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FOREWORD 

The organization, objectives and results obtained during the 4
th

 year (April 2012 to March 2013) of the 

NAMITEC Institute will be presented in this report.  

The NAMITEC National Institute of Science and Technology is aimed at advancing the research and 

development of intelligent micro- and nano-electromechanical systems for use in sensor networks and embedded 

and self-adjusted systems, among others. Applications include precision agriculture, environmental protection, 

energy processing, biomedical instrumentation, automotive and aerospace industries, and telecommunications. 

Within this context, the main goals of this project are the research and development of (a) systems-on-chip and 

sensor networks, (b) design/test methodology and EDA tools for low-power and fault tolerant analog, RF, and 

digital integrated circuits, (c) micro- and nano-electromechanical, photo- and optoelectronic devices as well as 

integration and packaging processes for MEMS and NEMS, (d) materials and processes for the fabrication of 

micro- and nano-integrated devices and circuits.  

This project is a follow-up of the previous NAMITEC projects of the “Millennium Institute Program”, during 

both its phases, the first from 2001 to 2005 and the second from 2005 to 2008. It includes both some ongoing 

activities from the previous project as well as a set of new activities in promising research areas such as graphene 

electronics, organic solar cells, and new sensors. NAMITEC is inserted into the Brazilian industrial policy aimed 

at developing the semiconductor industry. Specially, NAMITEC provides an interaction between academia and 

industry, adding to initiatives such as SIBRATEC (Brazilian Technology System), the IC-Brazil Program and 

contributing to the development of human resources. Researchers of the NAMITEC group, affiliated with 

several nationwide education and research institutions, work on a wide spectrum of disciplines such as Physics, 

Chemistry, Computer Science, Electrical/Electronics Engineering, and Farming and Cattle Raising 

(EMBRAPA). Our team is composed now of 124 researchers, 61 of which are CNPq researchers, from 23 

institutions in 13 states covering the 5 Brazilian geographic regions. Noticeable is the affiliation of a 

considerable number of emerging groups from the north and northeast of the country, in this way contributing to 

the development of research in these areas. 

Our group cooperates with several international and national research teams and companies. The long-

tradition international cooperation of our institutions along with strong ties with local companies demonstrate the 

effort of our group in transferring knowledge and providing support to the industrial development of our nation. 

NAMITEC has his head-quarter located at CTI in Campinas and is managed through a committee composed 

of 5 members: Jacobus W. Swart – coordinator, from UNICAMP (former director of CTI), Raimundo Freire, 

vice-coordinator, from UFCG, Altamiro Susin, from UFRGS, Linnyer Ruiz, from UEM and Nilton Morimoto, 

from USP. The activities are organized in 8 areas, each with a specific coordinator, as indicated in the report. 

Results of each of these areas will be detailed. 

Jacobus W. Swart 

Coordinator 
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A1 AREA - WIRELESS SENSOR NETWORKS (WSN)

Prof. Dr. Altamiro A. Susin (UFRGS), Area A1 leader 

Profa. Dra. Linnyer Ruiz (UEM), Area A1.1 leader 

Prof. Dr. Raimundo C. S. Freire, (UFCG), A1.2 leader 

Prof Dr. Altamiro A. Susin, (UFRGS), Area A1.3 leader 

 

INTRODUCTION 

The National Institute of Science and Technology 

(INCT) NAMITEC project main objective is to carry out 

major research and development of integrated and intelligent 

Micro and Nanoelectronic systems. State-of-the-art research 

on WSNs (Wireless Sensor Networks) applications has been 

directed to precision agriculture, environmental control, 

energy, biomedical instrumentation, automotive, aerospace 

and telecommunications.  Equipment featuring 

communication, home and office automationl have spread 

all over the human activities. Namitec Area A1 have been 

restructured in this phase. Eleven activities have been 

collapsed into three in order to push further the cooperation: 

A1.1 Ecologi WSN; A1.2 Agricultural WSN; and 3)  

Development of System-on-a-Chip for WSN. The Areas' 

activities are summarized hereafter. 

 

A1.1 - ECOLOGIC WSN 

The focus of this activity is in the environmental 

monitoring by using Wireless Sensor Networks. In 

particular, we focus on Urban ecology. This is a subfield of 

ecology which deals with the interaction between organisms 

in an urban or urbanized community, and their interaction 

with that community. Urban ecologists study trees, rivers, 

sustainable home, wildlife and open spaces found in cities to 

understand the existence of those resources and the way they 

are affected by pollution, over-development and human-

caused environmental changes. 

The energy is a primary concern in Wireless Sensor 

Network . Thus, energy is an important issue that should be 

optimized by application developer as well as, the hardware 

design must be ultra low power.  One way to study the 

energy consumption  and the behavior of  the application is 

to simulate its execution. In this activity we are developing 

novel modules for the MannaSim, a simulator for WSN and 

a toolchain for UNB-RISC16 processor, called M-

Toolchain.  The set of toolchain components includes a port 

of both GCC and GNU Binutils tools, and two novel tools 

that traditional toolchain doesn´t provide, a tool to analyze 

the source code and provide the developer  information 

about the structure of its code, and a tool to estimate the 

energy consumption of the developed application, called 

Eprof. 

As a  concept proof, we are develop an Ubiquitous 

Healthcare environment (UHE) and a Amphibian 

Monitoring.  About UHE,  an application of elderly 

monitoring was developed considering the home 

instrumentation with wireless sensor networks technology, 

the clothes manufacturing with wearable computing 

technology, as well as application of concepts of Social 

Sensing and Internet of Things. As a concept proof some 

prototypes were developed using free hardware, as well as 

the Arduino LilyPad platform, others prototypes using 

MicaZ sensor nodes and accelerometers in Android 

smartphones.   About Amphibian Monitoring, we are 

developing  a solution of Sensor Web for use in ecology 

multimedia. This solution will be comprised of Wireless 

Multimedia Sensor Networks (WMSN) organized in layers 

and composed of sensor nodes with different sensing 

capabilities. We are designing an application for monitoring 

of an ecological region using bioindicators. Frogs and toads 

are environmental sensors that the slightest imbalance in 

their habitat reduced reproductive capacity, and can observe 

the rapid disappearance of populations. Thus, the application 

will be developed will aim to classify the frogs by their 

vocalizations and identify them in pictures. 

 

A1.2 - AGRICULTURAL LIVESTOCK WSN 

This activity concentrates on the application and 

development of wireless sensor networks for agricultural 

and livestock aiming either irrigation control or animal 

tracking and monitoring. 

A wireless sensor network applied to monitoring and 

controlling the level of soil moisture in precision agriculture 

was developed. Several measuring substations (nodes) can 

be distributed in a plantation area and being interconnected 

using a ZigBee protocol-based network, in order to transmit 

the soil moisture measurements and other constants, to a 

central monitoring station. Additionally, we developed a 

system to capture solar energy to charge batteries and power 

each sensor node. 

The main actions and results obtained from the execution 

of this task are: 1) Low-cost wireless sensor network for gas 

emission monitoring in farming; 2) Development of the 

wireless sensor network using the ZigBee protocol, 

operating at 2.4 GHz, with low power consumption and low 

cost; 3) Development of solar powered smart charge system 

using microcontrolled DC-DC converter to improve de 

batteries useful life; and 4) Development of the Monitoring 

Software to control the WSN and monitor the soil moisture, 

batteries charge and allow an improved network 

maintenance. 

Considering the different technologies involved in WSN 

applications, we have developed  a middleware, called 

Manna-x,  in order to integrate some technologies. We have 

also developed some  applications using different sensor 

nodes platforms in order to evaluate their performance. 

 

A1.3 – SYSTEM-ON-CHIP FOR WSN 

Area A1.3 is in charge of the many aspects of the design 

and the development of WSNs nodes and circuits. Nodes are 

used to implement solutions and are manufactured using off 

the shelf circuits and components. Several nodes 

communicate by means of their wireless channel and the set 

of nodes are connected to develop protocols according to the 

application requirements: low power, flexibility, mobility, 

latency, etc. A new version of the Namimote node is 

available with a new firmware version to control on board 

peripherals and new features like GPS, SD card, etc.  

The SoC is beeing developed in a memory-centric 

approach for applications that need a large number of 
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modules.  In fact, a SoC/MPSoC is composed by several 

processing components as multiple processors and hardware 

modules and this work also covers the design and 

implementation of memory system architecture with 

multichannel memory hierarchy. The modules are 

implemented using the same silicon technology as the SoC 

node. However memories of large size are made with 

external DRAM chips. A multichannel memory controller 

was developed to implement the memory system 

architecture and was implemented in FPGA with a 32-bit 

processor compliant with the SPARC V8 architecture. 

 

Contact: Prof. Dr. Altamiro A. Susin,  

altamiro.susin@ufrgs.br, +55 51 3308 3136 
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A 1.1  ECOLOGIC WSN  

Prof. Dra. Linnyer B. Ruiz (Manna/UEM), activity leader 

Prof. Dr. José Camargo da Costa (UNB), researcher 

Prof. Dr. Antonio Alfredo Ferreira Loureiro, (UFMG) 

Profa. Dra.Thais R.M.Braga Silva (UFV), collaborator 

Prof. Fabricio A. Silva (PhD student UFMG) 

Prof. César Silva (PhD student UFMG) 

Leticia Maia (PhD student UFMG) 

Maria Luiza Ghizoni (UEM), MsC student 

Guilherme Couto (UEM), MsC student 

Felipe A Cousin (UEM), scholarship at IC modality 

Raphael Batistelli (UEM), scholarship at IC modality 

Suelen Blasques Goes (UEM), scholarship at IC modality 

João Marcus Velasques Faria,(UEM), scholarship at IC modality 

Vitor Glauber Lopes, (UEM), scholarship at IC modality 

Gustavo Luiz Feranandes, (UEM), scholarship at IC modality 

 

I. ACTION AND RESULTS 

The focus of this activity is in the environmental 

monitoring by using Wireless Sensor Networks. In 

particular, we focus on Urban ecology. This is a subfield of 

ecology which deals with the interaction between organisms 

in an urban or urbanized community, and their interaction 

with that community. Urban ecologists study trees, rivers, 

sustainable home, wildlife and open spaces found in cities to 

understand the existence of those resources and the way they 

are affected by pollution, over-development and human-

caused environmental changes. In this way, we are 

identifying researches opportunities and developing 

solutions for related questions about the hardware and 

software designs. 

The energy is a primary concern in Wireless Sensor 

Network . Thus, energy is an important issue that should be 

optimized by application developer as well as, the hardware 

design must be ultra low power.  One way to study the 

energy consumption  and the behavior of  the application is 

to simulate its execution. In this activity we are developing 

novel modules for the MannaSim, a simulator for WSN and 

a toolchain for UNB-RISC16 processor, called M-

Toolchain.  The set of toolchain components includes a port 

of both GCC and GNU Binutils tools, and two novel tools 

that traditional toolchain doesn´t provide, a tool to analyze 

the source code and provide the developer  information 

about the structure of its code, and a tool to estimate the 

energy consumption of the developed application, called 

Eprof. This tool is  a cycle-accurate instruction level 

simulator developed to estimate the energy consumption of 

applications running on UNB-RISC16 processor. Eprof is 

able to measure detailed time-critical phenomena, and can 

be used to shed new light on design issues for large-scale 

sensor network applications. 

         Besides of this, we have developed an framework 

in order to aid the WNS developers, called ADRIX. This 

framework guides and assists the designer in the WSN 

construction. An ordered and structured sequence of steps 

that must be performed during the design, development until 

network implementation is presented.  

         Considering the different technologies involved in 

WSN applications, we have developed  a middleware, called 

Manna-x,  in order to integrate some technologies. We 

havealso developed some  applications using different 

sensor nodes platforms in order to evaluate their 

performance. 

          As a  concept proof, we are develop an Ubiquitous 

Healthcare environment (UHE) and a Amphibian 

Monitoring.  About UHE,  an application of elderly 

monitoring was developed considering the home 

instrumentation with wireless sensor networks technology, 

the clothes manufacturing with wearable computing 

technology, as well as application of concepts of Social 

Sensing and Internet of Things. A several wireless devices 

with the ability of sensing, processing and communication 

are embedded in clothing, artifacts, furniture, appliances and 

buildings allowing instrument and control the environment 

by facilitating the care with older people living alone. 

Simulations, using MannaSim and Eprof,  were performed 

in order to evaluate the proposed solution and assist in 

selecting parameters and platforms to be used in the 

development of a real system. As a concept proof some 

prototypes were developed using free hardware, as well as 

the Arduino LilyPad platform, others prototypes using 

MicaZ sensor nodes and accelerometers in Android 

smartphones.   About Amphibian Monitoring, we are 

developing  a solution of Sensor Web for use in ecology 

multimedia. This solution will be comprised of Wireless 

Multimedia Sensor Networks (WMSN) organized in layers 

and composed of sensor nodes with different sensing 

capabilities. We are designing an application for monitoring 

of an ecological region using bioindicators. Frogs and toads 

are environmental sensors that the slightest imbalance in 

their habitat reduced reproductive capacity, and can observe 

the rapid disappearance of populations. Thus, the application 

will be developed will aim to classify the frogs by their 

vocalizations and identify them in pictures. 

II.  AWARDS  

Antonio Alfredo F. Loureiro (UFMG) had an article 

selected to Best Paper Award at the 15th ACM International 

Conference on Modeling, Analysis and Simulation of 

Wireless and Mobile Systems (MSWiM'12), paper entitled 

"Modeling and Connectivity Analysis in Obstructed Wireless 

Ad Hoc Networks", ACM. 

III.  MAIN PUBLICATIONS  

Zoby, L. T. M, CARVALHO, M. P., COSTA, J. C., Ruiz, L. B. 

(2013). HACBA: New Approach to Hierarchical Routing for 

Wireless Sensor Network. International Journal of Computer 

Applications, p.38 – 42. ISBN : 973-93-80873-20-8. 

SILVA, F. A. ; BRAGA, T. R. M. ; RUIZ, L. B. ; LOUREIRO, A. 

A. F. . ConProVA: A Smart Context Provisioning Middleware for 

VANET Applications. In: Vehicular Technology Conference, 2013, 

Dresden. 2013 IEEE 77th Vehicular Technology Conference 

VTC2013-Spring, 2013. p. 1-5. 

D'AMATO, A. ; FOLEISS, J. H. ; RUIZ, L. B. ; SILVA, A. F. ; 

COSTA, J. C. ; HUBNER, R. . The UNB-RISC16 Object File 

Format. In: XXXI International Conference of the Chilean 

Computer Science Society, 2012, Valparaíso. Proceedings of the 

XXXI International Conference of the Chilean Computer Science 

Society, 2012. 

Contact: Linnyer Beatrys Ruiz 

(linnyer@gmail.com/ (44) 9832  2257)    
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A1.2 AGRICULTURAL LIVESTOCK WIRELESS SENSOR NETWORKS 

Prof. Dr. Raimundo Carlos Silvério Freire (UFCG), activity leader 

Prof. Dr. Cleonilson Protásio de Souza (UFPB), researcher 

I- INTRODUCTION 

This activity concentrates on the application and development of 

wireless sensor networks for agricultural and livestock aiming 

either irrigation control or animal tracking and monitoring. 

A wireless sensor network applied to monitoring and controlling 

the level of soil moisture in precision agriculture was developed. 

Several measuring substations (nodes) can be distributed in a 

plantation area and being interconnected using a ZigBee protocol-

based network, in order to transmit the soil moisture measurements 

and other constants, to a central monitoring station. Additionally, 

we developed a system to capture solar energy to charge batteries 

and power each sensor node. 

II- ACTION AND RESULTS 

The main actions and results obtained from the execution of this 

task are described in the next sections. 

 

A. Low-cost wireless sensor network for gas emission 

monitoring in farming. 

 
It has been in development a low-cost low-power and simple as 

possible sensor node, called SAPmote, which is based on the 

nRF24LE01 transceiver that integrates an 8051-based 

microcontroller. 

According the manufacturer [1], the nRF24LE1 is a highly 

integrated ultra low power 2.4GHz RF System-on-Chip (SoC) for 

2.4GHz ISM (Industrial, Scientific and Medical) band operation. It 

includes a 2.4GHz RF transceiver core, an 8-bit CPU, and 

embedded Flash memory. By offering a peak RX/TX current lower 

than 14mA, a sub-μA power down mode, advanced power 

management, and 1.9 to 3.6V supply range, the nRF24LE1 

provides a true ultra low power solution that enables months to 

years of battery lifetime when running from regular coin cells or 

AA/AAA batteries. Finally, a rich set of on-chip analog and digital 

peripherals makes the nRF24LE1 a flexible, single chip solution 

for a wide range of applications including PC peripherals, game 

controllers, remote controls, sports/fitness/healthcare sensors, and 

toys. 

The nRF24LE1 integrates an nRF24L01+ 2.4GHz RF transceiver 

core, enhanced 16 MHz 8-bit 8051 compatible CPU, 1kB + 256B 

RAM, 16kB embedded Flash, and a wide range of system 

peripherals including a hardware AES accelerator, 16MHz and 

32kHz RC oscillators, ultra low power 32kHz crystal oscillator, 12-

bit ADC and SPI, 2-wire and UART serial interfaces. 

In order to carry out a set of assessment on nRF24LE1, it was 

acquired the breakout board from DIY embedded shown in Fig. 1.  

As described, the device is of very low power consuming about 

11mA in a communication. An experimental verification of 

reached distance shows that it is about 300m long. As an important 

metric, it is carrying on the measurement of RSSI (Received Signal 

Strength Indicator) in order to obtain the power present in the 

received radio signal of the nodes. 

 

 
Figure 1 – Breakout board from DIY embedded. 

 

For gas emission, test will occur with the commercial sensor from 

AppliedSensor, the AS-MLC, a Carbon Monoxide Sensor, shown 

in Fig. 2, packaged in a standard TO-39 (solid TO-5), 4-pin header. 

According with the manufacturer, it has high sensitivity to CO (0.5 

to 500 ppm), very low power consumption (35 mW at 270°C), long 

lifetime, low cross sensitivity and long term stability.  

 

 
Figure 2 – Carbon Monoxide Sensor. 

 

B. WSN self-powered  applied to soil humidity monitoring 

 
The main objective with the development of this work is to develop 

a self powered WSN applied to soil humidity monitoring. 

The sensor networks is powered by solar panels, and use a 

developed charge controller responsible for charging NiMH 

rechargeable batteries.  

The implementation of the soil humidity monitoring system was 

divided in three parts: humidity sensors calibration, charge 

controller project and the wireless sensor network implementation. 

 

B.1 Development of the wireless sensor network 

The wireless network was developed using the ZigBee protocol, 

operating at 2.4 GHz, with low power consumption and low cost. 

Two modules of this network can establish a communication in the 

range of 1.6 km. 

Among the possible network topologies, a star topology was used 

with two devices: the coordinator and the end-devices. The first is 

responsible for receiving and processing all the system data. 

Moreover it controls the sprinkler and performs the interface 

between the user and the system. The second one obtains the soil 

humidity value from the sensors and sends the information to the 

coordinator. In these devices the sleep function was implemented 

allowing low power consumption. 

 

B.2 Development of solar powered smart charge system 

A solar powered charging system was developed using 

microcontrolled DC-DC converter to improve de batteries useful 

life.  The microcontrolled charge system is responsible to control 

the required electrical current to charge the batteries in accordance 

with the manufacturer specifications and also monitor the 

temperature to stop the charge process and protect the battery 

against a overvoltage or over current. 

The developed system employ two methods to identify the batteries 

full charge, the increase of the batteries temperatures and the quick 

voltage rise and fall (∆V). For this application, the batteries 

temperature increase monitoring was a more effective solution.  

The final prototype developed is illustrated in Figure 3.  
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Figure 3 – Developed prototype 

 

B.3 Development of the Monitoring Software 

 

A software based on C# language is being developed to control the 

WSN and monitor the soil moisture, batteries charge and allow an 

improved network maintenance.  

III- CONCLUSIONS 

The proposed system allows the improvement of crops irrigation. 

The system operates autonomously, what reduces de human 

activity. The most important goal of this project is being achieved 

the savings in water, soil, mineral salts in the soil and non-

renewable resources. 

The solar powered charge control system also increase the batteries 

lifetime, and reduce the use of commercial electricity.  

A user friendly software is being developed to allow the WSN 

monitoring and control the system.  

MAIN PUBLICATIONS  

[1] Martins, V.S.G., Freire, R. C. S., CATUNDA, S.Y.C. 

Sensitivity Analysis and Automatic Adjustment of a Controlled-

Temperature Thermoresistive-based Anemometer In: International 

Instrumentation Measuremnt Technology Conference, 2012, Graz. 

Proceedings of I2MTC. 2012. p.1876 – 1880. 

[2] COSTA, M.M., Freire, R. C. S., Villanueva, J.M.M, 

Martins, V.S.G. Concentration H2 Measurement and Uncertainty 

Analysis using Ultrasonic Transducer In: International 

Instrumentation Measuremnt Technology Conference, 2012, Graz. 

Proceedings of I2MTC. 2012. p.763 – 767. 

REFERENCES 

[1] nRF24LE1 2.4GHz RF System-on-Chip with Flash in   

http://www.nordicsemi.com/eng/Products/2.4GHz-RF/nRF24LE1. 

[2] AppliedSensor’s AS-MLC, a Carbon Monoxide Sensor, in 

http://www.appliedsensor.com/pdfs/AS-MLC_CO_0809.pdf. 

 

Contact: rcsfreire@dee.ufcg.edu.br.    
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A1.3 SOC FOR WIRELESS SENSOR NETWORKS  

Prof. Dr. Altamiro A. Susin (UFRGS), activity leader 

Profa. Dra. Linnyer Ruiz (UEM), researcher 

Prof. Dr. Cesar Zeferino, researcher 

Prof. Dr. Ivan Saraiva, researcher 

Prof. Dr. Marcio Kreutz, researcher 

Dr. André Borin Soares (UFRGS), researcher 

Alexsandro Bonatto (UFRGS), PhD student 

Guilherme Augustus Chagas (UFRGS), Graduate Student 

I. INTRODUCTION 

The National Institute of Science and Technology 

(INCT) NAMITEC project main objective is to carry out 

major research and development of integrated and intelligent 

Micro and Nanoelectronic systems. State-of-the-art research 

on WSNs (Wireless Sensor Networks) applications has been 

directed to precision agriculture, environmental control, 

energy, biomedical instrumentation, automotive, aerospace 

and telecommunications.  Equipment featuring 

communication, home and office automationl have spread 

all over the human activities. Namitec Area A1 have been 

restructured in this phase. Eleven activities have been 

collapsed into three in order to push further the cooperation. 

Area A1.3 is in charge of the many aspects of the design and 

the development of WSNs nodes and circuits. Nodes are 

used to implement solutions and are manufactured using off 

the shelf circuits and components. The nodes may be 

employed to develop an application like a process 

instrumentation: this is the connection of the node with the 

environment. Several nodes communicate by means of their 

wireless channel and the set of nodes are connected to 

develop protocols according to the application requirements: 

low power, flexibility, mobility, latency, etc.  

Area A1.3 develops also the System-on-Chip (SoC) to be 

used as the main building block of future nodes. There are 

several tasks each one charged to solve a different problem 

of the development of a so complex circuit. Among these 

tasks one can mention: development of IPs (Intellectual 

Property), prototyping and testing of IPs on FPGA, 

integration of IPs to build a SoC, design of silicon 

prototypes of the SoCs, development of tool set for SoC, etc. 

II. ACTION AND RESULTS 

The sensor node can be prototyped from the processor 

and peripheral communication and interface IPs, integrated 

into the same circuit.  

The first experience was based on the Zet processor. The 

main interest of the ZET processor is software compatibility, 

because it has the widely used X86 architecture. It supports 

peripheral interfaces that can be included in the development 

environment. Moreover, being an open description, it is 

possible to modify the processor to meet the sensor node 

hardware requirements. The initial sensor node SoC 

prototype was made using an FPGA board communicating 

with a PC via a radio frequency (RF) communication kit. 

Communication tests was performed to validate the RF link 

between an MC1322x network node, connected to the 

FPGA, and another one connected to the PC. Beyond the RF 

link, a ADXL202 biaxial accelerometer from Analog 

Devices was integrated to this system to characterize it as a 

sensor node. 

The second implementation of a sensor node is being 

developed from the Gaisler SoC platform with CPU Leon3 

[2]. The LEON3 is a synthesisable VHDL model of a 32-bit 

processor compliant with the SPARC V8 architecture. The 

model is highly configurable, and particularly suitable for 

system-on-a-chip (SOC) designs. It is an advanced 7-stage 

pipeline with hardware multiply, divide and MAC units, 

separate instruction and data cache, SPARC reference MMU 

(SRMMU) with configurable TLB and AMBA 2.0 AHB bus 

interface.  

Figure 1 presents the memory controller for a SoC with 

memory-centric applications like multimedia. Because a 

SoC/MPSoC is composed by several processing components 

as multiple processors and hardware modules, this work also 

covers the design and implementation of memory system 

architecture with multichannel memory hierarchy. The 

system memory design is structured in memory levels with 

different sizes and locations. SRAMs are used as local 

memories are placed closely to processing modules. They 

are implemented using the same silicon technology as the 

SoC node. However external memories are of larger sizes if 

compared with internal ones, and are made with DRAM 

chips. A multichannel memory controller was developed to 

implement the memory system architecture and was 

implemented in FPGA. It is designed to optimize data 

transfers from several channels to the main memory by 

grouping consecutive memory accesses in memory bursts 

and performing channel arbitration to increase the effective 

memory bandwidth in the SoC node. 

 
 

A new version of the Namimote node is available with 

the new features: a) A new firmware version to control on 

board peripherals (micro SD Card and AD converter) is 

available; b) Centralized network management stack was 

ported for Namimote, including micro SD card storage 

capability; c) NMEA GPS protocol parser was developed, 

for a WSN site survey project; d) Hardware revision 

including new features is under development; e) Daughter 

board, including new sensors for compression and humidity 

acquisition is under development. 

