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dent-Plasticity); Low-Power; Frame-Free-Vision; Con-
volutional-Neural-Networks

Research Highlights
◆ A. Yousefzadeh, M. Khoei, S. Hosseini, P. Holanda, S. 
Leroux, O. Moreira, J. Thapson, B. Dhoet, P. Simoens, 
T. Serrano-Gotarredona, and B. Linares-Barranco, “Asy-
nchronous Spiking Neurons, the natural key to exploit 
temporal sparsity”, IEEE Journal on Emergent and Se-
lected Topics in Circuits and Systems, vol. 9, no. 4, pp. 
668-678, 2019

◆ A. Yousefzadeh, E. Stromatias, M. Soto, T. Serra-
no-Gotarredona and B. Linares-Barranco, “On Practical 
Issues for Stochastic STDP Hardware with 1-bit Synap-
tic Weights”, Frontiers in Neuroscience, vol. 12, article 
665, 2018

◆ A. Yousefzadeh, M. Jablonski, T. Iakymchuk, A. Lina-
res-Barranco, A. Rosado, L.A. Plana, S. Temple, T. Serra-
no-Gotarredona, S. Furber, and B. Linares-Barranco, “On 
Multiple AER Handshaking channels over High-Speed 
Bit-Serial Bi-Directional LVDS Links with Flow-Control 
and Clock-Correction on Commercial FPGAs for Scalable 
Neurmorphic Systems”, IEEE Trans. on Biomedical Cir-
cuits and Systems, vol 11, no. 5, pp. 1133-1147, 2017

◆ [B] J. A. Pérez-Carrasco, B. Zhao, C. Serrano, B. 
Acha, T. Serrano-Gotarredona, S. Chen and B. Lina-
res-Barranco, “Mapping from Frame-Driven to Fra-
me-Free Event-Driven Vision Systems by Low-Rate 
Rate-Coding and Coincidence Processing. Application 
to Feed-Forward ConvNets,” IEEE Trans. on Pattern 
Analysis and Machine Intelligence, vol. 35, no. 11, pp. 
2706-2719, 2013

◆ [A] L. Camuñas-Mesa, C. Zamarreño-Ramos, A. Li-
nares-Barranco, A. Acosta-Jiménez, T. Serrano-Go-

tarredona and B. Linares-Barranco, “An Event-Dri-
ven Multi-Kernel Convolution Processor Module for 
Event-Driven Vision Sensors,” IEEE Journal of So-
lid-State Circuits, vol. 47, no. 2, pp. 504-517, 2012
Technology Transfer
Spin-off Company: Prophesee. Metavision for machines
Spin-off Company: GrAI Matter Labs. Create magic on 
the edge with GrAI One

Key Research Projects & Contracts
SPINAGE: Weighted Spintronic-Nano-Oscillator-based 
Neuromorphic Computing System Assisted by laser for 
Cognitive Computing
PI: Teresa Serrano-Gotarredona
Funding Body: European Union
Oct 2020 - Sep 2024

NeurONN: Two-Dimensional Oscillatory Neural Networ-
ks for Energy Efficient Neuromorphic Computing
PI: Bernabé Linares-Barranco
Funding Body: European Union
Jan 2020 - Dec 2022

HBP: Human Brain Project
PI: Bernabé Linares-Barranco
Funding Body: European Union
Apr 2014 - Mar 2016

NABAB: Nanocomputing Building Blocks with Acquired 
Behaviour
PI: Teresa Serrano Gotarredona
Funding Body: European Union
Apr 2007 - Apr 2010

CAVIAR: Convolution AER Vision Architecture
PI: Bernabé Linares-Barranco
Funding Body: European Union
Jun 2002 - Jun 2006s

Microelectronic Systems for
Computational Intelligence

Contact

Santiago Sánchez Solano
santiago@imse-cnm.csic.es 

This research line focuses on the development of new 
design methodologies and circuit elements for Com-
putational Intelligence applications. Computational 
Intelligence includes a set of techniques inspired 
by natural processes that allow addressing complex 
problems more efficiently than through traditional 
approaches. Specifically, our interest is mainly fo-
cused towards efficient hardware implementation 
of neuro-fuzzy systems and its use in applications 

that take advantage of their ability to describe a sys-
tem with linguistic terms, as well as to cope with the 
inaccurate, vague or incomplete information that 
appears in many real-world problems.
In recent years, the developed activities in this line 
have addressed the following three main objectives:
- The development of architectures for efficient im-
plementation of fuzzy-inference systems on ASICs 
and FPGAs, as well as the proposal of a model-based 
design methodology that accelerates the stages of 
functional verification and synthesis of fuzzy modules 
and facilitates their integration in embedded systems.

- The generation of a development environment for 
fuzzy systems, Xfuzzy, which facilitates the tasks of 
design, verification and synthesis, both software and 
hardware, of fuzzy logic-based systems.

- The application of the above techniques and circuits 
to different problems of robotics, industrial control, 
food technology, communications systems, image pro-
cessing, and intelligent device networks for applica-
tions related to the areas of safety and environmental 
control.

Keywords
Intelligent Systems; Soft-Computing; Neuro-Fuzzy Cir-
cuits; CAD Tools; Model-Based Design; Fuzzy Control; 
Fuzzy Image Processing; Internet of Things

Research Highlights
◆ S. Sánchez-Solano and M. Brox, “Hardware Imple-
mentation of Embedded Fuzzy Controllers on FPGAs 
and ASICs”, in Fuzzy Modelling and Control: Theory and 
Applications, vol. 9, pp. 235-253, Atlantis Series on 
Computational Intelligence Systems, Springer-Verlag, 
2014

◆ S. Sánchez-Solano, E. del Toro, M. Brox, P. Brox and 
I. Baturone, “Model-Based Design Methodology for Ra-
pid Development of Fuzzy Controllers on FPGAs”, IEEE 
Trans. on Industrial Informatics, vol. 9, no. 3, pp. 1361-
1370, 2013

◆ P. Brox, I. Baturone and S. Sánchez-Solano, “Fuzzy 
Logic-Based Algorithms for Video De-Interlacing”, Se-
ries: Studies in Fuzziness and Soft Computing, vol. 246, 
Springer, 2010

◆ S. Sánchez-Solano, A. J. Cabrera, I. Baturone, F.J. 
Moreno-Velo and M. Brox, “FPGA Implementation of 
Embedded Fuzzy Controllers for Robotic Applications”, 
IEEE Trans. on Industrial Electronics, vol. 54, no. 4, pp. 
1937-1945, 2007

◆ I. Baturone, A. Barriga, S. Sánchez-Solano, C.J. Ji-
ménez-Fernández and D.R. López, Microelectronic De-
sign of Fuzzy Logic-Based Systems, CRC Press, 2000

Key Research Projects & Contracts
Predicción regional de potencia eólica a partir de Ló-
gica Difusa
PI: Iluminada Baturone Castillo
Funding Body: EDP Renováveis
2014 - 2015

SEIs: Diseño hardware para sistemas empotrados en 
entornos inteligentes (TEC2011-24319)
PI: Santiago Sánchez Solano
Funding Body: Min. de Ciencia e Innovación
Jan 2012 - Sep 2015

DIMISION: Diseño microelectrónico de sistemas de 
visión para redes de sensores inteligentes (TEC2008-
04920)
PI: Santiago Sánchez Solano
Funding Body: Min. de Ciencia e Innovación
Jan 2009 - Jun 2012
FVISION: Implementación microelectrónica de circui-
tos difusos para microsistemas inteligentes de visión 
(TEC2005-04359/MIC)
PI: Ángel Barriga Barros
Funding Body: Min. de Ciencia y Educación
Dec 2005 - Dec 2008

Diseño microelectrónico de sistemas inteligentes 
para el procesado de información sensorial (TIC2001-
1726-C02-01)
PI: Santiago Sánchez Solano
Funding Body: Gobierno de España
2001-2004

Caption: VLSI implementation of a 3-input 1-output fuzzy inference 
system using an active rule-based architecture.

Caption: Components of the Xfuzzy 
environment, which integrates tools to facilitate 
the different stages involved in the design 
process of fuzzy logic-based systems.
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RESEARCH AREA ◆ SENSORY & 
PHOTONIC VISION SYSTEMS

CMOS Smart Imagers and Vision Chips

Contact

Ángel Rodríguez Vázquez
angel@imse-cnm.csic.es

Ricardo Carmona Galán 
rcarmona@imse-cnm.csic.es

Image handling is instrumental in many applica-
tions, including consumer electronics, surveillan-
ce, robotics, machine vision, etc. Some of them 
demand high quality images, while others require 
fast analysis and interpretation of the image flow. 
Despite the specific target, all applications benefit 
from embedding processing circuitry together with 
optical sensors in the same silicon substrate. CMOS 
technologies allow the incorporation of digital pro-
cessing on-chip to correct image artifacts or to 
analyze and interpret the scene in real-time. Using 
CMOS technologies enables the implementation of 
cameras and vision systems with reduced power 
consumption and reduced size. This permits the 
incorporation of vision in applications where it was 
previously considered to be economically prohibiti-
ve or technically unfeasible.
This research line embraces different activities re-
lated to the incorporation of intelligence into image 
sensors, namely:
- New pixel topologies for enhanced sensitivity and re-
duced noise.

- Front-side and Back-side illuminated sensors.

- Pixels for single-photon detection and time-of-flight 
calculations.

- Pixels for high-dynamic range image acquisition.

- In-pixel processing and memory for feature extrac-
tion at the focal-plane.

- Re-configurable read-out channels for high-perfor-
mance digital imagers.

- Data converters for high-speed and high accuracy 
(low noise) image downloading.

- Architectures and algorithms for on-chip image co-
rrection.

- Distributed, progressive processing architectures 
for vision systems.

- Sensors for 3-D image capture.

Different application areas are covered like automo-
tive, unmanned vehicle navigation, distributed smart 
cameras and vision-enabled wireless sensor networ-
ks. These applications have been benchmarked by 
using real systems. Significant parts of the technology 
have been transferred to industry, including the crea-
tion of spin-off companies.

Keywords
Smart CMOS Imagers; HDR Imagers; Real-Time Vision 
Systems-on-Chip; Data Converters for Imagers; Sili-
con Retinas

Research Highlights
◆ J. Fernandez-Berni, R. Carmona-Galan and A. Ro-
driguez-Vazquez, Low-Power Smart Imagers for Vi-
sion-Enabled Sensor Networks, Springer, 2012

◆ J. Fernandez-Berni, R. Carmona-Galan and L. 
Carranza-Gonzalez. “FLIP-Q: A QCIF Resolution Fo-
cal-Plane Array for Low-Power Image Processing”, 
IEEE Journal of Solid-State Circuits, vol. 46, no. 3, pp. 
669-680, 2011
G. Liñan, A. Rodriguez-Vazquez, R. Carmona, F. Ji-
menez, S. Espejo and R. Dominguez-Castro, “A 1000 
FPS@128x128 Vision Processor with 8-bit Digitized 
I/O”, IEEE Journal of Solid-State Circuits, vol 39, no. 7, 
pp. 1044-1055, 2004

Caption: On-chip generated scale-space (upper row) compared 
to ideal (middle row). Gaussian filters are implemented by time-
controlled diffusion.

Caption: Chronology of 
the vision chips designed 
by the group, from 1997 
to 2010

◆ A. Rodriguez-Vazquez, G. Liñan, L. Carranza, E. 
Roca, R. Carmona, F. Jimenez-Garrido, and R. Do-
minguez-Castro, “ACE16k: the Third Generation of 
Mixed-Signal SIMD-CNN ACE Chips towards VSoCs”, 
IEEE Transactions on Circuit and Systems I: Funda-
mental Theory and Applications, vol. 51, no. 5, pp. 851-
863, 2004

◆ T. Roska and A. Rodriguez-Vazquez (Eds.), Towards 
the Visual Microprocessor: VLSI Design and the Use of 
Cellular Neural Network Universal Machine Computers, 
pp. 213-237, John Wiley & Sons, 2001

Key Research Projects & Contracts
3DHVC: Design of high-performance heterogeneous, 
ultra high speed cellular sensor-processors for multis-
pectral light sensing (BAA-11-001)

PI: Ángel Rodríguez Vázquez
Funding Body: Office of Naval Research (USA)
Jan 2011 - Dec 2013

WIVISNET: Wireless and smart vision sensors for 
networked surveillance and monitoring (TEC2009-
11812)
PI: Ricardo Carmona Galán
Funding Body: Min. de Ciencia e Innovación
Jan 2010 - Dec 2012

VISTA: Design of sensing-processing-actuation 
systems on-a-chip: 4th generation vision systems 
(TIC2003-09817-C02-C01)
PI: Ángel Rodríguez Vázquez
Funding Body: Min. de Ciencia y Tecnología
Dec 2003 - Nov 2006
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Heterogeneous Sensory-Processing
Systems and 3-D Integration

Contact

Ángel Rodríguez Vázquez
angel@imse-cnm.csic.es

Ricardo Carmona Galán
rcarmona@imse-cnm.csic.es

3D Integration technologies enable vertical intercon-
nection of different wafers and thus the allocation of 
different subsystems and functions into dedicated, 
specialized layers. Both features have significant im-
pact on performance. On the one hand, different tech-
nologies and materials can be combined, for instance 
nano-antennas for THz radiation detectors. On the 
other hand, form factors can be improved and larger 
function densities can be achieved; for instance, ima-
ge pixels with embedded processing can be effectively 
implemented without penalizing the fill factor and the 
pixel pitch.
This research comprises different activities concer-
ning heterogeneous sensory-processing systems using 
3D IC with emphasis on technologies employing TSVs.
Activities include the following:
- Prospective analysis and identification of suitable 3D 
technology candidates.

- Multi-spectral, 3D-compatible sensing materials and 
devices.

- Interface circuitry between these sensors and the 
processing layers, including the electrical interface 
itself as well as the time multiplexing which may be 
required to handle different signal granularities at the 
different layers.

- Architectures for optimum exploitation of the poten-
tials of 3D heterogeneous technologies. Emphasis is on 
vision systems and the usage of different spatial reso-
lutions and scales at each layer in the vertically-inter-
connected architecture.

- Identification of constitutive functional operators for 
the different layers of the vertical processing chain, 
with emphasis on vision.

- Circuit topologies for the different layers of the pro-
cessing chain.

Regarding vision systems, the basic challenge is to 
achieve sensors with million pixel counts, pixel pitch 
around 6μm and operating speed in the range of 10,000 
Frames/second.

Keywords
3D Integrated Circuits; Through-Silicon-Vias; Vertica-
lly-Interconnected Systems; Heterogeneous Integra-
tion

Research Highlights
◆ R. Carmona-Galan, A. Zarandy, Cs. Rekeczky, P. 
Földesy, A. Rodriguez-Perez, C. Dominguez-Matas, J. 

Caption: 
Functional/
physical mapping 
in a multilayer 
structure

Fernandez-Berni, G. Liñan-Cembrano, B. Perez-Verdu, 
Z. Karasz, M. Suarez-Cambre, V. M. Brea-Sanchez, T. 
Roska and A. Rodriguez-Vazquez, “A hierarchical vision 
processing architecture oriented to 3D integration of 
smart camera chips”, Journal of Systems Architecture, 
vol. 69, no. 10, part A, pp. 908-919, 2013

◆ M. Suarez, V.M. Brea, J. Fernandez-Berni, R. Carmo-
na-Galan, G. Liñan, D. Cabello and A. Rodriguez-Vaz-
quez, “CMOS-3D Smart Imager Architectures for Featu-
re Detection”, IEEE Journal on Emerging and Selected 
Topics in Circuits and Systems, vol. 2, no. 4, pp. 723-
736, 2012

◆ A. Zarandy, Cs. Rekeczky, P. Földesy, R. Carmona-Ga-
lan, G. Liñan-Cembrano, G. Sos, A. Rodriguez-Vazquez 
and T. Roska, “VISCUBE: a multi-layer vision chip”, in Á. 

Zarandy (Ed.), Focal-Plane Sensor-Processor Chips, pp. 
181-208, Springer, 2011

◆ A. Zarandy, P. Földesy, R. Carmona-Galan, Cs. Re-
keczky, J. Bean and W. Porod, “Cellular Multi-core Pro-
cessor Carrier Chip for Nanoantenna Integration and 
Experiments”, in Ch. Baatar, W. Porod & T. Roska (Eds.), 
Cellular Nanoscale Sensory Wave Computing, , pp. 147-
168, Springer, 2010

◆ R. Maldonado-Lopez, F. Vidal-Verdu, G. Liñan and A. 
Rodriguez-Vazquez, “Integrated Circuitry to Detect Sli-
ppage Inspired by Human Skin and Artificial Retinas”, 
IEEE Transactions on Circuits and Systems I: Regular 
Papers, vol. 56, no. 8, pp. 1554-1565, 2009

Key Research Projects & Contracts
INNPACTO 3D2: Intelligent Image Sensors in CMOS Te-
chnology with 3D Stacked Chips (IPT-2011-1625-430000)
PI: Ángel Rodríguez Vázquez
Funding Body: Min. de Ciencia e Innovación
May 2011 - Dec 2014

3DHVC: Design of high-performance heterogeneous, 
ultra high speed cellular sensor-processors for multis-
pectral light sensing (BAA-11-001)
PI: Ángel Rodríguez Vázquez
Funding Body: Office of Naval Research, USA
Jan 2011 - Dec 2013

Study and design of interfaces for CMOS-compatible 
sensing nanostructures for the integration of nanoelec-
tronic systems
PI: Ricardo Carmona Galán
Funding Body: Min. de Educación y Ciencia
Oct 2006 - Sep 2007

Caption: A CMOS-3D reconfigurable architecture with In-pixel 
processing for feature detectors

Dynamic Vision Sensors

Contact

Bernabé Linares Barranco
bernabe@imse-cnm.csic.es 

Teresa Serrano Gotarredona 
terese@imse-cnm.csic.es

Luis A. Camuñas Mesa
camunas@imse-cnm.csic.es

Dynamic Vision Sensors are a type of spiking silicon 
retinas in which each pixel autonomously and asyn-
chronously sends out an address event when the light 
it senses has changed above a given relative threshold. 
This type of cameras, which are “Frame-Free”, do not 
generate sequences of still frames, as conventional 

commercial cameras do, but provide a flow of spiking 
address events that dynamically represent the chan-
ging visual scene. They are heavily inspired in biolo-
gical retinas, which also send continuously nervous 
spike impulses to the cortex. Biological retinas are 
continuously vibrating through microsaccades and 
ocular tremors, thus producing spikes also when there 
is change of light. DVS cameras provide an almost ins-
tantaneous representation (with micro-second delays) 
of the changing visual reality, with very reduced data 
flow, reduced power, and data sparsity, thus reducing 
data processing requirements of subsequent stages. 
DVS cameras have become of high interest to industry 
recently with a number of spinoff companies commer-
cializing them (Prophesee, IniVation, Celepixel as well 
as large traditional companies like Samsung and Sony 
embracing developments.
At IMSE there is a specific research line on AER (Address 
Event Representation) DVS cameras by the Neuromor-
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phic Group, who coordinated the CAVIAR EU project in 
which this type of sensor was first invented and exploi-
ted. Later on they developed their own prototype which 
at that time had the best contrast sensitivity, power 
consumption, and circuit compactness, resulting in 4 
licensed patents and the participation in French spin-
off company Chronocam, now known as Prophesee.
Main recent activities in this line include:

- Design and fabrication of a number of Dynamic Vision 
Sensors.

- Improved AER read-out circuitry.

- Design of improved temporal contrast sensitivity pro-
totypes through low power mismatch-insensitive am-
plification stages.

- Development of new conceptual circuits for alternati-
ve operation principles for DVS cameras.

- Low current circuit techniques.

- Fast read-out circuits.

Keywords
Dynamic Vision Sensor; Address Event Representa-
tion; Spiking Retinas; Spiking Neural Networks; Asyn-
chronous Circuits; High-Speed Low-Power Vision; DVS 
Stereo-Vision

Research Highlights
◆ A. Yousefzadeh, G. Orchard, T. Serrano-Gotarredona 
and B. Linares-Barranco, “Active Perception with Dyna-
mic Vision Sensors. Minimum Saccades with Optimum 
Recognition”, IEEE Transactions on Biomedical Circuits 
and Systems, vol. 12, no. 4, pp 927-939, 2018

◆ [B] L.A. Camuñas-Mesa, T. Serrano-Gotarredona, S. 
Ieng, R. Benosman and B. Linares-Barranco, “Event-Dri-
ven Stereo Visual Tracking Algorithm to Solve Object 
Occlusion”, IEEE Transactions on Neural Networks and 
Learning Systems, vol. 29, no. 9, pp 4223-4237, 2017
T. Serrano-Gotarredona and B. Linares-Barranco, 
“Poker-DVS and MNIST-DVS. Their History, How They 
were Made, and Other Details”, Frontiers in Neuromor-
phic Engineering, Frontiers in Neuroscience, vol. 9, ar-
ticle 481, 2015

◆ [A] T. Serrano-Gotarredona and B. Linares-Barran-
co, “A 128x128 1.5% Contrast Sensitivity 0.9% FPN 3µs 
Latency 4mW Asynchronous Frame-Free Dynamic Vi-
sion Sensor Using Transimpedance Amplifiers”, IEEE 
Journal of Solid-State Circuits, vol. 48, no. 3, pp 827-
838, 2013

◆ J.A. Leñero-Bardallo, T. Serrano-Gotarredona and B. 
Linares-Barranco, “A 3.6µs Latency Asynchronous Fra-
me-Free Event-Driven Dynamic-Vision-Sensor”, IEEE 
Journal of Solid-State Circuits, vol. 46, no. 6, pp 1443-
1455, 2011

◆ Technology Transfer
Patent: T. Finateu, B. Linares-Barranco, C. Posch and 
T. Serrano-Gotarredona, “Pixel Circuit for Detecting Ti-
me-Dependent Visual Data”, WO2018073379A1. Priority 
20-Oct-2016. European patent, extended to US, Korea, 
Japan, China.

◆ Patent: T. Finateu, B. Linares-Barranco, C. Posch 
and T. Serrano-Gotarredona, “Sample and Hold based 

Caption: Top: DVS chip with 128x128 pixels, showing zoom preview 
of 30µm size pixel and schematic on the right, fabricated in AMS 
0.35µm. Bottom: Example captures of DVS camera showing high-
speed capability, low data-rate (nev is number of events), high 
intra-scene dynamic range. See ref [A] for details.

Caption: 3D Stereo Vision with a pair of DVS cameras solving 
correct object tracking with temporal occlusions. See ref [B] for 
details.

Temporal Contrast Vision Sensor”, WO2017174579A1. 
Priority: 4-Apr-2016.

◆ Patent: B. Linares-Barranco and T. Serrano-Gotarre-
dona, “Method and Device for Detecting the Temporal 
Variation of the Light Intensity in a Matrix of Photosen-
sors”, WO2014091040A1. Priority: 11-Dec-2012. Euro-
pean patent, extended to US, Korea, Japan, Israel.

◆ Patent: B. Linares-Barranco and T. Serrano-Gota-
rredona, “Low-Mismatch and Low-Consumption Tran-
simpedance Gain Circuit for Temporally Differentiating 
Phot-Sensing systems in dynamic vision Sensors”, 
WO2012160230A1. Priority: 26-May-2011. European pa-
tent, extended to US, Korea, Japan, China.

◆ Spin-off Company: Prophesee. Metavision for ma-
chines.

