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Smart supply chains

With increasing developments in smart factory technologies, we �nd our-
selves in an age of volatile supply chains, requiring constant market 
vigilance and the ability to adapt to changing conditions. Monitoring, 

forecasting, and AI-based planning solutions have become essential. Edge comput-
ing is also playing an increasingly decisive role in all of this. The goal is to evade 
the latency issues of traditional cloud solutions by enabling real-time communica-
tion through automation technology. Certain electronic components are especially 
critical:

�r��Edge devices, like computers or microcontrollers, are deployed directly in pro-
duction environments to collect data from sensors, machines and plants, before 
processing, and transferring the data to higher-level systems. 

�r��Sensors for the permanent monitoring of, for example, temperature, pressure, 
vibration, and moisture. 

�r��Communication modules that allow edge devices to communicate with other sys-
tems. This also demands the availability of robust communication modules such 
as WLAN, Bluetooth, or 5G.

�r��Security chips are crucial, as edge devices are vulnerable to cyber attacks, mak-
ing encryption and system integrity vital.

Edge computing is viewed as the key to successful implementation of Industry 4.0 
and smart factory concepts. Explore this topic further in this issue through numer-
ous specialist articles across all our sections and be guided by our Future Market 
markers in each article, including those on IIoT and Internet of Everything, Future 
Mobility, and Advanced Materials.

In this year’s CEO interview with Thomas Rudel, featured from page 16, learn 
about the current state of the electronics market and the performance of the SME 
sector in particular: How is Rutronik making itself �t for the future, especial-
ly in these uncertain times? And why are the 1974 Soccer World Cup and this 
year’s EURO 2024 soccer tournament intrinsically linked to the transformation of 
Rutronik? Discover answers to these questions in the interview. So much can be 
revealed, though: A key element is Rutronik’s strategic positioning as a broadline 
distributor and system provider.

Being a system provider means supporting customers during their predevelopment 
phases as a key partner and consultant. We consolidate all these activities under 
the umbrella of Rutronik System Solutions. I am especially delighted to announce 
that this year’s Rutroniker features Customer Success articles for the �rst time. 
With the RDK4 Base Board for automotive applications, we extend our gratitude 
to Minebea for sharing insights into their project (page 35), and to our customer 
Codium Electronique for providing details on how they are using real-time kine-
matics (RTK) with our recently launched RAB4 Adapter Board for RTK in the 
development of their solutions (page 73).  

Our expertise in forecasting and supply chain management is another key factor 
that distinguishes us as a business partner. Starting on page 55, you will �nd in-
sights into the current market situation, the state of the electronics supply chain, 
and how Rutronik, under the leadership of Patrick Krätz, Head of Supply Chain 
Management, is navigating these challenges.

On behalf of the entire Rutronik team, I hope you enjoy reading the fascinating 
features with valuable incentives and suggestions for your work!

Yours truly, 
 
Andreas Mangler 
Director Strategic Marketing and Authorized Representative at Rutronik

Andreas 
Mangler
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 Camera and display interfaces in automotive applications

For seamless 
connectivity

FPGA-based interface bridges play a crucial role in complex automo-
tive applications. They o�er �exibility, adaptability, and seamless 
interoperability, enabling consistent connectivity between various 

hardware interfaces, even over long distances.

B� P��� S��,  
C�������� P������ M������ D������ 
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The proliferation of cameras and displays 
in modern vehicles has revolutionized 
the driving experience, facilitating ad-

vanced safety features, enhanced navigation 
systems, and new entertainment options 
(Fig. 1). However, the growing number of 
these components poses a signi�cant chal-
lenge for car manufacturers: ensuring seam-
less connectivity and interoperability between 
the various systems. One of the biggest chal-
lenges is managing local connectivity within 
the vehicle.

Fast, reliable, and  
over longer distances

MIPI (mobile industry processor interface) 
protocols on higher layers are commonly used 
in vehicles to connect sensors and displays 
with domain control units and other onboard 
computers. To facilitate communication be-
tween cameras, displays, and other onboard 
systems, data are traditionally transmitted us-

ing source-synchronous interfaces like MIPI 
D-PHY and MIPI C-PHY. While these interfac-
es are e�ective for short-range connections, 
they struggle with data transmission over lon-
ger distances within the vehicle.

To address this issue, cabling interfaces like 
MIPI A-PHY have been adopted for distribut-
ing cameras and displays within the vehicle. 
A-PHY is an asymmetrical data link in a point-
to-point topology that enables very fast, uni-
directional data transmission with embedded 
bidirectional control data and optional power 
supply via a single cable.

The use of A-PHY allows suppliers to achieve 
e�cient transmission over longer distances – 
cable lengths of up to 15 meters – while en-
suring fast, reliable, and e�cient communica-
tion between various vehicle components. 
MIPI A-PHY v1.0 supports �ve speed levels (2, 
4, 8, 12, and 16 Gbit/s), o�ering greater de-
sign �exibility. The latest version, MIPI A-PHY 
v1.1, doubles the total downlink bandwidth 
from 16 to 32 Gbit/s by supporting Star Quad 
(STQ) cables, which feature two di�erential 
wire pairs in a single shielded jacket. This en-
ables the use of two A-PHY ports via a single 
cable, reducing costs, weight, and complexity 
compared to using two separate coaxial or 
shielded twisted pair cables.

Bridge between  
various interface protocols

However, the introduction of interface stan-
dards entails a number of challenges. Di�er-
ent suppliers use proprietary protocols or 
hardware interfaces, leading to compatibility 

Figure 1: Distribution of 
cameras and displays in 
modern vehicles 
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Figure 2: FPGAs can serve as intelligent interfaces between components that utilize di�erent standards or protocols
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Figure 3: The advantages of Gowin FPGAs for 
controlling LED backlighting in automotive solutions: 

They o�er cost-e�ective, customizable logic that 
enables rapid prototyping and precise control of LED 

brightness and color; they are designed for low power 
consumption; they meet the stringent standards of the 

automotive industry for reliability and temperature 
resistance; they provide seamless connectivity to other 
vehicle systems; and they o�er comprehensive control 

and monitoring on a single chip.

issues and fragmented ecosystems. To sim-
plify the introduction of interface standards, 
car manufacturers use programmable FPGA-
based interface bridges.

These versatile solutions act as a bridge be-
tween di�erent interface protocols and en-
hance compatibility and �exibility within the 
vehicle architecture. FPGA-based interface 
bridges enable the integration of multiple de-
vice interfaces, facilitating the aggregation, 
partitioning, control, and initialization of var-
ious components (Fig. 2). 

They provide advanced functions such as pre-
processing and bu�ering for real-time pro-
cessing of camera and display data, for in-
stance. With a latency of under 15 ms, FPGAs 
o�er signi�cantly lower response times com-
pared to SoC-based solutions, which typical-

ly have a latency of around 30 ms. They also 
support compression methods that allow for 
higher resolution and increased image and 
data rates via the cable connection. Car man-
ufacturers can thus o�er their drivers and pas-
sengers a cutting-edge visual experience 
without sacri�cing performance or e�ciency.

Another example of the use of Gowin FPGAs in 
automotive applications is LED backlighting 
control for in-cockpit display. This results in 
several signi�cant advantages (Fig. 3): They of-
fer cost-e�ective, customizable logic that fa-
cilitates rapid prototyping and precise control 
of LED brightness and color, enhancing display 
readability and driver comfort. Moreover, the 
FPGAs are designed for low power consump-
tion, which is essential for energy e�ciency in 
vehicles. They meet the stringent standards of 
the automotive industry in terms of reliability 

and temperature resistance. Their integration 
capabilities support seamless connection to 
other vehicle systems and comprehensive con-
trol and monitoring on a single chip.

Summary

By employing FPGA-based interface bridges, 
car manufacturers can address the challenges 
of camera and display interfaces, ensuring 
seamless connectivity and standardized com-
munication protocols within their vehicles. 

These solutions not only improve the driving 
experience but also pave the way for innova-
tions in automotive technology. As the indus-
try evolves, FPGA-based interface bridges will 
be crucial in shaping the future of connected 
vehicles. � �
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All-in-one sensor platform for controlling indoor air quality

Nine in one go
A compact and powerful sensor platform measures 
up to nine environmental parameters – including 
particulate matter, CO2, or VOCs – and opens up the 
way for developing intelligent devices for enhanced 
energy e�ciency, comfort, and well-being.  
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Environmental conditions have a major 
impact on our well-being, comfort, and 
productivity. Air quality in particular 

plays a key role for human health and the en-
vironment. Particulate matter (PM2.5 and 
PM10) and volatile organic compounds 
(VOCs) can cause respiratory diseases and 
lead to chronic cardiovascular diseases or 
cancer. 

Humans breathe out carbon dioxide (CO�) and 
breathe in oxygen (O�). Poor ventilation can 
cause CO� levels to rise rapidly in occupied 
spaces, possibly exceeding unhealthy limit 
values (over 2,000 ppm). Indoor air pollution 
is exacerbated by microscopic particles that 
enter from outdoors, originating from vehi-
cles, industrial , or forest �res. Volatile or-
ganic compounds (VOCs), emitted during var-
ious activities and often partially harmful to 
both humans and the environment, are ubiq-
uitous. A particularly harmful volatile organ-
ic compound is formaldehyde (HCHO), which 
can cause eye irritation and even cancer in 
high concentrations. Moreover, nitrogen ox-
ides (NOx), primarily generated during com-
bustion processes in vehicles or ovens, can 
harm the human respiratory system when 
present in high concentrations. 

It is, therefore, essential to monitor and im-
prove air quality. Accurately assessing air 
quality, however, demands a comprehensive, 
multifaceted approach. Since the detection 
of CO�, particulate matter or VOCs varies 
greatly due to the di�ering physical and 
chemical properties of these pollutants. 

Semiconductors |Advanced Measurement & Processing 

Multifunctional sensor platform

SEN6x from Sensirion combines multiple sen-
sor technologies in one compact package and 
can measure up to nine environmental pa-
rameters – particulate matter (PM1, PM2.5, 
PM4, and PM10), humidity (relative humidity, 
RH), temperature (T), VOC index, NOx index, 
CO�, or HCHO (Fig. 1). The humidity and tem-
perature components provide precise mea-
sured values for a healthy and pleasant indoor 
climate. Additionally, integrated compensa-
tion mechanisms help o�set temperature and 
humidity �uctuations that impact the mea-
suring accuracy.

SCD4x in SEN6x utilizes a sensor that com-
bines the principles of photoacoustic spec-
troscopy and NDIR techniques (non-disper-
sive infrared sensor) to monitor CO2 values. 
The VOX and NOx values are measured using 
a metal-oxide gas sensor element (MOX). An 
electrochemical sensor is used to detect the 
formaldehyde values. These various elements 
enable the prompt initiation of air puri�ca-
tion measures, such as demand-driven ven-
tilation control, to ensure safe and e�cient 
air quality management.