 

 
Figure 1 - Memory system with hierarchical interconnect networks 

and classification by channels. 
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10, 2013. 
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A2 AREA DESIGN AND CHARACTERIZATION OF INTEGRATED CIRCUITS 

Prof. Dr. Fernando Rangel de Sousa  (UFSC), area coordinator, 

A2-2 leader 

Prof. Dr. Gilson Wirth (UFRGS), A2-1 leader 

Prof.Dr. Sebastian Yuri Catunda, (UFRN), A2-3 leader 

Prof.Dr. José Luiz Guntzel (UFSC), A2-4 leader 

Prof. Dr. José Camargo da Costa (UnB), A2-5 leader 

 

INTRODUCTION 

The systems developed in the NAMITEC INCT comprise 

information processing capability, interfaces to the 

environment in which they are inserted and some sort of 

communication. In some cases, these systems must also 

harvest sufficient energy form the environment in order to 

accomplish their functionalities. In the A2 area, the 

proponents of this institute develop digital and analog circuits 

for processing the information acquired from sensors and the 

energy harvested from the environment. Moreover, RF 

circuits for communication between nodes are being 

designed.  

For the fourth and fifth years, the A2 area was 

reorganized in 5 main activities:  A2-1 Electric 

characterization and radiation tolerant circuits; A2-2: RF 

Circuits; A2-3: Analog and Mixed Circuits; A2-4: Digital 

Circuits; A2-5: Nanoelectronic Circuits. Each activity is 

composed of several tasks, executed by the teams 

individually or in collaboration. 

 

A2-1 Electric characterization and radiation tolerant 

circuits  

This activity is conducted by researchers from Federal 

University of Rio Grande do Sul in collaboration with 

several institutions, such as the CTA-IEAv in São José dos 

Campos-SP, as well as with partners from overseas, among 

them Texas Instruments and Arizona State University.  

Three main topics are explored in the activity: 

a)characterization of integrated circuits to propose electrical 

models and simulation methodologies, intending to support 

circuit designers; b) device level simulation of nano-scale 

MOSFETS  and c) characterization of radiation effects, 

which aims at contributing to the Brazilian  aerospace 

industry development.  Along the fourth year, several  MSc 

and PhD thesis were defended, as well as a number of 

papers were published, a few of them, in collaboration with 

the partners. 

A2-2 RF Circuits 

The main goal of this activity is to develop RF circuits to 

support the communication of wireless sensor network 

nodes. The area is divided in tasks, some of them grouping 

teams of different institutions. The task 1 is conducted by 

researchers from UFSC, UFBA and UFCG and aims at 

developing circuit design techniques capable of providing 

very-low power consumption and design of very low-power 

front-end circuits. The tem have explored different methods 

and strategies of circuit design, such as bias current reuse, 

transistor subthreshold operation, passive voltage boosting, 

double positive feedback and circuit design techniques 

devoted to multiband front-end circuits. A few integrated 

circuits were designed and prototyped, such as an ultra-low-

voltage Colpitts oscillator  and a dual-band pass-band filter. 

The task 2 refers to the design of an integrated digital 

receptor for satellites of the Brazilian System of Data 

Collection (SBCD) and is leaded by members from UFRN. 

The RF group at USP reported many contributions, such as 

an optimizer using Simulated Annealing with a mechanism 

for using the crossover operator, a full manufacturing 

process to implement the external inductors, including the 

specification of process steps and materials used for these 

inductors, and the design of two types of low noise 

amplifiers which were studied and formulated as a 

geometric program.  The task leaded by the UnB RF team 

reported their progress  in the developing of a new  method 

of UWB pulse generation using Prolate Spheroidal Wave 

Functions. 

A2-3 Analog Circuits 

In this activity, the main objective is to research and 

develop analog and mixed circuits to interface with sensors 

for various applications. Applications can be specific, such 

as amplification of signals from microphones for hearing 

implants, or generic, such as the definition of programmable 

circuits seeking employment in sensor nodes in wireless 

sensor networks. In this theme, related to analog and mixed 

circuits, include theoretical research; circuit design libraries 

and IP, and development of integrated circuits and discrete 

systems for validating architectures. A total of 15 tasks are 

being conducted at several institutions, with a great number 

of collaborations. It is worth to highlight : a) switched-

capacitor integrating A/D converter with programmable 

resolution and input range; b) Measurement system with 

programmable excitation and conditioning for sensor nodes; 

c) Anemometers architectures with controlled temperature 

and sensitivity; d) Circuitry for modeling retinal functions; 

e) Study and development of A/D converters without clock; 

f) Energy harvesting circuit for sensor nodes; g) 

Development of a self-testable ADC; h) Integrated Circuit 

Design of Power Managent Units (PMUs) and i) Circuits for 

interfacing extensometers for nensor networks applied to 

structural health monitoring. 

A2-4 Digital Circuits 

This activity concentrates on the design and validation of 

digital circuits and systems to be used in the Namitec 

network. The specific requirements of the Namitec 

applications, such as high performance and high energy 

efficiency, are taken into account in the design.  Five tasks 

were reported by researchers of  UFSC, UFPA, UFPB, UFPI 

and  UnB and it is worth to highlight the design of DCTs for 

parameter extraction and IP Blocks for classification, 

memory optimization and verification, development of a 

self-test scheme for acoustic WSN and MPEG-4 AAC-LC 

decoder co-design. 

A2-5 Nanoelectronics 

In this activity the researchers aim at developing new 

circuits and systems based on nanoelectronic devices. In 

order to reach that objective, this research involves: 

designing digital circuits and new architectures, 

investigating the behavior of those new circuits taking into 

account operating temperature, developing applications and, 

finally, building and characterizing nanoelectronic organic 

devices. 

Contact: rangel@ieee.org / +55 48 3721-6462.    
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Fig. 1 – Layout of the BICS fabricated in IBM 130 nm tech. 

 

A2.1   ELECTRICAL CHARACTERIZATION AND FAULT-TOLERANT CIRCUITS  

Prof. Dr. Gilson Wirth, activity leader 

Prof. Dr. Luis Fernando Ferreira, researcher 

Prof. Dr.Eric Fabris, researcher 

Prof. Dr. Tiago Balen, researcher 

Profa. Dra.Fernanda G L Kastensmidt, researcher  

Prof. Dr. Sergio Bampi, researcher 

Prof. Dr. Ricardo Reis, researcher 

Prof. Dr. Marcelo Johann, researcher 

Prof. Dr.Marcelo Soares Lubaszewski, researcher 

I. INTRODUCTION 

This document is intended to be a quick overview of the 

research activity A2.1 – Caracterização Elétrica e Circuitos 

Tolerantes à Radiação, performed by the group at the 

Electrical Engineering Department and Informatics Institute 

of the Federal University of Rio Grande do Sul – UFRGS. 

Most of the research is carried out in a collaborative way, 

with colleagues at UFRGS, from other Brazilian institutions 

(as for instance CTA-IEAv in São José dos Campos, SP), as 

well as with colleagues from overseas, as described below. 

Here we describe the main results obtained in the period 

from April 1
st
, 2012 to January 31, 2013. 

II. ACTION AND RESULTS 

Research activities may be grouped into following 

topics: 

- Modeling and Characterization of Integrated Circuits: 

This work is performed in collaboration with Arizona State 

University, IMEC and Texas Instruments. The major goal of 

this work is to propose electrical models and simulation 

methodologies, intending to support circuit designers. 

Modeling of process variability and aging is also 

investigated.  We also applied our device and circuit level 

results to improve circuit design. The main results achieved 

in the last year are reported in [1-3]. 

- Atomistic Simulation: This work is performed in 

collaboration with Arizona State University, among others. 

It concerns device level simulation of nano-scale 

MOSFETS. Currently we are transferring the code for 

device level simulation from ASU to UFRGS, where there is 

a PhD student (Vinicius V A Camargo) working on it to 

improve the code, including new simulation capabilities 

related to noise and aging analysis. We expect to get the first 

results published by the end of 2013.  

- Electrical Characterization of Radiation Effects: 

Radiation Effects is a relevant topic in the development of 

electronic components for the aerospace industry. Since 

Brazil is pursuing efforts to develop this sector, we are 

working in collaboration with the Brazilian Aero-Space 

cluster (mainly located in Sao Jose dos Campos, SP, Brazil), 

were our main partner is IEAv/CTA (Odair L Goncalez). 

The main results are published in [4, 5]. We also have 

designed and fabricated a Bulk Built In Current Sensor 

(BICS) for SET detection. Please see Fig 1. 

Besides research work, we contributed to human 

resources qualification. Among these activities, we can cite:  

- Two (2) PhD Thesis finished in the last year related to 

this activity (A2.1). 

- Eight (8) MSc Thesis finished in the last year related to 

this activity (A2.1). 

- Several BSEE Thesis (“Projetos de Diplomação”) 

carried out related to the research work here presented. 

- Student exchange with partner institutions, as for 

instance Dalton M Colombo who was at Texas Instruments, 

Dallas, from January to December 2012, and many short 

duration research missions between UFRGS and IEAv/CTA 

(Sao Jose dos Campos) to carry out the collaborative 

research work. Faculty, researchers and students were 

involved. 

III. MAIN PUBLICATIONS (ONLY JOURNAL PAPERS 

ARE LISTED)  

[1] Vidor, F.; Wirth, G.; Assion, F.; Wolff, K.; Hilleringmann, U.; , 

"Characterization and Analysis of the Hysteresis in ZnO 

Nanoparticle Thin-Film Transistor," Nanotechnology, IEEE 

Transactions on. URL: 

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=640119

6&isnumber=4359107 

doi: 10.1109/TNANO.2012.2236891. 

[2] Camargo, V. V. A.; Kaczer, B.; Wirth, G.; Grasser, T.; 

Groeseneken, G.; , "Use of SSTA Tools for Evaluating BTI Impact 

on Combinational Circuits," Very Large Scale Integration (VLSI) 

Systems, IEEE Transactions on, URL: 

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=646643

6&isnumber=4359553. 

doi: 10.1109/TVLSI.2013.2240323 

[3] G. Wirth, D. Vasileska, N. Ashraf, L. Brusamarello, R. Della 

Giustina and P. Srinivasan. “Compact modeling and simulation of 

Random Telegraph Noise under non-stationary conditions in the 

presence of random dopants”, Microel. Reliab., V 52, Issue 12, 

December 2012, pp. 2955–2961. 

http://dx.doi.org/10.1016/j.microrel.2012.07.011. 

[4] Entrena, L.; Lindoso, A.; Millan, E. S.; Pagliarini, S.; Almeida, 

F.; Kastensmidt, F.; , "Constrained Placement Methodology for 

Reducing SER Under Single-Event-Induced Charge Sharing 

Effects," Nuclear Science, IEEE Transactions on , vol.59, no.4, 

pp.811-817, Aug. 2012 

doi: 10.1109/TNS.2012.2191796 URL: 

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=619074

5&isnumber=6268392. 

[5] Azambuja, J. R.; Pagliarini, S.; Altieri, M.; Kastensmidt, F. L.; 

Hubner, M.; Becker, J.; Foucard, G.; Velazco, R.; , "A Fault 

Tolerant Approach to Detect Transient Faults in Microprocessors 

Based on a Non-Intrusive Reconfigurable Hardware," Nuclear 

Science, IEEE Transactions on , vol.59, no.4, pp.1117-1124, Aug. 

2012. doi: 10.1109/TNS.2012.2201750 URL: 

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=623624

6&isnumber=6268392. 

 

Contact: wirth@ece.ufrgs.br, +55 (51) 3308-4443.   
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Figure 1 –  Microphotography of the 

ultra-low-voltage oscillator and 

measurement results 

 

 

 

 
Figure 3 – A3-VLD: BER vs. 

Eb/No 

A2.2  RF INTEGRATED CIRCUITS 

Prof. Dr. Fernando Rangel de Sousa (UFSC), activity leader 

Prof. Dr. Robson Nunes de Lima (UFBA), task leader  

Prof. Dr. Raimundo C. Silvério Freire (UFCG), researcher 

Prof. Dr. Vincent Bourget (UFRN), researcher 

Prof. Dr. Wilhelmus Van Noije (EPUSP), activity leader  

Angélica dos Anjos (EPUSP), PhD student 

Tiago Oliveira Weber (EPUSP), PhD student 

Karolinne de Brito (UFBA), PhD student 

Thiago Pedro Ramos Góes (UFBA), MSc student 

Carlyle Câmara Júnior (UFSC), MSc student 

Victor Ariel Leal Sobral (UFBA), undergraduate student 

Rafael Barreto Lopes (UFBA), undergraduate student 

Rodrigo Rottava (UFSC), undergraduate student 

Sergio Andrés Chaparro Moreno (EPUSP), PhD student 

I. INTRODUCTION  

The main goal of this activity is the development 

RF circuits for use in wireless sensor network nodes. Two 

tasks are reported in this document. Task 1 regards a 

collaboration between UFSC, UFBA and UFCG for 

designing RF Front-Ends for very short-range wireless 

transceivers. Task 2 concerns an UHF integrated receiver 

for SBCD satellites used in agro-meteorological sensor 

networks developed by UFRN.  

II. TASKS  

A.  RF FRONT-END CIRCUITS FOR VERY SHORT-

RANGE WIRELESS TRANSCEIVERS 

 

This work aims at developing circuit design techniques 

capable of providing very-low power consumption and 

design of very low-power front-end circuits. In order to 

reduce the power consumption of targeted circuits, we have 

explored different methods and strategies of circuit design, 

such as bias current reuse, transistor subthreshold operation, 

passive voltage boosting, double positive feedback [1] and 

circuit design techniques devoted to multiband front-end 

circuits [2]. In this context, we have designed, implemented 

and evaluated, a Colpitts oscillator [1] and a dualband 

passband filter [2]. A prototype with the aim of validating 

the oscillator was developed in a standard 0.13 μm CMOS 

process using a zero-threshold transistor, illustrated in Fig. 

1. The circuit was tested with the aid of probe station for on-

wafer measurements and we could verify the oscillator 

sustained oscillations around 1.85 GHz from voltage supply 

starting at 56 mV. As for the filter, we designed and 

evaluated a distributed dual-band Butterworth passband 

filter, centered at 2.45 GHz and 5.8 GHz (Fig. 2). 

 

 

UHF Integrated Receptor For SBCD Satellites 

The third task in this activity refers to the design of an 
integrated digital receptor for satellites of the Brazilian 
System of Data Collection (SBCD).  In 2012, a system-level 
model of the receptor has been developed in the Agilent ADS 
framework. Three communication protocols had to be 
modeled: SBCD, ARGOS-3 Very Low Data Rate (A3-VLD) 
and ARGOS-3 High Data Rate (A3-HD). As an example, 
Fig. 3 shows the Bit Error Rate obtained with our A3-VLD 
model. The blue curve corresponds to the QPSK modulation 
without coding. It can be seen that the convolutional coding 
scheme (red curve) allows to reach the desired BER of 10-5 
at a dramatically lower Signal-to-Noise Ration.  

 

B. ANALOG DESIGN SYNTHESIS 

 

 An optimizer is proposed using Simulated  

 

Annealing with a mechanism for using the crossover  

operator.  

The algorithm aims to increase the success probability of 

the synthesis in achieving the design specifications as well 

as further search the global minimum. Variations of the 

algorithm are used in low level (sizing and biasing of circuit 

components) and in high level (system specifications 

translation to block specifications). Figure 4 shows the 

synthesis tool structure. An interface using spice-like text 

files as inputs is developed to allow the designer to use the 

tool for a wide range of electronic circuits (analog, RF, etc). 

 

 

 

 

       

 

Figure 2 – Dualband passband Filter 
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Figure 4 – Synthesis flow 

 
 

Figure 5 – PCB and test fixture for OC-

VCO and OC-LNA 

 

 

C. RF CMOS BLOCKS INTEGRATION WITH 

INDUCTORS USING FLIP CHIP TECHNOLOGY 

 A full manufacturing process was proposed to 

implement the external inductors, including the specification 

of process steps and materials used for these inductors. 

Additionally, a set of masks was designed to fabricate the 

external inductors, to mount and test the circuits that used 

these inductors. 

Different test structures were designed to validate the 

proposed process and to characterize the external inductors. 

Q factor of the external inductor is around 6 times larger 

than the inductor integrated into the chosen IC technology. 

Two LC VCOs and two common-source cascode CMOS 

LNAs with inductive degeneration were designed and 

fabricated: FC-VCO (Flip Chip VCO – using external 

inductor), OC-VCO (On Chip VCO – using on-chip 

inductor), FC-LNA (Flip Chip LNA – using an external Lg 

inductor) and OC-LNA (On Chip LNA – with all inductors 

implemented on-chip). The purpose of these four circuits is 

to demonstrate that the performance of RF circuits can be 

improved by using high-Q external inductors, connected by 

flip chip. The 0.35um CMOS AMS technology was used to 

implement these circuits intended for applications in the 2.4 

GHz ISM band, considering the Bluetooth standard. Only 

the blocks with internal inductors (OC-VCO and OC-LNA) 

were measured. For the blocks with external inductors (FC- 

VCO and FC-LNA) were presented the results of post-

layout simulation. 

NAMITEC resources were used to implement the gold 

wire bonding between IC and alumina board and to acquire 

the external components to fabricate the prototypes for test. 

Figure 5 shows the PCB and test fixture for OC-VCO and 

OC-LNA.. 

 

D. DESIGN OF LNAS FOR RADIOFREQUENCY 

 The design of two types of low noise amplifiers 

(LNAs) are studied and formulated as a geometric program. 

Then, the optimization problem is solved, and the circuit 

sizing obtained is used to verify through simulations if the 

specifications are met. 

 One result for a narrowband LNA using a 0.18µm 

CMOS process of XFAB is layouted and fabricated through 

 

 

NAMITEC. The layout is carefully made considering 

some techniques for radiofrequency circuits, and the 

inductors are created using the VPCD tool of cadence. The 

microphotography of the LNAs is shown in Figure 6. On the 

other hand, the PCB to make the tests is being to be made. 

The tests are going to be made chip-on-board using a 

network analyzer and a spectrum analyzer. The only 

external components are decoupling capacitors, because the 

chip is designed to have 50Ω/50Ω input/output impedances. 

The power consumption is 3.84mW 

 

 

 

Figure 6 – Microphotography of the 

narrowband LNA. 
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A2.3 MIXED AND ANALOG CIRCUITS FOR SENSORS INTERFACE 

Prof. Dr. Sebastian Yuri Cavalcanti Catunda, activity leader  

I. INTRODUCTION  

This activity relates to the research and development of 

analog and mixed circuits to interface with sensors for 

various applications. Applications can be specific, such as 

amplification of signals from microphones for hearing 

implants, or generic, such as the definition of programmable 

circuits seeking employment in sensor nodes in wireless 

sensor networks. In this theme, related to analog and mixed 

circuits, include theoretical research; circuit design 

libraries and IP, and development of integrated circuits and 

discrete systems for validating architectures. 

The activity is subdivided into several tasks, and each 

task has a local coordinator and team. The main results 

from the tasks are presented here 

II. TASKS 

A. TASK 1. SWITCHED-CAPACITOR INTEGRATING 

A/D CONVERTER WITH PROGRAMMABLE 

RESOLUTION AND INPUT RANGE 

Prof. Dr. Antonio Petraglia (UFRJ), task coordinator. 

Prof. Dr. Sebastian Yuri Cavalcanti Catunda (UFRN), 

researcher. 

Thiago Brito Bezerra (UFRJ), M.Sc. student. 

An ADC whose input range is adjusted to the signal 

level of the sensor output in order to avoid amplification 

stages in a signal conditioning circuit was developed, using 

methodologies proposed in [7, 8]. For this adjustment, the 

input of the converter should be programmable, in order to 

make it more compatible with various sensors with different 

characteristics. The developed ADC also allows the 

configuration of the converter resolution, enabling the 

designer to exploit trade-offs between resolution and 

conversion speed for a given application [1]. The circuit, 

whose layout is shown in Figure 1, has been sent for 

capacitor matrix formed by 0.1 pF unit capacitances. The 

adjustment of the ADC dynamic range are given as Γ1={1, 

1.5, 2, 3, 4, 6, 8, 12, 16} for a resolution of 8 bits. 

 

Figure 1. IC Layout. 

B. TASK 2. MEASUREMENT SYSTEM WITH 

PROGRAMMABLE EXCITATION AND 

CONDITIONING FOR SENSOR NODES 

Prof. Dr. Sebastian Yuri C. Catunda (UFRN), task 

coordinator. 

Prof. Dr. Fernando Rangel de Souza (UFSC), researcher 

An Architecture of a programmable gain integrating 

amplifier was proposed, as shown in Figure 2, and accepted 

for publication in the IEEE I2MTC 2013. The circuit 

operates using two clock phases for sampling and 

amplification and the gain is defined by the ratio between 

the pulse-width of a control signal and the integrator time 

constant, which is defined by a resistor and capacitor. The 

proposed architecture has also configuration switches that 

enable its use in the modes differential, direct single-ended 

or with DC adjustment and calibration. 

 

Figure 2. Proposed circuit architecture. 

C. TASK 3. ANEMOMETERS ARCHITECTURES 

WITH CONTROLLED TEMPERATURE AND 

SENSITIVITY 

Prof. Dr. Sebastian Yuri C. Catunda (UFRN), task 

coordinator. 

Prof. Dr. Raimundo Carlos Silvério Freire (UFRN), 

researcher. 

This task has been extended to include any measurement 

application using thermoresistive sensors. A proposed 

architecture of a fluid speed measurement system with 

constant temperature difference was published in [2]. 

Studies are underway to enhance this architecture for 

improving the linearity and to decrease a transfer function 

dependency with the environment temperature. Similar 

methodology will be employed for fluid speed measurement. 

D. TASK 5. ANALOG CIRCUITRY FOR MODELING 

RETINAL FUNCTIONS  

Prof. Dr. Ana Isabela Cunha (UFBA), task coordinator. 

An analog CNN, for real time image processing arrays, 

was defined in [5] as a dense matrix of neuron cells whose 

model includes synapses (analog multiplication and 

summation), integration, limiting and spatial interaction with 

neighbor cells. The Full Signal Range (FSR) cell model [6] 

provides reduction in circuit complexity, as well as 

robustness and augmented processing speed. In this work we 

propose an analog FSR-CNN implementation using a new 

multiplier architecture with a voltage input, a current input 

and a current output with continuous range weight values, 

which reduces circuit complexity and power consumption. 

The core of the proposed multiplier is depicted in Figure 

3. In the FSR cell proposed in this work each synapse block 

accomplishes a multiplication task, either the feedback or the 

input synaptic operators are represented by current signals, as 

iin in the weight generator block, which corresponds to the 

leftmost part of the multiplier core in Figure 3. The weight 
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generator converts each current signal representing a 

multiplication weight into a voltage signal, thus conveying 

the source transconductance of M1 [9, 10]. A 5x5 cell array 

has been designed for the purpose of illustrating the 

applicability of the proposed FSR cell architecture to image 

processing in two dimensions. 

 

Figure 3. Proposed multiplier 

E. TASK 6. STUDY AND DEVELOPMENT OF A/D 

CONVERTERS WITHOUT CLOCK 

Prof. Dr. Raimundo Carlos S. Freire (UFCG) / Prof. Dr. 

Antonio Augusto Lisboa de Souza (UFPB), task 

coordinators. 

A bibliographic study of architectures of synchronous 

and asynchronous A/D converters was conducted for 

definition of the topology. The aim is to make the 

implementation of an architecture with adaptive quantization 

step and use threshold voltage detectors (analog) responsible 

for triggering the quantization process. The experimental 

part was started with implementing a successive 

approximation ADC using FPGA board, D/A converter and 

external comparator. The next step is the implementation of 

a converter with adaptive quantization step. Studies of 

folding A/D converters, which is a kind of asynchronous 

A/D converter were also performed. Switched capacitor 

architectures were developed that had a lower consumption 

than the continuous asynchronous time A/D converters. A 

layout was developed for this converter. 

F. TASK 7. ENERGY HARVESTING CIRCUIT FOR 

SENSOR NODES 

Prof. Dr. Cleonilson Protásio de Souza (UFPB), task 

coordinator. 

Prof. Dr. Raimundo Carlos S. Freire (UFCG), researcher. 

An energy harvesting device was developed based on 

disperse magnetic energy produced by electric current 

across power line of a power distribution network in order to 

supply energy for devices in a wireless sensor network. The 

system is based on induction theory based devices (such as 

power transformers). The device was tested on cores made 

of some materials, namely, ferrite, nanocrystalline, and iron 

powder. The magnetic parameters (e.g. relative permeability 

and magnetic curve) of each core was obtained and the 

experimental results shown that the energy harvesting 

system is capable of supplying up to 315.6 mW from ferrite 

based core, 54 mW from  nanocrystalline based cores and 

0.77 mW from iron powder based ones, by capturing 

magnetic dispersion produced by a 15A current in the power 

line. The proposed work will be published in IBERCHIP 

XIX WORKSHOP, 2013, Cusco. 

G. TASK 8. DEVELOPMENT OF A SELF-TESTABLE 

ADC 

Prof. Dr. Cleonilson Protásio de Souza (UFPB), task 

coordinator. 

An 8-bit Successive Approximation A/D Converter (SA-

ADC) provided with Built-In Self-Test (BIST) capabilities 

is being developed as a doctorate thesis. The self-test 

architecture is based on the code-width of the SA-ADC 

generated by the excitation of a ramp signal capable to test 

structural faults (stuck-at-0, stuck-at-1, stuck-on, stuck-

open, and bridging) and to identify these faults and also 

static parameters as width code fault, missing code fault, 

monotonicity error, INL and DNL. The layout of the 

proposed integrated SA-ADC-BIST is in the initial stage and 

is being designed using CADENCE tools. 

H. TASK 14. INTEGRATED CIRCUIT DESIGN OF 

POWER MANAGENT UNITS (PMUS) 

Dr. José Carlos da Silva (CTI), task coordinator. 

Wellington R. Melo (CTI), Wilmar B. Moraes (CTI), 

Cristian Hamanaka (CTI), Felipe Castro (CTI), Claudionor 

Santos (CTI), Jair Liz de Emeri (CTI), Luiz Alberto C. 

Almeida (CTI), Ronald Chacon (CTI), William Ishikawa, 

researchers. 

This project consists in the development of Power 

Management Units (PMUs) to be employed in mixed-signal 

integrated circuits (IC), particularly Systems On Chip 

(SOCs), aiming its use on Wireless Sensor Network (WSN) 

applications [11 - 14]. 

