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Introduction 
 

 Since the discovery of radioactivity at the end of the 19th century, there has 
been a considerable worldwide effort to understand and explore potential applica-
tions for this unique phenomenon. A process known as radioactive decay involves 
the spontaneous emission of energy and particles or high-energy beams of light 
from an unstable nucleus [1][2]. These unstable nuclei are called radioisotopes. 
 
 Radioactive decay can be observed in three main processes, alpha, beta, and 
gamma decay. Alpha particles are Helium nuclei comprising two positively 
charged protons and two neutral neutrons, Beta particles are fast electrons and 
Gamma rays are photons that are electromagnetic radiation but at much higher 
energy than visible light photons. Decay processes are named after the particles or 
electromagnetic radiation emitted by the unstable nucleus [3]. Therefore, the al-
pha decay process emits an alpha particle from the nucleus.  
 
 NDB Inc., as an advanced energy technology company, carries out R&D in 
new smart and clean power generation and storage systems. Innovative radio-
isotopic electric generator structures with simplified designs are optimized to pro-
duce economical, pollutant-free electricity from radioactive materials. The basic 
cell is a radioisotope electric generator-based device that can provide clean energy 
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to power numerous applications over the entire lifespan and overcome the limita-
tions of the existing energy generation/distribution solutions. Essentially the life-
time of the cell is determined by the half-life of the radioactive decay which is the 
time taken for the radiation intensity to drop to approximately half its value. 
 
 The lifetime and performance are ensured by converting the radioactive de-
cay energy from radioisotopes into electrical energy either by directly inducing a 
current in a semiconductor structure or by the heat generated by absorption of the 
radiation in a heat shield and conversion of the heat into an electric current.  en-
hanced device performance and highly sophisticated safety features. It is cost-
effective, and scalable from chipset to industrial applications such as space elec-
tronics, medical, consumer electronics, and many more.  
 

Radioactivity 
 

Nature of Radioactivity 
 
 We can define activity as the rate at which the radioactive emission decays, 
if  is the number of decays per second, which depends on the isotopic species, 
we can define a decay constant, λ (lambda), which is the “probability” that a par-
ticular nucleus will decay per unit of time. [4] 
 

         
 
where: (  - initial number of unstable atoms,   - number of unstable atoms at 
the time ). These relations show that as  becomes smaller, the more stable the 
source is.   
 
 Different radioactive decay types have varying abilities in penetrating mat-
ter, due to their difference in mass and energy. For instance, alpha particles are 
8000 times heavier than beta particles. As a result of their larger mass, they are 
not able to penetrate through matter easily and can even be stopped by a piece of 
paper or aluminum sheet which ensures that safety screening is relatively simple. 
 
 Radioactive material is a highly condensed source of energy with almost 
unlimited potential. Single radioactive decay can produce a million times more 
energy than the combustion of coal: 
 

 
 

 
 
 The basic unit of energy in the field is the Electron Volt (eV) which is used 
extensively in particle and nuclear physics. As an example of the amount of en-
ergy involved 1 milligram of the radioactive Americium 241 contains the same 
amount of energy as 70 kg of Coal. However, whereas the energy can be released 
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from coal in a matter of minutes or hours the energy is emitted from most radioac-
tive materials over years. This characteristic property makes radioactive materials 
suitable for a power source for a new generation of batteries, notably the NDB 
Cell, which last for a long time but conversely the energy emitted per second is 
much smaller than for coal. [5][6][7] 
 

History of Radioactivity 
 
 The beginnings of research on radioactivity began with Wilhelm Röntgen 
(1845 - 1923) who discovered X-rays in 1895. While studying cathode ray tubes, 
as in old fashioned televisions, he noticed that they produce unknown radiation 
that he later named X-rays [9]. This discovery initiated large-scale research in the 
field of radiation.  
 
 In 1896, Henri Becquerel (1852 - 1908) described the phenomenon of radio-
activity. He discovered that uranium emitted penetrating rays like X-rays, 
[10][11], subsequently found to be Gamma rays.  
 
 Marie Curie (1867 - 1934) after becoming acquainted with Becquerel started 
research in the field of radiation with her husband Pierre Curie (1859 - 1906). In 
1898, she discovered radium and other radioactive elements that could be catego-
rized as alpha, beta, and gamma emitters [12][13].  
 