At the core of the platform is the particulate 
matter sensing component SPS6x. It inte-
grates all the necessary building blocks for 
measuring PM1, PM2.5, PM4, and PM10. The 
measurement of particulate matter relies on 
light scattering, i.e. when particles in the air 
pass through the beam of an integrated laser, 
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the light is scattered, which is then captured 
by photodetectors. Onboard algorithms ana-
lyze the scattered light to determine the size 
distribution and mass concentration of the 
particles. Thanks to an application-speci�c 
integrated circuit (ASIC), no external pro-
cessing is needed, and SPS6x provides fully 
processed values through I�C communica-
tion.

Due to the combination of sensors, compen-
sation algorithms, and acceleration motors, 
the combined module is ready for immediate 
use. Opting for SEN6x saves development 
time and costs, resulting in a short time to 
market with simpli�ed development process-
es. 

Further, the design of SEN6x complies with 
leading IAQ standards, such as Reset, Well 
Building Standard, and California Title 24 
Building Energy E�ciency. As such, the sen-
sor can be simply integrated into smart build-
ing projects. SEN6x provides a detailed in-
sight into air quality parameters, thereby 
enabling a better understanding and control 
of the indoor climate. This maximizes the po-
tential of air quality monitoring for use in 
smart building management. � �

Figure 1: Sensing opens up new possibilities to 
create smarter devices that improve our comfort 

and well-being as well as increase energy 
e�ciency in a wide variety of applications.
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Figure 2: The compact and powerful SEN6x sensing platform 
combines multiple sensors in a compact package and can 
measure up to nine environmental parameters (PM1, PM2.5, 
PM4, PM10, RH, T, VOC Index, NOx Index, CO2, or HCHO).  
The design simpli�es integration, reduces costs, and allows 
for customization.
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Automotive-quali�ed DFN package

Compact, cost-e�ective  
and powerful
DFN packages o�er high power densities and excellent thermal properties 
thanks to an exposed heat sink and optimized heat path.  
Side-wettable �anks also enable the automated optical inspection required 
in the automotive industry. 

B� T����� B���,  
C�������� P������ M������  
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Dual �at no-lead (DFN) packages are 
designed for harsh environments, of-
fering resistance to temperature �uc-

tuations, vibrations, and other stresses. Due 
to their reduced installation height, high reli-
ability and optimized thermal properties, they 
are often employed in the automotive indus-
try. Their compact design helps save space on 
the printed circuit board, which is absolutely 
essential in vehicles. 

By eliminating protruding leads, the package 
is able to establish shorter signal paths, there-
by minimizing signal delay and enhancing sig-
nal integrity – a critical factor in high-speed 
scenarios where precision is also paramount.

Despite the numerous advantages of DFN 
packages, they also present certain challeng-
es that must be considered during design and 

manufacturing. These challenges primarily re-
volve around assembly, soldering, inspection, 
and testing.

The challenges with  
DFN packages

Various processes are generally used for sol-
dering DFN packages, depending on the spe-
ci�c requirements of the design and the ma-
terials, components, and printed circuit boards 
used. Re�ow soldering is the standard meth-
od when it comes to soldering SMD compo-
nents. The components are initially positioned 
on the printed circuit board, which then pass-
es through a re�ow oven that maintains a 
precise temperature-time pro�le. The entire 
assembly is heated to above the melting tem-
perature of the solder paste, which melts to 

Semiconductors | Advanced Materials      
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form the solder joints. The result is uniform 
and reliable solder joints. The process is well 
suited for large-scale production.

Furthermore, soldering DFN packages de-
mands a high level of precision. In particular, 
the amount of solder paste on the bottom ter-
minal pads must be carefully checked to en-
sure reliable electrical connections. Inade-
quate solder paste may result in weak or 
absent connections, while excessive paste can 
lead to solder bridging or short circuits be-
tween adjacent pads. Appropriate solder paste 
stencils and stencil designs, precise placement 

equipment, and optimized re�ow soldering 
pro�les must be selected and used to guaran-
tee the integrity and reliability of the solder 
joints. Additionally, considerations such as pad 
design, solder mask application, and side-wet-
table �anks must be integrated into the as-
sembly work�ow (see Vishay application 
note: Soldering Recommendations for Power 
DFN Packages). 

Two types of solder masks are commonly used 
for surface-mounted leadless packages: solder 
mask de�ned (SMD) and non-solder mask de-
�ned (NSMD) (Fig. 1). With the SMD type, the 

Figure 1: DFN packages are assembled on NSMD pads to ensure the solder can run up the side �anks,  
in contrast to standard SO-IC packages, which are assembled on SMD pads.

Figure 2: Side-wettable �anks of DFN packages 

Figure 3: Sketch of the solder meniscus. This can be inspected with 
an optical camera system to assess the solder result.
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solder mask partially covers the pads and pre-
vents the solder from �owing over the edge 
of the SMD pad. With the NSMD pad type, the 
opening of the solder mask is larger than the 
solder pad. A gap forms between the solder 
pad and the solder mask, into which the sol-
der �ows and strengthens the joint. The choice 
between SMD and NSMD depends on several 
factors, including the design requirements, 
component pitch size, thermal considerations, 
and the desired reliability of the solder joint.

Ensuring the quality and reliability of printed 
circuit boards (PCBs) is of great importance. 
One of the key contributing technologies is 
automated optical inspection (AOI). This tech-
nology-driven method enables the automatic 
inspection and analysis of printed circuit 
boards, allowing for the detection of various 
issues, such as absent or misaligned compo-
nents and soldering defects. Other anomalies 
that can negatively impact the functionality 
or reliability of a printed circuit board are also 
identi�ed.

The X-ray inspection is also known as auto-
matic X-ray inspection (AXI). AXI is particu-
larly suitable for inspecting concealed solder 
joints and internal structures. However, it is 
not as e�ective as AOI in terms of detecting 
surface defects.

Solder joint inspection  
for DFN 

DFN packages feature an exposed pad and 
connectors on the underside, eliminating vis-
ible solder joints from the package design. It 
is therefore di�cult to visually determine 
whether the package has been soldered ef-
fectively. Electrical testing is often the only 
practical way to verify the quality of the elec-
trical connections of the solder joints. How-
ever, for applications that require a high lev-
el of reliability, it may be necessary to 
visually check the integrity of the solder joints. 
For instance, the automotive industry de-
mands that original equipment manufacturers 
perform a 100 percent automatic visual in-
spection after assembly.

In order to be able to inspect the typically in-
visible solder joints underneath DFN packag-
es, these packages can be designed with side-
wettable �anks (SWF) (Fig. 2). This allows a 
solder meniscus to form on the sides of the 
DFN package, which can be inspected using 
AOI (Fig. 3). This results in a further advan-
tage: the mechanical strength and stability of 
the joint to the printed circuit board is better 
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than with components without side-wettable 
�anks. SWFs thus reduce the risk of failures 
due to shear forces and printed circuit board 
bending.

Space-saving solutions  
with a high level of e�ciency

Vishay Intertechnology o�ers four new series 
of ultra-fast 200 V FRED-Pt recti�ers in the 
�at DFN3820A package with side-wettable 
�anks. They guarantee space-saving, highly 
e�cient solutions for cutting-edge power ap-
plications.

These 1 A to 5 A, 200 V FRED (fast recovery 
epitaxial diode) Pt (platinum doped technol-
ogy) recti�ers ensure reduced space require-
ments, enhanced thermal performance and 
greater e�ciency. 

Compared to components in SMP packages 
(DO-220AA) with the same footprint, the  

VS-1EAH02xM3, VS-2EAH02xM3, VS-
3EAH02xM3, and VS-5EAH02xM3 models 
feature a 12 percent lower installation height 
and more than double the current carrying 
capacity. Each model is also available in Vi-
shay Automotive Grade AEC-Q101 quali�ed 
versions (Fig. 4). 

Typical applications in the automotive indus-
try include dual-voltage injector drivers, piezo 
drivers, and engine control units (ECU), ad-
vanced driver assistance systems (ADAS), Li-
DAR, cameras, and anti-lock braking systems 
(ABS), as well as 48 V electrical systems, char-
gers, and battery management systems (BMS) 
in electric and hybrid vehicles (HEC). ��

Visual quality and assembly inspections can pose a challenge with DFN packages. 

Im
age: K

zenon/S
hutterstock.com
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Image: Vishay

Figure 4: Ultra-fast 200 V FRED Pt recti�er in a �at DFN3820A package from Vishay
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How ProFET Wire Guard protects the electrical system and its components

Short circuit? Not a problem.
PROFET Wire Guard is ideal for 12 V power distribution in functional 
safety-related applications. This is due to its diagnosis and protection 
properties, autonomous operation when a vehicle is parked, and the 
available safety documents.

B� R��� H����, P������ S����  
M������ �� ��� A�������
�  

B������� U��� (ABU) �� R�������

Melting fuses have two main fea-
tures. They do not require an aux-
iliary power supply and, therefore, 

do not consume power themselves, thus pre-
venting the battery from slowly draining while 
the vehicle is parked. And if chosen correctly, 
they protect the power lines in the wiring har-
ness due to their I�t characteristic as the 
weakest link in the wiring chain. However, as 
automated driving functions advance, the de-
mands on the 12 V electrical system are for-
ever increasing, making traditional melting 
fuses inadequate.

In a highly automated vehicle (ADAS level L2 
and higher), a short circuit in one part of the 
electrical system must not a�ect critical 
components in other areas or the redundant 
electrical system. Such faults need to be de-
tected and isolated immediately in order to 

protect other consumers and the voltage 
source.

An eFuse must therefore o�er additional per-
formance features, such as:

�t��adjustable triggering characteristic, adapt-
ed to the load and the line cross-section,

�t��low dispersion of the triggering character-
istic, 

�t��fast activation in µs,

�t��reset-ability via electrical signals or bus 
communication,

�t��diagnosis feedback,

�t��suitability even with capacitive load- 
switching, and

�t��support of developments according to ISO 
26262 in terms of functional safety.

eFuses with new functions

The new PROFET (Protected Field E�ect Tran-
sistor) Wire Guard family from In�neon o�ers 
a range of new features: The integrated and 
adjustable I�t function protects wires from 
overheating. Six I�t protection curves can be 
selected via an external resistor depending on 
the cross-section of the connected wire 
(Fig. 1). The temperature model in Wire Guard 
operates onboard and does not require any 
assistance from an external microcontroller. 
This ensures protection even when the µC is 
in standby mode or going through a reset cy-
cle.

