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ABSTRACT 

The article is centralizing and is concentrating the information from a considerable amount of papers related to the field 

of microelectronics and nanotechnology and also provides an approach to science and to the future evolution of science, 

based on the theory of the fractals. 

The new science of microelectronics and nanotechnology is one of the best examples of how the science of future will 

look like, namely at the confluence of increasingly more other sciences, where increasingly more sciences are to be 

added in the structure of the new science and the role of the multidisciplinarity and interdisciplinarity is becoming more 

and more important. 

Although not giving explicit details (e.g. specific formulas) the theory of fractals is used in the paper to explain the way 

of generation of new science for the specific case of microelectronics and nanotechnology, but is also used in the paper 

to outline a different way to approach new science and eventually to approach new sciences to come. 

There are mainly two motivations for the present article, namely: on the one hand, the position of the microelectronics 

and nanotechnologies in the fractal-like structure of science, and, on the other hand, that much of the communication, 

information, knowledge and science transfer, disemination and advancement in sciences are taking place using the new 

technologies related to microelectronics and nanotechnologies. 
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INTRODUCTION 

The present paper is structured in two main sections: 

1. THE FIELD OF THE MICROELECTRONICS AND NANOTECHNOLOGIES 

2. THE FRACTAL-LIKE STRUCTURE OF INFORMATION, KNOWLEDGE AND SCIENCE 

The first chapter is giving insight into the field of the rather recently emerged nanosciences and is approaching more 

aspects related to the field, namely:  

1.1 Definition, history, evolution and future steps of the microelectronics and nanotechnology 

1.2 The classification of the nanotechnologies 

1.3 Maturity of the field 

1.4 Microelectronics, nanotechnology and nanoethics 

The second chapter of the paper is dealing with the concept of fractal and respectively with the issue of explaining 

generation of useful new science by the correspondence between the fractals and the way new science is generated.  
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So, this second chapter  it comprises two main sections:  

2.1 Fractals: concept and properties 

2.2 The fractal-like structure of information, knowledge and science 

 

1. THE FIELD OF THE MICROELECTRONICS AND NANOTECHNOLOGIES 

 

1.1 Definition, history, evolution and future steps of the microelectronics and nanotechnology 

One definition of the nanotechnology[9] says that nanotechnology is “the control and restructuring of matter at 

intermediate dimensions, between the size of an atom to about hundred molecules shoulder to shoulder (about 100 

nm), where new phenomena enable new applications”.  

Another definition is given by the US National Nanotechnology, namely: “Encompassing the science, engineering and 

technology related to the understanding and control of matter at the length scale of approximately one to 10 nanometers”.  

The third definition of nanotechnology, set out in Nanotechnology Research Directions, Rocco et al., 1999, says that 

“nanotechnology is the ability to control and restructure the matter at atomic and molecular levels, in the range of 

approximately 1-100 nm, and exploiting the distinct properties and phenomena at that scale as compared to those 

associated with single atoms or molecules or bulk behavior”. 

The science of nanotechnology has triggered a very large number of applications, which were not possible before the 

emergence of the field of nanotechnology. 

The history and evolution of the microelectronics and nanotechnology is embedded in the recent history of the science, 

and it is closely related to phenomena and theories generated at the beginning of the 19th century, namely the quantum 

physics.  

If we take a good look at the development of the science throughout human history, the fact that a fractal underlies to the 

generation of new science is close at hand, since the most major leaps in the evolution of science were taken by 

questioning old views and theories.  

This questioning of the status-quo is, as we will see in the second part of the paper, one of the most important 

components of the fractal proposed in order to generate new science. 

The quantum phenomena do obey neither the laws of Newton’s Classical Mechanics, nor the laws of the General 

Relativity discovered by Einstein. These small scale quantum world phenomena are not yet understood, but even so they 

are nevertheless successfully applied in the modern technologies, as we will see in the section 1.2 of the present paper. 

The term of “nanotechnology” has been conceived in 1974 by Naorio Tangiguchi. According to the same chapter [9]: 

“By 2000, the potential of understanding nanoscale properties of matter and the formulation of key research 

opportunities were becoming clearer at the confluence of many disparate disciplines”.  

This citation above, is also again supporting the concept of the fractal-like generation of science, presented in the next 

chapter of this paper, that is to say the rule pertaining of the subroutine of the fractal, which is assuming that most of new 

science is emerging as a result of combination of sciences pertaining to more disciplines. 

