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Introduction
The Proton-Electrotex company has decades of experience in de-
velopment and production of power semiconductors with pressure 
and soldered contact design, as well as power assemblies based 
on them. The enterprise has created a complete production cycle 
where the research and development phase occupies a special 
place. The structure of the company is separated into three divi-
sions – the department of semiconductors with pressure contact 
design, the department of IGBT devices, and the department of 
power assemblies. This separation allows to concentrate the areas 
of competence on solving problems within a specific direction. The 
main task of these divisions is to create new high-quality, reliable 
and safe products. In 2021, the department of pressure contact de-
vices expanded the range of products produced by the company 
with a line of single-component diode and thyristor modules with 
a baseplate width of 50 mm. This type of modules was assigned an 
internal suffix “B0” (Figure 1).

The modules are intended for use in energy converters as well as 
other AC and DC circuits of various power electrical units. The ap-
plications of B0 modules include electric drive control systems, rec-
tifier bridges, AC regulators, DC motor control, power supplies and 
other switching installations.

Features and Benefits
The B0 line includes single-component thyristor and diode mod-
ules with the voltage range (VDRM / VRRM) from 1000 to 6500 V and 
the maximum allowed average forward current / average on-state 
current (IFAV / ITAV) up to 700 A. Figures 2 and 3 provide informa-
tion on the available nominal currents for diodes and thyristors, 
respectively.

Analysis of information materials available in the public domain 
shows that these ranges of average currents and blocking voltages 
are optimal. Figures 4 and 5 show comparative diagrams for the 
nominal values of M.B0 modules and popular competing devices. 
The diagrams demonstrate that the devices made by Proton-Elec-
trotex have a value of the maximal allowed average forward cur-
rent / average current in the open state on par and in most cases 
higher than that of competitors provided equal repetitive impulse 
reverse voltage and repetitive impulse voltage in the closed state. 
More than that, M.B0 has no competitors at all for the voltage over 
4200 V.

The new modules have the following features:
• Pressure contact design of the module provides high resistance 

to cyclic mechanical, electrical and thermal loads.
• Industry-standard housing simplifies using the devices in existing 

equipment and provides the ability to replace identical modules.
• High insulating strength with rated insulation voltage up to 7 kV 

AC (50 Hz, 1 min.) guarantees protection of the module and the 
power unit as a whole (depending on the customer’s require-
ments, the design provides for the possibility of increasing the 
insulation voltage up to 10 kV AC).

• High value of surge current in the open state ITSM and surge for-
ward current IFSM provides reliable protection against equipment 
failure in critical operating modes of converters (Figure 6).

Power Modules

A Family of Single-Component 
Modules with a Base Width  

of 50 Millimeter
Design Principles and Main Advantages

In 2021 Proton-Electrotex launched serial production of single-component modules with a 
maximum permissible average open-state current of up to 700A.  

This article describes the basic principles used by the company to develop the new products and 
provides comparative information on the main parameters of the devices in this family.

By S. D. Antonov, Proton-Electrotex

Figure 1: Modules М.В0 made by Proton-Electrotex

Figure 2: Maximum allowed average forward current for diode devices

Figure 3: Average on-state current for thyristor devices

http://www.bodospower.com
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• Low thermal resistance of the interfaces combined with im-
proved electrical parameters allow to achieve the average for-
ward current and average on-state current IFAV / ITAV up to 700A 
(Figure 8).

• Design with a single semiconductor chip eliminates the factor 
of heat exchange between adjacent components in devices with 
two or more components. Please note that research and practi-
cal application confirm that, provided equal conditions, electri-
cal units with two single-component devices are up to 30% more 
efficient than units with one dual-component module (for ex-
ample, an A2 module by designation of Proton-Electrotex) with 
comparable heatsink areas.

Thus, the new family of devices is highly competitive and has a 
number of advantages over comparable models, which became 
possible due to the principles incorporated in the development 
process.

