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The Transistor: impact and future implications 

 

Abstract 

The transistor’s applications are so profound and widespread over a vast range of 

fields in our society to the extent that it acceptable for one to credit the beginnings of this 

shift from mechanical devices into digital electronics, on the transistor. Almost all electronics 

nowadays have transistors which augment their functionality. Computers have changed our 

everyday living drastically since their inception and can be found everywhere. Acting as 

multipliers of our intellect, they have laid the foundations for the next steps in our 

evolutionary endeavours. Electrical engineering resourcefulness has led to memristors which 

may represent an even more impactful tool in the human armamentarium towards achieving 

new levels of excellence.  

 

Introduction 

Arguably the most influential 

invention of the 20th century, the transistor 

is often referred to as the nerve cell of the 

Information Age. Transistors facilitated the 

rise and development of digital devices 

which have undoubtedly transformed our 

interconnected society. Emerging in 1948 

through a Bell Laboratories program, it 

replaced the vacuum tube, a device 

previously used to control and switch 

electric currents. [1].   

Vacuum tubes were air evacuated 

glass bulbs that acted as a rectifier (convert 

alternating to direct current), a switch and 

were able to amplify electrical signals using 

a varying voltage. Required heating 

resulted in them being unreliable as they 

frequently burned out and were not power 

efficient. Furthermore, systems relying on 

such devices were likely to be very heavy 

and bulky [2]. 

At the outset, transistors were also 

susceptible to major problems that 

hindered their production such as 

sensitivity to temperature and voltage, 

expensive manufacturing and unreliability. 

Nonetheless, as research rapidly 

increased, the transistors dominance over 

vacuum tubes, emerged. Transistors 

nowadays are efficient, compact, 

mechanically strong, durable and light. [2]. 

Initial designs involved germanium 

in contact with two metal wires whereas 

today transistors are formed with three 

layers (or terminals) of silicon (replaced 

germanium due to higher temperature 

tolerance). Silicon atoms have 4 valence 

electrons meaning that in order to obtain a 

stable structure with 8 electrons in their  
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outer shell they form 4 covalent bonds 

with adjacent silicon atoms. This will form 

a pure crystal lattice in which there are no 

de-localised electrons and is an insulator. 

Silicon is a semiconductor material and 

therefore its conducting properties can be 

tailored by introducing impurities to the 

crystal structure through a process called 

‘doping’. Most commonly used elements 

are Phosphorus and Boron. For standard 

NPN or PNP transistors the terms PNP and 

NPN make reference to the arrangement 

of materials within them. Silicon can 

conduct either through a mobile positive 

charge (Hole) where an electron is absent 

or when excess electrons are present in 

the structure. Doping with a valence 3 ion 

(e.g. boron) (P-Type) creates a positively 

charged material whilst doping with 

valence 5 ions (e.g. phosphorus) (N-Type) 

forms a negatively charged material [3]. A 

negative depletion layer is created in the 

boundaries between these which prevents 

more electrons from passing through due 

to the negative charge repelling each 

other. When a positive voltage is applied to 

the base of the transistor by a third 

terminal, the depletion layer is negated 

allowing electrons to freely flow and 

complete the circuit. While still used as 

switching components, transistors are 

proving particularly useful in memory chips 

controlling current entering capacitors. 

Such stored values provide the 

foundations of binary representation. 

Along with Boolean algebra, transistors 

underpin the functionality of every 

electronic device. Darlington transistors 

can be used to amplify electrical signal as it 

only takes a small current applied to the 

'base' pin of the transistor in order to allow 

a much larger current to flow from the 

'collector' to the 'emitter' [4]. 

 

 

 

Materials and Methods 

In order to gain a broad 

understanding of the transistor impact, it 

was necessary to review sources over a 

long period of time as the transistors’ 

effect varied as time passed. Furthermore, 

it was crucial that information was 

obtained through reputable sources and 

published in peer reviewed journals. 

Access to these and articles was through 

Google Scholar and JSTOR. A limitation to 

this research was the inability to utilise 

specialised electrical engineering 

databases (IEEE). This would have allowed 

access to articles not available elsewhere 

as well as more efficient research. Tertiary 

sources such as encyclopaedias 

(Wikipedia) and biographical dictionaries 

were not used as it is typically difficult to 

authenticate their content. Reference 

textbooks were also included. Access to 

the above was through the Cambridge 

Central Library and to a lesser degree 

though our school’s library. Finally, the 

Harvard system was used for citing and 

creating a reference list to give appropriate 

credit where its due [5]. 
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Results 

Transistor semiconductors have 

been incorporated in a vast array of 

electronic devices and their applications 

have shaped our world as we know it 

today. Production advances have led to 

smaller sizes, cheaper manufacture and 

more sophisticated uses. Starting from the 

industrial revolution, transistors and their 

use in computers propelled humanity 

forward, increasing the output of all 

implemented areas. Their significance lies 

within the amplification of human abilities.  