 Henry Moseley initially demonstrated a current produced by charged parti-
cle radiation in 1913, which is when the concept of a nuclear-powered battery 
originally emerged [14]. His battery represented a glass sphere, silvered from the 
inside. In the center of that sphere was a radium source of ionizing radiation on an 
isolated electrode. The whole structure can be perceived as a radioactively pow-
ered capacitor [15][16].  
 

Efficient Conversion of Radiation Energy 

 
Figure 1. NDB Cell configuration. 
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 The NDB Cell is an atomic voltaic system. The self-charging battery pro-
duces stable power by converting the energy released from radioactive decay into 
usable energy throughout its lifetime. The atomic voltaic cell is similar to a solar 
cell, except it uses radiation from nuclear isotopes rather than sunlight.  
 
 The radioactive isotope will emit radiation due to atomic decay. Then radia-
tion hits the NDB transducer materials, ionizes the atoms, and produces free elec-
trons and holes, (the absence of an electron), in the form of electron-hole (EH) 
pairs. Thus, the obtention of the EH pairs is proportional to the generated electric-
ity. Since the radio-isotope decay cannot be affected by any external changes, the 
energy is always generated.  
 
 The cell operation possesses three major steps: 
 
Radiation Emission: The isotope undergoing a beta decay will usually have en-
ergy in the keV range which provides the power to the battery, however, the con-
version efficiency is not high and is much less than 50%. 
 
Electron Emission: Beta particles are highly energetic electrons; they have a large 
number of repulsive interactions with the atoms in the material which results in 
electrons in the atom surrounding the nucleus becoming free and carrying current. 
The vacancy left behind is the hole which can also carry current.  
 
Electron Collection: The electrons liberated through the interaction described 
above can leave the host material and be used to carry current through whatever is 
connected to the battery. The key to enhancing the efficiency of the conversion 
process is the form of the transducer which converts radiation energy into electri-
cal energy usually by means of a semiconductor structure, semiconducting dia-
mond is very useful in this regard. An electrical circuit optimizes the voltages of 
the output. [17] 

 
Design Considerations 

 
 Success in enhancing the efficiency of operation is dependent on advanced 
materials research in order to enhance the efficiency of conversion of heat energy, 
from stopping the energetic Beta and Alpha particles, to electrical power. The 
configuration of the battery is crucial here as the cost is intimately related to effi-
ciency, encapsulation techniques are crucial for the highest efficiency and the 
ability to control the storage of power if necessary.   
 
 The NDB Cell has three main components: radioactive source, transducer, 
and encapsulation material. 
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Figure 2. NDB T1 transducer. 

 
Radioactive Sources 

 
 The radioactive source is a radioisotope that emits radiation due to nuclear 
decay, it is the battery power source and the main component, it is bonded or 
tightly connected to the semiconductor. There are specific requirements to be sat-
isfied by the radioactive source: [18] 
 
Half-Life: Longer lifetime than the device is crucial. The battery can continue 
supplying power at full capacity throughout the device’s life. Assuming the de-
vice life is always shorter than one half-life, the battery power decreases with 
each half-life and the total power output is below 3% after five half-lives.  
 
Specific Power: Maximum specific power is considered during the design. This 
quantity is proportional to the power output.  
 
Radiation Type: The type of radiation emitted must be considered. Inside a me-
dium, each radiation has a different path length. Neutrons and gamma rays travel 
a longer distance compared to alphas and betas. Hence alphas and betas are pre-
ferred to prevent radiation exposure.  
 
Availability: The desired isotope must be available and manufacturable in large 
quantities.  This factor affects the cost.  
 

Transducer 
 
 The Transducer is the device that converts one form of energy to another. 
NDB Cell’s transducer is a semiconductor that converts decay energy to electric-
ity. Utilization of a material and configuration that can emit as many electrons as 
possible for the given energy and enable electron flow in each given direction for 
collection is vital. The selection criteria for semiconductor materials are given in: 
[19] 
 
Ionization Energy: This is the energy required to liberate electrons in the atom so 
that they break free from the nucleus field. The energy should be sufficiently 
small for the radiation to create as many free electrons as possible. 
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Band Gap: The band gap is the energy required for the electrons in the atom to 
become free, the energy supplied to the electron should be sufficiently high for 
the electrons to escape from the hole which is left behind. 
 
Damage Threshold: If the energy of the emitted Beta radiation is sufficiently high 
then atoms could be displaced in the converter material. Each material has its 
damage threshold, which is the maximum energy it can withstand before atoms 
are displaced and create centers that can trap the electrons. This effect can deter-
mine the lifetime of the device. 
 
 

Table 1. List of wide band gap semiconductor materials  
available to NDB applications.