Key Research Projects & Contracts
APROVIS3D: Analog PROcessing Of Bioinspired Vision 
Sensors For 3D Reconstruction
PI: Teresa Serrano Gotarredona
Funding Body: Min. de Ciencia e Innovación
Apr 2020 - March 2023

COGNET: Event-based cognitive vision system. Exten-
sion to audio with sensory fusion
PI: Teresa Serrano Gotarredona
Funding Body: Min. de Ciencia e Innovación
Jan 2016 - Dec 2019

ECOMODE: Event-driven compressive vision for multi-
modal interaction with mobile devices
PI: Bernabé Linares-Barranco
Funding Body: European Union
Jan 2015 - Dec 2018

BIOSENSE: Bioinspired event-based system for 
sensory fusion and neurocortical processing. Hi-
gh-speed low-cost applications in robotics and au-
tomotion.
PI: Teresa Serrano Gotarredona
Funding Body: Min. de Ciencia e Innovación
Jan 2013 - Dec 2015

NANONEURO: Design of neurocortical architectures 
for vision applications
PI: Teresa Serrano Gotarredona
Funding Body: Junta de Andalucía
Jul 2011 - Dec 2014

RESEARCH AREA ◆ NANOELECTRONICS AND 
EMERGING TECHNOLOGIES

Circuit Design using Emerging Devices and 
Non-Conventional Logic Concepts

Contact

José M. Quintana Toledo 
josem@imse-cnm.csic.es

María J. Avedillo de Juan
avedillo@imse-cnm.csic.es

Main research objective is the development, analysis 
and design of circuits using emerging devices and/
or nonconventional logic models, with emphasis on 
applications with severe constraints on power or ener-
gy like IoT. In particular, we explore circuits based on 
resonant tunel diodes (RTDs), tunel transistors (TFETs 
and SymFETs) or devices integrating phase transition 
(Hyper-FETs, VO2). The distinguishing features of these 
devices is exploited to obtain circuits competitive with 
respect to their CMOS counterparts in terms of speed, 
power, energy or area or exhibiting better trade-offs 
among those criteria. From the logic point of view, we 

study threshold logic and more recently oscillator-ba-
sed computing.
Main recent activities in this line include:
- Development of oscillatory neural networks in which 
the synchronization dynamics of oscillators are used 
for computation. Oscillators are implemented with a 
VO2 device and a transistor.

- Development of logic based on the coding of informa-
tion in the phase of an oscillation. Its main element is an 
oscillator to which a synchronization signal is injected 
to discretize its phase. In the case of binary logic, only 
two phases are used.

- Design and evaluation of logic circuits using TFETs 
and HyperFETs for low power and energy efficient 
applications. Technology benchmarlking and identifi-
cation of application areas, development of gate topo-
logies and logic architectures suitable for the specific 
characteristics of these devices.

Keywords
Emerging Devices; Coupled Oscillators; Oscillatory 
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Neural Networks; Oscillator-based Computing; VO2; 
Energy Efficiency; Ultra-Low Power Electronic; Reso-
nant Tunel Diode (RTD); Negative Differential Resistan-
ce (NDR); Tunel Transistor (TFET); Steep Subthreshold 
Slope Devices

Research Highlights
◆ M.J. Avedillo, J.M. Quintana and J. Núñez, “Phase 
Transition Device for Phase Storing”, IEEE Transactions 
on Nanotechnology, vol. 19, pp 107-112, 2020

◆ M. Jiménez, J. Núñez and M.J. Avedillo, “Hybrid Pha-
se Transition FET Devices for Logic Computation”, IEEE 
Journal on Exploratory Solid-State Computational De-
vices and Circuits, vol. 6, no. 1, pp 1-8, 2020

◆ J. Núñez and J.M. Avedillo, “Approaching the Design 
of Energy Recovery Logic Circuits using Tunnel Tran-
sistors”, IEEE Transactions on Nanotechnology, vol. 19, 
pp 500-507, 2020

◆ J. Núñez and M.J. Avedillo, “Power and Speed Eva-
luation of Hyper-FET Circuits”, IEEE Access, vol. 7, pp 

6724-6732, 2019

◆ J. Nuñez and M.J. Avedillo, “Reducing the Impact of 
Reverse Currents in Tunnel FET Rectifiers for Energy 
Harvesting Applications”, IEEE Journal of the Electron 
Devices Society, vol. 5, no. 6, pp. 530-534, 2017

Key Research Projects & Contracts
NEURONN: Two-Dimensional Oscillatory Neural Ne-
tworks for Energy Efficent Neuromorphic computing 
(H2020-871501)
PI: Bernabé Linares Barranco
Funding Body: European Union
Jan 2020 - Dec 2022

PULPOSS: Processing for Ultra Low POwer using Steep 
Slope devices: circuits and arquitectures (TEC2017-
87052-P)
PI: María J. Avedillo de Juan / José M. Quintana Toledo
Funding Body: Min. de Economía y Competitividad
Jan 2018 - Dec 2020

NACLUDE: Nano-architectures for logic computing 
using emergent devices (TEC2013-40670-P)
PI: Jose M. Quintana Toledo / María J. Avedillo de Juan
Funding Body: Min. de Economía y Competitividad
Jan 2014 - Dec 2017

RTDs: Architectures and circuits for logic and non-li-
near applications using RTDs (TEC2010-18937)
PI: María J. Avedillo de Juan
Funding Body: Min. de Ciencia e Innovación
Jan 2011 - Dec 2014

QUDOS: Quantum Tunneling Device Technology on Sili-
con (IST-2001-32358)
PI: Werner Prost / WP Coordinator: José M. Quintana 
Toledo
Funding Body: European Comission
Jan 2002 - Dec 2004

Caption: Evaluation in terms of energy and speed of CMOS transistors (MOSFETs and FinFETs) and tunel transistors (PSUHETE and 
NDHETE1). Different logic-deths and switching activities are explored.

Caption: a) Programable MOS-NDR exhibiting negative differential 
resistance; b) Experimental results of a two-phase single-gate-
per phase MOBILE pipeline.

Nanoscale Memristor Circuits and Systems

Contact

Bernabé Linares Barranco
bernabe@imse-cnm.csic.es 

Teresa Serrano Gotarredona
terese@imse-cnm.csic.es

Luis A. Camuñas Mesa
camunas@imse-cnm.csic.es 

With the end of Moore’s Law approaching quickly, 
mainstream CMOS downscaling is slowing down. Novel 
nanoscale emerging devices compatible with CMOS fa-
brication technologies promise to overcome this slow 
down. Ultra-dense multi-layer fabrics of nano-scale de-
vices can be fabricated as BEOL (back end of line) on 
top of CMOS substrates. One of these emerging devi-
ces are memristors, also called resistive-RAM (RRAM), 
which are two-terminal devices whose resistance can 
be changed as the devices are stimulated different-
ly. Some of these memristors allow for two-state re-
sistances, while other less developed may allow for 
continuous non-volatile analog memory states. In this 
research line our main focus is to exploit these novel 
memristive devices combined with optimized CMOS 
circuits to provide ultra-compact ultra-low-power 
computing architectures for edge and IoT applications.
Main recent activities in this line include:
- Design and fabrication of monolithic CMOS/memris-
tor Proof-of-Concept computing systems using TiO 
RRAM Filamentary Memristors.

- Computation of Spike-Time-Dependent-Plasticity 
Learning Rules with Memristors.

- Stochastic Binary Spike-Time-Dependent-Plasticity 
for Memristor-based 1-bit weight learning and inferen-
ce.

- Calibration Techniques for ultra-low-voltage memris-
tive read-out circuits.

Keywords
RRAM (Resistive RAM); Non-volatile memristor me-
mory; Nanoscale memristors; TiO filamentary memris-
tors; 1T1R memristor crossbars; Spiking neuromorphic 
computing with memristors; Hopfield Neural Networks 
with memristors; Spike-Timing-Dependent-Plasticity 
with memristors

Research Highlights
◆ L. A. Camuñas-Mesa, B. Linares-Barranco and T. 
Serrano-Gotarredona, “Neuromorphic Spiking Neural 
Networks and Their Memristor-CMOS Hardware Imple-
mentations”, Materials, vol. 12, no. 7, article 2745, 2019

B. Linares-Barranco, “Memristors fire away”, Nature 
Electronics, vol. 1, no. 2, pp 100-101, 2018

◆ X. Guo, F. Merrikh-Bayat, L. Gao, B.D. Hoskins, F. Ali-
bart, B. Linares-Barranco, L. Theogarajan, C. Teuscher 
and D.B. Strukov, “Modeling and Experimental Demons-
tration of a Hopfield Network Analog-to-Digital Conver-
ter with Hybrid CMOS/Memristor Circuits”, Frontiers in 
Neuromorphic Engineering, Frontiers in Neuroscience, 
vol. 9, article 488, 2015

◆ G. Indiveri, B. Linares-Barranco, R. Legenstein, G. 
Deligeorgis and T. Prodromakis, “Integration of nanos-
cale memristor synapses in neuromorphic computing 
architectures”, Nanotechnology, vol. 24, no. 38, article 
384010, 2013

◆ C. Zamarreño-Ramos, L. A. Camuñas-Mesa, J.A. 
Perez-Carrasco, T. Masquelier, T. Serrano-Gotarre-
dona and B. Linares-Barranco, “On Spike-Timing-De-
pendent-Plasticity, Memristive Devices, and building 

Caption: Illustration of massive computing architectures of 
monolithic CMOS/Memristor neural computing chips assembled 
on dedicated PCBs.

Caption: Photograph of CMOS chip with memristor test devices 
fabricated on top.
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a Self-Learning Visual Cortex”, Frontiers in Neuromor-
phic Engineering, Frontiers in Neuroscience, vol. 5, ar-
ticle 26, 2011

Key Research Projects & Contracts
Nano-Mind: Neuromorphic Perception and Na-
no-Memristive Cognition for High-Speed Robotic Ac-
tuation
PI: Teresa Serrano Gotarredona
Funding Body: Min. de Ciencia e Innovación
Jun 2020 - May 2024

MeM-Scales: Memory technologies with multi-scale 
time constants for neuromorphic architectures
PI: Bernabé Linares Barranco
Funding Body: European Union
Jan 2020 - Dec 2022

HERMES: Hybrid Enhanced Regenerative Medicine 
Systems
PI: Teresa Serrano Gotarredona
Funding Body: European Union
Jan 2019 - Dec 2022

NeuRAM3: NEUral computing aRchitectures in Advan-
ced Monolithic 3D-VLSI nano-technologies
PI: Teresa Serrano Gotarredona
Funding Body: European Union
Jan 2016 - Jun 2019

MemoCiS: Memristors - Devices, Models, Circuits, Sys-
tems and Applications
PI: Bernabé Linares Barranco
Funding Body: COST Action IC1401
May 2014 - May 2018

RESEARCH AREA ◆ BIOMEDICAL AND
BIOINSPIRED CIRCUITS AND SYSTEMS

Biomedical Circuits
and Systems

Contact

Gloria Huertas Sánchez
gloria@imse-cnm.csic.es

Alberto Yúfera García
yufera@imse-cnm.csic.es

This research line embraces all activities related with 
the development of alternative bio-instrumentation 
circuits and systems required to reproduce classi-
cal and to propose new measurement techniques at 
bio-medical labs to improve the quality of acquired 
biosignals.
Targets design for bio-instrumentation systems are fo-
cused also to reduce the human effort and cost of bio-
medical assays, to obtain the minimum size and weight 
of biosystems (Lab-on-a-Chips, LoCs), to research new 
measurement methods based on high performance 
integrated circuits and system design with low-power 
consumption, wide bandwidth, reduced power supply 
levels and wireless communication capability. Electri-
cal modeling of sensors required as signal transducers 
and interfaces must be incorporated to circuit design 
flow to obtain full system characterization. This re-
search line also considers the modelling of heteroge-
neous systems for full system simulations.
Main recent activities are:

- Alternative bio-signals acquisition techniques.
- Development of CMOS circuits and systems blocks.

- To exploit classical sensors and look for new sensor 
issues for solving biosignals and biomarkers measure-
ment problem.

- Modeling sensor performance and incorporate it into 
heterogeneous system simulation in a full system de-
sign process.

- Development of wearable systems for edema test in 
heart fail patients.

- Electro stimulation of stem cells in differentiation 
processes.

- Developing multidisciplinary working skills.

Keywords
Biomedical Circuits and Systems; Bio-Sensors; Labo-
ratory on-a-Chip (LoC); Bioimpedance; Microelectrode; 
Electro Stimulation (ES); Clinical Applications; Electric 
Modelling of Biology Systems

Research Highlights
◆ P. Pérez, J.A. Serrano, M.E. Martín, P. Daza, G. Huer-
tas and A. Yúfera, “A computer-aided design tool for 
biomedical OBT sensor tuning in cell-culture assays”, 
Computer Methods and Programs in Biomedicine, vol. 
200, article 105840, 2020

◆ J.A. Serrano, P. Pérez, G. Huertas and A. Yúfera, 
“Alternative general fitting methods for real-time ce-
ll-count experimental data processing”, IEEE Sensors 
Journal, vol. 20, no. 24, 2020

◆ P. Pérez, G. Huertas, A. Maldonado-Jacobi, M. Martín, 
J.A. Serrano, A. Olmo, P. Daza and A. Yúfera, “Sensing 
Cell-Culture Assays with Low-Cost Circuitry”, Scientific 
Reports, Nature Group, vol. 8, article 8841, 2018

◆ D. Rivas-Marchena, A. Olmo, J.A. Miguel, M. Martinez, 
G. Huertas and A. Yufera, “Real-time electrical bioimpe-
dance characterization of neointimal tissue for stent 
applications”, Sensors, vol. 17, no. 8, art. 1737, 2017

◆ G. Huertas, A. Maldonado, A. Yufera, A. Rueda and 
J.L. Huertas, “The Bio-Oscillator: A Circuit for Cell-Cul-
ture Assays”, IEEE Transactions on Circuits and Sys-
tems II: Express Briefs, vol. 62, pp. 164-168, 2015

◆ Technology Transfer
Gloria Huertas Sánchez, Andrés Maldonado Jacobi and 
Alberto Yúfera García. Bioimpedance measurement 
system for wirelessly monitoring cell cultures in real 
time, based on an oscillation test using integrated cir-
cuits. 2014

◆ Alberto Yúfera García, Alberto Olmo Fernández and 
Gloria Huertas Sánchez. Bioimpedance measuring sys-
tem for wirelessly monitoring cell cultures in real time, 
based on CMOS circuits and electrical modelling. 2014

Key Research Projects & Contracts
SYMAS: Sistema de medida y electroestimulación para 
aplicaciones de diferenciación y motilidad celular (P18-
FR-2308)
PI: Alberto Yúfera García / Gloria Huertas Sánchez
Funding Body: Junta de Andalucía - Proyectos de Ex-
celencia
Jan 2020 - Dec 2022

VOLUM: Valor pronóstico en tiempo real para la moni-
torización del volumen mediante medidas de bioimpe-
dancias en pacientes con insuficiencia cardíaca aguda 
(HEART-FAIL VOLUM)
PI: Alberto Yúfera García
Funding Body: Instituto de Salud Carlos III
Jan 2020 - Dec 2021

iSTENT: Real Time Monitoring of Hemodinamic Varia-
bles using Smart Stents (iSTENT) based on Capacitive 
and Bioimpedance Sensors (RTI2018-093512-B-C21)
PI: Alberto Yúfera García
Funding Body: Min. de Ciencia e Innovación
Jan 2019 - Dec 2021

MIXCELL: Integrated MicroSystems for Cell-Culture Assays
PI: Alberto Yúfera García
Funding Body: Min. de Economía y Competitividad
Jan 2014 - Dec 2017

ACATEX: Self-calibration and self-test of analog, 
mixed-signal and radio frecuency circuits (P09-
TIC-5386)
PI: Adoración Rueda Rueda
Funding Body: Junta de Andalucía - Proyectos de Ex-
celencia
Mar 2010 - Feb 2014

Caption: Normalized frequency (A) and amplitude (B) measured at Vcell in a cell culture. The curves correspond to 2500 cells (W1, W3), 5000 
cells (W4, W5) and 10000 cells (W7, W8), seeded at t = 0. Cell proliferation is measured with the oscillation parameters: frequency (fosc) and 
amplitude (aosc).

Caption: PCB developed for the leg edema test wearable system, 
to be applied in patients with heart fail disease. The size is set to 
2x2 cm2.
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Wireless Implantable and
Wearable Intelligent Biosensor Devices

Contact

Manuel Delgado Restituto
mandel@imse-cnm.csic.es

Research on bioengineering including integrated 
sensing/read-out circuitry for the detection and re-
cording of neural signals, wearable electronic devi-
ces for healthcare monitoring, and efficient wireless 
interfaces for intelligent medical devices (IMD). The 
common denominator to these research lines is the 
need to achieve high precision, low-noise analog 
read-out and very low power dissipation, in order to 
enable solutions which can be powered through sma-
ll-capacity batteries and/or harvesting techniques.
Different activities are being developed in this area:

- Definition of enabling technologies for the inte-
gration and miniaturization of biomimetic systems, 
which can be used for building neurocortical implants 
suitable for scientific (to allow new advances in neu-
roscience), clinical (to provide neuroprosthesis for the 
treatment of neurological diseases), and translational 
application (to pave the way for brain-machine inter-
faces) issues.

- Development of novel neurological data processing 
algorithms, including data compression, artifact su-
ppression and seizure prediction processors, suita-
ble for closed-loop therapeutic systems for refractory 
epilepsy and movement disorder diseases.

- Implementation of wireless sensor nodes (WSN) to 
quantify the impairments of the neuromuscular func-
tion and movement observed in Parkinson disease pa-
tients including means of surface electromyography 
(EMG) or kinematic measurements.

- Fabrication of passive radio-frequency identification 
(RFID) biomedical sensor tags, including mechanisms 
for remotely powering, suitable for the acquisition and 
conditioning of biomedical signals such as body tem-
perature, blood glucose level or ECG information.

- Design of standard-compliant transceivers for wire-
less body area network (WBAN) applications, including 
novel architectures and circuit techniques for phase 
domain modulation.
More details can be found in www2.imse-cnm.csic.
es/~mandel/

Keywords
Biomedical Circuits and Systems; Neuro-Engineering; 
Low-Noise Sensor Readout; Low-Power Wireless In-
terfaces; Telemetry Systems; Energy Harvesting

Caption: Ultra-low power transceiver for Bluetooth Low Energy 
(BLE). The receiver (Rx) skips any active RF stage and it is 
implemented as a passive front-end. It achieves a sensitivity 
of -81.4 dBm and consumes less than 1.1 mW. The transmitter 
employs direct modulation and an efficient class-E power 
amplifier (PA) to deliver 1.6 dBm output power to the antenna with 
a total efficiency of 24.5%.

Caption: Fully implantable multichannel cortical neural recording 
system and experimental verification in vivo with animal model.

Research Highlights
◆ R. Fiorelli, M. Delgado-Restituto and Á. Rodríguez-Váz-
quez, “Charge-Redistribution Based Quadratic Operators 
for Neural Feature Extraction”, IEEE Transactions on 
Biomedical Circuits and Systems, vol. 14, no. 3, pp. 606-
619, 2020

◆ J. L. Valtierra, M. Delgado-Restituto, R. Fiorelli and Á. 
Rodríguez-Vázquez, “A Sub-µW Reconfigurable Front-
End for Invasive Neural Recording that Exploits the 
Spectral Characteristics of the Wideband Neural Signal”, 
IEEE Transactions on Circuits and Systems I: Regular 
Papers, vol. 67, no. 5, pp. 1426-1437, 2020

◆ R. Fiorelli, M. Delgado-Restituto and Á. Rodríguez-Váz-
quez, “Offset-Calibration with Time-Domain Compara-
tors using Inversion-Mode Varactors”, IEEE Transactions 
on Circuits and Systems II: Express Briefs, vol. 67, no. 1, 
pp. 47-51, 2020

◆ M. Delgado-Restituto, J. B. Romaine and Á. Rodrí-
guez-Vázquez, “Phase Synchronization Operator for On-
Chip Brain Functional Connectivity Computation”, IEEE 
Transactions on Biomedical Circuits and Systems, vol. 
13, no. 5, pp. 957-970, 2019

◆ M. Delgado-Restituto, A. Rodríguez-Pérez, A. Darie, 
C. Soto-Sánchez, E. Fernández-Jover and Á. Rodrí-
guez-Vázquez, “System-Level Design of a 64-Channel 
Low Power Neural Spike Recording Sensor”, IEEE Tran-
sactions on Biomedical Circuits and Systems, vol. 11, no. 
2, pp. 420-433, 2017

Key Research Projects & Contracts
MIRABRAS: Millimeter-sized Implant with embedded 
Responsive Artificial intelligence for Brain disorder As-
sistance (PID2019-110410RB-I00)
PI: Manuel Delgado Restituto
Funding Body: Min. de Ciencia, Innovación y Universidades
Jan 2020 - Dec 2022

IPANEMA: Integrated Pattern-Adaptive optical NEurosti-
mulator with Multi-site recording Array (TEC2016-80923-P)
PI: Manuel Delgado Restituto
Funding Body: Min. de Economía, Industria y Competitividad
Jan 2017 - Dec 2019

CLEPSYDRA: Towards a Closed-Loop Epileptogenic 
Prediction SYstem based on sub-Dural Recording Arrays 
(TEC2012-33634)
PI: Manuel Delgado Restituto
Funding Body: Min. de Economía y Competitividad
Jan 2013 - Dec 2015

POWDERS: Ultra-Low Power Wireless Motes for the Re-
mote Sensing of Biomedical Signals (TEC2009-08447)
PI: Manuel Delgado Restituto
Funding Body: Min. de Ciencia e Innovación
Jan 2010 - Dec 2012

BIO-TAG: Monolithic Implementation of Passive RFID 
Transponders for Biomedical Applications (TIC-02818)
PI: Manuel Delgado Restituto
Funding Body: Junta de Andalucía
Dec 2007 - Dec 2011

RESEARCH AREA ◆ INTEGRATED CIRCUITS
FOR SPACE APPLICATIONS

High-Speed High-Resol
tion ADCs & DACs for Space Applications

Contact

Gildas Léger 
leger@imse-cnm.csic.es

Antonio J. Ginés Arteaga 
gines@imse-cnm.csic.es

This line of research addresses the design of analog 
and mixed-signal circuits and systems for critical ae-
rospace applications, with emphasis on embedded ae-
rospace applications (satellites, rovers) in CMOS (Com-

plementary Metal-Oxide Semiconductor) technology. 
These circuits are characterized by being in an environ-
ment with high doses of radiation (TID, SE) and need for 
an autonomous operation without maintenance.
In order to increase the performance and increase the 
lifespan of these systems, it is necessary to develop 
and implement Radiation-Hard (Rad-Hard) techniques. 
In addition and, especially in an application context 
with little or no possibility of human intervention, these 
systems should include additional circuitry that capa-
ble of automatically measuring and correcting (self-ca-
libration) errors by itself during the entire life of the Ins-
trument (due to the cumulative effect of radiation and 
aging, as well as change of PVT operating conditions: 
process, voltage and temperature).



Annual Report 2021

42 | RESEARCH AREAS & LINES RESEARCH AREAS & LINES | 43 

The advantages of research and development of 
self-calibration techniques are of great importance in 
critical applications operating under extreme condi-
tions, since the performance of the circuits subjected 
to stress tend to degrade over time, requiring periodic 
re-calibrations to preserve the specified operating le-
vel.
Another aspect to emphasize is the reliability and re-
use of this type of circuits, once developed and quali-
fied, for future missions, which entails a great savings 
in terms of effort and associated costs.