Figure 4 shows a PMU module comprised of a DC-DC 

converter of type buck-boost and six LDO linear converters 

for different current capacities. Buck-boost module is used 

as an interface between a polarization source (battery) and 

the LDOs, which regulate the input voltage in the range 

from 1.8 V to 3.6 V for an output voltage of 2.5 V and a 

load current up to 600 mA. LDOs regulate the voltage 

coming from buck-boost to 1.8 V and load currents up to 10 

mA, 20 mA, 30 mA, 40 mA and 600 mA. Two LDOs (10m 

A and 300 mA) were specified and designed (Table 1). The 

other LDOs were developed from those ones for different 

applications, by connecting them in parallel to obtain the 

required currents. In addition to the DC-DC converter core 

(LDO and switching modules), the peripheral circuits were 

designed as, for instance, voltage and current references, 

comparators, error amplifiers, soft-start circuits and other 

protection circuits. The integration of PMUs into the 

transceiver, processor and other WSN circuits is being 

developed. In Figure 5 presents the layout of the PMU 

designed with DC-DC converter core, LDO and switching 

modules. 

 

 

 

 



 

 

 

 P
ág

in
a2

1
 

 

 

 

Figure 4. Power Management Unit (PMU). 

 

Figure 5.. Layout of Power Management Unit (PMU) 

Table 1 – Specification 

PM Typical Unit 

Temperature 

range 

-40 to 

125 
ºC 

Input Voltage 
1.8 to 

3.6 
V 

Output Voltage 1.8 V 

BUCK-BOOST 
 

Input Voltage 
1.8 to 

3.6 
V 

Output Voltage 2.5 V 

Load Current 600 mA 

Switching  

Frequency 
1 MHz 

Efficiency (Full 

load) 
92 % 

Line Regulation 0.2 % 

Load Regulation 0.4 % 

LDOs   

Input Voltage 2.5 V 

Output Voltage 1.8 V 

LDOs – 10mA   

Line Regulation 0.017 % 

Load Regulation 14 V/mA 

Quiescent current 180 A 

LDOs – 300mA   

Line Regulation 0.0037 % 

Load Regulation 125 nV/mA 

Quiescent current 288 A 

 

I. TASK 15. CIRCUITS FOR INTERFACING 

EXTENSOMETERS FOR NENSOR NETWORKS 

APPLIED TO STRUCTURAL HEALTH 

MONITORING 

Dr. Aldebaro Klautau (UFPA), Task coordinator. 

A study was carried out resulting in a MSc. Thesis on the 

theme: design and implementation of a sensor node for 

acquisition signals of extensometers in wireless sensor 

networks applied to the monitoring of deformations in 

structures. 

 

III    MAIN PUBLICATIONS 
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A2.4 DIGITAL CIRCUITS AND SYSTEMS 

Prof. Dr. José Luís Güntzel (UFSC), activity leader 

Prof. Dr. Luiz Cláudio V. dos Santos (UFSC), researcher 

Prof. Dr. Aldebaro B. Rocha Klautau (UFPA), researcher 

Dr. Adalbery Castro, (UFPA), researcher 

Prof. Dr. Ivan Saraiva Silva (UFPI), researcher 

Prof. Dr. Cleonilson Protásio de Souza (UFPB), researcher 

Prof. Dr. Ricardo Pezzuol Jacobi (UnB), researcher 

I. INTRODUCTION 

This activity concentrates on the design and validation of 

digital circuits and systems to be used in the Namitec 

Project. The specific requirements of the Namitec 

applications, such as high performance and high energy 

efficiency, are taken into account in the design.  

II. ACTION AND RESULTS 

Digital block design follows a conventional flow, 

beginning by the logic-level modeling and reaching the 

physical level either as an FPGA prototype or as a standard 

cell VLSI architecture. The designed digital circuits and 

systems are described in the next sections. 

A. IP BLOCKS FOR CLASSIFICATION 

The feature-based classification requires a feature 

extraction step that is executed by a front end block. Most of 

the existing classification algorithms present a high 

computational complexity that prevents their use in a direct 

hardware implementation. For this reason, a new extraction 

algorithm, to be used along with SVM (Support Vector 

Machine)-based classification, was proposed. This 

algorithm, called HISTO, builds the signature using 

histograms of the incoming samples of complex input 

signal, which results in low complexity. FPGA 

implementation of a HISTO-based front end is described in 

[1]. 

The HISTO algorithm has also served as starting point 

for developing four SVM-based VLSI architectures to 

classify between four classes. Two of those architectures are 

based on pairwise  SVMs, whereas the other two rely on one 

against rest (OAR) classification. Fig. 1 shows the basic 

datapath topology of a single SVM able to classify between 

two classes. The four architectures were synthesized for a 90 

nm standard cell library using an industrial tool. Table 1 

summarizes the obtained results, as presented in [2]. 

 

Figure 1 – Basic datapath of a single SVM  

Table 1 - Synthesis results for the four SVM-base classifiers 

 OAR Pairwise 

Bins 

Size(module/phase) 

(32

/32) 

(16

/32) 

(32

/32) 

(16

/32) 

Critical delay 

(nS) 

3.3

1 

3.2

9 

3.3

2 

3.2

8 

Power (μW) 102 98 150 143 

Area (μm2) 992

1 

937

8 

147

43 

139

52 

Normalized 

Energy (nJ) 

3.1

5 

3.0

2 

4.6

3 

4.4

1 

B. DCTS FOR THE PARAMETERS EXTRACTOR 

Two Discrete Cosine Transforms (DCT) blocks were 

designed and compared. The first one consists of a dedicated 

IP block using the approach proposed in [3], whereas the 

second one consists on the parallel execution on a set of 

dedicated processors, based on the programming model 

proposed in [4].  

The dedicated IP block consists on a six-stage pipeline, 

one stage for each calculation step, following the algorithm 

proposed in [5]. A full 8x8 block is processed at each 64 

clock cycles when the pipeline is full.  

The parallel DCT execution was performed in three 

scenarios, considering the parallelism. As the DCT 

processes series of 8x8 blocks, we parallelized the DCT 

block calculations. Thus, each parallel DCT block 

calculation was considered as an execution flow, started by 

dedicated master processor. The results showed that the 

dedicated implementation presented better results. However, 

these results do not include the memory hierarchy access 

time. Furthermore, the addition of some architectural 

improvements based on the pipelined architecture of the IP 

block should improve the performance of the parallel 

execution solution. 

C. MEMORY OPTIMIZATION AND VERIFICATION 

The development of optimization and verification 

techniques for the memory subsystem of systems-on-chip 

led to two main results. First, a pre-silicon post-mortem 

verification technique for checking shared memory 

consistency at the electronic system level was proposed [6]. 

Second, a case study [7] on the energy efficiency of the 

memory subsystem pointed out important optimizations for 

cache design when targeting multiple tasks under real-time 

constraints. Besides, a verification technique was also 

developed for handling IPs exhibiting out-of-order behaviors 

[8] [9]. 

D. DEVELOPMENT OF A SELF-TEST SCHEME FOR 

ACOUSTIC WSN 

As the Acoustic WSN is supposed to be based either on 

FPGA or on NAMIMOTE, the studies are concentrated in 

both. About FPGA, as about 80% of faults are on internal 

FPGA interconnections, we are trying to get information on 

XDL (Xilinx Development Language) in order to propose 
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an interconnections test scheme based on Berlekamp-

Massey Algorithm specific to Xilinx FPGAs. However, 

XDL is very poor documented. About NAMIMOTE, the 

studies will address on memory testing and some testing 

routines of internal registers. In parallel, a simple low-cost 

low-power sensor node, called SAPmote, is currently under 

development. 

E. MPEG-4 AAC-LC DECODER CODESIGN 

The MPEG-4 AAC is an international standard for audio 

coding and was adopted by the Brazilian Digital TV System 

(SBTVD) and used in several mobile devices such as 

iPhone. A codesign approach was adopted where several 

models 

were developed both in sofware and hardware and the 

trade-off between area and speed was analysed. A VHDL 

prototype was implemented in Altera FPGAs using Nios II 

processor to run the software modules.  

The codesign solution implements the parser and AAC 

input format processing (MP4 Standard Files and 

LATM/LOAS Stream) in software and all other modules 

(Huffman decoding, Spectral Tools and Filterbank) in 

harware. Table 2 show synthesis results for a DE2-70 Altera 

Board [10]. 

Table 2 - Hardware/Software Co-design Cyclone II FPGA 

Utilization 

Module 
LC Combi-

natinal 

LC 

Register

s 

Memory 

Bits 

DSP 

Elem 

Processor + 

BUS 
5317 3531 35520 11 

Huff. + Q
-1

+ 

Resc. 
6433 1818 35520 15 

Spectral Tools 4507 2570 8348 60 

Filterbank 10491 1926 245248 136 

Audio Player 596 498 212992 0 

Total 27344 
1034

3 

5376

28 

2

22 
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Figure 1 –SET binary 

multiplier 

A2.5 NANOELECTRONICS  

A2.5.1 CIRCUIT DESIGN BASED ON 

NANOELECTRONIC DEVICES 

 

Prof. Dr. José Camargo da Costa (UnB), activity leader 

Profa. Dra. Janaina Guimarães (UnB), researcher 

Marilia Telles (UnB), master student 

Camila Nogueira (UnB), master student 

I. INTRODUCTION 

     The goal of this activity is developing new circuits 

and systems based on nanoelectronic devices. In order to 

reach that objective, this research involves: designing 

digital circuits and new architectures, investigating the 

behavior of those new circuits taking into account operating 

temperature, developing applications and, finally, building 

and characterizing nanoelectronic organic devices.  

II. ACTION AND RESULTS 

The most relevant results obtained in the last year are 

showed in the following sections.  

A. DIGITAL CIRCUIT DESIGN  

 A binary multiplier was built using solely single-electron 

devices. This system 

was designed by 

connecting blocks 

with specific 

functions. As the 

basic cell of these 

blocks, a 

nanoelectronic 

NAND gate was used. 

The circuit's 

component blocks 

operation was validated through simulation in SIMON 

software. All the simulations took place at room 

temperature. It consists of 358 single-electron tunneling 

transistors and its functionalities were verified through 

MATLAB and SIMON, a simulator based on the Monte 

Carlo method.   

B. CARBON NANOTUBE INTERCONNECTS 

Carbon nanotubes as interconnects were studied, considering 
different interconnect lengths. In addition, interconnects 
effect were analyzed in the H-tree clock network using 
inverters in its ends. The inverters were formed by single-
electron tunneling devices.  

Table 1.  Study of the interconnects in the range lCNT  ≤  

λCNT  for f = 200GHz 

lCNT SW

CNT 

Attenuation 

(dB) 

td (ps) ; ts 

(ps) 

10 

nm 

Isola

ted 

-2.17 0.03 ; 

2.05 

Bun

dle 

0.01 0 ; 0 

100 

nm 

Isola

ted 

-1.44 0.05 ; 

2.10  

Bun 0.00 0 ; 0 

dle 

1 

µm 

Isola

ted 

-0.30 0.14 ; 

2.45 

Bun

dle 

0.00 0 ; 0 
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A2.5.2 SIMULATION OF CNTFETs FOR ANALOG 

APPLICATIONS  

 

Prof. Dr. José Camargo da Costa (UnB), activity leader 

Prof. Dr. Stefan Michael Blawid (UnB), researcher 
 

I. INTRODUCTION 

     The goal of this activity is developing capabilities in 

modeling and simulation methods that will be suitable to 

investigate the potential application of carbon-nanotube 

field effect transistors (CNTFETs) in analog high-frequency 

circuits. This research involves: the implantation of an 

infra-structure for device simulation and the preliminary 

development of a compact model for the CNTFETs. Access 

to actual CNTFET devices will be provided through a 

cooperation with the Department of Electronic Devices and 

Integrated Circuits (CEDIC) from the TU-Dresden, 

Germany. 

 

II. ACTIONS AND RESULTS 

The most relevant results obtained in the last year are 

showed in the following sections.  

A) Infra-structure 
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Successful installation of high-performance 

computation server ( Dell Power Edge R815 with 2 

(two) 12 GHz 12-core AMD Opteron CPUs ) has 

been achieved. The server can be remotely 

accessed. 

Installation of the Sentaurus TCAD from Synopsys 

with 50 licenses, among other  tools. 

Installation of a MATLAB network license as a 

development platform for electronic device 

simulation tools. 

B)  Research on CNTFETs 

A continuous cooperation with the TU-Dresden’s 
CEDIC group has been established. 

 Dr. Martin Claus visited UnB’s Electrical 
Engineering Department in February-March 2012, 
to work on Simulation ans Modeling of CNTFETs 
for Analog applications under the sponsorship from 
CAPES(Brazil)  and  DAAD (Germany). The 
results were reported in 3 ( three ) publications. 

 Besides that, Prof. Stefan Blawid was invited by 
the International Journal of Microwave Science and 
Technology as an invited editor for its special 
edition on “Carbon Nanotube and  Graphene 
Transistors for High-Frequency Applications” 

 

 

 

Figure 1 

High-frequency behavior  of the output conductance of 

CNTFETs obtained by simulation methods developed in 

this study (published  in IEEE-EDS, fully cited below ) 
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A3 AREA ELECTRONIC DESIGN AUTOMATION – EDA 
Prof. Dr. Ricardo Augsusto da Luz Reis (UFRGS), area 

coordinator, A3-3 leader 

Prof. Dr. Antonio Petraglia (UFRJ), A3-1 leader 

Prof.Dr. Marcelo de Oliveira Johann, (UFRGS), A3-2 leader 

Prof.Dr. Altamiro Susin (UFRGS), A3-4 leader 

Prof. Dr. Tiago Balen (UFRGS), A3-5 leader 

 

                INTRODUCTION 

 

Area A3 covers the research and development of EDA 

tools and methods. The complexity of modern integrated 

circuits requires, more and more, the use of a large set of 

EDA tools to be used in all synthesis levels. For the fourth 

and fifth years, the area A3 was reorganized in 5 main 

activities. Each activity is composed of several tasks, 

executed by the teams individually or in collaboration. 

 

A3-1 Computer Aided Design and Layout of Analog 

Circuits with Low Sensitivity to Process Variations and 

Minimum Silicon Area  

Various electronic circuits that play fundamental role in 

instrumentations applications, such as filters, analog-to-

digital and digital-to-analog converters, require highly 

accurate capacitance ratios. Therefore, it is very important 

to verify the accuracy of these ratios after the integrated 

circuit is fabricated. Based on previous work, a new layout 

was carried out to develop a switched-capacitor (SC) filter 

that is able to verify the main theoretical reasoning therein 

described. This new IC has two versions, one based on the 

use of a low-pass filter and the other one on a high-pass 

filter. Both rely on the following property: implemented 

with a structurally allpass 2
nd

-order filter, they produce a 

transmission zero (notch) at a pre-defined frequency, which 

is a function of a capacitance ratio CA/CB. A chip was 

3.2 x 1.84 mm
2
. 

A3-2 Placement and Routing for ICs 

In this activity it is covered the development, test and 

validation of technologies for physical synthesis of ICs, 

with emphasis on placement and routing. Ongoing research 

activities are under development with the PlaceDL 

analythical placer, with a new tool for global routing,  3D 

placement and the interface for evaluation of routing 

topologies (TreeMeter). Discrete gate sizing has atracted a 

lot of attention, folowing recent publications and the ISPD 

contests organized by Intel in 2012 and in 2013. In this 

activity it was developed new methods for discrete gate 

sizing that outperform previously known results by 

significant margins both in terms of quality and speed. The 

proposed flow also provide solutions with the smallest 

power for every instance in the reference benchmark set. 

(the team was a winner in 2012 and 2013 Gate Sizing 

Contest). 

A3-3 Automatic Synthesis of Integrated Circuit Layouts 

at Transistor Network Level 

The traditional standard cell flow don't really takes care 

of power minimization at physical level, because there is a 

limited number of logical functions in a cell library, as well 

a limited number of sizing versions. To obtain an 

optimization at physical level, it is needed to use SCCG 

(Static CMOS complex gates) that are not available in a 

cell library. To have "freedom" in the logic design step, it is 

needed an EDA set of tools to let the automatic design of 

any transistor network (even with a different number of P 

and N transistors). This can reduce the amount of 

transistors needed to implement a circuit, reducing power 

consumption, mainly leakage power that is proportional to 

the number of components (transistors). It was developed a 

tool (ASTRAN) for the automatic generation of the layout 

of any transistor network, where the transistors can have 

any sizing. 

A3-4 Adaptive, 3D and Hierarchical Interconnection 

for MPSoCs 

The proposed solutions for this activity are to develop a 

methodology and ideal architecture for MPSoCs and their 

interconnections. Many strategies have been analyzed with 

regard to current complex MPSoCs to find appropriate 

techniques in the system interconnections. As technology 

scaling has allowed a large integration capacity, a single 

chip can be composed by many processing elements (PEs), 

the called Multi-Processors System-on-Chip (MPSoCs). 

Several heterogeneous elements can integrate these 

systems, presenting different bandwidths and quality-of-

service (QoS) requirements. Besides, MPSoCs promise to 

support a wide number of applications running in parallel in 

the same system. Hence, these systems should be very 

efficient in terms of power and performance, and the great 

responsibility to obtain these results corresponds to the 

interconnection device. Some strategies in this context are 

been studied in this activity. Synthesis results for 65nm of 

process technology were analyzed for two applications 

(NCS and TVOPD) considering the hierarchical NoC with 

the proposed adaptability (called HASIN). 

A3-5 Reliability and Testability 

 The Reliability and Testability activities were focused 

on radiation effects on analog and mixed signal circuits, 

including the programmable devices. Both TID (Total 

Ionizing Dose) and SEE (Single Event Effects) were 

-

stage Operational Amplifier (OpAmp) were investigated by 

means of Spice simulations, to explain an effect observed 

in practical irradiation experiments: the Inactivity 

Windows, which is a given interval of the accumulated 

dose to which the device presents partial or total failure, 

recovering its functionality to dose values higher than the 

upper limit of the window. Results show that the DC 

operating point of the OpAmp stages play an important role 

on the circuit robustness related to threshold voltage shifts 

induced by ionizing radiation.  Single event effects were 

also studied, by means of a neutron experiment at the 

CCLRC Rutherford Appleton Laboratory, focusing on the 

analog-to-digital converters embedded into the 

SmartFusion SoC from Microsemi. Spice simulations were 

also performed to enhance the understanding of the error 

mechanisms on the SAR-ADCs of the studied device. 
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A3.1 COMPUTER AIDED DESIGN AND LAYOUT OF ANALOG CIRCUITS 
THAT ARE ROBUST TO PROCESS VARIATIONS AND OCCUPY MINIMUM 

SILICON AREA 
 

Prof. Antonio Petraglia (UFRJ), activity leader 

Prof. Carlos Fernando Teodósio Soares (UFRJ), researcher 

Thiago Valentin de Oliveira (UFRJ), IC student 
 

 

I. INTRODUCTION 

Various electronic circuits that play fundamental role in 

instrumentations applications, such as filters, analog-to-

digital and digital-to-analog converters, require highly 

accurate capacitance ratios [1]-[3]. Typically, capacitance 

ratio errors must be smaller than 1% in those applications. 

Therefore, it is very important to verify the accuracy of 

these ratios after the integrated circuit (IC) is fabricated. 

Based on previous work [2],[4], a new layout was 

carried out in order to develop a switched-capacitor (SC) 

filter that is able to verify the main theoretical reasoning 

therein described. This new IC has two versions, one based 

on the use of a low-pass filter and the other one on a high-

pass filter. Both rely on the following property: 

implemented with a structurally allpass 2nd-order filter, 

they produce a transmission zero (notch) at a pre-defined 

frequency, which is a function of a capacitance ratio CA/CB 

[4]. 

 

II. ACTIONS AND RESULTS 

Shown in Fig. 1, the chip was designed 

CMOS process and its die area is 3.2 x 1.84 mm
2
. Each of 

the two filters will be tested with 16 different matrices – 

each group of 4 matrices has been implemented with 

different ratios: 3/7, 1/2, 6/10 and 8/10. The matrices are 

arranged in arrays 0.1 pF unit capacitors, and were 

developed with different geometry configurations, 

including common centroid and other layout alternatives 

[4], so that influences of fabrication process errors on 

capacitance ratios can be assessed. Parasitic capacitances 

produced by crosstalk and crossover between signal paths 

have been minimized by careful layout of interconnect 

wires and capacitor arrays.  

Exhaustive post-layout simulations have indicated a 

superior performance of the highpass prototype filter in 

comparison with the lowpass one, in terms of the variation 

of their notch frequency owing to spurious capacitances. 

Some simulation results are displayed in Fig. 2, where close 

agreement can be observed between the ideal and the 

extracted circuits. 

 

Fig. 1. IC Layout. 

 

Fig. 2. Frequency response simulation results obtained with 

the highpass filter: ideal (red); ideal interconnects (black); 

extracted circuit (blue). 

III. MAIN PUBLICATIONS 

[1] SOARES, C. F. T.; FILHO, A. C. M.; PETRAGLIA, 
A. Optimizinng Capacitance Ratio Assignment for 
Low- Sensitivity SC Filter Implementation, IEEE 
Transactions on Evolutionary Computation, v. 14, p. 
375-380, 2010.  

[2] PETRAGLIA, A.; SOARES, C. F. T. “A Technique 
for Accurate Capacitance Ratio Measurements in 
CMOS Integrated Circuits”, XVI Ibership Workshop, 
2010, Foz do Iguaçú, Brasil, 2010, v. 1, p. 1-4. 

IV. REFERENCES  

[3]  M. J. McNutt, S. LeMarquis, and J. L. Dunkley, 
“Systematic capacitance matching errors and corrective 
layout procedures,” IEEE J. of Solid-State Circuits, 
vol. 29, no. 5, pp. 611–616, May 1994.  

[4] SOARES, C.F.T. PETRAGLIA, A., “Automatic 
placement of identical unit capacitors to improve 
capacitance matching,” IEEE Int. Symposium on 
Circuits and Systems, 2009, pp. 1739-1742. 
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A3.2 PLACEMENT AND ROUTING FOR ICS 

Prof. Dr. Marcelo de O. Johann (UFRGS), activity leader 

Prof. Dr. Ricardo A. L. Reis (UFRGS), researcher 

Prof. Dr. José L. A. Güntzel (UFRSC), researcher 

Guilherme A. Flach (UFRGS), PhD student 

Gracieli Posser (UFRGS), PhD student 

Tiago J. Reimann (UFRGS), PhD student 

Vinicius dos S. Livramento (UFRSC), MsC student 

I. INTRODUCTION 

In this activity we cover the development, test and 

validation of technologies for physical synthesis of 

Integrated Circuits, with emphasis on placement and 

routing. Ongoing research activities are under development 

with the PlaceDL analythical placer, with a new tool for 

global routing,  3D placement and the interface for 

evaluation of routing topologies (TreeMeter). Discrete gate 

sizing has atracted a lot of attention, folowing recent 

publications [1] and the ISPD contests organized by Intel in 

2012 [4] and to be held in 2013. In this activity we 

developed new methods for discrete gate sizing that 

outperform previously known results by significant margins 

both in terms of quality and speed. 

II. ACTION AND RESULTS 

The next paragraphs summarize the developments in 

placement, routing and discrete gate sizing. 

A. PLACEMENT, ROUTING AND TREE TOPOLGIES 

Analytical placers work by interleaving a linear solver 

that optimizes quadractic atraction forces and a spreading 

process with dispersions forces. We are working in an 

implementation that does not use the quadratic (spring-like) 

system of forces. New research is also under development to 

adapt recent advances in analythical placement to 3D 

circuits, new routing agorithms to a local Global Router 

tool, and with a reactive interface that compares algorithms 

for Tree Topology construction. 

B. FAST AND EFFICIENT ALGORITHMS FOR 

DISCRETE GATE SIZING 

Discrete gate sizing corresponds to the problem of selecting, 

for each gate in the circuit, a combination of gate width (w) 

and threshold voltage (Vt ) available in the library such that 

the timing is met and leakage power is minimized. In this 

work we employed Heuristics such as Fanout-of-4, 

Simulated Annealing [3], and a new formulation of 

Lagrangian Relaxation that incorporates into the objective 

function maximum input slew and maximum output 

capacitance constraints in addition to the usual timing 

constraints. We developed a fast topological greedy heuristic 

for solving the proposed LR formulation relying only on 

local information to guide the algorithm’s decisions [2]. To 

compensate for the compromises of the global optimization, 

we developed a fast delay recovery technique that can fix 

delay violations while preserving the leakage power 

previously achieved, and another fast algorithm to further 

recover leakage power using the remaining slacks in non-

critical gates (Fig. 1). Considering these features, we 

proposed and tested a new hybrid flow for gate sizing 

composed of: (1) a global optimization using LR with delay 
the power recovery step [3]. Our technique achieves, on 

average, 8.15% and 11.09% less power than the techniques 

of [4] and [6] (Fig. 2) and is target increased by 5%, (2) a 

delay recovery step and (3) 11 times faster than [4], which 
has the best published results. The proposed flow also 

exhibits absolute superiority considering the methods 

available so far, providing solutions with the smallest power 

for every instance in the reference benchmark set. 

                   
Figure 1 – LR solutions  followed by delay and power recovering 

for different clock targets 

 
Figure 2 – Gate sizing results compared to [4] [5] [6]. 

III. MAIN PUBLICATIONS 

[1] V. Livramento, C. Guth, J. L. Güntzel and M. Johann. 

Evaluating the Impact of Slew on Delay and Power of Neighboring 

Gates in Discrete Gate Sizing. In: 3rd Latin American Symposium 

on Circuits and Systems (LASCAS2012), pp. 1-4, 2012. 

[2] V. Livramento, C. Guth, J. L. Güntzel and M. Johann. 

Lagrangian Relaxation-Based Discrete Gate Sizing for Leakage 

Power Minimization. In: IEEE International Conference on 

Electronics, Circuits and Systems (ICECS2012), pp. 468-471, 

2012.  

[3] T. Reimann, G. Posser, G. Flach, M. Johann and R. Reis. 

Simultaneous Gate Sizing and Vt Assignment using Fanin/Fanout 

Ratio and Simulated Annealing. IEEE International Symposium on 

Circuits and Systems (ISCAS) 2013. 

IV. REFERENCES  

[4] M. M. Ozdal, C. Amin, A. Ayupov, S. Burns, G. Wilke, and C. 

Zhuo. The ispd-2012 discrete cell sizing contest and benchmark 

suite. In Proc. ISPD, pages 161–164, 2012. 

