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1 Direct Societal Benefits of THERMINATOR Project 

 

The THERMINATOR project aims at managing the thermal effects occurring during 

the operation of electronic circuits and thus leading to cooler circuits. This nice 

feature will have profound impacts, since cooler operation has a number of 

advantages. It first enables to have lighter heat sinks, thanks to smaller heat fluxes, 

leading to devices that are lighter and smaller, but also quieter – natural convection 

might be enough – and in the end less costly. Another direct advantage is devices 

that exhibit less power dissipation, since leakage currents and parasitic resistances 

do increase with temperature. Finally, cooler circuits are more reliable because the 

thermo-mechanical stress, due to materials that exhibit different Coefficients of 

Thermal Expansion – e.g. silicon and a plastic package –, will be smaller. There will 

be fewer risks of mechanical failures during the lifetime of a given circuit. 

These many advantages are true whatever the application class considered. For 

handheld devices, like the now popular smartphones and tablets, users are 

accustomed to having rich graphical interfaces, fast download times, 3D gaming …, 

but they don’t want devices that become hot in their hands or on their knees. There is 

a given temperature threshold above which societal acceptance is not guaranteed: 

final users will considered such devices as ill-engineered. 

For more power hungry electronic devices, like personal computers and, at another 

scale, data centres, the focus is more on the electrical bill, as seen in Section 4.1.2. 

For data centres, there is a strong incentive today to reduce the cost of cooling and 

its contribution to greenhouse gases emissions. 

In THERMINATOR, discrete power devices like Power MOSFET, Power Bipolar, 

IGBT were also modelled. These devices are used in an increasing number of 

applications: wind farms, hybrid and electric vehicles … It is clear that saving weight 

and cost for these applications, as well as providing fail-safe operation, will be critical 

to their wide adoption. It may even open the road for new ones, like the all-electric 

regional plane that may become a reality within 20 years. 

The THERMINATOR project addressed the analyses of temperature distributions 

within integrated circuits at several levels of abstraction. Beside the correlation 

between temperature and power consumption due to electrothermal coupling, a high 

correlation between temperature and the expected lifetime of an integrated circuit 

exists. This is because temperature is one of the most important parameters 
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impacting the degradation of ICs until a permanent breakdown occurs. 

Thus, there is a link to two significant societal aspects: 

 

1) sustainability in terms of a responsible handling of resources, and 

2) reliable circuits under harsh environments and an ageing society. 

For example in WP6 a methodology has been developed to analyse the temperature-

dependent degradation that takes place within transistor devices and will lead to 

irreparable malfunctions. The developed methodology can now predict this 

degradation before manufacturing and under considerations of future environmental 

conditions such as the ambient temperature, the kind of active or passive cooling 

measures, and the time of operation in different use-cases. Consequently, 

countermeasures can be taken at an early point in the development flow. In detail, a 

degradation-aware placement has been developed within the THERMINATOR 

project that will reduce the peak-degradation leading to a prolonged runtime before 

failure. 

In addition the proposed flow can lead to further trade-off analyses that may result in 

a reduced demand of certain raw materials that are responsible for the dramatic 

increase in IC packaging cost. 

Among the direct societal benefits of the project we can also mention that the results 

of the research have been and will be disseminated by presentations to conferences, 

journal articles and University courses at the master and PhD levels, contributing to 

raise the awareness for the relevance of thermal issues for economically-sustainable 

implementation of future energy efficient integrated circuit. 

Finally another aspect of the societal impact of THERMINATOR is in the fact that it 

opened the way to another project called SMAC (SMArt systems Codesign). 

 

Reference: http://www.st.com/internet/com/press_release/t3237.jsp  

http://www.st.com/internet/com/press_release/t3237.jsp
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2 Societal Trends and Challenges 

 

2.1 From societal needs to markets 

In order to identify relevant devices and technologies to be roadmapped, one may 

start in looking for suitable markets and applications, derive then underlying 

functionalities and devices. A set of associated parameters and processes will be 

derived (see below figure). 

