this purpose, researchers
have used a variety of techniques, optical (transient
absorption  spectroscopy®*, or time resolved
photoluminescence®), electrical (transient techniques®
or impedance spectroscopy’), or even computational
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simulations and modelling®?.

Here, using femtosecond transient absorption
spectroscopy, we have study charge carrier processes
in methylammonium lead iodide (MAPI) perovskite.
Additionally, we have studied charge transfer
processes, both for electrons to the electron
transporting material, the TiO; layer; and holes to the
hole transporting material, which in this case have been
a series of semiconducting polymers (PTB7, P3HT,
and PCPDTBT) compared with the reference material,
spiro-OMeTAD small molecule.

Finally, we have tried to disseminate why these
semiconducting polymers, widely used as donor
materials in organic solar cells, they do not work as
efficient in perovskite solar cells. It seems that we
found a carrier pathway, which suppose a carrier loss at
the MAPI/HTM interface.

2. Results and discussion

From the fs-TAS results on MAPI films (fig. 1), it is
easy to appreciate two ground state bleaching (GSB)
signals, which correspond to the two bands observed at
480 and 760 nm in the UV-Vis spectra, and that have
been related to the depopulation of two valence bands.
Also, there is a big photoinduced absorption (PIA),
between the two GSB signals as well as in the near-IR
region, that has been associated with changes in the
refraction index. Finally, it has to be remarked the
positive signal observed at early stages around 780 nm.
This signal has been assigned to the existence of hot
carriers in the sample, before they relax to the
conduction band edge. The presence of these hot
carriers will be commented in depth.
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Fig. 1. Fs-TAS spectra in the visible and NIR (c) of
MAPI films following Aexc = 460 nm. Differential
absorption spectra (a) shown in c) with different time
delays: 0.5 ps (black spectrum), 3 ps (purple spectrum),
and 20 ps (blue spectrum). Time absorption profiles
(b) of the spectra shown in c): 480 nm (black spectrum)
and 760 nm (blue spectrum).

After identifying the characteristic signal corresponfing
to the MAPI perovskite, we obtain the spectra for the
films with TiO2/MAPI or MAI/HTM (HTM = spiro-
OMeTAD, PTB7, P3HT, and PCPDTBT). In the
visible range, the signals assigned to the perovskite are
the most prominent ones, while for the near-IR region,
different peaks appear for every material, related with
the presence of charges in that material (fig. 2). So, we
have identified charge injection signals into the
different ETM and HTMs through their polaronic
signature in the IR region.
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Fig. 2. Comparison of the differential absorption
spectra in the NIR of the different MAPI films (MAPI
(@), TiIOo/MAPI (b), and MAPI/HTM; HTM = spiro-
OMEeTAD (c), PTB7 (d), P3HT (e), or PCPDTBT (f))
at 1.2 ps with Aexc = 460 nm.
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Finally, we follow the kinetics at 780 nm, related with
the hot carriers. The formation of the GSB is delayed
up to 8 ns for some of the polymers (P3HT and
PCPDTBT), precisely the ones that exhibited lower
PCE?. We hypothesize a possible carrier loss pathway,
in which the hot carriers are injected in the
MAPI/HTM interface, just to relax back to the
conduction band edge of the perovskite. Compared
with spiro-OMeTAD, with a higher LUMO level,
acting as electron blocking layer, this behaviour is not
observed.
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Fig. 3. (left) Kinetic traces at A = 780 nm for MAPI,
MAPI/TiIO2, and MAPI/HTM films. (right) Schematic
representation of the interfacial charge transfer process
suggested.

3. Conclusions

We have identified and analyzed fs-TAS spectrum of
different lead halide perovskite films, identifying charge
generation and charge injection processes into different
charge extraction layers. Also, we have identified the
corresponding signal to carriers in these charge
extraction layers, found in the IR region of the spectra.
Finally, we found a carrier loss pathway in some of the
polymeric HTM that could explain their differences in
PCE.
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Abstract—For compact modeling it is a challenge to analyt-
ically describe cylindrical gate-all-around (GAA) MOSFETSs in
3-D with the simplest symmetric double-gate (DG) MOSFET in
2-D. It gets more complicated when short-channel effects play a
role for nanoscale devices. We present a way to predict the center
and surface potential (Pc and ®s) as well as the subthreshold
swing (Ss:) and the drain-induced barrier lowering (DIBL) for a
given device dimension and in case of intrinsic channels. For this
aim only the channel length has to be scaled. We compare 2-D
DG with 3-D GAA MOSFET simulation data from Technology
Computer Aided Design (TCAD) for these four device properties
to prove the introduced scaling theory.

I. INTRODUCTION

For an ideal subthreshold swing and to reduce the DIBL
effect in short channel devices, it is necessary to surround the
complete channel with gate material. As a consequence the
electrostatic control of the gate electrode in GAA MOSFETs
is much better than in DG MOSFETs. By cutting a cylindrical
GAA MOSFET of radius R lengthwise through the center we
get a 2-D DG MOSFET of thickness t., = 2R (see Fig. 1).
This means, if we know the electrostatic behavior of the 2-D
structure, we can trace back to the 3-D structure due to the
rotational symmetry. By considering the subthreshold region
the most important values, which are needed are position and
value of &~ and Pg. Earlier evanescent-mode analysis [1]
predict that DG MOSFETs can be scaled to 53 % larger
channel length than GAA MOSFETs. TCAD simulations show
us that a fixed scaling factor of 1.53 is not usable for all device
dimensions. In addition, &~ and ®g need different scaling
factors. Therefore, we derive an analytical expression which
shows a dependence on the channel thickness ¢.;, = 2- R and
oxide thickness t,,.
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Figure 1. Sketch of an n-i-n type silicon DG MOSFET with its parameters:
The source/drain S/D region is highly n-doped (Nyoq = 10%20/cm3)

and Lgq 10 mm long. The channel is intrinsic and its length
(Lep, = 1.5R,2R,2.5R,3R,3.5R,4R,5R, 6 R) is radius-dependent (R =
4,...,10 nm). The gateoxide is made of the high-~ material HfO2 (tor =
1 nm).
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II. DERIVATION OF A DEVICE DIMENSIONS DEPENDENT

SCALING FACTOR

Yan et al. [2] and Suzuki et al. [3] derived equations for
the so-called natural length .
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where Kk = €ch/€on» €ch and €,, are the dielectric constant of
Si and HfO,, R is the half channel thickness and t,, is the
gate oxide thickness. Both assume the electrostatic potential ¢
from gate to gate as a parabolic function. Yan et al. solve the
Laplace equation along the surface and Suzuki et al. along the
center, where most of the leakage current flows. Based on Yan
et al.’s theory the ideal subthreshold factor remains the same,
if the device is designed maintaining o = g—f where Lg is
the gate length. Auth et al. [4] derived the cylindrical natural
length along the center of a device:
1
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In this paper, we derive the missing cylindrical natural length
along the surface of a device. The main difference to the
derivation done by Auth et al. [4] is to eliminate ®~ instead
of ®g so that the equation for the potential ®(r, z) is
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where ®, is the gate potential. Now the solution of the
Poisson’s equation at the surface is

(s(z) ~ @) _
(OZan)?

where N, is the channel doping concentration (here: N, = 0)

and )\gAA is
tox 1
14+ = —
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In all four cases the potential drops exponentially along the
channel as ®(r,z) o exp(£z/A). To get the same potential
profile along the surface and center we compare the corre-
sponding exponents using the equations (1), (6) and (2), (3).
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Thus, we get the scaling factor for the channel length:
tox/R g

— a. | teel 7
DG ln(1+t°ﬁ) 2GAA ()
R
1+2ntom

ch; = V2.
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In equation (8), the second addend in the numerator and
denominator are dominant over the first addend for R >> t,,.
This results in

Furthermore, Oh et al. [1] hold the view that a parabolic
approximation of ® differs widely from that of the sinusoidal
solution and derive a potential ¥* for DG and GAA MOS-
FETs, which satisfies the Laplace equation. We simplify these
equations due to the fact that source and drain are equally
doped and consider them without any bias:

e - cos (x) - cosh (zDG> (10)
Aba ApG

oo <)\GTAA> cosh (/Z\Zii) (an

Jo is the Bessel function of order zero. By fulfilling the
boundary condition at the channel/oxide interface and assum-
ing R >> t,, for the same channel thickness (., = 2R) it

S
follows 23, ~ /\’\SDG <2844 ~ 1.53 - 22 4 4. In addition we
compare both equgt%‘ns (10), (11) along the center of a device

by a first order Taylor polynomial without any regard to the
boundary conditions at the channel/oxide interface:

x 2 r2 ( r )
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()‘DG> 22%¢ ANEaa "\ Xeaa )

Accordingly, equation (9) follows from Apg = V2 aaa.
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III. SIMULATION DATA AND CONCLUSIONS

In the first place we realized that the sinusoidal solution of
the potential gives better results at the channel/oxide interface
than the parabolic ansatz. On the other hand we need a device
dimensions dependent scaling factor, which is achieved with
the parabolic solution. As a conclusion, combining both leads
to the best solution. Thus, we obtain two different scaling
factors for the surface and center potential:

tos/R
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— 153. ) —eelft . 13

DG (14 ) “Ca4 (13)
ton/R

56 = V2 / 2844 (14)

In (14 L)

In Figs. 2-5 TCAD results for GAA-FETs with channel length
Lgaa are compared to results for DG-FETs of which the
channel length has been obtained by scaling Lg 44 according
to (13) or (14). Simulation data (without quantum confinement)
show us that equation (14) only works for ®~ (see Figure
2). Equation (13) works for &g, DIBL and swing except for
the channel length L., = 1.5R (see Figures 3, 4 & 5). It is
interesting to see that ®g is more important than ®~ although
the leakage current below threshold flows in the center. This
needs further study.
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Figure 2.  Relationship between ®c- and Lga4 with various channel

thickness. (o: GAA, *: DG, scaling by (14))
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Figure 3.  Relationship between ®g and Lgaa with various channel

thickness. (o: GAA, *: DG, scaling by (13))
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Figure 4. Relationship between DIBL (AVys = 0.9V) and Lgaa with

various channel thickness. (o: GAA, *: DG, scaling by (13))
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Figure 5. Relationship between swing at Vy; = 1V gate bias and Lgaa
with various channel thickness. (o: GAA, *: DG, scaling by (13))
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Abstract

Single-step or two-step aerosol assisted chemical
vapor deposition methods have been used to grow
single crystalline tungsten oxide nanowires loaded
with different concentrations of nickel oxide
nanoparticles. Working temperatures and nickel
loadings were studied and optimized to achieve the
optimal working conditions for detecting hydrogen
sulfide. Morphology, crystalline structure,
composition, sensing properties and mechanisms will
be presented and discussed in detail. The two-step
method allows for controlling Ni loading in a wide
range while keeping constant particle size.

1. Introduction

Global emissions of gas pollutants have exponentially
risen in the past decades. Developing stable, highly
sensitive and selective inexpensive sensors has been
a major driver in the development of nanosized metal
oxides gas sensors. Here we focus on the growth,
through aerosol assisted chemical vapor deposition,
of n-type WO3 nanowires loaded with p-type nickel
oxide nanoparticles. The objective is to achieve both
chemical and electronic sensitization effects to
achieve sensitive and potentially selective H,S metal
oxide sensors [1]. The effect of nickel oxide
nanoparticles can enhance the sensor response
through a reversible sulfurization mechanism.
Different routes are explored to effectively achieve a
wide range of Ni loading, so optimization can be
envisaged.

2. Experimental
Two approaches were used to grow the nickel loaded
tungsten oxide wires. The one step methodology
consisted on mixing 50 mg of W(CO)s as WOz organic
precursor with 2.5 mg or 5 mg of Ni(acac); as organic
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precursor for nickel nanoparticles in a solution of
acetone: methanol (ratio 3:1). Once the deposition is
finished the sensors were annealed inside a muffle
heated at 5°C/min up to 500 °C and hold for 120
minutes, to remove the carbon impurities found due to
the solvents and the precursors used. The two step
methodology consists of growing in first place the
nanowires forest, perform the annealing step described
above and subsequently a second AACVD process is
performed to load the nickel mixing 2.5 mg or 5 mg
Ni(acac), in 10 ml of methanol. Finally, the sensors
are placed inside the muffle to perform a second
annealing. Through this methodology a set of 5
different types of sensors were obtained: pure WOs3, a
single step low Ni-loaded or high Ni-loaded WOs3, and
a double step low or high Ni-loaded WOs. These are
labelled as WOs; 1LC, 1HC, 2LC and 2HC,
respectively. The structure, morphology and
composition of sensors were characterized via XRD,
E-SEM, HRTEM and XPS.

Sensors were exposed to a continuous flow of different
concentrations of H,S, NO,, CHa4 and ethanol under
dry and humidified conditions. The effect of sensor
operating temperature was studied too.

3. Results
Material characterization

Fig 1 shows a well-defined nanowire forest with nickel
nanoparticles covering their tips. Also, HRTEM
shows their high crystallinity. XRD revealed a quasi-
stoichiometric WO3 with a P-1 space group belonging
to a triclinic structure fitting well with the JPCDS 73-
0305. The chemical composition (derived from XPS)
of a few samples is summarized in Table 1.
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Fig.1. EéEM an HR-TEM iage from WO3 2Ni/HC.

Tab. 1: XPS quantitative analysis for Ni/HC sensors.

W wt% O wt% Ni wt%
WO3 25.0 75.0 -
INi/HC 22.0 76.0 2.0
2Ni/HC 20.0 65.0 15.0

Despite using the same quantity of nickel organic
precursor, the 1 step methodology revealed a poor
loading in contrast with the two steps methodology
which is more efficient and results in a higher nickel-
loading in the nanowires forest surface.

Gas sensing results

The optimal operating temperature was determined for
the different sensors and gases tested. Highly Ni-
loaded tungsten oxide nanowires are very sensitive to
hydrogen sulfide. Employing the 2-step synthesis
process, highly Ni-loaded nanowires are 5-fold more
sensitive to HyS than pure WOs nanowires. In
addition, the optimal working temperature is
decreased from 250 °C to 150 °C. This sensor is far
more responsive to hydrogen sulfide than to any of the
other species tested. Fig. 2 shows these results.
Furthermore, the 2Ni/HC sensor was tested under
humid conditions. At 35 %R.H. the response increases
towards low H,S concentrations, lowering the
detection limit down to ppb level. Responsiveness,
however, decreases at high hydrogen sulfide
concentrations. This behaviour can be due to hydroxyl
groups present at the surface, which compete with
oxygen for surface sites, decreasing the available
reactive oxygen for H,S at higher concentrations.
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Fig. 2: Response towards H2S of 2Ni/HC (red) 1INi/HC
(black) and WO3 (blue) sensors at their optimal working
temperature. Inset: Response of the 2Ni/HC sensor for
the different species tested.

Gas sensing mechanism

The reaction mechanism involved in H,S sensing relies
on oxygen surface species [2].

02 (ats) + € >
H.S + 30° >

207@ds) (150 to 400 °C) (1)
SO, + H,0 + 3e" (2)

The nickel nanoparticles suffer a sulfurization which can
be partially reversible through the following mechanism

[3]:

NiO(s) + H2S(g) > NiS(s) + H20(g) (3)
3NiS(g) + 2H+(aq) > NisSa(s) + H2S(g) (4)
NisSz(s) + 7/202(qg) > 3NiO(s) + 2S04(g) (5)
Ni3sSz(s) + 9/202(g) > 2 NiSO4(s) + NiO(s) (6)

4. Conclusions
The AACVD method has been employed successfully to
grow WO3 nanowires loaded efficiently with nickel
oxide nanoparticles increasing significantly sensor
response towards H,S. A study to determine the optimal
working temperature and nickel loading has been carried
out. Full details will be shown at the conference.
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Abstract

In this abstract we target the compact capacitance
modeling of organic thin film transistor (OTFTs) that
works from depletion to accumulation regime taking
into account the frequency dependence. The parameters
used in the model are calculated through unified model
and parameter extraction method (UMEM). We study
the effect related to the density of localizated states.
Finally, we analyze the experimental derivative of the
gate capacitance and we demonstrate that our model
predicts it with a high degree of accurate.

1. Introduction
In the past years, substantial research has been made on
Organic TFT modeling [1], giving emphasis to develop
an accurate 1-V model for these devices. However, little
attention has been given to model the C-V
characteristics of the device [2] [3] [4] [5] [6] [7].
Regarding C-V modeling, there are few models of
capacitance in accumulation regime; other models apply
different function for the accumulation regime and the
subthreshold regime [8]. Also, there are capacitance
models which consider the frequency dependence.
These models can be used for low, medium and high
frequencies [9]. Nevertheless, to the best of our
knowledge, there is no capacitance model that works
over a wide range of frequencies and valid up to the first
capacitance derivative using a analytical expression.
In this document, we present a compact capacitance
model developed for OTFTs valid from depletion to
accumulation regime with continuous and smooth
transition as well as the first capacitance derivative.
This model take into account the mobility and current
from low to high frequencies. The compact capacitance
model uses UMEM parameter extraction procedure
presented in [2]; parameters are extracted from I-V data.
The compact capacitance model developed is used to
analyze the effect of the parameter related to the density
of states (DOS) in the capacitance. In accordance to [8],
OTFTs shows a high crystallinity degree when this
parameter is close to 0.
The capacitance derivative has been considered as a
method to extract V1 and Vg in crystalline field effect
transistors (Equivalent to the second derivative method)
[10] [11] [12] [13]. Here we study it in OTFTs and from
it we discuss the information provides regarding Vr,
Veg and the operating regimes in OTFTs. We
demonstrate that our model reproduces it very well.