 
Semiconductor Band Gap  eV Ionization Energy 

eV 

Diamond 5.28 13.6 

SiC 2.9 7.82 

GaN 3.39 8.33 
 

Encapsulation and Shielding 
 

 Encapsulation is a material that absorbs and shields radiation. NDB uses 
materials such as Diamond, HDPyC, and Stainless Steel for encapsulation. These 
materials have very high mechanical and thermal conductivity and ensure that the 
battery is virtually indestructible (i.e., Diamond is 300 times stronger than steel) 
and safe for usage in everyday products. [19] 
 

Relevance of Nano Diamond Batteries 
 
 Nuclear batteries solve the problems encountered with current batteries. Nu-
clear batteries are permanent with a lifetime of several years, thanks to the use of 
isotopes with a half-life of tens to hundreds or thousands of years, and no need to 
be recharged or replaced regularly. They are environmentally friendly and made 
by recycling nuclear waste. They do not contain any conflicting materials or pol-
luting extraction materials. 
 

NDB Radioisotopes from Nuclear Waste 
 
 Nuclear energy is one of the most powerful and clean energy sources. How-
ever, it generates a significant amount of waste that needs to be stored to prevent 
harm to the population and the environment. Because of the nature of the nuclear 
materials, the storage must be undertaken for an extremely long time until the 
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waste is considered safe. Globally, the total amount of radioactive waste produced 
from 2022 to 2125 is expected to be about 4.9 million tonnes [8].  
 
 The radiation that is used in the proposed NDB cell is produced from repur-
posed High-level radioactive waste (HLW) by recycling it to extract radioiso-
topes. This enables the nuclear option to remain sustainable for the long run and 
promotes a clean energy source in a safe and secure environment. 
 

Safety 
 
 One of the significant factors that design considers for consumer pro-ducts 
is safety and proliferation. To prevent any type of leakage or tampering, the cell is 
enclosed in an extremely strong and radiation-hard encapsulator. There are multi-
ple strategies to make the cell safe for end-users by using beta and alpha emitters 
as the power source, these can be stopped readily and safely whereas Gamma ra-
diation is much more harmful and difficult to stop. 
 
 The international nuclear safety standards have two main aspects: 
Defense-in Depth: This strategy involves having multiple barriers or layers capa-
ble of protecting the device from thermal, mechanical, and radiation damage.  
 
Lock-in System: This additional strategy involves ion implantation among other 
epitaxy of the source isotopes into the transducer material itself. The strategy is 
critical in proliferation as the implanted ions are nearly impossible to tamper with. 
 

Applications of the NDB 
 

 Due to its long lifetime, the nuclear battery can power many applications in 
a wide range of fields, such as:  
 
Space: Space exploration and applications demand long-life power sources. Since 
nuclear battery technology is not affected by any external conditions, it is suitable 
for all types of satellites and space shuttles. 
 
Defense: Most defense systems use miniature batteries to power embedded sen-
sors, which are monitored and replaced once discharged. The use of NDB reduces 
the maintenance costs of the systems. 
 
Aviation: Similar to defense systems, the aviation industries use many minor sen-
sors within their systems. These sensors consume small energy, but they must be 
consistent and reliable.  
 
Internet of Things: The Internet of Things (IoT) describes computing devices and 
other technologies that connect and exchange data with other devices and systems 
via networks without requiring human interaction. The power supply is today the 
limit of IoT, devices are connected to the electrical grid. Nuclear battery technol-
ogy can play a role in powering remote devices. 



The Conversion of Radiation Energy to Electric Current - 
The Nano Diamond Battery 

IJOI   https://www.ijoi-online.org/ 
 

The International Journal of Organizational Innovation 
Volume 15 Number 3, January 2023 

8 

 

 
Health: Invasive devices such as pacemakers use low power, and it is best if they 
are powered for a long time to relieve patients from constant recharging of the 
devices. Apart from intrusive devices, exoskeletons and bionic arms can also be 
powered by our products. 
 
Industry: In electronics, the NDB can be used for low-power applications like mi-
crocontrollers, embedded wireless sensors, and other sensors in hazardous envi-
ronments. 
 

Future Scope 
 
 Future energy policies must find the most efficient energy conversion meth-
ods and materials. It is to select the most suitable technology for different re-
quirements and different energy harvesting techniques by means of the optimal 
material combination for the source, power storage, and transducer. Unquestiona-
bly nuclear batteries with their advantages will play an important role in future 
needs. 
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