 

 

 

Underlying the evolution of markets and applications, and therefore their economic 

potential, is their potential in addressing societal trends and challenges for the next 

decades. Societal trends can be grouped as health & wellness, transport & mobility, 

security & safety, energy & environment, communication and e-society (this latter 

term including infotainment). Many other names may be used but all cover more or 

less the same fields. These trends create significant opportunities in the markets of 

consumer electronics, automotive electronics, medical applications, communication, 

etc. 

As Carlo Bozotti, President and CEO STMicroelectronics said: “The semiconductor 

industry is increasingly driven by the way people live and what they expect 
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technology to bring to their lives, both in enhancing the quality of the way they work, 

learn, interact and relax and in helping to address major societal challenges in 

energy saving, healthcare and security.” 

In this context, ST has recently launched a new brand that, under “life.augmented” 

reinforces its positioning as an innovative company that is committed and contributes 

to enhanced social and environmental capital. The ultimate goal is value creation for 

ST and benefits for society at large in line with our Sustainability strategy and ST’s 

overall strategy of “life.augmented”. In parallel, a focus on the formal communication 

processes and activities that accompany will ensure that customers, investors and 

employees (and stakeholders in general) understand the value created and benefit 

from it accordingly. 

2.2 Energy conservation goals 

To meet expected energy conservation goals, power requirements (including 

reducing support equipment energy consumption) must be minimized. Energy 

efficiency has multiple impacts on European society, affecting all domains (private, 

industry and public), and the efficient use of energy is indeed the political, social and 

technical challenge of the next decade. The primary goal is to protect natural 

resources and the environment in Europe in a sustainable manner. A clear target is 

the reduction of CO2-emission by preventing energy waste by carelessness and by 

the use of obsolete equipment. Focusing on micro-/nanoelectronics approaches in 

particular, the challenge to reduce electrical energy consumption in Europe must be 

met if the 20% to 30% reduction in energy consumption by 2020 will be achieved. 

The European microelectronic research and development sector must therefore 

provide innovative technologies and associated ICT solutions as a basis for new 

energy efficient products and intelligent power management solutions. Last but not 

least, energy will stay affordable for everyone. Through consequent and combined 

efforts at European level there is a historical opportunity to extend the technological 

leadership of the European industry in this field and to strengthen its 

competitiveness. This will also have an enormous impact on high-qualification jobs in 

Europe. 

Consequently Design Technology has also an indirect social impact, by enabling 

critical applications in field of social relevance, like Health, Security and Transport. In 
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the near past, ICT drove half of all productivity gains in the EU, mainly through 

efficiency gains in the ICT sector and investment in ICT. The impact of ICT has been 

particularly evident in specific high tech sectors, which are among the strong point of 

Europe, like Automotive, Telecom and Security, or of high growth potential like 

Health and services for Aging Population.  

All these sectors are critical dependent of dedicated design solutions, capable to 

integrate also non logical functions (like sensors) and are strongly demanding in 

specific performances, like reliability and low power consumption that require a tight 

integration between architectural design and technology; moreover low power design 

is helpful in controlling on-chip temperatures, but is already widely utilized, and new 

thermal-specific approaches are necessary. New design methods and tools - and 

what developed within THERMINATOR project fully reflect the above - properly 

applied,  will also allow increasing the reliability of semiconductor devices, and 

reducing the costs of the final products making them available to the wider market. 

As an a example we can quote the reduction in casualties made possible by the 

widespread adoption of safety features in the car industry (ABS, airbag, EPS,..), 

which has been enabled by the reduction of costs and the increase in device 

reliability related to the continuous developments in silicon and design technologies.  
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3 A Smarter Planet 

3.1 ICT technologies for a Smarter Planet 

ICT (Information & Communication Technologies) and more specifically this 

THERMINATOR project will help to reduce the energy consumption and carbon 

emission. Today, electricity consumption is about 15 to 18% of the total energy 

consumed in the world, but is about 25% in advanced countries and predicted to be 

50 % in the future. ICT technologies consume about 2% of the total worldwide 

energy, but are predicted to be 10% in the future [1]. This is not sustainable with 

fossil energy, and we will be forced to move to renewable energy and to reduce 

dramatically our energy consumption. The goal is therefore to design, fabricate, sell 

and use only autonomous devices. 