The triggering threshold for fast overcurrent 
shutdown can also be set via an external re-
sistor. It protects the voltage source (e.g. bat-
tery or zone controller) and other consumers 
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from short circuit feedback. Harmful feedback 
can result in extended periods of undervolt-
age, causing other control units to undergo 
an undervoltage reset and become unavailable 
for the driving function. PROFET Wire Guard 
supports applications with fail-operational ar-
chitecture by providing rapid error detection 
and failure isolation in the event of overcur-
rent.

The diagnosis feedback of the module allows 
various status and actual values to be read 
sequentially via one single pin. The status and 
actual values include the actual current value, 
the selected I�t protection curve, the I�t sta-
tus, and the threshold value for overcurrent 
shutdown.

At low load currents, PROFET Wire Guard au-
tomatically switches from I�t mode to IDLE 
mode. In idle mode, Wire Guard reduces cur-
rent consumption to around 50 µA with a ful-
ly controlled switching transistor and active 
protection functions. Thanks to the energy-
saving idle mode, Wire Guard is particularly 
suitable as an eFuse for system sections and 
loads that are active during parking.

Thanks to the capacitive load- switching (CLS) 
mode, Wire Guard is also ideal for fast charg-
ing and switching on large capacitive loads. 
Such a capacitive load can, for example, be 
the DC link capacitors of a motor inverter. To 
activate CLS mode, the Wire Guard input is 
controlled with a de�ned PWM signal. This 
PWM signal sets the module to CLS mode with 
the “continuous auto restart” switch-o� 
strategy. The switching cycles “switch on and 
supply with de�ned maximum current” and 
“switch o� due to protection against steep 
temperature rise” are repeated until the volt-
age drop at the output transistor, in on- state, 
falls below a certain value. In this case, the 
capacitive load is considered su�ciently 
charged. After that, the PWM signal is perma-
nently switched through and can be replaced 
by a high level at the control input. Advan-
tage: The module remains in the speci�ed safe 
operating area (SOA) during this period.

Extended product family

In�neon has added several derivatives to the 
PROFET product family. Load Guard without 
I�t emulation is intended for lower currents 
up to approx. 5 A. Moreover, when currents 
reach critical levels for wiring, Wire Guard 
products come into their own (Fig. 2). They are 
ideal for use in 12 V power distribution and 
in zone controllers that operate in an ASIL-

Im
ages: In�neon

Figure 2: Overview of the latest derivatives of the PROFET product family. Load Guard without I�t emulation  
is intended for lower currents up to approx. 5 A. Moreover, when currents reach critical levels for wiring,  
Wire Guard products come into their own.

Load current 
range

PROFETTM 

Wire Guard
PROFETTM 

Load Guard
TSDSO-14 TSDSO-24 TSDSO-14

40 A
25 A – 30 A BTG70013A-1ESW

BTG70020A-1ESW

19.7 A – 23.3 A
16.7 A – 17.8 A
14 A – 15.5 A BTG7003A-1EPW

BTG7007A-1EPW

BTG7016A-1EPW

11.5 A – 12.9 A
9 A – 10.5 A
8 A – 8.6 A

6.1 A – 7.3 A
5.1 A – 5.7 A
4.2 A – 4.9 A BTG7050-1EPL
3 A – 3.9 A BTG7050-2EPL
2 A – 2.9 A BTG7090-1EPL

1.4 A – 1.9 A BTG7090-2EPL

classi�ed system and ensure a fail operation-
al concept. 

Populated evaluation printed circuit boards 
with Wire Guard or Load Guard are available 
for test purposes. These daughterboards �t on 
the PROFET One4All motherboard. Wire Guard 
can then be con�gured and tested using a PC 
GUI (In�neon Smart Power Con�guration 
Switches Wizard) via an interface converter 
(µIO stick).

Summary

PROFET Wire Guard from In�neon is well on 
the way to becoming the ideal eFuse. Thanks 
to its diagnosis and protection properties, low 

power consumption, and available safety doc-
uments, it is ideally suited for use in 12 V 
power distribution in terms of functional safe-
ty. Wire Guard reliably protects the entire cir-
cuit consisting of the source, Wire Guard it-
self, wiring, and load. � �

Figure 1: Load curve, load capacity of the wiring, and triggering curves of PROFET Wire Guard.  
One of six selectable I�t protection curves and the adjustable overcurrent threshold protect  
the load, source, and wiring.
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Top-side cooling for better heat dissipation of automotive MOSFETs

Better cooling performance 
in a compact design
For e�ective component performance, continuous advancements in 
both MOSFET and package technology are essential.  
The new OptiMOS series in the SSO10T package is a robust solution for 
optimizing performance and reliability.

B� R��� H����,  
P������ S���� M������  
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According to In�neon, more than 120 
MOSFETs will be installed in every 
passenger car with a combustion en-

gine by 2025. Key drivers of growth are leg-
islation in CO2 reduction, the expansion of 
driver assistance systems, and applications 
aimed at enhancing occupant comfort. Rea-
sons enough for suppliers to increase their 
production capacities and advance MOSFET 
technology. 

Package and semiconductor chip 
determine the properties of MOSFETs

The properties of a packaged MOSFET are de-
termined both by the package and the MOS-
FET die, i.e. the actual semiconductor chip. The 
overall electrical resistance of the component 
is the combination of the RDS(on) of the die 
(chip) and the electrical resistance of the 
package connection. The smaller the RDS(on) of 
the MOSFET die, the greater the percentage 
of the electrical resistance of the package 
connection in relation to the overall resis-
tance. The respective spice models provide an 

indication of the distribution of the overall 
resistance between the actual RDS(on) of the 
chip and the power resistance of the package. 
The spice models of In�neon MOSFETs are 
generally unencrypted and available on the 
home page.

As soon as current �ows through the compo-
nent, conductivity losses arise according to 
the following equation: 

Ptot = I� � RDS(on) 

The resulting heat must be dissipated into the 
environment. This requires the lowest possible 
thermal resistance RthJA between the die and 
the outer surface of the package. 

E�cient cooling is crucial  
for performance and reliability

In the automotive industry, MOSFET dies are 
frequently engineered to withstand high tem-
peratures and harsh environments, ensuring 
they meet the demands of vehicle operation. 

Figure 1: The 
SSO10T 5x7 

package with 
top-side cooling

Im
ages: In�neon
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in overall e�ciency, more compact designs are 
possible. This approach allows the thermal 
�ow resulting from the power loss of the 
MOSFETs to be transferred directly from the 
component surface to a cooling surface or 
heat sink. There is no longer a need for diver-
sion through the printed circuit board. This 
helps reduce the thermal resistance between 
the MOSFET and the heat sink. The printed 
circuit board can thus be less complex. Ther-
mal vias and the insulated metal substrate 
(IMS) embedded in the PCB, which otherwise 
reduce the heat resistance of the printed cir-
cuit board, are no longer needed. 

The e�ective heat dissipation enhances ther-
mal impedance by 20 to 50 percent (Fig. 2), 
which boosts the operating temperature range 
or enables the components to achieve great-
er performance at the same operating tem-
perature. The design also supports higher ap-
plication currents, which can replace larger 
packages and provide additional space sav-
ings, for example. Top-side cooling in combi-
nation with the OptiMOS 40 V family enables 
higher power densities, which is crucial in ap-
plications with limited installation space. 

Furthermore, the In�neon SSO10T package is 
listed as LHDSO-10 JEDEC, which makes it 
easier to interchange with components from 
other suppliers. The availability of second 
sources is a key selection criterion, enhancing 
the customer’s supply assurance for the place-
ment location on the PCB.

Typical automotive applications for top-side 
cooling MOSFETs are electric power steering, 
electric brakes, power distributors, and elec-
tric auxiliary drives. The design allows for a 
thermally optimized mechanical construction, 
resulting in higher power densities and sys-
tem-level savings. Other suppliers o�ering 
MOSFETs with top-side cooling include, e.g., 
Vishay and Toshiba. � �

Nevertheless, cooling the MOSFETs is crucial 
for performance and reliability. This is often 
accomplished through the use of highly con-
ductive materials, optimized heat sink designs, 
and e�cient heat dissipation methods. Top-
side cooling is ideal for automotive MOSFETs, 
as the active components that generate heat 
during operation are situated on top of the 
chip. E�ective top-side cooling can be 
achieved using thermal pastes, thermal �lms, 
heat sinks, and various other thermal solu-
tions. By dissipating heat from the top-side 
of the MOSFET, the operating temperature is 
reduced, thereby improving the performance, 
reliability, and service life of the component. 

To ensure e�ective component performance, 
continuous advancements in both MOSFET 
and package technology are essential. The 
new OptiMOS-MOSFETs in an SSO10T pack-
age serve as a prime example of this (Fig. 1).

In the OptiMOS6 series for 40 V (Table 1) and 
OptiMOS7 series for 80 V (Table 2), both fea-
turing an SSO10T package, the dies are con-
tacted in a plane manner  using copper clips 
rather than thin wires. This method ensures 
excellent thermal and electrical connection 
between the chip and the package. Heat is 
mainly dissipated via a contact surface on the 
top -side of the package.

Thermal interface material (TIM) can be used 
for the thermal connection to a cooling sur-
face. These �lms or pastes level out any un-
evenness and roughness of the surfaces. De-
pending on the material, the �lms also 
provide electrical isolation between the com-
ponent and the cooling surface. Rutronik 
stocks thermal interface materials, e.g. from 
Fischer Elektronik and Innotape.

High power density – even in  
limited installation spaces

The advantages of the top -side cooling of 
MOSFETs are many. In addition to an increase 

Group Product max. RDS(on) 
[m�]

ID (DC current) 
[A]

ID (chip limitation) 
[A]

QG typ. 
[nC]

VGS(th) 
[LL/NL]

2 IAUCN04S7N006T 0.62 165 540 122 NL

1 IAUCN04S6N007T 0.75 120 390 100 NL

1 IAUCN04S6N009T 0.90 120 330 85 NL

1 IAUCN04S6N013T 1.32 120 230 52 NL

1 IAUCN04S6N017T 1.73 120 200 37 NL

Group Product max. RDS(on) 
[m�]

ID (DC current) 
[A]

ID (chip limitation) 
[A]

QG typ. 
[nC]

VGS(th) 
[LL/NL]

1 IAUCN08S7N016T 1.6 165 235 20 NL

2 IAUCN08S7N019T 1.9 165 203 TBD NL

2 IAUCN08S7N024T 2.4 165 167 TBD NL

2 IAUCN08S7N046T 4.6 100 100 TBD NL

5Copyright © Infineon Technologies AG 2023. All rights reserved.restricted1 Sep 2023

SSO10 TSC - Top Side Cooling
Thermal simulation with different TIM material and thickness
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�R Tambient = 85�ƒC

�R PLoss = 5W

Top Cooling

Top Cooling Attach

Package

PCB

Table 1: In�neon’s product portfolio for 40 V MOSFETs of the OptiMOS 6/7 series with an SSO10T package

Table 2: In�neon’s product portfolio for 80 V MOSFETs of the OptiMOS 7 series with an SSO10T package

Figure 2: Comparison of thermal impedance across 
pulse durations with various thermal coupling 
methods: Depending on the material and thickness 
of the thermal interface, the thermal resistance is 
reduced by 20 to 50 percent (left). Design of the 
top-side cooling (right).
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CEO interview

Rutronik as a trailblazer,  
advisor, and partner
Amid a period of economic uncertainty and volatile markets, Rutronik plays  
a key role as an trailblazer, advisor, and partner in the electronics market.  
CEO Thomas Rudel o�ers insights into the current challenges and opportunities  
at the intersection between suppliers and customers.