2. Capacitance Model
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Capacitance model develop in this work is based in [9]
with specific improvements in depletion regime. The
OTFTs used in the measurement were top gate bottom
contact multifingers with L = 20pum and W = 7980 pm.
The measurements were taken at three different
frequencies: low frequency of 500Hz, medium
frequency that equals to 1 kHz and at high frequency of
10 kHz. The equipment used for take this measurements
is AGILENT 4284A LCR METER available in IMEP-
LAHC Grenoble laboratories. As it can be seen in the
Fig.1, the non-linear drain function current model
generated data is in excellent agreement with
experimental data.

At low frequency, the capacitance model is reproduces
from depletion to accumulation regime the measurement
data very well as shown in Fig.2 .A good agreement
between the experimental and model generated data is
obtained at medium(1kHz) and high frequency(10kHz).
This validates the capacitance model presented in this
work.

3. Study of y parameter

The vy study was carried out assuming the same OTFT
device used for validate the compact capacitance model
shown above. It analyzed the behavior of y taking into
account the Qcy model and the accumulation regime of
Cror existing after Vgs=20V.To analyze this, we vary
the value of y between 0 to 1, being them the typical
values of this parameter in OTFTs.

10p 4
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10p 1 Oooo o Id(Experiment)
10 4 Qo . Id(Model)
100f 4 5
10f 4
T T T T 1
-10 0 10 20 30

Ves(V)
Fig.1. Modeled and experimental drain to source current (Ips)
as function of Ves.
Firstly, Qcn is analyze through two different studies.
The first one, we took Qcn model development above
for later change y between 0 to 1 in three different Vgs
values.
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Fig.2. Modeled and experimental capacitance at low (500Hz),
medium (1 kHz) and high (10 kHz) frequencies.

To analyze Cror, we plotted it in the accumulation
regime vs y parameter with different values of Vgs, in
this case Ves=20V, Ves=25V and Ves=30V. As you can
see in Fig.3, when y parameter is fixed, it do a affect in
Cror in this way.

When the capacitance take the value of the dielectric
capacitance (Ci) when Vgs reaches the accumulation
regime. The ideal value of y parameter in OTFTs is
close to 0. We can note it because in y=0 and y=0.332
the capacitance hold on the same value.

4. Capacitance Derivative
We apply the first derivative to both our OTFT model
and measurements features. The derivative was applied
to OTFT capacitance data and the three targeted
frequencies. Our model reproduces reasonably well the
experimental results including the position of the
observed two peaks.
In Fig.4, we analyzed the derivative of the gate
capacitance at medium frequency (1 kHz). The
agreement between model and experimental data is
quite good, including the position of the two peaks

7. Conclusion

Our capacitance model reproduces a good agreement in
all studies realized.

160.0p -
140.0p
120.0p
100.0p
©
G 80.0p A —v—v=0
9) —a—y=0.332
60.0p —o—v=0.83
—o—y=1
40.0p
Sy VY W V. S W S G S G
2000 B e A / S
¥ T ] T Y T X T ¥ 1
20 22 24 26 28 30
Ves(V)

Fig.3. Gate capacitance vs Ves with different y
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Abstract—The influence of Schottky barriers at NiSi> contacts
of Si Planar p-TFETs on Ultrathin Body [1] is analyzed in terms
of deviations between measurements, TCAD simulations and a
proposed compact model for the intrinsic capacitances in TFETs
presented in [2]. A theory for the reason of the deviations for
the intrinsic capacitances is evolved and discussed. Additionally,
TCAD simulations are performed to support the theory.

Keywords—Tunnel-FET; AC model; intrinsic capacitances;
Schottky barrier; TCAD simulations.

I. INTRODUCTION

Recently tunnel field-effect transistors (TFET) are in the
center of the attractions to be the surrogate of the standard
MOSFET. This ever increasing interest owes to their feasibility
to overcome the 60 mV/dec subthreshold slope limitation of
the standard MOSFETs [3]. In order to perceive the working
principle of TFETs and also making circuit simulations using
multiple TFETSs possible, simulations as well as models which
show all aspects of the device are required.

In our previous work [2] a compact model for intrinsic
capacitances in TFETs was introduced. Results were compared
with measured data of a p-type fabricated device as well as
TCAD simulations. In all measured data it could be seen
that the gate-source capacitances (Cy,) in on-state increase
and gate-drain capacitances (Cyq), after a certain bias start to
decrease. In ambipolar-state same effect could be seen. That is
to say, capacitances Cyq increase rather than stay steady and
capacitances Cy, slightly sink (see Fig. 1).

It was expected by including the effect of parasitic resis-
tances [4] and also voltage drop in the channel, this effect
would be seen in the model as well. Actually, considering
these effects has caused some changes in the correct direction
but there is still room to improve it. Therefore, in this work
the focus is exclusively laying on this effect and factors which
give cause for increase and decrease of capacitances.

II. SMALL SIGNAL ANALYSIS INCLUDING SCHOTTKY
CONTACTS

In [2] to compensate the unexpected increase and decrease
of capacitances, the effect of source and drain parasitic resis-
tances is included in the model. Considering transconductance
(gm) and output conductance (g4s) and their crucial influence
on capacitances showed that the effect of parasitic resistances
needs to be calculated for on and ambiplolar-state separately. In
the measured TFETSs NiSiy is used as contact material. Despite
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NiSis has a mid-gap work function with respect to silicon, high
doping of the semiconductor should result in an ohmic contact
due to tunneling of carriers through the Schottky barrier (see
Fig. 2). But at drain side the doping in TFET often is reduced
to suppress the ambipolar current. This lowers the small signal
conductance of the contact. Because the tunneling barrier in
the TFET is the bottleneck for the current, having a voltage
drop of nearly Vs, the voltage across the Schottky barriers
at the contacts is almost zero. At this bias the small signal
conductance of the Schottky barrier can come into the same
order of magnitude as g,, and g4s of the TFET (see Fig. 3).

In on-state it is assumed Cyzq >> Cys. Furthermore,
analytical calculations based on the results in [2] and [4]
show, that the main impact comes from the drain, therefore
the focus in a first attempt is set on the drain Schottky
barrier. Considering this assumption, the capacitances affected
by parasitic resistances in on-state are defined as

9ds
;d:ng—nggid (H
Cho = Cout Cpu 2. @

gq represents the parasitic small signal conductance of Schot-
tky barrier at drain terminal (see Fig. 2).

TCAD simulations of a TFET structure including two
Schottky barriers at source and drain showed poor conver-
gence. However, during the study of this effect convergence
has been improved slightly and a few results have been won.
They show results which are offering a tendency, but not in
total agreement with the theory and analytics. Nevertheless,
to calculate g4, Schottky diodes for a low bias with different
drain doping concentrations have been simulated in TCAD.
Comparing the resulted current with measured data showed
that the current flowing In Schottky diode with drain doping
lower than 1 x 10e¢m™3 is in the same range as in the
p-type TFET (see Fig. 3). The transconductance and output
conductance are calculated as

_ 8Ids _ aIdé
9Im avgs 9ds = anS .
In ambipolar-state it is assumed that Cys >> Cyq and g, is

the parasitic small signal conductance of Schottky barrier at
source terminal.

3

Cga = Cya+ CQS% (€]
Cyu = Cor = Cos' (5)



III. VERIFICATION AND CONCLUSION

The pattern which measured TFET capacitances show
are not visible in TCAD simulations without Schottky bar-
riers at source/drain (dotted curves in Fig. 4.c). So, it is
assumed parasitic small signal resistances of Schottky barriers
at source and drain have effect on intrinsic capacitances. This
assumption has led to eq. (1), (2), (4) and (5). Regarding the
Schottky diode simulations shown in Fig. 3, it is considered
94 = le=%(Qum)~" .

To verify this theory, current curves of a Double-Gate n-
TFET are simulated in TCAD and from them g,, as well as
gds corresponding to each drain voltage are calculated. Cyq
and C,s in the on-state are obtained from AC simulations.
Considering the effect of Schottky barrier C;; and Cy, are
calculated by applying eq. (1) and (2) and compared with
the corresponding simulations without the consideration of
Schottky barrier and the result is depicted in Fig. 4.

By including the effect of Schottky barrier on capacitances,
Céd decreases and C;s increases. At Vo = 0.1 V decrement
in C;d is stronger than at Vg, = 0.3 V and it is similar to
what measurements show. The reason is that for smaller Vg,
as it is shown in Fig. 4.b, g4 has higher value and therefore,
parasitic small signal resistances of Schottky barrier affect Cyq
stronger.

It can be seen, including the effect of Schottky barrier
on capacitances, simulations are improved and show a similar

pattern as in measured data.
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Figure 1: Measurement of Cy, and Cyq for various Vg,. Cys
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Figure 2: Schematic of p-type device a) considering Schottky
diodes and b) small signal conductances of Schottky barriers
at source and drain.
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Abstract

We studied the effects of zinc oxide (ZnO) layers
deposited by inkjet printing (1JP) on the performance of
inverted polymer solar cells based on Poly[4,8-bis(5-(2-
ethylhexyl)thiophen-2-yl)benzo[1,2-b;4,5b]dithiophene
-2,6-diyl-alt-(4-(2-ethylhexyl)-3-fluorothieno[3,4-b]thi-
ophene-)-2-carboxylate-2-6-diyl)]thieno[3,4-b]-thiophe-
ne/benzodithiophene (PTB7-Th) and the [6,6]-phenyl-
C71-butyric acid methyl ester (PC7BM). Similar
devices were fabricated with ZnO layer deposited by
different techniques for comparison. All devices were
characterized by electrical and photophysical methods.
The results show that non-geminate recombination in
devices with ZnO-IJP is governed by deep trap states.
Moreover, the electron injection and extraction have an
influence on the shunt resistance of these devices. The
performance of device made with ZnO-IJP compare
very favourably with that of devices made from ZnO
layer deposited using different techniques.

1. Introduction
Polymer solar cells (PSCs) have been extensively
studied due to their low cost and large scale
fabrication.[1,2] In the last years, PSCs with inverted
architecture (iPSCs) have attracted much attention due
to they are a promising long-lasting alternative to
improve the stability of PSCs.[3] In iPSCs, metal oxide
such as molybdenum oxide, vanadium oxide, nickel
oxide or tungsten oxide are used as hole transport layer
due to they provide a lower ohmic contact
resistance.[4] On the other hand, the poly [(9,9-bis (30-
(N,N-dimethyl-amino)propyl)-2,7-fluorene)-alt-2,7-(9,
9-dioctylfluorene)] (PFN), zinc oxide and titanium
oxide, and are used as the electron transport layer.[5]
Among these, zinc oxide (ZnO) has attracted much
interest due to its high transparency, high air-stability,
high electron mobility, and the possibility to be
deposited from a solution at room temperature by
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several coating methods.[6] Spin-coating is the most
commonly used method of thin-film deposition since it
yields films with relatively high uniformity and well-
controlled thickness. Nonetheless, this deposition
technique is not compatible with large-scale continuous
process such as roll-to-roll (R2R) processing. On the
other hand, inkjet printing (IJP) is a very promising
technique for the large-scale production of i-PSCs and
commercialization due to its compatibility with R2R
process, the possibility of patterning without any
chemical processes (i.e. wet etching of photoresist) and
the reduction of material (solution) wasting.[7] Herein
we describe the fabrication and electrical
characterization of ZnO-1JP layers as ETL for iPSCs.
The iPSCs devices were based on active layers
composed of PTB7:Th and PC7BM. Similar devices
were fabricated with ZnO as ETL deposited by spin
coating (ZnO-SC) and thermal evaporation (ZnO-TE)
as control. The results of photophysical measurements
combined with ideality factor analysis demonstrated
that recombination Kinetics are governed by different
mechanisms in 1JP-made devices with respect to SC
and TE-made devices. Impedance Spectroscopy results
reveal that devices made from ZnO-1JP exhibit a
similar charge transport resistance compared to devices
with ZnO-SC, while devices with ZnO-TE show the
highest charge transport resistance.

2. Experimental and Results
The iPSCs were fabricated on indium tin oxide (ITO)
glass substrates with a nominal shhet resistance of 10
Q/0.The substrates were cleaned in acetone, ethanol and
isopropanol using an ultrasonic bath and dried at 100 °C
followed by UV-ozone treatment. Subsequently, the
ITO substrates were coated with ZnO (~40 nm) by
either inkjet printing, spin coating or thermal
evaporation as described above. The blend solution was
prepared by dissolving PTB7-Th and PC;,BM (1:1.5



w/w) in chlorobenzene and 1,8-diiodooctane (97:3 by
volume) with a concentration of 25 mg mL-1. The blend
solution was left stirring overnight, and further aged for
48h in the dark under nitrogen atmosphere. The blend
solution was spin-coated on top of ZnO at 800 rpm for
30 s to obtain an active layer 100 nm-thick. The samples
were transferred to a vacuum chamber and 5 nm of
V205 and 100 nm of Ag were deposited by thermal
evaporation on top of the active layer at 7x107 mbar.
The active area for all devices was 9 mm?. Figure 1
shows the normalized open circuit voltage (Voc), short
circuit current density (Jsc), fill factor (FF) and power
conversion efficiency (PCE) of iPSCs with ZnO-I1JP,
ZnO-SC and ZnO-TE as ETL. The devices made from
ZnO-1JP show the highest Voc, while the devices with
ZnO the lowest one. Devices with ZnO-SC exhibit the
highest Jsc, FF and PCE. The PCE and JSC of iPSCs
with ZnO-1JP is ~20% less than those of devices with
Zn0O-SC. Devices with ZnO-1JP and ZnO-SC exhibit
similar FF. Figure 2 shows the resistance data extracted
from the fitting of IS measurements for devices using
ZnO-1JP, ZnO-SC and ZnO-TE. The resistances values
of ZnO is similar in iPSCs with ZnO-1JP and ZnO-SC.
In both devices, the resistance decreases as the applied
voltage increases. These high values of resistance at low
voltages (from 0 V to 0.2 V) suggest that shunt
resistance losses are mainly caused by the hole- and
electron-transport layers. Moreover, at high voltages
(from 0.7 V to 1 V) the ZnO layer of iPSCs with ZnO-
IJP and ZnO-SC exhibit lower resistance values that that
of devices with ZnO-TE.

3. Conclusions

In this work, we investigated the use of an inkjet printed
ZnO layer as ETL in iPSCs based on PTB7-
Th:PC7BM. The performance of iPSCs compares very
favourably to that obtained on similar iPSCs using spin
coated and thermally evaporated 2ZnO layers.
Photophysical studies has brought substantial evidence
of a modification of the band structure properties of the
active layer, triggered by the ZnO type of under-layer
the active layer is deposited on to. As such, the active
layer deposited on top of ZnO-1JP shows a higher
density of deep trap states, than those deposited on top
of ZnO-SC and ZnO-TE. Additional impedance
spectroscopy measurements have demonstrated that
electron injection and extraction have an impact on the
shunt and series resistances of the ZnO-1JP-made and
ZnO-TE-made devices, thus lowering the FF of both
devices slightly. All in all, this study demonstrates that
the ZnO-1JP layer deposited by inkjet printing can be
successfully used for the fabrication of highly efficient
i-PSCs on a large scale.
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Abstract

The empirical parameters used in the mobility UMEM
model for amorphous thin film transistor are related
with physical device parameters considering an
effective carrier density that takes into account the
effect of the free and localized charge. An approximate
expression to represent the variation of the surface
potential with the gate voltage is presented and
validated wusing numerical solutions. Using this
expression, the UMEM mobility empirical parameters
Mo and Vaa, calculated as guoc and Vaac, are expressed
through device physical parameters, the gate voltage
(Vy) at which the Fermi level reaches the bottom is also
calculated. Results were validated with fabricated a-
IGZO TFTs.

1. Introduction
The first amorphous oxide semiconductor thin film
transistor (AOSTFT) was presented by Nomura et al.,
in 2004 [1].
There are several publications associated to the study
of the a-1GZO band structure and the distribution of
localized states (DOS), concluding that the localized
states in a-1GZO is usually less than 1x10% cm3eV!
depending of the technology used [2-6].
At the same time, the Unified Model and Extraction
Method (UMEM) has been proven to model
satisfactorily these devices [7].
In this work, we found the relation of UMEM
empirical parameters for modeling the mobility for the
case of a-1IGZO TFTs, when the free carrier charge can
be in the order or greater than the localized and the
approximations used for a-Si:H cannot be used [8].