Keywords
Auto-Calibration; Hardness for Radiation Applications; 
Embedded Critical Aerospace Applications (Satellites, 
Rovers, etc.); Sensors; Temperature Sensors; Solar Irra-
diance Sensors; Mixed Signal ASICs-CMOS for Space

Research Highlights
◆ A.J. Ginés, E.J. Peralías and A. Rueda, “Black-Box 
Calibration for ADCs With Hard Nonlinear Errors Using 
a Novel INL-Based Additive Code: A Pipeline ADC Case 
Study”, IEEE Transactions on Circuits and Systems I: 
Regular Papers, vol. 64, no. 7, pp. 1718-1729, 2017

◆ J. Núñez, A.J. Ginés, E.J. Peralías and A. Rueda, 
“Design methodology for low-jitter differential clock re-
covery circuits in high performance ADCs”, Analog In-
tegrated Circuits and Signal Processing, vol. 89, no. 33, 
pp. 593-609, 2016

◆ A.J. Ginés, E. Peralías and A. Rueda, “Background 
Digital Calibration of Comparator Offsets in Pipeline 
ADCs” IEEE Transactions on Very Large Scale Integra-
tion (VLSI) Systems, vol. 23, no. 7, pp. 1345-1349, 2015

◆ D. Malagon-Perianez, J.M. de la Rosa, R. del Rio and 
G. Leger, “Single Event Transients trigger instability in 
Sigma-Delta Modulators”, Conference on Design of Cir-
cuits and Integrated Systems (DCIS), Madrid, 2014

◆ J. Ramos-Martos, A. Arias-Drake, A. Ragel-Morales, 
J. Ceballos-Cáceres, J.M. Mora-Gutiérrez, B. Piñe-
ro-García, M. Muñoz-Díaz, M.A. Lagos-Florido, S. Espe-
jo-Meana, I. Arruego-Rodríguez, J. Martínez-Oter and 
M.T. Álvarez, “OWLs: A Mixed-Signal ASIC for Optical 
Wire-Less Links in Space Instruments”, Fourth Interna-
tional Workshop on Analog and Mixed-Signal Integrated 
Circuits for Space Applications, AMICSA, ESA/ESTEC, 
Noordwijk, The Netherlands, 2012

Key Research Projects & Contracts
ASIC-SIS: ASIC for compacts solar irradiation sensor 
(ESP2016-80320-C2-2-R)
PI: Diego Vázquez García de la Vega
Funding Body: Min. de Economía, Industria y Competi-
tividad
Dec 2016 - Dec 2018

16BitADC (ESA ITT AO/1-7154 /12/NL/RA)
PI: Juan Ramos (up to 08/2015) / Joaquín Ceballos / An-
tonio Ginés (from 09/2015)
Funding Body: ESA (European Space Agency)
Sep 2013 - Dec 2015

DANTE: Adapting Mixed-signal and RF ICs Design and 
Test to Process and Evironment Variability (TEC2011-
28302)
PI: Adoración Rueda Rueda
Funding Body: Min. de Ciencia e Innovación
Jan 2012 - Dec 2015

Radiation Tolerant Analogue/Mixed-Signal Technology 
Survey and Test Vehicle Design (ESTEC Contract No. 
400010162110/NL/AF)
PI: José Luis Huertas / Gildas Léger
Funding Body: ESA (European Space Agency) - Through 
subcontract with ARQUIMEA
Sep 2010 - Sep 2012

Caption: Photograph 
of ASIC CMOS 0.35µm 
Front-End for solar 
irradiation sensors on 
the surface of Mars. 
The circuit has been 
designed with the rad-
hard library (hardened 
against radiations) 
developed at the 
Microelectronics 
Institute of Seville 
(IMSE-CSIC-US).

Caption: Test assembly for evaluation of electrical behavior at 
extreme temperatures. Front microphotograph of the CMOS 
prototype of the 16bitADC converter.

System-on-Chip ASICs for
Space Instrumentation

Contact
Servando Espejo Meana 
espejo@imse-cnm.csic.es

Joaquín Ceballos Cáceres 
joaquin@imse-cnm.csic.es

This line is devoted to the development of integrated 
circuits and analog/mixed-signal systems for space 
applications, and in general, for applications in environ-
ments suffering radiation and extreme temperatures, 
with high reliability requirements. The use of conven-
tional CMOS technologies is emphasized, following the 
concept of radiation hardening by design (RHBD).
Specific activities include the characterization of the 
effects of high-energy electromagnetic and particles 
radiation (total ionizing dose –TID, and single-event 
effects –SEE) on integrated circuit production techno-
logies, on devices and circuits, and the development of 
robust strategies for the design of circuits and systems.
Other topics of interest include the tolerance of circuits 
to extended temperature ranges, and the resistance of 
packages and systems to thermal cycles, impacts, and 
vibration.
Accomplished tasks include:
- Characterization of a 0.35µm CMOS technology con-
cerning radiation effects and extended temperature 
ranges.

- Development of radiation tolerant digital-cells libra-
ries.

- Development of electrical models for the simulation 
of MOS transistors with specific radiation-hardened la-
youts (ELTs).

- Design and test of several mixed-signal ASICs for spa-
ce use.
     · OWLS: intra-satellite optical communications based 
on diffuse light.
     · MOURA: tri-axial magnetometer and accelerometer.
     · MEDA: wind sensor for MEDA, for Mars’2020.
     · SIS: solar irradiance sensor for Exomars’18.

- Formal qualification processes for the space-use of 
mixed-signal ASICs.

Keywords
Radiation Hardening; Extended Temperature Ranges; 
Reliability; Total Ionizing Dose; Single-Event Effects; 
Redundancy; Latch-up Prevention

Research Highlights
◆ S. Sordo-Ibáñez, B. Piñero-García, M. Muñoz-Díaz, A. 

Ragel-Morales, J. Ceballos-Cáceres, L. Carranza-Gon-
zález, S. Espejo-Meana, A. Arias-Drake, J. Ramos-Mar-
tos, J.M. Mora-Gutiérrez and M.A. Lagos-Florido, “CMOS 
Rad-Hard Front-End Electronics for Precise Sensors 
Measurements”, IEEE Transactions on Nuclear Scien-
ce, vol. 63, pp. 2379-2389, 2016

◆ S. Sordo-Ibáñez, B. Piñero-García, M. Muñoz-Díaz, A. 
Ragel-Morales, J. Ceballos-Cáceres, L. Carranza-Gon-
zález, S. Espejo-Meana, A. Arias-Drake, J. Ramos-Mar-
tos, J.M. Mora-Gutiérrez and M.A. Lagos-Florido, “A 
Front-End ASIC for a 3-D Magnetometer for Space 
Applications by Using Anisotropic Magnetoresistors”, 
IEEE Transactions on Magnetics, vol. 51, pp. 1-4, 2015

◆ S. Sordo-Ibáñez, S. Espejo-Meana, B. Piñero-García, 
A. Ragel-Morales, J. Ceballos-Cáceres, M. Muñoz-Díaz, 
L. Carranza-González, A. Arias-Drake, J.M. Mora-Gu-
tiérrez, M.A. Lagos-Florido and J. Ramos-Martos, 
“Four-channel self-compensating single-slope ADC for 
space environments”, Electronics Letters, vol. 50, pp. 
579-581, 2014

◆ J. Ramos-Martos, A. Arias-Drake, J.M. Mora-Gutié-
rrez, M. Muñoz-Díaz, A. Ragel-Morales, B. Piñero-Gar-
cía, J. Ceballos-Cáceres, L. Carranza-González, S. Sor-

Caption: ASIC OWLS

Caption: ASIC for MEDA wind sensor
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do-Ibáñez, M.A. Lagos- Florido and S. Espejo-Meana, 
“SEE Characterization of the AMS 0.35 µm CMOS Tech-
nology”, in Proc. of the 14th European Conf. on Radia-
tion and its Effects on Components and Systems, pp. 
1-4, 2013

◆ J. Ramos-Martos, A. Arias-Drake, A. Ragel-Morales, 
J. Ceballos-Caceres, J.M. Mora-Gutierrez, B. Pine-
ro-Garcia, M. Munoz-Diaz, M.A. Lagos-Florido and S. 
Espejo-Meana, “Radiation Characterization of the aus-
triamicrosystems 0.35 µm CMOS Technology”, in Proc. 
of the 12th European Conf. on Radiation and its Effects 
on Components and Systems, 2011

Key Research Projects & Contracts
Microelectrónica para instrumentación espacial: ASIC 
del sensor de viento de MEDA (ESP2016-79612-C3-3-R)
PI: Servando Espejo Meana
Funding Body: Min. Economía y Competitividad
Jan 2017 - Dec 2018

Microelectrónica de espacio para instrumentación am-
biental en Marte (ESP2014-54256-C4-4-R)
PI: Servando Espejo Meana

Funding Body: Min. Economía y Competitividad
Jan 2015 - Dec 2015

Diseño y testado de ASICs para el espacio para la mi-
sión a Marte ‘MEIGA-METNET Precursor’ (AYA2011-
29967-C05-05)
PI: Servando Espejo Meana
Funding Body: Min. de Ciencia e Innovación
Jan 2012 - Dec 2012

Diseño y testado de ASICs para el espacio para la mi-
sión a Marte ‘MEIGA-METNET Precursor’ (AYA2009-
14212-C05-04)
PI: Servando Espejo Meana
Funding Body: Min. de Ciencia e Innovación
Jan 2010 - Dec 2011

Diseño y testado de ASICs para el espacio para la mi-
sión a Marte ‘MEIGA-METNET Precursor’ (AYA2008-
06420-C04-02/ESP)
PI: Servando Espejo Meana
Funding Body: Min. de Ciencia e Innovación
Jan 2009 - Dec 2009

RESEARCH AREA ◆ HARDWARE SECURITY
Cybersecurity

Contact

Iluminada Baturone Castillo 
lumi@imse-cnm.csic.es 

Carlos J. Jiménez Fernández 
cjesus@imse-cnm.csic.es

This research line focuses on microelectronic solutions 
for security applications. The objectives are to verify the 
identity of hardware devices and users as well as to store 
and communicate sensitive information, resorting to the 
use of techniques from cryptography, biometrics, and their 
combination (crypto-biometrics). Security against hardwa-
re attacks is especially analyzed, particularly fault injection 
and side-channel attacks such as differential power analy-
sis (DPA) and differential electromagnetic attacks (DEMA). 
Microelectronic solutions are aimed at constructions and 
algorithms providing security together with efficient featu-
res of size, power consumption and operation speed.
The activities within this research line are devoted to:
- Exploration of cryptographic algorithms from a se-
cure hardware implementation point of view. Develo-
pment of architectures for such algorithms with opti-
mized features in terms of VLSI design and resistance 
against attacks.

- Analysis of side-channel and fault-injection attack 
sources. Development of robust hardware solutions as 
well as setups and benchmarks to measure the security 
of microelectronic realizations against attacks. Vulne-
rability metrics.

- Design of modules based on PUFs (within program-
mable devices and/or integrated circuits) to implement 
security primitives particularly related to key genera-
tion, identifiers, and random numbers.

- Hardware implementation of algorithms to process and 
recognize biometric features such as fingerprints, faces, 
gait, voice, etc. Design of microelectronic solutions for bio-
metric, multi-biometric, and crypto-biometric systems.

- Application of the above solutions to wearable devi-
ces, tokens, tags, consumer electronic devices, control 
systems, etc.

Keywords
Hardware for Cryptography; Biometrics and Cryp-
to-Biometrics; Physical Unclonable Functions (PUFs); 
Secure FPGAs and Integrated Circuits; Hardware At-
tacks; Authentication and Secure Communications

Research Highlights
◆ J.M. Mora-Gutiérrez, C.J. Jiménez-Fernández and M. 

Valencia-Barrero, “Trivium Hardware Implementations 
for Power Reduction”, International Journal of Circuit 
Theory and Applications, Special Issue: Secure lightwei-
ght crypto-hardware, vol. 45, no. 2, pp. 188-198, 2017

◆ A. Cabrera-Aldaya, A.J. Cabrera and S. Sánchez-So-
lano, “SPA Vulnerabilities of the Binary Extended Eucli-
dean Algorithm”, Journal of Cryptographic Engineering, 
vol 7, no. 4, pp. 273–285, 2017

◆ I. Baturone, M.A. Prada-Delgado and S. Eiroa, “Impro-
ved generation of identifiers, secret keys, and random 
numbers from SRAMs”, IEEE Transactions on Information 
Forensics and Security, vol. 10, no. 12, pp. 2653-2668, 2015

◆ E. Tena-Sánchez, J. Castro and A.J. Acosta, “A Me-
thodology for Optimized Design of Secure Differential 
Logic Gates for DPA Resistant Circuits”, IEEE Journal 
on Emerging and Selected Topics in Circuits and Sys-
tems, vol. 4, no. 2, pp 203-215, 2014

◆ R. Arjona and I. Baturone, “A Hardware Solution for Re-
al-Time Intelligent Fingerprint Acquisition”, Journal of Re-
al-Time Image Processing, vol. 9, no. 1, pp. 95-109, 2014

Key Research Projects & Contracts
INTERVALO: Integración y validación en laboratorio de 
contramedidas frente a ataques laterales en criptocir-
cuitos microelectrónicos (TEC2016-80549-R)
PI: Antonio J. Acosta Jiménez / Carlos J. Jiménez Fernández

Funding Body: Min. de Economía y Competitividad
Dec 2016 - Dec 2019

SENIAC: Security in interconnected devices by injec-
tion of authentication and ciphering algorithms (RTC-
2014-2932-8)
PI: Iluminada Baturone Castillo
Funding Body: Min. de Economía y Competitividad
Oct 2014 - Mar 2017

CESAR: Secure microelectronic circuits against si-
de-channel attacks (TEC2013-45523-R)
PI: Antonio J. Acosta Jiménez / Carlos J. Jiménez Fernández
Funding Body: Min. de Economía y Competitividad
Jan 2014 - Dec 2016

CB-DOC: Content management system with secure au-
thentication by cripto-biometric techniques based on 
hardware (IPT-2012-0695-390000)
PI: Iluminada Baturone Castillo
Funding Body: Min. de Economía y Competitividad · 
Proyecto INNPACTO
Jul 2012 - Mar 2015

CRIPTO-BIO: Microelectronic design for crypto-biome-
tric authentication (P08-TIC-03674)
PI: Iluminada Baturone Castillo
Funding Body: Junta de Andalucía - Proyectos de Ex-
celencia
Jan 2009 - Dec 2013

Caption: Experimental setup to 
measure hardware security: 1.- 
Power supply, 2.- Logic analyzer, 
3.-Osciloscope, 4.- Temperature 
control system, 5.- Device under 
test, 6.- Software to automate 
measurements.

Caption: Prototype of e-padlock 
which allows dual-factor 

authentication (what you have and 
who you are) in the access to a 
content management system.
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Security and Reliability in
CMOS and Emerging Technologies

Contact

Francisco V. Fernández Fernández 
pacov@imse-cnm.csic.es

The development of IoT in the near future faces numerous 
technological challenges that need to be addressed, such 
as power/energy efficiency, reliability, security, and cost. 
Advanced CMOS technologies are potential candidates for 
solutions in the short term to those challenges, whereas 
beyond-CMOS devices are the answer for solutions in the 
long term. All these technologies are plagued with both 
time-zero and time-dependent variability effects. From a 
reliability point of view, design strategies and methodolo-
gies are required to deal with the mitigation or tolerance 
to variability effects. But from an exploitation perspective, 
variability can be regarded as an advantage rather than as 
a problem, e.g. in the hardware security field.
This research line focusses in the development of new 
and robust Physical Unclonable Functions and lightweight 
cryptographic solutions combining the experience of re-
searchers in reliability characterization and reliability-awa-
re design in CMOS technology and low-power circuit design 
in beyond-CMOS technologies. More specifically, the work 
includes activities in the following design areas:
- Design of Physical Unclonable Functions: Exploitation 
of time-zero and time-dependent variability effects in 
microelectronic devices for security applications.
- Reliability
    · Characterization and modeling of time-zero and ti-
me-dependent variability effects in micro/nano-electro-
nic devices.
    · Robustness of lightweight cryptographic solutions.
- Low-power circuit design in beyond-CMOS technologies.

Keywords
Hardware Security; PUF; Lightweight Cryptography; Re-
liability; Variability Effects; Beyond-CMOS Devices

Research Highlights
◆ P. Saraza-Canflanca, H. Carrasco-Lopez, A. Santa-
na-Andreo, P. Brox, R. Castro-Lopez, E. Roca and F.V. Fer-
nandez, “Improving the reliability of SRAM-based PUFs un-
der varying operation conditions and aging degradation”, 
Microelectronics Reliability, vol. 118, article 114049, 2021.

◆ P. Saraza-Canflanca, J. Martin-Martinez, R. Cas-
tro-Lopez, E. Roca, R. Rodriguez, F.V. Fernández and M. 
Nafria, “Statistical characterization of time-dependent 
variability defects using the máximum current fluctua-
tion”, IEEE Transactions on Electron Devices, vol. 68, no. 
8, pp 4039-4044, 2021

◆ J. Díaz-Fortuny, P. Saraza-Canflanca, R. Castro-Lopez, 
E. Roca, J. Martin-Martinez, R. Rodriguez, F.V. Fernán-

dez and M. Nafria, “Flexible Setup for the Measurement 
of CMOS Time-Dependent Variability with Array-Based 
Integrated Circuits”, IEEE Transactions on Instrumenta-
tion and Measurement, vol. 69, no. 2, pp 853-864, 2020

◆ I.M. Delgado-Lozano, E.Tena-Sánchez, J. Núñez and 
A. Acosta, “Design and analysis of secure emerging cryp-
to-hardware using HyperFET devices”, IEEE Transac-
tions on Emerging Topics in Computing, vol. 9, no. 2, pp 
787-796, 2020

◆ J. Diaz-Fortuny, J. Martin-Martinez, R. Rodriguez, R. 
Castro-Lopez, E. Roca, X. Aragonés, E. Barajas, D. Ma-
teo, F.V. Fernandez and M. Nafria, “A Versatile CMOS 
Transistor Array IC for the Statistical Characterization of 
Time-Zero Variability, RTN, BTI and HCI”, IEEE Journal of 
Solid-State Circuits, vol. 54, no. 2, pp 476-488, 2019

Key Research Projects & Contracts
VIGILANT: The Variability Challenge in Nano-CMOS - SUB-
PROJECT MITIGATION (PID2019-103869RB-C31)
PI: Francisco V. Fernández Fernández / Rafael Castro López
Funding Body: Min. de Ciencia, Innovación y Universidades
Jun 2020 - May 2023

TOGETHER: Towards Trusted Low-Power Things: Devices, 
Circuits and Architectures (TEC2016-75151-C3-3-R)
PI: Francisco V. Fernández Fernández / Rafael Castro 
López
Funding Body: Min. de Economía, Industria y Competitividad
Jan 2017 - Jun 2021

Caption: ENDURANCE: 
Chip design for 
the statistical 
characterization 
of time-dependent 
variability at device 
level. It includes four 
large arrays of CMOS 
transistors.

Caption: KIPT: Chip 
design for the statistical 

characterization 
of time-dependent 
variability at circuit 

level. It includes four 
large arrays of cells or 

circuit blocks: one array 
of SRAM and Sense 

Amplifier, one array of 
Analog Circuits and two 

of Ring Oscillators.
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NATIONAL GOVERNMENT
ARES
Design, implementation and validation of attack-re-
sistant hardware roots of trust for secure embedded 
systems.

PI: Carlos J. Jiménez Fernández cjesus@imse-cnm.
csic.es 
Piedad Brox Jiménez brox@imse-cnm.csic.es

Projects Details:
Type: Research project 
Funding Body: Ministerio de Ciencia e Innovación 
Ref: PID2020-116664RBI00 
Start date: 01/09/2021 End date: 31/08/2025 
Funding: 146.410,00 €

The inclusion of secure elements in embedded devices 
is improving in current available commercial solutions. 

Some manufacturers offer solutions to protect their 
products against cybersecurity threats. However, the 
restricted hardware resources of certain devices (e.g. 
in the Internet-of-Things context) make unfeasible the 
adoption of some of these complex protection sche-
mes such as Trusted Platform Modules. The design of a 
Root-of-Trust (RoT) using low-cost hardware modules is 
presented in this project as alternative. The RoT is con-
ceived as cornerstone, thus deriving trust for the rest 
of components that compose the embedded system. 
The RoT will be designed to be a modular, configurable 
and adaptable structure, thus leveraging the resources 
to offer dedicated solutions for each particular applica-
tion case.

The tendency of open source initiatives for embedded 
systems has been consolidated with the advent and ra-
pid growth of the RISC-V Instruction Set Architecture 
(ISA) together with its comprehensive hardware and 
software ecosystems. However, the open nature of 
RISC-V ISA is a double edged-sword for security pur-
poses. The flexibility of the instruction set allows the 
possibility of developing various cryptography-specific 
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extensions or variants of the ISA with the aim of increa-
sing the level of security.

But at the same time, the full-access to many 
‘open-hardware’ implementations of the RISC-V ISA 
could expose them to more vulnerabilities compared to 
the proprietary world where this information is hidden 
and protected by strong Intellectual Property rights. 
Therefore, the development of solutions to foster the 
security of embedded systems based on this ISA is an 
open challenge for research community. This project 
will increase the security of embedded RISC-V systems 
by incorporating a RoT anchored in the device’s own 
hardware. This strategy will be also adapted to be used 
by cores with proprietary ISA, thus allowing to establi-
sh a performance comparison between both choices 
(open and non-open) for embedded systems.

The general objective of the ARES project is to provide 
hardware solutions to improve the security of embed-
ded systems, designing a hardware RoT that includes 
cryptographic primitives for secure storage, proces-
sing and transmission of data. The building compo-
nents of the RoT will be Physical Unclonable Functions 
(PUFs) to generate the identity of the electronic devi-
ce and generate cryptographic keys as well as entropy 
sources, and cryptographic primitives for data encryp-
tion and decryption. All these elements will include me-
asures to verify its correct behavior and countermea-
sures to prevent physical attacks. Implementations 
will be carried out in both FPGA and ASIC technology, 
using ARM and RISC-V processors, suitable to be used 
in Internet-of-Things (IoT) technology. For the sake of 
validation, the project will develop a demonstrator to 
leverage project advances in a sector as eHealth where 
security is crucial.

HARDWALLET
Trusted, Post-Quantum Secure Hardware for Decen-
tralized Identity Wallets Using Distinctive Traits of 
People and Devices.

PI: Iluminada Baturone Castillo lumi@imse-cnm.csic.es 
M. Rosario Arjona López arjona@imse-cnm.csic.es

Projects Details:
Type: Research project 
Funding Body: Ministerio de Ciencia e Innovación
Ref: PID2020-119397RB-I00 
Start date: 01/09/2021 End date: 30/08/2024 
Funding: 83.853,00 €

Electronic identification allows entities to prove elec-
tronically that they are who they say they are in order to 
access services and carry out electronic transactions. 
Identity verification uses identifiers, which are uniquely 
associated with entities, and verification mechanisms 

that prove the association between the entity and its 
identifiers. In decentralized identity systems, entities 
have complete control of their identifiers. Entities are 
the owners and issuers of their identity (there are no cen-
tralized registries, no identity providers, no certification 
authorities to assign identities as centralized and fede-
rated systems do).