 

[5] J. Hu, A. B. Kahng, S. Kan, M.-C. Kim, and I. L. Markov. 

Sensitivity-guided metaheuristics for accurate discrete gate sizing. 

In Proc. ICCAD, pages 2012. 

 

[6] L. Li, P. Kang, Y. Lu, and6H. Zhou. An efficient algorithm for 

library-based cell-type selection in high-performance low-powe2r 

designs. In Proc. ICCAD, pages 226–232, 2012. 
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A3.3 AUTOMATIC SYNTHESIS OF INTEGRATED CIRCUIT LAYOUTS AT 
TRANSISTOR NETWORK LEVEL 

Prof. Ricardo Reis (UFRGS), activity leader 

Prof. Marcelo Johann (UFRGS), researcher 

Adriel Ziesemer (UFRGS), PhD student 

Gracieli Posser (UFRGS), PhD student 

I. INTRODUCTION 

The traditional standard cell flow don't really takes care 

of power minimization at physical level, because there is a 

limited number of logical functions in a cell library, as well a 

limited number of sizing versions. To obtain an optimization 

at physical level, it is needed to use SCCG (Static CMOS 

complex gates) that are not available in a cell library. To 

have "freedom" in the logic design step, it is needed an EDA 

set of tools to let the automatic design of any transistor 

network (even with a different number of P and N 

transistors). This can reduce the amount of transistors 

needed to implement a circuit, reducing power consumption, 

mainly leakage power that is proportional to the number of 

components (transistors). The flexibility of the approach can 

also let the designers to define layout parameters to cope 

with problems like tolerance to transient effects, yield 

improvement, printability and DFM. 

II. ACTION AND RESULTS 

The traditional Standard Cell approach is widely used till 

today and it is still a solution for large number of designs. 

But to optimize the physical design for power reduction, 

area reduction and performance, it is needed to use a new 

approach. The number of different functions that can be 

found in a typical cell library is limited (in general not more 

than 150 different logic functions).  Cell sizing options are 

also limited in a cell library. These limitations don’t allow 

obtaining a deep optimization of a circuit at the physical 

design level. In recent nanotechnologies, the circuit delay is 

mainly due to the connections. It is important to find a way 

to reduce the wirelength, as the connections are the central 

problem in reducing delay. We can claim that the traditional 

Standard Cell approach is far from minimization of power 

consumption, number of transistors, delay, wirelenght and 

area. To do a strong physical design optimization we need to 

change the physical design paradigm and to search for new 

physical design approaches. We propose a new approach 

where the cells are designed on the fly, during the physical 

design step, considering fan-in and fan-out and a 

minimization of the number of transistors. This approach 

also means a change on the level of abstraction of the 

physical design, because it is not anymore just a placement 

and routing of cells, but a placement and routing of any 

network of transistors, even with a different number of N 

and P transistors. Static power is increasing more and more 

as the features of the transistors are being reduced. The 

static power consumption is due to the increasing leakage 

current in recent technologies. A way to reduce the static 

power is to reduce the amount of transistors, as leakage is 

proportional to the amount of transistors. For sure, leakage 

is also function of many other parameters that must be 

considered to reduce even more the static power 

consumption. In our approach, a circuit is viewed at physical 

level as a network of transistors. The tools can generate 

automatically any network of transistors. There is a change 

on the level of abstraction of the layout synthesis. The 

transistors can have any size. If the W of the transistor is 

bigger than the height of the respective diffusion region, it is 

done a transistor folding. The tools for 350 nm technologies 

are running with good results. It is under development a 

version for a 65 nm technology. A logic cell generated with 

ASTRAN using a 65 nm technology is presented in Fig. 1. 

The cell density is improved because the tool is able to 

perform automatically an internal routing using polysilicon 

and metal wires with several doglegs. 

Figure 1 – A cell in 65 nm generated with ASTRAN. 

As ASTRAN tool can support transistor folding, 

transistor sizing and other layout parameters. 

III. SOME  PUBLICATIONS IN 2012 

 

 [1] VAZQUEZ, J., CHAMPAC, V., ZIESEMER, A., REIS, 

R., TEIXEIRA, I., SANTOS, M. and TEIXEIRA, P., 

Delay Sensing for Long-Term Variations and Defects 

Monitoring in Safety–Critical Applications, IN: Analog 

Integrated Circuits and Signal Processing, Volume 70, 

Number 2, 249-263, February 2012, Springer, ISSN 

0925-1030, DOI: 10.1007/s10470-011-9789-0. 

[2] POSSER, G., FLACH, G., WILKE, G., REIS, R., Gate 

Sizing using Geometric Programming, IN: Analog 

Integrated Circuits and Signal Processing, Volume 73, 

Number 3, 831-840, December 2012, Springer, ISSN 

0925-1030, DOI: 10.1007/s10470-012-9943-3. 

[3] GUTHAUS, M., HU, X., WILKE, G., FLACH, G., 

REIS, R., High-Performance Clock Mesh Optimization, 

ACM TODAES - ACM Transactions on Design 

Automation of Electronic Systems, ISSN:1084-4309, 

EISSN:1557-7309, accepted for publication 

[4] POSSER, G., FLACH, G., WILKE, G., REIS, R., 

Tradeoff Between Delay and Area in the Gate Sizing 

using Geometric Programming. In: Third IEEE LASCAS 

2012, Playa del Carmen, February 29- March 2, 2012, 4 

p. ISBN: 9781467312080 

[5] POSSER, G., FLACH, G., WILKE, G., REIS, R., 

Transistor Sizing and Gate Sizing Using Geometric 

Programming Considering Delay Minimization, 

NEWCAS 2012, 10th IEEE International NEWCAS 
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Conference, June 17-20, 2012, Montreal, Canada. p. 85-

88. ISBN: 9781467308588 

[6] SANTOS, C., REIS, R., GODOI, G., BARROS, M., 

DUARTE, F.,  Multi-Bit Flip-Flop Usage Impact on 

Physical Synthesis, SBCCI2012, 25th Symposium on 

Integrated Circuits and System Design, ACM Press, 

Brasilia, August 30-September 2, 2012. p.57- 62, ISBN 

978-1-4673-2608-7. 

[7] GHISSONI, S., COSTA, E, MONTEIRO, J., REIS, R., 

Efficient Area and Power Multiplication Part of FFT 

Based on Twiddle Factor Decomposition. 19th IEEE 

International Conference on Electronics, Circuits and 

Systems – ICECS2012, Sevilha, Spain, December 9 - 12, 

2012. P.657-660. ISBN: 978-1-4673-1259-2 
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A3.4 ADAPTIVE, 3D AND HIERARCHICAL INTERCONNECTION FOR 
MPSOCS 

Prof. Dr Marcio KREUTZ (UFRN), researcher 

Prof. Dr Cesar ZEFERINO (Univali), researcher  

Débora MATOS, PhD Student at UFRGS  

Cezar REINBRECHT, PhD Student at UFRGS  

Tiago MOTTA, Graduate Student (UFRGS)  

Prof. Dr Altamiro SUSIN (UFRGS), activity leader. 

 

I. INTRODUCTION 

The proposed solutions for this activity are to develop a 

methodology and ideal architecture for MPSoCs and their 

interconnections. Many strategies have been analyzed with 

regard to current complex MPSoCs in order to find 

appropriate techniques in the system interconnections. As 

technology scaling has allowed a large integration capacity,  

a single chip can be composed by many processing elements 

(PEs), the called Multi-Processors System-on-Chip 

(MPSoCs) [1]. Several heterogeneous elements can integrate 

these systems, presenting different bandwidths and quality-

of-service (QoS) requirements [2]. Besides, MPSoCs 

promise to support a wide number of applications running in 

parallel in the same system. Hence, these systems should be 

very efficient in terms of power and performance, and the 

great responsibility to obtain these results corresponds to the 

interconnection device. Some strategies in this context are 

been studied in this activity as will be commented as follow.  

II. ACTION AND PROPOSALS 

A. Adaptability in system interconnections 

One solution to sustain MPSoC performance is to 

consider some techniques to adapt dynamically the 

network-on-chip, once the communications are 

heterogeneous and can undergo changes at runtime. The 

proposed solution is to adapt the switching strategy 

according to the congestion of the NoC. In this case, three 

possibilities are considered: unbuffered circuit switching, 

buffered circuit switching and packet switching. With these 

possibilities, is possible to define the suitable switching 

according to the system floorplan and the application 

communication.  Figure 1 illustrates the possibilities 

defined for this strategy. 

 

(a)                       (b)                      (c) 

Fig. 1. Three switching configurations possibilities: (a) packet switching, 

(b) unbuffered circuit switching, (c) buffered circuit switching. 

B. NoC Topology for MPSoCs 

Besides the need to consider some strategy of 

adaptability in NoCs, we have evidenced that a 

homogeneous and general purpose topology, like a mesh is 

not the ideal alternative to interconnect the embedded 

system, since the communication patterns are irregular and 

strongly application-dependent. Another consideration that 

evidences the need of a heterogeneous topology is due the 

fact that current MPSoCs present different small 

applications running in parallel, where only few interactions 

are need among them. Due to this scenario, and also, 

considering the long interconnections of the two dimension 

systems, we have proposed a hierarchical 3D NoC topology. 

Figure 2 depicts the paths and considerations taken onto 

account to arrive in our final NoC topology. Our solution is 

a hierarchical NoC in each layer where the clusters are 

composed by crossbars. In this manner, we have few vertical 

interconnections that are made by TSV (Through-Silicon 

Via).  

 

Fig. 2. Observations and definitions to obtain the final NoC topology. 

III. INITIAL RESULTS 

Synthesis results for 65nm of process technology were 

analyzed for two applications (NCS and TVOPD) 

considering the hierarchical NoC with the proposed 

adaptability (called HASIN). Average power and area 

results are presented in Table I. According to these synthesis 

results it is possible to observe a large reduction in the 

power dissipation when compared to other NoC 

possibilities.  

TABLE I.  AREA AND POWER COMPARISON RESULTS. 

  NCS TVOP

D 

Aver

age 

Power 

(mW) 

mesh NoC 

58.

08 

173

.44 

adaptive switching 

NoC  

92.

87 

259

.59 

HASIN 

15.

17 

41.

28 

Power 

reductio

n (%) 

HASIN x mesh NoC 

73.

88 

76.

20 

HASIN x adaptive 

switching NoC 

83.

67 

84.

10 

Area 

(mm²) 

mesh NoC 

0.5

6 

1.6

2 

adaptive switching 

NoC 

0.5

7 

1.6

4 

HASIN 

0.1

2 

0.3

2 

Area 

reductio

n (%) 

HASIN x mesh NoC 

78.

41 

80.

04 

HASIN x adaptive 

switching NoC 

78.

65 

80.

26 
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IV. MAIN PUBLICATIONS 

[1] MATOS, Debora; REINBRECHT, Cezar, KREUTZ, 

Marcio; PALERMO, Gianluca; SUSIN, Altamiro, 

CARRO, Luigi. "Hierarchical and Multiple Switching NoC 

with Floorplan based Adaptability". (ARC), 2013.  

[2] FRANTZ, Felipe; MATOS, Débora, LABRAK, L.; 

CLERMIDY, Fabien., O’CONNOR, Ian.; CARRO; Luigi. 

SUSIN, Altamiro. “MoNICA: Performance- and Thermal-

Aware Floorplan for Heterogeneous 3D NoC-based 

MPSoCs”, In: 3D Integration workshop - DATE, 2013  

[3] MATOS, Debora; PALERMO, Gianluca; 

REINBRECHT, Cezar, SILVANO, Cristina, SUSIN, 

Altamiro, CARRO, Luigi. "Floorplan-Aware Hierarchical 

NoC Topology with GALS Interfaces" In: ISCAS 2012.  

[4] REINBRECHT, Cezar, MATOS; Debora, KREUTZ, 

Marcio; CARRO, Luigi; SUSIN, Altamiro. "MINoC: 

Providing Configurable High Throughput Interconnection 

for MPSoCs", In: LASCAS 2012.  

  V. REFERENCES  

1. [1] C. Silvano et al., “Low Power Networks-on-Chip”. 

Springer, 1st Edition, 2011, 300 p. 

2. M. Stensgaard and J. Sparso, “ReNoC: A Network-on-

Chip Architecture with Reconfigurable Topology”. In 

NoCS, pp. 55 – 64, 2008. 
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A3.5 RELIABILITY AND TESTABILITY 

 
Prof. Tiago R. Balen (UFRGS), activity leader 

Profa. Fernanda G. L. Kastensmidt (UFRGS), researcher 

Prof. Gilson I. Wirth (UFRGS), researcher 

Guilherme S. Cardoso, PHD student 

Lucas A. Tambara, MSc student 

I. INTRODUCTION 

The Reliability and Testability activities (area A3-5) 

were focused on radiation effects on analog and mixed 

signal circuits, including the programmable devices.  

Both TID (Total Ionizing Dose) and SEE (Single Event 

Effects) were considered as subject of study. TID effects in 

-stage Operational Amplifier (OpAmp) were 

investigated by means of Spice simulations, in order to 

explain an effect observed in practical irradiation 

experiments: the Inactivity Windows, which is a given 

interval of the accumulated dose to which the device 

presents partial or total failure, recovering its functionality 

to dose values higher than the upper limit of the window [3]. 

Results show that the DC operating point of the OpAmp 

stages play an important role on the circuit robustness 

related to threshold voltage shifts induced by ionizing 

radiation. 

Single event effects were also studied, by means of a 

neutron experiment at the CCLRC Rutherford Appleton 

Laboratory, focusing on the analog-to-digital converters 

embedded into the SmartFusion SoC from Microsemi. Spice  

simulations were also performed to enhance the 

understanding of the error mechanisms on the SAR-ADCs 

of the studied device. 

II. ACTIONS AND RESULTS 

A. SIMULLATION OF TID E

TWO-STAGE OPAMP 

The complementary transistors (NMOS and PMOS) 

present different characteristics regarding the TID effects, 

mainly on the direction of threshold voltage shifts induced by 

TID. This behavior is taken into account in the simulations 

performed with two complementary OpAmp Architectures 

(one with a PMOS Differential Amplifier (DA) as input stage 

and the other considering an NMOS input stage). The 

PMOS-DA amplifier showed the partial inactivity window 

effect. No catastrophic effect was observed, into the same 

window, to NMOS-DA architecture, indicating that the 

NMOS differential amplifier architecture may present an 

improved robustness in radiation environments. Fig. 1 shows 

the threshold voltage shift behavior considered in the 

simulation, as well as the behavior of an inverter amplifier 

built with the OpAmp under study considering the injected 

Vth shifts. 

 
Fig. 1. Injected threshold shifts and time domain 

behavior of an inverter configuration built with the studied 

OpAmp @10KHz. 

B. NEUTRON EXPERIMENTS ON PROGRAMMABLE 

MS DEVICE 

Practical measurements were performed in order to 

verify the reliability of the ADCs embedded into the 

SmartFusion in the context of SEU/SET (Single Event 

Upsets/Transients) caused by neutrons. We exposed the 

device to neutron particles at a mean flux of 
41008.3  n/cm²/s by 24 hours. In the ADCs, it was observed  

a mean cross-section of 51018.8  cm² for the ADC0 and 
51035.7  cm² for the ADC1. The erroneous behavior of 

ADC0 due to SEE can be observed in Fig. 2. Spice 

simulations were performed and the results showed that the 

Charge Redistribution SAR-ADC may be disturbed by SETs 

at the programmable capacitor array of the converter. 

 
Fig. 2. ADC0 samples examples 

III. MAIN PUBLICATIONS 

[5] Cardoso, G. S.; Balen, T. R; Vaz, R. G.; Gonçales, O. 
L.; Lubaszewski, M. S.. Impact of TID-Induced 
Treshold Deviations in Analog Building-Blocks of 
Operational Amplifiers. In: 13th IEEE Latin-American 
Test Workshop, 2012.  

[6] Tambara, L. A.; Kastensmidt, F. L.; Lubaszewski, M. 
S.; Balen, T. R..; Rech, P.; Frost, C . Neutron-induced 
Single Event Upset in Mixed-Signal Flashbased FPGA. 
In: Radiation Effects on Components and Systems - 
RADECS 2012. 

IV. REFERENCES  

 

[7] Balen, T. R.; Vaz, R G.; Cardoso, G. S.; Goncalez, O. L 
; Lubaszewski, M. S. “TID in a Switched-Capacitor 
FPAA: Degradation and Partial Inactivity Windows 
Due to Compensating Effects in MOS Transistors”. 
IEEE Transactions on Nuclear Science, p. 2883-2889, 
2011. 
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A4 AREA SEMICONDUCTOR DEVICES 
 

This area is coordinated by José Alexandre Diniz, from the 

State University of Campinas.  

 

Given the vertical structure of this Project, it is important 

that the application section occurs at the same time as the 

sensor development. Therefore while sensors are developed, 

application utilizing of the shelf components is expected. 

Nevertheless, it is important to aim the interaction. As a 

marker goal for this vertical integration, we have chosen the 

instrumented sphere, or artificial fruit, which will employ 

sensors of this section. Besides the vertical interaction, it is 

essential that we obtain a horizontal integration among the 

researchers in the area of sensors. The collaborations 

between research groups are increasing and indicated in 

Figure 1, which presents the collaborations at the beginning 

of this project (in Figure 1(a)) and up to march, 2013 (in 

Figure 1(b)).  

 

 
Figure 1 – Collaborations between research groups in Area A4 

of NAMITEC. In (a), collaborations at the beginning of the 

project; and, in (b), collaborations up to march, 2012. 

1.Objectives  

1.1- To create a platform with basic elements for the 

development of high performance sensors;  

1.2-To provide NAMITEC basic resources for innovation in 

sensor networks;  

1.3-To create new sensors allowing a leverage to Brazilian 

technology;  

1.4-To collaborate directly with industry towards the 

development of sensors;  

 

2. Summary  

Based on the results, which will be presented in the next 

items, it can be observed that the performance and the 

integration has been respected as shown in the original 

project. This is confirmed by results of this year, which are 

presented in summary as follow:  

62 articles were published in conference proceedings;  

28 articles were published in indexed journals;  

14 master degree dissertations and 4 PhD thesis were 

concluded;  

2 courses of microfabrication were ministered;  

2 visits of integration and interchange between members 

were incentivized;  

 

For the fourth year of the project, these results, listed above, 

are fulfilling the objectives set out in item 1, because the 

publications number and the Master degree/PhD, which 

were concluded, we are working with objectives 1.1, 1.2, 

and 1.3.  We are approaching with industry to develop 

sensors (objective 1.4), because Brazilian companies, such 

as Tritec, Propertec/Neuron and Flexsolar, are contributing 

to implement our devices in the market, such as: hydrogen 

and acetylene sensors, RF filters and alternative solar cells, 

respectively. Furthermore, based on Figure 1(b), we are 

consolidating one important research network with the 

collaborations into the NAMITEC, which have developed 

pH (ISFET), pressure, hydrogen and acetylene sensors, RF 

filters and antennas, as you will able to see in the next items 

of this report. It is important to notice that all these devices 

can be implemented in industry (objective 1.4). 

  

Contact: diniz@ccs.unicamp.br +55(19)3521-5177
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.A4.1.1 ISFET (ION SENSITIVE FIELD EFFECT TRANSISTOR) 

José Alexandre Diniz (FEEC/CCS/UNICAMP): Coordinator 

Fabiano Fruett (FEEC/CCS/UNICAMP): Researcher  

Peter Jurgen Tatsch (FEEC/CCS/UNICAMP): Researcher 

Jair Fernandes de Souza (IFAM): Researcher 

José Roberto Casarini  CT-PIM: Researcher 

Angélica D. de Barros (FEEC/CCS/UNICAMP):   PhD Student 

I. INTRODUCTION   

Ion-Sensitive field-effect transistors (ISFETs) are 

electronic devices that have been developed to measure pH 

and a variety of others ions. These devices contain a gate 

insulator that is in direct contact with an electrolyte solution. 

At the interface between the insulator and the solution there 

is an electrical potential difference that depends on the 

composition of the solution. The basic structure of ISFET 

(Fig. 1) was derived from metal-insulator-semiconductor 

field-effect transistor (MISFET) with the gate contact 

replaced by a reference electrode and an electrolyte. With 

small size, fast pH response time, low cost and rugged solid-

state construction, ISFET exhibit a number of advantages in 

comparison with other conventional devices. Many kinds of 

insulators with high dielectric constant have been studied for 

pH sensitive gate insulator, such as silicon nitride (Si3N4), 

aluminum nitride (AlN), tantalum oxide (TaOx) and titanium 

oxide (TiO2). 

 
Fig. 1 – Schematic of the ISFET' structure 

II. ACTIONS AND RESULTS  

ISFET Packaging 

 The ISFET packaging involves a series of cumbersome 

assembly steps, often accompanied by a high-failure risk. 

The wide range of ISFET applications spans from pH 

investigations on foodstuffs, eatables, medicines, 

pharmaceutical products, etc. and on the other hand to dirty 

conditions in soil pH measurements and sanitary 

installations, and corrosive and hostile environments of 

hazardous chemical laboratories. Therefore, a single 

packaging solution cannot meet universal requirements. 

We are developing a manual epoxy coating of wire 

bonds and pads. The ISFET chip is mounted using 

conductive silver epoxy on a dip lead frame package (Fig. 2) 

having a contact pad for the chip and conductor strips for 

source, drain and substrate connections. Wire bonding is 

carried out and insulating epoxy (URETHAN 5026A and 

UREDUR 5026B) is applied carefully on the wires and 

contact regions as well as on the chip sides, keeping the gate 

region exposed for interaction with the analyte. 

 
Fig. 2 - Dip lead frame package 

READ OUT circuit developments 

For the convenience and measurement applications, a 

read out circuit must be designed. In order to solve this 

problem, together with researchers of the Integrated Circuits 

Laboratory from Federal University of Santa Catarina (Prof. 

Fernando Rangel) we are beginning to develop a read out 

circuit. The goal is a circuit that enhances the performance 

of ISFET and demonstrates their pH sensing capability.  

DNA-hybridization detection 

The detection for molecular interactions at the 

solid/liquid interface is of great interest for a wide variety of 

applications, ranging for genetics, medicine, drug industry 

over biosensor, DNA arrays and protein chips up to 

fundamental studies of many physiological processes.  

Aiming to develop a labelfree and electronic detection 

method of charged biomolecules, like DNAs, by their 

intrinsic molecular charge and using the ISFET platform, 

together with researchers of the superior Scool of Sciences 

of the Health from University of Amazonas (Prof. Michella 

Lima) we are beginning to develop a measuring setup (Fig. 

3) using functionalized ISFET sensor for the DNA 

immobilization and hybridization detection. 

 
Fig. 3 - Measuring setup. 

new challenge: 

The development of a new project of ISFET, in order to 

achieve a pH sensor with the ISFETs and reference 

electrode integrated into on the same chip. 

III. MAIN PUBLICATIONS  

 

1. FENANDES DE SOUZA, Jair. Development of 

Materials and Methods of Fabrication of 

Chemical/Biochemical Sensors Based on Silicon and 

Carbon Nanostructures (ISFET, CNTFET and GraFET). 

195 p. Doctorate thesis - FEEC – DSIF – UNICAMP, 

2012.  
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2. JACOBUS W. SWART; JOSÉ A. DINIZ; STANISLAV 

MOSHKALEV; JAIR F. DE SOUZA. Development of 

Microsensors and Applications under the INCT 

NAMITEC Network - 8
th

 Ibero-American Congress on 

Sensors - Ibersensor 2012 – in Puerto Rico, October 16-

19, 2012. 

3. QUEIROZ, E. D.; SOUZA, J.F.; J. A. DINIZ. 

Caracterização de Materiais e de Sensores 

Químicos/Bioquímicos Baseados em Transistores de 

Efeito de Campo Sensíveis a Íons (ISFETs). In: XX 

Congresso Interno de Iniciação Científica da UNICAMP 

2012, 2012, Campinas. PIBIC, 2012. 

 

Contact: jfsouza@ccs.unicamp.br; jfernandes@ifam.edu.br  
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A4.1.2 CHEMICAL SENSORS BASED ON POLYMERIC MICRO AND 
NANOFIBER OR CARBON NANOTUBES OR GRAPHENE 

José Alexandre Diniz (FEEC/CCS/UNICAMP): Coordinator 

Jair Fernandes de Souza (IFAM): Researcher 

Marcelo Eduardo H. Maia da Costa (PUC-Rio): Researcher 

Sebastião Gomes dos Santos Filho (LSI/EPUSP): Researcher 

Ana Neilde R. da Silva (LSI/EPUSP): Researcher 

Iakov Kopelevich (IFGW/UNICAMP): Researcher 

Antonio Pacheco Rotondaro (CTI): Researcher 

Cecília de Carvalho C. e Silva (IQ/UNICAMP):  PhD Student 

I. INTRODUCTION  

 Recently, various sensing techniques with bulky or rigid 

substrates, such as surface plasmon resonance, quartz crystal 

microbalance, electrochemical impedance spectrometry, one 

dimensional (1D) field-effect transistors FET-type sensors, 

and light-addressable potentiometric sensors, have been 

introduced for developing sensing devices. Unfortunately, 

although each of these methods has individual strengths, 

significant limitations including low sensitivity, slow 

response times, and limited portability remain [1]. 

Graphene, carbon nanotube, and polymeric micro and 

nanofiber are promising candidates for sensor applications 

because of their small diameters, large surface area and 

excellent molecular adsorption properties. We have 

developed chemical sensors based on these materials (Fig. 

1).  

 
Fig. 1 – Schematic representation of a Chemiresistors / 

ISFETs based on nanostructures [2]. 

II. ACTION AND RESULTS  

 

WAFER-SCALE Fabrication and Characterization of 

Chemiresistors Based on Carbon Nanotubes Networks  

We have developed wafer-scale assembly of a high 

density of single-walled carbon nanotubes (SWCNTs) and 

their application as chemiresistors and ion-sensitive field-

effect transistors (ISFETs) in order to evaluate the effects of 

different Debye lengths in the detection of buffer solutions 

of different pHs values and polyelectrolyte. 

SWCNTs were assembled by dip-coating of SWCNTs 

solution on 3 in. Si/SiO2 wafer previously functionalized 

with APTS in isopropanol (Fig. 2). 