2. Calculation of parameters used in the
analysis
To obtain the analytical expressions to associate the
mobility model empirical parameters with physical
parameters of the devices, first, we solved numerically
the free carrier, using the Boltzmann statistics.
Ps—P¢

nfree(¢s):NC'e ” ) (1)
where Nc is the effective density of states in the
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conduction band, ¢y is the Fermi potential and ¢ is the
thermal potential:

Form [8], we used and calculated numerically, the
expression for the localized carrier density, for the case
when the characteristic temperature T; is above 300 K
(i.e. tails in a-1GZ0):

5ot
¢s_¢f e “t l
n|0C (¢S) = gato¢tte ﬂt .[ L dZ (2)
O 1+7zT

At the same time, the effect of the free and localized
carrier densities was represented as an effective carrier
density as follows:

&~

ntotal (¢s) = nfree (¢s) + nIoc (¢s) = Neff e e ’ (3)

The following equation is an empirical expression to
represent the variation of the surface potential with the
gate voltage, which was validated with the numerical
calculations, see Fig. 1:

C

¢s =2¢eff In ﬁ

Fert

(Vg _Vt) (4)

2q€s Neff eff €

The next equation is the field effect mobility defined in
[8], but in this case, we define it using the effective
carrier density as:

l 4
nfree(¢s) (NC / Neﬁ );/ch (5)
= = - - - _V r
;uFEc /uOc|: ntm (¢s) IUOC {qugsNeﬁ ¢eﬁ (vg t)
where the UMEM vy parameter is extracted using:
¥ =2(Ty IT=1), Ty =(T+T)/2 (6)

Substituting (6) in (5) and comparing (5) with the
expression for mobility used in UMEM, the parameter
Vaa can now be calculated as:

\fzqgsNeff ¢eﬁ
—_—
(NC / Neff )ycox

where ¢ is the electron charge, & is the a-1GZO
dielectric constant and Coy is the capacitance per unit

V. = (7

AAc



area of the dielectric.
After calculating Vaac, the expression for mobility in
UMEM, when Vg-V=1, can be equated to:

= po IN iy = o IV pg

and the value of poc can be calculated from (8).
Finally, the V; gate voltage, can be calculated using (4)
and (7) as:

V, :wm =V (Nc /Ny ) +Vr 9
where V; is the threshold voltage.
Fig. 1 shows that, in the region where the gate voltage is
near or above Vs, the approximated expression (4) fits
very well the calculation of the surface potential using
the complete numerical calculation.

®)

1

W (um) 900 80
L (um) 30 40
tox (NmM) 200 90
& 5.2 20
&s 9 9
Cox (NF/lcm?) 23 197
Vi (V) -0.219 4.61
y 0.49 0.52
@ (mV) 125 65
Qato (CM®) 1.6x10%° 1.66x10%°
T (K) 445 457
Teir (K) 373 378
1 (cm?/Vs) 2.2 2.1
Vi (V) 7.9 5.6
Nert (cm3) 4.28x101  4.32x10%8
Vaac (V) 5.87 0.73
Loc (CM?/V/S) 5.1 1.75
Table 1. Geometrical, physical and extracted
parameters of the devices, using the presented
procedure.
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Fig .1. Surface potential vs. gate voltage, calculated using the
empirical expression (4), as well as calculated numerically,
using the total carrier density and the effective carrier density

@3).

4. Conclusions

An analysis to relate the UMEM mobility model
parameter Loc and Vaac With physical device parameters
for a-1GZ, is presented. An approximated expression to
reproduce the variation of the surface potential on the
gate voltage is presented. This expression as well as the
representation of the total charge density as an effective
charge density allows to calculate the above mentioned
model parameters. A simple expression to determine Vs
is also presented.
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1. Abstract

The properties of Iridium oxide (IrO) decorated Multi-
Wall Carbon Nanotubes (IrO,-MWCNTS) are studied
for detecting nitrogen dioxide and ammonia vapors.
IrO; nanoparticles were synthetized using a hydrolysis
and acid condensation growth mechanism, and
subsequently employed for decorating the sidewalls of
carbon nanotubes. Decorated MWCNTs films were
deposited onto SiO/Si  substrates for achieving
chemoresistive gas sensors. NO, and NHz gases were
detected under different experimental conditions.
Higher and more stable responses towards NHs and NO>
were observed for iridium-oxide nanoparticle decorated
MWCNT material, compared to bare MWCNT material.
Raman Spectroscopy was employed to study the
nanomaterials and the optimal operating temperatures
were determined.

2. Introduction
Carbon nanotubes were discovered by Sumio lijima in
1991 and since then, this material has been widely used
in chemoresistive gas sensors due to their remarkable
sensitivity towards chemicals present in the local
environment. Carbon nanotubes present suitable
properties to be used in gas sensing applications due to
their electronic, physical and chemical properties, such
as high surface area to volume ratio, nanometer-sized
and high carrier mobility. However, some sensing
properties  (e.g.  sensitivity,  selectivity  and
reproducibility) can be enhanced by the
functionalization of their external sidewalls. Different
options are well-known, such as grafting functional
groups onto the carbon nanotubes surface or decorating
them with metal or metal oxide nanoparticles. Here we
explore the improvements obtained by loading
MWCNTs with IrO, nanoparticles. While the use of
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Intensity (a.u)

IrO, has been reported for electrochemical sensing and
catalysis, little information is available on its use for
chemoresistive gas sensing.

3. Material characterization

Iridium oxide (IrO2) nanoparticles were synthetized
using the method proposed by Zhao! and attached onto
MWCNTs surface via an impregnation technique.
MWCNTSs had undergone a cold plasma treatment to
graft carbonyl and carboxyl functional groups to their
surface. This helps attaching iridium oxide
nanoparticles to nanotubes. Raman measurements
revealed the MWCNTS decoration with 1rO; (Figure 1),
showing the well-known CNTSs bands (D, G, 2D, 2iTO)
and the 1rO; active modes (Eg, B2g and Aig) previously
reported in other works?.
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Figure 1. Raman spectra of MWCNTSs with a zoom in the
300-1000 cm! region (in the inset) corresponding to iridium
oxide nanoparticles.



4. Gas sensing results

NHs; and NO; gas sensing measurements were
performed at ppm and ppb levels, respectively, showing
a suitable, improved sensitivity, stability and
reproducibility of the response (see Figure 2) for iridium
oxide doped MWCNTSs. In case of NH; detection, a
significant increase in response (6-fold) for doped
MWCNTSs was observed.
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Figure 2. Example of the resistance response obtained for
NHs detection at 100°C. It can be observed The higher
response, better reproducibility and higher stability of IrO2-
MWCNT can be observed.
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In addition, different temperatures were tested, and
while 1IrO,-MWCNTSs presented higher response than
bare MWCNTSs for all the temperatures studied, the best
operating temperature was found to be 100°C. (Figure
3).

,—®—CNT (25°C)

—&— CNT (100°C)

44— CNT (150°C)

{-—®—IrO,-CNT (25°C) v

v Ir0,-CNT (100°C) v
—%— IrO,-CNT (150°C)

A 4

(R-R)/R, (%)

0.0

NH, (ppm)

Figure 3. Response obtained for 25, 50, 75 and 100 ppm of
NHs at room temperature, 100 and 150°C. The graph shows a
higher response for IrO.-MWCNTs material for every
temperature tested. The best operating temperature was 100°C
for both, doped and undoped MWCNTSs.
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Moreover, it can be observed that a better sensitivity
towards ppb levels or NO; (2-fold increase) was
obtained for IrO.-MWCNTSs. The optimal NO detection
temperature was 150°C (see Figure 2b). Additional
characterization results that are currently underway will
be shown, including TEM imaging of IrO-MWCNTS,
the study of the detection of additional gas species and
the effect of ambient moisture on sensor response.
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Figure 4. NO2 gas sensing results. IrO2-MWCNTSs result in
enhanced response. The best operating temperature was 150°C
because the inset indicates that the highest response was
observed at this temperature.

4. Conclusions
Our MWCNTs decorated with iridium oxide
nanoparticles showed an enhanced gas sensing
mechanism based on charge transfer between the metal
oxide nanoparticle-carbon nanotube system upon the
adsorption of gas molecules, especially to NHs. In
addition, different operating temperatures were tested,
demonstrating that 100°C is the best temperature to
detect NHs; based on higher chemical interactions
between the doped IrO,-MWCNTs and the gas
molecules, meanwhile 150°C have been show the best
operating temperature to detect NO..
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Abstract

Aluminum sheets-based mirrors have been used in solar
concentrating technologies due to its high mechanical
properties, low density and low cost. Nonetheless, the
reflectance percentages obtained by electropolishing
aluminum alloys are not close to the reflectance values
of the currently used evaporated films. Therefore,
controlling key factors affecting electropolishing
processes became essential in order to achieve highly
reflective aluminum surfaces. This study investigated
the effect of both the electropolishing process and
previous heat treatment on the total reflectance of the
AA 1100 aluminum alloy. An acid electrolyte and a
modified Brytal process were evaluated. Total
reflectance was measured by means of UV-Vis
spectrophotometry. Reflectance values higher than 80%
at 600 nm were achieved for both electrolytes. Optical
microscopy and scanning electron microscopy images
were used to microstructural characterization. The
influence of heat treatment, previously to
electropolishing, was tested at two different
temperatures and various holding times. It was found
that reflectance increases around 15% for the heat-
treated and electropolished samples versus the non-heat-
treated ones.

1. Introduction

The most used reflective surfaces for solar mirrors are
made of either silver back low-iron glass or aluminum
[1]. Glass is heavy and fragile and has environmental
issues and pure aluminum exhibits high reflectance
percentages but has poor structural properties. An
aluminum alloy provides the needed mechanical
properties at expenses of its reflectance and therefore,
commonly requires a coating in order to improve its
optical properties, adding labor costs. A low alloyed
aluminum such as AA1100 can be considered as an
alternative low-cost solution for solar mirrors by
improving its reflective properties that can be achieved
by means of electropolishing processes [2], [3].

Electrolytic polishing is used in order to obtain smooth
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and bright surfaces. In the case of aluminum, some
suitable electrolytes polishing include those composed
by acids such as perchloric acid, phosphoric acid,
sulfuric acid, chromic acid, mixture of acids and also
salts [4]. Also, there are the alkaline electrolytes and
those composed for methanol and nitric acid [5].
Otherwise, it has also been well established that in
order to obtain a smooth and reflective surface, it is
necessary to consider metallurgical factors such as size
and orientation of grains and chemical compositions
that can lead to a multiple phase metal. In this paper,
spectrophotometry UV-Vis, profilometry, SEM and
EDS have been used to investigate the conditions under
which the electropolishing process of the AA1100
aluminum alloy is improved and a high total
reflectance is obtained, making practical its use for
solar thermal applications.

2. Experimental Procedure

Commercial sheets of AA 1100 were used. Two
electropolishing processes were evaluated. The acid
bath consisted of 70 v/v sulfuric acid, 15 v/iv
phosphoric acid, 1 v/v nitric acid and 14 v/v distilled
water [6]. The alkaline bath was composed by
trisodium phosphate (150 g/l), aluminum sulphate
(20 g/l) and sodium hydroxide (10 g/l) [7]. The total
reflectance of electropolished samples was determined
on at least three specimens of each condition by UV-
Vis spectroscopy, using a Cary 100 spectrophotometer
with integration sphere with an 8° edge.

The electropolished surface roughness was measured
by profilometry using a DEKTAK XT (Bruker)
profilometer.

To evaluate the effect of the heat treatment holding
time on the reflectance of the electropolished samples,
the aluminum samples were heat treated at 500 °C
during 5 min, 15 min, 30 min, 1 h, 2 h, 4.5h, 7.5 h and
14h and then electropolished under the same
conditions for 15 minutes using modified Brytal
process. Additionally, a set of samples was heat treated
at 345 °C for 5 minutes, in order to obtain a finer grain
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structure. The microstructural characterization and the
electropolished surfaces were observed by means of
optical microscopy (OM) and scanning electron
microscopy (SEM). The reflectance percentage of
previously heat-treated electropolished samples was
measured as described above.

3. Results and Discussion
Microstructural and superficial characteristics of the
electropolished samples have a direct influence on
reflectance response as it can be observed from Figure 1
where the total reflectance (Rt) curves of samples
electropolished in both acid and modified Brytal
electrolytes with and without previous heat treatment
are illustrated. Curves corresponding to non-heat-treated
samples for both electrolytes showed reflectance
percentages around 70% in the visible range lower than
those obtained for the samples previously heat-treated
that were around 84%. The textured surfaces obtained
after electropolishing non-heat-treated aluminum were
generated probably due to second-phases acting as
stress concentrators, making their surroundings more
susceptible to dissolution and then leading to particle
detachment.
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Fig.1. Rrspectra of samples with and without (wo) previous
HT electropolishing in both acid (10 A/dm?, 15 min) and
modified Brytal (3 V, 15 min) electrolytes. A: Acid electrolyte
and B: Modified Brytal process.

Figure 2 shows reflectance curves for samples with
different heat treatments (HT) and electropolished in the
Brytal electrolyte. These results reveal a clear increase
in reflectance percentage of around 15% for heat-treated
samples with respect to the untreated one. It also can be
noted that HT either at lower temperature or with
shorter holding times lead to higher reflectance of the
aluminum surfaces after electropolishing. The amount
of scattered and absorbed light by the surface is directly
related to the number and size of those second-phase
particles. Then, samples with more intermetallic
compounds in the surface lead to light loses by scattered
rays and consequently lower reflectance percentages.
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Fig.1. Rt spectra of samples with different HT and
electropolished using modified Brytal procedure.

7. Conclusions

Two electropolishing electrolytes were successfully
used to obtain highly reflective aluminum alloy
AA 1100 surfaces. Although the modified Brytal
process generated higher reflectance in the aluminum
surfaces than the acid solution, the basic process
involves about three times more energy consumption
than the acid one. Second phases caused uneven
dissolution process in the acid electrolyte generating a
scalloped surface for the non-heat- treated samples and
superficial localized iron-rich defects in the heat-treated
ones. These surface defects rise light scattering and
therefore reduces the total reflectance of the aluminum
surface. The effect of a previous heat treatment on
surface reflectance was clearly observed. A short and
low-temperature heat treatment is enough to release
stresses and to eliminate rolling marks. Larger times or
higher temperatures increase precipitation of second-
phase particles at the surface, resulting in light
scattering and  consequently  diminishing total
reflectance of the surface. Properly electropolished 1100
Al alloy is suitable as a reflective surface for solar
thermal applications.
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Abstract

Under scale up point of view, the most widely used hole
transport materials (HTMs) are PEDOT:PSS and
molybdenum oxide inks. Although they present some
issues when they are deposited by roll-to-roll or inject
printing. PEDOT:PSS present poor charges injection
carriers and PSS has to be added in order to improve the
solubility. For the other hand, the high annealing
temperature needed to deposit molybdenum oxide limits
its applicability on flexible and textiles substrates.

In order to solve these problems, a new family of carbon
based quantum dots (CQDs) were synthetized. The low
temperature annealing as well as the good solubility in
non-chlorinated solvents make CQDs an excellent
alternative to replace the above HTMs mentioned.

Here, we show the results that we obtained using CQDs
as hole transport layer (HTL) in HyLEDs. This project
was done with the collaboration of Eurecat under the
supervision of Dra. Eugenia Martinez.

1. Introduction

Carbon based quantum dots have emerged the last
decades as novel material to use in replacement of
heavy metal based quantum dots for optoelectronic
application as well as bioimaging and luminescent
sensors. Since their discovery in 2004, graphene one of
the carbon allotropes family have been extensively
studied due to their possible application in the
optoelectronic field because graphene and graphene
oxide present a high carrier mobilities and thermal
stability. However, one of the inconvenient to work with
graphene is the scale up in high quality and reproducible
manner. Some groups have published possible synthesis
to help to resolve that problem but a further
optimization is needed. For that reason carbon quantum
dots (CQDs) as a carbon allotropes, may have the same
carriers mobilities than graphene and they may be a
possible alternative.

As we mentioned before, CQDs was used as HTL in
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inverted LEDs. ZnO was used as electron transport
layer because metal oxides give a better robustness and
air stability of such device. Poly[(9,9-dioctylfluorenyl-
2,7-diyl)-co-(1,4-benzo-{2,10,3hiadiazole)] (F8BT) was
used as emissive layer.

Our idea is try to find a new material that can be used as
HTL and achieve all the requirements that we have
discussed before such as good hole injection balance,
lower annealed temperature in order to use in flexible
substrate, environmental friendly, and easy processable.
In addition, they can be used in scale-up process
techniques as inject printing and roll-to-roll.

HoN

2!

H N/\/NH2
2

Ethylendiamine

T
Citric Acid C
HzNﬁjg Hj HoN"" NH;
. Carbon source
Hexadecylamine Urea

p-phenyldiamine

Figure 1. General Scheme for the synthesis of carbon
based quantum dots.

2. Results

The synthesis of CQDs were carried out using two
procedures described in the bibliography: Hot injection?
and hydrothermal approach.®> Our new hole transport
layers were based on amines group (Figure 1), this kind
of ligands were used in various applications such as
LEDs, Perovskites solar cells®, organic solar cells.