WWF and EcoFys [3] predict in a 2011 report that it would be possible to use 95% 

renewable energy in 2050 (Fig. 1) if we will achieve a power consumption reduced by 

15% compared to 2005. It is really a significant big change, as it means no more 

nuclear, oil, gas and coal! Only bio energy, hydropower, geothermic, solar, wind and 

waves! Even economists predict that oil will be gone in 50 years. It is why this 

THERMINATOR project and many other projects have to focus very seriously on 

autonomous devices. 

 

 

Figure 1: 95% renewable energy 2050 (WWF, EcoFys, [3]) 
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It is sure that ICT technologies will contribute significantly to the reduction of the 

worldwide energy consumption and carbon emission. Their significant role will be in 

areas like transportation, agriculture, home control, lighting and health monitoring, all 

controlled by integrated circuits designed using what has been developed in the 

THERMINATOR project. 

Several examples are provided in the following and in each of the described 

examples results of THERMINATOR can contribute in the energy conservation goal; 

but people behavioural changes are also definitely required for achieving 

sustainability.  

 

3.1.1 PC re-use 

PCs consume worldwide 150 billions of kWh per year. The fabrication of one PC 

requires 6-7 GJoules of energy, 240 kg of fossil energy and 1500 litres of water. The 

usage energy is about 0.8 - 1.5 GJoules for home PC and 1.4 - 2.7 GJoules for office 

PC. Recycling and updating a PC requires about 1.7 GJoules. So it is much better for 

saving energy to recycle a PC after 3 years than buying a new one [8]. At least 

keyboards, displays and memory chips can be easily recycled. Fortunately, today, 

PC reuse is about 40% and is achieved by some specialized companies. 

 

3.1.2 Data Centres 

Data centres and their servers represent 1.2% of worldwide electrical energy and are 

expected to grow in a non-sustainable way at 15% per year. A Google search [2] is 

estimated to consume 0.3 watt*hour (Google) to 2 watts*hours (even 8 watts*hours). 

The number of Google searches is estimated to 0.5 to 3 billions per day. For data 

centres, if the investment cost is not negligible, the main cost today is more and more 

shifted in energy and cooling costs, which becomes very expensive (water cooling for 

instance).  

Greenpeace [9] has published a clean energy index measuring how much renewable 

energy is used for various data centres. Yahoo is first with 56.4% renewable energy, 

DELL with 56.3%. Google 39.4%, Facebook 36.4%, Twitter 21.3 %, Microsoft 13.9%, 

Amazon 13.5 % and IBM 12.1%. Looking at states and countries, one can do a 
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similar analysis: Washington State is first with 77% renewable energy, followed by 

Oregon 65%, Sweden 54%, California 44%. France is only 14%, Germany too, UK 

5% North Carolina 3.6% and Illinois 1%. Many data centres start to have solar 

panels, but it is a small contribution to their huge consumed energy.  

 

3.1.3 Games, Apps, Portable Devices 

Known from many years ago, a lot of energy (5 to 25%) is wasted in stand-by. It is 

estimated that 35 TWh per year could be saved. Taking into account other various 

wastes of energy, such as useless usage of ICT devices, a considerable amount of 

energy is wasted. Just an example of this: it turns out that an “avatar” in Second Life 

consumes as much as a Brazilian person. In portable phones, free Apps are known 

to exhaust the battery very rapidly for providing useless GPS-based publicity (70 to 

90% of energy is used for publicity). It is interesting to know that reading newspapers 

received wirelessly with a tablet reduces CO2 by 32 to 140 times. 