Distributed ledger technology, including blockchains, or 
some other form of decentralized network, enables iden-
tity verification using cryptography. Currently, the most 
established method for verification employs digital sig-
natures. The entity is the only one that has a private key 
associated with a public key. The most secure solution 
locally generates its own private and public key pair so 
that the private key is truly private. Therefore, the genui-
ne entity is the only one capable of generating signatures 
with its private key and any other entity can verify the sig-
natures with the public key. The decentralized network 
stores public identifiers and public keys, The current 
W3C draft on Decentralized IDentifiers (DIDs) includes 
verification mechanisms, such as public keys and pseu-
donymous biometrics, that the owner can use to prove 
their association with the DID. However, most applica-
tions verify an individual by applying biometrics locally. 
No external verifier can prove that the individual actually 
participates in the process. The reason is that practical 
and efficient implementations of pseudonym biometrics 
that offer irreversibility, unlinkability and revocability are 
still a challenge in decentralized networks.

The HardWallet Project will address the challenge of veri-
fying pseudonymous biometrics externally, meeting de-
mand from Europe and the United States for a decentra-
lized and better privacy-preserving approach. As the IoT 
and artificial intelligence are producing more and more 
autonomous electronic devices that conduct electronic 
transactions as an individual, the HardWallet project will 
extend verification externally to physical devices with 
unique electronic characteristics using PUFs (Physical 
Unclonable Functions). cloneable).

Nowadays, the hardware solutions used in digital wallets 
to manage private keys and guarantee the integrity of 
the platform, the confidentiality of the data stored in a 
non-volatile memory and the authenticity of the execu-
ted code (in charge of locally verifying the biometric data 
sensitive) use classical cryptography. The HardWallet 
Project will develop secure and reliable hardware to also 
generate pseudonyms from biometrics and device me-
trics. In addition, to guarantee long-term security, the 
cryptography used in the wallet will be post-quantum.

MAS+CARA
Proof of concept of a decentralized facial recog-
nition scheme, offering privacy and post-quantum 
security.

PI: Iluminada Baturone Castillo lumi@imse-cnm.csic.
es

Projects Details: 
Type: Research project 
Funding Body: Ministerio de Ciencia e Innovación 
Ref: PDC2021-121589-I00 
Start date: 01/12/2021 End date: 30/11/2023 
Funding: 104.650,00 €

Nowadays, interactions are moving from face to face in 
the physical world to the Internet. Electronic instead of 
physical interactions are growing meteorically. Conse-
quently, electronic identification is a booming market 
since it allows people to prove electronically that they 
are who they say they are in order to gain access to ser-
vices or carry out electronic transactions.

Typically, a person proves: (a) to know secret data 
whenever the verifier asks what you know, (b) to have 
a unique possession (what you have), and (c) to be a 
physical entity (who you are). In the last case, people 
usually provide biometric data, such as data from their 
faces. Biometric data, which are stored as template at 
the registration phase or enrollment, are private and 
sensitive data, as contemplated in the data protection 
regulation of many countries. Hence, protection sche-
mes should be employed to transform them into public 
non-sensitive data named pseudonyms. The problem 
is that, concerning a brute-force attack, the secu-
rity of current biometric recognition systems usua-
lly ranges from 17 to 24 bits. This is very much lower 
than the security of a cryptographic system (80 bits 
at least). Moreover, the biometric schemes with tem-
plate protection offer even lower security. Recently, 
new cryptographic techniques, like homomorphic en-
cryption, are being explored to increase the security 
of protected biometric recognition systems. However, 
the security of many of these techniques is based on 
problems (like the Discrete Logarithm and the Integer 
Factorization problems) that are hard for current com-
puters but not for quantum computers, which will be 
available in the future. Thanks to the results obtained 
in our previous project TEC2017-83557-R, the pro-
ject Mas+Cara will develop protected schemes using 
post-quantum cryptog raphy to offer a high and long-
term security. Nowadays, most of electronic identifi-
cation systems employ a device-centric authentica-
tion topology, in which the PIN (what you know) or the 
biometric (who you are) data capture and processing 
(feature extraction and matching), as well as the sto-
ring of the biometric templates, are all handled locally, 
on the users device (what you have). The most widely 
extended device is the smartphone. The device au-
thenticates its user. The person is who its device says 
he/she is without any external verification. No exter-
nal verifier can attest that a credential holder (a per-
son) is truly presenting a digital credential.

Recently, new protected schemes using a decentralized 
model are being explored to ensure that the digital cre-
dentials can be verified externally by using public keys 
and pseudonymous biometrics that could offer people 
privacy. However, while the cryptographic verification 
of digital signatures with public keys is quite well esta-
blished, the efficient and practical implementations of 
pseudonymous biometrics offering irreversibility, un-
linkability, and revocability are still a challenge.

Exploiting the knowledge acquired in our previous pro-
ject TEC2017-83557-R, the project Mas+Cara will deve-
lop protected schemes using post-quantum cryptogra-
phy and a decentralized and private model. The proof of 
concept to be developed in Mas+Cara will be implemen-
ted by means of smartphone App and will be validated in 
a relevant environment so that a prototype will be ready 
to be demonstrated in an operational environment and 
the way will be paved to obtain a final product to com-
mercialize.

NANO-MIND
Neuromorphic Perception and NANO-Memristive 
CognItioN for High-SpeeD Robotic Actuation

PI: Teresa Serrano Gotarredona  
terese@imse-cnm.csic.es

Projects Details
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: PID 2019-105556GB
Start date: 01/06/2020
End date: 31/05/2024
Funding: 208.770,00 €

In the last years, due to the availability of large amounts 
of annotated data and the increase of the computation 
capability of highperformance computing platforms, 
we have witnessed a resurgence of artificial intelligen-
ce (AI) and neuro-inspired computation. AI systems ou-
tperforming human beings in image classification tas-
ks have been demonstrated. However, those systems 
still lag well behind human beings if we compare them 
in terms of speed and energy efficiency. The intensive 
computation requirements of AI recognition systems 
cause that the developed AI systems for our portable 
devices perform computations on the cloud. It has been 
foreseen that by the year 2025, one-fifth of the world’s 
electricity will be consumed by the internet.
The development of efficient information coding sche-
mes and low power AI hardware platforms is a must if 
we want to witness the spreadof AI systems while kee-
ping an affordable energy budget. Current state-of-the-
art AI systems are based on an information coding and 
processing paradigm which is quite different from the 
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way biological brains code and process the information. 
If we consider vision as an example, state-of-the-art AI 
computational vision systems code and process the 
information as sequences of static frames. However, 
biological neurons produce and communicate sequen-
ces of spikes. In this context, the so-called third gene-
ration of neural networks or spiking neural networks 
has emerged to emulate the efficiency in information 
coding and computation of human brains.
However, spiking neural networks computational sys-
tems lack the maturity of frame-based conventional 
computing systems in terms of theoretical develop-
ment, learning and controlling algorithms and availa-
bility of event-based sensors, event-based hardware 
computing platforms, and event-based robotic actua-
tors.

The NANO-MIND project aims to advance in the theo-
retical and hardware development of neuromorphic 
spiking neural systems from the sensors level, to the 
processing level up to the control and actuation level.

CORDION
Digitizers based on Cognitive Radio for loT nodes.

PI: José M. de la Rosa Utrera 
 
jrosa@imse-cnm.csic.es 

Projects Details:
Type: Research project 
Funding Body: Ministerio de Ciencia e Innovación 
Reference: PID2019-103876RB-I00 
Start date: 01/06/2020   End date: 31/07/2024 
Funding: 55.902,00 €

IoT (Internet of Things) implies the interconnec- tion of 
billions of cyberphysical entities, capable of commu-
nicating with each other, without the need lor human 
intervention, also relerred to machine- to-machine 
communication. However, the practi- cal implemen-
tation of IoT requires also the deve- lopment of elec-
tronic devices that are secure and efficient in terms 
of cost and energy consumption. They also need to 
be equipped with a certain level of intelligence giving 
rise lo the so-called smart de- vices/objects and au-
tonomy, so that they can make decisions in real time, 
and locally, i.e. withoul being connected to remate 
servers.

The so-called Cognitive Radio (CR) technology allows 
communication systems to make a more efficient use 
of the electromagnetic spectrum, by dynamically mo-
difying its transmission and re- ception parameters 
according to the information sansed from the environ-
ment a technique also re- ferred to as spectrum sen-
sing. One of the direct consequences of the physical 

implementations of CR-based terminals is that the di-
gitizers, i.e. the circuits responsible for transforming 
the signal from the analog to the digital domain, should 
be placed as clase as possible to the antenna, so that 
most of the hardware is digital and hence, it is easier to 
program vía software.

Another key technology enabler for the develop-ment 
of CR-based IoT nodes is the need to embed a certain 
degree of Artificial Intelligence (Al), so that they can set 
their specifications in an optimum and autonomous 
way, according to the environment conditions (commu-
nication coverage, spectrum oc- cupancy, intereferen-
ces), battery status and energy consumption.

In this scenario, this project aims to address some of 
the design challenges for the increased in-coming di-
gital-driven world directly linked to the Economía, So-
ciedad y Cultura Digitales, which is one of the priority 
challenges of the Plan Estatal 2017- 2020. To this end, 
AI-managed digitizers for CR-based IoT nodes will be 
developed in this project.

INFRASTRUCTURE PROJECT
Update of the analysis and signal generation equip-
ments features for the challenges of the next tech-
nological leap in micro and nano-electronics.

PI: Bernabé Linares Barranco 

Projects Details:
Type: Research project 
Funding Body: MICIN 
Reference: EQC2021-007363-P
Start date: 01/06/2021 End date: 31/12/2023
Funding: 904.000€

The aim of this action is to update the equipment of the 
Technical Support service for the Design and Test of 
Integrated Circuits of the Institute of Microlectronics 
of Seville to face the challenges of the next technologi-
cal leap in Micro and Nanoelectronics. Among the new 
challenges are the better use of the electromagnetic 
spectrum for the widespread expansión of 5G and the 
Internet of Thing (IoT), its combination with Artificial In-
telligence (AioT), improvements in IoT security or more 
efficient and faster digitizers.

New equipment will allow the development of areas 
with great future projection, such as cybersecurity or 
the coexistence of quantum computing and conven-
tional electronics, which will require ultra-high-speed 
devices to bond both paradigms. The new interest 
in space exploration will also promote Micro and Na-
noelectronics in space, an area in which there is already 
experience in the development and testing of circuits 

for missions such as Curiosity and Perseverance, and 
which will also be enhanced by this action and encoura-
ging participation in new missions. 

From the socio-economic point of view, the new equip-
ment will promote the creation of new patents and new 
technology-based companies for their exploitation, 
with the direct creation of very high-quality employ-
ment in a geographical area with high unemployment 
rates, justifying fully the investment made.

MIRABRAS
Millimeter-sized Implant with embedded Responsive 
Artificial intelligence for Brain disorder Assistance

PI: Manuel Delgado Restituto  
mandel@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia e Innovación
Reference: PID2019-110410RB-I00
Start date: 01/06/2020
End date: 31/05/2023
Funding: 137.819,00 €

This Project aims to provide enabling microelectronic 
technologies for the integration and miniaturization of a 
smart implantable neural stimulation system, which ser-
ves as experimental vehicle for the development of new 
procedures in neurophysiology and, ultimately, for the 
implementation of new neural prosthesis, more focus and 
safe than those currently available, for the understanding 
and treatment of different pathologies of the nervous sys-
tem, with emphasis in brain disorders, such as including 
Alzheimers disease, epilepsy or Parkinsons disease.

In particular, this Project will explore emerging approa-
ches for treating neural disorders in which regenerative 
medicine techniques (interneuron transplants expres-
sing regenerative promoters) are combined with op-
togenetics stimulation. In this application, small im-
plantable neural interface devices in millimeter-scale 
are needed to deliver light stimuli and interact with the 
transplant for attenuating disease pathologies. Compa-
red to electrical stimulation, the optogenetic approach 
allows selectively exciting individual cells with very high 
spatial and temporal accuracy, leaving the rest of the 
cells intact and, thus, reducing side effects.

In another aspect, the Project will advance towards 
the practical implementation of a reliable and efficient 
closed-loop mechanism which, based on the electrical 
activity recorded from the genetically encoded cells, is 
able to provide an efficient and non-harmful actuation 
by optical means. This real-time feedback procedure 
will support the adaptability of the system to the plas-

ticity of the neural tissue and, thereby, it will open up 
doors for the implementation of robust, long lifetime 
neural prosthesis whose operation self-adjusts to the 
patient’s progress. In order to improve the selectivity 
and detection accuracy of the closed-loop system, Ar-
tificial Intelligence (AI) paradigms will be explored see-
king an optimum equilibrium between efficiency and 
hardware cost.

Also, to favor miniaturization, the Project will inves-
tigate the integration of fully wireless solutions in the 
implant both for data and power transfer. Through 
analysis, simulation, and measurements on prototypes, 
different coil structures will be explored for powering 
mm-sized neural interfaces, paying attention to keep 
the Specific Absorption Rate (SAR) of electromagnetic 
(EM) field in the tissue under safe limits.

VIGILANT
The Variability Challenge in Nano-CMOS: From Device 
Modeling to IC Design for Mitigation and Exploitation

PI: Francisco V. Fernández Fernández 
pacov@imse-cnm.csic.es 
Rafael Castro López castro@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: PID2019-103869RB-C31
Start date: 01/06/2020
End date: 31/05/2023
Funding: 117.491,00 €

Electronic devices flood many aspects of our lives. The 
wondrous evolution of nano-CMOS technologies with 
the emergence of new materials and devices is behind 
it. The demand for integrated circuits (ICs) is not wi-
thout challenges though: our modern digital economy 
and society requires them to be more functional, more 
reliable, safer and more secure, and fields like IoT, Cy-
bersecurity and Highperformance computing are now 
priorities in many research agendas.

However, one critical obstacle in this evolution is va-
riability, culprit for the device parametric fluctuations 
deriving in a reliability loss of the IC. Rising right after 
fabrication (TZV, Time-Zero Variability) or during the IC 
lifetime (TDV, Time-Dependent Variability), it ends up 
critically compromising its functionality or even cutting 
short its lifetime. If variability is undealt with, ICs will no 
longer be able to fulfil the capabilities of safety, securi-
ty, and reliability.

VIGILANT faces up this challenge from two pers-
pectives. It will first develop solutions and new de-
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sign paradigms to lessen or tolerate variability; the 
goal is clear: mitigate its negative impact. Second, 
realizing variability has also a beneficial side, TZV 
and TDV will be exploited for hardware-based secu-
rity. While this duality mitigation/exploitation is one 
key goal, there is another cross-cutting goal: the 
evaluation of several technologies and their poten-
tial for the duality, from the established bulk CMOS, 
through the versatile FDSOI, to beyond-CMOS al-
ternatives like memristors. To undertake the goals, 
VIGILANT needs the complementary expertise of 
teams (IMSE, UAB and UPC) with a successful track 
record in the collaborative investigation of variabi-
lity.

VOLUM
Prognostic value of real-time body volumes moni-
toring by continuous bioimpedance measurement 
in patients with acute heart failure (HEART-FAIL 
VOLUM)

PI: Alberto Yúfera García yufera@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: DTS19/00134
Start date: 01/01/2020
End date: 31/12/2021
Funding: 46.200,00 €

Heart failure (HF) is the currently leading cause of hos-
pitalization in people over 65 years in Europe. The stan-
dard evaluation of this disease does not reliably predict 
HF outcome. Volume overload due to neuro-hormonal 
activation is the primary factor leading to HF hospita-
lisation, and volume measurements by bioimpedance 
(BI) have preliminary shown to be useful for diagnosis 
and prognosis. However, the measures are performed 
punctually, or in a short period, but the dynamics of 
fluid overload in patients with acute HF during hospi-
talisation and after discharge have not been previously 
described. The aim of this study is evaluate the prog-
nostic value of monitoring changes in body volumes by 
continuous BI measurement with a novel wearable de-
vice to predict early clinical outcome in patients with 
acute HF.

HEART-FAIL VOLUM
Valor pronóstico en tiempo real para la monitoriza-
ción del volumen mediante medidas de bioimpedan-
cias en pacientes con insuficiencia cardíaca aguda

PI: Alberto Yúfera García  yufera@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: DTS19/00134
Start date: 01/01/2020
End date: 21/12/2021
Funding: 46.200,00 €

La insuficiencia cardíaca (IC) es la principal causa de 
hospitalización en personas mayores de 65 años en 
Europa. La evaluación clínica estándar no permite pre-
decir de forma fiable la evolución de esta enfermedad. 
La sobrecarga de volumen debido a la activación neu-
ro-hormonal es el principal factor implicado en las hos-
pitalizaciones por IC, y las mediciones de los volúmenes 
corporales por bioimpedancia (BI) han demostrado de 
manera preliminar que son útiles en el diagnóstico y 
pronóstico. Sin embargo, las medidas se realizan pun-
tualmente, o en un período corto, pero la dinámica de la 
sobrecarga de líquidos en pacientes con IC aguda du-
rante la hospitalización y tras el alta no se han descrito 
previamente. El objetivo de este estudio es evaluar el 
valor pronóstico de la monitorización de los volúmenes 
corporales en tiempo real mediante la medición conti-
nua de BI con un nuevo dispositivo portátil para prede-
cir precozmente la evolución clínica en pacientes con 
IC aguda.

ENVISAGE
Enabling Vision Technologies for Integrated Intelli-
gent Transportation

PI: Ricardo Carmona Galán rcarmona@imse-cnm.csic.
es 

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: RTI2018-097088-B-C31
Start date: 01/01/2019
End date: 30/06/2022
Funding: 144.958,00 €

The objective of this project is the development of 
embedded vision systems for intelligent transport. The 
aim is to capture the specificities of this field of appli-
cation and incorporate them into a holistic design flow. 
In this way, we will develop embedded vision systems 
adapted for autonomous platforms and vehicles and to 
be incorporated to the traffic control and monitoring 
infrastructure. The main challenge will be the imple-
mentation of an important amount of computing power 
under a restricted power budget. The conventional 
approach, in which the different components are de-
veloped separately from specifications derived from 

a high-Ievel description, can be inefficient, leading to 
sub-optimal performance. Our approach consists of 
multi-parametric and multi-Ievel optimization.

We will develop a system description tool that will allow 
us to navigate the hierarchy of the vision system and 
propagate specifications and restrictions from the de-
vice- to the application-Ievel and vice versa.

MEDACAL-SPHERE
MEDA Wind Sensor Calibration and Spherical Wind 
Sensor ASIC

PI: Servando Espejo Meana espejo@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: RTI2018-098728-B-C32
Start date: 01/01/2019
End date: 31/12/2021
Funding: 176.055,00 €

Sub-project MEDACAL-SPHERE has two specific ob-
jectives within the coordinated project. Both objecti-
ves are connected among them. The first one is to con-
tribute and support the measurements, calibration, and 
the interpretation of the data obtained from the MEDA 
wind sensor, which uses a mixed-signal ASIC designed 
using radiation hardening by design techniques and 
which performs the conditioning, acquisition and con-
version of the sensor signals. This ASIC was developed 
by the research team in the framework of previous re-
search projects (the MEDA wind-sensor ASIC). The se-
cond objective is the design, fabrication and validation 
of a new mixed-signal ASIC for a new generation of the 
wind sensor, the so called spherical wind sensor, deve-
loped like the previous one by the Polytechnic Universi-
ty of Catalonia. This new version of wind sensor, more 
accurate than the previous one, will be used as a refe-
rence element for the fine calibration of the MEDA wind 
sensor, which will be sent to Mars, therefore connec-
ting with the first objective. As a result, this new ASI-
C,which constitutes the second objective, will have the 
double function of completing the development of the 
new generation of spherical wind sensors, and serve as 
a reference for the detailed calibration of the sensors 
sent to Mars in the framework of NASAs Mars2020.

iSTENT
Real Time Monitoring of Hemodinamic Variables 
using Smart Stents (iSTENT) based on Capacitive 
and Bioimpedance Sensors

PI: Alberto Yúfera García yufera@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: RTI2018-093512-B-C21
Start date: 01/01/2019
End date: 31/12/2021
Funding: 99.704,00 €

The coordinated proposal Real Time Monitoring of He-
modinamic Variables Using Smart Stents (iSTENT) Ba-
sed on Capacitive and Bioimpedance Sensors aims to 
progress towards the design and manufacture of mi-
crosystems for the real-time monitoring of Intra Stent 
Restenosis (ISR) and Heart Failure (HF) by means of me-
asuring relevant parameters for the diagnosis of car-
diovascular diseases. In short, collaborating to improve 
the life quality of patients, thanks to the advancement 
in eHealth, increasing the effectiveness of biomedical 
monitoring systems.

The SubProject 1 (SP1) Integrated Microsystem based 
on bioimpedance measurements for the monitoring 
of arterial restenosis, focuses its work hypothesis on 
the implementation of electrical bioimpedance mea-
surements to obtain the required useful information of 
the stent that allows to evaluate the degree of the co-
ronary artery obstruction where it is implanted, as well 
as the hemodynamic variables involved in its state. The 
SubProject 2 (SP2) Integrated heterogeneous system 
for the monitoring of heart failure based on capacitive 
pressure sensors, proposes to use capacitive MEMS 
pressure sensors for the monitoring of blood pressure 
and HF by means of the left ventricle preload. Thus, SP1 
pursues the realization of an iStent with the ability to 
monitor its internal obstruction (ISR) once implanted, 
avoiding the invasive and high risk procedure for the 
patient that involves performing a catheterization. Si-
milarly, SP2 proposes the design, characterization and 
manufacture of an iStent for the monitoring of the HF, 
based on an heterogeneous integrated circuit for the 
pressure measurement in the distal pulmonary artery 
without having to use invasive diagnostic techniques. 
Besides, both proposals target the adquisition of addi-
tional measurements of other hemodynamic variables.

ASICs-AVATART
High-Speed and High-Voltage ASICs for Extreme 
Radiation and Temperature Enviroments

PI: Diego Vázquez García de la Vega 
dgarcia@imse-cnm.csic.es 

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
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Reference: RTI2018-099825-B-C32
Start date: 01/01/2019
End date: 31/12/2021
Funding: 146.652,00 €

This project (ASICs-AVATART) supposes a necessary 
and important technological activity of development 
of mixed signal ASICs for space applications. This 
activity was started in 2008 within the framework of 
the MetNet mission and resulted in the creation of a 
group at the Microelectronics Institute of Seville/Uni-
versity of Seville, which has since them specialized in 
this type of designs. Thanks to this effort, it has been 
possible to respond, for example, to the need arising 
within the framework of the aforementioned MEDA 
station (to condition the signal of its wind sensors) 
and the possibility of making recurrent systems more 
and more compact (less weight, volume, consumption, 
etc.) as the ASIC-SIS20 for solar irradiance sensors 
(InMars). It should be noted that IMSE/US has its own 
RHBD library in AMS 0.35μm technology, with desig-
ns that have been shown to operate at temperatures 
of -126°C, and that also has experience in designs for 
space with other technologies and libraries (IMEC-DA-
RE in UMC 180 nm, SOI-XFAB).

It should be noted that the development of mixed-sig-
nal ASICs for space use is identified in H2020 as a stra-
tegic line for Europe and nondependence. This project 
aims to advance in the line of Integrated Circuits for 
radiation environments and with the particularity of 
very low temperatures. Specifically, the project focu-
ses on High Voltage and High Speed cases. Although 
there are works in this regard, the particularity of the 
present project is that it is intended that the circuits 
work at very low temperatures without having to be 
heated to accommodate the operating situation to the 
typical industrial temperature ranges for which they 
are usually characterized. On the other hand, the high 
speed and / or high voltage features usually require di-
fferent technologies, which is why this project seeks 
to integrate them into the same package by exploring 
the multi-die techniques. Of course, these techniques 
must also be adapted to operate at very low tempe-
ratures without the need for heating. In the end, this 
project aims to provide increasingly compact solu-
tions that are equipped with added values such as re-
liability and re-usability.