Devices were constructed using following procedure.
ITO coated glass was washed in acetone and two time in
isopropanol. ZnO NPs was spin coated on top of ITO at



5000 RPM 1min followed by annealed at 150°C during
3hours. Then, F8BT (30mg/mL p-xylene) was deposited
on top of zinc oxide at 2000 RPM during 1min followed
by baked 155°C during 30min. The different HTM were
deposited by spin coating follow by an annealing at
110°C during 10min. Finally, MoO; and Au were
thermally evaporated on top of F8BT.

In figure 2 appears the final device structure with
thickness of each layer measured by profilometer. F8BT
used as emissive layer which present an emission band
at 550nm. The annealing temperature of F8BT was
155°C in order to achieve to the rubbery state from the
glassy one reported in the bibliography. °

Au (100nm)
F8BT (100nm)
ZnO(80nm)

ITO

Figure 2. Description of a multilayer HyLED.

In order to improve the wettability, stability and
increase their conductivity between the aqueous solution
from CQDs and PEDOT:PSS deposit on top of F8BT,
some amounts of 1- isopropanol (IPA) was added to the
solution®.

The energy level alignment and the hole mobilities
(table 1) were measured to study how the charge
injection and charge transport could influence the
HyLEDs. Here we show the importance of energy band
alignment between contacts’ work-function and
HOMO/LUMO of emitting layer.

In addition, the space charge limited current (SCLC)
was measured to obtain the hole mobility. We did not
observe any remarkable variation of the hole mobility
changing the ligand length.

Hole transport Band | HOMO/LUMO Hole
material (HTM) gap (eV) mobilities
(eV) (emv1ts™)
Ethylendiamine | 3.07 -5.52/-2.45 2.41-10°
p-phenyldiamine | 2.81 -5.12/-2.07 1.50-10°
Hexadecylamine | 3.36 -5.70/-2.34 8.54-10”
Urea 2.93 -5.84/-2.90 2.92:10°
MoO; 2.80 -9.50/-6.70 3107
PEDOT:PSS 3.00 -5.20/-2.20 1.2-107

Table 1. Electrochemical properties of CQDs in
solution and hole mobilities of CQDs in films.
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Figure 3. Level alignment of each material that we
used to fabricate the devices.

In figure 4 shows our best results recorded using
different HTM. The devices were measured in air.

a)

b)

Figure 4. HyLED device performance. a) Current
density wversus voltage (J-V). b) Luminance versus
applied voltage (L-V).



Hole transport Turn-on Max.
material (HTM) voltage V* Luminance
(V) (Cdim?)
PEDOT:PSS 6.10 2000
Ethylendiamine 4.90 70
p-phenyldiamine 10.18 13
Hexadecylamine 14.50 174
Urea 9.60 146
No HTM 15.20 2
Mo0O3 2.85 2600

Table 2. Optoelectronic results of HyLEDs devices
using different HTM. V? is the turn-on voltage at 0.1
Cd/m?,

In table 2, where appears the optoelectronics results of
HyLEDs using PEDOT:PSS, MoO; and Carbon
Quantum dots as hole transport layer. The maximum
luminance was 2600 Cd/ m® using molybdenum oxide
evaporated as hole transport layer and a turn-on voltage
2.85V while, using PEDOT:PSS doped with IPA, the
device achieved until 2000 Cd/m2 and a turn-on voltage
at6.10Vv.

Regarding general results using CQDs as HTL the
optoelectronics  results present lower luminance
compared with MoO; and PEDOT: PSS. However,
using ethylendiamine as capping ligand there is an
enhancement of the turn-on voltage compared with
PEDOT: PSS. Based on the hole mobilities results and
the electrochemical levels it is quite clear the reasons of
the optoelectronic results, nevertheless, one of the goals
of this projects was to find a material than can be
deposited by spin coating conditions.

Despite the device of CQDs-ethylendiamine presents
better turn-on voltages, it does not present the higher
efficiency. Using hexadecylamine 146 cd/m? and urea
174 cd/m? as capping ligand present higher luminance.

3. Conclusions

In summary, we present a proof of concept using carbon
quantum dots as hole transport material in HyLEDs.
The most remarkable results was obtained using CQD
with ethylendiamine as capping ligand, as they present a
lower turn-on voltage compared with PEDOT:PSS.
Additional studies should focus on the optimization of
the layer of carbon quantum dots as well as better
controlled device fabrication.

Carbon quantum dots is an emerged material which
their potential optoelectronic properties to use in many
technological applications.
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I. INTRODUCTION

The tunnel-field effect transistor (TFET) is handled to
be the surrogate of the conventional MOSFET technology.
Due to the band-to-band (B2B) tunneling based device cur-
rent of TFETs, it is possible to achieve subthreshold slopes
< 60mV/dec. In addition, the TFET is suitable for ultra-low
power applications, since a reduction of the supply voltage
does not influence the leakage current [1]. The B2B tunneling
current or rather the tunneling probability T},, is calculated
with help of the transmission coefficient. In most cases the
transmission coefficient for an arbitrary energy barrier shape
is obtained by using the Wentzel-Kramers-Brillouin (WKB)
approximation [2]. In this work a numerical robust model to
calculate the transmission coefficient in TFETs with the help
of an area equivalent WKB approach is introduced.

II1.

Calculating the tunneling probability by the WKB approx-
imation in general is done as follows [2]:

2
Tiun = €xp < / 1/ Z; daﬁ) (1

with the effective carrier mass m*, the reduced Planck constant
h, the energy shape along the z-axis U(z) and the tunneling
energy E. The aim of this work is to characterize the expres-
sion U (x) by an area equivalent approach. Area equality means
that the area of the tunneling barrier A;, enclosed by the band
structure, has the same size as an equivalent triangular with an
area A, (see Fig. 1).

MODELING APPROACH

The calculation of the area A; requires a compact solution
of the device’s electrostatics and band structure. Here, the
electrostatic potential solution of a double-gate (DG) TFET
is used to calculate A; [3]. By using the triangular with the
area As to define the energy barrier height Uy, and a compact
expression for the tunneling length l;,,,, [3], [4], the tunneling
barrier shape is given by:

2-A

ltun

2- A,y

ltun

2

-z, with Upgr =
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Source Channel

x=0 X

Figure 1. Schematic band structure of a TFET at the source-to-channel junc-
tion, showing the shape of the tunneling energy barrier at x = x+.Furthermore,
the enclosed area A; (red hatched area) as well as the area equivalent
triangular (dashed area Ag) with its energy barrier height Up,, and the
tunneling length l¢yr are illustrated.

By inserting the expression for U (z) in Eq. (1) and defining
the integration limits of Eq. (1) as z; = x4y — 1y, and z2 = xy,
the tunneling probability is rewritten as:

Ubar .

ltun

-2

Ttun = exp .7}) dx ’ (3)

Ty —ltun

whereby the tunneling energy E is chosen to be zero. Solving
Eq. (3) leads to the well-known result for the WKB approxi-
mation applied to a triangular profile:

4 2m*
Ttun = exp <_ : - : Uba’r' : ltun) .

3 h?
The resulting closed-form tunneling probability allows for an
implementation in TFET compact models.

“

III. MODELING RESULTS & VERIFICATION

In order to validate the modeling approach, the expression
for T},, is implemented in an existing DG TFET compact
model [3], [4] and compared to TCAD Sentaurus simulation
data of an n-type Si DG TFET (see Fig. 2) as well as a quasi-
2D modeling approach for the WKB approximation [5].



Figure 2. 2D device geometry sketch of an n-type Si DG TFET showing
its structural parameters, defined as follows: [., = 22nm, l;q = 20nm,
tep, = 10nm and to; = 2nm. The S/D region is highly p/n-doped (N, /g =
1020 cm—3), the channel stays intrinsic. The gate oxide consists of HfOs.

Since the compact solution for the band structure forms
the base of calculating the area A; and Ty, first of all the
electrostatics is verified by TCAD simulation data. In Fig. 3 the
modeled band structure at the channel’s surface is compared
to TCAD simulations and shows a good fit for various Vi,
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Figure 3. Modeling results for the band structure of the n-type DG TFET at
the surface of the channel for various Vys. The compact model (solid lines)
is compared the TCAD data (dotted lines).

By using the band structure of the DG TFET and the
equivalent area A, it is possible to calculate and visualize
the triangular tunneling barrier. Fig. 4 illustrates the modeling
results of Eq. (2) compared to the quasi-2D modeling approach
at the surface of the channel. Simulations are performed for
Vgs = 09V and V,, = 1.5V at Vi, = 0.7V, whereby the
effective mass is chosen to be m* = 0.252 - my (TCAD:
m* = 0.26 - mg). In Fig. 4(a) it can be seen that the resulting
U(x) follows the shape of the band structure in a satisfying
way. The quasi-2D approach shows a similar shape, whereby
the tunneling barrier height U, is a bit underestimated. A
smaller Uy, is causing a overestimated value for T},,. At the
second gate bias of 1.5V (see Fig. 4(b)) the model reproduces
the tunneling barrier in good way and the quasi-2D approach
overestimates the value of Uy,

In order to verify the expression for the tunneling proba-
bility (Eq. (4)) with the help of TCAD simulations, T3, is
inserted into the equation to calculate the tunneling generation
rate (TGR), published in [4]. The TGR defines the number of
carriers generated per second in the conduction band of the
channel by B2B tunneling. The modeling results of the TGR
at the channel’s surface for various Vy, at Vg, = 0.7V are
illustrated in Fig. 5 and compared to TCAD simulation data.
Furthermore, the results of the TGR calculated with the quasi-
2D approach are depicted in this figure as well. It can be seen
that a horizontal displacement occurs in the modeled TGR for
both compact model and quasi-2D approach. This z-offset has
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Figure 4. Resulting tunneling barrier at the channel’s surface to calculate
Ttun for (a) Vgs = 0.9V and (b) Vgs = 1,5V at Vg, = 0.7 V. The compact
model (triangular with solid lines) is depicted in comparison to the quasi-2D
WKB approach (triangular with dashed lines).

little influence on the result of the integration along the x-axis
to obtain the current density and at last the B2B tunneling
current. Besides the occurring x-offset, the amount of the
modeled TGR is predicted satisfactorily, whereby the quasi-
2D approach overestimates the TGR and at last the current
density. This leads to an additionally fitting parameter to scale
down the overestimation, which can be avoided by the novel
area equivalent compact modeling approach.
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Figure 5. TGR at the channel’s surface at Vys = 0.7V for various Vs.
Compact model (solid lines) is verified by TCAD simulations (dotted lines)
and compared to the quasi-2D modeling approach (dashed lines).
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Abstract

Impedance spectroscopy is commonly used to analyse
charge dynamics in optoelectronic devices. Its
interpretation requires a close-to-complete
understanding of the physical phenomena happening in
the device under measurement. How an hybrid
perovskite solar cell works is still under debate,’ and
because of this the usage of impedance spectroscopy
technique is  hindered. = With  drift-diffusion
modelling® we match the measurements with one of the
most likely hypothesis, allowing parameters extraction
and supporting the validity of the hypothesis.

1. Background

A nice and effective model for time dependent, 1-
dimensional drift-diffusion simulation of multilayer
devices including multiple charge carriers (electrons,
holes, ions) has been open sourced® and its use has
been demonstrated on hysteresis,? transient ideality
factor’, space charge layer width estimation® of
perovskite solar cells. This model is easily adaptable to
simulate most kinds of time resolved electrical or
optical experiment, as is impedance spectroscopy.
Quite importantly for our study, this model implements
two main types of recombinations: radiative and trap
mediated Shockley-Reed-Hall (SRH) recombination.

In many of the literature articles on impedance
spectroscopy of perovskite solar cells we found reports
of giant capacitance under illumination® and inductive
effects’, this was explained® and modelled’ with an
important free charges accumulation at the perovskite-
contacts interface. As this hypothesis is certainly an
interesting possibility, hard to confirm or to confute,
we looked for a better insight on the charge dynamics
during impedance spectroscopy measurement using the
aforementioned Driftfusion® model.
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2. Simulation

In order to have an as-good-as-possible result, the
simulation was designed to mimic the experimental
setup. The applied AC voltage was simulated as single
voltage points on a sinusoidal function, usually 20
periods were simulated obtaining the electrical current
for 40 points each period, as represented in Fig. 1. This
resulting current profile was used for extracting phase
and amplitude via a demodulation method, which tries
to be as close as possible to the internal mechanisms of
a two-phase lock-in-amplifier. Additionally to the AC
voltage, simulations included the application of a DC
voltage and of an illumination generating free charges,
either at open circuit or at short circuit conditions.
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Fig. 1. Simulated current profile for a perovskite solar cell
illuminated with 0.001 sun when a voltage oscillating from
VOC - 50 mV and VOC + 50 mV at 1 MHz is applied.
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Fig. 2. Simplified equivalent electrical circuit. C, is
geometrical capacitance; Cio, is the double layer capacitance
due to ions accumulation/depletion at the perovskite-
contacts interfaces; Z.. is the impedance of the interfacial
charges recombination; Rie is the resistance depending on
the ionic mobility and concentration; V, is the potential
applied to the base of the transistor due to the ions presence.

3. Results

We observed the appearance of the still-unexplained
phenomena of the giant capacitance, as reported in Fig.
3, without observing the high interfacial concentration
of free charges that was indicated as a possible cause®.
This effect was observed both applying high DC
voltages and applying illumination at open circuit, in
accordion to the acquired experimental data. Thanks to
the flexibility of the Driftfusion® simulation software we
could have an insight on the charge dynamics during the
impedance spectroscopy simulation. In this way we
observed that the known influence of the ionic
concentration profile on the charges recombination can
explain the unexpectedly big out of phase current
component. This can be represented as a bipolar
junction transistor, as in Fig. 2, where the ionic
accumulation drives the base of the transistor, causing
electrical current variations. lonic migration itself is
equivalent to a parallel plate capacitor component where
what accumulates at the interfaces, in a double layer
fashion, is the ionic charge. This capacitance alone has a
small contribution, but gets amplified by the mentioned
transistor effect, resulting in an apparent giant
capacitance.

4. Conclusions

With this work'® (available as pre-print on Arxiv) we
propose an equivalent electrical circuit for perovskite
solar cells and other electrochemical devices including
ionic species. This unleashes the full versatility of the
impedance spectroscopy technique in the
characterization of such a promising photovoltaic
material.
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Abstract

Indium oxide was synthesized through an oxidation
process starting form an ionic precursor compound.
Synthesized indium oxide was used to fabricate gas
sensors, under the same conditions, in two types of
substrates; a rigid one, alumina, and a flexible one,
polyimide (Kapton®). Half of those gas sensors were
doped with silver nanoparticles, through sputtering, and
tested by immersing them in a flow of NO, gas.

1. Introduction
Last technological advances have made possible to
develop a variety of electronic components using
printing technologies in different materials such as
fabric, paper and plastics.
Thin polymeric films are extremely attractive as
substrates. They can be made lightweight and
inexpensive making possible to employ them in high-
volume and low-cost commercial products. Polymer
films are inherently plastic enabling a high degree of
mechanical flexibility and conformability. A number of
plastic films are available including thermoplastic
amorphous polymers such as polycarbonate, polyether
sulfone, and high-transition glass temperature materials
(Tg) such as polyimide [1]. The polyimide has excellent
physical, electrical and mechanical properties over a
wide temperature range, -269 °C until 400 °C [2].
Indium oxide (In,O3) is a wide bandgap transparent
semiconductor (with a direct band gap of about 3.6 eV
and an indirect band gap of about 2.5eV). In,O; in the
bulk form has been widely used in solar cells and
organic light emitting diodes. More importantly, In,O;
films have been successfully used as detectors of toxic
gases, with detection levels down to 5 ppm for NO, [3].
In this work In,Oj; has been deposited onto two different
substrates. We employed alumina substrates with
interdigitated Pt electrodes (IDE) and polyimide
substrates with Ag IDE. NO, has been measured to
compare the response and performance of In,O;
stenciled onto both substrates.

2. Experimental
A. Substrate preparation
A rigid alumina substrate was used with Pt IDE on one
side and a heater on the other. The alumina substrates
have length-width dimensions of 25.4 mm - 3.8 mm.
The IDE have tracks 300 um width and a gap between
tracks of 300 um. The heater is a Pt meander shaped
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track with a mean resistance of 8 Q. The geometry of
alumina IDE was replicated over a polymeric flexible
film. A commercial high resistant adhesive coated
polyimide foil (Kapton® 25 pum) has been used to
fabricate the polymeric devices. Two layers of the
polymeric film were stuck to one face of the alumina
substrate. The IDE pattern was cut with a CO, laser
over the outer layer. The parts belonging to the design
were manually removed; obtaining the cut-out holes that
will be filled with ink. Through stencil technique, Ag
ink (DuPont 5064H silver conductor) was deposited
onto the polyimide. The Ag ink was dried in an oven at
130 °C for 20 minutes. Later, the remaining parts of the
polyimide outer layer were removed obtaining an Ag
IDE over the polymeric film.