If the energy consumed by portable devices is small or even negligible, it is not the 

case for the waste of batteries. 160 millions of tons are produced per year and only 

35% are recycled. It is therefore mandatory to design autonomous devices like it is 

planned in many projects like THERMINATOR.  

Wireless communication networks play a major role in modern societies, allowing 

people to travel efficiently, benefit from education, have easy access to knowledge, 

and enjoy entertainment. On the other hand, industry, healthcare, and the overall 

economy have profited tremendously from easily accessible people, accurate 

logistics, and better exchange of information made possible by the wireless network 

infrastructure. As a result of their increasing popularity, wireless communication 

networks have developed rapidly in the last two decades. The increased demand has 

led to the development and introduction of wireless communication systems with 

higher bandwidths, such as UMTS, WiMAX, and LTE. The applications have grown 

in complexity accordingly, from wireless communication using cordless phones and 

text messaging (SMS) in the beginning to Internet browsing and connectivity to social 

media on smartphones and tablets in the present.   

RF-power amplifiers in base stations are the backbone of modern wireless 

communication networks. In THERMINATOR, NXP-NL focused on the development 

of electro-thermal models for these power amplifiers to be used in circuit design. 
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These models were developed for the currently dominant silicon RF-LDMOST 

(laterally diffused metal-oxide-semiconductor transistor) technology, and for the 

future gallium-nitride HEMT (high–electron-mobility transistor) technology. The 

intrinsic benefits of the gallium-nitride HEMT technology in power amplification are 

generally expected to become of greater interest in future network systems. The 

increased demand for data exchange has resulted in higher bandwidth systems. In 

turn, these developments have led to more complex amplifier designs operating at 

higher frequencies and allowing higher bandwidths. Accurate modelling tools, as 

developed in THERMINATOR, are required in order to continue supporting this trend. 

Another important aspect is the energy efficiency of modern amplifier designs. The 

electro-thermal models developed are essential in the development and optimization 

of these amplifiers for energy efficiency. In conclusion, NXP-NL has developed 

electro-thermal models for circuit design of RF-power amplifiers, allowing the 

development of energy-efficient solutions in today’s and future wireless 

communication networks. 

 

 

3.1.4 Is Chip fabrication sustainable?  

[4] 

For high-end and always running microprocessors, most of the consumed energy 

(3.8 GJoules for 2 years) is the usage energy. It is however a very different situation 

for very low active chips like the ones used in Wireless Sensor Networks. For the 

latter, the fabrication energy is 100 KJoules over a total of 180 KJoules.  

Taking into account a yield of 80%, the energy for producing a 1 cm2 chip is 4.2 kWh, 

which is equivalent to 1.7 liters of petrol. For the same chip (1 cm2), 18 to 27 liters of 

water are required.  As one can estimate the chip production worldwide to one billion 

of transistor per person on Earth, one ends up with 1018 transistors produced per 

year and therefore to an equivalent of 14 billions of 1 cm2 chips produced per year. 

So it turns out that 24*109 liters of petrol are required for chip industry (it is 800*109 

for car industry). For water, it is 400 billions of liters required per year (20’000 billions 

for car industry). So the requirements for chip industry is 2.5% in petrol and 2% in 

water compared to car industry.  
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3.1.5 ICT for saving energy in lighting 

The use of ICT technologies can be used in lighting (Fig. 2). The lighting is estimated 

to 230 billions $ per year. With intelligent lighting, for which the light is provided only if 

there is somebody (not a dog) moving along the street, 60% savings are achievable. 

It means 38 TWh saved in Europe. Sophisticated vision sensors are embedded in a 

camera to recognize if somebody, a bike or a car is going around, and to make the 

difference with dogs and cats.   