In the year 2000, the Clinton administration announced the National Nanotechnology Initiative for the next fiscal year, 

which has conducted to the major future international development of the nanofield. 

Since then, the nanofield has exponentially increased, the same exponential growth rate being foreseen also for the next 

period of time, as the key indicators for the nanotechnology development are showing. 



 

 
 

 

 

 

 

1.2 The classification and applications of the nanotechnologies 

Due to the rapid development of the field, there is no compressive review neither of the classification nor of the 

applications of the field. A rather broad classification of the nanotechnologies is found in [7], and it comprises: (1) 

passive nanostructures, (2) active nanostructures, (3) nanosystems and (4) molecular nanosystems. The materials 

generated by nanotechnologies can be applied in a wide range of fields. A classification and applications of the 

nanotechnologies comprises the following fields of action[10]: 

a) Electronics: it is known that the electronics is already operating at the nanolevel, through nanoprocessors or 

improved quality resolution of displays using nanocrystalline materials, data storage applications, high energy 

density batteries and high-sensitivity sensors, all these applications being based on the existing 

nanotechnologies.  

b) Transportation and auto industry: nanoparticles of carbon are used to reinforce the mechanical properties of car 

tires and nanosized clays are used also for better resisting properties of the car bumpers. 

c) Imaging: using nanotubes for the microscope imaging, molecular recognition  

d) Biomedical applications such as: nanoscaffolds that is to say nanofiber scaffolds used to regenerate nervous 

system cells and other organs, antimicrobial nanopowders and coatings killing the E.colli bacteria or other 

bacteria or viruses, bioseparation, drug delivery, gene transfection, medical imaging, nasal vaccination, nucleic 

acid sequence and protein detection, smart nanophase extractors, treatment for local anesthetics toxicity  

e) Pollution remediation by: elimination of pollutants and water remediation 

f) Cosmetics: at nanoscale the titanium dioxide and zinc oxide are becoming transparent to visible light when 

formed at nanoscale, they are able to absorb and reflect UV light, being used in sunscreens. At the same time 

more cosmetics products are containing nanoparticles. 

g) Coatings: used for self-cleaning windows, scratch resisting materials, textiles with antimicrobial characteristics 

h) Materials such as insulation materials, nanocomposites and wear resisting coating paints 

i) Mechanical engineering: cutting tools made out of nanocrystalline materials, such as tungsten carbide are much 

harder than tools made out of usual steel but also the lubricants industry, where the nanomaterials are acting as 

nanosized ball bearings. 

Another fairly comprehensive overview[12], this time of the micro- and nanospacecraft NASA mission applications 

comprises following classes of application: (a) Earth science, (b) Space flight, (c) Aerospace technology and (d) Space 

science. 

 

1.3 Maturity of the field 

As it can be found in [2], in order to evaluate the maturity of a technology, the most popular concept for the maturity 

assessment is Technology Readiness Level (TRL). This concept can be applied to the Micro and Nano Technologies 

(MNTs), and more exactly it is applied for a portfolio of R&D projects pertaining to the MNTs. This methodology 

comprises the following steps: 

 Definition of a maturity scale 

 Identification of maturity indicators 

 Development of the questionnaire 

 Completion of the questionnaire by the researchers involved in those projects 

 Analysis of the results 



 

 
 

 

 

 

In the above paper [2], the questionnaire designed in order to assess the maturity it is distinguishing between 

“developed” and “used as a supporting technology” projects. In the TRL method, only the “developed” projects are taken 

into account. 

Following of the analysis and interpretation of the results, the maturity of different fields can be assessed, but it also can 

be concluded about the differences between the maturity of different MNTs (for example that the maturity of the micro 

milling processes is ranked higher than the maturity of the domain of laser ablation). 

 

1.4 Microelectronics, nanotechnology and nanoethics and environmental, health and safety implications 

Although human exposure to nanoparticles from natural and anthropogenic sources[10], has occurred since ancient times, 

with the effects already known for the respiratory system, circulatory system and neuro system, the toxicity has grown 

substantially with the increasingly reduced dimensions of the particles at nanoscale. The nanoparticles are able to enter 

even the cells and to negatively affect their biochemical functions. But exactly this feature of the nanoparticles can be 

used also to improve the human health by destroying the cancer cells. But before using such nanoparticles that are 

intended to treat cancer, their biocompatibility has to be tested. The questions: Do the nanoparticles translocate and 

accumulate in the body and/or skin? What are the long-term effects of such an accumulation? are to be answered before 

the use of the nanotechnologies. 