StatSeT
Statistical approach to defect simulation in complex 
Analog and Mixed-Signal circuits: application to 
radiation-induced Single-Event Transients

PI: Gildas Léger leger@imse-cnm.csic.es

Projects Details:

Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: RTI2018-098513-B-I00
Start date: 01/01/2019
End date: 31/12/2021
Funding: 75.141,00 €

In salety-critical applications, detecting fabrication 
delects is of utmost importance, even if they do not 
impact significantly the performance. Defect-oriented 
test approaches are thus necessary, but their validation 
is cumbersome. Indeed, defect simulation is unavoida-
ble but computationally demanding. For complex Ana-
log and Mixed-Signal (AMS) circuits and systems, the 
number of defect candidates may be very large. If the 
evaluation of each defect candidate requires a complex 
transient simulation, exhaustive simulation is simply 
intractable. Sound statistical approaches to estimate 
defect coverage have been proposed, but one of the 
main shortcomings of these approaches is that of ex-
perimental validation. On one hand, it is almost impos-
sible to get access to delect statistics of commercíal 
parts since this data is a very sensitive in terms of com-
pany image. On the other hand, it is al so impossible to 
manulacture (and test) a sulficient amount of circuits to 
get reliable statístics in an academic environmenl. Eu-
ropractice integration services usually give access to 
around 50 parts, very far of the production level neces-
sary to estimate a defectivity rate in the arder of tens 
01 ppm.

In order to tackle this validation issue, this project pro-
pases to adapt the framework of statistical assessment 
of defect coverage to the study of radiation-induced 
Single-Event Transient (SET) sensitivity in complex 
Analog and Mixed-Signal circuits.

HARDBLOCK
Hardware-based Security for Blockchain Technolo-
gies

PI: Iluminada Baturone Castillo 
lumi@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: RTC-20176595-7
Start date: 2018
End date: 30/06/2021
Funding: 175.170,00 €

Objectives of the project:

- The main objective of HardBlock project is to develop 

a blockchain technology able to reduce the scalability 
problems of public blockchains.

- The new concepts of Proofs of Physical Existence and 
Proofs of Physical Presence will be exploited to reduce 
the highly maintenance costs of Proofs of Work.

- New hardware elements will be designed and imple-
mented to support the Proofs of Physical Existence, 
providing the unique identification of things and avoi-
ding tampering and counterfeiting.

- New hardware elements will be designed and imple-
mented to support the Proofs of Physical Presence 
using biometrics. The objective is the user authenti-
cation with the highest authentication level (AAL3 ac-
cording to NIST SP 800-63): using a compact and tam-
per-resistant device, under the control of the user, and 
with template protection.

- HardBlock will provide secure key exchange wi-
thout using trusted third parties and avoiding man-
in-the-middle attacks, and will exploit the use of 
post-quantum algorithms mainly based on lattice 
cryptography.

- The project will explore new application fields such as 
the combination of Internet of Things (IoT) with block-
chain technologies.

HW-IDENTIoTY
Design of hardware solutions to manage people and 
things identities with trust, security, and privacy in 
IoT ecosystem

PI:Iluminada Baturone Castillo lumi@imse-cnm.csic.es 
Piedad Brox Jiménez brox@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: TEC2017-83557-R
Start date: 2018
End date: 30/09/2021
Funding: 139.150,00 €

In the Internet of Things (IoT) ecosystem, people will be 
surrounded by a growing number of smart devices with 
sensors and actuators, which capture information about 
our environments and act upon them autonomously (our 
cities, homes, cars or bycicles and even our body). As 
a matter of fact, people already interact more with or 
through these devices instead of interacting directly. 
The IoT infraestructure is aimed at improving our quality 
of life, but if it is not trust, secure and does not guarantee 
our privacy, the consequences can be catastrophic.

A first challenging aspect is to ensure that individuals 
and devices are trusted and authentic and, hence, that 
their identities are resistant to impersonation and 
counterfeiting. Since the physical nature of an IoT de-
vice lies in the hardware it is made of, HW-IDENTIoTY 
project will design hardware solutions based on physi-
cal unclonable functions (PUFs) to generate inherent 
identities of devices. Since the unique features of a 
person can be captured by a biometric recognition sys-
tem, HW-IDENTIoTY project will design hardware solu-
tions to implement lightweight biometric recognition 
techniques that could be implemented in a wearable, 
so that the digital identity of the person is generated 
locally by a trusted device under the supervision of the 
identity owner.

A second critical issue is to guarantee privacy. For this 
purpose, the digital identities will be transformed in 
such a way that the resulting data cannot be attributed 
to a specific individual or device without the use of ad-
ditional information. HW-IDENTIoTY project will design 
hardware solutions to implement Helper Data algori-
thms in the case of devices and template protection 
techniques in the case of individuals.

The third aspect addressed will be the design of hard-
ware solutions robust against attacks to implement 
cryptographic primitives paradigm. They will be rela-
ted to symmetric and lightweight cryptography in the 
case of wearables (with constrained resources and low-
power consumption requirements) and to elliptic curve 
cryptography in the case of embedded systems. The 
availability of counterfeit-resistant identities will be 
exploited to address problems associated with digital 
chains of custody and traceability in IoT.

PULPOSS
Processing for Ultra Low POwer using Steep Slope 
devices: circuits and arquitectures

PI: María J. Avedillo de Juan 
avedillo@imse-cnm.csic.es 
José M. Quintana Toledo  
 josem@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: Ministerio de Ciencia, Innovación y Uni-
versidades
Reference: TEC2017-87052-P
Start date: 2018
End date: 30/06/2021
Funding: 85.910,00 €

Different applications with a great social and economic 
impact (loT, wearables, implantable devices, WSNs) 
demand circuits with very low power consumption and 
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efficient in terms of energy. In this context, the field-
effect transistor has severe limitations associated with 
its SS, that cannot be reduced below 60mVldec, which 
prevents it from reducing its polarization voltage, wi-
thout significantly degrading its performance in terms 
of speed or excessively increasing its leakage curren!. 
Currently important efforts are devoted to the develo-
pment of “steep slope” devices that do not exhibit this 
limitation. This project addresses the design of circuits 
and architectures implemented with these transistors 
in order to contribute to the development of such appli-
cations. The work developed in NACLUDE (TEC2013-
40670-P) with tunneling transistors (TFETs) is exten-
ded to other steep slope devices, including negative 
capacitan ce transistors (NCFET, FeFET), transistors 
incorporating materials that exhibi! phase !ransitions 
(HyperFET, PC-FET) or “super steep slope” devices tha! 
combine these physical phenomena with TFETs (PC-
TFET, NC-TFET) to improve their performance.

Although there is consensus in the scientific commu-
nity about !he potential of these devices to implement 
circuits more efficient in terms of power consumption 
and energy than MaS and FinFET transistors, the simple 
replacement of conventional transistors by steep slope 
devices does not allow to obtain the maximum benefit 
of its use. It is necessary to adapt the topologies andlor 
architectures to the distinctive characteristics of ea eh 
device. The general objective of this project is the deve-
lopment of logical architectures and circuits with steep 
slope devices to optimize their performance in terms of 
power, energy or power-speed trade-offs in different 
application scenarios. The specific objectives that we 
formulate are: 1) To develop, analyze, validate and eva-
luate appropriate topologies for basic logical blocks; 2) 
to Develop, analyze, validate and evaluate appropriate 
logic architectures; 3) To apply design techniques for 
low power; 4) To explore alternative computing para-
digms to CMOS logic; 5) To maintain a library of models 
of steep-slope devices updated with the advances and 
proposals that are taking place.

TOGETHER
Towards Trusted Low-Power Things: Devices, Cir-
cuits and Architectures

PI:Francisco V. Fernández Fernández 
pacov@imse-cnm.csic.es 
Rafael Castro López  
castro@imse-cnm.csic.es >

Projects Details:
Type: Research project
Funding Body: Ministerio de Economía, Industria y 
Competitividad
Reference: TEC2016-75151-C3-3-R
Start date: 30/12/2016

End date: 29/06/2021
Funding: 240.911,00 €

To bridge the gap between the physical and digital 
worlds, any type of product would need to integrate ne-
tworked electronic components and systems, built on 
micro/nanotechnologies, in what has been called “Inter-
net of Things” (IoT). To fulfill the IoT vision, many tech-
nology enablers are required, with trusted (i.e., reliable 
and secure) as well as low-power ICs and components, 
among others, playing a pivotal role. All these enablers 
must be properly handled with a multidomain approach 
-covering device, circuit and architectural levels- in a 
context where technology scaling has slowed down. 
Thus, at technology level, innovations in materials and 
device structures will be required and, next to this, low-
power robust circuits and alternative architectures will 
have to be implemented. Consequently, the experience 
of researchers with complementary expertise must be 
properly combined under a collaborative framework. 
Following these guidelines, device reliability engineers 
(UAB) and analog and digital circuit designers (IMSE and 
UPC) will work together in this project on the design of 
low-power, variability-resilient nanoelectronic circuits 
and systems, by using a multilevel approach and taking 
into account IoT challenges.

To achieve this general objective, several lines of work 
will be followed. Since circuit and system design for IoT 
relies upon a deep knowledge of phenomena at device 
level, a detailed statistical and multiscale characteriza-
tion of the variability in advanced CMOS devices will be 
done in all regimes of operation, for the development 
of variability-aware compact models. Emerging de-
vices (i.e., memristors and graphene-based devices) 
will be also considered to evaluate their suitability as 
building components in alternative circuits and archi-
tectures. At circuit and system levels, low-power and 
variability-resilient design strategies and methodolo-
gies will be developed. Variability will be tackled from 
two perspectives: palliation and exploitation. From a 
palliative perspective, adequate design methodologies 
will be created, able to consider and reduce variability 
across many hierarchical levels in a complex AMS/RF 
system. Also, the use of Body Bias modulation for va-
riability mitigation in RF and digital circuits in FDSOI 
technologies will be analyzed. From the exploitation 
perspective, unreliability aspects in CMOS and memris-
tive devices will be explored for the implementation of 
cryptographic primitives. Energy-efficient hierarchical 
design methodologies will be implemented to reduce 
power consumption in AMS/RF circuits and ultra-low 
voltage AMS/RF and digital circuits will be designed. 
Non-conventional strategies for computing systems 
and non-von Neumann computing architectures will be 
studied too. Finally, the adoption of emerging techno-
logies for alternative computing architectures (com-
bining memristors and FETs) as well as neuromorphic 

architectures will be addressed. The innovations in de-
vices, design techniques, extremely low-power and re-
liable circuits and architectures will enable competitive 
advantages in numerous IoT applications and markets, 
supporting the relevance of the proposed research 
from the societal, industrial and economical points of 
view. This fact, together with the experience of the pro-
posing partners, foresees publications and technology 
transfer of the results.

REGIONAL GOVERNMENT
VERSO
Vertical integration of image sensors with embedded 
parallelism.

PI:: Juan A. Leñero Bardallo 
juanle@imse-cnm.csic.es

Projects Details:
Type: Border Projects
Financing body: Junta de Andalucía
Reference: Not available
Start date: 05/10/2021
End date: 31/05/2023
Total granted: 78.700,00 €

The demand for image sensors is unstoppable and their 
market share has grown exponentially over the last 
decade. In this environment of continuous demand, 
vertically integrated technologies are emerging as the 
technological vehicle through which image sensors will 
evolve in the future.

Vertical integration technologies allow greater proces-
sing capacity and memory to be incorporated within the 
same pixel, without affecting its size or the ratio between 
the area dedicated to light sensing and the total area of 
the pixel (‘fill factor’). Furthermore, it is envisaged that 
several different technologies or variants of the same 
technology may co-exist and be applied to pixel design.

The project includes, in its initial phase, a feasibility 
study of modern vertical integration technologies with 
the company TELEDYNE-ANAFOCUS as preferred part-
ner. In a later phase, the design of two image sensors 
that allow these objectives to be met and to demonstra-
te the viability of the technology by searching for novel 
pixel architectures that can exploit its potential will be 
addressed. The company will provide a detailed study 
on the electrical characteristics of a modern vertical in-
tegration technology, based on its previous experience. 
Specifically, it will detail the electrical characteristics 
of the available vertical interconnections. In parallel, 

the company will provide design specifications to be 
able to transfer the chips that are designed to the mar-
ket. For the design of the sensors,

The sensors to be integrated will have two different 
image sensor architectures. The first of them is a sen-
sor based on SPADs, capable of measuring the time of 
flight. The second is a high dynamic range sensor that 
combines asynchronous event-based operation with an 
output data format identical to that of APS sensors.

COGNITIO
Design of cognitive interfaces for IoT devices with 
artificial intelligence.

PI:   José M. de la Rosa Utrera 
jrosa@imse-cnm.csic.es

Projects Details:
Type: Challenges of Andalusian society
Financing body: Junta de Andalucía
Reference: P20_00599
Start date: 05/10/2021 End date: 30/06/2023
Total granted: 50.100,00 €

The fundamental objective of this project is the design 
and development of methodologies for the design of 
cognitive analog-digital interfaces for a more efficient 
digital transformation. To do this, analysis, synthesis 
and design methods will be proposed from the system 
level to the physical level, with a greater degree of pro-
grammability, so that the specifications at each level 
of abstraction can be managed by Artificial Intelligen-
ce (AI) algorithms. based on neuromorphic processing. 
Although the project must take into account aspects 
of the entire communication system, the activity fo-
cuses on the analog-to-digital converter or ADC (for 
‘Analog-to-Digital Converter’) as a fundamental building 
block of IoT devices. For the demonstration of the pro-
posed techniques, two 28nm chip fabrication technolo-
gies will be considered:

The comparative study of these technological proces-
ses is part of the objectives of the project, in order to 
implement the circuits and systems that are proposed 
with the lowest possible energy consumption. The-
refore, the research to be carried out aims to address 
one of the great challenges identified in PAIDI2020 and 
RIS3-Andalusia, such as ‘Making Andalusia an integra-
ted society in the digital world, through the incorpo-
ration of new telecommunications infrastructures... 
new ICT developments...’, thanks to the development 
of enabling technologies such as digitization based on 
cognitive circuit techniques managed by artificial inte-
lligence that are proposed in the project, and that will 
allow increasing the degree of interweaving of IoT devi-
ces in Andalusian society.
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SYMAS
Measurement and electrostimulation system for cell 
differentiation and motility applications. 

PI: Alberto Yúfera García  
yufera@imse-cnm.csic.es

Projects Details:
Type: Research Project
Funding Body: Junta de Andalucía 
Reference: P18-FR-2308 
Start date: 01/01/2020 End date: 31/12/2022 
Funding: 79.800,00 €

It is proposed to carry out embedded Electronic Sys-
tems (ES) for the supervision and characterization of 
cells and cell cultures, which allow to act on them by 
means of programmable electrostimulation signals. 
The objective is to study, know and improve the tech-
niques of cell differentiation towards different types of 
lineages and tissues of interest in regenerative medici-
ne. The design and manufacture of systems with redu-
ced weight and size, energy autonomous and wireless 
are pursued, which reduce the workload, automate 
experiments and monitor in real time the evolution of 
a cell culture based on the electrical BioImpedance (BI) 
as a marker.  It is proposed to monitor the evolution of 
cell lines: neuroblastomas, myoblastomas and osteo-
blasts, useful in neuronal therapies and engineering of 
muscle and bone tissues, towards the conformation of 
the corresponding cell or tissue type, optimizing the di-
fferentiation processes through the adequate design of 
signals of electrical stimulation. 

From the results obtained in a first measurement se-
tup, two more setups are proposed: one oriented to 
the clinical development of tissue engineering; and 
another dedicated to the study and characterization 
at the cellular level of electrostimulation processes, 
through the manufacture of microelectrode arrays 
(MicroElectrode Array, MEA). Taking advantage of this 
last setup, cell motility experiments are proposed to 
determine the position and velocity of tumor cells 
(MCF7) in cultures, and their use in cancer studies. 
In summary, ES will be developed for monitoring and 
electrostimulation measuring electrical BIs, in pa-
rallel to a cell and tissue biometry procedure for the 
real-time identification of the biological material di-
fferentiated or not, and its dynamic characteristics: 
position, trajectory and speed. The results will be vali-
dated using biomedical experimentation standards in 
the proposed cell lines.

SPADARCH 
Flexible SPAD-Based CMOS Chip Architectures for 
Time Correlated Single Photon Counting. 

PI: Juan A. Leñero Bardallo 
juanle@imse-cnm.csic.es

Projects Details:
Type: Transfer activities 
Funding Body: Junta de Andalucía 
Reference: US-1264940
Start date: 01/02/2020 End date: 31/1/2022 
Funding: 90.000,00 €

Based on previous academic and industrial activi-
ties of the TIC-179 group in CMOS Image Sensors 
(CIS) with conventional photo-diodes, the team has 
devised knowledge over the last few years regarding 
architectures, circuits, methods, chips and system 
demonstrators for image sensors based on Single 
Photon Avalanche Diodes (SPAD). This knowledge 
has resulted in prime line publications and patent 
proposals that have prompted interest for techno-
logy transfer. This project addresses challenges 
identified following detailed measurements of these 
previous sensors and cameras and which extend over 
different levels, namely: 

• Electron Device Level. The target here is to improve 
the response of SPAD photosensors by using SILVACO´s 
Atlas TCAD (Technology Computer-Aided Design) tools 
for device engineering. 

• Pixel Level. Targets here are related to the use of acti-
ve circuitry to control avalanche currents. 

• Sensor Architectural Level. Challenges here are most-
ly linked to the subsystems employed to measure and 
encode pieces of information of the scenes, namely 
TDCs for measuring arrival times and counters for 
counting photons. 

• Post-Processing Level. Challenges here are related 
to the fact that SPAD measurements are of statistical 
nature. Either averages or histograms must be emplo-
yed to extract relevant data. These statistical measu-
rements require memory resources; for instance, some 
1,000 inter-frames may be needed to obtain a single 
relevant frame. 

• Application Level. This project targets enabling tech-
nologies that are transversal to many applications. Still, 
application requirements will be used as “beacons” for 
the R&D activities. Particularly, requirements set by so-
lid-state LIDAR (LIght Detection And Ranging).

INFRAESTRUCTURA 5169
Establishment of a Technology Surveillance Service 
for Promotion and Commercialization of the Techno-
logies Developed at the Institute of Microelectronics 
of Seville (IMSE-CNM)

PI: Bernabé Linares Barranco 
bernabe@imse-cnm.csic.es

Projects Details:
Type: Facilities
Funding Body: Junta de Andalucía
Reference: 5169
Start date: 01/02/2020
End date: 30/06/2022
Funding: 64.647,53 €

The common objective of the actions carried out in this 
project is to increase the transfer to industry and socie-
ty of the results of the research developed at the Insti-
tute of Microelectronics of Seville for the improvement 
of processes and products and for the development of 
specific applications. To this end, the creation of a Pro-
jects and Transfer Unit with specific tasks of prospec-
ting, dissemination, support and promotion of transfer 
activities is planned.

The launch of this initiative reflects two motivations of 
different nature. On the one hand, it seeks to increase 
the return on investments and guarantee the transfer 
of results generated in the Institute, augment its visi-
bility in the industrial sector, promote the use of its in-
frastructures by external research groups, and intensi-
fy participation in research and development programs 
focused on collaboration between public and private 
entities. On the other hand, the center aims to fulfill its 
function as Agent of the Andalusian Knowledge System 
specialized in the area of Microelectronics, making 
available to Andalusian companies the services and te-
chnologies necessary for the development of innovati-
ve products.

NEURO-RADIO 
Cognitive radio embedded with neural learning. 

PI: Luis A. Camuñas Mesa 

Projects Details:
Type: Research Project
Funding Body: Junta de Andalucía 
Reference: US-1260118 
Start date: 01/02/2020 End date: 31/1/2022 
Funding: 30.000,00 €

The paradigm known as the Internet of Things or IoT 
refers to the interconnection ofbillions of devices au-
tonomously and capable of interacting with both your 
own environment as well as with the network intelli-
gently. One of the main bottlenecksthat we currently 
find ourselves within this model is given by the limita-
tion of the communication systems when sharing the 
electromagnetic spectrum between an increasingly 
greater number of devices supporting huge volumes 

of information. Another of the great challenges of the 
IoT is based on the need to reduce the power consump-
tion of devices to maximize their autonomy. Cognitive 
radio technology proposes to make efficient use of the 
spectrum by dynamically modifying the transmission 
parameters in based on information sensed from the 
environment. This proposal requires, on the one hand, 
to design a communications system where digitization 
moves to the antenna (both in the emitter and receiver) 
to allow adaptation and configurability through softwa-
re, and on the other hand, to design a computer system 
capable of dynamically selecting the most suitable pa-
rameters for the communications system depending on 
the conditions of the environment, all while minimizing 
power consumption.
In this project, we propose the design of a cognitive 
radio system that combines adaptive signal processing 
and digitizing techniques in conjunction with a proces-
sor neuromorphic system that modifies the parameters 
of the system through machine learning to 5G commu-
nication systems. For the neuromorphic processor, we 
propose the use of networks Binary neurons based on 
memristive nano-devices. These emerging devices 
allow their resistance to be modified depending on the 
values of voltage or current applied, emulating the sy-
naptic connections of the brain that modify their value 
depending on the stimuli, providing learning capacity. 
With these devices, we can implement architectures 
that simultaneously carry out online learning and hi-
gh-speed processing with low power consumption.

CRYPTOHARDWEAR 
Hardware solutions to face the new cryptographic 
challenges of wearable devices. 

PI: Iluminada Baturone Castillo  
lumi@imse-cnm.csic.es

Projects Details: 
Type: Research project 
Funding Body: Junta de Andalucía 
Reference: US-1265146 
Start date: 01/02/2020 End date: 31/1/2022 
Funding: 89.950,00 €

Wearable devices are characterized by being light, sma-
ll and comfortable to wear. They are used in health-re-
lated applications (medical devices that monitor the 
activity of the heart, breathing, blood glucose level,...), 
activities daily (distance traveled, speed, calories con-
sumed, ...), virtual reality (microcameras or glasses that 
retransmit images or video), or work (access control, 
presence, payments or transaction authorization, ...). 
Security is essential in these devices because repre-
sent the digital origin of the information, which in many 
cases is sensitive, and to protect information must re-
sort to cryptographic techniques.
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A critical element of contemporary cryptography is the 
generation and correct management of digital identi-
ties that intervene in the production or transformation 
of information, of way that guarantees not only security 
but also trust and privacy. In the case of identities of 
people, which are recognized by biometrics, a critical 
element is to protect characteristics (templates) that 
represent individuals and eliminate their traceability. 
In the context of wearable devices, another critical ele-
ment is that the new solutions cryptographic ones that 
arise (for example those that are called post-quantum) 
can be implemented on hardware platforms with redu-
cEd computational capabilities, memory, communica-
tion and power consumption.
The CryptoHardWear project will look at the funda-
mentals of two types of cryptography relatively re-
cent: identity-based cryptography and identity-based 
cryptography. learning problems with errors (which is 
post-quantum) to, on the one hand, explore the two fea-
sibility and effectiveness of digital hardware solutions 
that allow the implementation of these techniques in 
wearables and, on the other hand, explore the advan-
tages that these techniques can involve extracting 
the identities of the devices from the wearable itself 
(through functions physically unclonable or PUFs of 
your hardware) and the identities of the users (via bio-
metrics), both extracted with an inevitable distribution 
of errors.