The overall economic outlook this year is 
less than stellar, with many companies 
exhibiting cautious or uncertain order-
ing behavior. What are you observing at 
the intersection between suppliers and 
customers?
Thomas Rudel: Manufacturing planners in Ger-
many are still very hesitant, even though the 
current situation is much less precarious than 
it was during the COVID-19 pandemic or the 
banking crisis, for instance. We are noticing 
signi�cant inconsistencies in ordering patterns, 
following a stop-and-go approach that in-
cludes cancellations and, at times, substantial 
double bookings.

This has consequences for overall economic ac-
tivity. In boom phases, massive overbooking 
quickly occurs and storage facilities �ll up ac-

cordingly. This can lead to cash �ow problems 
and ultimately to overproduction on the part 
of component suppliers. Our in-house analysts, 
but also industry analysts, anticipate that pe-
riods of shortages and oversupply will alternate 
more rapidly. Historical comparisons also indi-
cate that the frequency and amplitude of �uc-
tuations in the Purchasing Managers’ Index 
(PMI) are increasing. This is an indicator of fast-
er changes between shortages and oversupply.

What are your key strategies in response 
to the current uncertainty among cus-
tomers?
We are in constant exchange with suppliers 
and customers. As a distributor, it is essential 
for us to act as both a seismograph and a me-
diator between the various market partici-
pants. With this in mind, the market research-

ers of our Strategic Marketing team 
conducted a survey in the �rst quarter of 2024 
to gauge our customers’ perspectives on the 
normalization of the economy. By March, so 
quite early on in 2024, over a third of the more 
than 140 customers surveyed from Germany, 
Austria, and Switzerland indicated that they 
no longer anticipated normalization this year. 
Just under a third expected recovery in the 
current fourth quarter. For several months 
now, we have also noticed that many compa-
nies tend to delay placing repeat orders. This 
obviously increases the risk of renewed allo-
cation.

What conclusions can you draw from this 
for your business activities?
As a broadline distributor, we have access to 
an extensive product portfolio. We are there-

February 2024
Release of the new  
corporate movie

April 2024
Adlink is a new partner:  

Handshake between Xavier Serra,
Director Distribution Network EMEA 

at Adlink Technology (left), and 
Bernd Hantsche, Vice President 

Product Marketing Embedded & 
Wireless at Rutronik

March 2024
Launch of the Adapter 
Board RAB4 for RTK 
(real-time kinematics) 
from Rutronik System 
Solutions

January 2024
The HESS from 
Rutronik System Solu-
tions on the Elektronik 
shortlist as Product of 
the Year 2024 in the 
category Power
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tainable growth. Our customers also appreci-
ate our independence when it comes to giving 
advice, as it allows us to always �nd the best 
solution for them.

What is your greatest advantage as a 
medium-sized, owner-managed compa-
ny in comparison to large corporations?
As a distributor, we provide many SMEs with 
the sole access point to the electronic com-
ponents they need from the suppliers. More-
over, we speak the language of medium-sized 
customers and are aware of the challenges 
they face, also in the �eld of research and de-
velopment, which often di�er from those 
faced by large corporations. We therefore 
maintain close contact with both suppliers 
and customers. This also ensures that we know 
the challenges our customers have to deal 
with, enabling us to provide top-level advice 
with synergistic bene�ts.

With Rutronik System Solutions, our goal is 
to empower our medium-sized customers in 
precisely these areas. This strategy of in-house 
development with partially patented solutions 
is unique for a distributor. It fosters complete-
ly new approaches to hardware and software 
development. The developer boards allow our 

fore able to o�er alternatives. Nevertheless, 
stronger economic policy support remains 
crucial to boost Germany and Europe’s inde-
pendence. In Europe, funding and subsidy pro-
grams are often too short-sighted, typically 
supporting only the development of front-end 
production capacities. Investments in devel-
opment, design, and expertise do not appear 
to be top of the agenda for policymakers. 

In this context, I see further potential in 
adopting a pragmatic political approach 
aimed at easing the burden on the local SME 
sector. We de�nitely need to streamline bu-
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Thomas Rudel, Rutronik CEO

“  Our customers also 
appreciate our independence 

when it comes to giving advice, 
as it allows us to always �nd the 

best solution for them. „

June 2024
Rutronik at the  

PCIM Europe 2024  
in Nuremberg

August 2024
In�neon presents 

Rutronik the “Best 
Automotive Demand 

Creation Award 2024”.

July 2024
Award as Distributor of 

the Year in the categories 
Volume Distributor and 

Sustainability

reaucratic processes to enhance Europe’s re-
silience.

Why do you believe focusing on the SME 
sector is key to unlocking the potential 
of the European economy? 
I see a trend of long-term and consistent 
growth in the SME sector. As a medium-sized 
company, we also focus on achieving long-
term growth through healthy and self-�-
nanced means. The typical practice of meeting 
quarterly targets, which is often mandatory 
for capital market operators, is alien to us and 
many other SMEs that we work with as cus-
tomers. Furthermore, we are still an owner-
managed company. This approach helps level 
the playing �eld with our customers and sup-
ports our long-term strategies through sus-

May 2024
Launch of the Adapter 
Board RAB3 for radar 
from Rutronik System 
Solutions
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customers to signi�cantly shorten their time 
to market and gain an innovative edge, even 
if they do not have hundreds of engineers at 
their disposal like large corporations do.

And what are the reasons for retaining 
the company headquarters in Ispringen?
I think I need to elaborate a little bit about 
this. At Rutronik, we can look back on more 
than �ve decades in the electronics market. 
My father, Helmut Rudel, founded Rutronik in 
1973 and strategically chose Ispringen, near 
Pforzheim, as its location. He saw an oppor-
tunity in the fact that many Germans were 
particularly keen to watch the 1974 Soccer 
World Cup, which was being held in Germany 
for the �rst time, on a new TV set. At that 
time, many German suppliers like Grundig, 
Loewe, Schaub Lorenz, and Metz were based 
in southwest Germany. Even today, southern 
Germany remains renowned for its high con-
centration of successful SMEs, many of whom 
are world leaders in their respective sectors. 
We continue to be a strong partner for the 
SME sector. Therefore, despite the many chal-
lenges, the location remains essential. Our in-
vestment in our new location in Germany, for 
example the new o�ce in Karlsruhe, which 
opened in January 2024, re�ects our con�-
dence in the region’s potential.

If you want to discover 
more about the compa-
ny’s development, I rec-
ommend watching our 
new and entertaining 
corporate movie.

And what is di�erent to 50 years ago? 
Who are your current customers, and 
what makes them depend on you as 
their business partner and supplier of 
electronic components?
This summer, Germany hosted the EURO 2024 
soccer tournament. Let me highlight once 
more the signi�cance of the 1974 Soccer 
World Cup, which played a pivotal role in our 
company’s history. Today, electronics enable 
much more than just the viewing experience 
in front of a screen, especially in the realm of 
sensor technologies. 

Here are just two examples among many that 
I would like to share with you brie�y. Soccer 
tracking systems use a range of sensors to 
gather detailed data on players throughout 
tournaments and training sessions. GPS or re-
al-time kinematic sensors measure, for in-
stance, geographic positions and movements 
with high precision and frequency, which is 
essential for dynamic sports like soccer. In ad-
dition to their use on the pitch, sensors are 
also utilized within stadiums to monitor 
crowd movement and to manage admission. 
Radar technology is, once again, an exciting 
�eld.

The reason why I mention this: This year, we 
introduced two adapter boards from Rutronik 
System Solutions speci�cally designed to sup-
port these technologies, RAB4 for real-time 
kinematics (RTK) and RAB3 for radar, thus en-
abling our customers to test their respective 
applications. This could be in the �eld of 
sports, but our customers primarily utilize 

these bene�ts in applications within the smart 
factory, smart home, smart farming, and 
health care sectors.

Rutronik’s in-house research and devel-
opment activities are fascinating. Where 
do you see Rutronik in the future, and 
how do you plan to develop the company 
further? 
We know the requirements and challenges of 
the industry and are constantly analyzing the 
market. Therefore, by the middle of this year 
we had already established global partner-
ships in the wireless sector with Adlink and 
Cherry Embedded Solutions, as well as with 
VIA Technologies in Europe. 

Our new Rutronik IT Electronics division was 
launched about a year ago. The advantage for 
us lies in the fact that this expansion of our 
portfolio enables us to provide both individ-
ual components and complete systems from 
under one roof. Rutronik IT Electronics and 
Rutronik Embedded, which specializes in in-
dustrial, medical, and automotive computer 
solutions, are closely interlinked. The collabo-
ration allows us to blend commercial and cus-
tomized components to create an optimal so-
lution for our customers. The Rutronik 
Automotive Business Unit is celebrating its 
10th anniversary this year. Over the past de-
cade, it has been developing automotive ref-
erence designs in collaboration with manu-
facturing partners to boost the predevelopment 
e�orts of our customers. 

Our goal is to continue providing equal sup-
port to customers in both the industrial and 
the automotive sector. We aim to do so pri-
marily through system solutions, making the 
most of our extensive experience in consult-
ing and design-in. Key applications that our 
customers are researching and bringing to 
market are at home in areas such as Industry 
4.0, (I)IoT, Future Mobility, and Energy and 
Power. And we are their enabler, advisor, and 
partner in this respect. � �

September 2024
Launch of the Adapter Board RAB5 – 

OSIRE from Rutronik System Solutions. 
On the picture: the RAB5 Adapter Board 

on the RDK4 Base Board

October 2024
The Rutronik Automotive Business Unit 

(ABU) is celebrating its 10th anniversary.
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Integrative view of hardware and software

Joining forces for high-
performance AI applications
In October 2024, Rutronik announced its investment in the AI 
specialist collective mind. Joint projects in logistics and goods 
management with AI-based camera technology are already 
underway at the logistics center in Eisingen, Germany. In this 
article, the two partners outline their plans for the future.
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Arti�cial Intelligence (AI) applications 
and tools are increasingly penetrating 
entire industries and the business 

world. AI tools have the potential to make sup-
ply chains more e�cient, automate inventory 
management, and optimize customer service, 
which is critical to stay competitive. As a dis-
tributor for many medium-sized companies 
(SMEs) in Germany, Europe and beyond, 
Rutronik aims to play a pioneering role with 
this investment. 