B. Material synthesis and methods

To obtain In,O; commercial available indium chloride
(Sigma Aldrich 99.8% purity) was used as precursor
compound. In an analytical balance 40 mg of InCl; were
weighted and placed in a ceramic crucible. The material
was dispersed homogenously among the surface of the
crucible in the minimum possible time as that
compound starts to sublimate at 5 °C. In order to oxidize
the material it was placed inside a muffle where the
oxidation process would occur. Typically a current of
synthetic air is used in such process to increase the
available oxygen but, in this particular case, the material
was oxidized without any synthetic air flow in order to
obtain a crystal oxide structure under low oxygen
concentration. The temperature was increased
progressively until it reached 400 °C, and was kept at
that temperature for 2 hours. Finally the material was
left inside the muffle overnight to be gradually cooled at
room temperature. Using an Agatha crucible, the
material was placed inside and mashed softly until it
turned into a homogenous yellowish dust.

The material obtained after the synthesis was
characterized using environmental scanning electron
microscope (E-SEM, Jeol 7600F), which had also an
EDX detector to obtain semi-quantitative information of
the material composition.

C. Sensor preparation

A set of four sensors were prepared using that approach;
two alumina based sensors with platinum IDEs on top
and a platinum heater on bottom; and two
Kapton® (25 um) based sensors with silver IDEs on top
. An In,O; paste was prepared using 25 mg of material
dissolved in 0.5 pl of 1,2-propanediol and mixed. A



polymer mask was prepared, a 6 mm - 3.8 mm rectangle
was cut with a CO, laser over a piece of polyimide film
(Kapton 50 pm). Through the polymeric mask, a layer
of material was placed on top of the IDEs as bridge
contact and finally the sensors were stored overnight at
80 °C inside an oven to fully evaporate the solvent.

One sensor of each pair was taken to a sputtering system
to be doped with silver nanoparticles. The sputtering
involved a 10 s deposition at 150 W in DC mode.

D. Gas sensing procedure

The sensors were placed inside an inert Teflon”
chamber and connected to an external power source
which would provide a constant voltage to the heaters.
In this work we applied 3.2V/0.96A, 4.2V/1.1A and
5.1V/1.2A to reach the desired working temperatures,
150 °C, 200 °C and 250 °C. The system flow was set to
be constant during the whole analysis at 100 ml/min.
Using a mass flow the concentration of the target gas
(NO,) was modified. The concentrations chosen for this
work were 3, 5, 5.5 and 6 ppm of NO,. For each
temperature the pulses were performed as following:
During one hour and a half synthetic dry air was applied
in order to stabilize the sensors and then pulses of 30
minutes of gas alternated with pulses of 30 minutes of
dry synthetic air were repeated.

3. Results and Discussion

The E-SEM imaging results of the In,O; layer showed
an amorphous material in which a dispersion of indium
oxide octahedrons is dispersed and included among the
whole surface. The octahedrons have several edge sizes
comprising values from 1.25 up to 7.5 pm (Figure 1).
The sensors were tested against a flow of NO, at
different concentrations levels.

Fig.1. E-SEM image of two octahedrons fused.
Measurements revealed that the sensors responses
decrease when the temperature is higher and the best
response is obtained when the temperature was close to
150 °C (power heating at 3.2V/0.96A). Kapton® high
thermal resistance, several orders of magnitude higher
than the alumina, turns into clear difference in thermal
conditions for the same electric power supplied to their
heaters. As all of them were tested at the same time
under the same conditions, alumina sensors were able to
reach the working temperature in a lower time giving a
more stable and repetitive response (Figure 2). It can be
also inferred from Figure 2 that silver nanoparticles do
not improve significantly the alumina sensors response,
even though at higher temperatures have slightly better
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response values.

Due to this difference Kapton® sensors could not reach
the optimal working temperature during the
experimental process even though, as it shown in Figure
3, they have also displayed a response towards the target
gas. Therefore in order to work with these Kapton®
based sensors it is important to increase the stabilization
time to ensure that the optimal conditions have been
reached. Otherwise, a different heater+IDE geometry
should be designed to improve their thermal response
(despite this would difficult the comparison).

4. Conclusions

The polyimide (Kapton®) is well-known as an inert
substrate, when carrying out the measurements, the
response observed belonged mainly to the active
layer deposited over the Kapton®. This
demonstrates the feasibility of manufacturing metal
oxide gas sensors on transducers of this low-cost
flexible material. The redesign of the geometry and
electrical parameters that will produce working
conditions comparable to the work point used in the
devices used until the time is still outstanding.
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Abstract

The Internet of Things (10T) has been spreading all over
the world for all kinds of applications, from medical to
agriculture, passing through civil engineering or
environmental monitoring. However, the increasing
number of devices which must be connected to the
cloud, implies several technological challenges. One of
these challenges is designing low-price battery-less
devices able to sense data and send it to a database for
its analysis and possible actions to be done based on it.
Here is where Near Field Communication (NFC) can
play an important role. NFC has become very popular
for contactless payments, and the number of
smartphones with this feature is increasing fast. The
main aim of this work is to study the suitability of using
NFC technology from any commercial smartphone to
supply energy to passive tags with computational
capability, getting the data from them, and send it to the
cloud, thus avoiding batteries on the sensors, as well as
Wi-Fi or Bluetooth chips which would imply a much
higher power consumption and higher prices.

1. Introduction
Near Field Communication (NFC) is a subset of
protocols within the RadioFrequency IDentification
(RFID) technology. NFC is known for its application in
payment systems, due the security that implies the
short distance between the reader and the tag.
However, the short distance brings with it other
interesting features which have not been deeply studied
yet. NFC standards are managed by the NFC Forum
[1]. 5 different type tags are defined. The newest one
(Type 5, also known as NFC-V), which is compliant
with the ISO/IEC 15693 standard, has a new feature
called energy harvesting (EH). The NFC chips with EH
capability have an output pin which will deliver a
rectified DC voltage obtained from the magnetic field
received from the 13.56 MHz signal generated by the
reader.
One of the main drawbacks of RFID systems, is the
price of the readers. However, the number of
commercial smartphones with NFC capability is
increasing every day. Thus, bringing the opportunity
Some 10T applications need a constant connection to
the cloud, however, there are other applications where
the connectivity can be spontaneous. Is in those case
where NFC may play an important role.
Soil moisture control is vital for agriculture and
gardening in order to optimize the use of water as well
as to deal with the specific needs of each crop.
Furthermore, it is also important for other purposes such
as civil engineering. There are many methods to
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measure the soil moisture [2]. The method used in this
work is framed within the dielectric methods, which are
based on the huge difference between the dielectric
permittivity of the dried soil (between 3 and 6) and
water (about 80). Thus, using the soil as the dielectric
part we can indirectly measure the soil moisture content,
which is often expressed as Volumetric Water Content
(VWC), defined as the volume of water over the total
volume.

This paper proposes a passive NFC tag consisting of a
soil moisture sensor, which also includes a temperature
sensor and a relative humidity sensor as a proof of
concept of the use of the NFC energy harvesting
capability.

2. System design
Fig. 1 shows the block diagram of the designed
prototype.

Temperature
LM75

NFC chip |c] uC

M24LR ATTiny85

vwcC
IDC

NFC TAG

Humidity

HIH-5030

Antenna

Fig. 1. Block diagram of the system.

The system core is composed of two main components.
The first is an NFC/RFID chip M24LR0O4E-R, from ST
Microelectronics, responsible of receiving and sending
NFC Data Exchange Format (NDEF) messages as well
as rectifying the RF signal to obtain a constant voltage
output. This IC is an NFC-V, Type 5 tag, following the
NFC Forum classification (ISO 15693 compliant). The
second is a low-power Atmel 8-bit AVR ATTiny85
microcontroller, which is responsible of reading the
sensor values through its analog and digital inputs,
performing programmed operations with them, and
writing the computed result into the NFC chip memory.
The microcontroller clock frequency is reduced to 1
MHz to dismiss the current consumption up to 300 pA
at3V.

Fig. 2 shows the prototype manufactured on a FR4 PCB
that consists of an NFC antenna, the chipset with a
connector that gives access to the microcontroller in
order to program it, and the interdigital capacitor which
will be sunk into the soil.
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Fig.2. Designed PCB prototype with the antenna, the IDC and the
chipset.

3. NFC Energy Harvesting

In order to ensure the communication between the
reader and tag and assure enough power for the RF to
DC conversion to feed the electronic circuitry, the goal
is to maximize the power transfer from the reader to the
tag. Then the power delivered to the tag IC (Pg) must be
higher than a threshold power (Pw): P4 >Pw. To this
end, the efficiency must be maximized. Modern mobiles
often use metallic case, therefore special design is used
to avoid the losses introduced by the metallic parts or
batteries. Fig.2. shows the measured parameter Si; for a
tag adjusted in the air with Cuning=22 pF and the
detuning due to the proximity of a mobile with metallic
case at different distances between 1 mm and 12 mm.
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Fig.2. Measured S11 of the test antenna as a function of the
frequency for different distance between the tag and mobile.

Fig.3 compares the measured Ha and the harvesting
output voltage generated by two mobiles as a function
of the tag to mobile distance.
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Fig.3. Average magnetic field received by the tag (a) and the rectified
voltage (b) as function of the distance between the tag and the reader.

4. Measurements
In order to analyze the behavior of the sensor during the
irrigation process a setup with 11 different pots,
containing a blended mixture with different quantities of
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water, from dried soil to 50% of VWC have been set.
The result is shown in Fig. 4.

Measured
asr imigated | ]

0 100 200 300 400 500 600 700 800 900 1000
Sample Number

Fig.4. Computed VWC compared to the irrigated water.

An application that runs in Android smartphone (shown
in Fig. 5) has been developed as proof of concept.
Beyond the sensed data, the system allows to send more
information to the reader, such as a link to a website, or
it can make use of the user identifier (UID) of each tag
to give additional information of that specific product. It
also acts as a bridge sending the data to an I0T database.

Sensed data
Temperature: 17 °C

Relative Humidity: 49%

VWC: 12%

. Speclesinformation
Species:  Cyclamen purpurascens
Family:
Ideal temp: 13-18°C
Irrigation: Moderated

Primulaceae

Go to Wikipedia page

(@) (b)
Fig.4. Image of the developed app graphic interface which uses the
tag UID to retrieve the information of the plant (a) and the flower pot
with the device on it being powered and read by the smartphone (b).

7. Conclusions

This work demonstrates the potential use of NFC to
harvest battery-less tags with computational capability.
It has been demonstrated that the rectified power
generated from the magnetic field is stable enough to
supply energy to a microcontroller and a set of chips,
allowing carrying out both, analogue and digital
communications successfully.
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Abstract

The effects of InP Quantum Dots (QDs)-doped
poly[9,9-bis (3 -(N,N-dimethylamino) propyl) - 2,7-
fluorene)-alt-2,7-(9,9-dioctylfluorene)] (PFN) layer on
the stability and degradation of inverted polymer solar
cells based on thieno[3,4-b]-
thiophene/benzodithiophene (PTB7) and [6,6]-phenyl-
C71-butyric acid methyl ester (PC,BM) is presented.
Photovoltaic solar cells with inverted structure, using
PFN with different InP QDs concentrations (PFN:0
mg/ml InP, PFN:0.22 mg/mL InP and PFN:0.5 mg/mL
InP) as electron transporting layer (ETL), were
fabricated, after which the degradation of their electrical
characteristics under air environment is analyzed. It was
observed that the degradation of their performance
parameters is 5 times faster than devices without QDs.

1. Introduction
During the last few years, Organic Solar Cells (OSCs)
have been extensively researched in order to increase
their power conversion efficiency (PCE), which
although less than silicon ones, have already reached
up to 11 % [1]. Materials, such as Calcium (Ca) and the
poly-(3,4-ethylene dioxythiophene):poly-
(styrenesulfonate) (PEDOT:PSS) are commonly used
as electron transporting layers (ETL) and hole
transporting layer (HTL), respectively, in a
conventional structure [1]. However, it is well known,
that the hygroscopic nature of the PEDOT:PSS and the
rapid oxidation of the Ca under air environment can
degrade rapidly the active layer, and in consequence,
devices have low stability and rapidly degraded. The
degradation of the electrical performance of OSCs is a
phenomenon that involves chemical and physical
processes taking place inside the device, due to the
absorption of water and oxygen molecules [3]. The
short operation lifetime and rapid degradation of the
OSCs are part of their main disadvantages, that need
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more study, in order to improve their performance, life-
time and long term stability. It is common, that metal
oxides (e.g. vanadium oxide (V205), nickel oxide
(NiO) and molybdenum oxide (Mo0O3)), are used as
HTL and zinc oxide (ZnO), PFN, titanium oxide (TiO2)
as ETL in an inverted structure. [4]. On the other hand,
Semiconductor Nanocrystals (also known as Quantum
dots, QDs) have been considered as promising
materials to be analyzed for the next generation of solar
cells [5], due to their electronic and optical properties,
which are dependent of their size, morphology and
composition. [6] In recent years, QDs have been used
in the fabrication of optoelectronic devices, such as
photodetectors, light emission devices and photovoltaic
cells. [7]

In this work, we present the degradation study of the
electrical properties of inverted organic solar cells with
different concentrations of InP QDs-doped PFN, used
asETL.

2. Experimental and Results

The OSCs were fabricated under N2 environment on
precleaned, patterned ITO glass substrate (10 Q/square).
The PFN interlayer material was dissolved in methanol
and mixed with a small amount of acetic acid (2
ul-mL") and different concentrations of InP QDs
(PFN:0.22 mg/ml InP and PFN:0.5 mg/ml InP), and its
solution (concentration, 2 mg - mL™!) was spin-coated
on top of the precleaned ITO substrate at 3500 r/min,
obtaining a thickness of 10 nm. The PTB7:PC;BM
active blend, with a weight ratio of 1:1.5, was dissolved
in chlorobenzene (CB) and 1,8-diiodooctane (DIO)
(CB:DIO = 97:3 by volume). The blend solution was
deposited on top of a PFN layer by spin coating at 800
r/min for 30 s, obtaining the thickness of 100 nm. The
anode buffer layers of the cells, consisted of 5 nm of



V,05 and 100 nm of Ag, deposited by thermal
evaporation at 1.5 x 107 torr at a rate of 0.18 nm/s and
0.1-0.3 nm/s respectively, on top of the active layer.
The active area for the devices was 0.09 cm?, as defined
by the geometric overlap between ITO and Ag layers.
The devices were measured under air environment
during all the degradation process.

The devices were classify into three groups: A (Without
InP QDs); B (0.22 mg/ml InP QDs) and C (0.5 mg/ml
InP QDs). Afterwards all devices were transferred to
ambient conditions, exposed in air environment and
kept under dark during all degradation process time of
each group of devices (2496 h for A OSC group, 573 h
for B OSC group and 551 h for C OSC Group). The
three groups of devices were not encapsulated.

Figure 1 shows a typical degradation of J-V
characteristics under illumination for A OSC group. The
performance parameters obtained from the J-V
measurements during all degradation process for A, B
and C OSC groups were normalized according the
initial values (measured at the initial time of the
degradation process). These normalized behaviors,
current density (Jsc), open circuit voltage (Voc), fill
factor (FF) and power conversion efficiency (PCE) are
presented in Figure 2.

Figure 1. Illuminated J-V curves of inverted PTB7:PC7BM
solar cells of A OSC group (reference cells) for different
degradation times under air environment during 2496 h.

3. Conclusions

Analysis showed, that OSCs with QDs in their electron
transporting layer (PFN), degrade 5 times faster than
devices without QDs due to the rapid fall of Jsc, FF and
PCE. Devices without QDs showed the largest lifetime
(2496 h) in comparison of devices with 0.22 mg/ml QDs
InP (551 h) and 0.5 mg/ml QDs InP (573 h). Upon
exposure to ambient conditions for several days, an s-
shape emerged in the J-V curve under illumination for
all groups of photovoltaic devices.
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Figure 2. Normalized performance parameters of devices regarding to
their initial values as a function of time. Jsc is the short current
density, Voc is open circuit voltage, FF is fill factor and PCE is power
conversion efficiency. All the devices were measured under AM 1.5G
spectrum condition (L00mW/cm?) in air environment.
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Abstract
Metal-Insulator-Semiconductor (MIS) structure and
Thin-Film Transistors (TFTs) using (HfO.) as dielectric
and Hafhium-Indium-Zinc-Oxide (HIZO) as
semiconductor, both deposited by room temperature
radio frequency (RTRF) magnetron sputtering, are
fabricated and characterized using Capacitance-Voltage
(C-V) and Current-Voltage (I-V). The HfO; dielectric
constant was 20 at 1 kHz, the charge carrier
concentration of the HIZO was in the range of 5 x 10%
cm? and the interface trap density at flat band was
smaller than 8.4x10* cm™. Results obtained of HIZO
TFTs show that they work in the operating voltage
range below 2 V, with mobility values above 4 cm?/Vs.