 

 

Fig. 2 – Scanning electron microscopy (SEM) images of 

carbon nanotubes deposited on Si/SiO2 substrates without 

(A) and with (B) APTES functionalization, respectively. 

Chemiresistors and FETs are made with channel width 

(W) of 4.0 μm and channel length (L) of 0.6, 0.8, 1.0 and 1.2 

μm (Fig. 3). 

 

Fig. 3 – (A) Photograph of 3 in. Si/SiO2/MWCNTs wafer 

with patterning of electrodes showing the 95 chips 

fabricated. (B)  Optical microscopy  image of the fabricated 

chip layout showing the common (i) source, (ii) drain and 

(iii) back gate for the set of 300 pairs of electrodes and in 

(iv) a single device.  (C) Photograph of two chips fabricated 

alongside a coin of R$ 0,10. (D)  Magnification image of all 

300 pairs of electrodes. (E) Optical microscopy  image and 

(F) SEM image showing the MWCNTs between source and 

drain electrodes before passivation step. 

Electrical Characterization 

 

 

(
A) 

(
B) 

(
A) 

 

(
B) 

(
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(
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iii) 

(
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S
ource 

D
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Fig. 4 – I-V characteristics of the chemiresistors with 1.2 μm 

channel length between electrodes. 
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Fig. 5 – IDS-VGS characteristics of CNT-ISFET in different 

ionic strength at pH 4. The inset shows the dependence of 

VT versus Debye length (λD).    

WAFER-SCALE fabrication and characterization of 

chemiresistors based on polymeric micro and nanofiber  

We are starting to develop wafer-scale assembly of a 

high density of polymeric micro and nanofiber and their 

application as chemiresistors and  ion-Sensitive field-effect 

transistors (ISFETs) in joint work with researchers of the 

LSI Laboratory from University of São Paulo (Prof. 

Sebastião Gomes dos Santos Filho and Profa. Ana Neilde R. 

da Silva).  

A thin film of polymeric micro and nanofiber covers the 

entire wafer and a step of photolithography plus O2 plasma 

is used to remove the unwanted nanofibers (Fig. 6).  

  

  
Fig. 6 – (A) and (B) Thin film of polymeric micro and 

nanofiber after photolithography and before O2 plasma, (C) 

Thin film of polymeric micro and nanofiber after O2 plasma, 

and (D) Source and drain electrodes patterned by 

photolithography before assemble the polymeric micro and 

nanofiber.  

NEW CHALLENGE: 

Chemical vapor deposition of graphene onto transition metal 

substrate, such as copper foils. This approach will allow for 

the wafer-scale fabrication of chemiresistors based on 

graphene. A coworker is developing this technique with the 

support of State University of New Jersey (Prof. Manish 

Chhowalla). 

III. MAIN PUBLICATIONS  

4. FENANDES DE SOUZA, Jair. Development of 

Materials and Methods of Fabrication of 

Chemical/Biochemical Sensors Based on Silicon and 

Carbon Nanostructures (ISFET, CNTFET and GraFET). 

195 p. Doctorate thesis - FEEC – DSIF – UNICAMP, 

2012.  

5. C.D. SILVA, J.F. SOUZA, I. DOI, J.A. DINIZ, L.T. 

KUBOTA. Wafer-scale Fabrication and Characterization 

of Chemiresistors Based on Multiwalled Carbon 

Nanotubes Networks. 2012 MRS Fall Meeting, 2012.  

IV. SUBMITTED WORK 

1. JAIR F. SOUZA, CECÍLIA DE C. C. E SILVA, JOSE 

A. DINIZ, IOSHIAKI DOI, AND PETER J. TATSCH. 

Development of field effet transistors based on carbon 

nanotube (CNTFET) using standard lithography, 

dielectrophoretic deposition and  tantalum nitride 

electrodes. 10
th

 International Vacuum Congress IVC-19, 

2013. 

V. REFERENCES 

[1]  SEON JOO PARK. et al. Ultrasensitive Flexible 

Graphene Based Field-Effect Transistor (FET)-Type 

Bioelectronic Nose. Nano Letters, 

dx.doi.org/10.1021/nl301714, August 2012. 

[2] FENANDES DE SOUZA, Jair. Development of 

Materials and Methods of Fabrication of 

Chemical/Biochemical Sensors Based on Silicon and 

Carbon Nanostructures (ISFET, CNTFET and GraFET). 

195 p. Doctorate thesis - FEEC – DSIF – UNICAMP, 

2012. 
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Fig.1 – Hydrogen 

sensor 

 

 
Fig.2 – ΔR/R x H2 

conc. 

 

            

 
Fig. 3 – Serigraphed tracks on alumina, I-V 

for  10000ppm C2H2 (30 and 60min.), 

cylindrical tube glued on the electrodes and 

Au/Teflon membrane glued on the top of the 

tube. 

A4.1.3 CHEMICAL SENSORS FOR DETECTION OF HYDROGEN AND 
ACETYLENE 

 Sebastião G. dos Santos Filho (LSI-USP) activity leader 

Mário R. G. Rubio (IPT) researcher 

Ronaldo W. Reis (LSI-USP) researcher 

Diego Kops Pinto (LSI-USP) PhD student 

Fernando Trevisan Saez Parra (LSI-USP) PhD student 

Lúcia Hiromi Higa (LSI-USP) PhD student 

Verônica Christiano (LSI-USP) MSc Student 

I. INTRODUCTION 

For environmental monitoring, nowadays exist an 

increasing interest to detect hydrogen and  hydrocarbons 

that can be found in marine, atmospheric environments and 

in the process of oil production. Chemical sensors can be 

used for gas detection of gas leaks in clean rooms, leak 

detection in gas compressors, fail monitoring of high-

voltage transformers and ripening process of fruits [1-6]. 

This work is focused on the development of chemioresistors 

for hydrogen detection and potentiostatic cells with three 

electrodes for acetylene detection. 

II. EXPERIMENTAL AND RESULTS 

Fig. 1 shows the hydrogen sensor composed of a 

sensitive Pd(P) layer (300nm thick) deposited on an intrinsic 

layer of polysilicon (500nm thick). On the top of the 

sensitive layer, a Teflon(500nm)/SiO2(10nm) double layer 

was deposited in order to avoid influence of the humidity.  

Contacts were made on retangular plates of 4mm x 20mm. 

On the other hand, the key steps of processing were: (a) 

characterization of the Pd(P) electroless deposition, (b) 

characterization of low-resistance contacts using carbon 

paste on Pd(P), (c) 

fabrication of hydrogen 

sensors using Pd(P) 

alloys and (d) 

characterization of the 

sensitivity to hydrogen 

obtained  through the 

measurements of 

resistance as a function 

of the hydrogen concentration and of the  temperature using 

gas chambers with controlled injection of hidrogen in the 

range of 5 to 10000 ppm. Fig. 2 shows  the typical relative 

variation of  the resistance as function of the hydrogen 

concentration and 

temperature (125
o
C 

and 135
o
C). It was 

noteworthy that 

sensitivity increases 

when temperature is 

increased up to 100
o
C. 

Also, the rise and fall 

times of the resistance 

(to achieve 63% of the 

excursion) present the lowest values of 5min and 15min at 

155
o
C, respectively. 

For acetylene detection, a three-electrodes potentiostatic 

cell was used. The working electrode (sensing) was 

manufactured of porous gold on Nafion or Teflon electrodes 

as shown in Fig. 3. The auxiliary (counter) and the reference 

electrodes were defined on Al2O3 using platinum serigraphic 

paste as shown in Fig.3. Sensing electrode was 

manufactured with porous gold on micro-porous membrane 

of Nafion or Teflon in order to enhance the acetylene 

sensitivity. The basic chemical reaction for acetylene 

absorption onto the porous Au is given by: 

 Au + C2H2 = (AuC2H)ad + H
+
 + e

-
 (1) 

This reaction is followed by an anodic current across the 
sensing electrode for a well-known standard oxidation 
potential(1.2 V) and with detection limit higher than about 10 
ppm[4]. The steps of processing were: (a)deposition of 
porous gold onto Nafion and Teflon, (b) definition of 
platinum on alumina using Silk-Screen, (c) test of a 
commercial electrolyte of H2SO4 gel and  (d) development 
and test of alumina micro-chambers. Fig.3 shows, 

respectively, details of the serigraphed tracks on alumina, the 
cylindrical tube glued on the electrodes and the Au/Teflon 
membrane glued on the top of the tube. Fig.3 also shows the 
typical I-V curves for 10000ppm acetylene flowing on a Au/ 
Teflon electrode during, respectively, 30 and 60min. 

III. CONCLUSION  

. In conclusion, it was fabricated and characterized 

chemioresistors using Pd(P) sensing layers operating at 

temperatures ranging from 100
o
C to 155

o
C for the detection 

of hydrogen in the range 20 to 10.000 ppm. Also, it was the 

prototyped an electrochemical sensor for detecting acetylene 

at 10000ppm range. 

IV. REFERENCES 
[1] Maksymovych, N. Sensors and Actuators B, v. 93, p. 321, 

2003. 

[2] Bodzenta, J. Sensors and Actuators B, v. 87, p. 82-87, 2002. 

[3] Jordan, L.R.; Hauser, P.C. Anal. Chem., v. 69, p.2669, 1997. 

[4] Ishiji, T.  J. of Appl. Electrochem., v. 23, p. 77, 1993. 

[5] Polishchuk, V.; Southyrand, E.; Martin, J.R.; Strikha, V.I.; 

Skryshevsky, V.A., Analytica Chimica Acta, v. 375, p. 205-210, 

1998. 

[6] Hannigan, J; Greig, F.; Freeborn, S.S.; MacKenzie, H.A. Meas. 

Sici. Technol., v. 10, p. 93-99, 1999. 
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A4.1.4 SOI FINFET (3D) TRANSISTOR AS A HYDROGEN SENSOR 

João Antonio Martino (USP), coordenador 

Sebastião Gomes dos Santos Filho (USP), pesquisador 

Antonio Carlos Seabra (USP), pesquisador 

Jose Alexandre Diniz (UNICAMP), pesquisador 

Marcelo Antonio Pavanello (FEI), pesquisador 

Mariana Pojar (USP), pesquisadora 

Ricardo Rangel (USP), pesquisador 

                                  I.INTRODUCTION 

 

The goal of this project is the design, fabrication and 

electrical characterization of transistors building on silicon 

on insulator soi (silicon-on-insulator) wafer with multiple 

gates and vertical channel, called finfet or 3d transistor to 

serve as a hydrogen sensor. The gate dielectric structure of 

the finfet transistor is composed by ultra-thin layers with 

high-k dielectric .the gate electrode is composed by different 

materials like polycrystalline silicon, titanium nitride and 

tantalum. They will be analyzed in terms of the hydrogen 

sensing. The use of structures as different transistors in 

parallel will allow increase the sensibility of sensing. The 

implementation of those structures will be done by electron 

beam (e-beam) lithography (e-bean) using structures as 

“fingers” with widths and spacing between them of around 

100 nm. The focused ion beam (fib) is another option for fin 

definition. 

II. FABRICATION OF 3D TRANSISTOR (FINFET) 

a) First 3 mask 3D transistor obtained by E-bean (USP) 

 

Fig.1- FinFET (3D) schematic structure 

Process Flow 

1. 1
st
 Lithography:  Active area; 

2. Gate oxidation; 

3. Poly-Si Deposition by LPCVD; 

4. 2
nd

 Lithography: Gate Definition; 

5. Ion Implantation of Arsenic (Source/Drain); 

6. Deposition of Aluminum; 

7. 3
rd

 Lithography: Aluminum definition; 

8. Sintering of Aluminum; 

 

The main devices characteriscs are:  

WFIN= 100nm, HFIN= 100nm, tox= 4.5nm,  tbox = 200nm,  

L = 3.5µm, Gate electrode: Si-Poli  

 

Fig.2- FinFET (3D) photo - USP 
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Fig.3- Experimental ID x VGS of 3D Transistor - USP 

 

Fig.4- Experimental ID x VDS of 3D Transistor – USP 

 

b) First 3D transistor obtained by FIB (UNICAMP) 

The main devices characteriscs are:  

WFIN= 50nm, HFIN= 300nm, tox= 10nm,  tbox = 400nm,  

L = 15µm, Gate electrode: TiN 

 

Fig.5- FinFET (3D) photo - UNICAMP 

______________________________________________ 

Contact: João Antonio Martino, University of São Paulo 

martino@lsi.usp.br, +55-11-3091-5657.    
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A4.1.5 ORGANIC SENSORS BASED ON POLYMER 

Artemis Marti Ceschin (ENE/UNB): Coordinator 

Maria José Araújo Sales (IQ/UNB): Collaborator  

Nizamara Simenremis Pereira: PhD Student 

        Two undergraduate students 

 

I. INTRODUCTION  

 Poly(o-methoxyaniline) (POMA), a conductive polymer 

(CP) well known, was used to prepare blends with 

poly(methylmethacrylate) (PMMA). Conducting polymer 

keeps absorbance strength within the PMMA matrix. 

POMA/PMMA blends presented absorption bands regarding 

the conducting polymer with different intensities and the 

main band red shifting. However, POMA/PMMA blends 

showed no photoluminescence (PL) emission. After the 

hybridization process of the CP with a photoluminescent 

dye, 2,1,3-benzothiadiazole, POMA/PMMA blends showed 

new optical properties. PL spectra revealed an emission in 

the range of 500–550 nm, indicating interaction between the 

dye and the conducting polymer. The presence of the dye 

modified the morphological properties of the 

POMA/PMMA blends. New features have appeared on the 

surface of the blends prepared with higher concentration of 

hybridized CP. Blends with lower concentrations of 

hybridized CP showed their surfaces with POMA globules 

being covered by PMMA. This morphology replaced the 

globules and ‘‘crystals’’ on the surface of the blends 

prepared without the dye. 

II. ACTION AND RESULTS  

 

UV–Vis Absorption 

 Figure 1(a) shows that the POMA has kept the absorption 

within the matrix of insulating PMMA, which does not 

absorbin this region.25 It is important to say that the POMA 

did not promote any emergence of electronic transitions of 

PMMA. The CP only is absorbing in the characteristic 

region regarding the matrix of PMMA. POMA/PMMA 

blends prepared with hybridized CP with dye showed 

different optical properties of absorption, when compared 

with spectra of the POMA/PMMA blends. The hybridized 

samples revealed a strong absorption band in the range 

600–1000 nm with the maximum absorption in range 805–

814 nm, to all samples [Figure 1(b)]. The BT presents two 

absorption bands, one at 220 nm and other at 310 nm,26 

i.e., it does not absorb in the region of 400 to 1000 nm, 

keeping the idea of interaction between the POMA and the 

dye. Other characteristic of the new materials was that the 

shoulders vanished at wavelengths shorter than 600 nm. The 

disappearance of absorption bands at lower wavelengths 

can be explained by interactions between the photoactive 

molecule (BT) and the CP. These interactions should be van 

der Waals type, because here was no formation of new 

compounds. 

 Figure 1. Absorption spectra of the blends prepared (a) 

without the presence of the BT and (b) with the presence of 

the BT. 

 

   

  

    Atomic Force Microscopy.  

       AFM images of POMA, CPM 50blend without dye, and 

PMMA showed small globules on its surface [Figure 3(a, 

e,f)], while that sample with 5, 10, and 25 wt/wt % of CP 

showed structures that resemble small crystals [Figure 3(b–

d)]. These were originated from recrystallized dopant on the 

surface of the polymeric blends, after evaporation of the 

solvent. The phase images [Figure 3(h–k)] of the blends 

prepared without the hybridized CP did not indicate phase 

separation between polymers, which is an interesting feature 

of the polymeric blends. Phase images of the POMA and 

PMMA [Figure 3(g, l)] showed no color contrast as they are 

pure samples. 

 

 

 

 

 

Figure 2. AFM topographic 

images of (a) pure POMA 

(CP), POMA/ 

PMMA blends; (b) CPM 5; 

(c) CPM 10; (d) CPM 25; 

(e) CPM 50; and 

(f) PMMA. Phase images of 

(g) pure POMA, 

POMA/PMMA blends; (h) 

CPM 5; (i) CPM 10; (j) 

CPM 25; (k) CPM 50; and 

(l) PMMA. Scanning 

 area: 10 Â 10 mm2.  
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Sales“POMA/PMMA Blends Modified by Dye: 
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POLYM. SCI. 2012, DOI: 10.1002/APP.37869 
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A4.2.1 PHOTOMETRY AND IMAGING IN THE THZ SPECTRAL RANGE 
 

Pierre Kaufmann (UP Mackenzie and Unicamp), activity leader, 

and 17 associates 

I.  INTRODUCTION  

The main accomplishment in 2012 was the construction 

of the SOLAR-T experiment consisting in THz photometers 

to operate at 3 and 7 THz, for solar flare observations on 

board of stratospheric balloon missions, the data acquisition 

system, the Iridium short data burst services telemetry, and 

the integration of the whole experiment.  

II. THE FLIGHT MODEL OF THE 3 AND 7 THZ 

PHOTOMETERS  

The SOLAR-T experiment has been built, integrated, 

tested, and is nearly ready to be carried in stratospheric 

balloon missions. One long duration stratospheric balloon 

flight will be over Russia (one week) planned in cooperation 

with the Lebedev Physics Institute, Moscow (July-August 

2014). The SOLAR-T experiment will be integrated into one 

automatic Sun-pointing and tracking gondola, developed 

within a cooperation of the ECA group of University of 

California in Santa Barbara, USA, who will participate in 

the entire mission. In another mission mission it will be 

coupled to the GRIPS gamma-ray experiment in cooperation 

with University of California, Berkeley, US. One 

engineering flight is scheduled for fall 2013 or 2014 in the 

USA, and a 2 weeks flight over Antarctica in 2015-2016, or 

following Summer.  
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cell 
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ex, St. Petersburg, being tested after integration to data 

acquisition and telemetry modules, developed and built by 

Propertech, Jacareí, SP and Neuron, S.José dos Campos, 

respectively. The setup at Propertech shown here, uses a 

blackbody source and optics to simulate an “artificial Sun” . 

III. MAIN PUBLICATIONS IN 2012 

[1] - Marcon, R.; Kaufmann, P.; Fernandes, L.O.T.; 

Godoy, R.; Marun, A.; Bortolucci, E.; Zakia, M.B.; Diniz, 

J.A.; Kudaka, A.S. “Terahertz photometer to observe solar 

flares in continuum”,  J. Infrared Millimeter Terahz Waves, 

33,192-205, 2012. 

 

[2] - Kaufmann, P. “Observations of solar flares from 

GHz to THz frequencies”. Astrophs Space Sci Proc., 30, 61-

71, 2012. DOI: 10.1007/978-3-642-29417-4_6. 

 

[3] - Kaufmann, P.; Abrantes, A.; Bortolucci, E.C.; 

Correia, E.; Diniz, J.A.; Gernandez, G.; Fernandes, L.O.T.; 

Giménez de Castro, C.G.; Godoy, R.; Hurford, G.; Kudaka, 

A.S.; Lin, R.P.; Machado, N.; Makhmutov, V.S.; Marcon, 

R.; Marun, A.; Nicolaev, V.A.; Pereyra, P.; Raulin, J.-P.; da 

Silva, C.M.; Shih, A.; Stozkhov, Y.I.; Swart, J.W.; 

Timofeevsky, A.V.; Valio, A.; Villela, T.; Zakia, M.B. 

“SOLAR-T: Terahertz photometers to observe slar flare 

emission on stratospheric ballon flights”. Proc. SPIE 8442, 

Space Telescopes and Instrumentation 2012: Optical, 

Infrared, and MIlimeter Wave, 84424L1-84424L-9 

(September 21, 2012). DOI: 10.1117/12.926072. 

 

[4] - Bortolucci, E.C.; Kaufmann, P.; Fernandes, L.O.T.; 

Zakia, M.B.; Diniz, J.A.; Alves da Silva, A.M.P.; Flacker, 

A.; Timofeesky, A.V.; Nicolaev, V.A. “THz band-pass 

resonant metal mesh filters for a space solar photometry 

experiment”. In: SEMINATEC – VII Workshop on 

Semicondictors and Micro & Nano Technology, São 

Bernardo do Campo. NAMITEC -2012, 85-86, 2012. 

 

[5] - Marcon, R.; Kaufmann, P.; Fernandes, L.O.T.; 

Godoy, R.; Marun, A.; Bortolucci, E.C.; Zakia, M.B.; Diniz, 

J.A.; Kudaka, A.S. “A prototype photometer for terahertz 

solar flares observations”. In: SEMINATEC – VII 

Workshop on Semicondictors and Micro & Nano 

Technology, São Bernardo do Campo. NAMITEC -2012, 

81-82, 2012. 

 

[6] - Kaufmann, P.; Correia, E.; Fernandes, L.; Giménez 

de Castro, C.G.; Kudaka, A.S.; Raulin, J.-P.; Valio, A.; 

Marcon, R.; Bortolucci, E.C.; Diniz, J.A.; Zakia, M.B.; 

Swart, J.W.; Machado, N.; Abrantes, A.; da Silva, C.M.; 

Nicolaev, V.; Timofeevsky, A.; Shin, A.; Hurford G.; Lin, 

R.; Makhmutov, V.S.; Stozhkov, Y.I.; Marun, A.; Pereyra, 

P.; Godoy, R.; Villela, T. “ The development of THz 

photometers to observe solar flare from a stratospheric 

platform”. In: MOMAG - 15º SBMO – Simpósio Brasileiro 

de Micro-ondas e Optoeletrônica e o 10º CBMag – 

Congresso Brasileiro de Eletromagnetismo”.  João Pessoa, 

PB, 5-8 de Agosto de 2012 
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A4.2.2 POSITION SENSITIVE PHOTO DETECTOR 

Prof. Dr. Henri Boudinov (UFRGS), activity leader 

Eliasibe Luis de Souza (UFRGS), PhD student 

Prof. Dr. Ricardo Rego Correia (UFRGS), researcher 

 

MULTIPLE POSITION SENSITIVE PHOTODETECTOR 

FOR HETERODYNE DETECTION 

 

I. INTRODUCTION  

The device proposed here is a multiple PSD for a 

novel application. This device is basically an array of 64 

one-dimensional implanted p-type resistors built-up in n-

type silicon substrate with metallic contacts on both ends of 

each 1D-PSD to pick up the LPV signal formed in the 

resistive layer. The main usage of the constructed device is 

for multichannel optical heterodyne detection of the power 

difference between two optical signals, when spectrally 

dispersed reference and signal beams illuminates the PSD 

array across the 64 lines. The PSD device provides a 

differential detection scheme based on optical heterodyning, 

very useful for all kinds of optical techniques, concerning 

the discrimination of signal even on very low light levels. 

The actual performance of a dual detector for optical 

heterodyning is limited by the electronic signal subtraction 

subsequent to optical detection. Even if the devices are 

electronically identical, white quantum shot noise, optical 

and electronic delays, as well as individual phase 

fluctuations, degrade the phase correlation between the 

currents of the detectors, which lead to an un-balanceable 

fine adjustment. In this way, employing a single solid state 

detector scheme for differential 

detection would be suitable for 

cancelling most of these inappropriate 

electronic noise additions, since the 

balanced detection would cancel noise 

originated along the same junction 

that fluctuates uniformly for 

electronic signals generated by each 

optical beam.The PSD array is formed 

by 64 single p-n junctions with a 

length of 20 mm and a width of 150 μm. The distance 

between neighbor p-type resistors is 50 μm. Aluminum 

contacts have been deposited at both longitudinal ends of 

each PSD. Pictures of the sensor are shown in Fig.1. 

 

Figure 1. The fabricated device has dimensions 22x14 mm
2
. 

(b) Optical microscopy picture of the multiple PSD. 

 

                                   II. RESULTS 

 

 

 

 

 

 

 

 

 

Figure. 2. Dependence of the sensitivity on the beam power. 

(b) Dependence of LPV on the beam power referred to three 

different points on the PSD where the beam was positioned. 

 

The sensitivity in the central area of a single PSD for 

different laser beam powers is shown in Fig. 2(a). Saturation 

is completely established at a power of 10 µW. Fig. 2(b) 

shows similar dependence for potential difference measured 

between contacts of the PSD as a function of the power 

when the light was focused at 1,0 mm, 4,0 mm and 8,0 mm 

from the centre of the device. One can see clearly that the 

signal is higher when the laser is positioned far from the 

centre of the PSD, independently on the laser power. 

Independent of the distance, the voltage is saturated at about 

10 µW due to the higher recombination rate of the excess 

carriers for higher generation rates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 3. LPV related to a power difference for two 

symmetrically positioned laser beams; (squares) 

Simultaneously incidence of two beams; (circles) 

Subtraction of sequentially measured signals for each one of 

the beams. 

 

In Fig.3 we show one more experiment, related to the 

possibility of measuring directly the power difference 

between two optical signals. Two identical laser beams (1.21 

µW each) were positioned symmetrically in respect to the 

centre of the PSD with a distance between them of 1.68 mm. 

In front of one of them a variable density neutral filter was 

mounted, with the purpose to control the power. The first set 

of experimental points (squares) was directly measured by 

simultaneously incidence of both beams on the PSD, 

controlling the power of one of them. The second set of 

points (circles) was obtained by sequentially measurements 

of the LPV values for each of the single beams (one of them 

with controlled power) and consequently calculating the 

corresponding difference. Full coincidence between both 

sets of points proves the concept of using PSD to subtract 

two optical signals with different powers. 

 

                         III.MAIN.PUBLICATIONS                

de Souza E.L., Boudinov H. and Correia R.R.B., Sensors and 

Actuators A, xx (2013) xxx. 

 

Contact:  H. Boudinov (henry@if.ufrgs.br, (5 
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A4.3.1 DEVELOPMENT, FABRICATION AND CHARACTERIZATION OF 
MICROELECTROMECHANICAL SENSORS  

Prof. Dr. Fabiano Fruett (UNICAMP), activity leader 

Guilherme Coraucci (UNICAMP), PhD student 

Juvenil Severino da Costa Junior, PhD student 

I. INTRODUCTION 

This activity contemplates the work about two 

microelectromechanical sensors distinct. The first is a 

multiterminal pressure sensor microfabricated in silicon and 

the second a sensor system of air-relative humidity 

fabricated through microstructures metalized in alumina.  