 

 

Figure 2: Intelligent Lighting 

 

 

 

3.1.6 ICT for Agriculture 

Wireless Sensor Networks (WSN) use chips like the ones designed in 

THERMINATOR.  These WSN can be used for many different applications. However, 

today, there is a very big threat for which WSN have to be used: it is in the production 

of food. It is today not sustainable. Just because agriculture consumes too much 

water, too much fertilizers and too much pesticides. And water is distributed with 

pumps working with oil; fertilizers are fabricated with oil as well as inorganic 

pesticides. Without oil, no more food! And we are at the peak of oil production today. 

World food production is growing and can catch up with much of population growth. 

However, most of the productivity yield is based on availability of oil…. This is the 

largest threat today! 

Fresh water on earth is only 2.5%, salt water is 97.5%, and 2/3 of fresh water is 

contained in glaciers and snow cover. And from the remaining 1/3 of fresh water, 

about 70% is consumed by agriculture, representing a huge amount of water 
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estimated at 5  1015 liters per year (5’000 km3). Looking at ICT technologies, water 

savings of 30-60% due to WSN monitoring have been reported for a 1500 ha area in 

Spain [6]. If this ratio could be saved everywhere, 30% to 60% of 5  1015 liters per 

year would represent a huge reduction in water consumption. 

It is estimated that we are using 140  106 tons of inorganic fertilizers per year. It 

seems that savings up to 45% are possible while using WSN. Inorganic fertilization in 

US consumes about a third of total energy input for crop production. Another 

reference claims that fertilizer contributes up to 45% of the commercial energy used 

worldwide in agricultural production.  

1.1 billion of tons of pesticides has been consumed in 1994. It is today 400’000 tons 

in Europe. Their toxicity is very high, and many people die. The number of deaths is 

estimated to 20’000 per year (this number is probably 10 to 20X too low). It is 

estimated that 70% of fruits and vegetables contain traces of pesticides. Therefore, 

one has to look carefully to WSN [5, 7] that could control the water, fertilizers and 

pesticides usage by putting them only when and where they are required.  

Today, biodiesel is still produced in many countries and has been considered as a 

good move in the direction of a smarter planet. However, it is not at all sustainable to 

see people using biodiesel for transportation while other people in other countries 

suffer from famine. So in a very next future, one has to decide if you prefer to use 

cars or to eat something.  
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4 Efficient Energy Conversion 

 

Research on electronic devices and systems for efficient energy conversion is one of 

the strategic directions at Fraunhofer IISB. One important societally relevant 

application of such electronic systems is its usage in electric and hybrid cars. 

Electrically driven cars improve the environment and also make the process of 

driving more comfortable. Fraunhofer IISB is strongly involved in the development of 

important components and systems for such cars. The experience from the project 

THERMINATOR about the simulation of thermal processes in electronic devices will 

be used in further research work of Fraunhofer IISB related to efficient energy 

conversion and electric vehicles.  

Since research at Fraunhofer IISB is closely connected with the education at the 

University of Erlangen-Nuremberg, the knowledge obtained in THERMINATOR will 

be used in education of graduate and post-graduate students of University Erlangen-

Nuremberg.  

We also hope that the deepening of the knowledge in thermal processes in electronic 

devices attained in THERMINATOR will improve the capability of Fraunhofer IISB to 

cooperate with small local enterprises that are specialized in thermal visualization 

and control and in this way the sector of local small size industry will be supported. 
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5 Enrich People Life 

 

The IMC contribution for this report on the Wider Societal Implications of the 

THERMINATOR Project is derived from the Intel’s general vision which is: Over the 

next decade, we will create and extend computing technology to connect and enrich 

the lives of every person on earth.  

One essential component is that we care for the planet. We believe that technology 

plays a fundamental role in finding solutions to the world’s environmental challenges. 

Intel is a recognized leader in sustainability for the ways we work to minimize the 

environmental impacts of our own operations and design products that are 

increasingly energy efficient. 

 

 
 

The results of the THERMINATOR Project in general will improve the Energy-

Efficient Performance and Product Ecology 

Through our Design for the Environment principles, we strive to minimize the 

environmental impact of our products at all phases in their life cycle: development, 

production, use, and ultimate disposal. Energy-efficient performance is a key element 

of our product design and overall environmental footprint reduction efforts. 