1. Introduction
The Amorphous oxides semiconductor thin film
transistors, (AOSTFTs) have attracted much attention in
recent years, due to the highly improved electrical
characteristics that they present with respect to
amorphous silicon technology [1,2,3]. Blends of
amorphous Hafnium-Indium-Zinc-Oxide HIZO and
more quaternary compounds of oxide semiconductors as
semiconductor  layers, provide better electrical
parameters and stability than first studied ZnO layers
[1,2,3]. Their relatively high mobility values (> 5
cm2/V-s). and stability [4], using low temperature and
relatively low-cost processing techniques, allowing their
application as switching and/or driving elements in flat-
panel displays [2]. They can also be obtained over large
areas with uniformity due to its amorphous structure.
However, there is still much work to do to understand
the behavior of AOSTFTs fabricated with these
materials and learn how to optimize the technological
aspects of their fabrication. The characteristics of the
semiconductor and dielectric layers strongly depend on
the deposition methods used, as well as thermal
annealing processes [5].
On the other hand, the use of high-k dielectrics allows
the reduction of the operating voltage of the TFT. and
contributes to decrease the power consumption.
Hafnium oxide (HfO,) has been used as high-k gate
insulator material for this objective.
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For the above reasons, in this work, we study the
characteristics of MIS structures, and TFTs using HfO;
as dielectric and HIZO as semiconductor layer
respectively, deposited both by RTRF magnetron
sputtering. The Capacitance-Voltage (CV) method was
used to analyze the characteristics of each layer as well
as of the interface between them and predict the
operation of TFTs using the same materials and
interface. The electrical characteristics of HfO,/HIZO
TFTs fabricated on the same substrate as the MIS

structures are also presented.

2. Experimental part

MIS capacitors were fabricated on corning glass
substrate. Subsequently, molybdenum (Mo), 150 nm
thick, was deposited by RTRF magnetron sputtering as
bottom contact. As the dielectric layer, 150+5 nm layer
of HfO, was deposited by RTRF magnetron sputtering,
with 5.7 W/cm? of power density at 20 mTorr in argon
(Ar). As semiconductor layer, 352 nm of HIZO were
deposited by RTRF magnetron sputtering with 3.9
W/cm? of power density at 8 mTorr in Ar, using a
HfO,:1n205:Zn0 target with the ratio of 0.3:1:1 at mol
% and 99.98 % of purity. As passivator layer, 400nm of
PMMA were deposited by spin-coating. Finally, 200 nm
of Mo were deposited by RTRF magnetron sputtering as
top contact. All layers were patterned using standard
lithography. Thin film Transistors with different
channel lengths and widths were also fabricated with the
same process on the same substrate, see Fig. 1. Layer
thickness was measured by ellipsometry. Capacitance-
voltage (CV) and current-voltage (IV) curves were
obtained using the Agilent E4980A LCR meter and
Keythley measurement system, respectively.

Mo Mo
Mo PMMA PMMA
Mo Mo
GLASS GLASS
a) b)

Fig.1. a) MIS structure and b) AOSTFT



3. Results and Discussion

Fig. 2 shows CV curves corresponding to MIS structure,
measured in the interval between —2 and 2 V, starting
from depletion to accumulation, at different frequencies
of the AC signal of the LCR meter. It is seen that
devices with this MIS structure can operate in a voltage
range below 5 V. Fig. 2 also shows the reduction of the
capacitance in accumulation (Caccum), that can be
explained by the reduction of ki with frequency. In
addition, the fact that in amorphous oxide
semiconductor materials, the carrier response time of
the traps, can be high enough, and carriers cannot
follow the measurement signal at high frequencies. The
simulation of this effect due to the presence of the bulk
distribution of localized states, was reported in [6].

Fig.2. CV curves measured at different frequency values
of the AC measurement signal of the MIS structure.

From CV measurements, the dielectric constant of the
HfO, was determined as 20, at 1 kHz. This value is
within the reported values, is still sufficiently high to be
used to reduce the operating voltage range in TFTs. The
flat band voltage is 1.3V. The charge carrier
concentration in the HIZO layer was in the order of 5 x
108 cm. The interface trap density at flat band voltage
(Nss) was smaller than 8.41 x 10! ¢cm™. Fig. 2 also
shows modeled curve for 10 kHz. The above mentioned
parameters were obtained from the CV curve using the
standard method for MIS structures [26].

Fig. 2 also shows a hysteresis loop of less than 1.6 V at
1 kHz, for the CV curves swept in both directions,
which can be due to the behavior of the dielectric
dipoles of the HfO,. This is not too high, since the
polarizability of a dielectric increases as its ki increases
but must be taken into account when designing
applications using these devices.

Fig. 3 shows the output characteristic of an AOSTFT
with W=150 pum and L=40 pm, confirming the
reduction of the voltage operation range to less than 2
V, VT in the order of 0.5 V and mobility higher around
5 cm?/Vs. The breakdown voltage for all samples was
above 6 V.
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Fig.3. Output characteristic of an HfO2/HIZO TFT.

4. Conclusions

MIS structures using HfO, and HIZO layers were
fabricated, both deposited by room temperature RF
magnetron sputtering, were characterized by CV
method, obtaining a relative dielectric constant of 20 at
1 kHz. The charge carrier concentration of the HIZO
layer was in the range of 5 x 107 cm™. The interface
trap density at flat band was smaller than 8.4 x 10
cm 2. The frequency dispersion of Caccum obtained for
MIS structures is observed in this amorphous oxide
semiconductor. Fabricated HfO./HIZO TFTs presented
good electrical characteristics in the operation voltage
range below 2 V and mobility higher around 5 cm?/Vs.
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Abstract—In this paper a compact model for the contact
resistance of the metal/semiconductor at source-semiconductor
interface in organic thin-film transistors (OTFTs) is presented.
The model covers the effects of non-linear current injection
and a bias-dependent barrier lowering. These effects are
caused by a missmatch between the work functions of contact
and organic semiconductor and occur in linear regime of
output characteristic. Finally, the model has been validated vs.
measurements of fabricated devices.

I. INTRODUCTION

A major advantage of organic materials is the possibility
of producing flexible and large-area electronics. In addition,
their solubility allows the use of inkjet printers, whereby the
production costs are very low. But due to the low mobility
of organic materials, a reduction of the channel length is
necessary to achieve acceptable drain-source current values.
As a result of short channel lengths, new effects such as the
s-shape effect appear (Fig. 4(a)) in staggered [1] and coplanar
[2] devices where the current is limited in linear regime.
This current limitation is caused by the contact resistance
which depends on the barrier between source contact and
semiconductor. Finally, this contact resistance is dependent on
the applied contact potentials, taking into account the Schottky
barrier lowering effect.

II. PRELIMINARIES

Prerequisite for this compact model is a not negligible
barrier ® gy between source and semiconductor. Furthermore,
this barrier is not constant because it depends on the electric
field E4 due to the Schottky barrier lowering effect:

qub
A¢B(Esb) = \/ m~

In the case of short channel lengths, the current limitation (s-
shape effect) mainly occurs in the linear regime of an output
characteristic, since the barrier resistance there is significantly
higher than the channel resistance. With increasing Vg, the
barrier is reduced according to (1) due to an increased electric
field Eg, and the drain current /44 is modulated by the channel
resistance as in a long-channel device.

)]

Therefore, the model assumes in the linear regime that the
voltage drop along the channel is negligible, which results
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in a constant charge distribution in the accumulation channel
(Fig. 1).

v Ryt AV Rch Rp Vv
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results from Ry >> Ry +Ry, —» V= Vo

Figure 1: Schematic charge distribution of an n-type OFET in
case of on-state (Vs > Vrg) and linear regime (Vyz, << Vo —
Vro).

This approximation leads to a nearly equal charge carrier
density at drain and source end of the channel Q!,. ~ Q.. ..
Finally, the general expression for Q! , = C/ (Vys — Vo —
Vis) and a fitting parameter fo are used by the model, that

results for Q7.
Q;nc = fQQ;nd = fQC(/)a,(‘/gé — Vro — Vds)' (2)

Fitting parameter fg accounts for the aforementioned approx-
imation and allows to fit the charge density at the source end
of the channel. @/, is later required to solve the electric field

E, at the barrier position.

III1.

An analytical expression for the electric field at the barrier
position between source and semiconductor is necessary to
calculate the barrier height like in (1).

ELECTRIC FIELD SOLUTION

For the coplanar structure, the Schwarz-Christoffel trans-
formation was used to obtain a conformal map of the examined
area in the transistor (hatched area in Fig. 2).

Jy

Source

z-plane w-plane

Y
o)/
PN
s @ ®
@ u
Figure 2: Schematic charge distribution of a n-type OFET in

case of on-state and linear regime (Vy, << Vg5 — Vo).



This function transforms the complicated geometry from the
z-plane into a simpler geometry in the w-plane, for which a
solution has already been derived [3]:

P(w) 3)

= p(w) + jE(w) = ¢y + i@acosh(w).
This potential solution was used to derive an expression for
the electric field Fq,(dp), where the fitting parameter dp
defines the distance between point 2 and point 4 along the
y-axis (Fig. 2). The position of point 4 defines the point of the
average E;, of the injection area. The following expressions
were derived for Egp:

Pg — ;nc/cc/)m — Ps
2dp Sty + d,

60(13

coplanar: Fg,(dg) 4)

2
m

In the case of a staggered structure, a 2D solution is not
necessary, and can be approximated as a 1D problem (Fig. 3).

Lovlap
Source
. @1 Qme
O] 1:5 /
OX
Y Gate

Figure 3: 1D treatment of a staggered structure.

Here, a mapping function is not required to determine a
expression for Egy:

Pg — ’IITLC/C(/JLE — Ps
- )
—Ltoz + tow

ox

®)

staggered: Eq(dp) =

IV. MODEL IMPLEMENTATION

For the implementation, the current limitation of the barrier
is modeled as a resistance, for which the well-known Schottky
diode equation (in reverse mode) was used to calculate the

respective current:
9% 5o qADp
6
nkBT> o (nkBT> - ©

whereby t is the effective injection length (staggered structure:
t = Loviap), Jso the current density, ®p¢ is the Schottky
barrier height and 7 is a non-ideality factor of Schottky diode
equation. Using the corresponding voltage V., =V, — Vpo —

1o/ Crw — Vs, the effective contact resistance of the barrier
can finally be calculated as follows:

Ve o (Vgs = Vo)A — fo) + foVas
Linj d Ad
J tWJsoexp | — 9~ Bo exp 2%B
?’]kBT
Further the resistance is incorporated in a first order approxi-
mation into the effective mobility [4]:

Lin; = tW Jso exp (—

R. = (7)

T]kBT

w_
pefr = p/(L+ uchQms)- (®)
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V. VERIFICATION

In order to verify the compact model, the charge-based
compact model of F. Hain [4] is used. For verification,
measurement data of staggered and coplanar structures are
available with a channel length of 2 um and 5 wm respectively.

— Compact’
Vgs=-2.1V O Measure (smooth)
gggggggggggg T4
2 2[ Ves=-24v ] \ S 5[ Ves=30v
S fereevemveereecereaneee (Ssupsel:lme?rsmue >D Vgs=-2.
~ -Shape) =
- . T Vgs=-2.4V.
A o
— Compact © 1
Ves=-3.0V,.02° O Measure
63 -2 -1 ¢ 03 2 -1 C
Vbs (V) Vbs (V)

(a) Output characteristic (b) 1st derivative of Fig. 4(a)

Figure 4: Verification of staggered device with L., = 2 um,
Loviap = 2 um, £y = 5.1 nm, t5c = 25 nm, W = 20 um and
DNTT as material. [1]

0 0.4— Compact
Vgs=-5V 2 03 O Measure (smooth) Ves=-10V
~-1r 3 : = N
< -
2 % 0.2
[a]
= ol 5
Ves=-10V, — Compact 5 01r 2
O Measure [FanZ
T | 0.0

9 6
Vbs (V)

(a) Output characteristic (b) 1st derivative of Fig. 5(a)

Figure 5: Verification of coplanar device with L., = 5 pm,
tor = 150 um, t;c = 100 um, W = 100 um and pentacene
as material. [2]
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Abstract

The aim of this work is the design and the
implementation of a digital controller for a DC/DC
bidirectional buck-boost converter prototype to regulate
DC voltage in a powertrain of an electric vehicle. The
DC-DC converter is required to perform two operations:
first is keep the different rating voltage between the
battery and the inverter, and second deliver power to the
motor under acceleration and braking conditions.
Thereby, the system works in traction mode to allow
power delivered from the battery to the motor and in
regenerative brake mode to recharge the battery when
the vehicle brakes. A double closed loop digital control
is designed to activate the MOSFETS for the DC/DC
buck-boost converter, it is composed by multisample
average current control and using a Pl control method
for the external loop. To validate the design output
voltage variation reference are simulated in PSIM and
implemented in Texas Instruments TMS320F28377S
Digital Signal Control (DSC). The results indicate the
good agreement with controller designed. Experimental
results show its works properly in both modes, keeping
the criteria design parameters.

1. Introduction

The DC/DC converter with inductor coupled at the input
and the output has been widely used in systems that
needs to charge and discharge backup batteries and can
be applied in space, fuel cell, photovoltaic and telecom
power systems [1], [2], [3], [4]. Therefore, for such
applications, the principal function consists in regulate
the output voltage of the converter with high stability
and efficiency. Using coupled inductor is possible to get
wide dc-dc conversion range [5]. On the other hand, one
usable solution to eliminate the righthalf- plane (RHP)
zero that have the most conventional DC/DC converters
in continuous conduction boost mode is using a coupled
inductor along with damping networks [2].

Different DC/DC converters topologies has been used to
connected the battery with the motor inverter in a high
voltage DC bus for Electric Vehicle (EV) application.
With the aim to hold the battery rated voltage
independent from the high voltage DC bus necessary to
deliver power to the moto rand the optimization of
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vehicle operation. When the battery rated voltage is
greater than (buck operation), equal to buck-boost
operation), or less than (boost operation) the output
voltage from the DC/DC converter. The operating
principle are detailed in Figure 1, which consists in a
battery and a DC/DC converter block that has as
function to keep the different rating voltage between the
battery and the inverter to deliver power to the motor.
The present work propose a design and implementation
to a bidirectional buck-boost converter with coupled
inductor prototype studied in [2]. The design of
converter was made taking into account the
specifications of a powertrain emulator of an electric
vehicle. Finally, experimental results are shown, which
are developed using an active load in constant resistance
mode. Proposed prototype works properly in buck and
boost mode, and according with the criteria design,
begin a good alternative to start with the application for

an electric vehicle operation.

Regenerative brake mode
—

[n]edin]e)
Converter

Battery Inverter

Traction mode
B ——

Fig 1. Block diagram of the DC/DC converter in traction

system.

3. Buck-boost dc/dc converter with coupled

inductor

The buck-boost converter is composed by a RC
dumping network and a coupled inductor with turns
ratio 1:1 and magnetic coupling coefficient k = 0.5, as
is shown in Figure 2. The buck-boost cell works as
follows: uin and uiL are switched in complementary
manner while uzH is set at 1 and uzL is set at 0, in boost
mode. In this way, u2+ and uzL are switched in
complementary manner while u1H is set at 1 and uiL is
set at 0, in buck mode. These activation signals are
generated using a duty cycle for each operation mode,
di(t) and d2(t). This allows to operate in boost mode
when Q1 and Q2 are switched with the duty cycle di(t)
and in buck mode when Q3 and Qa4 are switched with
the duty cycle d2(t).
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generation.

The control method using to regulate the DC voltage
output is a double loop, the internal loop is a current
control mode and the external loop is a voltage control
mode. Figure 2 shows the scheme of the system control;
where the external loop determines the reference of the
current output of the converter iLref, taking into account
the value sensed of the output voltage. Therefore, the
voltage loop generates the current reference. The
scheme controller for the power converter consists in a
voltage sensor. feedback and a current sensor; two
analog-to-digital converter (A/D) that converts the sense
signals to a digital number representing the value of the
voltage or current. The converted digital value of output
voltage is compared whit a reference voltage (Voref ) to
produce the reference of the current control using a
proportional-integral control (Gwpi(z)). The reference of
the current (iLref ) is then compared with the converted
digital value of the output current. Gt (z) is a ripple filter
of the current with the aim to get the average current
value from the error ie(n). Gpi(z) is the transfer function
of an integralproportional control that adjusts the cutoff
frequency of the current loop to finally get the control
variable u.
4. Experimental results

Experiments are carried out over a buck-boost converter
prototype described in Figure 2. The selected
components are summarized in Table I.
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Component | Description

C Polypropylene Capacitor, 4 x 0.33uF

Ry Damping resistor, 5Q, 20W,500V

Cq Damping Capacitor Polypropylene
20uF, 700V

Li=L> Couple inductor 270 uH

M Mutual inductance of couple inductor
140 uH

Co Polypropylene Capacitor, 6 x 4.7uF

Table 1 Buck-boost cell components.

A direct voltage source is used as power supply for the
buck-boost cell. The Enhanced Pulse Width Modulator

(ePWM) module from Texas Instruments
TMS320F28377S Digital Signal Control (DSC) has
been used to generate the activation signals for the
MOSFETs switch. Experimental results are showed in
_!_:igure 3.I

I 1

Vo(CH1)

”'.1 00ms

Fig 3. Experimental results with resistor of 200Q and final
output voltage in boost mode. CH3: input current Ig (2 A/div);
CHA4: current in the load lo (2 A/div); input voltage Vg = 200
V. CHZ1: output voltage Vo (100 V/div); time base 4 ms.