II. FEM STUDY OF THE LIKE-HALL CURRENT 

DEFLECTION EFFECT ON A PIEZORESISTIVE 

PRESSURE SENSOR 

This work presents a study of the like-Hall-current-mode 

behavior in the mechanical domain. For that, a piezoresistive 

pressure sensor of multiple terminals was put under tests 

using the Finite Element Analysis technique. This device is 

called Multi-Stage Current-Mode Piezoresistive Pressure 

Sensor, which is based on a 3-Terminal Pressure Sensor. 

The piezoresistive effect shows up differently on a device 

depending on whether the device is considered a long device 

or a short device. On long devices, those where its length is 

way larger than its width, the piezoresistive effect shows up 

as a transverse voltage. In short devices, the effect shows up 

as a transverse current component. To study the effect of 

current deflection, our device is based on the Split-drain 

devices that make use of the proprieties of dual Hall devices 

that, in turn, makes use of the Hall current effect operating 

in the current mode. Our results show that when an external 

pressure is applied to the device, a redistribution of the 

current takes place in the output terminals due to the 

piezoresistive effect. In addition, a differential voltage drop 

is seen in the terminals. However, the differential voltage 

becomes constant as L/W is increasing. Hence, the current 

deflection effect is decreasing, and transverse voltage seems 

to prevail. 

 

Fig. 1: Electrical schematic of the 3-terminal device. 

This setup is expanded to fit our multi-stage device 

 

Fig. 2: Influence of L/W for the current variation in the 

multi-stage device without the Piezoresistive Effect 

III.  STUDY OF CARBON  NANOTUBE DEPOSITED 

ON MICROIMPEDANCE BRIDGE FABRICATED  

THROUGH MICROSTRUCTURES METALIZED  

Carbon nanotubes (CNTs) are a new class of materials 

discovered in 1991 by Sumio Iijima and have extraordinary 

mechanical properties, electrical and thermal. They possess 

enhanced resistance to rupture under tensile known in the 

order of 200 GPa, 100 times more resistant to the steel with 

only 1/6 of its density. People have developed various 

synthesis processes and the main discharge between graphite 

electrodes and Catalyzed Chemical Vapor Deposition 

(DQVC). The latter presents the greatest potential for mass 

production of nanotubes. The catalysts used are transition 

metals such as Fe, Co and Ni or their oxides.This sub-

activity is dedicated to the study of carbon nanotube apply 

on capacitive. The capacitive structure will be manufactured 

using different substrate, silicon and alumina. The bridges 

fabricated will be used to characterization the electrical 

properties of carbon nanotube All process steps are being 

made in the CCS (Center for Semiconductor Components) at 

UNICAMP. 

 

Fig 3: Carbon Nanotube 

 

Fig 4: Fabricated microbridge of impedande 

IV. MAIN PUBLICATIONS   

[1] CORAUCCI, G.O.; FRUETT, F., Silicon Multi-Stage Current-
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Ireland, v. x. p. xxxx, 2011, to be published 

[2] CORAUCCI, G.O.; FRUETT, F., Silicon Multi-Stage Current-

Mode Piezoresistive Pressure Sensor. In: IEEE Sensors 2010 

Conference, Hawaii, v. 1. p. 1770-1774, 2010 

[3] COSTA JUNIOR, Juvenil Severino da ; FLACKER, A. ; 

NAKASHIMA, M. H. S. ; FRUETT, F. ; ZAMPIERI, M. ; 
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v. 49. p. 451-458. 
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A4.3.2 DEVELOPMENT OF PHOTOACOUSTIC SPECTROMETER WITH 
SILICON PRESSURE CHIP WITH APPLICATION IN NANOPARTICLES  

AND ENERGY 
 

 

Dr. Milton Roque Bugs (CTI), activity leader 

Dra. Raquel Kely Bortoleto Bugs (CTI), researcher 

Dr. Jacobus Willibrordus Swart (CTI), researcher 

Ms. Aristides Pavani Filho (CTI), researcher 

Ms. Marcio Tarozzo Biosoli (CTI), researcher 

Adriano Costa Pinto (CTI), tehcnician 

Maria das graças de Almeida (CTI), technician 

I. INTRODUCTION 

The development of metallic nanoparticles (NPs) of 

copper and silver is rapidly growing with the interest of the 

industry and can provide solutions to technological and 

environmental challenges in the areas of solar energy, 

catalysis, medicine and metallic inks with applications in 

flexible electronics and microelectronics.  

The fundamental problem of NPs are associated with 

lack of stability in the dispersion and the generation of 

aggregates [1] leading to loss of properties attributed to the 

nanoscale. Surfactants have the ability of compartmental 

which on the other hand affects the transition of the solution 

of the product and reduces the dimensionality of the reaction 

[2]. 

The traditional analysis techniques do not allow 

advances in molecular interaction processes of metallic NPs 

and development of new materials with applications in 

electronics and energy conversion. The samples, usually of 

great interest in these areas are solid or highly concentrated 

solution making it more difficult. 

II.ACTION AND RESULTS 

The project develops the reduction of metal ion reducing 

agents in liquid medium by adding surfactants or not (Figure 

1), with low-cost equipment, ambient temperature and in 

large volumes. We present the photoacoustic system (Figure 

2) developed [3-6] at CTI for research and innovation in 

metallic ink, electronic and Solar Energy. The sintering of 

metallic ink can be done with intense pulsed light. 

A. MATERIALS AND METHODS 

The process in obtain NPs have conducted in open 

ambient and with nontoxic substance [7]. Electron 

Microscope images were obtained at the LME of the LNLS, 

Campinas-SP. The photonic sintering (Figure 3) of 

nanoparticles dispersed in inks on low-temperature 

substrates for printed electronics was done with the Sinteron 

2000 of XENON. 

B. THE COOPER NPS SELF-ASSEMBLY 

 

Figure 1. Cooper NPs and the respective self-assembly 

formation [7]. 

C. THE PHOTOACOUSTICS SYSTEM 

 
Figure 2. The picture shows the photoacoustic spectrometer 

with the cell and some commercial pressure chips. 

Photonic sintering of Cu NPs 
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Figure 3. The picture shows the sintering equipment in 

laboratory (Sinteron 2000, XENON) and flexible substrate. 
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A4.3.3 SAW SENSORS BASED ON CARBON NANOTUBES 

Dr. Serguei Balachov (CTI), activity leader 

Dra. Olga Balachova (CTI), researcher 

Dr. Stanislav Moshkalev (CCS-Unicamp) researcher 

Aristides Pavani Filho (CTI), researcher 

Maria das Graças de Almeida (CTI), technitian 

I. INTRODUCTION  

During the previous years the method of deposition of 

sensitive nanostructured films, which uses “digital” SAW 

spray, was developed. The spray was used to deposit 

graphene oxide films on the surface of the SAW sensor. This 

sensor is planned to be used for water activity 

measurements. During the year 2012 efforts were focused 

on establishing of the calibration process of the sensor and 

developing suitable algorithms for treatment of the sensor 

response.  

II. ACTION AND RESULTS 

The saturated solutions of some salts were prepared as 

water activity standards to perform the process of calibration 

of the sensor. These solutions, being left in a closed 

environment, balance the relative humidity of the 

atmosphere to a certain level with high precision.  

Standard samples were prepared and stored at room 

temperature and required amounts were taken for testing. To 

ensure the stability of solutions and to test validity of 

calibration of the sensors, all samples were tested weekly 

using calibrated water activity meter (Aqualab 3TE, 

Decagon Devices Inc.). Water activity for all samples was 

measured at 25 ± 1°C with accuracy of 0.006. The results of 

stability tests for all solutions are shown in the figure 1. The 

obtained results  

 

Figure 1. Stability of saturated solutions used in equipment 

calibration 

clearly indicate that within the accuracy of measurements 

fabricated standards have very good stability. 

The standards were used to calibrate the differential SAW 

sensor in wide range of humidity. Typical experimental 

response of the sensor is shown in fig. 2. To take account of 

slow frequency drift caused by various types of instabilities 

(heating of components and crystals, frequency counter 

instability etc.) in the frequency response of the sensor the 

following formula was proposed:  

   )exp(1010 tAtFFtf   

where 
0A  is the saturation amplitude,   is the velocity 

factor (VF) and 
0f is the baseline frequency of the sensor. 

1F is responsible for slow drift of baseline frequency of the 

sensor. 
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Figure 2. Typical response of the SAW sensor covered with 

the graphene oxide. Green curve - experimental data, red 

curve – result of LSQA fitting with the use of the proposed 

equation.  

In order to characterize the sensor, A0, , F0 and F1 were 

estimated, using least square approximation (LSQA) of 

experimental curves (see fig. 2) and A0, being the amplitude 

of saturation, was used for calibration of the sensor (see fig. 

3). 

 

Figure 3. Experimental water activity dependance of the 

amplitude of saturation for various types of sensitive films. 

The obtained results shows that the graphen oxide film has 

sensitivity humidity superior to other types of sensitive 

films. 

 

Contact: Serguei Balachov. sergey.balashov@gmail.com. 
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A4.3.4 SURFACE FUNCTIONALIZATION OF MICROCANTILEVERS  
WITH BIOMOLECULES, TO BE APPLIED AS BIOSENSOR 

IN AQUEOUS SOLUTION 

Dr. Paulo S.P. Herrmann (Embrapa LABEX Europe – Germany / FZJ 

– Jülich/IBG-2), activity leader 

Dra. Alexandra Manzoli (CNPDIA), PhD student 

Prof(a). Dr(a). Clarice Steffens (URI-Erechim, RS)  

William Natori – Undergraduate Student 

                                    I.INTRODUCTION 
Microcantilever (MC) sensors are a type of microelectromechanical 

system with particularly high sensitivity.Tthe biosensor is made by 

applying a coating on the mc surface with the desired chemical 

specificity and selectivity. When the sensor coating adsorbs or binds a 

target analyte, a differential surface stress develops resulting in a 

deflection in the mc that can be electronically detected. the great 

interest in developing mc-based sensors is because it can utilize 

biomolecules with high specificity for sensing target chemicals 

without limiting signal transduction between the biomolecule and an 

electronic sensing device. The advantages of microcantilever-based 

biosensors are that they are small, inexpensive, provide label-free 

detection, and may be used in sensor arrays. The functionalization of 

microcantilever coating surface is the most important step for the 

development of the microcantilever-based biosensors. the critical 

properties of the coating surface include the surface density of receptor 

molecules that affect the capacity for binding the analyte and the 

amount of surface stress that can be created and detected. Depending 

upon the final application of these devices different types of 

immobilization can be used.Tthe purpose of the present investigation 

was to prepare a biosensor for detecting cadmium in aqueous solution 

using a mc sensor containing immobilized alkaline phosphatase 

enzyme on the sensor surface. The sensor’s surface was functionalized 

with thiol. 

                         II. ACTION AND RESULTS 

 

 

 

 

 

 

 

 

                                                             (b) 

Figure 1. Immobilization scheme of the alkaline phosphatase enzyme on 

microcantilever´s surface with 16-mercaptohexadecanoic acid (thiol). 

The experiments were performed with commercially available 

rectangular silicon tip-less microcantilevers (350 μm length, 30 μm 

idth and 0.5-1.5 μm thickness with a force constant of 0.07 N m-1, 

NT-MDT Company, Russia).  The microcantilever resonance 

frequencies and Q quality factor in liquid medium were monitored 

using an AFM (Dimension V (Veeco)). Cadmium concentrations 

of 0.1, 0.01 and 0.001 ppm were utilized for the construction of the 

calibration curve. 

# Table 1. Resonant frequency (f) and quality factor (Q) for the first 

and second harmonics of each construction stage of the microcantilever-

based biosensors. 

 silicon thiol 

ffirst harmonic (kHz) 29.1795 29.0726 

fsecond harmonic (kHz) 187.823 187.477 

Qfirst harmonic 209 696 

Qsecond harmonic 147 100 

Figure 1.  Response in volts (which is proportional to the oscillation 
amplitude of the microcantilever-based biosensors) as a function of 

resonant frequency of the microcantilever-based biosensors in cadmium 

solutions. 
 

 

 

 

 

 

It was observed in Figure 1 a decrease in resonance frequency (f) 

of biosensor with higher concentrations of cadmium ions due to an 

increase in effective mass of the microcantilever, which is the 

result of heavy metal adsorption by the enzyme. Thus, there is 

evidence that this method can be used to detect heavy metals. Table 

2 provides the data obtained. 

# Tabela 2. Resonance frequency (f) and quality factor (Q) of the 

microcantilever-based biosensors of  phosphate buffer and cadmium 
solutions. 

 f (kHz) Q 

phosphate buffer 113,792 18 

0.001 ppm 112,965 7 

0.01 ppm 112,858 7 

0.1 ppm 111,061 7 

 

 

Figure 2. Linear fit of the resonance frequency as a function of the 
concentration of cadmium ions. 

Figure 2 shows a linear interpolation of the resonance frequency (f) 

of the microcantilever-based biosensors as a function of the 

concentration of cadmium ions. It was observed a very close 

interpolation of experimental results indicating the viability of 

micromechanical biosensor. 
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A4.4 ALTERNATIVE PHOTOVOLTAICS AND ORGANIC ELECTRONICS 

Dr. Fernando Ely (CTI), activity leader 

Agatha Matsumoto (CTI), M.Sc. student 

Thebano E. A. Santos (CTI), researcher 

Valdirene Peressinotto (CTI), researcher 

Iraci da A. Pereira (CTI), researcher 

Michele Odinick Silva (CTI), researcher 

Thiago C. Cipriano (UFABC/CTI), PhD student 

Prof. Dr. Rubens Maciel Filho (FEQ-Unicamp), researcher 

Prof. Dr. Waldir Antonio Bizzo (FEM-Unicamp) 

  

I. INTRODUCTION 

  

The term organic electronics describes the realization of 

electronic devices like transistors sensors, memories and 

photovoltaics (OPV) based on semiconducting organic 

compounds [1]. There has been a growing research effort in 

organic electronics to improve the semiconducting and 

conducting, properties of organics (polymers, oligomers and 

liquid crystals) and hybrids (organic–inorganic composites) 

through novel synthesis and self-assembly techniques. Our 

strategy in organic electronics field is to generate 

knowledge and  intellectual property for further technology 

transfer to the private sector. The topics of research include 

materials, deposition techniques and testing devices to 

mainly demonstrate OFETs, OPV and organic memories 

over large areas.   

II. ACTION AND RESULTS  

A. TRANSPARENT AND CONDUCTIVE 

ELECTRODES BY ULTRASONIC SPRAY 

 Spray is particularly interesting because it leads to 

homogeneous films with delimited large area on different 

substrates by using virtually any kind of fluid. We are using 

ultrasonic spray to prepare transparent conductive eletrodes 

(TCE) based on SWCNT, conducting polymers and metallic 

nanowires. In the last year, the conducting polymer 

PEDOT:PSS and  SWCNTs were most deeply studied 

materials. Figure 1 summarizes the main results obtained.   

  
PEDOT:PSS on 

glass 

Flexible EL device w/PEDOT 

TCE 

 

 
SWCNT network AFM images SWCNT network 

Figure 1. TCE based on the conductive polymer pedot and 

swcnt network by ultrasonic spray deposition 

B. THERMAL NANOIMPRINTING LITHOGRAPHY 

Thermal nanoimprinting lithography (T-NIL) is capable 

to create patterns as small as 10 nm [2]. In T-NIL one of the 

most important elements is the rigid mold which can be 

defined by several methods. Herein, we describe a simple 

way to get such molds by using electroforming as key step. 

The process consisted in tree steps: photolithography, Ti 

evaporation and nickel electroplating. The structures 

consisted of an array of micro-stars having 13 µm size and 

23 µm pitch were transferred from a mask to 1.4 µm thick 

SU8 negative photoresist and then it used as galvano-

template for nickel electroforming (figure 2). We are 

currently evaluating the technique to define patterns in sub-

micro scale. 

 

Figure 2. Replica mold on Ni for T-NIL and the 

correspondent SEM images showing microstars pattern. 

Scale bar = 10 µm. 

C. BULK HETEROJUNCTION ORGANIC 

PHOTOVOLTAICS   

In this work we explore the utilization of NPEOXA 
liquid crystal (LC) as funcional additive in the active layer 
having  P3HT/PC71BM and also the replacement of P3HT by 
the polymer PCDTBT in bulk heterojunction OPV devices. 
The figure 3 shows IV curves and key performance 
parameters for OPV cells having the afore mentioned active 
layers.   

Figure 3. IV characteristics for LC-dopped P3HT/PC71BM 

and PCDTBT/PC71BM active layers.  

To improve the photoconversion efficiency (PCE) we are 

adjusting the size distribution of ZnO nanoparticles (NP) 

and testing it replacement by a conductive grade of PEDOT 

(PH500) as buffer layer. 

III. MAIN PUBLICATIONS  

[1] ELY, F. et al. Handheld and Automated Ultrasonic 

Spray Deposition of Conductive PEDOT:PSS Films and 

Their Application in AC EL Devices, Organic Electronics, 

submitted, 2012.     

IV. REFERENCES  

 [1] McCulloch I. Adv. Mater., 22, 3760–3761, 2010 

 

Contact: Fernando Ely. E-mail: fernando.ely@cti.gov.br 

Phone: +55 (19) 3746 6229.    

OPV structure: ITO/ ZnO 
NP/P3HT:PCBM:NPEOXA/A

l 

OPV structure: ITO/ ZnO 

NP/PCDTBT:PCBM/Al 

  

Jsc = 1.91 µA.cm-2 

Voc = 378.0 mV 

FF = 0.19 

PCE = 0.015 % 

Jsc = 1.25 mA.cm-2  

Voc = 200.6 mV 

FF = 0.31 

PCE  = 0.1 %   
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Figure 1 – Block diagram of the amplifier 

structure 

 

 

Figure 3 – 3-D view of the structure with auxiliary 

feed 

 

Figure 2 – Example of active 

circuit 

 

 

Figure 4 – Gain versus impedance of the 

amplifier structure 

A4.5 FULLY PLANAR COMPACT MICROWAVE AMPLIFIER 

Prof. Dr. Glauco Fontgalland  (UFCG), activity leader 

Profa. Dr. Alexandre Jean René Serres, researcher 

Georgina Karla de Freitas Serres, PhD student 

I. INTRODUCTION  

The manufacturing of miniaturized hybrid microwave 

integrated circuits (MHMICs) is performed either by using 

the multilayer LTCC or HTCC (low or high temperature 

cofired ceramic) technology.  The use of multilayer circuits 

makes microwaves circuits more compact and the design 

more flexible [1]. For applications in the millimeter-length 

bands, new methods for the conception of these circuits have 

been developed, and others perfected, in order to meet 

requirements such as cost, performance and complexity.  

These methods allow the integration of different functions on 

the different planar surfaces among the dielectric layers on 

which the active and passive elements are deposited using 

several techniques. The objective of this work is to analyze a 

compact microwave amplifier structure using an efficient 

technique based on the Wave Concept Iterative Procedure 

(WCIP) for solving continuity conditions in terms of waves 

rather than in terms of tangential electric and magnetic 

field. This method is not conditioned by the complexity of the 

circuit design and was proved to be particularly interesting 

for planar multilayer circuit [2].  

II. ACTION AND RESULTS  

In the work reported herein the analysis and simulation 

of a structure with five interfaces were carried out as 

represented in Fig. 1. 

The structure under study is composed of five interfaces, 

a transmitter and receiver, an amplifier and two polarizers 

positioned perpendicularly. Using the wave concept, the 

interfaces of the polarizers can be substituted by virtual 

interfaces. As a result the polarizers can be expressed 

directly into the modal domain that avoids the discretization 

in the spatial domains. Therefore the structure is composed 

of three physical interfaces. For the amplifier interface 

modeling it is used an auxiliary feed method.  This method 

allows the electromagnetic modeling of structure composed 

of passive elements (P), and active element (A) as shown in 

Fig. 2. 

In order to 

evaluate the 

performance of the 

proposed tools, a 

simulation of the 

amplifier structure 

was performed. 

Fig. 3 shows the 

multilayer structure 

with the physical interfaces used for the auxiliary method. 

On the first interface, the microstrip feed line has width 

of 2 mm and length of 18mm. On the second interface the L-

resonator has width of 4mm and length of 20mm. On the 

third interface, the microstrip line has the same dimensions 

as the first interface. Expressing the polarizers directly into 

the modal domain avoids the discretization in the spatial 

domain. Therefore, a time computational of 30% associated 

with these operations is released. The waveguide is 32mm 

wide and 32mm long, εr1 = εr2 = εr3 = 2.2, εr4 = 1 and l1 = l2 = 

l3 = 0.65mm. A simulation of the proposed amplifier 

structure was conducted varying the negative impedance 

from -120Ω to -60Ω at a frequency of 5.6GHz. As seen in 

Fig.3, a gain of 13.4dB is obtained for negative impedance 

Zd of 80Ω.  

III. MAIN PUBLICATIONS  
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A4.6 MICROELECTRONIC PACKAGING  

Prof. Dr. Antonio Luis Pacheco Rotondaro (CTI), activity leader 

Dr. Ricardo Cotrin Teixeira (CTI), researcher 

Dra. Vanessa Davanço Pereira de Lima (CTI), researcher 

Eliana A. Gomes (CTI), researcher 

Giuliano Maiolini (CTI), technician  

Tatsuo Hinome (CTI) technician 

Marinalva Rocha (CTI) technician 

I. INTRODUCTION 

A summary of the work in progress in the Project 

Namitec - section A4.6, is presented. The activities during 

2012 were: - the assembly and packaging of the IC 

processed at XFAB that contained IPs form several research 

teams; - testing the flip-chip process on functional ICs to 

further validate the developed UBM and assembly process 

and assess electrical performance and solder contact quality. 

Also, at the end of the year, we restarted the activities on 

multiphysisc simulation of packaged systems. 

II. ACTION AND RESULTS 

A. Assembly and Packaging of the XFAB IC 

The IC fabricated at XFAB included the IPs from several 

groups of the area A2 (Fig.1). The floorplan of the IC was 

not optimized for singularization of the different IP blocks 

which has posed some difficulties for cutting the sub-dies  

 

Figure1: Floorplan of the IC fabricated at XFAB. 

The wafers were cut and 50 "Big Dies", that contained 

all the IPs were distributed to the groups. Moreover, 198 

single IP blocks were cut-out of the big dies and they were 

sent to the groups that had selected them. 

In the future, MPW runs should be planned as only 

providing the big dies (containing all the IP blocks) to the 

different groups. This aims optimizing the cutting and 

assembly processes. 

An example of a chip-on-board assembly is shown on 

Figure 2 where de IC is mounted on an alumina substrate, 

wire-bonded to the connections and can be covered by a 

curable resin. On Figure 3 a typical assembly in a ceramic 

capsule is presented. 

 

Figure 

2:Chip-

on-board 

assembly 

 

Figure3: Ceramic capsule assembly 

B. Flip-chip assembly 

The Ti/Ni/Au UBM stack obtained by sputtering was 

characterized by FIB cross section. Thicknesses achieved 

were respectively 70 / 525 / 342 nm onto Al thin films, close 

to the 100 / 500 / 300 initially desired. With the deposition 

process characterized and lithography technique chosen (lift-

off), we started testing the UBM stack onto actual devices to 

check for performance changes. (Figure 4). Some transistors 

were already tested for functionality of the UBM stack with 

no problems detected so far. 

 

Figure4: Micrography of actual device pad with UBM 

stack. 

As future work, we are preparing a new UBM mask to 

allow better alignment and more devices to be measured. 

Then, a more detailed study comparing electrical 

measurements before and after UBM layer deposition will 

be performed. 
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A5 AREA MATERIALS AND FABRICATION TECHNIQUES 

Dr. Stanislav Moshkalev (UNICAMP), area A5 and A5.1 leader 

Prof. Dr. Rogrigo Prioli  (PUC-Rio) , activity A5.2 leader 

Prof. Dr. Fernanda Stedile (UFGRS), activity A5.3 leader 

Dr. Raquel Bugs (CTI), activity A5.4-1 leader 

Dr. Jose Casarini (CTPIM), activity A5.4-2 leader 

 
A5.1. Nanostructured carbon materials (carbon 

nanotubes and thin sheets of graphene/graphite) 

 

Technologies have been developed for characterization 

of carbon nanomaterials, like nanotubes (CNT) and, more 

recently, ultra-thin graphite/graphene sheets (few-layer 

graphene or FLG), and fabrication and tests of new devices 

like micro-sensors for gas sensing, based on CNT or FLG. 

Recent experiments were designed to study the quality of 

thermal contacts between carbon nanomaterials and metals. 

Increasing laser power was used for thermal annealing of 

contacts between graphene and metal electrodes (W, Au, Ti, 

SiO2), with laser focused in the central part of the suspended 

sheets. The local temperature of graphene was estimated 

from the downshift of the G line in the Raman spectra. For 

laser powers up to 1 mW, the sample temperature grows 

linearly with laser power, but for higher powers, weaker 

heating is observed, due to improved thermal contact 

between the graphene and metal electrodes. The formation 

of thermal contacts for nanotubes and graphene with 

different electrodes is under study. Another part of work was 

focused on simulations and experimental study of electronic 

properties of the interface between SiC and graphene layers, 

work function of graphene with different number of layers 

over SiC was measured, showing clear dependence on the 

number of layers . 

A5-2. Synthesis and characterization of nanostructures and 

nanostrutured materials in Si, Ge III-V.  

 

Reactive sputtering to create layers of non-stoichiometric 

silicon nitride was used. By carefully controlling the amount 

of nitrogen, argon and oxygen mixture in the sputtering 

chamber, the temperature and time of annealing, we have 

controlled the composition and the subsequent 

photoluminescence spectra. For the first time a strong UV 

(324 nm) emission was observed in a Si3NxOy sample with 

a relatively high oxygen concentration. Among other 

activities related to the synthesis and characterization of 

nanostructured materials, some deserve special attention. 

Firtsly, the production of intricate networks of nanocrystals 

connected either directly or in a foreign matrix. Novel and 

emergent electron phenomena were studied in such 

structures. The second prominent activity relates to the 

synthesis of germanium nanocrystals in silica matrices. 

Photoluminescent properties of such materials were studied 

as a function of annealing conditions. The third work is 

related to photoluminescent studies of ZnO tetrapods 

deposited on a matrix of alumina and the study of diluted 

semiconductor structures. Forth activity relates the effect of 

dislocations on the resistance to plastic deformation in III-V 

crystals under low normal loads.  