Applicable design principles
Over its long history, the company has established traditional prin-
ciples of engineering which are fundamentally embedded in the 
process approach to research and development. The main funda-
mental principles of the company are:

The principle of manufacturing quality products

Throughout the entire life cycle of each product, the company's 
specialists monitor such indicators as:
• safety indicators;
• performance indicators;
• indicators of reliability (reliability, durability, storability, etc.);
• economic indicators;
• ergonomic indicators;
• aesthetic indicators;
• indicators of producibility;
• indicators of transportability;
• etc.

Taking into account expert opinions and forecasts, the enterprise 
is continuously working to improve all the factors affecting product 
quality. This allows to organize high-tech production with quality 
equipment and qualified employees.

The principle of scientific research approach
All the design and development activities concerning new products 
at the company are preceded by research. Combined with an indi-
vidual approach to solving design problems, it allows to make use 
of the latest achievements in science and technology in the related 
areas.

Proton-Electrotex closely cooperates with the Oryol State Univer-
sity. It allows to boost competence and expertise of the company's 
employees. The results of joint scientific projects are published in 
various Russian and foreign periodicals.

Maintaining the knowledge base is a key for effective improvement 
of existing designs and technologies, as well as for creation of novel 
products in the area of power electronics

The principle of technical and economic balance
Continuous analysis of the market provides the company with in-
formation about the current prices for services, components and 
devices in general. This data is constantly updated and used in the 
technical and economic analysis of each project at all design stages, 
helping to find the optimal combination of price and quality for the 
new products.

Power Modules

Figure 5: Current and voltage classes of the diode modules

Figure 6: Comparative diagram of surge current in open state / surge 
forward current (destructive values)

Figure 7: Comparative diagram of thermal resistance p-n junction-case

Figure 4: Current and voltage classes of the thyristor modules
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The principle of early risk analysis
FMEA analysis of design (DFMEA) and technology (PFMEA) is carried 
out at each major stage of all projects starting from the preliminary 
design and until the device is launched into serial production. It 
serves to predict possible design and technological risks and to de-
termine ways to reduce their probability. Thanks to the extensive 
laboratory facilities, self-produced testing equipment and the use 
of modern CAD, CAM and CAE systems, the company's specialists 
can follow up on the developed measures to reduce risks to a mini-
mum at the early stages.

Safety principle
All products of the company, provided proper operation and com-
pliance with disposal rules, are safe regarding labor protection and 
environmental standards. Starting from the earliest design stage, 
each project is based on materials and configurations meeting the 
safety requirements stated in clause 6 of the Interstate Standard 
GOST 30617-98 "Power semiconductor modules", as well as the 
requirements of the UL 1557 standard "Standard for Electrically 
Isolated Semiconductor Devices" that regulates the insulation pa-
rameters of semiconductors both as a whole and their parts.

All components meet the requirements of the European REACH 
regulation of chemicals and the RoHS2 directive for the use of haz-
ardous substances.

The principle of focus on customer
Modules of the B0 line, like all other bipolar semiconductors manu-
factured by Proton-Electrotex, comply with the industry standards 
in terms of dimensions and, from a technical point of view, can be 
easily used as a substitute for devices from other manufacturers. 
However, it is also possible to manufacture devices with individual 
customer requirements to configurations and device parameters.

All of the above (Figure 8) is only a fundamental part of an impres-
sive list of all applied principles. Combined with the existing work 
process, using modern materials and components from trusted 
suppliers and high-intensity production processes, it allows the 
company to maintain a high level in all aspects of the products.

Conclusion
The modern market for power semiconductor devices is very satu-
rated and diverse in products made by companies from various 
countries. In pursuit of low cost, both manufacturers and consum-
ers often neglect seemingly small details that can later severely af-
fect the safety and reliability of converting equipment resulting in 
significant financial losses, and most importantly, life-threatening 
issues. The Proton-Electrotex company manufactures products 
with optimal values of price and quality which are confirmed by the 
exhaustive set of tests established by industry standards.

www.proton-electrotex.com

Figure 8: Fundamental principles of М.В0
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