7. Conclusions
A Didirectional buck-boost converter with coupled
inductor, is presented as an alternative to conventional
converter topologies in electric vehicle application. A
buck-boost cell has been design and validated. Such a
prototype has proven to be a suitable for operation in
buck and boost mode.
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Abstract

A numerical model for the optical properties of
nanoporous anodic alumina-based rugate filters (NAA-
RF) based on transfer matrix method (TMM) with the
effective medium approximation (EMA) is developed.
With a best fitting with measured data, a relationship
between the geometrical parameters of the structure and
the fabrication parameters is established. The design of
optical nanostructures could take advantage of this
knowledge for future applications.

1. Introduction

The optical, physical and chemical properties of
nanoporous anodic alumina (NAA) have boosted the
interest in this nanomaterial. In the last years, the NAA
properties as biosensing platform for a very wide range
of analytes also have gained importance [1]. NAA is
produced by electrochemical etching of the aluminum in
acidic electrolytes. Achieving a precise control of the
fabrication  conditions  (electrolyte  composition,
anodization voltage or current, pH and temperature), the
geometrical or structural parameters of the NAA
(interpore distance (dint), pore diameter (dp) and pore
length (L)) can be engineered in a wide range.
Additionally, during the anodization the fabrication
conditions can be varied in order to modulate the
morphology of the pores. As an example, we point out
the distributed-Bragg reflectors which can be obtained
by the application of successive cycles with high and
low anodization voltage [2,3]. Thus, engineering NAA
properties is an important move towards its application
to fields such as biosensing or photovoltaic energy
conversion. A particularly important type of these
engineered NAA-based structures is rugate filters. In
these nanostructures, the cylindrical pores of NAA have
a periodical oscillation of their diameter with the depth,
becoming optically as a 1-D photonic crystal structure
in which effective refractive index varies continuously
and periodically with pore depth. NAA-RFs are
produced by applying a sinusoidal anodization current

(Eq. 1):
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. (2
I(t) = |0+|1SIHL?7T'[J (1)

where 10 is an offset current (equivalent to the
anodization current in constant current anodization), and
11 and T are the amplitude and period of the sinusoidal
component. The resulting pore diameter oscillation can
be described by a modulation amplitude in the pore
diameter (4dp) and a modulation period along the pore
length (A). The geometrical parameters dint, dp, 4dp and
A influence the photonic crystal properties such as the
position, width and strength of the stop bands.

In this work we develop a tool to numerically simulate
the optical properties of NAA-RFs in order to relate the
structural parameters with the fabrication parameters
(10, 11 and T). In this sense, NAA-RFs were prepared at
different fabrication conditions and their reflectance
spectra were analyzed by means of the numerical model
of the nanostructure. The knowledge of the dependence
of the geometrical and optical properties with the
fabrication parameters will permit to design further
nanostructures and to simulate and predict its behavior
in their applications.

2. Experimental and simulation details

The production of NAA-RFs was made with oxalic acid
electrolyte, applying sinusoidal anodization profiles
according to eq.(1) and following the procedures
described elsewhere [4]. Reflectance  spectra
measurements were obtained from samples were
prepared with 10 =2.5 mA, 3 mA, 3.5 mA, 4 mA and 5
mA, and with 11 =2 mA and T = 200 s fixed. Figure 1
depicts a cross-section and top view SEM image of one
of the samples. Figure 1.a illustrates the oscillating
pattern in depth of the pore diameter. Nevertheless, the
pore diameter (dp) and its variation in amplitude (4dp)
are difficult to assess from the picture. Figure 2 depicts
the model we used for the NAA-RF pores: a pore
morphology consisting in a sinusoidal variation of the
pore diameter in depth and a modulation period (A) along
the pore length. This morphology generates a
modification in depth of the porosity that results in a
modulation of the effective refractive index with the pore



depth (plotted in Figure 3.a). In order to calculate the
reflectance spectra we apply the transfer matrix method
considering a multilayered thin film model with constant
refractive index for each layer. Thereby, we divided in 10
layers with constant index each period in the pore
modulation, as illustrated in Figure 3.b. The effective
refractive index of each layer is calculated using the
Looyenga-Lifshitz-Landau (3L) effective medium
approximation. The analysis of the reflectance spectra
has been done by adjusting the geometrical parameters
dint, dp, Adp and A, in order to reach the best fit between
the experimental and the calculated reflectance. In the
computations, we established dint = 17 nm/mA. 10 +35
nm and A =302 nm/(mA-s)-T-10, which are estimated
from SEM top view pictures and cross-section pictures of
prepared samples at the same average current. The value
of the pore modulation amplitude was fixed to Adp = 2
nm.

3. Results & discussion

The simulated results are summarized in Figure 4. Figure
4.a shows a comparison of the measured reflectance
spectra (black line) for samples with different offset
currents (10) with the corresponding best fittings (red
line). The measured spectra show the stop bands as a
result of the oscillating variation of the refractive index
in the NAA-RF. The central wavelength of each stop
band increases for increasing 10. The numerical model is
able to reproduce the experimental central wavelengths,
although with higher calculated maximum reflectance.
The reason for this difference is the imperfections in the
experimental samples. Figure 4.b depicts the pore
diameter obtained from the best fit for each 10.
Simulation results indicates an increasing trend of dp
with increasing 10, as it could be expected. Further
analysis will be made in order to relate the pore
modulation amplitude to the current modulation
amplitude.

4. Conclusions

In conclusion, a numerical model of NAA-RF based on
the effective medium approximation and the transfer
matrix method has been developed. This model permits
to analyse the measured reflectance spectra and the
relationship of the fabrication parameters with the
structural parameters of NAA-RF. The model is capable
to determine key parameters such as average pore
diameter, dp, and pore modulation amplitude, Adp. This
information could be important when designing further
nanostructures and simulating and predicting their
behaviour in future applications.
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Figure 1. a) Cross-section SEM and b) top view SEM
picture of one of the samples (Scale bar: 500nm).
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Abstract - Differential power processing (DPP) archi- currents are processed and the low power efficiency of the
tectures provide significant advantages in the balanc- converter (below 2 W) is even more relevant in this case.
ing of series connected sources (such as batteries andPossible converter candidates featuring bidirectional power
photovoltaic (PV) systems) including improved efficiency, transfer, isolation and unity gain with open-loop control
reduced power rating, and savings in size, weight and include the Cuk and also resonant converters such as the
cost. Nonetheless, these systems require very simple controkeries-resonant (SRC) or the LLC converter. In this context,
methods which must be inexpensive to realize, togetherthe Cuk presents disadvantages related to hard-switching and
with efficiencies above 90 % for the desired range of leakage inductances of the transformer, whereas the resonant
loads. This paper presents the architecture and control converters can operate with soft-switching and can integrate
of a bidirectional isolated low-power DC-DC converter inductors and transformer in the same magnetic core.
which can be used for submodule-level balancing of PV  This paper presents the architecture and control of a bidi-
systems. The converter is capable of balancing a rangerectional isolated low-power DC-DC converter which can be
of low-power mismatches with an hysteresis-based open-used for submodule-level balancing of PV systems in the
loop controller that allows burst mode operation in case of isolated-port architecture of [4]. The converter is based on
very light loads. Experimental results show power transfer a symmetric version of the LLC resonant tank. Although the
efficiencies above 90 % for loads between 500 mW andconverter requires a large number of switches, this approach
5W. results in other interesting advantages, including improved
light-load efficiency. Besides of zero-voltage switching (ZVS)
and integration of the magnetic elements in one single core,
the proposed converter can be controlled in open loop with a

Differential power processing (DPP) has been proposed simple hysteresis band. The inherent dependence of the tank
an alternative to microinverters and dc optimizers in ordeesponse on the load allows to operate the converter in burst-
to mitigate the effects of mismatch in photovoltaic (PVjnode under very light loads and also to automatically limit
systems [1]-[5]. DPP architectures typically feature DC-D&e power transfer in case of heavy loads. Thanks to this mode
converters named subMICs, which are connected at submodwfi®@peration, efficiency has been shown to be above 90 % for
level and replace bypass diodes. These converters provida nge of loads between 500 mW and 5 W.
path to different photogenerated currents by simply balancing
the voltages of all the submodules in the string. Typically, [I. PROPOSEDTOPOLOGY

gain. In addition, the isolated-port architecture in [4] requirgfe voltages between the primary ports connected to the PV,
galvanic isolation between the input and the output of the cogng the secondary port. In absence of mismatch, submodule

simple architectures such as the flyback converter [4] whighinply shut-down. In case of differences between submodules,
can be operated in discontinuous conduction mode (DCM)

and with closed-loop regulation of the voltages. Although
the flyback converter presents poor transformer utilizatiory,,,,
it is well-suited for the application, given that transformer
use increases with the power level, resulting in conversioi _|
efficiencies around 90 % for loads above 2 W. The approacg
has been demonstrated to be effective in PV plants affected
by partial shading, increasing the energy yield of the system_
by more than 5% [6].

Besides of partial shading mitigation, DPP has also been . o ]
proposed to reduce the effects of ageing mismatch in unshadE#g- 1: Proposed symmetric and bidirectional isolated LLC
unity-scale PV systems [6]. In absence of shading, only small converter.

I. INTRODUCTION
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(a) Example of error trajectory in cagb) Example of error trajectory in case
of power transfer from primary to seof power transfer from secondary to (a) when the load demands 500 mW(b) when the load demands 10 W.
ondary. primary.
) ) o Fig. 3: Input voltage (CH1), Output voltage (CH2) and
Fig. 2: Double-band hysteresis control limits error and Gate-Source Voltage of a primary side switch.
allows burst-mode operation.

TABLE I: Efficiency Table.

the converters operate in the appropriate direction due to dher,on ‘ Pin oft ‘ Pout ‘ 7on% ‘ Mott % \ Ton/T \ n % \

positive or negative voltage difference between the primalygss w1 526 mw | 505 mw | 77.1 | 96.0 25 | 0913

and secondary ports. . 1.23W | 1.03W | 1.01W | 848 | 98.1 40 | 916
The power rating of the converter depends on the rating jof

the submodule. In this paper, a conventional poly-crystalline?2®W | 208W | 205W | 895 | 986 | 60 | 931

PV module from Trina (TSM-230PC05) has been considergd>92W | 518W | 515W | 870 | 994 | .80 | 89.5

which presents a maximum power point of 76 W when the11.64 w - 9.89 W | 85.0 - 1 85.0

submodule voltage is approximately 10 V. In a previous study
[6], it was shown that a converter rated at only 20 % of

Fhe submodule power rating cou_ld provide full mitigation,q input voltage (CH1), output voltage (CH2) and one of
in the case of ageing related mismatches for 25 years. 4 primary port driver outputs (CH3) for a power transfer of
consequence, the paper considers that the power rating ofd@® m and 10 W. In Fig. 3(a), it can be seen that the output
converters is 15 W. _ voltage rises above the input voltage and that the switching of
The proposed topology is the resonant LLC symmetrife converter stops when the error goes above the threshold.
converter shown in Fig. 1. It is assumed that the cor;vert?ﬁis results in an ON/OFF ratio of approximately 25 %. At
operates at a constant switching frequerf_gM, Wlth_ 50 % 10w (Fig. 3(b)), the output voltage is slightly lower than that
duty cycle, such that_a square wavgform with amplitude equg! e input voltage and the converter is always ON.
to the input voltage is seen at the input of the resonant tankrpg efficiency of the converter for the loads shown above
Although the converter requires two full bridges, the circuit,y, e ghserved in Table I. The table presents estimates of the
takes advantage of the isolation transformer to realize th‘ﬁ)ut power when the converter is on and off, together with
resonant and magnetizing inductances of the resonant tank, output power and the corresponding partial efficiencies

non andnorpr. Thanks to the burst mode, the 500 mW load
lll. CONTROL SCHEME exhibits an overall efficiency of 91 %. Efficiency increases up
A very simple control approach for the symmetric LLGo 93 % for a 2 W load, and then it decreases to about 85 %
converter is proposed in this section. SubMICs are controlléar the 10 W load.
independently, balancing the voltages between the primary
and secondary ports. When the primary voltage is higher REFERENCES
than the secondary voltage, power is transferred from prim?H{

.o . . . ¥ P. S. Shenoy, K. A. Kim, B. B. Johnson, and P. T. Krein, “Differential
to secondary. Similarly, if the primary voltage is lower than" power processing for increased energy production and reliability of

the secondary, power is transferred in the opposite direction. photovoltaic systems[EEE Transactions on Power Electronics, vol. 28,
Consideringerror = vpp; — vsee, Fig. 2 shows the double- =~ N & Pp. 2968-2979, 2013.

. . . . {ﬁ] Y. Nimni and D. Shmilovitz, “A returned energy architecture for im-
band hysteresis regions and two example trajectories of the proved photovoltaic systems efficiency,” @ircuits and Systems (ISCAS),

error. One of the full bridges is activated at the switching Proceedings of 2010 IEEE International Symposium on, pp. 2191-2194,
frequency, while the other full-bridge acts as a non—acti\@ IEEE, 2010.

- . . J. Stauth, M. Seeman, and K. Kesarwani, “A high-voltage cmos ic and
rectifier. If the converter is switched at the resonant frequency, embedded system for distributed photovoltaic energy optimization with

the input-output gain is approximately one, and only enabling over 99% effective conversion efficiency and insertion loss below 0.1%,"

; _hri in Solid-Sate Circuits Conference Digest of Technical Papers (ISSCC),
the appropriate full-bridge, subMICs balance voltages between 2012 IEEE International, pp. 100-102. IEEE, 2012,

the primary and secondary ports. Nonetheless, we proposesfoc. oalla, D. Clement, M. Rodriguez, and D. Maksimovic, “Architectures

operate below the resonant frequency, such that the outputand control of submodule integrated dc—dc converters for photovoltaic
voltage can be higher than the input (light loads) or lower Sgp'é%ﬁg'g_”zség's'z';oga”%wons on Power Electronics, vol. 28, no. 8,
than the input (heavy loads). [5] T. Shimizu, M. Hirakata, T. Kamezawa, and H. Watanabe, “Generation
control circuit for photovoltaic modules/EEE Transactions on Power
Electronics, vol. 16, no. 3, pp. 293-300, 2001.
IV. EXPERIMENTAL RESULTS [6] C. Olalla, C. Deline, D. Clement, Y. Levron, M. Rodriguez, and D. Mak-
The performance of the converter has been verified with simovic, “Performance of power-limited differential power prOCESSing

. architectures in mismatched pv system&EE Transactions on Power
a range of loads between 500 mW and 10 W. Fig. 3 Shows g onics vol. 30, no. 2, op. 618-631, 2015,
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Abstract

We studied the effects of Hafnium-Indium-Zinc-Oxide
(HIZO) as cathode buffer layer into inverted bulk
heterojunction polymer solar cells, based on Thieno[3,4-
b]thiophene/benzodithiophene (PTB7) and [6,6]-phenyl-
C71-butyric acid methyl ester (PC,,BM). We studied
the devices using the current density-voltage (J-V)
characteristic and modeled these devices through the
three-diode equivalent circuit model. Some devices
were fabricated using poly [(9,9-bis (30- (N,N-
dimethylamino) propyl) -2,7-fluorene) -alt-2,7- (9,9-
dioctylfluorene)] (PFN) as cathode buffer layer as
control samples. The highest PCE was obtained for a
thickness of 2.6 nm of HIZO.

1. Introduction
The polymer solar cells (PSC’s) have attracted much
attention in recent years by the advantages they present
such as low-cost, as well as the possibility of their
application to large area flexible substrates and
flexibility [1]. In order to improve the performance and
stability, inverted structure (iPSC) have been
developed and buffer layers with low work function
metal electrodes have been introduced. TiO,, ZnO and
Cs,CO; have been used in inverted structures as
cathode buffer layer (CBL) [2]. Zn-based transparent
semiconductor oxides has been widely used, because
they present good transparency associated with large
bandgap energies (Eg), usability in low-temperature
processes, large-scale fabrication feasibility, and
sensitivity to gas molecule [3]. The Hafnium
component in these materials imped charge carrier
generation and can suppress the dissociation of HIZO
due to the nature of Hf atoms, which have a high
electronegativity difference with Oxygen, as a result
can form stronger bonds with it supply good stability
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[4]. In current-voltage characteristics it has been
observed that some devices show a kink-shaped curve.
This phenomenon can be reproduced with the three-
diode model as was reported in [5]. The kink-shape is
associated to the presence of barriers between cathode
(anode) and active layer, due to the difference mobility
of charge carriers, to the creation of traps, and/or to
strong interfacial dipoles [6].

In this work, we present the use of HIZO as CBL. The
devices were based on the blend of Thieno[3,4-
b]thiophene/benzodithiophene (PTB7) and [6,6]-
phenyl- C71-butyric acid methyl (PC70BM). The
devices were fabricated partially under air
environment. In order to study the effects of HIZO on
the iPSC performance, density current-voltage (J-V)
characteristic were modeled using the three-diode
model. In addition, iPSCs with PFN as CBL were
fabricated as control samples under the same
environment.