TRANSFERENCIA CONOCIMIENTO
Microelectronic knowledge and technology transfer 
about multi-modal crypto-biometrics

PI: Iluminada Baturone Castillo  
lumi@imse-cnm.csic.es 
M. Rosario Arjona López arjona@imse-cnm.csic.es

Projects Details
Type: Transfer activities
Funding Body: Junta de Andalucía
Reference: 5926
Start date: 01/02/2020
End date: 31/01/2021
Funding: 38.015,00 €

This project aims to increase the knowledge and mi-
croelectronic technology transfer about multi-modal 
crypto-biometrics among the applicant research group, 
which belongs to the PAIDI TIC-180 research group De-
sign of Digital and Mixed Integrated Circuits and carries 
out its research in the Microelectronic Institute of Se-
ville (IMSE-CNM, joint center of the University of Seville 
and CSIC), and the Andalusian productive sector, with a 
clear international projection. For this, the activities of 
the project will include: (a) conducting a market study 
and technological surveillance, (b) studying the pro-
duct orientations that can have the most demand in the 

market, (c) selecting the crypto-biometric modalities to 
meet the specifications of the market, (d) developing 
prototypes and proofs of concept, and (e) promote the 
technology.

CEI
Sensores de imagen y vision con integracion vertical 
para aplicaciones de inteligencia artificial

PI: Ángel Rodríguez Vázquez angel@imse-cnm.csic.es 
Juan A. Leñero Bardallo juanle@imse-cnm.csic.es

Projects Details
Type: Research project
Funding Body: Junta de Andalucía
Reference: CEI-7-TIC-179
Start date: 27/12/2019
End date: 27/12/2021
Funding: 50.296,40 €

I+D+i en arquitecturas de sensores de imagen y visión 
con tecnologías de integración vertical para afrontar 
los retos de la IA en sectores TIC. Con el objetivo final de 
desplegar sensores de visión miniaturizados, de altas 
prestaciones y mínimo consumo, en el mayor número 
de sistemas, con énfasis en: IoT, Automoción, Robóti-
ca.
En concreto, se consideran tres arquitecturas: a) una 
basada en SPADs para medición del tiempo de vuelo; 
b) una de alto rango dinámico que combina operación 
basada en eventos con formato de datos de salida de 
los APS estándar; c) una de bajo ruido y alta veocidad.

OFICINA PROYECTO
Implantación de un servicio de vigilancia tecnológica 
para la promoción y comercialización de las tecnolo-
gías desarrolladas en el Instituto de Microelectrónica 
de Sevilla (IMSE-CNM)

PI: Santiago Sánchez Solano  
santiago@imse-cnm.csic.es

Projects Details
Type: Transfer activities
Funding Body: Junta de Andalucía
Reference: 5877
Start date: 01/11/2019
End date: 30/04/2021
Funding: 54.466,67 €

El objetivo común de las actuaciones para las que se 
solicita esta ayuda es aumentar la transferencia a la 
industria y a la sociedad de los resultados de la inves-
tigación desarrollada en el Instituto de Microelectró-
nica de Sevilla, como base para la mejora de procesos 
y productos y para el desarrollo de aplicaciones espe-

cíficas. Para ello se planea la creación de una Unidad 
de Proyectos y Transferencia con tareas específicas de 
prospección, difusión, apoyo y fomento de actividades 
de transferencia.
La puesta en marcha de esta iniciativa obedece a dos 
motivaciones de distinta naturaleza. Por una parte, se 
persigue incrementar el retorno de las inversiones y ga-
rantizar la transferencia de resultados generados en el 
Instituto, aumentar su visibilidad en el sector industrial 
y promover el uso de sus infraestructuras por grupos 
de investigación externos, así como intensificar la par-
ticipación en programas de investigación y desarrollo 
enfocados a la colaboración entre entidades públicas y 
privadas. Por otra, el centro pretende cumplir su fun-
ción como Agente del Sistema Andaluz del Conoci-
miento especializado en el área de la Microelectrónica, 
poniendo a disposición de las empresas andaluzas los 
servicios y tecnologías necesarios para el desarrollo de 
productos innovadores.

EU PROJECTS
SPIRS
Secure Platform for ICT Systems Rooted at the Sili-
con Manufacturing Process.

PI: Piedad Brox Jiménez brox@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: European Union
Reference: 952622
Start date: 01/10/2021 End date: 30/09/2024
Funding: 610.028,25 €

Our society is continuously demanding more and more 
intelligent devices, along with network infrastructures 
and distributed services that make our daily lives more 
comfortably. However, the frantic adoption of Internet 
of Things (IoT) technologies has led to widespread im-
plementations without a deep analysis about security 
matters.

This project encompasses the complete design of a 
platform, so-called SPIRS platform, which integrates a 
hardware dedicated Root of Trust (RoT) and a processor 
core with the capability of offering a full suite of secu-
rity services. Furthermore, the SPIRS platform will be 
able to leverage this capability to support privacy-res-
pectful attestation mechanisms and enable trusted 
communication channels across 5G infrastructures.

RoT is implemented in hardware with a dedicated cir-
cuitry to extract a unique digital identifier for the SPIRS 

platform during its entire lifetime. To build a complete 
solution, the project also features a Trusted Execution 
Environment (TEE), secure boot, and runtime integrity. 
Furthermore, resilience and privacy protection are ma-
jor concerns in this project, and it endeavors to the de-
sign of a decentralized trust management framework 
targeted to minimize the impact of Single Point of Fai-
lure (SPOF) risks and achieve adequate security and pri-
vacy tradeoffs. To facilitate the tasks of validation and 
testing, SPIRS platform is conceived as an open plat-
form that can easily integrate other building blocks and 
facilities upgrades.

The project goes beyond the construction of the SPIRS 
platform and it provides solutions to integrate it in the 
deployment of cryptographic protocols and network in-
frastructures in a trustworthy way, leveraging the RoT 
provided by the platform.

To validate SPIRS results, the project considers two di-
fferent scenarios: Industry 4.0 and 5G Technologies.

SPINAGE 
Weighted Spintronic-Nano-Oscillator-based Neu-
romorphic Computing System Assisted by laser for 
Cognitive Computing

PI:  Bernabé Linares Barranco 
bernabe@imse-cnm.csic.es 
Teresa Serrano Gotarredona 
terese@imse-cnm.csic.es

Projects Details:
Type: Research Project
Funding Body: European Union 
Reference: H2020-FETOPEN-2020-01-899559 
Start date: 01/09/2020 End date: 31/08/2024 
Funding: 437.577,00 €

The brain is a highly complex, high performance and 
low energy computing system due to its massive para-
llelism and intertwined network, which outperforms the 
current computers by orders of magnitudes, especia-
lly for cognitive computing applications. A large effort 
has been made into understanding the computing and 
mimicking the brain into an artificial implementation, 
so-called neuromorphic computing that has received 
much attention thanks to the advances in novel nanos-
cale technologies.

The current implementation of the neuromorphic com-
puting systems (NCS) using Complementary Metal-Oxi-
de-Semiconductor (CMOS) technologies has 5-6 orders 
of magnitude lower performance (operation/sec/Watt/
cm3) compared to the brain. Spintronic devices, using 
the spin of the electron instead of its charge, have been 
considered one of the most promising approaches for 
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implementing not only memories but also NCSs leading 
to a high density, high speed, and energyefficiency. The 
main goal of SpinAge is to realize a novel NCS enabling 
large-scale development of braininspired devices out-
classing the performance of current computing machi-
nes. 

This will be achieved by the novel structures using spin-
tronics and memristors, on-chip laser technology, nano 
electronics and finally advanced integration of all these 
technologies. We expect this unprecedented combina-
tion of emerging technologies will lead to at least 4-5 
orders of magnitude better performance than the sta-
te-of-the-art CMOS-based NCSs. The approach taken 
in SpinAge is to implement synaptic neurons using 
novel nanoscale weighted spin-based nanooscillators, 
assisted by a low-energy laser pulse irradiation from an 
integrated plasmonic laser chip, integrated all with the 
CMOS interfacing electronics for a proof-of-concept of 
a 16x16 NCS for cognitive computing applications. Our 
breakthrough platform technology will demonstrate EU 
leadership of advanced neuromorphic computing.

APPROVIS3D
Analog PROcessing of bioinspired VIsion Sensors for 
3D reconstruction

PI:  Bernabé Linares Barranco 
bernabe@imse-cnm.csic.es 
Teresa Serrano Gotarredona 
terese@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: European Union
Reference: CHIST-ERA 2018-ACAI, Ref: PCI2019-
111826-2
Start date: 01/04/2020
End date: 31/03/2023
Funding: 149.772,00 €

APROVIS3D project targets analog computing for artifi-
cial intelligence in the form of Spiking Neural Networks 
(SNNs) on a mixed analog and digital architecture. The 
project includes including field programmable analog 
array (FPAA) and SpiNNaker applied to a stereopsis sys-
tem dedicated to coastal surveillance using an aerial 
robot. Computer vision systems widely rely on artificial 
intelligence and especially neural network based machi-
ne learning, which recently gained huge visibility. The 
training stage for deep convolutional neural networks is 
both time and energy consuming. In contrast, the human 
brain has the ability to perform visual tasks with unriva-
lled computational and energy efficiency. It is believed 
that one major factor of this efficiency is the fact that 
information is vastly represented by short pulses (spikes) 
at analog -not discrete-times. However, computer vision 

algorithms using such representation still lack in practi-
ce, and its high potential is largely underexploited. Ins-
pired from biology, the project addresses the scientific 
question of developing a lowpower, end-to-end analog 
sensing and processing architecture of 3D visual scenes, 
running on analog devices, without a central clock and 
aims to validate them in real-life situations. More spe-
cifically, the project will develop new paradigms for bio-
logically inspired vision, from sensing to processing, in 
order to help machines such as Unmanned Autonomous 
Vehicles (UAV), autonomous vehicles, or robots gain hi-
gh-level understanding from visual scenes. 

The ambitious long-term vision of the project is to deve-
lop the next generation AI paradigm that will eventually 
compete with deep learning. We believe that neuromor-
phic computing, mainly studied in EU countries, will be 
a key technology in the next decade. It is therefore both 
a scientific and strategic challenge for the EU to foster 
this technological breakthrough. The consortium from 
four EU countries offers a unique combination of exper-
tise that the project requires. SNNs specialists from va-
rious fields, such as visual sensors (IMSE, Spain), neural 
network architecture and computer vision (Uni. of Lille, 
France) and computational neuroscience (INT, France) 
will team up with robotics and automatic control specia-
lists (NTUA, Greece), and low power integrated systems 
designers (ETHZ, Switzerland) to help geoinformatics re-
searchers (UNIWA, Greece) build a demonstrator UAV for 
coastal surveillance (TRL5). 

Adding up to the shared interest regarding analog based 
computing and computer vision, all team members have 
a lot to offer given their different and complementary 
points of view and expertise. Key challenges of this pro-
ject will be end-to-end analog system design (from sen-
sing to AIbased control of the UAV and 3D coastal volu-
metric reconstruction), energy efficiency, and practical 
usability in real conditions. We aim to show that such a 
bioinspired analog design will bring large benefits in ter-
ms of power efficiency, adaptability and efficiency nee-
ded to make coastal surveillance with UAVs practical and 
more efficient than digital approaches.

MEM-SCALES 
Memory technologies with multi-scale time cons-
tants for neuromorphic architectures. 

PI:  Bernabé Linares Barranco 
bernabe@imse-cnm.csic.es

Projects Details:
Type: Research project 
Funding Body: European Union 
Reference: H2020-ICT-2019-2-871371 
Start date: 01/01/2020 End date: 31/12/2022 
Funding: 569.926,00 €

The project MeM-Scales aims at lifting neuromorphic 
computing in analog spiking microprocessors to an en-
tirely new level of performance. Work in this project is 
based on a dedicated commitment that novel hardware 
and novel computational concepts must be co-evolved 
in a close interaction between nano-electronic device 
engineering, circuit and microprocessor design, fabri-
cation technology and computing science (machine 
learning and nonlinear modeling). A key to reflecting 
‘hardware physics’ in ‘computational function’ and vice 
versa is the fundamental role played by multiple ti-
mescales. Here MeM-Scales introduces a number of 
innovations. On the side of physical substrates, novel 
memory and device technologies, supporting on-chip 
learning over multiple timescales for both synapses 
and neurons, will be fabricated. To enable timescales 
spanning up to 9 (!) orders of magnitude both volatile 
memory and non-volatile memory as well as Thin Film 
Transistor technology will be exploited. On the side of 
computational theory, autonomous learning algorithms 
and architectures supporting computation over these 
wide range of timescales will be developed. These com-
putational methods are specifically tailored to cope 
with the low numerical precision, parameter drift, sto-
chasticity, and device mismatch which are inherent in 
analog nano-scale devices. 

These cross-disciplinary efforts will lead to the fabri-
cation of an innovative hardware/ software platform 
as a basis for future products which combine extreme 
power efficiency with robust cognitive computing ca-
pabilities. This new kind of computing technology will 
open new perspectives, for instance, for high-dimen-
sional distributed environmental monitoring, implan-
table medical diagnostic microchips, wearable electro-
nics or human-computer interfacing.

NEURONN 
Two-Dimensional Oscillatory Neural Networks for 
Energy Efficent Neuromorphic computing. 

PI:  Bernabé Linares Barranco 
bernabe@imse-cnm.csic.es

Projects Details:
Type: Research project 
Funding Body: European Union 
Reference: H2020-ICT-2019-2-871501
 Start date: 01/01/2020 End date: 31/12/2022 
Funding: 589.440,00 € 

Neuro-inspired computing architectures are one of 
the leading candidates to solve complex and largescale 
associative learning problems for AI applications. The 
two key building blocks for neuromorphic computing 
are the neuron and the synapse, which form the distri-
buted computing and memory units. In the NeurONN 

project, we are proposing a novel neuroinspired com-
puting architecture where information is encoded in 
the ‘phase’ of coupled oscillating neurons or oscillatory 
neural networks (ONN). Specifically, VO2 metal-insula-
tor transition (MIT) devices and 2D memristors will be 
developed as neurons and synapses for hardware im-
plementations. We predict VO2 MIT devices are up to 
250X more energy efficient than state of the art digital 
CMOS based oscillators, where 2D memristors are up to 
330X more energy efficient than state of the art TiO2 
memristors. Moreover, the predicted energy efficien-
cy gain of ONN architecture vs state of the art spiking 
neural network (SNN) architecture is up to 40X. Thus, 
NeurONN will showcase a novel and alternative energy 
efficient neuromorphic computing paradigm based on 
energy efficient devices and architectures. 

Such ONN will demonstrate synchronization and cou-
pling dynamics for establishing collective learning be-
havior, in addition to desirable characteristics such as 
scaling, ultralow power computation, and high compu-
ting performance. NeurONN aims to develop the first-
ever ONN hardware platform (targeting two demons-
trators) and complete with an ONN design methodology 
toolbox covering aspects from ONN architecture de-
sign to algorithms in order to facilitate adoption, tes-
ting and experimentation of ONN demonstrator chips 
by all potential users to unleash the potential of ONN 
technology.

HERMES
Hybrid Enhanced Regenerative Medicine Systems.

PI:  Bernabé Linares Barranco 
bernabe@imse-cnm.csic.es 
Teresa Serrano Gotarredona 
terese@imse-cnm.csic.es

Projects Details:
Type: Research project
Funding Body: European Union
Reference: H2020-FET-PROACT-2018-01-824164
Start date: 2019/ End date: 2023
Funding: 438.511,25 €

Brain disorders are the most invalidating condition, 
exceeding HIV, cancer and heart ischemia, with signifi-
cant impact on society and public health. Regenerative 
medicine is a promising branch of health science that 
aims at restoring brain function by rebuilding brain tis-
sue. However, repairing the brain is one of the hardest 
challenges and we are still unable to effectively rebuild 
brain matter. Epilepsy is particularly challenging due to 
its dynamic nature caused by the relentless brain da-
mage and aberrant rearrangements of brain rewiring. 
To overcome the biological uncertainty of canonical 
regenerative approaches, we propose an innovative 
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solution based on intelligent biohybrids, made by the 
symbiotic integration of bioengineered brain tissue, 
neuromorphic microelectronics and artificial intelli-
gence, to effectively drive self-repair of dysfunctional 
brain circuits and we validate it against animal models 
of epilepsy. HERMES fosters the emergence of a novel 
biomedical paradigm, rooted in the use of biohybrid 
neuronics (neural electronics), which we name enhan-
ced regenerative medicine. To this end, HERMES will 
promote interdisciplinary cross-fertilization within and 
outside the consortium; it will extend the concepts of 
enhanced brain regeneration to philosophy, ethics, po-
licy and society to foster the emergence of a new inno-
vation eco-system. Intelligent biohybrids will represent 
a major breakthrough to advance brain repair research 
beyond regenerative medicine and neurotechnolo-
gy alone; it will bring new knowledge in neurobiology, 
cognitive neuroscience and philosophy, and new neu-
romorphic technology and AI algorithms. HERMES will 
bring a giant conceptual leap that will shift the concept 
of biomedical interventions from treating to healing. In 
turn, it will potentially generate major returns on health 
care and society at large by bringing previously unima-
ginable possibilities to defeat disorders that represent 
today a global major burden of disease.

ACHIEVE
Advanced Hardware/Software Components for Inte-
grated/Embedded Vision Systems

PI: Ricardo Carmona Galán 
rcarmona@imse-cnm.csic.es

Projects Details
Type: Research project
Funding Body: European Union
Reference: 765866
Start date: 01/10/2017
End date: 30/09/2021
Funding: 2.230.856,64 €

ACHIEVE-ETN aims at training a new generation of 
scientists through a research programme on highly 
integrated hardware-software components for the 
implementation of ultra-efficient embedded vision 
systems as the basis for innovative distributed vision 
applications. They will develop core skills in multiple 
disciplines, from image sensor design to distributed 
vision algorithms, and at the same time they will share 
the multidisciplinary background that is necessary to 
understand complex problems in information-intensive 
vision-enabled aplliccations. 

Concurrently, they will develop a set of transferable 
skills to promote their ability to cast their research re-
sults into new products and services, as well as to boost 
their career solutions for emerging technology markets 

in Europe and worldwide but also to drive new busines-
ses through engaging in related entrepreneurial activi-
ties. The consortium is composed of 6 academic and 1 
insdustrial beneficiaries and 4 industrial partners. The 
training of the 9 ESRs will be achieved by the proper 
combination of excellent research, secondments with 
industry, specific courses on core and transferable 
skills, and academic-industrial workshops and networ-
king events, all in compliance with the call´s objectives 
of international, intersectoral and interdisciplinary mo-
bility.

CSIC PROJECTS
I-COOP+ 2019
Advanced Training in Digital System Design Techni-
ques as a Basis for Promoting Innovation and Tech-
nological Development in Cuban Society

PI: Santiago Sánchez Solano 
santiago@imse-cnm.csic.es 

Projects Details
Type: Research project
Funding Body: CSIC
Reference: COOPB20420
Start date: 01/01/2020
End date: 31/12/2021
Funding: 23.958,00 €

Continuous advances in microelectronic technologies 
have led to the development of reconfigurable hardwa-
re devices (FPGAs) that provide an increasing variety 
of resources for the implementation of complex digi-
tal systems, including those that incorporate power-
ful processing systems to facilitate the realization of 
embedded systems combining hardware and software 
elements on a single programmable chip (SoPC). The 
design of this type of system is key for the develop-
ment of the applications and services that sustain the 
modern Digital Society, which is why it currently enjoys 
wide international relevance. Concurrently, in recent 
years have also appeared new methodologies and de-
sign environments based on the use of high-level syn-
thesis tools (HLS) and hardware/software co-design 
techniques (SDSoC) that allow carrying out the pro-
cesses of description, simulation and implementation 
of complex digital systems with a level of abstraction 
much higher than the previous ones, greatly increasing 
the productivity of designers and promoting the deve-
lopment of innovation projects.

The main objective of the proposed action is the trai-
ning of Cuban university professors and researchers in 

the new of digital systems design techniques based on 
reconfigurable hardware devices (FPGA and SoC FPGA), 
as well as the incorporation of their teaching in mas-
ter’s and doctorate programs with electronic profile of 
Cuban universities in order to promote its use in the de-
velopment of various R&D&I projects that benefit from 
its introduction. The strengthening of the scientific-te-
chnical capacities of Cuban research groups for the 
design and development of embedded digital systems 
on reconfigurable devices will provide, as main advan-
tages, the reduction of their technological dependence 
and the increase of innovation activities in basic infras-
tructures and production systems, favoring the econo-
mic growth of the country.
i-LINK 2019
Advancing in cybersecurity technologies

PI: Piedad Brox Jiménez brox@imse-cnm.csic.es

Projects Details
Type: Research project
Funding Body: CSIC
Reference: LINKA20216
Start date: 01/01/2020
End date: 21/12/2021
Funding: 23.738,00 €

In current digitalized socities, cybersecurity is crucial to 
protect and preserve the growing social and economic 
benefits of Information Communication Technlology 
(ICT) systems. The rapid implantation and proliferation 
of these systems, as well as society´s overwhelming re-
liance on them, has exposed its fragility and vulnerabi-
lities against attacks. New solutions of cyber-defense 
require multidisciplinary research groups that analyze 
hardware, software, networks and data security, not as 
isolated elements, but taking into account that they in-
terrelate with each other and, therefore, trusted chains 
must be provided for the entire system.

The main objective of this proposal is to develop, deploy 
and integrate novel cybersecurity technologies that en-
sure the integrity, resilience and reliability of ICT sys-
tems. To achieve this goal, the consortium integrates 
three complementary research teams specialized in 
network and software security (University of Tampere, 
Finland), system security (University of Michigan, USA), 
and cryptography and hardware security (CSIC). This 
project encourages the collaboration by means of the 
participation in seminars that promote the exchange 
of ideas, medium-term stays of researchers to validate 
the proposed techniques, and the definition of a strate-
gic plan to hold this collaboration over time submitting 
project proposals to international competitive calls, as 
well as analyzing agreements with foreign institutions 
involved in this project to facilitate collaboration.

INTRAMURAL SpaceD&T
Design and testing of mixed circuits for space appli-
cations.

PI: Gildas Leger

Projects Details:
Type: Research project Funding 
Body: CSIC 
Reference: 201950E040 
Start date: 01/05/2019 End date: 31/12/2023
Funding: 105.958,77 €

In this project, we propose to address the design and 
testing of analogue and mixed-signal circuits for space 
applications.