Another ethical issues are regarding the privacy and control threats raised by the use of nanodevices but also the equity 

issues and ethical consequences related to the availability in respect of human disease treatment[8], [9]. 

 

2. THE FRACTAL-LIKE STRUCTURE OF INFORMATION, KNOWLEDGE                 

AND SCIENCE 

  

2.1 Fractals: concept and properties  

The present article is assuming that to the generation of new science may underlie a science generation process which 

may be, at a future certain moment of time discovered and even mastered. Hence, the assumption made within and by 

this paper is that the generation of new information, knowledge and science although at the first sight may seem 

randomly and chaotic, could be actually described and defined by the concept of fractal. 

This assumption is close at hand since very often, as already scientifically discovered and proven, when and where is 

thought to be chaos and randomness, there is a great chance that an undiscovered rule applies and is ruling the respective 

process. Such as discovered and explained by Mandelbrot: “many natural chaotic systems form fractals in the patterns 

that record the process”. 

Starting from these assumptions generally made for processes deemed to be as randomly or chaotic, we could further 

infer that for the time being, the best description and definition of natural processes (such as also the generation of 

science is) made by humans is by means of the statistics, since the statistics is almost always the linking science between 

the chaos and order. 

Two of the most important and representative properties and features of the fractals are: 

a) The self-similarity 

b) Simple and “perhaps-recursive” definition rule 

Thus, the fractals can be approached by using data within the past and present knowledge or science in order to “detect” 

the rules governing the generation of past science and these rules can be applied for predicting the evolution of future 

science. 

In order to find possible rules of the fractal there are several main methods such as described in books and papers already 

published[3], [4] and [5], indicating methods of finding the fractal rule either using the theory pertaining to Time Series (TS), 

to Signal Processing (SP), the isomorphism discovered by Mandelbrot or by approaching the more intricate prediction 

models using Classical Markov Models (MMs), Variable Memory Length Markov Models (VLMMs) and the related 



 

 
 

 

 

 

Fractal Predicting Machines (FPMs). These are some of the main methods that could serve to detect the rule of the 

fractal. 

However, in order to approach the problem of fractals corresponding to the generation of science, these methods will be 

completed with additional conditions and constraints that are to be imposed to the aforementioned methods, in order to 

satisfy and achieve the realities of the problem for generation new science.  

Further on, in the next section of the paper it will be also shown how these abovementioned methods combined with 

those additional constraints, could be applied for the case of science and knowledge and how an algorithm, based on the 

events happening in real systems [14], could be formulated in order derive new useful knowledge and science. 

The article is approaching, for the fractal subroutines, only two of the prediction methods mentioned above, namely the 

TS and the SP prediction methods, more extensively presented in [3], where details of the two methods shortly presented 

herein below, are to be found. Ideas related to the correspondence between the theory pertaining to TS and SP and the 

problem of generating new knowledge and science, will be also indicated in the next section of the paper. 

The TS prediction method which is proposed to be used for identification of the subroutine rule of the fractal is based on 

the predictor resulted from weighting of past values, namely a linear function of past available data: 

�̃�𝑇+𝑚 = ∑ 𝑐𝑗𝑗 𝑥𝑇−𝑗   (1) 

so as to minimize the mean square prediction error given by:  

𝐸(𝑥𝑇+𝑚 − �̃�𝑇+𝑚 )
2
   (2) 

This is named as the prediction problem (Cox&Miller, 1968), extrapolation problem (Yaglom, 1962) or as the pure 

prediction (Whittle, 1963).  

In 1949, Wiener has considered the problem of evaluating the weights {cj}, so as to find the best linear predictor, when 

autocorrelation function (ac.f.) of the series {xt} is known and when the entire past of the sequence {xt} is known. 

Another approach is the Box-Jenkins approach, which is employing a linear predictor, which is optimal for a particular 

ARIMA process. In this particular ARIMA process, Box and Jenkins show how to find the linear predictor when ac.f. 

has to be estimated, while Wiener is not giving too many details for the estimation of the predictor. 

The SP prediction method is using the theory pertaining to the filtering (smoothing) of the signal, and it is predicting the 

values of the signal, based on the observed values of the y(t), where y(t)=s(t)+n(t), n(t) being the noise that affects the 

signal s(t). 

The problem of predicting the signal is called filtering by Yaglom (1962) and Cox&Miller (1968), but is also named 

prediction (Astrom, 1970; Lanning and Battin, 1956). When applying the SP prediction method, it is made the 

assumption that the signal and noise processes are uncorrelated and that they both have known ac.f.s. 