5.1 Improving Product Energy Efficiency 

Transistors are the building blocks of the electronics industry, so the creation of more 

energy-efficient transistors leads to more energy-efficient computers. With each new 

generation of process technology, we can fit more transistors onto Intel processors, 

while also reducing the energy required to power them. Moore’s Law describes the 

pace of these trends, which—when combined with Intel architecture and circuit 

design innovations—have enabled us to reduce the amount of energy consumed per 

transistor by a factor of approximately 1 million over the past 30 years. 
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Our goal is to drive energy-efficient performance across our entire major product 

lines from netbook and embedded processors to those used in laptops, desktops, 

and servers. We estimate that Intel technology will enable the billion PCs and servers 

installed between 2007 and 2014 to consume half the energy and deliver 17 times 

the compute capacity of the first billion PCs and servers (installed between 1980 and 

2007). 

In 2011, we announced the first 3-D Tri-Gate transistors, which are based on Intel’s 

22-nanometer (nm) process technology. The new transistors enable chips to operate 

at lower voltage with lower leakage, providing significantly improved performance 

and energy efficiency compared to previous state-of-the-art transistors. The 

capabilities give designers the flexibility to choose transistors targeted for low power 

or high performance, depending on the application. The 22nm 3-D transistor 

technology enables up to a 37% increase in performance at low voltage versus Intel’s 

32nm planar transistors. Alternatively, the new transistors consume less than half the 

power when at the same performance as 2-D transistors on 32nm chips.  

5.2 Intel’s Vision and Strategy 

Intel’s vision for the next decade is to create and extend computing technology to 

connect and enrich the lives of every person on earth. We believe that the 

proliferation of the Internet and cloud computing has driven fundamental changes in 

the computing industry. The number and variety of devices connected to the Internet 

are growing, and computing is becoming an increasingly engaging and personal 

experience. End users value consistency across devices that connect seamlessly 

and effortlessly to the Internet and to each other. We enable this experience by 

innovating around three pillars of computing: energy-efficient performance, 

connectivity, and security. 

 

• Energy-Efficient Performance. We are focusing on improved energy efficient 

performance for computing and communications systems and devices. Improved 

energy-efficient performance involves balancing higher performance with lower 

power consumption, and may result in longer battery life, reduced system heat 

output, power savings, and lower total cost of ownership. 

• Connectivity. We are positioning our business to take advantage of the growth in 
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devices that compute and connect to the Internet and to each other. Our 2011 

acquisition of the WLS business of Infineon (now IMC) enables us to offer a portfolio 

of products that covers a broad range of wireless connectivity options. 

• Security. Our goal is to enhance security features through a combination of 

hardware and software solutions. This may include identity protection and fraud 

deterrence; detection and prevention of malware; securing data and assets; as well 

as system recovery and enhanced security patching. Our 2011 acquisition of 

McAfee, Inc. accelerates and enhances our hardware and software security 

solutions, improving the overall security of our platforms. 

5.3 Climate Change and Energy Efficiency 

We consider climate change an important environmental issue, and many years ago 

began taking steps to mitigate our impact and publicly report on our carbon footprint. 

Intel believes in a portfolio approach to emissions reductions and energy 

management. Through a wide variety of efforts—including but not limited to 

conservation, energy efficiency, solar installations, green power purchases, and 

efficient building designs—Intel has built a strong and sustainable approach to buying 

and using energy in an economical and environmentally conscious manner. Since 

2008, we have been the largest voluntary corporate purchaser of green power in the 

U.S., according to the U.S. Environmental Protection Agency (EPA). We have earned 

numerous recognitions for our actions to address climate change, including a Climate 

Leadership Award presented in early 2012 by the EPA and a number of climate 

groups. 