 

 

A5.3.  Synthesis and characterization of alternative materials 

for MOS. 

 

Oxygen transport during thermal oxidation of Ge and 

desorption of the formed Ge oxide were investigated. Higher 

oxidation temperatures and lower oxygen pressures promote 

GeO desorption. An appreciable fraction of oxidized Ge 

desorbs during the growth of a GeO2 layer. The interplay 

between oxygen desorption and incorporation results in the 

exchange of O originally present in GeO2 by O from the gas 

phase throughout the oxide layer. This process is mediated 

by O vacancies generated at the GeO2/Ge interface. These 

observations evidence fundamental differences between the 

thermal oxidation of Si and Ge. The incorporation of water 

vapor in SiO2 films thermally grown on 6H-SiC (0001) and 

on Si (001) was investigated using nuclear reaction analyses. 

Water isotopically enriched in D and in 
18

O was used. The 

dependence of incorporated D with the water annealing 

temperature and initial oxide thickness were inspected. 

Results evidence the presence of D in the surface, bulk, and 

interface regions of SiO2/SiC structures, whereas in the case 

of SiO2/Si, it was observed only in near-surface regions of  

the oxide film. 

 

A5-4.1. Biomolecules deposition on metallic substrates for 

research and development of bioMEMS. 

 

The study of the process of nanoparticles (NPs) synthesis 

associated with biomolecules by processes environmentally 

friendly to produce metallic inks silver, copper and nickel 

for use in flexible electronics and sintered by intense pulsed 

light.  In parallel, the bactericidal effect of silver NPs is 

evaluated in strains of Escherichia coli.  Applications for the 

use of NPs are broad as biosensor, printing on flexible 

substrate, bactericidal agent, molecular diagnostics, photonic 

device and RFID. 

 

A5-4.2. Synthesis and Characterization of organic materials 

for biochemical sensors. 

 

Study of the functional groups of Mulateiro extract, and 

other compounds such as caffeine, present in guarana, also 

of the interest in Amazon forest. Feasibility study on the use 

of dsDNA as a charge carriers species when bound to a 

molecule of the extract, given the interaction effect of 

dsDNA with cathecolamine, and the presence of catechols in 

Mulateiro extracts. Study of the interaction of different 

organic compounds with semiconductor properties, such as 

conductive polymers, organic materials used as charge 

carriers in various electronic devices such as OLEDs, 

PLEDs, etc.. 
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A5.1 NANOSTRUCTURED CARBON MATERIALS (CARBON NANOTUBES 
AND THIN SHEETS OF GRAPHENE/GRAPHITE) 

Dr. Stanislav Moshkalev (UNICAMP), activity leader 

Prof. Dr. Yakov Kopelevich (UNICAMP) , researcher 

Dr. Leonardo Fonseca (UNICAMP), researcher 

Dr. Alfredo Vaz (UNICAMP, CTI), researcher 

Dra. Raluca Savu (UNICAMP), researcher 

Dr. Robson R. da Silva (UNICAMP), researcher 

Dr. Antonio P. Rotondaro (CTI), researcher 

Dr. Victor Ermakov (UNICAMP), researcher 

Camila Campos (UNICAMP), PhD student 

Valdenir Silveira (UNICAMP), PhD student 

 
I. INTRODUCTION 

Carbon nanomaterials like nanotubes (CNT) and, more 

recently, ultra-thin graphite/graphene sheets (few-layer 

graphene or FLG) have unique electrical, thermal, 

mechanical, optical properties and are considered as 

building blocks for new generation of nanoelectronics 

devices. However, most of technologies for their integration 

in new devices still have to be developed. In particular, 

important issue is the formation of electrical and thermal 

contacts with metal electrodes. 

 
II. ACTION AND RESULTS. 

 

Currently, UNICAMP develops technologies for 

characterization of carbon nanomaterials, and fabrication 

and tests of new devices like micro-sensors for gas sensing 

with power consumption as low as few micro-watts, based 

on CNT or FLG. As examples, graphene sheets prepared by 

sonication from natural graphite and then deposited between 

metal electrodes using di-electrophoresis, are shown in Fig. 

1.  

                             

 

 

Fig. 1. Graphene sheets deposited over W (a, e), Au (b) and Ti 

(c) electrodes and SiO2 (d) by di-electrophoresis.  

 

Results of experiments where increasing laser power was 

used for thermal annealing of contacts between graphene 

and metal electrodes (W, Au, Ti, SiO2), with laser focused in 

the central part of the suspended sheets, are shown in Fig.2. 

The local temperature of graphene was estimated from the 

downshift of the G line in the Raman spectra. For laser 

powers up to 1 mW, the sample temperature grows linearly 

with laser power, but for higher powers, weaker heating is 

observed, due to improved thermal contact between the 

graphene and metal electrodes. The formation of thermal 

contacts for nanotubes and graphene with different 

electrodes is under study. 

  

 

Fig. 1. G peak position versus absorbed laser power during the 

laser annealing and after annealing for the same sample, for W (a), 

SiO2 (b) and Au (c).  

Another part of work was focused on simulations and 

experimental study of electronic properties of the interface 

between SiC and graphene layers, work function of 

graphene with different number of layers over SiC was 

measured, showing clear dependence on the number of 

layers . 

 
Fig. 3. High resolution XPEEM spectra for different number of 

graphene layers over SiC.  
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A5.2 SINTESIS AND CHARACTERIZATION OF NANOSTRUCTURED 
MATERIALS BASED ON SI, GE, III-V AND II-VI SEMICONDUCTORS FOR 

OPTOELECTRONICS DEVICES APPLICATION 

Prof. Dr. Rodrigo Prioli (PUC-RJ), activity leader 

Prof. Dr. H.Boudinov (UFRGS) 

Prof. Dr. Carlo Requião (UFRGS) 

Prof.Dr. Andre Pasa (UFSC) 

I. INTRODUCTION  

The recent activities of our group involve studies on 

the photoluminescence (PL) emission of nanostructured 

materials based on Si, and defects in ZnO as well as on the 

development of electrical contacts in 

metal/oxide/semiconductor interfaces for device 

applications. 

Silicon is by far the most used material in the 

microelectronics industry, the reason for this preference 

being its excellent electrical and mechanical properties. 

However, for being an indirect band gap semiconductor it is 

a poor light emitter. Many attempts were made to eliminate 

this obstacle and the problem is a subject of continuing 

research. On this topic, we used samples prepared by 

reactive sputtering to create layers of non-stoichiometric 

silicon nitride. By controlling the amount of nitrogen, argon 

and oxygen mixture in the sputtering chamber, the 

temperature and time of annealing, we have controlled the 

composition and the subsequent PL spectra. For the first 

time a strong UV (324 nm) emission was observed in a 

Si3NxOy sample with a relatively high oxygen concentration.  

Silicon rich SiO2 samples were also prepared using 

reactive RF sputtering from Si target. By controlling the 

oxygen concentration of the Ar + O2 mixture in the 

deposition chamber, an excess of silicon was created in the 

formed silicon oxide films. After performing thermal 

annealing at temperatures of 1050ºC and 1100ºC, these 

samples showed a PL effect, which was caused by the 

formation of silicon nanocrystals. The PL signal was 

observed when the samples were excited with the 488 nm 

line of an argon laser. Significant improvement of the PL 

signal was achieved by subsequent thermal annealing at 

450ºC in forming gas (FG), which passivates the silicon 

nanocrystals interfaces. Two different mechanisms of light 

emission were distinguished by PL measurements as a 

function of the laser power. 

 Another approach that can be used to modify and control 

the PL emission of a semiconductor material is by the 

introduction of mechanical defects. Dislocations can readily 

be introduced by nanoindentations.  They act as carrier 

recombination sites and the piezoelectric fields produced by 

their strain fields will affect the local band structure, thus 

influencing carrier transport. On this topic, nanoindentations 

were performed on various crystallographic orientations of 

single crystal ZnO. The indented orientations were (1120) a-

plane, (1010) m-plane, and (0001) +c-plane (Zn-face). Blue 

and red shifts were observed in the cathodoluminescence 

(CL) PL spectra, due to the tensile and compressive stresses. 

New peaks were also observed due to the presence of 

positive and negative donors at the dislocation positions. 

With the aim of producing new devices, the development 

of electrical contacts in metal/oxide/semiconductor 

interfaces was also studied. A first device was specifically 

designed to measure magneto resistance as a function of 

applied magnetic field at different temperatures for 

Ni/Al2O3/Si while a second device was designed to work as 

a thermoelectric generator in which a temperature gradient 

was produced by a Si platform. 

II. RESULTS 

The results obtained by our group were very significant 

and are highlighted below. 

The reactive sputtering technique from Si target was 

employed for the fabrication of Si3NxOy samples and an UV 

PL emission was observed for the first time in a Si3NxOy 

sample with a relatively high oxygen concentration as 

shown in fig. 1.  

 
It has to be noted that, additional electroluminescence 

measurements could provide valuable additional information 

for the complex band configuration in this material and the 

possibility to design a new kind of UV LED is rising. (Any 

further information contact Prof. H.Boudinov) 

The PL measurements for Silicon rich SiO2 samples as 

a function of the laser power permitted to distinguish 

between two different mechanisms of light emission. Note 

that two peaks are seen in fig.2 

 

It is assumed that the left peak is related to the 

quantum confinement of Si-nc, while the right one is related 

to the radiative recombination of localized levels formed by 

interface states on the Si-nc/SiO2 interface. The PL peak 

intensities dependences confirm that two different 



 

 

 

 P
ág

in
a5

5
 

mechanisms are responsible for both peaks PL emissions, 

due to the fact that one of them is linear with the laser power 

and the second one shows a saturation tendency for this 

power regime. (Any further information contact Prof. 

H.Boudinov) 

 

The PL can also be modified by the introduction of 

dislocations. Figure 3, shows low temperature PL and CL 

spectra of the near band edge emission of the +c-plane 

oriented ZnO samples, taken near the area of indentation.  

The PL has superior wavelength resolution and is shown in 

order to identify the dominant transitions. The luminescence 

of each oriented ZnO crystal was very similar.  
  

 

 

For the a-plane indentation, we observe (i) non-

radiative defects created at indentation site and extending 

along basal planes, (ii) compressive strain in the ±c-

directions, and (iii) tensile strain in the ±m-directions.  For 

the m-plane indentation, we observe (i) non-radiative defects 

created at indentation site and extending along basal planes, 

(ii) compressive strain in the ±c-directions, and (iii) tensile 

strain in the ±a-directions.  For the +c-plane indentation, we 

observe (i) non-radiative defects created at the indentation 

site and (ii) tensile strained lines extending along the six-

fold a-directions.  CL spectroscopy and monochromatic 

imaging provides us with information about the nature of 

deformations and strain away from the indentation pits. 

(Any further information contact Prof. R. Prioli)  

The ability to produce nanoscale reliable electrical 

contacts in metal/oxide/semiconductor interfaces is of major 

importance to the development of novel optoelectronic 

devices. Therefore, the fabrication of electrical contacts in 

metal/oxide/semiconductor interfaces was also studied. 

In fig.4, a device with three Ni/Al2O3/Si nanocontacts is 

shown. The Ni nanowires were fabricated with various 

distances. Interesting results were obtained on the 

measurement of the dependence of the magnetoresistance 

with the applied magnetic field at different temperatures and 

It is assumed that the left peak is related to the 

quantum confinement of Si-nc, while the right one is related 

to the radiative recombination of localized levels formed by 

interface states on the Si-nc/SiO2 interface. The PL peak 

intensities dependences confirm that two different 

mechanisms are responsible for both peaks PL emissions, 

wire distances. The spin diffusion length was also calculated 

and it was observed that for Si, only below 50K the 

magnetoresistance follows the model of polarized spin 

injection by diffusion.  

 
Figure 5 shows the magnetoresistance (MR) 

measurements as a function of magnetic field (H). In 

fig.5(a), MR vs H for different temperatures and a gap of 

100 nm. In fig.5(b), MR vs H for different gaps at a 

temperature of 14 K. In fig.5(c) Voltages vs H for applied 

currents ranging from 10 nA to 500 µA at T = 11 K. (Any 

further information contact Prof. A. Pasa) 

 

A second device, designed to work as a thermoelectric 

generator was also fabricated and is shown in figure 6.  

 

In such a design, a temperature gradient was produced by a 

Si platform, which will result in a Seebeck voltage in each 

thermocouple. The results on the device performance are 

being considered for publication. (Any further information 

Contact: (Prof. A. Pasa) 

Contact:  R.Prioli (prioli@vdg.fis.puc-rio.br, (21) 3527-

1272) 

H. Boudinov (henry@if.ufrgs.br, (51) 3308-6547) 

A. Pasa (pasa@fisica.ufsc.br, (48) 3721-9544) 
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A5.3  SYNTHESIS AND CHARACTERIZATION OF ALTERNATIVE  
MATERIALS FOR MOS 

Prof. Dr. Cláudio Radtke (UFRGS), activity leader 

Prof. Dr. Henri Boudinov  (UFRGS), activity leader 

Profª Drª. Fernanda C. Stedile (UFRGS), activity leader 

 

I. OXYGEN TRANSPORT AND GEO2 STABILITY 

DURING THERMAL OXIDATION OF GE  

S.R.M. da Silva, G.K. Rolim, G.V. Soares, I.J.R. 

Baumvol,  C. Krug, L. Miotti, F.L.Freire, Jr., M.E.H.M. da 

Costa, and C. Radtke 

 

Appl. Phys. Lett. 100, 191907 (2012) 

 

Oxygen transport during thermal oxidation of Ge and 

desorption of the formed Ge oxide were investigated. Higher 

oxidation temperatures and lower oxygen pressures promote 

GeO desorption. An appreciable fraction of oxidized Ge 

desorbs during the growth of a GeO2 layer. The interplay 

between oxygen desorption and incorporation results in the 

exchange of O originally present in GeO2 by O from the gas 

phase throughout the oxide layer. This process is mediated 

by O vacancies generated at the GeO2/Ge interface. These 

observations evidence fundamental differences between the 

thermal oxidation of Si and Ge. 

 

 

 

Fig. 1: O areal densities as a function of the reoxidation 

time in 
18

O2. Samples were prepared by a first oxidation step 

in 1 atm of 
16

O2 for 15 min at 600 
o
C. Reoxidations were 

performed in 1 atm of 
18

O2 at 600 
o
C.  

 

 

 

 

 

 

 

 

 

II. UNRAVELING THE ROLE OF SIC OR SI 

SUBSTRATES IN WATER VAPOR INCORPORATION 

IN SIO2 FILMS THERMALLY GROWN USING ION 

BEAM ANALYSES 

S.A. Corrêa, G.V. Soares, C. Radtke, F.C. Stedile 

 

Nucl. Instrum. Methods Phys. Res. B 273 (2012) 139-141 

 

The incorporation of water vapor in SiO2 films thermally 

grown on 6H-SiC (0001) and on Si (001) was investigated 

using nuclear reaction analyses. Water isotopically enriched 

in D and in 
18

O was used. The dependence of incorporated 

D with the water annealing temperature and initial oxide 

thickness were inspected. Fig. 2 shows profiles of D 

incorporated in SiO2 films thermally grown on SiC and Si 

after water vapor annealing at 1000°C. Results evidence the 

presence of D in the surface, bulk, and interface regions of 

SiO2/SiC structures, whereas in the case of SiO2/Si, it was 

observed only in near-surface regions of the oxide film. 

Besides, the total amount of D in SiO2/SiC structures 

increases continuously with temperature and with initial 

oxide thickness, while in SiO2/Si no remarkable dependence 

with temperature or initial oxide thickness was observed. 
18

O profiling reveals that at any annealing temperature, 

oxygen from water vapor was incorporated in all depths of 

the oxide films grown on SiC, in contrast with the SiO2/Si. 

 

 

 

Fig. 2 - Deuterium profiles in Si16O2 films, initially 6 

nm thick, thermally grown on SiC (gray columns) and Si 

(dashed columns) after thermal treatment in D218O at 

1000°C. The positions of new film/substrate interfaces are 

indicated in both cases. Lines are only to guide the eyes. 

 

Contact: fernanda.stedile@ufrgs.br 

51 33087220    

 

mailto:fernanda.stedile@ufrgs.br
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A5.4.1 BIOMOLECULES DEPOSITION ON METALLIC SUBSTRATES FOR 
RESEARCH AND DEVELOPMENT OF BIOMEMS 

Dra. Raquel Kely Bortoleto Bugs (CTI), activity leader 

Dr. Milton Roque Bugs (CTI), researcher 

Dr. Jacobus Willibrordus Swart (CTI), researcher 

Ms. Aristides Pavanni Filho (CTI), researcher 

Ms. Márcio Tarozzo Biasoli (CTI), researcher  

Adriano Costa Pinto (CTI), technician  

Maria das Graças de Almeida (CTI), technician  

 

I. INTRODUCTION  

Nanotechnology has the potential to create innovative 

tools and the ability to change and innovative products. 

Biomolecules associated with metal nanoparticles are 

capable of self-assembly creating a material with new 

properties. The group Nanotechnology Applied Division of 

Microsystems - DMS is working in R&D of NPs associated 

with biomolecules by processes environmentally friendly to 

produce metallic inks silver, copper and nickel for use in 

flexible electronics and sintered by intense pulsed light 

(IPL) [1].  In parallel, the bactericidal effect of silver NPs is 

evaluated in strains of Escherichia coli.  Applications for the 

use of NPS are broad as biosensor, printing on flexible 

substrate, bactericidal agent, molecular diagnostics, photonic 

device and RFID [2, 3, 4]. 

 

II.ACTION AND RESULTS 

Figure 1 shows the images of electron microscopy 

(EM) for silver nanowires and self-assembly resulting in 

different structures. The bactericidal effect of NPs silver is 

shown in Figure 2.  
The silver nanowires are completely soluble in water 

and results in a colorless solution, a feature that has attracted 

the interest of industry to replace ITO. Preliminary results 

have shown efficacy of an aqueous solution composed of 

silver nanowire against a strain of E. coli. 

 

A. Materials and methods 

The process in obtain NPs have conducted in open 

ambient and with non-toxic substance. EM measurements 

(SEM-FEG JSM 6330F) were performed at the Laboratory 

of of Electron Microscopy (LME) of the National 

Synchrotron Light Laboratory - LNLS, Campinas-SP 

Electron Microscopy (LME) of the National Synchrotron 

Light Laboratory - LNLS, Campinas-SP.  
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

(A)                                           (B) 

      
(C)                                          (D) 

                          
Figure 1. EM pictures of (A) Ag nanowire, (B) Amplification of 

picture A, (C) self-assembly of the Ag nanowire and (D) Ag oxide.  

(A)                                             (B) 
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Figure 2. EM picture of the culture E.coli treated with silver NPs 

and (B) Growth curves of E.coli in liquid medium in the presence 

of different types of silver nanoparticles.  

 

III.REFERENCES 
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Assembly of Colloidal Copper Nanoparticles by Surfactant: A 

Molecular Velcro. Journal of Nanomaterials 2013, ID 802174, 8 

pages. doi:10.1155/2013/802174. 

[2] Parak, JW (2011) Complex Colloidal Assembly. Science 

334(9):1359-1360.  

[3] Tolaymat, MT; Badawy,  MA; Genaidy, A; Scheckel, GK; 

Luxton, PT; Suidan, M (2010) An evidence-based environmental 

perspective of manufactured silver nanoparticle in syntheses and 

applications: A systematic review and critical appraisal of peer-

reviewed scientific papers. Science of the Total Environment 

408:999–1006. 

[4] Sharma, KV; Yngard, AR; Yekaterina, L (2009) Silver 

nanoparticles: Green synthesis and their antimicrobial activities. 

Adv. in Coll. and Int. Science 145:83–96. 

 

Contact: raquel.bugs@cti.gov.br, milton.bugs@cti.gov.br    
+55 19 3746 6202. 
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A5.4.2 SYNTHESIS AND CHARACTERIZATION OF ORGANIC MATERIALS 
FOR BIOCHEMICAL SENSORS  

 

 

Prof. Dr. Jose R Casarini (CTPIM), activity leader 

Prof. Dr. Walter R Brito (CTPIM), researcher 

   

I.INTRODUCTION 

Biochemical sensors contributes to the use of forest 

resources within the ecosystem, allowing an exploration 

of resources selectively and sustainably, and discourage 

deforestation. 

Typically a biosensor has a sensitive layer to the 

biological substance to be analyzed, called the analyte. 

This work forms part of a systematic study to identify 

antioxidants in plant extracts Amazon through the 

development of specific biosensors based 

dsDNA/TiO2/ITO for different antioxidants using 

voltammetry and potentiometry techniques. 

 

II.ACTION AND RESULTS 

A- Study of the functional groups of Mulateiro 

extract, and other compounds such as caffeine, present in 

guarana, also of the interest in Amazon forest. 

B - Feasibility study on the use of dsDNA as a charge 

carriers species when bound to a molecule of the extract, 

given the interaction effect of dsDNA with 

cathecolamine, and the presence of catechols in 

Mulateiro extracts. Study of the interaction of different 

organic compounds with semiconductor properties, such 

as conductive polymers, organic materials used as charge 

carriers in various electronic devices such as OLEDs, 

PLEDs, etc.. 

C – Study of deposition process, through the liquid or 

gaseous face. The study of the feasibility of this methods 

for deposition on nitride / silicon substrate as provided in 

the activity A4.1.1 

 Explore the potential for electrodeposition systems 

for obtaining thin films of semiconductor employees 

with electric interphase layer of nitride / oxide. 

Spectroscopic techniques involving photoabsorption 

and photoemission synchrotron radiation to deepen on 

the mechanism of charge transfer at the molecular level 

between the semiconductor layers deposited by 

electrodeposition that which form the junction with the 

nitride / oxide. 

D- Alternatively is being developed for the 

differential recognition of various antioxidants through 

electrochemical measurements (potentiometric and 

voltammetric methods).  

Biosensors formed by anchoring of the dsDNA on 

nanostructured titanium dioxide layer deposited on ITO 

(dsDNA/TiO2/ITO).  

This biosensor leverages the protective effect exerted 

by antioxidants on the dsDNA before exposure to UV 

irradiation at 254 nm. 

Collaborations with research group of the Department 

of Physics UFJF (Prof. Cristiano Legnani and Prof. 

Welber Gianini) allowed the access to ITO films 

deposited on glass substrate. 

The deposition of homogeneous layer of TiO2 was 

made through the use of spin coating. This equipment 

was provided through collaboration with the research 

group of the Laboratory of Petroleum, Federal University 

of Amazonas (Prof. Raimundo Passos) (LAPEC / 

UFAM). At present time, and with no perspective of 

change, this equipment is not operational, and is not 

available for our use.  

Part of logistics involved in the manipulation of thin 

films and as the reagents used in the preparation of 

nanostructured TiO2 were facilitated by LAPEC / 

UFAM. 

Through the collaboration with the Laboratory of 

Biochemistry and Molecular Biology of the Amazon 

Biotechnology Center (Prof. Tetsuo Yamane and Dr. 

André L. Willerding) we could have access to important 

the quantities of purified dsDNA necessary for this work. 

Were conducted measurement of I/V curves in 

devices with architecture dsDNA/TiO2/ITO and 

antioxidant/dsDNA/TiO2/ITO with Keithley 2635 

sourcemeter and using Labview software from National 

Instrument 2011 (LCC-CI/CTPIM), Figure 1. 

Collaborations with LAPEC/UFAM has allowed 

access to different electrochemical characterization 

techniques, potentiometry and voltammetry, as well as 

thermal analysis techniques, thermogravimetric(TG) and 

differential thermal analysis (DSC) and infrared(FTIR). 

With the collaboration of experts in the field of 

electronics of the CTPIM there is a possibility to build a 

portable potentiostat to allow field measurements directly 

in the forest.  

Collaboration with the research group of Theoretical 

Chemistry, School of Technology, State University of 

Amazonas (EST / UEA) (Prof. Sergio Duvoisin) with the 

elaboration of fundamental theoretical studies on the 

dynamics and interaction mechanism between the 

antioxidant and dsDNA. 

E - Explore the potential of electrodeposition systems 

for obtaining semiconductor thin films employed as 

nitride/ oxide layers. 

F - Team formation through the acquisition of three 

fellows undergraduate research. Training the new team. 

G – Buy of national items, as reactants and 

micropipettes  and import some of materials like ITO  

substrates. Conditioning of the laboratory for work. 
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III. SUMMARY OF RESULTS OBTAINED IN  

THE PERIOD 

Were obtained voltammograms, using a potentiostat 

AUTOLAB PGSTA-T130, and Ag/AgCl as reference 

electrode and Pt as counter electrode, Figure 2. The 

working electrode dsDNA/TIO2 / ITO was set properly 

and immersed in a solution of methylene blue. 

The oxidation of dsDNA is a complex process 

involving a series of reactions. However, in general, the 

initial measurements carried out show that the peaks 

related to the oxidation of dsDNA decreases with the 

presence of the antioxidant. Thus, it is observed that the 

addition of the antioxidant hampers dsDNA degradation. 

 

 

 

Figure 1. I/V curves of dsDNA/TiO2/ITO in presence 

of caffeine solution. 

 

Figure 2. Voltammograms of dsDNA/TiO2/ITO 

electrode in presence of caffeine solution.  

 

IV – ACKNOWLEDGEMENTS 

 

We acknowledge the contribution of CNPq - INCT 

NAMITEC for the scholarships: one DTI - II; and three IC´s 

what allowed advancement of experimental work, and also 

for the materials needed.  

Dissemination of knowledge through the information 

channel developed within the Platform for E-Learning 

courses in the Technology School of the Amazonas State 

University (EST-UEA).  

Scientific articles, significant ephemerides and events 

related to the world of nano-sciences were published. This 

channel reaches about 400 students enrolled in different 

courses of technological on the EST-UEA that use this 

Platform. 
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A6 AREA HUMAN RESOURCES DEVELOPMENT 

 

This area is coordinated by Jacobus W. Swart from UNICAMP and by Roberto Panepucci from CTI. 

NAMITEC supports the formation of large number of students at different levels, including PhD, 

Master of Science and Scientific Initiation for undergrad students, called IC in Brazil. Also pos-doc 

fellows are involved and participate in the project. The table bellow shows the number for each category. 

Considering the total numbers of concluded degrees and the going-on or active numbers, it is clear the 

initial goals will be achieved. 