As already said, in the present paper we will use only these two prediction methods and we will add supplementary 

constraints to them, depending on the observations related to the specificity of the generation of knowledge and science, 

thus resulting two models for the possible identification of the fractal subroutine rule. 

But, as already stated in the Abstract of the paper, the present article will not give any specific or precise rule for such 

fractals generating new science, but will merely only draft out a general solution indicating how to proceed in finding 

such a fractal algorithm dedicated to rather approximate the hidden rule of the searched fractal. 

Both above mentioned prediction methods, TS and SP, have as a common feature, namely the fact that they are closely 

related to the control problem, corresponding to the theory of systems. 

 

2.2 The fractal-like structure of information, knowledge and science  

This section is presenting some likely ways on how the two prediction methods presented before (TS and SP prediction) 

could be employed in order to use them for the purpose of the generating new science, as subroutines for the fractal rule. 

Additionally it will be given a general fractal algorithm for generating of new science and knowledge and the general 



 

 
 

 

 

 

routine[14], which is taken over from the real world systems, that is to say in the present case, the knowledge gained 

studying the small innovative companies, named Lean Startups. 

The general fractal algorithm of generating new science and knowledge, can be described as it follows: 

A) Questioning the status-quo, and/or simply asking the questions: Why? / Why are the things like they are? 

B) Analysis of what is new related to the field/ fields of science, pertaining or related to the respective Science 

C) Augmentation of the information, science and knowledge with the corresponding available level of the 

respective knowledge and generating information, knowledge and science at the new level accordingly 

This general algorithm proposed for generation of new science that could be considered the general rule of the fractal, 

can be considered as having included at its step C) a fractal routine explaining how to achieve optimally the result 

intended, namely new useful knowledge and science. 

This fractal routine corresponding to C) is based on the build/ measure/ learn concept, found in [14]. We will modify this 

concept in such a way that it serves to our purpose related to science. The altered concept representing the fractal routine 

of the above general fractal’s algorithm rule can be written: 

C1) Innovate/ invent, that is to say: publish a new material or generate a new science product 

C2) Measure the result of the innovation (for example no. of citations, no. of corresponding patents or applications of the 

material previously generated) 

C3) Learn the lesson and continue (persevere) or change direction (pivot) of the innovation. By learning it is meant 

validated learning, which is defined as being learning, backed up by data measured in the previous step. 

To the abovementioned routine, the step C1) can be viewed as having a new fractal subroutine which could be based on 

each of the both prediction methods previously presented (TS and SP). 

In order to apply this theory corresponding to TS and SP prediction methods to the knowledge and science, they are to be 

modified accordingly and also completed with additional conditions and constraints that are reflecting the realities of 

knowledge and science. 

At first, in order to apply the TS and SP prediction methods for information, knowledge or science, for each science a 

key indicator mirroring the respective knowledge and science, has to be generated. Finding such a key indicator 

reflecting the evolution and realities for a certain science may be itself a very delicate and intricate problem, and we will 

neither insist upon, nor enter the details of this problem, but it can be deemed as possible to be solved with particular key 

indicators for each science contributing to the generation of the new science.  

The structure thus resulted can be optimally expressed by using a matrix, that has written in each row the past values of 

the key indicators and the weight coefficients for each past value for the respective sciences are also known. For the case 

that the new science already exists, the past values of the new science and the corresponding weights could also be 

written in a row. Additionally to this matrix structure, each science row will be weighted with additional coefficients, 

corresponding to the importance of each field of science deemed to be represented in the new science that is to be 

generated. 

This matrices comprising past values of the key indicators and weights coefficients for past and for importance of the 

sciences from the structure may look like this, each row from the first matrix representing the values corresponding to a 

particular science, the corresponding weights giving the importance of each science, considered in this case as fixed 

constants (at a certain moment in time), are written in the column matrix. For the case that the past weight coefficients 

are different from science to science, then the column matrix W is represented by an (n,j) matrix: 

 

(

𝑐11𝑥1,𝑇−1 ⋯ 𝑐1𝑗𝑥1,𝑇−𝑗
⋮ ⋱ ⋮

𝑐𝑛1𝑥𝑛,𝑇−1 ⋯ 𝑐𝑛𝑗𝑥𝑛,𝑇−𝑗
) 

(

 
 
 

𝑤11  … 𝑤1𝑗 
𝑤21…𝑤2𝑗

.

.