The technological evolution of CMOS technologies 
towards lower and lower dimensions has specific 
consequences in the field of space applications: the 
effects related to the total dose decrease with the sca-
ling of the gate oxide, but on the other hand, the tran-
sient effects (known as singleevent effects, SEE) beco-
me more important as the capacities associated to the 
nodes decrease and therefore the amount of charge 
required to alter their voltage decreases.
In order to be able to tackle a design task with a certain 
degree of certainty, the first step is to be able to assess 
the impact of the different actions. It is therefore ne-
cessary to be able to calculate or simulate the effect of 
the SEEs on a circuit. This can be considered as sol-
ved since several papers show that the double-expo-
nential current injection model at the body-source and 
body-drain junctions of CMOS transistors adequately 
reproduces the experimentally observed behaviour. 
However, for a circuit of a certain complexity, the num-
ber of charge injection sites is too large to allow a com-
prehensive simulation.
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BOOKS
◆ White Paper 11: Artificial  

Intelligence, Robotics and 
     Data  Science

J.E. Marco de Lucas, M.V. Moreno-Arribas, 
S. Degli-Esposti, C. Sierra, F. Manyà, A. 
Colomé, N. Osman, D. López, J. Ramasco, L. 
Lloret-Iglesias, G. Alenyà, J. Villagrá, M.D. 
del Castillo, M. Schorlemmer, P. Noriega, 
T. Ausín, T. Serrano, A. Oyanguren, D. Arro-
yo-Guardeño and P. Brox

Libros Blancos. Desafíos Científicos 2030 del 
CSIC, 198 p, 2021
CSIC
ISBN: 978-84-00-10758-1
CSIC white paper on Artificial Intelligence, Robotics 
and Data Science sketches a preliminary roadmap 
for addressing current R&D challenges associated 
with automated and autonomous machines. More 
than 50 research challenges investigated all over 
Spain by more than 150 experts within CSIC are 

presented in eight 
chapters. Chapter 
One introduces key 
concepts and tackles 
the issue of the inte-
gration of knowledge 
(representation), rea-
soning and learning in 
the design of artificial 
entities. Chapter Two 
analyses challen-
ges associated with 
the development of 
theories -and suppor-

ting technologies- for modelling the behaviour of 
autonomous agents. Specifically, it pays attention 
to the interplay between elements at micro level 
(individual autonomous agent interactions) with the 
macro world (the properties we seek in large and 
complex societies). While Chapter Three discusses 
the variety of data science applications current-
ly used in all fields of science, paying particular 

PUBLICATIONS
BOOKS CONFERENCE 

PAPERS
JOURNAL 
PAPERS

attention to Machine Learning (ML) techniques, 
Chapter Four presents current development in 
various areas of robotics. Chapter Five explores 
the challenges associated with computational 
cognitive models. Chapter Six pays attention to the 
ethical, legal, economic and social challenges co-
ming alongside the development of smart systems. 
Chapter Seven engages with the problem of the en-
vironmental sustainability of deploying intelligent 
systems at large scale. Finally, Chapter Eight deals 
with the complexity of ensuring the security, safety, 
resilience and privacy-protection of smart systems 
against cyber threats.

◆ White Paper 12: Our future? Space 
colonization & exploration
J. Marco de Lucas, M.V. Moreno-Arribas, L.M. 
Lara, G. Leger, R. Duffard, I. González Gómez, 
O. Prieto Ballesteros, J. Ceballos Cáceres, B. 
Funke, D. Altadill, R. Benavides, J. Medina, G. 
Anglada-Escudé, M.J. Jurado, P. Godignon 
and G. Liñán

Libros Blancos. Desafíos Científicos 2030 del 
CSIC, 160 p, 2021
CSIC
ISBN: 978-84-00-10760-4
The exploration and colonization of the outer space 
represents a foreseeable future for the Humanity. 
This endeavour involves deepening our knowled-
ge about the formation and evolution of the solar 
system, of other planetary systems, emergence of 

life (and its prospects 
once it exists), the 
interaction between 
Earth and Space 
(particularly with its 
Sun) and the impact 
of space conditions 
(radiation, gravity, 
etc.) on Earth-borne 
organisms. Materiali-
zation of this explora-
tion and colonization 
currently drives 
technological develo-

pments in several fronts as optics, electronics and 
sensors just to mention a few. Other aspects as well 
law & ethics, psychology, biology, etc., cannot be 
discarded.

◆ White Paper 14: Dynamic Earth:
	 probing the past, preparing for the 

future
J. Marco de Lucas, V. Moreno-Arribas, C.J. 
Garrido, P. Gonzalez, F. Tornos, R. Carbonell, 
A. Geyer, M. García, A. Moreno, S. Giralt, M. 
Viana, F. Gallart, M.G. Llorens, D. García-Cas-
tellanos, J. García Guinea, M. Charco, J. Mar-
tí, J.J. Álvaro Blasco, M. Álvarez de Buergo, 
J. Álvarez Marrón, C. Ayala Galán, R. Amils, D. 
Brown, A. Castro Dorado, J. Ceballos Cáce-
res, J.M. Cebriá Gómez, A. Delgado Huertas, 
J. Fernández Torrres, R. Fort González, P. 
González-Sampériz, J. Huertas Puerta, A. 
Jiménez Díaz, F. Jiménez Espejo, J. López 
Gómez, T. Moreno, A. Negredo Moreno, J. 
Olof Ormö, O. Prieto Ballesteros, X. Querol, C. 
Rodrígez Ranero, M. Schimmel, V. Sellarés, 
J.M. Soler, J. Trigo Rodríguez and B. Valero 
Garcés

Book · Libros Blancos. Desafíos Científicos 2030 
del CSIC, 111 p, 2021
CSIC
ISBN: 978-84-00-10764-2
Every day human activities involve interaction with 
our planet Earth. Everything around us is built upon 
the Earth, grows on the Earth, or depends on the 
environments and internal dynamics of the Earth 

to some degree. 
Indeed, Earth‚s 
dynamic processes 
have strong influen-
ce on our society 
today as they have 
had at any time in 
human history, pro-
viding both major 
opportunities as well 
as challenges. The-
refore, the knowle-
dge about the Earth 
is the key to develop 

an informed citizenry and a global awareness of a 
common Planet and a common future. For example, 
dynamic processes during interaction between 
the tectonic plates that make up the outer ‘skin’ of 
Earth provide us with the valuable mineral deposits 
we need to develop our society, or the arable land 
and fertile soils needed to sustain it. Likewise, 
plate boundaries are the locus of hazards such as 
earthquakes, tsunamis, and volcanic eruptions that 

can cause large-scale disruption to, and displace-
ment of, communities and economies. Just as one 
example, the March 11th, 2011 Tohoku earthquake 
offshore Japan, shows how a single-event natural 
disaster caused by one of the dynamic processes 
of the Earth (plate subduction) can have impor-
tant socio-economic impacts that range from 
large-scale infrastructure damage to local and re-
gional population relocation. Understanding the full 
range of Earth‚s dynamic processes will not stop 
natural disasters like the Tohoku earthquake, but it 
will provide important information for developing 
models for their mitigation.

JOURNAL PAPERS
◆	 Módulo de inferencia difuso con base de 

conocimientos variable sobre hardware 
reconfigurable
A.J. Cabrera-Sarmiento, S. Sánchez-Solano and Y. 
García-Guirola

◆	 Revista de Ingeniería Electrónica, Automática y 
Comunicaciones RIELAC, vol. 42, no. 2, pp 34-54, 
2021
CUJAE    ISSN: 1815-5928

◆	 A Mobile Platform for Movement Tracking based 
on a Fast-Execution-Time Optical-Flow Algorithm
R. de la Rosa-Vidal, J.A. Leñero-Bardallo, J.M. Gue-
rrero-Rodríguez and A. Rodríguez-Vázquez

◆	 IEEE Transactions on Circuits and Systems I: 
Regular Papers, vol. 69, no.4, pp 1715-1727, 2021
IEEE    ISSN: 1549-8328

◆	 Emulation of Circuits under Test using Low-Cost 
Embedded Platforms
J.M. Guerrero-Rodríguez, C. Cobos Sánchez, A. 
Quirós-Olozábal and J.A. Leñero Bardallo

◆	 Electronics, vol. 10, no. 16, article 1990, 2021
MDPI    ISSN: 2079-9292

◆	 La termografía como herramienta diagnóstica 
para diferenciar anomalías vasculares de alto y 
bajo flujo
J. Ortiz-Álvarez, J.A. Leñero-Bardallo, M.T. Monse-
rrat-García and J. Bernabéu-Wittel

◆	 Piel, vol. 37, no. 6, pp 372-377, 2021
ELSEVIER    ISSN: 0213-9251

◆	 A Customizable Thermographic Imaging System 
for Medical Image Acquisition and Processing
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J.A. Leñero-Bardallo, R. de la Rosa-Vidal, R. Pa-
dial-Allué, J. Ceballos-Cáceres, A. Rodríguez-Váz-
quez and J. Bernabéu-Wittel

◆	 IEEE Sensors Journal, first online, 2021
IEEE    ISSN: 1530-437X

◆	 Trivium Stream Cipher Countermeasures Against 
Fault Injection Attacks and DFA
F.E. Potestad-Ordonez, E. Tena-Sanchez, J.M. 
Mora-Gutierrez, M. Valencia-Barrero and C.J. Jime-
nez-Fernandez

◆	 IEEE Access, vol. 9, pp 168444-168454, 2021
IEEE    ISSN: 2169-3536

◆	 A Neuromorphic CMOS Circuit with Self-Repairing 
Capability
E. Rahiminejad, F. Azad, A. Parvizi-Fard, M. Amiri 
and B. Linares-Barranco

◆	 IEEE Transactions on Neural Networks and 
Learning Systems, vol. 33, no. 5, pp 2246-2258, 
2021
IEEE    ISSN: 2162-237X

◆	 Outgoing Editorial
J.M. de la Rosa

◆	 IEEE Transactions on Circuits and Systems II: 
Express Briefs, vol. 68, no. 12, pp 3477-3477, 2021
IEEE    ISSN: 1549-7747

◆	 Gate-Level Design Methodology for Side-Channel 
Resistant Logic Styles using TFETs
I.M. Delgado-Lozano, E. Tena-Sánchez, J. Núñez 
and A.J. Acosta

◆	 IEEE Embedded Systems Letters, vol. 14, no. 2, pp 
99-102, 2021
IEEE    ISSN: 1943-0663

◆	 Experimental FIA Methodology using Clock and 
Control Signal Modifications under Power Supply 
and Temperature Variations
F.E. Potestad-Ordóñez, E. Tena-Sánchez, J.M. 
Mora-Gutierrez, M. Valencia-Barrero and C.J. Jimé-
nez-Fernández

◆	 Sensors, vol. 21, no. 22, article 7596, 2021
MDPI    ISSN: 1424-8220

◆	 A 32-Channel Time-Multiplexed Artifact-Aware 
Neural Recording System
N. Perez-Prieto, A. Rodriguez-Vazquez, M. Alva-
rez-Dolado and M. Delgado-Restituto

◆	 IEEE Transactions on Biomedical Circuits and 

Systems, vol. 15, no. 5, pp 960-977, 2021
IEEE    ISSN: 1932-4545

◆	 The role of intra-clutch variation of magpie 
clutches in foreign egg rejection depends on the 
egg trait considered
M. Molina-Morales, J. Gómez, G. Liñan, M. Precioso, 
J.G. Martinez and J.M. Avilés

◆	 Frontiers in Ecology and Evolution, vol. 9, article 
702637, 2021
FRONTIERS    ISSN: 2296-701X

◆	 Reducing the Nonlinearity and Harmonic 
Distortion in FD-SOI CMOS Current-Starved 
Inverters and VCROs
P.I. Okorie, J. Ahmadi-Farsani and J.M.de la Rosa

◆	 AEU - International Journal of Electronics and 
Communications, vol. 142, article 153992, 2021
ELSEVIER    ISSN: 1434-8411

◆	 Thermography for the differential diagnosis of 
vascular malformations
J.A. Leñero-Bardallo, C. Serrano, B. Acha, J.A. 
Pérez-Carrasco and J. Bernabeu-Wittel

◆	 Clinical and Experimental Dermatology, vol. 46, 
no. 2, pp 314-318, 2021
JOHN WILEY & SONS    ISSN: 0307-6938

◆	 How Frequency Injection Locking Can Train 
Oscillatory Neural Networks to Compute in Phase
A. Todri-Sanial, S. Carapezzi, C. Delacour, M. Aber-
not, T. Gil, Elisabetta Corti, S.F. Karg, J. Nüñez, M. 
Jiménez, M.J. Avedillo and B. Linares-Barranco

◆	 IEEE Transactions on Neural Networks and 
Learning Systems, vol. 33, no. 5, pp 1996-2009, 
2021
IEEE    ISSN: 2162-237X

◆	 A Plethysmography Capacitive Sensor for Real-
Time Monitoring of Volume Changes in Acute 
Heart Failure
E. Rando, P. Perez, S. Fernandez-Scagliusi, F.J. 
Medrano, G. Huertas and A. Yufera

◆	 IEEE Transactions on Instrumentation and 
Measurement, vol. 70, article 4005912, 2021
IEEE    ISSN: 0018-9456

◆	 Hierarchical Yield-Aware Synthesis Methodology 
Covering Device-, Circuit-, and System-Level for 
Radiofrequency ICs
A. Canelas, F. Passos, N. Lourenço, R. Martins, E. 
Roca, R. Castro-Lopez, N. Horta and F.V. Fernandez

◆	 IEEE Access, vol. 9, pp 124152-124164, 2021
IEEE    ISSN: 2169-3536

◆	 A Configurable RO-PUF for Securing Embedded 
Systems Implemented on Programmable Devices
M.C. Martínez-Rodríguez, E. Camacho-Ruiz, P. Brox 
and S. Sánchez-Solano

◆	 Electronics, vol. 10, no. 16, article 1957, 2021
MDPI    ISSN: 2079-9292

◆	 Digital Implementation of Oscillatory Neural 
Network for Image Recognition Applications
M. Abernot, T. Gil, M. Jiménez, J. Núñez, M.J. Avelli-
do, B. Linares-Barranco, T. Gonos, T. Hardelin and 
A. Todri-Sanial

◆	 Frontiers in Neuroscience, vol. 15, article 713054, 
2021
FRONTIERS    ISSN: 1662-453X

◆	 Recording Strategies for High Channel Count, 
Densely Spaced Microelectrode Arrays
N. Pérez-Prieto and M. Delgado-Restituto

◆	 Frontiers in Neuroscience, vol. 15, article 681085, 
2021
FRONTIERS    ISSN: 1662-453X

◆	 Neutron-Induced, Single-Event Effects on 
Neuromorphic Event-Based Vision Sensor: A 
First Step and Tools to Space Applications
S. Roffe, H. Akolkar, A.D. George, B. Linares-Ba-
rranco and R.B. Benosman

◆	 IEEE Access, vol. 9, pp 85748-85763, 2021
IEEE    ISSN: 2169-3536

◆	 SL-Animals-DVS: event-driven sign language 
animals dataset
A. Vasudevan, P. Negri, C. di Ielsi, B. Linares-Ba-
rranco and T. Serrano-Gotarredona

◆	 Pattern Analysis And Applications, vol. 24, no. 2, 
2021

SPRINGER    ISSN: 1433-7541

◆	 Digital Non-Linearity Calibration for ADCs with 
Redundancy using a new LUT Approach
A. Gines, G. Leger and E. Peralias

◆	 IEEE Transactions on Circuits and Systems 
I-Regular Papers, vol. 68, no. 8, pp 3197-3210, 2021
IEEE    ISSN: 1549-8328

◆	 Hardware Implementation of Differential 
Oscillatory Neural Networks using VO2-based 
Oscillators and Memristor-Bridge Circuits

J. Shamsi, M.J. Avedillo, B. Linares-Barranco and T. 
Serrano-Gotarredona

◆	 Frontiers in Neuroscience, vol. 15, article 674567, 
2021
FRONTIERS    ISSN: 1662-453X

◆	 Unified RTN and BTI statistical compact modeling 
from a defect-centric perspective
G. Pedreira, J. Martin-Martinez, P. Saraza-Canflan-
ca, R. Castro-Lopez, R. Rodriguez, E. Roca, F.V. 
Fernandez and M. Nafria

◆	 Solid-State Electronics, vol. 185, article 108112, 
2021
ELSEVIER    ISSN: 0038-1101

◆	 Quail eggs in artificial nests change their 
coloration when exposed to ambient conditions: 
implication for studies on nest predation
G. Liñan Cembrano, M. Castro, J.A. Amat, A. Perez, 
M.A. Rendón and C. Ramo

◆	 PeerJ 9:e11725, 2021
PEERJ    ISSN: 2167-8359

◆	 Statistical Characterization of Time-Dependent 
Variability Defects using the Maximum Current 
Fluctuation
P. Saraza-Canflanca, J. Martin-Martinez, R. Cas-
tro-Lopez, E. Roca, R. Rodriguez, F.V. Fernandez 
and M. Nafria

◆	 IEEE Transactions on Electron Devices, vol. 68, 
no. 8, pp 4039-4044, 2021
IEEE    ISSN: 0018-9383

◆	 Insights into the Dynamics of Coupled VO2 
Oscillators for ONNs

J. Núñez, J.M. Quintana, M.J. Avedillo, M. Jiménez, 
A. Todri-Sanial, E. Corti, S. Karg and B. Linares-
Barranco

◆	 IEEE Transactions on Circuits and Systems II: 
Express Briefs, vol. 68, no. 10, pp 3356-3360, 2021
IEEE    ISSN: 1549-7747

◆	 Statistical threshold voltage shifts caused by BTI 
and HCI at nominal and accelerated conditions
J. Diaz-Fortuny, P. Saraza-Canflanca, R. Rodriguez, 
J. Martin-Martinez, R. Castro-Lopez, E. Roca, F.V.
Fernandez and M. Nafria

◆	 Solid-State Electronics, vol. 185, article 108037, 
2021
ELSEVIER    ISSN: 0038-1101

◆	 20-ps Resolution Clock Distribution Network for a 
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Fast-Timing Single-Photon Detector
N. Egidos, R. Ballabriga, F. Bandi, M. Campbell, 
D. Gascon, S. Gomez, J.M. Fernandez-Tenllado, 
X. Llopart, R. Manera, J. Mauricio, D. Sanchez, A. 
Sanmukh and E. Santin

◆	 IEEE Transactions on Nuclear Science, vol. 68, no. 
4, pp. 434-446, 2021
IEEE    ISSN: 0018-9499

◆	 Secure Combination of IoT and Blockchain by 
Physically Binding IoT Devices to Smart Non-
Fungible Tokens using PUFs
J. Arcenegui, R. Arjona, R. Román and I. Baturone

◆	 Sensors, vol. 21, no. 9, article 3119, 2021
MDPI    ISSN: 1424-8220

◆	 Timing-Optimized Hardware Implementation to 
Accelerate Polynomial Multiplication in the NTRU 
Algorithm
E. Camacho-Ruiz, S. Sánchez-Solano, P. Brox and 
M.C. Martínez-Rodríguez

◆	 ACM Journal on Emerging Technologies in 
Computing Systems, vol. 17, no. 3, article 35, 2021
ACM    ISSN: 1550-4832

◆	 The Mars Environmental Dynamics Analyzer, 
MEDA. A Suite of Environmental Sensors for the 
Mars 2020 Mission
J.A. Rodriguez-Manfredi, M. de la Torre Juárez, 
A. Alonso, V. Apéstigue, I. Arruego, T. Atienza, D. 
Banfield, J. Boland, M.A. Carrera, L. Castañer, J. 
Ceballos, H. Chen-Chen, A. Cobos, P.G. Conrad, 
E. Cordoba, T. del Río-Gaztelurrutia, A. de Vicen-
te-Retortillo, M. Domínguez-Pumar, S. Espejo, A.G. 
Fairen, et al. & The MEDA team

◆	 Space Science Reviews, vol. 217, no. 3, article 48, 
2021
SPRINGER    ISSN: 1572-9672

◆	 Oscillatory Neural Networks using VO2 based 
Phase Encoded Logic
J. Núñez, M.J. Avedillo, M. Jiménez, J.M. Quintana, 
A. Todri-Sanial, E. Corti, S. Karg and B. Linares-Ba-
rranco

◆	 Frontiers in Neuroscience, vol. 15, article 655823, 
2021
FRONTIERS MEDIA    ISSN: 1662-453X

◆	 The Use of High-Intensity Focused Ultrasound 
for the Rewarming of Cryopreserved Biological 
Material
A. Olmo, P. Barroso, F. Barroso and R. Risco

◆	 IEEE Transactions on Ultrasonics Ferroelectrics 
and Frequency Control, vol. 68, no. 3, pp 599-607, 
2021
IEEE    ISSN: 0885-3010

◆	 Efficient Spike-Driven Learning With Dendritic 
Event-Based Processing
S. Yang, T. Gao, J. Wang, B. Deng, B. Lansdell and B. 
Linares-Barranco

◆	 Frontiers in Neuroscience, vol. 15, article 601109, 
2021
FRONTIERS MEDIA    ISSN: 1662-453X

◆	 A computer-aided design tool for biomedical OBT 
sensor tuning in cell-culture assays
P. Pérez, J.A. Serrano, M.E. Martín, P. Daza, G. 
Huertas and A. Yúfera

◆	 Computer Methods and Programs in Biomedicine, 
vol. 200, article 105840, 2021
ELSEVIER    ISSN: 0169-2607

◆	 Photon counting detectors for X-ray imaging with 
emphasis on CT
R. Ballabriga, J. Alozy, F.N. Bandi, M. Campbell, N. 
Egidos, J.M. Fernandez-Tenllado, E.H.M. Heijne, 
I. Kremastiotis, X. Llopart, B.J. Madsen, D. Penni-
card, V. Sriskaran and L.Tlustos

◆	 IEEE Transactions on Radiation and Plasma 
Medical Sciences, vol. 5, no. 4, pp 422-440, 2021
IEEE    ISSN: 2469-7311

◆	 Neuromorphic Low-power Inference on 
Memristive Crossbars with On-chip Offset 
Calibration
C. Mohan, L.A. Camuñas-Mesa, J.M. de la Rosa, 
E. Vianello, T. Serrano-Gotarredona and B. Lina-
res-Barranco

◆	 IEEE Access, vol. 9, pp 38043-38061, 2021
IEEE    ISSN: 2169-3536

◆	 Behavioral and Physical Unclonable Functions 
(BPUFs): SRAM Example
M.A. Prada-Delgado and I. Baturone

◆	 IEEE Access, vol. 9, pp 23751-23763, 2021
IEEE    ISSN: 2169-3536

◆	 Improving the reliability of SRAM-based PUFs 
under varying operation conditions and aging 
degradation
P. Saraza-Canflanca, H. Carrasco-Lopez, A. Santa-
na-Andreo, P. Brox, R. Castro-Lopez, E. Roca and 
F.V. Fernandez

◆	 Microelectronics Reliability, vol. 118, article 
114049, 2021
ELSEVIER    ISSN: 0026-2714

◆ Design of High-Efficiency SPADs for LiDAR 
Applications in 110nm CIS Technology
I. Vornicu, J.M. López-Martínez, F.N. Bandi, R. Car-
mona-Galán and A. Rodríguez-Vázquez

◆	 IEEE Sensors Journal, vol. 21, no. 4, pp 4776-4785, 
2021
IEEE    ISSN: 1530-437X

◆	 A Low-Resources TDC for Multi-Channel Direct 
ToF Readout based on a 28-nm FPGA
M. Parsakordasiabi, I. Vornicu, A. Rodríguez-Váz-
quez and R. Carmona-Galán

◆	 Sensors, vol. 21, no. 1, article 308, 2021
MDPI    ISSN: 1424-8220

◆	 Editorial: A Year Ahead Full of New Initiatives
J.M. de la Rosa

◆	 IEEE Transactions on Circuits and Systems II: 
Express Briefs, vol. 68, no. 1, pp 4-4, 2021
IEEE    ISSN: 1549-7747

◆	 Design of Wideband Comb Compensator based on 
Magnitude Response using Two Sinusoidals and 
Particle Swarm Optimization
G.J. Dolecek and J.M.de la Rosa