As part of our commitment to transparency, since 2003 we have disclosed our 

greenhouse gas emissions and climate change risk through the Carbon Disclosure 

Project (CDP). To view our public submissions, visit the CDP web site. In addition, 

the Intel Annual Report and Form 10-K includes a discussion of climate risk, and our 

Climate Change Policy outlines our formal position on global climate change. 
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For more information, visit www.intel.com/go/responsibility 

 

http://www.intel.com/go/responsibility
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6 Impact of GaN Power Technology on Society 
 

Society as a whole is facing several critical challenges, which can be partly 

addressed by the tools developed in the THERMINATOR project. One of the main 

challenges that are being faced is global warming. Researchers have been 

investigating the causes and evidence points towards human activities such as the 

emission of green house gases. One of the main green house gasses responsible for 

global warming is CO2. These greenhouse gasses are mainly emitted by human 

industrial activity, such as e.g. energy generation in coal fired plants and the 

combustion of fossil fuels in combustion engine driven cars all over the world.  

Policy makers and scientists have taken these signs serious and defined new 

policies to address the challenges through technology and infrastructure. At 

international level, many countries have signed the Kyoto protocol which forces the 

member states to reduce the amount of CO2 emitted. On European level the 

commission has defined the so called 20/20/20 targets. According to these targets, 

Europe should, by 2020, reduce its greenhouse gas emission to 20% of the level in 

1990, while at the same time increasing the share of renewables to 20% of the total 

energy generated in Europe.  

There are several key areas in which a revolution is needed to achieve a drastic 

reduction in greenhouse gas emissions without impacting our current standard of 

living. Renewables   and carbon neutral technologies for energy generation are being 

investigated heavily, but are outside the scope of this project. The losses incurred by 

energy conversion and distribution are another important field on which large gains 

can be achieved. By reducing these losses our energy demand and thus greenhouse 

gas emission can be reduced drastically. It is in this field that GaN transistors can 

play a very important part. These transistors can switch more efficiently than 

traditional components at higher frequencies. Power conversion and shaping 

applications rely heavily on power switching components and their size and efficiency 

is in large part determined by the type of power transistor used. Traditionally silicon 

was used for fabricating these power transistors, but due to limits in the material 

properties it is hard to scale the efficiency further. GaN and other wide band gap 

materials can allow for a revolution in this field because they exhibit switching power 

figures of merit which are orders of magnitude better than silicon. 
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To achieve the full potential of GaN power switching transistors, the tools developed 

in the THERMINATOR framework are indispensable. These tools allow designers to 

evaluate the functionality of the components in the circuit. Circuit and system 

designers can in such a way optimize their system for these novel components, 

guaranteeing proper operation and guaranteed lifetime under operational conditions. 

Other important end-users will be the fabs that need to design and layout the power 

transistors. The models developed allow identifying hotspots and electrical delays in 

the transistor design, such that the design can be optimized for a high reliability and 

optimal operation. 

Another important field where GaN power transistors could play an important role is 

in electrical vehicles. Dwindling oil reserves have driven prices of gasoline upwards. 

This together with the need of greenhouse house gas emission limits has driven car 

manufacturers to investigate electrical vehicles as an alternative to the classical 

combustion engine. The hearth of the electrical vehicle is the electrical drive train, 

which uses a multi-phase circuit for driving the electrical engine. GaN transistors can 

also help here to increase the efficiency of the electrical vehicles, which is important 

to drive the cost down and the driving range up. Due to the high cost of batteries the 

efficient use of energy in a car is of paramount importance. The design and modeling 

tools developed in THERMINATOR can help the designer of the electrical drive train 

to design the system around the GaN transistors and allow evaluating the 

performance of the transistors at elevated temperature conditions such as the ones 

that occur in a car. 
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7 Social impact of 3D-integration 
 

3D integration of chips has been defined as the technology which allows for the 

vertical stacking of layers of basic electronic components that are connected using 

through-Si vias (TSVs). The use of 3D-integration offers several benefits compared 

to conventional 2D integration [1]: 

  

Chip Form Factor: Since chips are stacked vertically on top of each other, this results 

to a reduced system footprint. Therefore, packaging density, in terms of number of 

devices or functionalities per unit chip area, will increase [3]. This leads to the 

achievement of portable devices with high functionality, which is driven by consumer 

electronics.  