As a result of the tense economic situation, 
SMEs are under increasing cost pressure. Ef-
�ciency and productivity are therefore becom-
ing more and more important. “Especially in 
these di�cult economic times, we want to 
send a signal from southwest Germany to de-
cision-makers and other entrepreneurs in Ger-
many and Europe,“ said Thomas Rudel, CEO of 
Rutronik, explaining the investment in light of 
the current economic downturn. “We want to 
encourage them to tackle the economic upturn 
together by focusing on strategically consid-

Im
ages: R

utronik

ered investments and by joining forces,” con-
tinued Thomas Rudel.

Joining forces to create  
groundbreaking AI solutions

In order to secure a time advantage in the de-
velopment of e�cient AI applications for cus-
tomers, Rutronik and AI specialist collective 
mind are working on AI applications for logis-
tics, goods management, and industry. The 
common goal is to combine the strengths of 
both perspectives. In addition to its logistics 
and distribution expertise, Rutronik’s main 
contribution is its hardware expertise at the 
product level of electronic components. This is 
already being tested together with collective 
mind’s software expertise in AI-based image 
processing methods in practical scenarios such 
as logistics and shipping.

The integration of hardware and software is a 
challenge, as it cannot be o�ered from a single 



Rutronik Excellence |Advanced Measurement, Processing & Analytics      

�� www.rutronik.comCommitted to excellencePowered by2024

source. The collaboration between the two 
partners aims to understand and deliver AI ap-
plications in terms of hardware and software 
integration for the �rst time (Fig.�2). “Through 
our investment in collective mind, we can now 
o�er this on the market for the �rst time. The 
trend is towards complete embedded solutions 
with powerful, compact hardware for com-
pute-intensive AI applications,” said Fabian 
Plentz, Chief Operating O�cer (COO) of 
Rutronik, explaining this important step in the 
company’s strategy. “We are joining forces 
with Rutronik with the aim of o�ering inter-
nationally scalable software and hardware so-
lutions developed from a single source for AI 
applications in retail and industry, among oth-
ers, based on the regional ties between our 
two companies,” said Artur Hefner, one of the 
Managing Directors of collective mind with a 
focus on operations and �nance.

Speci�cally, collective mind aims to become 
the international number one for these AI so-
lutions in the �eld of computer vision appli-
cations in industry and trade, with Rutronik’s 
expertise as a long-standing distribution part-
ner for many medium-sized companies in Eu-
rope, Asia, and North America. “We have am-
bitious goals, but our �rst joint project 
successes speak for very promising AI-based 
logistics solutions,” continued Armin Bär, 
Founder and Managing Director of collective 
mind, with a focus on business development 
and sales. “We are pushing ahead with major 
growth potential with related development 

Figure 1: Successful talks on Rutronik’s investment in collective mind with the announcement of the partnership at the beginning of October 2024 (from the left):  
Fabian Plentz, Chief Operating O�cer (COO) of Rutronik, Armin Bär, Managing Director of collective mind, Thomas Rudel, CEO of Rutronik, Joshua Raabe and  
Artur Hefner, both Managing Directors of collective mind

Founded in 2010, collective mind GmbH, 
based in Leonberg near Stuttgart, Ger-
many, started with software development 
and consulting. In 2018, the focus shifted 
to the development of AI applications in 
the �eld of computer vision. These can be 
operated autonomously by customers via 
a specially developed platform. The com-

pany’s deep AI expertise is constantly be-
ing expanded in cooperation with scien-
ti�c institutes and universities. 

collective mind was the �rst company in 
Germany to certify an AI-based safety as-
sistance system and continues to work on 
cutting-edge AI products for customers.

About collective mind

projects in the industrial environment, espe-
cially in the �eld of vision robotics,” added 
Joshua Raabe, Managing Director for technol-
ogy at collective mind, outlining the medium-
term plans of the AI specialist.

Computer Vision for intelligent applica-
tions in manufacturing and distribution

In the �eld of Computer Vision (CV), collec-
tive mind has extensive expertise in the de-
velopment of AI-based image recognition and 
image processing applications. For this pur-
pose, camera images are evaluated in a man-
ner similar to the visual center of the human 
brain to extract the required information. This 
enables machines to use camera images to 
recognize what is happening around or inside 
them. Thus, they react autonomously and in-

telligently to various incidents in the shortest 
possible time. AI technology is used to auto-
mate image processing. In this �eld, collec-
tive mind was the �rst company in Germany 
to develop a certi�ed safety assistance sys-
tem based on camera-based object and se-
quence recognition.

Use case electronic components logistics 
with > 100,000 parts

Speci�cally, AI-supported image processing is 
being used in logistics in collaboration with 
collective mind to accelerate the growing de-
mand for traceability at the product level. 
Rutronik, with its more than 100,000 electron-
ic components and the associated variable re-
cording data, is ideally suited as a use case for 
testing this development.
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In production and logistics environments that 
increasingly rely on digitalization and automa-
tion, the automated processing of documents 
such as delivery notes is a decisive step to-
wards increasing e�ciency. Rutronik’s use case 
in component logistics shows how the use of 
modern technologies such as OCR (Optical 
Character Recognition) and Large Language 
Models (LLM) enables end-to-end automation 
of this process. A delivery note scanner has 
been developed for this purpose.

The process starts with scanning a delivery 
note and sending it to an application. OCR 
technology is then used to “read” and digital-
ly capture all the writing on the delivery note. 
The �rst LLM is then used to analyze the ex-

tracted data and determine the supplier based 
on the OCR result. Based on the identi�ed sup-
plier, the associated product names and other 
relevant information are retrieved from a 
linked database. This information is then 
passed as instructions to a second LLM. This 
second LLM specializes in extracting all the 
important core information from the OCR re-
sult – from product details to quantities and 
prices. Finally, the results are displayed in a 
user-friendly front-end, so that all important 
information can be accessed quickly and e�-
ciently for further use in the respective busi-
ness processes.

The AI-based delivery note scanner is designed 
to automate the entire goods receipt process, 

minimize manual intervention, and signi�-
cantly reduce the error rate for optimal trace-
ability.

AI-based item scanner to  
automate incoming goods inspection 

As part of the ongoing automation process, 
Rutronik is also testing an AI-based item scan-
ner to increase the e�ciency of incoming 
goods. Originally, the quantity check at the lo-
gistics center in Eisingen was carried out man-
ually, mainly recording the type of article. 
Thanks to AI support, additional speci�c data 
can now be read and stored automatically, fur-
ther optimizing and simplifying the process. 

Figure 2: Potential synergies in the development of AI applications between the two partners

UNIQUE GLOBAL INNOVATIONS THROUGH SYNERGIES AND TRUST

STRONG NETWORK IN INDUSTRY AND TRADE

HARDWARE EXPERTISE

INTERNATIONAL MARKET PRESENCE

SOFTWARE EXPERTISE

DIGITAL TRANSFORMATION

AI & MACHINE VISION EXPERTS

SUCCESSFUL PROJECTS RUNNING AND UPCOMING

TRUSTFUL COLLABORATION AND PROVEN PARTERNSHIP AS EQUALS

REGIONALLY CONNECTED

UNIQUE INNOVATIVE SOLUTIONS 
FROM A SINGLE SOURCE

INTERNATIONAL 
SCALABILITY

Background

�t��6 workplace accidents per day in Germany

�t��Before: Capacitive assistance systems

Solution: IFA-certi�ed “Hand Guard” from collective mind

�t��Non-contact detection and tracking of hand movements & ma-
chine stop in case of risk of injury

�t��100 percent reduction in accidents

�t��50 checks per second

�t��Certi�ed by the Institute for Occupational Safety and Health (In-
stitut für Arbeitsschutz = IFA, DGUV)

�t��Implementation on edge devices

�t��Data quality features (ISO 25012): Fairness (deformation, skin 
color, jewelry, tattoos), accuracy, completeness, consistency, reli-
ability, punctuality

Germany’s �rst certi�ed  
AI safety assistance system
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The item scanner promises more accurate and 
e�cient collection of all relevant data direct-
ly in the process.

The AI-based item scanner uses real-time im-
ages from industrial cameras to automatical-
ly detect and count items positioned under the 
cameras and read and store all information 
from the labels. Codes and text segments are 
detected and recorded regardless of the posi-
tion of the items, making the item scanner ex-
tremely �exible and robust. The information 
extracted from the codes, such as item num-
ber, date code, trace code, and item quantity, 
is determined using parsing algorithms. This 
data is then fed into logistics systems.

By using this automated solution, manual in-
tervention can be reduced to a minimum, 
which signi�cantly reduces both the error rate 
and the time required to record and process 
incoming goods. The ability to automatically 
read and store speci�c item data ensures a 
signi�cant increase in e�ciency throughout 
the entire incoming goods process and enables 
optimized traceability to Rutronik’s customers 
and suppliers.

AI-supported methods for feature 
inspection and anomaly detection

Rutronik is already initiating further projects 
in the quality inspection of electronic compo-
nents. This is because collective mind has an 
AI-based technology for feature inspection 
that can use cameras to inspect any point on 
objects for a wide range of features. Depend-
ing on the size and nature of the feature being 
inspected, surface damage and deviations 

Figure 3: Test operation to optimize traceability at Rutronik’s logistics center in Eisingen, Germany

Thomas Rudel,  
CEO of Rutronik

“  We want to  
encourage them to tackle the 
economic upturn together by 

focusing on  
strategically considered 

investments and by  
joining forces. „

down to the micrometer range can be reliably 
detected in less than a second. collective 
mind’s AI-based anomaly detection methods 
are particularly promising for product and 
quality inspection application scenarios. Any 
type of data can be used, including images, 
text, sensor data, and spreadsheet data. By 
combining and comparing the data with and 
among each other, the goal is to obtain as 
complete a picture of the component as pos-
sible. In this way, the possible degree of anom-
aly is determined and the anomaly is located 
as accurately as possible. The visual inspection 
of solder joints on printed circuit boards is an 
application scenario that lends itself well to 

the use of anomaly detection using conven-
tional camera technology.