.
𝑤𝑛1… 𝑤𝑛𝑗)

 
 
 

  (3) 



 

 
 

 

 

 

 

Similarly, we can approach the subroutine fractal rule using the SP prediction method. In this case the matrices of the 

corresponding key indicators and importance weight coefficients are looking like this: 

 

(

 
 
 

𝑦1(𝑡1) = 𝑠1(𝑡1) + 𝑛1(𝑡1)

𝑦2(𝑡1) = 𝑠2(𝑡1) + 𝑛2(𝑡1)
.
.
.

𝑦𝑛(𝑡1) = 𝑠𝑛(𝑡1) + 𝑛𝑛(𝑡1))

 
 
 

 

(

 
 
 
 

𝑦1(𝑡𝑗) = 𝑠1(𝑡𝑗) + 𝑛1(𝑡𝑗)

𝑦2(𝑡𝑗) = 𝑠2(𝑡𝑗) + 𝑛2(𝑡𝑗)
.
.
.

𝑦𝑛(𝑡𝑗) = 𝑠𝑛(𝑡𝑗) + 𝑛𝑛(𝑡𝑗))
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𝑤11  … 𝑤1𝑗 
𝑤21…𝑤2𝑗

.

.

.
𝑤𝑛1… 𝑤𝑛𝑗)

 
 
 

 (4) 

Where si(tk) and ni(tk) with i from 1 to n and k from 1 to j are deemed as uncorrelated and considered with known 

ac.f.s. and the values of the weights (weighing coefficients) are also considered as fixed numbers, indicating the 

importance of each science in the structure, at a certain moment in time.  

In both cases presented (TS and SP) the number n is representing the number of sciences that are taken into account for 

the generation of the new science and j is the number of observations made for the sciences included in the structure. 

We possess now the main structure for the fractal generating new science, but as already said, supplementary constraints 

and conditions observed in the evolution of the knowledge and science must be added in this structure. These conditions 

and constraints refer mainly on the fact that the rhythm of discovering new knowledge and sciences is taking place in a 

continuously accelerated way. Therefore the TS or SP predictors that are used have to include additionally an 

acceleration factor for the predictions made. 

The observations underlying these additional constraints are the following: 

For the last period of time the speed of diffusion of change has increased very substantially, meaning that the 

new technologies are reaching a continuously increasing number of people who are benefiting from those 

technologies. This is a motive for the increased speed of science advance. 

The speed of commercialization change has also dramatically increased. If more than 100 years were necessary 

to apply the knowledge and invent the photo camera, at present the whole process from the invention or 

innovation until the commercialization is taking usually only one year or even less. 

For the last 100 years the predictability of change has continuously decreased, that is to say new inventions and 

innovations are applied in surprisingly and fully new fields of science, but this utilization is occurring in a more 

and more accelerated way. 

So, the presented structure has to take into account an additional acceleration factor, derived from the observations 

above. 

All the previous prediction models could serve to create science generating machines or science prediction machines, 

based on the already existing high computational power, which with respect to previous knowledge and science could 

derive new significant science, by allocating a great number of different values for the previously presented weight 

coefficients and taking into account a great number of previous key indicators. 

At present there have been already created computer algorithms which are generating news out of existing information, 

thus making the jobs in journalism almost unnecessary. The previous step was the replacing of the manual human work 

by employing the robots. 

The next step could be exactly the aforementioned creation in the future of the science prediction machines, which could 

make obsolete in the future the work of the scientific researcher. 

 

 

 



 

 
 

 

 

 

CONCLUSIONS AND RESULTS 

By compressing of, but also focusing on a multitude of publications and materials related to the science of the 

microelectronics and nanotechnology, the paper is giving an image of the big picture of the field, resuming the main 

facts, data and applications of the field.  

On the other hand, taking into account the facts and ideeas expressed above, the paper is also concerned with 

considerations related to the emergence of this relatively new science of nanotechnology, but also concentrates on the 

way the new information, knowledge and science appears, and also with the resemblance to the manner in which the 

fractal structures are forming, as well. 

The science revolution has begun simply by asking questions about status-quo and about aspects considered traditional 

rules and hence, never questioned before. Then, as one of the first steps, the animal work and then the manual human 

work were succesfully one by one replaced by machines and robots. The next step, as predicted also by the present paper 

is that in the future, science will generate science prediction machines and exactly like the manual work has been made 

obsolete by the emergence of the robots, the work of the researchers may become thus, in the future, eventually, also 

obsolete. 
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