 

Performance: 3D packaging of chips results in the reduction in the interconnect 

length since interblock communication is achieved vertically, instead of having to 

travel across the entire chip [3]. The resulting reduction in interconnect length, leads 

to a reduction of the interconnect-associated parasitic capacitance and inductance, 

hence reducing signal propagation delays, thereby boosting signal speed [4].  

Therefore, since interconnect parasitic capacitance is directly related to the 

consumed power [4]-[5], shorter interconnect lengths used in 3D system will result in 

a decrease in the consumed power, as less energy is lost due to parasitic effects. 

This achieved power saving, results in a faster rate of transitions per second 

(frequency) with no increase in power consumption [4].  

Additionally, 3D stacking of chips results in a decrease in noise, which is an 

unwanted disturbance superimposed upon a useful signal, which obscures its 

information content [4]. This is again attributed to the decrease in interconnect length, 

which results in decreased parasitics that translates to improved chip performance, 

since the 3D-devices achieve a higher number of transitions per second.   

Much more, the overall performance of the 3D devices is further improved since 3D 

stacking of chips yields high density interconnects [5]-[6], thus, increased input/output 

(I/O), leading to faster signal speed. In more advanced 3D packages using through-

silicon-vias (TSV), the high interconnect density is also matched with good isolation 

from each other since they are fabricated through the silicon thickness [3]-[4]. Thus, 
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limited concerns of crosstalk effect due to parasitics are encountered with increased 

interconnect density, which is not the case for wire bonded architectures [7].  

  

Heterogeneous Integration: 3D stacking technology offers the ability to stack dies 

having varying functionalities and sizes. Therefore, devices from different 

technologies can be stacked even if they are not compatible with Si-CMOS 

processing [8]. This eliminates the problems associated with 2D system-on-chip 

(SoC), in which it is not possible to optimize functional blocks since they are built 

sequentially on the same substrate [3], [4]. However, in 3D integration technology, 

the different functional blocks fabricated on varying substrates can be independently 

optimized and stacked to form a 3D system [3]. Thus, since there are no common 

substrates as it is in SoC system, noise between functional blocks is greatly 

minimized. This has made 3D stacking technology an obvious choice for sensor 

applications.  

Those advantages of 3D-integration result in a significant social impact. Due to the 

high performance of the 3D systems, less power needs to be used for the same 

electrical performance of the device, resulting in reduction in electricity use. The 

heterogeneous integration allows that the functions of a different chips or device can 

be combined in a single chip/device. Since stacked chips are packaged together and 

in most cases are thinned down, it leads to a decreased weight and volume of 

packages, thereby making it very suitable for compact handheld electronic devices.   
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8 THERMINATOR impact on Society as a project. 

In the previous sections we described the impact on the society produced by the 

project research outcomes. We want to add a note here on the impact, or more than 

impact, the example the project has tried to give to the ICT community in the way it 

has been carried. 

The matter will be more expanded in the D9.2.5 Final report of the Project. 

We want to underline that the THERMINATOR project has been carried out so as not 

to discriminate. There has been flexibility in selecting timing and venues for meetings 

and conference calls to allow all Partners the possibility to participate (independently 

on nationality, gender or seniority). At one moment PTC even had to women 

participating and if we compare this to the base population involved in ICT and to 

other ICT projects (FP7 and ENIAC) it is quite a success. 

In particular the consortium has fully supported and collaborated with the Project 

Manager which has happened to be a lady. Such an easy-going collaboration has not 

been so straight forward. 

In other consortia in which it was clear the issue was really related to the gender all 

the researchers involved in the project have been selected on the basis of their skills 

and knowledge the figures reflects, once more, the low participation of women in ICT 

since the University courses. 