Comprehensive feature set for maximum 
�exibility with the AI Platform

collective mind’s AI Platform o�ers a wide 
range of features to take enterprise AI projects 
to the next level:

�t��Stable operation for AI applications of any 
type, regardless of size or complexity, which 
is especially critical for complex supply 
chains.

�t��Deep insights into datasets and models to 
analyze and optimize AI systems.

�t��Intuitive con�guration options for all com-
ponents ensure that the platform is simple 
and easy to use for both the internal team 
and external partners.

�t��Comprehensive monitoring and alerting sys-
tems ensure that relevant events are detect-
ed in real time and can be handled e�cient-
ly.

�t��Flexible scalability –  from IoT sensors to in-
dividual PCs and machines to supercomput-
er clusters – to meet growing needs.

�t��Modular design that allows the platform to 
be extended with custom components as 
needed for customization.

Artur Hefner, Managing Director of collective 
mind for the operations und �nance ressorts

“  We are joining forces with 
Rutronik with the aim of  

o�ering internationally scalable 
software and hardware solutions 
developed from a single source  

for AI applications in retail  
and industry. „
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Click here for more 
information and contact 
details
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�� years Rutronik Automotive

Strong network and  
own reference designs
In this interview, Uwe Rahn, Senior Director Automotive Business Unit 
(ABU) at Rutronik, provides an insight into the milestones and high-
lights of Rutronik’s business unit, which is specially tailored to the 
automotive segment. You can also �nd out more about the discussions 
currently being initiated by the ABU network on the most important 
future technologies in automotive electronics.

The Rutronik Automotive Business Unit 
is celebrating its 10th anniversary this 
year. What are your personal highlights 
of the past few years?
Uwe Rahn: It is not easy to focus on one high-
light. As a team, we have achieved many great 
milestones in just a few years. These include 
numerous automotive reference designs in re-
cent years, such as the development and pre-
sentation of the 800�V reference design “Smart 
HV-eFuse” in cooperation with our partner Vi-
shay. The latest reference design, developed 
especially for the Asian and ASEAN region, fo-

cuses on 48�V micromobility for light electric 
vehicles (LEV). The approach includes the tech-
nological areas of traction inverters with 
15�kW, an on-board charger for 48�V systems, 
a DC/DC converter for up to 1�kW, and an e-
fuse variant for the protection of 48�V on-
board power supply systems. Rutronik ABU’s 
trade fair appearances in the USA and Asia, 
e.g. at this year’s Future Mobility Asia in Bang-
kok and the ASEAN Automotive Supply Chain 
in Thailand as well as the electronica India 
2024 in Delhi and 2023 in Bangalore, were im-
portant for the presentation of the reference 

design. And of course, our �rst Rutronik Auto-
motive Convention in Dearborn, Michigan also 
provided numerous opportunities to talk to ex-
perts in our network about our reference de-
signs.

That sounds exciting. Can you give us 
some impressions of the Rutronik Au-
tomotive Convention in the USA, which 
took place at the beginning of October?
The Rutronik Automotive Congress �ts per-
fectly into our ABU event concept. As early as 
2018, we organized the �rst Rutronik Automo-

Im
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tive Congress in Pforzheim, in the immediate 
vicinity of Rutronik’s headquarters. This was 
followed by further congresses in the follow-
ing years 2019, 2022 and 2023, as well as the 
�rst Automotive Congress in Turin in 2019. 

We are now expanding this event concept as 
Rutronik’s own global congress for our auto-
motive network. We are focusing on presenta-
tions by electronic component manufacturers, 
Tier 1s, and OEMs to address the latest devel-
opments and technologies in automotive elec-
tronics. Participants at our Rutronik Automo-
tive Convention in the USA were particularly 
impressed by the high level of technical detail 
and the quality of the discussions. To illustrate 
Rutronik’s expertise in research and develop-
ment (R&D), Neal Enzenauer, Field Application 
Engineer at Rutronik, presented the Hybrid En-
ergy Storage System (HESS) from Rutronik Sys-
tem Solutions.

What is the secret of your success in 
bringing the automotive community to-
gether?
In particular, the proximity of the Rutronik Au-
tomotive Convention to “The Battery Show” in 
North America, which took place in the same 
week in Detroit, was a strategic advantage at 
the Automotive Convention in October. 
Rutronik was also exhibiting at the trade fair, 
underlining its expertise in automotive elec-
tronics. 

At our ABU events, we also want to o�er visi-
tors ideal opportunities for exchanging ideas 
and networking – in a somewhat more pro-
tected environment than at a trade fair. For 

this reason, our congress events are accompa-
nied by a trade fair at which selected manu-
facturers of electronic components present 
their latest automotive-quali�ed components. 
This networking opportunity is rounded o� by 
evening events to get into conversation with 
each other in a businesslike atmosphere.

With the Rutronik Automotive Convention in 
the USA, but also with our Automotive Con-
gress events in Pforzheim, we focus on an ide-
al mix of future-oriented presentations and a 
concluding panel discussion. We listen to our 
network and �nd out which topics are cur-
rently being discussed and which we will sub-
sequently address in our event program. 

And what topics are currently at the top 
of the agenda?
First of all, I would like to give you an insight 
into some of the highlights of our agenda at 
the Automotive Convention in the USA. These 
include presentations by Andreas Nebeling, 
Vice President Global Business Development 
at Elmos, on vehicle lighting and ADAS. Arnd 
Herwig, Vice President Engineering at Brose 
and President of the German-American Busi-
ness Council of Michigan, discussed the status 
and technology trends of mechatronic systems 
in the automotive industry with the partici-
pants. Mustafa Dinc, Senior Vice President 
Business Development Automotive at Vishay, 
spoke about light electric vehicles with 48�V 
for use in urban areas, for which we already 
have reference designs. Simon Fürst, Coopera-
tion Manager Automated Driving at BMW, 
took part in the concluding panel discussion 
on autonomous driving and provided valuable 

insights into the future of automotive tech-
nology from the perspective of this German 
premium car manufacturer in addition to his 
main presentation with integrated video on 
ADAS Level�2 and 3.

And what about the development of 
autonomous vehicles? What did the ex-
perts on the panel discuss?
For this scenario, several aspects have to be 
considered: the complex interaction of di�er-
ent components and the safety aspect, espe-
cially – but not only – in urban areas. OEMs 
are currently working on the next generation 
of Level�4 vehicles. One example is VW with 
its ID code developed for China. However, it 
will be several years before “real” Level�5 au-
tonomous driving becomes a reality, especial-

Presentation at the Rutronik Automotive Convention 2024 in Dearborn, Michigan

Uwe Rahn, Rutronik

“  As a team,  
we have achieved  

many great milestones  
in just a few years.  

These include  
numerous automotive  
reference designs. „
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ly as I believe that only a few highly developed 
cities, such as Singapore, are currently in a 
position to implement the necessary infra-
structure for such projects. This topic was hot-
ly debated during the panel discussions at our 
Rutronik Automotive Convention in the USA 
and at the Rutronik Automotive Congress 2023 
in Pforzheim. Time and again, the participants 
pointed out the business case required to es-
tablish this previously very cost-intensive 
technology. Today, the business model is more 
likely to emerge in the commercial sector, for 
commercial and land vehicles, shuttles, and 
taxis. It is not only the technology in the ve-
hicles that needs to evolve, but also the driv-
ing culture. By this I mean above all the ac-
ceptance of the coexistence of man and 
machine in freight and road transport.

In addition to the topic of autonomous 
driving, you mentioned a whole range of 
topics that are addressed in presenta-
tions at your ABU events. What are the 
main trends for the next �ve years?
From my observations, three main areas are 
emerging. First, there are new technologies in 
the areas of light and vision for optimal inter-
action between di�erent electronic compo-
nents. This is a highly complex overall system 
that allows the combination of various ele-
ments that go far beyond �exible lighting and 
partial control of light output. For example, 
warning messages can be projected onto the 
road using the latest micro-LED technology. 

All this o�ers real added value in terms of safe-
ty. Of course, the emotional properties of light 
are also increasingly coming to the fore. Car 
manufacturers are using animations and a 
special light signature for an optimal driving 
experience. This applies particularly to custom-
ers in the Asian markets. 

Another interesting approach is the merging 
of the lighting market with the growing inter-
est in LiDAR sensors for automated driving. The 
compact LiDAR sensors of the coming vehicle 
generations will then be integrated into corner 
lighting and the roof area to cover an even 
larger sensor �eld.

Secondly, in addition to the topic of electro-
mobility, I am impressed by the rapid develop-
ment of power electronics in connection with 
electromobility. New technologies based on 
silicon carbide (SiC) and, in the future, gallium 
nitride (GaN) enable higher power densities, 
higher e�ciencies due to shorter switching 
times, lower switching losses, and therefore 
less heating of the component. In the case of 
the new SiC trench MOSFETs, voltage levels of 
up to 2000�V will be possible in the future.

Electri�cation and the use of high-voltage ve-
hicle electrical systems make it essential to be 
able to disconnect components in the vehicle 
electrical system quickly and safely from the 
high-voltage battery in the event of a mal-
function or accident. Alternatives to mechan-

ical solutions are increasingly in demand, for 
example to maintain battery life, protect con-
sumers at other voltage levels, and ensure oc-
cupant safety. I see this as a third trend, for 
which we have developed a concept together 
with Vishay and presented it for the �rst time 
to a broad trade audience in 2022. Several 
demonstrators of the HV switch are now being 
tested by various well-known Tier 1 and OEM 
customers in their high-voltage research lab-
oratories. We at ABU are particularly proud of 
this, as we are considered to be one of the pi-
oneers of these new HV topologies. The re-
sponse has been good, and we have found that 
semiconductor-based HV switches are cur-
rently being considered or evaluated by many 
market players for the next generation of ve-
hicles. Our proof of concept shows developers 
which components and circuits can be used to 
realize certain functions within an HV eFuse. 
We will provide the complete documentation, 
i.e. topology and BOM, free of charge in order 
to shorten the time-to-market for our inter-
ested customers’ in-house developments. ��

Electronic component manufacturers share the latest automotive-quali�ed product innovations.

Here are more insights  
into 10 years of ABU
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 Neuronal processing units from edge use to data center

Fit for the AI age
The range of AI development tools is diverse and 

continuously expanding. This article o�ers an overview 
of powerful AI-enabled tools – ranging from chips and 

processors to boards and computers. 