The internet is regarded as the 
biggest innovation in human history and it 
would not have been possible without 
transistors. Along with the internet, 
communication advances brought people 
around the globe closer together. We can 
now communicate over vast distances in 
real time with minimal impact in our 
environment. Smartphones have now 
more computational power than the 
computer that NASA used for Apollo moon 
landing calculations. Education and 
learning are significantly more facilitated 
as students at all levels can share 
information. Universities have established 
online databases to store and distribute 
this wealth of information. Research in all 
areas has become more enabled than 
anyone could ever contemplate, pushing 
our frontiers even further. The healthcare 
and medical care advances allowed for 
better diagnostics and therapeutics which 
led to improved quality of life and 
extended longevity for all. Transistors have 
also had a major impact in the area of 
economy such as business, banking and 
service provision. Record keeping, account 
management, balance tracking has 
allowed for more efficient productivity 
allowing entrepreneurs to materialise their 

ideas. Administration facilitation has 
allowed both private companies and 
central governments to optimise their 
inner workings thus allowing for resource 
distribution in areas that need further 
development. Global challenges such as 
climate change can now be quantified and 
computers can envision and propose ways 
to help. Basic daily interactions have been 
simplified and complex tasks has been 
automated whilst smart devices have 
permitted for larger groups of people to 
become interconnected whilst allowing for 
the spread of ideas and solutions. Space 
exploration is widely regarded as our next 
step in human evolution through time and 
space and even though we are still 
experiencing some initial problems, it is 
clear that transistors have had the most 
central and pivotal role in allowing the 
human faring into space. Robotic 
applications also have significant impacts 
that are yet to be fully explored if we 
manage to upkeep their ethical use. 
Artificial intelligence and machine learning 
algorithm revolution would not have been 
possible to start without computers. Even 
though the next phase will more likely than 
not require further advances in hardware, 
it is undeniable that the foundation has 
been laid on transistoral workhorses. 
Despite the above, there also some 
negative effects that humans have to deal 
with. Environmental and disposal concerns 
along with social distancing and isolation 
are top of this list. Cyber-Crime and false 
information flooding the internet are also 
very concerning and there are many 
concerned about the ethical value 
degradation that can be observed at times 
even though the association with the 
technological advancement is not very 
strong. As with most things, beauty lies in 
the eye of the beholder and the way we 
choose to use technology defines us all [6-
14].  
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The Future  

Measured in millimetres during the 

1940’s, the dimensions of a typical 

transistor are now more frequently 

expressed in the tens of nanometres, this 

figure decreasing year after year. Moore’s 

Law states the number of transistors per 

processing unit doubles approximately 

every 18 months (Figure 1). This has been 

happening for the past 70 years but we 

have now reached the “bottom”. As 

Richard Feynman used to say… ‘where 

features become comparable to individual 

atomic dimensions’.  

The decreasing size of transistors 

means that their production is gradually 

becoming fiscally untenable. In order for us 

to sustain our technological progress in 

electronics, we must redefine this industry 

by introducing memristors. Memristors, 

sharing the same function as transistors 

will allow us to achieve ‘more for less’, 

providing more computational power at 

less energy requirements and space [15]. 

Until recently, the three 

fundamental circuit elements have been 

the resistor, inductor and capacitor. These 

defined the relationships between 

current(i), voltage (v), charge (q) and 

magnetic flux (fi) (Figure 2) [16]. Among 

these variables, missing link between 

charge and flux was noticed. In 1971, 

professor Leon Chua proposed a fourth 

element that provided this relation and 

called it memristor (Memory Resistor). 

Chua also showed that emulating the 

behaviour of a memristor (logic functions) 

required a circuit composed of 15 

transistors. Hence, circuits could become 

faster and more energy-efficient while 

remaining compact and inexpensive [17]. 

Memristors were eventually realised by HP 

labs in 2008 [18, 19]. 

 Memristors are non-volatile 

meaning that they are able to retain 

memory states and data even without a 

power source. This translates into Crossbar 

memory systems which can store data 

indefinitely, only needing energy to alter or 

read the state of an individual switch, 

unlike the conventional DRAM (Dynamic 

Random-Access Memory) transistor-based 

systems. Furthermore, memristive circuits 

hold the key to combining analogue signal 

processing with memory functionality in 

neuromorphic systems [20]. These devices 

can aid the energy and space efficiency 

required for mimicking synaptic weights—

the programmable connections that equip 

a neuromorphic system with its learning 

and memory capabilities required 

anywhere from neural networks to pattern 

recognition present in AI. However, this is 

yet to become industrially feasible due to 

memristor variability and high latency [21]. 

One of the most exciting fields for 

memristors is their potential 

implementation in artificial neural 

networks [22]. 
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Figure 1. Semi-logarithmic plot of Moore’s Scaling Law 

 

 

Figure 2.  V-I Characteristics of 4 Fundamental Elements 

Conclusion 

 Our ingenuity has led us to the invention of transistors which have been acting as 
multipliers and facilitators of human intellect and have more likely than not laid the 
foundations for the future hardware that will allow our civilisation to reach even further.  
Research aspires for memristors to be the transistors of the future that will redefine the 
architecture of neural networks.  
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