2. Experimental and Results
The blend solution was prepared dissolving PTB7 and
PC70BM with a weight ratio of 1:1.5 in a solvents mix
of chlorobenzene (CB) and 1,8-diiodooctane (DIO)
(CB:DIO = 97:3 by volume) to get 25 mg/mL of the
total solution. The solution was left stirring and heating
under nitrogen atmosphere at 45 °C overnight. The
HIZO interlayer was deposited by RF magnetron
sputtering, using a single target (with composition
HfO,:1n,05:Zn0 = 0.3:1:1 mol%). The iPSC were
fabricated on ITO-coated glass. The deposition of
HIZO was done in an atmosphere of Ar at room
temperature. For devices as control, the PFN interlayer
material was dissolved in methanol (1.84 mg/mL)
using as additive acetic acid (1.84 pl/mL). The solution
was spin-coated on an ITO substrate at 4200 rpm for



60 s. Subsequently, blend solution was spin-cast on top
of the HIZO and PFN layers, at 750 rpm for 30 s.
Finally, 5 nm of V,Os followed by 100 nm of Ag, were
thermally evaporated on the active layer in a vacuum
chamber outside of the glove box.

Figure 1 shows the inverted polymer solar cells (iPSC)
fabricated. The performance parameters are shown in
Table 1, which summarizes the open circuit voltage
(VOC), short circuit current density (JSC), fill factor
(FF) and power conversion efficiency (PCE) of the
iPSC’s using HIZO as CBL. The sample, with a
thickness of 2.6 nm, exhibited the highest PCE. The
sample presents a value of Jsc similar to the one
obtained for PFN-iPSC. The J-V curves, just after
fabrication, were modeled using the three-diode
equivalent circuit model shown in the Fig. 2. Table 2
shows the parameters extracted from the model. The
predominant transport mechanism in both kind of
devices is recombination. The kink-shape becomes
more pronounced with HIZO-iPSC than with PFN-
iPSC. However, the kink-shape disappears quickly for
HIZO-iPSC. This is due to the presence of ZnO in the
HI1ZO, which can absorb oxygen molecules that can act
as surface trap states. Therefore the concentration of the
free electron carriers increases due to the desorption of
molecular oxygen.

3. Conclusions

We showed an inverted solar cell based on
PTB7:PC70BM using HIZO as the CBL. The PCE of
HI1ZO-iPSC was 4.77%, with a Voc of 678 mV and Jsc
of 18.1 mA/cm?. Using a three-diode equivalent circuit
the current-voltage curves just after fabrication were
modeled. The S-shape disappeared more quickly for
HI1ZO-iPSC, due to desorption of molecular oxygen.
Finally, we showed the effect of the HIZO thickness on
performance of iPSC, suggesting that it is possible to
optimize it in order to increase even more the PCE.

Ag
V05 —
PTB7:PC,oBM ~—
HIZO
ITO -

Substrate —

Fig.1. Inverted polymer solar cells with HIZO as CBL.

ETL Voc Jsc FF PCE
(mv) | (mAcm?) | (%) Best (%)
HIZO2.0nm | 725 14.01 3859 | 3.92
HIZO2.4nm | 630 13.40 3759 | 3.17
HIZO2.6nm | 678 18.10 38.86 | 4.77
PFN 754 18.63 5332 | 7.49

Tablel. Performance parameters of the PTB7:PC70BM PSCs.
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ETL Measurement | n,? n | ng
HIZO 2.6 nm 1 195 (19 |25
HIZO 2.6 nm | 25 195 |- -
PFN 1 195 (18 |25
PEN 93 195 |- -

Table2. Parameters obtained from circuital model.
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Abstract

A variable bus voltage DC microgrid (MG) is simulated
in Matlab for optimization purposes. The starting point is
this MR being controlled with a Voltage Event Control
(VEC) algorithm.
Two strategies are evaluated for improving the DC/DC
converters efficiency. First, a hierarchic controller,
manages the battery power in order to make the bus
voltage follow the optimal voltage reference. And
second, each converter is controlled distributedly to
operate at the optimal switching frequency.

Index Terms — Efficiency optimization, DC microgrid,

Voltage Event Control, Variable switching frequency,

Hierarchical vs. distributed control.

1. Introduction
Microgrids (MG) are receiving increasing attention as
electrical power systems tend to de-centralization.
MG management is a key issue to improve energy
efficiency, to extend battery lifetime and to achieve
maximum economic yield.

2. Description of the MG
The studied MG is based on the one described in [1]. Its
elements and configuration are shown in Table 1 and Fig.
1. Every element is connected to the DC bus through a
DC/DC converter controlled as a power source.

PV: Photovoltaic
r - - FC: Fuel cell
Sources WT:  Wind Turbine
Loads LOAD: DC charges EZ: Electrolyzer
Bidirectional BESS: Battery Energy INV: Bidirectional
elements Storage System inverter
Table 1. MG elements
PV wT FC
[Photovoltaic field] [Wind Turbine] [Fuel Cell) Capacitors bank
Pron =527 kW P =2 kKW Poom= 1,2 kW €= 144mF
Vo= 140V Viom =48V Vpom =24V Vo= 800V
.
Boost converter MPPT Boost converter MPPT Quad-Boost converter e
H, tank
Buck-Boost converter Buck-Boost converter Quad-Buck converter Quad-Buck converter
INV BESS LOAD

[Bidirectional Inverter] [Battery Energy [Electric Load]
Storage System| Prosa= 6 KW
Coon=45 kWh Voo = 48Y
[
Vo = 180V

[Electrolyzer]
Poge= LEKW
Vo =28V

3~ACGrid
Vi =400V

Fig. 1. MG block diagram

Initial control (Co) of the MG consists of a distributed
Voltage Event Control (VEC). Each element follows the
control laws shown in Fig. 2.
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Fig. 2. Initial control laws (Co)

In order to make the system stable, the power of
renewable energy sources (RES) is limited when bus
voltage is too high (over 370 V), and the power of loads
is limited when bus voltage is too low (under 250 V).
BESS power equilibrates the system around 310 V.
When the battery State of Charge (SOC) reaches either
high (95 %) / low values (50 %), hydrogen production /
consumption is activated. The inverter will only work if
the BESS fails.

While most MG management works focus on economic
optimization (e.g. [2]), this article proposes, instead, two
strategies for efficiency optimization: optimal bus
voltage (C1v) and optimal switching frequency (Cis).

3. Bus voltage optimization (C1v)

The goal is keeping the bus voltage at its optimal value
(Voptim) In every moment. A centralized Energy
Management System (EMS) calculates vy, and
determines the power that the BESS must perform.

The EMS gathers sensors’ readings of input and output
voltages and currents from all the converters. Given the
instantaneous power flows existing in the MG, the EMS
evaluates an online loss model of each one of them. An
optimization function (fminbnd, in Matlab) returns the
value of bus voltage (v,,) that is a minimizer of the sum
of converters® power losses (PME) inside the indicated
interval (egs. (1) and (2)):

i MR
Voptim = min P v 1
OPEIM ™ 5501 < vpys <370V Joss Wbus) (1)
MR = pPv wT
Proes(Wpus) = Plyes Wpus) + Pross (Wpus) 2)

+ P, lgngs (vbus) + P lg)%g? (vbus)
+ Plﬂvs]s/(vbus) + Pioss” (Wpus)
+ Ploss (Ubus)



Losses are calculated using small-signal models of the
converters. As an example, the expression for PV power
loss (PEY,) is provided in egs. (3) to (5). The equations

for the rest of converters are analogous.

N = Voyrlovr/Vintin (3)
d = (Vpys — VNN )/vbus (4)
PEY = {Ryidy + KUB@/DPfS). — (5)

+{(1 = DRpify + Vein)laioae
+ {dRpify + Veliy)
+ (0.5Vpusiin Tsw fsw) Yigne

With the reference v,,.;, @ Pl controller determines the
BESS power. When battery capacity is sufficient, the
system will be able to operate at optimal bus voltage
(while maximizing RES contribution and minimizing
load disconnections, thanks to the VEC still present in
unidirectional elements).

4. Switching frequency optimization (Czr)
Converters incorporate a controller that imposes their
respective optimal switching frequencies (f,psim)- faptim
calculation is shown in egs. (6) to (8):

"F;’liim T 3knz Sr}sl‘:/ns 50kHz P’I’Jévms Fow) (6)
D = Woyr — Vv - 1)/ Vour (7)
PRV, = (Ryi%y + K(Ab(fu)/DPFS} (8)

+ {1 = D)Rpify + Vriin)}aiode
+ {D(RDL.IZN' + Velin)
+ (0.5VpyusiinTsw fsw) Yigne

5. Simulation results
Simulation illustrates MG operation during 7 days,
including simulation of failures of several elements. The
purpose is showing that Cyv and Ci work as expected, as
well as they maintain Co robustness, even facing failures.

6000

Efficiency improvement is calculated to assess which
optimization strategies are worth of implementation.
Results are depicted in Table 2:

AN g1opar TESPECt 10 Co
Simulating failures in No failures
Control BESS, PV, WT & INV Ngiobal c,
Ngiobaic, = 88,6221 % = 88,8345 %
C; = Cyy+Cys 0.6490 % 0,7706 %
Cyv (fixed £L,) 0.0906 % 0,1410 %
Cis 0.5469 % 0,6166 %

Table 2. MG global efficiency under various control
algorithms during a 7 days’ simulation

Results show that efficiency improvements achieved
with both strategies are lower than 0,8 %. Control Cav
obtains an exiguous efficiency rise and, moreover, it is
difficult to implement (it performs complex calculation
and requires communicating the EMS with all the MG’s
converters). Control Cy;, for its part, leads to better
results, being easier to implement.

Cys alone is thus preferred. Stability and dynamics of the
MG controlled with Cs are shown in Fig. 3.

6. Conclusions
Bus voltage optimization and switching frequencies
optimization have been simulated resulting in low
efficiency improvements. Ultilizing the latter is
suggested, although some future research work must
be done to introduce active filtering.
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Abstract

In this work we present the manufacturing process and
characterization of a hydrogen sulfide sensor based on
silver doped tungsten trioxide (WOs3) nanoneedles
(NNs), using chemical vapor deposition (CVD) and
sputtering with one and two steps synthesis procedures.
Morphological characterization and sensor response to
different H,S concentrations with different operating
temperatures are presented.

1. Introduction
In our atmosphere there are some natural and
anthropogenic gases which are harmful to human
health and the environment and, because of this we
need to take a control on their concentration in some
environments, in order to get an alarm when detected at
too high concentrations in protected or potentially
explosive atmospheres [1]. Gas sensors are devices
which are able to quantify gas concentration in situ,
generating an electric or optic signal, which changes in
accordance with concentration. Among gas sensors,
chemical sensors are transducers with a chemically
active layer which is sensible to one or some gases.
Chemo-resistive properties of metal oxides, their high
temperature resistance and being catalytically active
materials, made them highly used materials in gas
sensing applications [2]. Metal oxide based gas sensors
have their operating principle on redox reactions taking
place between target gas and metal oxide surface.
During this reaction, O ions distributed on the surface
react with molecules of the target gas, generating a
change in electric resistance which is monitored to
characterize the sensor performance [3]. Controlled
synthesis of nanostructures, its shape, size,
crystallographic structure and distribution, allows to
improve sensitivity and selectivity of the sensors [4].
On the other hand, doping with noble metals, such as
Au, Pt, Pd and Ag, which act as catalysts of the
reactions that occur on the surface of the metal oxide,
modifies the sequence and the speed of the reaction,
generating an increase in detection limits, as well as
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improving the selectivity of the material to specific
gases [2, 5]. In this work we use aerosol assisted
chemical vapor deposition (AACVD) and sputtering to
synthesize silver doped WO3; nanoneedles using one
and two steps procedures. Morphologic
characterization and phase composition analysis of
sensors was carried out using environmental scanning
electron microscope (ESEM), transmission electron
microscope (TEM) and X-ray diffraction (XRD).

2. Experimental

We use AACVD as synthesis method to obtain WO3
nanoneedles, using 50 mg of tungsten hexacarbonyl
W(CO)s precursor, with a mixture of 15 ml of acetone
and 5 ml of methanol. In order to generate vapor from
precursors we used an ultrasonic atomizer and a flow
of 1 I/m of nitrogen N2 as carrier gas. In order to
realize the silver doping, we used two different ways.
First we used AACVD with 6 mg of silver
acetylacetonate Ag(acac) as precursor in 10 ml of
methanol as solvent. Second doping method was
magnetron RF sputtering, modelo ATC Orion 8-HV de
AJA International, with a power of 150 W during 10
and 20 sec. On the other hand, a simple step process
was used by mean of a mixture of W(CO)s and
Ag(acac) precursors with 16 ml of acetone and 4 ml
methanol solvents. Tabla 1 shows temperatures and
precursor and solvent quantities used in deposition
processes.

Sample Temp. Precursor Solvent vol.
[°C] weight [mg] [mI]
Ag6- 1 |400 W(CO0)6,50 acetone, 15
2st methanol, 5
2 1380 Ag(acac), 6 methanol, 10
Ag6-1st 380 W(C0)6,50 acetone, 15
pure WO3 Ag(acac), 6 methanol, 5

Table 1. Deposition details.




After each deposition step, sensors were subjected to
an annealing process at 500 °C during 2 h.

By means of ESEM FEI Quanta 600 with an
operating voltage of 20 kV and TEM JOEL JEM
1011 with an operating voltage of 100 kV we
obtained images of the sensors” surface in order to
characterize the sensors morphologically and XRD
analysis were made to obtain information about
sensors” composition in a Bruker-AXS D8-Discover,
operated at 40 kV and 40 mA with Cuy, radiation.
Gas sensing test were made in a Teflon/stainless
chamber under 100 sccm constant gas flow.
Resistance changes were measured and stored via
Agilent 34970A data acquisition system. Calibrated
bottles were used to program the desired gas
concentration, driven by a Bronkhost Hitech
7.03.241 mass flow controller system. Operating
temperatures of the sensors were set by means of an
Agilent E3631A power supply connected to the
sensors” heaters. By setting the current flow by the
heater we establish the operating temperatures of the
sensors in order to look for the best behaviour and
responses of them.

Fig.1. a) TEM image of a single nanoneedle. b) ESEM
image of the WO3 nanoneedle deposition on silicon.

a) b)

' Fg.2. ESEM images of WO3 nanoneedles doped by
sputtering (a) and AACVD (b).

]

Gamma scale
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Fig.3. XRD spectrum of sub-stoichiometric WOs.
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3. Results

As is shown in fig.1, we obtained WOj3; nanoneedles
with homogenous and randomly oriented distribution on
the sensors” surface. WO3 NNs conform a 10 um thick
layer and have a diameter of 15-200 nm. Doping
procedures by AACVD and sputtering generate
different visual results in morphology due to the
presence of carbon on NNs in the case of AACVD
doping as consequence of precursor residues in
synthesis process as is shown in fig. 2. By means of
XRD analysis we could check growth of sub-
stoichiometric WOs. This is a proof of existence of
oxygen vacancies in material lattice which improve the
sensitization mechanisms.

Gas sensing tests were made by measuring dc resistance
changes. Pure WO3, and with AACVD and sputtering
doped ones were tested at operating temperatures of
150, 200 and 250 °C. In all cases sensors were exposed
to 5, 10, 15 and 20 ppm of H,S. Fig. 4 and 6 display
sensor responses for 3 cycles of different concentrations
of H,S. In fig. 5 we can observe pure WO; sensor
present best response at lower operating temperature,
while AACVD doped one present its best response at
200 °C. It would be necessary to study the behaviour of
pure WO3 senor at lower temperature in order to
determinate if response keep increasing with
temperature decreasing. Fig. 6 and 7 show a comparison
among responses of pure WO3 sensor and sputtering
doped ones. In this case all sensors have a lower
response when temperature is increased. In the case of
sputtering doped sensors we can observe an increase in
their baseline resistance. It can be due to the decrease of
conduction channel in tungsten trioxide nanoneedles
caused by the formation of junction with silver oxide
nanoparticles. This result can be confirmed by means of
X-ray photoelectron spectroscopy (XPS) or high
resolution TEM in order to look for silver nanoparticles,
which are not detected with the instrument we used in
morphological and composition characterization.
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Fig.4. Pure WO3 and AACVD doped sensor response at
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4. Conclusions

Silver doped tungsten trioxide based gas sensors were
synthesized using one and two step AACVD methods.
XRD analysis showed that the WO3 nanoneedles grown
have a sub-stoichiometric character, which improves the
gas sensitization mechanisms. XPS and HRTEM are
necessary to confirm the growth of silver nanoparticles
on WO3; NNs because with the detection limits of the
instruments we used is not possible to detect them. In
the case of AACVD doping process we obtained results
which can be attributed to the presence of carbon as
residue of the synthesis procedure. On the other hand
sputtering doped sensors showed a behaviour which can
attributed to formation of heterojunction between
tungsten trioxide (n type) and silver oxide (p type).
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