 Active Concluded at 4
th

 year Concluded during 4 

years 

Goal – 5 years 

Pos-docs 9 16 35 - 

PhD 101 30 72 100 

Master 64 63 211 250 

IC 71 38 184 250 

 

INCT NAMITEC has also promoted the interchange of students between member institutions. This 

contributed to improve the work and formation of the students. 

The INCT program provided a limited amount of fellowship, from CAPES and CNPq, some of which 

sponsored by Ciência sem Fronteiras Program. The following tables indicate the number of fellowships 

granted during the four years of the project: 

 CNPq CsF CAPES 

EV 1 - - 

Pos-docs - 1 11 

PhD - 6 2 

Master - - 6 

IC 95 - - 

ITI-A 21 - - 

DTI 35 - - 

PDJ 3 - - 

 

 

COLOQUIA ON MICRO AND NANOELECTRONICS 

NAMITEC started a series of seminars called Colloquium on Micro and Nanoelectronics that are 

organized regularly at one of the participating institutions and broadcasted through internet on-line. The 

tool used for this broadcasting is called WebConf and is provided by RNP. These colloquia aims to teach 

about subjects related to the activities going on at NAMITEC, including some obtained results, to the 

internal community of NAMITEC and also to any interested person of society. The broadcasting is open 

and the seminars stay available in the web at the following site: http://namitec.cti.gov.br or 

http://www.namitec.org.br  

The list of seminars held up to now are as follows, with 6 held during 2012: 

 Polymeric Solar Cells: Device Physics and Technological Issues  Profa. Magali Estrada del Cueto, 

(CINVESTAV, Ciudad del Mexico, México). UNICAMP, 24/10/2012 

 Design-oriented Compact Modeling for Multi-Gate MOS Devices, Prof. Antonio Cerdeira Altuzarra 

(CINVESTAV, Ciudad del Mexico, México). UNICAMP, 24/10/2012 

 The Electronics Department At INAOE   Alfonso Torres Jacome, (Electronics Department, INAOE, 

Puebla-México). UNICAMP, 03/09/2012 

 Advances in Silicon Technology for Wireless   David Harame, (IBM Semiconductor Research and 

Development Center, Vermont-USA). UNICAMP, 03/09/2012 

 Nanometer-Thin Pure-Gallium and Pure-Boron CVD Layers: New Materials for Silicon/Germanium 

Device Integration, Liz Nanyer (Delft University of Technology, Holanda). UNICAMP, 23/08/2012 

 Circuitos Integrados Fotônicos em Silício, Roberto Ricardo Panepucci (CTI Renato Archer). CTI, 

03/07/2012 

http://namitec.cti.gov.br/
http://www.namitec.org.br/
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 ESD+RFIC Co-Design. An IEEE EDS Distinguished Lecture. Albert Wang, PhD, Fellow-IEEE 

(University California-Riverside-USA). CTI, 13/05/2011 

 Grafeno: Prêmio Nobel em Física de 2010 e Perspectivas Tecnológicas. Prof. Yakov Kopelevich 

(UNICAMP). CTI, 20/04/2011 

 SOI MOSFET: do Planar ao FinFET, Prof. Dr. João Antonio Martino ( PSI/EPUSP). CTI, 

13/12/2010 

 More Moore and More Than Moore, Antonio Luis Pacheco Rotondaro, PhD (CTI Renato Archer). 

CTI, 29/10/2010 

 Analysis and design of CMOS analog building blocks, Prof. Dr. Márcio Cherem Schneider (UFSC). 

CTI, 30/04/2010 

 Compact models of DC, AC, noise and mismatch for the MOSFET. Prof. Dr. Carlos Galup Montoro 

(UFSC). CTI, 25/3/2010 

 Nanotubos de carbono: síntese, caracterização e aplicações, Prof. Dr. Stanislav Moshkalev 

(CCS/Unicamp). CTI, 16/10/2009 

 Redes de Sensores sem Fio, Profa. Dra. Linnyer Beatrys Ruiz (UEM). CTI, 13/11/2009 

 

ORGANIZATION OF SHORT COURSES 

NAMITEC has active participation and responsibility in organizing short courses, as listed below:   

 I Escola Paulista de Micro e Nanoeletrônica, March 25 and 26, 2013, EPUSP, São Paulo, SP. 

 Workshop on Microfabrication: Design and Fabrication of MOS ICs, January 28 to February 8, 2013, 

CCS/UNICAMP, Campinas, SP. This course was also offered for regular undergraduate and graduate 

students of FEEC/UNICAMP during the regular semesters, using the CCS laboratory funded through 

NAMITEC. A total of about 45 students were enrolled through the three times the course was offered 

during the year (number of students is limited because of the experimental complexity involved). 

 Escola de Microeletrônica de Sergipe, EMicro-SE, November 15 to 17, 2012, UFSE, Aracajú, SE. 

 Onda Elétrica. VIII Jornada Interativa de Engenharia Elétrica, October 15 to 20, 2012, Escola 

Politécnica da UFBA, Salvador, BA.  

 DAAD Winter School on Nanotechnology for the design of functional materials: Theory, 

experiments, and developments. September 28 to October 11, 2012, Dresden University of 

Technology and UFSC, Florianópolis, SC.  

 3
a
 Oficina de Testes de Circuitos Integrados, September 26 to 28, 2012: CTI Renato Archer, 

Campinas, SP. 

 XIV Escola de Microeletrônica da SBC – Sul, EMicro 2012, April 23 to 25, 2012, UNIJUÍ, Ijuí, RS.  

 SEMINATEC 2012, April 12 and 13, 2012, FEI, São Bernardo do Campo, SP. 

 UFRGS/CT1 – many members of NAMITEC gave lectures and/or disciplines at the training program 

of IC-Brazil program. 

 CTI/CT2 – many members of NAMITEC gave lectures and/or disciplines at the training program of 

IC-Brazil program. 
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A7 AREA TECHNOLOGY TRANSFER TO THE 
INDUSTRIAL SECTOR  

Dr. Marco Antonio Silveira  (CTI), activity leader  

Dra. Rubia Auxiliadora Constancio Quintão (CTI), researcher 

Franciel Leandro Rosa Ferreira (PIBIC), student 

Vagner Rodrigo de Almeida (PIBIC), student 

 

I. INTRODUCTION 

Among the missions established by the Program INCT is the transfer of knowledge to the business 
sector and government. In this sense, the A7 NAMITEC sought in 2012 to develop efficient mechanisms 
to meet this mission and articulate the various institutions that make up the Search Network. In addition 
to the guidance for intellectual property protection and prospecting opportunities for technology transfer, 
the A7 also acts in the internal management of the technologies developed through mapping, potential 
applications and internal alignment of supply and demand technology.  

The alignment technology aims to enhance synergies and help in the optimization of resources and 
knowledge exchange.  Already monitoring the technologies developed by the five Areas facilitates the 
identification of technological applications and identifying opportunities for transfers to the productive 
sector and/or government. 

 

II. ACTION AND RESULTS 

To align the supply and demand technology, both internally and in relation to NAMITEC its interaction 
with the productive sector were implemented two fronts: a) Technological Management and b) practices 
intellectual property and technology transfer. 

A. Technology Management 

 

 The mechanisms developed for managing the set of technologies NAMITEC and their results were: 

i) organizing a database with all available information on the five technological areas of NAMITEC. 
The database is a compilation of information on technological areas (A1, A2, A3, A4 and A5). It was 
constructed from the data supplied by the researchers through quarterly reports, annual research into the 
curriculum Lattes and sites of interest. Because of the new configuration of the NAMITEC Activities 
(where some activities were absorbed by others) it was necessary to build two seats (first and second 
stage); 

ii) mapping applications and building a portfolio of technologies to facilitate the dissemination of that 
is developed in INCT. The portfolio comprises information about Area/Activity/Description of the 
technological/Fields of application of the technology/Description of the closest prior art 
technology/Problems prior art technology that proposes to solve; 

iii) lifting NAMITEC interactions between researchers and industry in the year 2012. The result was 
the identification of 10 interactions as shown in Table 1; 

iv) exploring the external demands of the Brazilian System of Technology (SIBRATEC) and CEITEC 
 

B. Practices of intellectual property and technology transfer 

 

To assist in the process of interaction was necessary for the training of post doctoral researcher in the 

A7 practices intellectual property and technology transfer, through the course of Basic Intellectual 

Property Manage and Complete Portfolio of Assets; Closing of Business, Innovation in Practice - Law 

Enforcement 10,973, offered by the Licensing Executives Society (LES) and of course how to establish 

partnerships between ICT-Company, offered by ANPEI. 

Other actions of the A7 was the participation in ABINEE TEC 2012, with exposure of Area Activities 

and orientation of two PIBICs. Some activities mentioned, as well as the mapping of supply and demand 

of internal sensors and create a bank of IPs, are still ongoing. 
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Table 1 - Interactions between NAMITEC and production sector in 2012. 
 

 INSTITUTION COLLABORATORS TYPE OF INTERACTION

CCS-Unicamp 
Empresa Nacional de 

Grafite Ltda

Characterization of natural graphite samples provided by 

the company was held in CCS-Unicamp.

CCS-Unicamp  Empresa Smart
Workshops for defining technical requirements for 

development of new devices for carbon nanomaterials.

CCS-Unicamp Company HP Labs

Visiting Prof technique. Yakov Kopelevich (IFGW-

Unicamp), to perform characterizations of carbon 

nanomaterials (graphene).

CTI
Vector/Braxenergy 

Company

Project nanostructured photovoltaic cells Low Cost. 

Financed by FUNTEC BNDES and developed with the two 

technologies for producing nanoparticles using 

environmentally friendly processes for the production of 

metallic inks for printing on flexible substrates 

characterized by photoacoustic technique and subsequent 

sintering by intense pulsed light (IPL). That was the 

difference in attracting the company to develop 

nanostructured photovoltaics low cost in a R2R process.

Mackenzie
Propertech Company and 

Neuron Company

Conclusion of the experiment spatial SOLAR-T, consisting 

of photometers to detect solar flares at 3 and 7 THz. The 

photometers were built and tested by the company Tydex, 

S. Petersburg, Russia, after the integrated system of data 

acquisition telemetry system coupled to the company. 

UFBA SENAI-CIMATEC 
Development of microstrip impedance adapters for 

multiband amplifiers.

UFBA

NNSOLUTIONS 

Desenvolvimento de 

Sistemas Integrados

Development of applications based on Bluetooth.

UFPA
Ericsson 

Telecomunicações S.A.

Development of broadband modem 1 Gbps for DSL (digital 

subscriber line). As a result of interaction with Ericsson, 

two patents were approved in 2012 in the United States.

UFPA Brasilsat
Development of telecom equipment using programmable 

logic.

UFSC GRF Development of integrated circuit blocks  (IP´s).
 

 

 

III.  MAIN PUBLICATIONS 

QUINTÃO, R.; SILVEIRA, M.; DE AZEVEDO, A.; DE MIRANDA, K. Brazilian Microelectronics 

Sector Dynamization: Technology Strengthening and Sustainable Development on Production Chains. 

Procedia: Social and Behavioral Sciences, v. 52, p. 290-298, 2012. 

LIMA, T., SOARES, E.; ROCHA, M.; QUINTÃO, R.; SQUELLA, S. Mapeamento das colaborações 

na pesquisa em sistemas micro e nano tecnológicos: o caso INCT-NAMITEC. LatinDisplay in São Paulo, 

SP, Brazil, 2012. 

 

Contact: rubia.quintao@cti.gov.br +55 19 3746 6138. 
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A8 AREA – KNOWLEDGE TRANSFER TO SOCIETY  

This area is coordinated by Jacobus W. Swart from FEEC/UNICAMP and includes the following 

activities: Organization of Scientific Conferences, delivering of lectures and talks at scientific 

conferences, participating on round table discussions, participation on exhibitions, press releases and web 

site. 

 
WEB SITE AND PRESS RELEASES 

The NAMITEC web site is active and regularly updated with news, events, results and other relevant 

information. Also the NAMITEC institutional video movie and presentation slides are available. The 

current address is: http://namitec.cti.gov.br . A new web site was created during the last months and is 

published at a new address: http://www.namitec.org.br . 

The site has also a restricted area for members where administrative matters are posted. 

The journalist Luciano Valente has been contracted to be NAMITEC’s Public Relations professional, 

producing a newsletter called “Boletim NAMITEC” and sending Press Releases to the media. The first 

newsletter was published in December 2012 and two others were published in February and March 2013. 

The newsletter will be published on a monthly frequency. Each newsletter contains 4 articles about the 

project activities. Based on these articles, the Press Releases are sent to the media to produce interviews 

and publications. Following is a list of publications in the regular press as result of this effort. 

Transistor 3D - FinFET or 3D Transistor 

#1 Article: Transistor 3D é fabricado no Brasil pela primeira vez 

Media: Agência Fapesp 

Date: 13/12/2012 

Link: http://agencia.fapesp.br/16615 

 

#2 Article: Brasil passa a fabricar transístores 3D 

Media: Tecmundo 

Date: 13/12/2012 

Link: http://www.tecmundo.com.br/eletronica/34052-brasil-passa-a-fabricar-transistores-3d.htm 

 

#3 Article: Brasil passa a fabricar transístores 3D 

Media: Revista Inovação Tecnológica 

Date: 13/12/2012 

Link: http://www.inovacaotecnologica.com.br/noticias/noticia.php?artigo=transistor-3d-fabricado-

brasil&id=010110121213&ebol=sim 

 

#4 Article: Pela primeira vez, transistor 3D é fabricado no Brasil 

Media: Inovação 

Date: 18/12/2012 

Link: http://www.inovacao.unicamp.br/notas/pela-primeira-vez-transistor-3d-e-fabricado-no-brasil 

 

#5 Article: Pesquisadores criam o primeiro transistor 3D nacional 

Media: Info Abril 

Date: 03/01/2013 

Link: http://info.abril.com.br/noticias/extras/pesquisadores-criam-o-primeiro-transistor-3d-nacional-

03012013-5.shl 

 

#6 Article: Primeiro transistor 3D brasileiro acaba de ser criado por pesquisadores da USP 

Media: Canaltech 

Date: 19/01/2013 

Link: http://canaltech.com.br/noticia/processador/Primeiro-transistor-3D-brasileiro-acaba-de-ser-

criado-por-pesquisadores-da-USP/#ixzz2OeK6OxK6 

 

#7 Article: Pesquisa Feita na Unicamp cria Chip com dispositivo 3d 

Media: Correio Popular Campinas 

Date: 26/02/2013 

 

#8 Article: Inovação - Pesquisadores brasileiros criam componente microscópico e mais eficiente. 

Media: Valor Econômico  

Date: 12/03/2013 

http://namitec.cti.gov.br/
http://www.namitec.org.br/
http://agencia.fapesp.br/16615
http://www.tecmundo.com.br/eletronica/34052-brasil-passa-a-fabricar-transistores-3d.htm
http://www.inovacaotecnologica.com.br/noticias/noticia.php?artigo=transistor-3d-fabricado-brasil&id=010110121213&ebol=sim
http://www.inovacaotecnologica.com.br/noticias/noticia.php?artigo=transistor-3d-fabricado-brasil&id=010110121213&ebol=sim
http://www.inovacao.unicamp.br/notas/pela-primeira-vez-transistor-3d-e-fabricado-no-brasil
http://info.abril.com.br/noticias/extras/pesquisadores-criam-o-primeiro-transistor-3d-nacional-03012013-5.shl
http://info.abril.com.br/noticias/extras/pesquisadores-criam-o-primeiro-transistor-3d-nacional-03012013-5.shl
http://canaltech.com.br/noticia/processador/Primeiro-transistor-3D-brasileiro-acaba-de-ser-criado-por-pesquisadores-da-USP/#ixzz2OeK6OxK6
http://canaltech.com.br/noticia/processador/Primeiro-transistor-3D-brasileiro-acaba-de-ser-criado-por-pesquisadores-da-USP/#ixzz2OeK6OxK6
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Caderno: B1 - Empresas 

 

#9 Article: Grupo desenvolve o 1º transistor 3D do país 

Media: Jornal da Unicamp 

Date: 25/03/2013 

Link: http://www.unicamp.br/unicamp/ju/555/grupo-desenvolve-o-1o-transistor-3d-do-pais 

 

 

Curso de Microfabricação - Microfabrication School  

#1 Article: INCT de micro e nanoeletrônica apoia curso prático de microfabricação 

Media: Portal Ministério da Ciência, Tecnologia e Inovação 

Date: 14/02/2013 

Link:http://www.mct.gov.br/index.php/content/view/345285.html 

 

#2 Article: INCT de micro e nanoeletrônica apoia curso prático de microfabricação 

Media: National Counsel of Technological and Scientific Development 

Date: 15/02/2013 

Link: http://www.cnpq.br/web/guest/noticiasviews/-

/journal_content/56_INSTANCE_a6MO/10157/875341 

 

#3 Article:  Curso prático de Microfabricação do Brasil 

Media: Jornal da Ciência  

Date: 15/02/2013 

Link: http://www.jornaldaciencia.org.br/Detalhe.jsp?id=85826 

 

Others Subjects 

#1 Article: Cientistas criam aparelho capaz de medir nível de conforto em ônibus 

Media: Jornal Nacional (TV Globo) 

Date: 20/04/2012 

 

#2 Article: Equipamento desenvolvido em Campinas mostra o que acontece no corpo em viagens 

Media: Jornal Hoje (TV Globo) 

Date: 20/04/2012 

 

#3 Article: Por uma eletrônica mais rápida  

Media: Jornal da UNICAMP 

Date: Week of 10 to 16/12/2012 

 

#4 Article:  A Computação passa da transparência à invisibilidade 

Media: Revista NEI 

Date: December, 2012 

http://www.nei.com.br/artigos/a+computacao+passa+da+transparencia+a+in 

 

 

NAMITEC WORKSHOPS 

 VIII Workshop INCT-NAMITEC: August 29, 2012, Hotel San Marco, Brasília, DF. 

 IX Workshop INCT NAMITEC: March 7 and 8, 2013, Fonte Santa Tereza, Valinhos, SP 

 

IX Workshop INCT NAMITEC, Valinhos 

http://www.unicamp.br/unicamp/ju/555/grupo-desenvolve-o-1o-transistor-3d-do-pais
http://www.mct.gov.br/index.php/content/view/345285.html
http://www.cnpq.br/web/guest/noticiasviews/-/journal_content/56_INSTANCE_a6MO/10157/875341
http://www.cnpq.br/web/guest/noticiasviews/-/journal_content/56_INSTANCE_a6MO/10157/875341
http://www.jornaldaciencia.org.br/Detalhe.jsp?id=85826
http://www.nei.com.br/artigos/a+computacao+passa+da+transparencia+a+in
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EXHIBITIONS 

The NAMITEC network participates regularly with stands at industrial and educational exhibits, 

aiming to approach the industrial sector and to contribute to the diffusion of technology to society, 

especially to students. 

FEBRACE 2013 

March 12 to 14, 2013. No specific stand of NAMITEC, but 2 scientific works from UFPB were exhibited      

 

INOVATEC Feira Paranaense de Negócios em Inovação Tecnológica 2012 

October 16 to 18, 2012, Curitiba, PR. NAMITEC shared a stand with UEM 

 

Semana Nacional de Ciência e Tecnologia - SNCT 2012 

October 15 to 21, 2012, São Paulo, SP. A shared stand of NAMITEC with LSI-USP  

 

AbineeTEC 2012 

September 03 to 05, 2012, São Paulo, SP. A shared stand of NAMITEC with SIBRATEC 

 

Chip in Brasília/ SBMicro&SBCCI 2012 

August 30 to September 02, 2012, Brasília, DF. A specific stand of NAMITEC 

 

FEBRACE 2012 

March 13 to 17, 2012, São Paulo, SP. A specific stand of NAMITEC 

 

                   

FEBRACE 2013, São Paulo                                                AbineeTEC 2012, São Paulo 

 

PARTICIPATION AT SCIENTIFIC CONFERENCES 

Details are available at the NAMITEC web site, at “Publications”. This includes presentation of 

papers, invited lectures, round table discussions, among others. 

A partial list of invited lectures about the INCT NAMITEC is as follows: 

“A Microeletrônica a Serviço da Vida”, Linnyer B. Ruiz, SESI/SENAI IEL, Cianorte, PR, March 27, 

2013. 

“Microsensors and Applications Developed under the INCT NAMITEC Network”, 1st Workshop on 

Advanced Materials and Devices, Havana, Cuba, March 13 to 16, 2013. 
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“Brasil US Women Scientists and  Engineers” Linnyer B. Ruiz (UEM) and Fernanda C. Stedile (UFRGS/IQ) 

participated in Brazilian delegation, Boston, USA, February 12 to 14, 2013. 

“Desafios Tecnológicos das Redes NAMITEC e CI-Brasil”, Jacobus W. Swart, EMicro 2012, UFSE, Aracajú, 

SE, November 15,  2012. 

“Experiências de Inovação Tecnológica pela rede INCT NAMITEC”, Jacobus W. Swart, II  Seminário de 

Inovação Tecnológica  do Triângulo Mineiro e III Encontro do Mestrado  Profissional em Inovação Tecnológica, 

Uberaba, MG, November 12,  2012.  

“BRAGFOST 2012  Brazilian-German Frontiers of Science and Technology Symposia”, Linnyer B. Ruiz, 

Brasília-DF, November 8 to 11, 2012. 

“Development of Microsensores and Applications under the INCT NAMITEC Network”, Jacobus W. Swart, 

Universidad Simon Bolivar, Caracas, Venezuela, November 05,  2012. 

“Education, Research and Development Networks on Micro and Nanoelectronics Systems in Brazil”, Jacobus 

W. Swart, CWCAS, Barranquilla, Colômbia, November 1,  2012. 

“Development of Microsensores and Applications under the INCT NAMITEC Network”, Jacobus W. Swart, 

Pontificia Universidad Javeriana, Bogotá, Colômbia, October 31, 2012. 

“Trends on Micro and Nanoelectronics”, Ricardo A. L. Reis, EWDTS 2012: 10th Ieee East-West Design & Test 

Symposium, Kharkov, Ukraine, September 14 to 17, 2012.  

“INCT Sistemas Micro e Nanoeletrônicos - NAMITEC “,Jacobus W. Swart, AbineeTEC 2012, São Paulo, SP, 

September 4, 2012. 

”MEMS Ecosystem in Brazil”, Jacobus W. Swart, The 18th World Micromachine Summit, Hsinchu, Taiwan, 

April 25, 2012. 

 “INCT NAMITEC”, Jacobus W. Swart, SEMINATEC 2012, Centro Universitário da FEI, São Bernanrdo do 

Campo, SP, April 13, 2012. 

“Nanoelectronic Device Research at UNICAMP”, Jacobus W. Swart, Universidade Notre Dame, South Bend, 

In, USA, February 26, 2012. 

 

OBTAINED AWARDS 

ACM ISPD Contest 2012 Awards. Undergraduate students of UFRGS/II were given the first and second 

positions to the Competition “Dimensionamento Discreto de Portas Lógicas”.  March 27, 2013, Lake Tahoe, NV, 

USA. ACM ISPD/IEEE CAS Society. 

IEEE Women in Engineering Awards. Linnyer B. Ruiz, Institute of Electrical and Electronics Engineers section 

Centro-Norte, Brasília-DF, March 22, 2013.  

WSCAD-CTD 2012. Eberle Rambo (Universidade Federal de Santa Catarina). 2º position of Master Thesis. 

SBC – Sociedade Brasileira de Computação, Florianópolis,SC  

Electron Devices Society's 2011-2012 Region 9 Outstanding Student Paper Award. Renan Trevisoli Doria’s 

paper entitled “Surface-Potential-Based Drain Current Analytical Model for Triple-Gate Junctionless Nanowire 

Transistors" (FEI) won the award.  

CT/IC 2012 Award. Jucemar Luis Monteior (UFSC). 2º position of Scientific Research of 2012.  

 

  
  IEEE Women in Engineering Awards, Brasília-DF 
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NAMITEC NETWORK MANAGEMENT AND SUMMARY 
 

INCT NAMITEC has an organization chart as depicted in the figure below: 

 

 

The coordinator of an area interacts with the coordinators of the corresponding activities and requests a 

progress report each four months. After analyzing he sends a general report about the activities of the area to 

the managing committee. This committee has 3 meetings a year, to analyze the progress reports and to 

deliberate on other managing issues, including approval of expenses and fellowships. Some of these issues 

are also discussed through e-mail messages. The management also approves all common activities like 

workshops, colloquia, participation at conferences with NAMITEC financing, visits between groups and so 

forth. A special effort is dedicated to encourage collaboration between groups, by means of dedicated 

financial budget for visits between groups and limiting NAMITEC financial support for conferences only for 

papers with co-authors from different institutions. Also, fellowships for pos-docs and DTI are limited to 

work plans that include collaboration. 

Communications to all the NAMITEC members is done through e-mailing list: namitec-lista@cti.gov.br 

and through our web page, that also includes a restricted area for internal communications. The two annual 

workshops are also key events for internal discussions, communications and management meetings. 
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PRODUCTIVITY INDICATORS 

 

A summary of all activities can be viewed through the following table of productivity indicators. 

 

Technological and Scientific Productivity 4th year In 4 years Goal – 5 years 

Publications    

Books 3 23  

Book chapters 8 51  

National Journals 18 51 
500 

ISI indexed journals 98 350 

Technological and Scientific Events    

National conferences 113 494 
1000 

International conferences 157 581 

Abstracts at national conferences 18 83  

Abstracts at international conferences 18 67  

Others    

Software - 1  

Patents of products 2 10 5 

Patents of processes 3 4  

Formation of Human Resources    

Concluded    

Scientific initiation 41 184 250 

Master 63 211 250 

PhD  30 72 100 

Pos-docs 16 35  

In Progress    

Scientific initiation  71 71  

Master 64 64  

PhD 101 101  

Pos-docs 9 9  

Technology transfer to industrial sector    

Cooperation with companies 10 22 (2011/12.)  

Education and diffusion of science    

Organization of Scientific Conferences 3 20  

Colloquia NAMITEC 6 14  

Organization of Short courses 11 23  

News at open media 16 25  

Workshops NAMITEC 2 9  

Participation at exhibitions and workshops 7 20  

Lectures and round tables for general public 38 144  

 

 

 