◆	 AEU - International Journal of Electronics and 
Communications, vol. 130, article 153570, 2021
ELSEVIER    ISSN: 1434-8411

◆	 An efficient transformer modeling approach for 
mm-wave circuit design
F. Passos, E. Roca, J. Sieiro, R. Castro-Lopez and 
F.V. Fernandez

◆	 AEU - International Journal of Electronics and 
Communications, vol. 128, article 153496, 2021
ELSEVIER    ISSN: 1434-8411

CONFERENCE PAPERS
◆	 Exploiting Correlation in Stochastic Computing 

based Deep Neural Networks
C.F. Frasser, P. Linares-Serrano, A. Moran, J. 
Font-Rossello, V. Canals, M. Roca, T. Serrano-Gota-
rredona and J.L. Rossello

◆	 Conference on Design of Circuits and Integrated 

Systems DCIS 2021
Visual and Acoustic Inference on Low-Cost IoT 
Systems
J. Fernández-Berni

◆	 Midterm Summer School MENELAOS 2021
The Two-Faced Variability Challenge in 
Nanoelectronics: Mitigation and Exploitation... 
and How to Get There
R. Castro-López

◆	 International Conference on Electrical and 
Electronics Engineering ELECO 2021
SoPC Implementation of a Genetic Algorithm for 
Circle Detection
L.F. Rojas-Muñoz, S. Sánchez-Solano, C.H. García-
Capulín and H. Rostro-González

◆	 IEEE International Autumn Meeting on Power, 
Electronics and Computing ROPEC 2021
Pixel Circuitry for HDR and Tone Mapping vs. 
Digital Tone-Mapping Operators
J. Fernández-Berni

◆	 Huawei Workshop on Future Technologies for ISP 
2021
Implementación en SoC de un Sistema Embebido 
para la Detección de Círculos en Imágenes 
Digitales
Luis F. Rojas-Muñoz, S. Sánchez-Solano, C.H. 
García-Capulín and H. Rostro-González

◆	 Congreso Internacional de Investigación 
Academia Journals Celaya CELAYA 2021
FeFETs for Phase Encoded Oscillatory based 
Computing
J. Nunez, M. Jimenez and M.J. Avedillo

◆	 Conference on Design of Circuits and Integrated 
Systems DCIS 2021
Modeling Edema Evolution with Electrical 
Bioimpedance: Application to Heart Failure 
Patients
M. Puertas, L. Giménez, A. Pérez, S.F. Scagliusi, 
P. Pérez, A. Olmo, G. Huertas, J. Medrano and A. 
Yúfera

◆	 Conference on Design of Circuits and Integrated 
Systems DCIS 2021
High-Level Inference On-Chip Enabled by 
Compressed Sensing
A. Khan, J. Fernández-Berni and R. Carmona-Galán

◆	 Conference on Design of Circuits and Integrated 
Systems DCIS 2021
Design Flow to Evaluate the Performance of Ring 
Oscillator PUFs on FPGAs
M.C. Martínez-Rodríguez, E. Camacho-Ruiz, S. 
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Sánchez-Solano and P. Brox

◆	 Conference on Design of Circuits and Integrated 
Systems DCIS 2021
A Reduced-scale Cortical Network with 
Izhikevich’s Neurons on SpiNNaker
C. Chiplunkar, N. Gautam, I. Mediratta,A. Gait, S. 
Thomas, A. Rowley, T. Serrano-Gotarredona and B. 
Sen-Bhattacharya

◆	 IEEE International Joint Conference on Neural 
Networks IJCNN 2021
Design of Readout Channels for Direct-ToF LiDAR
M. Parsakordasiabi, A. Rodríguez-Vázquez and R. 
Carmona-Galán

◆	 Conference on Design of Circuits and Integrated 
Systems DCIS 2021
Baseline Features Extraction from Microelectrode 
Array Recordings in an in vitro model of Acute 
Seizures using Digital Signal Processing for 
Electronic Implementation
G. Galeote-Checa, G. Panuccio, B. Linares-
Barranco and T. Serrano-Gotarredona

◆	 IEEE International Conference on Omni-Layer 
Intelligent Systems COINS 2021
Adaptación de prácticas de laboratorios de 
Electrónica y Automatización a una modalidad 
semipresencial
E. Tena-Sánchez, F.E. Potestad-Ordóñez, M. 
Valencia-Barrero, A.J. Acosta and C.J. Jiménez-
Fernández

◆	 Congreso Universitario de Innovación Educativa 
en las Enseñanzas Técnicas CUIEET 2021
A high-speed low-power sun sensor with solar 
cells and continuous operation
R. Gomez-Merchan, M. López-Carmona, J.A. 
Leñero-Bardallo and A. Rodríguez-Vázquez

◆	 European Solid-State Circuits Conference 
ESSCIRC 2021
A Novel Approach for Measurement Throughput 
Maximization in FPGA-based TDCs
M. Parsakordasiabi, I. Vornicu, A. Rodríguez-
Vázquez and R. Carmona-Galán

◆	 International Conference on Event-Based Control, 
Communication and Signal Processing EBCCSP 
2021
Novel programmable single pulse generator for 
producing pulse widths in different time scales
H. Erfanijazi, T. Serrano-Gotarredona and B. 
Linares-Barranco

◆	 International Conference on Content-Based 
Multimedia Indexing CBMI 2021

Integration of two High-Performance Mixed-Signal 
Data Conversion IPs
G. Leger, A. Gines, E. Peralias, J.M. Mora and A. 
Ragel

◆	 Int. Workshop on Analogue and Mixed Signal 
Integrated Circuits For Space Applications 
AMICSA 2021
Rule Simplification Method based on Covering 
Indexes for Fuzzy Classifiers
A. Gersnoviez and I. Baturone

◆	 IEEE International Conference on Fuzzy Systems 
FUZZ-IEEE 2021
SoK: Remote Power Analysis
M.C. Martínez-Rodríguez, I.M. Delgado-Lozano and 
B.B. Brumley

◆	 International Conference on Availability, 
Reliability and Security ARES 2021
Spatial Encoding Techniques in Time-Multiplexed 
Neural Recording Front-Ends
N. Pérez-Prieto, A. Rodríguez-Vázquez and M. 
Delgado-Restituto

◆	 IEEE International New Circuits and Systems 
Conference NEWCAS 2021
Simulating the impact of Random Telegraph Noise 
on integrated circuits
P. Saraza-Canflanca, E. Camacho-Ruiz, R. Castro-
Lopez, E. Roca, J. Martin-Martinez, R. Rodriguez, 
M. Nafria and F.V. Fernandez

◆	 Int. Conf. on Synthesis, Modeling, Analysis and 
Simulation Methods and Applications to Circuit 
Design SMACD 2021
Dealing with hierarchical partitioning in bottom-up 
design methodologies
F. Passos, P. Saraza-Canflanca, R. Castro Lopez, E. 
Roca and F.V. Fernandez

◆	 Int. Conf. on Synthesis, Modeling, Analysis and 
Simulation Methods and Applications to Circuit 
Design SMACD 2021
A study of SRAM PUFs reliability using the Static 
Noise Margin
E. Camacho-Ruiz, P. Saraza-Canflanca, R. Castro-
Lopez, E. Roca, P. Brox and F.V. Fernandez

◆	 Int. Conf. on Synthesis, Modeling, Analysis and 
Simulation Methods and Applications to Circuit 
Design SMACD 2021
A Real-Time DSP-Based Biohybrid MEA System for 
Seizure Detection In Vitro
J. Ahmadi-Farsani, D. Caron, G. Panuccio, B. 
Linares-Barranco and T. Serrano-Gotarredona

◆	 IEEE International Symposium on Medical 

Measurements and Applications MeMeA 2021
On- and Off-centre Pathways in a Retino-
Geniculate Spiking Neural Network on SpiNNaker
B.S. Bhattacharya and T. Serrano-Gotarredona

◆	 IEEE EMBS Conference on Neural Engineering 
NER 2021
Cognitive Radio Circuits and Systems - Application 
to Digitizers
H. Aboushady, A. Sayed, L.A. Camuñas-Mesa and 
J.M. de la Rosa

◆	 IEEE International Symposium on Circuits and 
Systems ISCAS 2021
Circuit reliability prediction: challenges and 
solutions for the device time-dependent variability 
characterization roadblock
M. Nafria, J. Diaz-Fortuny, P. Saraza-Canflanca, 
J. Martin-Martinez, E. Roca, R. Castro-Lopez, R. 
Rodriguez, P. Martin-Lloret, A. Toro-Frias, D. Mateo, 
E. Barajas, X. Aragones and F.V. Fernandez

◆	 IEEE Latin America Electron Devices Conference 
LAEDC 2021
HardBlock: Demonstrator of physically binding an 
IoT device to a non-fungible token in Ethereum 
blockchain
J. Arcenegui, R. Arjona and I. Baturone

◆	 Design, Automation and Test in Europe DATE 2021
A Quantum-Resistant and Fast Secure Boot for IoT 
Devices using Hash-Based Signatures and SRAM 
PUFs
R. Román and I. Baturone

◆	 EAI International Conference on Safety and 
Security in Internet of Things SaSeIoT 2021
Low-Power Compensated Modified Comb 
Decimation Structure for Power-of-Two 
Decimation Factors
G.J. Dolecek and J.M. de la Rosa

◆	 IEEE Latin American Symposium on Circuits and 
Systems LASCAS 2021
Effects of Electrical Fields on Neuroblastoma 
(N2A) Cell Differentiation: Preliminary Results
D. Martin-Fernández, P. Pérez-García, M.E. Martín, 
P. Daza, J.A. Serrano-Viseas, G. Huertas and A. 
Yúfera

◆	 International Conference on Biomedical 
Electronics and Devices BIODEVICES 2021
Foveal-pit inspired filtering of DVS spike response
S.T.P. Gupta, P. Linares-Serrano, B.S. Bhattacharya 
and T. Serrano-Gottaredona
Annual Conference on Information Sciences and 
Systems CISS 2021
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THESIS

◆ Memristor Based Event Driven 
     Neuromorphic Nano-CMOS    
     Processor

Charanraj Mohan
Date of defense: February 19, 2021
UNIVERSIDAD DE SEVILLA, IMSE-CNM

◆ Analog-to-Digital Converters 
for Efficient Portable Devices

Sohail Asghar
Date of defense: March 19, 2021
UNIVERSIDAD DE SEVILLA, IMSE-CNM

◆ Low-Power Artifact-Aware
Implantable Neural Recording 
Microsystems for Brain-Machine 
Interfaces
Norberto Pérez Prieto
Date of defense: June 30, 2021
UNIVERSIDAD DE SEVILLA, IMSE-CNM

◆ Impacto de la variabilidad

dependiente del tiempo 
en circuitos integrados en 
tecnologías nanométricas: 
modelado, simulación y 
caracterización experimental
Pablo Martín Lloret
Date of defense: September 17, 2021
UNIVERSIDAD DE SEVILLA, IMSE-CNM

◆ Study of variability phenomena 
on CMOS technolologies for 
its mitigation and exploitation

Pablo Sarazá Canflanca
Date of defense: November 12, 2021
UNIVERSIDAD DE SEVILLA, IMSE-CNM

◆ Modeling and simulation of 
non-linear bioelectronic systems 
applied to cell culture assays

Juan A. Serrano Viseas
Date of defense: December 10, 2021
UNIVERSIDAD DE SEVILLA, IMSE-CNM

TECHNOLOGICAL TRANSFER
Technology transfer is managed at the Seville Microelectronics Institute by the 
Projects and Transfer Unit (UPT-IMSE). The UPT’s fundamental mission is 
to promote, channel and manage the ideas and outputs resulting from 
the research staff’s projects into innovations at the service of civil 
society, the public sector and companies. All our research has 
the ultimate goal of contributing to generating greater social 
well-being. For this reason, permanent contact and work with 
the different economic and social agents is a key pillar in the 
transversal research carried out at the IMSE. The main ob-
jectives of the IMSE Projects and Transfer Unit are: 

◆ Identify and protect the research results and innovative  
ideas developed by IMSE research staff. 

◆  Increase the applicability of investigations by generating 
permanent contact with interested agents. 

◆ Establish new technology-based companies that allow the deve-
lopment of the technology that arises. 

◆ Commercialize and internationalize research in coordination with the CSIC 
and the University of Seville. 

◆ Advise the research staff to enhance the industrial application of the results of their projects.

◆ Assist the scientific staff to attract financial resources (European, National, regional, and industrial calls). 

◆ Disseminate information on calls to scientific staff. 

◆ Advisor on IMSE strategic plans.

◆ Attend forums for the dissemination of calls.

PATENTS 2021
New Patent Application in 2021

Electronically foveated dynamic vision 
sensor
CSIC has developed an electronically foveated 
dynamic vision sensor that operates at low resolution 
by default, being able to activate high resolution 
only when it detects an area of interest. This is a 
very significant novelty since it allows lower energy 
consumption, less information and a lower subsequent 
computational load than a regular dynamic vision 
sensor

Main innovations and advantages

•	 In situations in which the visual field observed has 
a high content of changing information, as occurs 
during visual capture while driving, it allows non-
relevant information to be eliminated and relevant 
information to be focused, allowing greater detail 
in capturing what is relevant.

•	  Allows the reading window to be reduced to the 
significant relevant area for the analysis, which 
allows the acquisition speed of the relevant zones 
to be increased.
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•	  Enables recognition capabilities that can exceed 
human vision in tasks where multiple regions 
of interest or attention must be simultaneously 
addressed, such as real-time surveillance 
systems, automated driving, or autonomous flight.
Status	 Patent pending 

Priority	 4/10/21

Inventors	 Linares Barranco Bernabé; Serrano 
Gotarredona, María Teresa

Patent Holder	 Spanish National Research Council 
and University of Seville

Low consumption asynchronous solar 
sensor with photodiodes operating in 
the photovoltaic región
The low consumption asynchronous solar sensor of 
the invention falls within the discipline of physical 
technologies. Particularly, within the area of 
microelectronic design of optical sensors in standard 
CMOS technology.  
Specifically, a new 10 ultra-low-power, high-speed 
asynchronous solar sensor architecture for use 
preferred in space navigation systems. The proposed 
architecture is adapted to the requirements for the 
operation of satellites of small size and dimensions 
that make use of solar sensors to navigate through 
space, as well as simplifying additional hardware, 
required in these types of applications.

Main innovations and advantages

•	 It allows to detect the position of the sun with 
respect to its centroid.

•	 Allows you to determine the set of pixels 
illuminated with a higher level of intensity when 
there are several sets of illuminated pixels.

•	 Provides the direction of the centroid of the set of 
pixels illuminated with the greatest intensity.

•	 It allows to reduce the time between 
measurements and avoids extracting data that 
does not contain information

Status	 Patent pending 

Priority	 4/03/21

Inventors	 Gómez Merchán, Rubén; Leñero 

Bardallo, Juan Antonio; Rodríguez 
Vázquez Ángel

Patent Holder	 University of Seville and Spanish 
National Research Council 

Digital OR Pulse Combining 
Photomultiplier
CSIC and the University of Seville have developed 
a digital OR pulse combining photomultiplier that 
reduces unnecessary energy expenditure that occurs 
in conventional architectures through spatial filtering 
of spurious avalanches. The technology presented 
is characterized by being made up of very compact 
macrocells with high energy efficiency. This allows the 
design of large digital photomultipliers that work much 
more efficiently than traditional ones. 

Status	 Granted Patent 

Priority	 14/02/2020 

Inventors	 Vornicu, Ion; Carmona Galan, 
Ricardo; Rodríguez Vázquez, Ángel 

Patent Holder	 University of Seville and Spanish 
National Research Council

Detector for measuring electron energy 
in scanning electron microscopes
CSIC, the University of Cádiz and the University of Se-
ville have developed a detector to measure electron 
energy in SEM (Scanning Electron Microscope). The 
detector allows to measure both the intensity and the 
energy of electrons that are generated in it. This is a 
very important development. Until now, solid state 
detectors only measured the intensity of the signal 
and it was not possible to differentiate whether the 
changes in the measured signal were due to a change 
in intensity or to a change in the energy of the incident 
electrons. 

Status	 Granted Patent 

Priority	 01/06/2020 

Inventors	 Carmona Galán, Ricardo and Cervera 
Gontard, Lionel 

Patent Holder	 Spanish National Research Council, 
University of Seville and University 
of Cadix

EXTERNAL LIAISON

AWARDS & RECOGNITION

Ranking Stanford World's Top 2% cited Scientists 
Four IMSE researchers have been listed in Stanford World's Top 2% 
cited Scientists ranking, which lists the most cited researchers by 
field. For the IMSE the field is "Electrical and Electronic Engineering".
Congratulations to Ángel Rodríguez Vázquez, José Manuel de la 
Rosa, Teresa Serrano and Bernabé Linares. March 10, 2021

EAI SaSeIoT 2021 Best Paper 
Award
IMSE-CNM researchers Roberto 
Román and Iluminada Baturone have 
been recipient of the EAI SaSeIoT 
2021 Best Paper Award with the work 
entitled 'A Quantum-Resistant and 
Fast Secure Boot for IoT Devices 
using Hash-Based Signatures and 
SRAM PUFs'.
April 25, 2021

First prize in the Entrepreneurship Contest of the 
Universidad de Sevilla
IMSE predoctoral students Santiago Fernández and Pablo Pérez 
along with IMSE-CNM researchers Alberto Yúfera, Gloria Huertas and 
Alberto Olmo, have won the first prize in the XVI Entrepreneurship 
Ideas Contest of the Universidad de Sevilla for the best initiative 
promoted by personnel teacher and researcher. June 2, 2021
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TALKS

◆	 Microchip designers 
On the occasion of International Women’s Day, the 
IMSE researcher Piedad Brox, gave an online talk 
entitled ‘Microchip Designers’ at the Colegio San 
Agustín in Seville.
March 8, 2021

OUTREACH
VISITING IMSE

A visit to the IMSE offers students, teachers, and the 
public in general an opportunity to obtain first-hand 
knowledge about the world of research and develop-
ment in modern microelectronics. Visiting our facili-
ties will certainly be of interest to anyone fascinated by 
science and technology, and also to those who would 
like to know exactly what kind of research is carried out 
in Andalusia and how it is done.

The visit is particularly recommended for high school 
students and students on professional training courses 
specializing in science and technology (electronics, IT, 
etc.). 

To visit the IMSE, please contact us

visitas@imse-cnm.csic.es

+34 954 466 666.

◆	 Timothée Masquelier [image_67]
Timothée Masquelier, a researcher at the Centre 
National de la Recherche Scientifique (CNRS), gave 
a conference on December 13 at the IMSE entitled 
‘Surrogate gradient learning in spiking neural ne-
tworks’.
December 13, 2021

EUROPEAN 
RESEARCHERS’ NIGHT

Imse researchers Erica Tena, Francisco Eugenio Po-
testad and José Miguel Mora presented the activity ‘Do 
you fancy a game? «Frogger» video game reusing pro-
grammable boards for microelectronic design’.

September 24, 2021

◆	 The Mars Rover Perseverance 
Talk by IMSE researcher Servando Espejo Meana 
entitled ‘Mars Rover Perseverance: The challenge of 
measuring the Martian wind’.
May 12, 2021

◆	 The history of chips [image_66]

Talk by IMSE researcher Gloria Huertas in Museo 
Casa de la Ciencia de Sevilla entitled ‘The history of 
chips’ within the cycle ‘What do we know about?’
November 19, 2021
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SOCIAL MEDIA
BLOGS & PRESS 
HIGHLIGHTS

◆	 The technology behind the technology

Interview with Piedad Brox, researcher at the Se-
ville Institute of Microelectronics, about the world 
of microelectronics, her research work and the 
projects being developed at the IMSE-CNM.

Source: Delegación del CSIC en Andalucía y 
Extremadura

https://delegacion.andalucia.csic.es/entrevis-
ta-a-piedad-brox/

◆	 An integrated circuit on Mars...  
     designed in Seville

Something should change in the mentality of those 
who always see us away from cutting-edge science.

Source: La Cuadratura del Círculo

https://www.eldiario.es/andalucia/la-cuadratu-
ra-del-circulo/circuito-integrado-marte-disena-
do-sevilla_132_7226205.html

◆	 European SPIRS project
IMSE leads the European SPIRS project. The 
project will allow Industry 4.0 electronic devices 
that are connected to a network to increase their 
security, exchanging information in a secure way 
and preserving the privacy of those data that are 
sensitive due to their content.

Source: Revista CSIC

◆	 From chip to the digital society
Article by professor José Manuel de la Rosa on the 
platform ‘The Conversation’, about the impact that 
the development of microelectronics is producing 
in our societies.

Source: The Conversation

https://theconversation.com/del-chip-a-la-so-
ciedad-digital-165557

◆	 Chip shortages: a problem and  
      an opportunity

Article by professor José Manuel de la Rosa on the 
platform ‘The Conversation’, about the serious su-
pply problems that the growing demand for chips is 
causing in various sectors of the industry.

Source: The Conversation

https://theconversation.com/desabasteci-
miento-de-chips-un-problema-y-una-oportuni-
dad-168291

VIDEOS
◆	 Memristors, devices that works  
	 as memory unit

Intervention by IMSE researcher Bernabé Lina-
res Barranco in the program ‘EnRed’ of Canal Sur 
Television.

Source: Canal Sur Televisión

https://www.youtube.com/watch?v=heiA-
Gy89Rwk

◆	 Volum. Heart failure
First prize in the XVI Entrepreneurship Contest of 
the Universidad de Sevilla

Source: Universidad de Sevilla

https://www.youtube.com/watch?v=z4oQH1i-
GXoA

◆	 SYMAS. Smart Lab: Cell culture 
      monitoring

Finalist in the XVI Entrepreneurship Contest of the 
Universidad de Sevilla

Source: Universidad de Sevilla

https://www.youtube.com/watch?v=SomAl-
1Pi3p4

◆	 Interview in the frame of EU H2020 
      NeurONN

In the frame of EU H2020 MeurONN ‘Meet the 
Expert’ series, interview with IMSE Researcher 
Bernabé Linares-Barranco.

Source: EU H2020 NEURONN

https://www.youtube.com/watch?v=I6D1VO-
1gWYs

◆	 Interview in the frame of EU H2020 
      NeurONN

In the frame of EU H2020 MeurONN ‘Meet the Ex-
pert’ series, interview with IMSE researcher Maria 
José Avedillo.

Source: EU H2020 NEURONN

https://www.youtube.com/watch?v=bdsLm0Kw-
gGo

◆	 The history of chips
Talk by IMSE researcher Gloria Huertas in Museo 
Casa de la Ciencia de Sevilla entitled ‘The history of 
chips’ within the cycle ‘What do we know about?’.

Source: CSIC

https://www.youtube.com/watch?v=RzyVSKU-
YpH8&t

AUDIOS
◆	 Passwords that cannot be stolen.  
      SPIRS project

Piedad Brox

Source: Conectados. Canal Sur Radio

◆	 Book ‘De la micro a la nanoelectrónica’
José Manuel de la Rosa

Source: A tarde. Radio Galega

◆	 Book ‘De la micro a la nanoelectrónica’
José Manuel de la Rosa

Source: De cero al infinito. Onda Cero

◆	 Chips, a non-stock inventory
José Manuel de la Rosa

Source: Puerta al presente. Radio Nacional de 
España

◆	 SDG 9: ‘Industry, innovation  
      and infrastructure’

Bernabé Linares

Source: Háblame de CSIC. Delegación del CSIC en 
Andalucía y Extremadura
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