B� B���� H�������,  
V��� P�������� P������ M�������� 
E������� & W������� �� R�������

I t feels as though our world is spinning 
faster and faster – and the innovation cy-
cles of the electronics industry are getting 

shorter and shorter. In the more than 50 years 
since its foundation, Rutronik has consistently 
kept pace with industry developments, thereby 
providing its customers with access to the lat-
est innovations. In the current landscape of 
arti�cial intelligence (AI), hardware with AI 
accelerators, such as neural processing units, 
can now be found across all product areas and 
performance classes. These accelerators func-
tion as coprocessors, ensuring applications, 

from �eld use to data centers, are �t to meet 
future requirements. Further, there are vari-
ous legal aspects that companies need to be 
aware of.

The end of Windows 10  
and the consequences

Many companies still have notebooks running 
the Windows 10 operating system. However, 
Microsoft has already announced the o�cial 
end of support on October 14, 2025. And it is 

Im
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A bit more foresight and a time bu�er help to avoid a depleted market and to achieve better purchasing conditions  
before the shelves of distributors and retailers are empty.
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not just technical support that is on its way 
out. The lack of security updates in particular 
is forcing companies in environments with 
increased criticality to make a transition due 
to the Network and Information Security Di-
rective (NIS2), which is set to come into e�ect 
a year earlier (October 2024). That said, all 
other businesses, as well as private users, 
should also be aware of future security risks, 
especially as potential threats are bound to 
increase. 

Users who simply want to update their exist-
ing computer environment to Windows 11 
might fail due to a lack of compatibility or 
increased system requirements. Owners of 
computers with Intel Core processors up to 
and including the seventh generation would, 
at best, need to switch to Linux or operate of-
�ine to avoid a disaster. Most companies and 
users will likely see the end of support as an 
opportunity to upgrade their hardware when 
transitioning to Windows 11. Additionally, the 
peripherals in the latest devices have also ad-
vanced. Users also bene�t from newer Blue-
tooth and Wi-Fi speci�cations, as well as en-
hanced cameras, displays, and battery life. 
When purchasing new computers as part of 
the transition to Windows 11, it is advisable 
to choose devices with an integrated NPU. 
This not only relieves the CPU and GPU but 
also provides enormous speed and energy 
management bene�ts for the ever-increasing 
use of AI processes.

Expert advice and  
individual con�guration options

With the exone go Business 1490 X14 and 
exone go Business 1690 X14 notebooks, 
Rutronik provides its customers with two 
models featuring a 14” and 16” display, both 
powered by the new AI-capable Intel Core Ul-

tra 7-155U processor. In a durable and light-
weight housing (overall weight approx. 1 kg), 
security functions ensure data protection. Ad-
vanced connectivity options ensure that a 
connection can be established with the com-
puter anytime, anywhere. The supplier stipu-
lates a battery life of 16 hours, thus guaran-
teeing that even after years of use, there 
should still be enough power for a whole 
working day (Fig. 1). 

The experts from the relatively new Rutronik 
IT Electronics division o�er advice on con�g-
uration options, expansions, peripherals, and 
AI accelerator cards for existing hardware, for 
example. The team is also happy to assist with 
the individual con�guration of a computer. As 
an o�cial Intel franchise distributor, Rutronik 
provides the new Core Ultra processors to-
gether with compatible motherboards from 
Kontron, Asus, and Advantech. Along with a 
portfolio of main memories, ROMs (also in 
conjunction with Windows licenses), power 
packs, housings, and peripherals, it is possible 
to assemble customized AI computers. 

A look at the computer market

Looking beyond the present and into the fu-
ture: When the COVID-19 pandemic struck 
and many people started working from home, 
all things computer-related experienced a 
boom in popularity. Laptops and peripherals 
were acquired for the now mobile workforce, 
along with servers that facilitated networked, 
decentralized working. The supply chain was 
put to a hard test. Many semiconductor com-
ponents were allocated to the computer in-
dustry, which obviously had the added advan-
tage of placing large orders. For every car 
produced, there were countless new laptops 
manufactured. Some sectors, like the afore-
said automotive industry, were left trailing 
when it came to chip supplies. They sought to 
acquire the coveted resources on the market 
by means of increased forecasts and placing 
double orders, thus aiming to broadly main-
tain the production levels of their end prod-
ucts. When the market stabilized in 2022/2023, 
storage facilities were suddenly overwhelmed 
with backlogged orders. Even in 2024, stock 

IT Electronics | IIoT & Internet of Everything      

Figure 1: With the exone go Business 1490 X14 and 
exone go Business 1690 X14 notebooks, Rutronik 
provides two models featuring a 14” and 16” display, 
both powered by the new AI-capable Intel Core Ultra 
7-155U processor.

Figure 2: The Intel Core Ultra processor family o�ers 
advanced AI functions
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coverage of up to two years can still be ob-
served, which is arguably a historical record. 

Due to the full storage facilities of electronics 
processing companies and a weakening econ-
omy, new orders are scarce, as delivery times 
and semiconductor availability are no longer 
critical concerns. Caution is advised: Semi-
conductor suppliers are being forced to scale 
back their production capacities and to adjust 
their supply chains accordingly. 

This yo-yoing of store inventory and produc-
tion volumes has been known colloquially for 
decades as the hog cycle. Despite the dramat-
ic �uctuations in recent years, the current sit-
uation is quite di�erent from the familiar pat-
terns of the past. The uncertain economic 
climate, marked by interest rates higher than 
those of the past decade, is causing compa-
nies to be more cautious about investing, with 
hopes that interest rates will soon start to fall. 
The end of support for Windows 10 and the 
competitive pressure to use AI are set to give 
the computer market a new boost in 2025. By 
then, the laptops from the early days of the 
pandemic will have been fully depreciated and 
can be replaced. This anticipated boom, cou-
pled with a decrease in the production capac-
ity for small electronic components, signals 
the onset of the next phase of allocation. The 
entire electronics industry has been empha-
sizing for several weeks now that long-term 
demand plans from customers are essential to 
secure supply for 2025 and beyond. All IT buy-
ers are well advised not to wait until Micro-
soft’s support ends. A bit more foresight and 
a time bu�er can help avoid a depleted mar-
ket and provide better purchasing conditions 
than waiting around until the shelves of dis-
tributors and retailers are empty again. 

Powerful AI applications  
and developer tools

AI is, however, not just a topic for those of us 
sitting in front of a PC. Even in professional 
applications, such as those observed in indus-
try, medicine, robotics, and automation, sen-
sor patterns, camera images, and audio sourc-
es are frequently analyzed using large 
language models (LLMs) or large action mod-
els (LAMs), with conclusions drawn according 
to the laws of probability. 

Let us start with sensors and actuators – in 
other words, very close to the workpiece. Sen-
sor data are analyzed and evaluated for pat-
terns before proceeding with further process-
ing. Edge Impulse, for example, provides 

machine learning software for microcon-
trollers from Nordic Semiconductor and In�-
neon. Some smart rings that monitor a wear-
er’s health parameters and transmit the data 
to a smartphone utilize low-power hardware 
from Nordic Semiconductor, along with re-
spective ML/AI software from Edge Impulse. 
The fact that a ring equipped with sensors, 
Bluetooth, and AI calculations runs on a com-
pact battery highlights the signi�cant ad-
vancements in energy e�ciency achieved in 
recent years.

The new nRF54L and nRF54H families, which 
represent the latest and enhanced generations 
of multicore microcontrollers in a pin-sized 
chip, are set to be released at the end of 2024 
and the beginning of 2025 respectively. With 
the PSoC 63 Bluetooth microcontroller from 
In�neon, customers can choose between Edge 
Impulse and the Imagemob software, which 
is now integrated into In�neon’s o�erings. 

Figure 3: Advantech’s MIC-735E-IO AI system based 
on NVIDIA IGX Orin for low latency, network security, 
and functional safety

Figure 4: Advantech’s ICAM-520 is an industrial  
AI camera equipped with an NVIDIA Jetson Xavier 
NX processing module and an industrial-grade Sony 
image sensor.
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Both software solutions focus on machine 
learning tasks in the controller. Imagemob is 
already available in the In�neon SDK Modbus 
Toolbox. Installation instructions for use of 
the third-party supplier software Edge Im-
pulse can also be found there.

Meeting the challenges  
of edge computing

If you require more processing power beyond 
evaluating movements, assigning sound pat-
terns to events, consolidating environmental 
parameters, and making forecasts, Rutronik 
provides complete computers, semiconductor 
chips, and AI-capable embedded boards. This 
class is typically used for edge computing ap-
plications – in other words, a few meters 
away from the workpiece. Edge computing 
applications are powered by �xed voltages, 
thereby allowing them to convert more en-
ergy than battery-powered applications. The 

processing power is correspondingly higher, 
enabling video analyses and high-frequency, 
often real-time calculations to be performed 
here. 

The Intel Tiber Development Cloud o�ers de-
velopers access to numerous AI tools, such as 
OpenVino, OneAPI, PyTorch, TensorFlow, Lla-
ma2, and many other LLMs, frameworks, and 
toolkits. It is possible to design your own com-
puter as a hardware platform, with Rutronik 
providing support for AI coprocessors using 
Intel Core Ultra processors (Fig. 2) or Intel 
Gaudi. Alternatively, a board from a third-par-
ty supplier that installed, veri�ed, and certi-
�ed the semiconductor chips can be used.

Edge systems for processing  
large amounts of data

Advantech AIR-030 is the next stage of ex-
pansion and represents a fully assembled AI 
computer for edge use. Based on Nvidia Jet-
son AGX Orin, the computer o�ers heavy in-
dustry certi�cation pursuant to ISO 61000-
6-4 as well as USB-C, CanBus, Ethernet, and 
various expansion options, e.g. using M.2 
cards. In addition to this computer, Advantech 
provides 12 further edge systems – based on 
Nvidia Jetson Nano, TX2 NX, AGX Xavier, or 
Nvidia Jetson Xavier NX. The data pre�ltered 
in this manner correspond to only a fraction 
of the volume of the raw data generated by 
the sensors. In many cases, data transport to 
data centers is much less expensive and fast-
er. For certain applications, AI calculations 
require processing data from various global 
sources, meaning that data centers will re-
main essential and continue to grow despite 
the expansion of edge computing. With the 
MIC-735 series, Advantech is o�ering com-
plete servers based on the Nvidia IGX Origin 
that enable fast calculations of up to 
275 TOPS (Fig. 3). An Nvidia RTX A6000 ad-
ditionally powers the server family for com-
plex moving image analyses. With the MIC-
71xx family from Advantech, Rutronik 
provides its customers with six development 
environments based on various Nvidia Jetson 
chips for customer-speci�c device develop-
ment.

AI chips and boards  
for smart cameras

The ICAM-500, 520 and 540 models from 
Advantech clearly demonstrate what a cam-
era can achieve when AI chips from Nvidia are 
combined with image sensors from Sony 

(Fig. 4). Up to 8 MP@50 fps or 1.6 MP@60 fps 
enable high-resolution video signals even 
with rapidly changing images. The camera 
recognizes and evaluates the �lmed scenarios 
within its housing so that only the conclusions 
from the scene need to be transferred to the 
externally connected computer, thereby re-
quiring less external processing power. AI 
cameras from Advantech complement 
Rutronik’s lineup of smart cameras, which 
have achieved signi�cant market penetration 
in recent years due to the success of Intel 
RealSense cameras, camera modules, and chip 
solutions. Particularly due to the support of-
fered by OpenVino and other AI software 
tools, Intel RealSense products also facilitate 
image analysis without excessively overload-
ing the CPU. Adlink is another provider of AI 
cameras in the Rutronik portfolio, and its 
combination with Edge Vision Analytics soft-
ware is equally interesting for a wide range 
of tasks.

When looking for edge computing systems to 
operate in particularly harsh environments, it 
is worth considering the Advantech MIC-71x 
family or the MIC-730IVA. This type of com-
puter can capture and analyze up to eight 
video streams – even without a fan, which is 
crucial for use in dusty environments, for in-
stance. The performance range spans from 
512 GOPS to 21 and 32 TOPS, all the way up 
to 100 TOPS for the high-end MIC-715OX and 
MIC-717OX models. SECeDGE software on the 
Advantech computers protects the customer’s 
AI models, ensures data integrity, eliminates 
the need for an external TPM chip, and, at the 
same time, enables secure boot, �rmware up-
dates, failure recovery, encryption, credentials 
management, and cloud integration (Fig. 5). 

Computer, processor, and boards  
for AI applications

An AI solution from the Italian PCB supplier 
Seco is the ideal choice for certain applica-
tions. Seco Titan 300 TGL-UP3 AI is a fanless 
multicore computer that utilizes Intel Core 
and Intel Celeron processors, allowing tasks 
to be performed on the most energy-e�cient 
processing units (Fig. 6). Moreover, Seco has 
added an NPU as a coprocessor to the two 
CPUs. An Axelera Metis, also referred to as an 
AIPU (arti�cial intelligence processing unit), 
can deliver up to 120 TOPS. Via Technologies, 
Rutronik’s relatively new franchise partner, 
utilizes intelligent semiconductors from Me-
diaTek for its AI boards. Via ARTiGO A5000 is 
an ultra-compact and fanless ARM system 
with eight performance cores (two MediaTek 

Figure 6: Seco’s fanless embedded computer Titan 
300 TGL-UP3 with 11th generation Intel Core and 
Intel Celeron SoCs as well as Axelera AI chip

Figure 5: Advantech’s AIR-030 AI inference system 
based on NVIDIA Jetson AGX Orin 

Image: Advantech

Image: Seco

Figure 7: The VIA SOM-5000 module is powered 
by a MediaTek Genio 700 octa-core processor 
with an integrated AI processor that delivers up 
to four TOPS for deep learning, neural network 
acceleration, computer vision applications, and 
HiFi 5 audio processing.
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Genio 700 or two ARM Cortex-A78 units) for 
AI applications on the edge. Two AHD cam-
eras can also be connected to Via SOM-5000 
using MIPI and touch panels using LVDS and 
HDMI (Fig. 7). The 4K hardware acceleration 
supporting H.265/H.264 enables video com-
pression and decompression without placing 
any additional load on the main computer. The 
four TOPS of the AI unit should be adequate 
for many video tasks, allowing for savings in 

both energy consumption and acquisition 
costs from the product selection stage on-
ward.

For retro�tting existing workstations or serv-
ers with AI accelerators, the iEi Mus-
tang-T100-T5 and Mustang-M2BM o�er cor-
responding expansion cards. The T100 card 
utilizes �ve Coral Edge TPUs from Google, 
while the M2BM card performs calculations 
using two Intel Movidius Myriad X VPUs. The 
Google card already delivers 20 TOPS while 
consuming only about 15 W. Alongside iEi, 
Molex’s sister company, BittWare, also uti-
lizes Intel technology with its IA-440i accel-
erator card. However, it uses an Agilex 7 FPGA 
chip from Altera, launched as a stand-alone 
FPGA company by Intel. The card is ideal for 
high-speed data storage tasks, making it well-
suited for use in data loggers and the con-
struction of storage servers.

Modular solutions for  
computationally intensive applications

AI has also made its way into the ever-pop-
ular segment of standardized open standard 

Figure 8: Advantech’s ROM-2820 is a powerful SoC 
(OSM size L) with Edge ML capabilities 
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modules (OSM). With Advantech ROM-2620, 
ROM-2820, and ROM-2860, Rutronik o�ers 
three modules that are also referred to by 
the supplier as power saver, AI enabler, and 
transboundary star – providing tailored solu-
tions for �eld calculations based on speci�c 
requirements. While the �rst two modules 
operate on the Yocto operating system, the 

Advertisement

Figure 9: Advantech’s AOM-7721 is powered by a 
Qualcomm X Elite SoC for machine image processing 
and AI applications
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last variant is available exclusively for Win-
dows 11 on ARM or Ubuntu. All three OSM 
modules are guaranteed to be available until 
2034, ensuring that today’s investment in 
development has ample time to yield a return 
on investment. The Yocto modules support 
ARM Cortex-A35 or A55 cores. The ROM-
2820 can access a 500 GOPS Ethos-U65 NPU, 
which can execute AI algorithms up to ten 
times faster than the Cortex-A55 core 
(Fig. 8). The �agship ROM-2860 is based on 
a Qualcomm QCS6490, which contains the 
Kyro 670 CPU and the Hexagon NPU from the 
same company. The processing power is of-
ten used in dash cams, lawn mowers, vacuum 
cleaners, or industrial scanners for ultrafast 
camera analysis – the 12 TOPS make this 
possible. With ARM64 compatibility and in-
tegrated Wi-Fi 6E, pre�ltered data can be 
seamlessly transmitted to Microsoft Azure 
Cloud or leveraged with Azure AI Services, 

along with an extensive range of other de-
velopment tools.

Even larger form factors, such as computer-
on-modules, have long been available from 
Rutronik with integrated AI. The Advantech 
AOM-3511, with �ve TOPS, is just 5 cm deep, 
whereas the AOM-3411 has a depth of 80 mm. 
The former is based on an ARM Cortex Mul-
ticore. Six A55@2 GHz, one M7@800 MHz 
and one M33@250 MHz allow tasks to be ad-
dressed by the most appropriate processing 
unit. The AOM-3411 goes a step further: Pow-
ered by a Rockchip RK3576, four A72@2.2 GHz, 
four A53@1.8 GHz and one M0@800 MHz are 
available here. The integrated NPU performs 
up to six TOPS.

The variety of microcontroller architectures 
and the operating systems available can still 
be somewhat overwhelming for newcomers, 

those transitioning, or those returning to the 
industry. In June 2024, the �rst laptops utiliz-
ing ARM architectures rather than x86 were 
introduced, featuring Microsoft Windows 11 
on ARM in the substructure and Microsoft Co-
pilot in the superstructure. All laptop suppli-
ers, including Microsoft with its Surface mod-
els, rely on the new Qualcomm Snapdragon X 
Elite processor as the drive unit. This new pro-
cessor is also already used in the AOM-7721 
computer-on-module from Advantech (Fig. 9). 
With a mighty impressive 45 TOPS, AI perfor-
mance in end devices now rivals what was 
once only achievable in energy-intensive serv-
ers. The Advantech RSB-3810 is a single-board 
computer in the 2.5” Pico-ITX form factor, ide-
al for those who are unable to use a baseboard 
for computer-on-modules. The computer is 
powered by a MediaTek Genio 1200, which 
contains a CPU, VPU, and MDLA, and is, there-
fore, also suitable for more computationally 

Linux-based operating system for the critical infrastructure use of embedded devices

Tailor-made and secure
In a progressively interconnected world where cyber threats are ever-present, 
companies are increasingly challenged to protect their systems and data from 
cyberattacks. KontronOS is an operating system for IoT security.

B� J������� G����, C�������� P������ M������ E������� & W������� �� R������
, 
J������� L���
�-B����, P�������� M������ I�T S������� �� K������ AIS, ��� 

M��� R�����, C������� P������ M������ �� K������ AIS

Fig. 1: KBox-A-151 with 3.5”-SBC-AML/ADN (left),  
AL i.MX8M Mini Box PC, and SMARC-sXEL E2 module

The breakthrough and increasing prev-
alence of the Internet of Things (IoT) 
mean that IoT applications are man-

aging more and more highly sensitive data 
and processes, prompting a stricter legal 
framework. The changed requirements will 
be taken into account in Europe in 2024 by 
adapting the Radio Equipment Directive and 
the Network and Information Security Act 
(NIS2). The EU RCE directive focuses on the 
resilience and physical security of critical in-
frastructures, and member states are re-
quired to implement appropriate measures 
by October 2024 at the latest. Suppliers, in-
tegrators, and operators of IoT products in 
the critical infrastructure environment must 
meet comprehensive requirements in the IT 
security sector. This issue particularly a�ects 
suppliers and customers in the Rutronik Em-
bedded sector.
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To satisfy these demands, Kontron has devel-
oped a secure, hardened Linux-based oper-
ating system. By integrating KontronOS, the 
edge devices AL i.MX8M Mini Box PC, KBox-
A-151 with 3.5” SBC-EKL and 3.5” SBC-AML/
ADN, or the SMARC-sXEL E2 module (Fig. 1), 
for example, become a secure platform 
against cyberthreats. The boxes o�er high 
processing power and reliability for demand-
ing applications in areas like industrial au-
tomation, transportation, and medical tech-
nology.

The core element is the same for all custom-
ers. However, the software has been custom-
ized to o�er customers a wide range of con-
�guration options to meet individual needs. 
The Yocto build environment enables you to 
include only the components you really need 
in the system while excluding all the unnec-
essary ones. This signi�cantly reduces the 
number of software components that could 
potentially contain errors. For instance, the 
kernel is con�gured to include only the mini-
mum necessary components. This approach 

allows you to focus on the application or your 
existing Docker container.

Docker container and secure boot  
for greater security

An application example: a supplier of sawing 
machines monitors the status of their pro-
duction using a self-developed algorithm that 
is encapsulated in a separate Docker contain-
er. This tracking enables the company to in-

Scan the QR code for 
more information and 
to contact Rutronik IT 
Electronics

Take a direct look at the 
AI Highlights brochure

the catalog. Please do not wait until the of-
�cial end of support for Windows 10, as pric-
es and delivery times are likely to increase 
once again.

Get in touch with us through your assigned 
and trusted sales contact, or email us at 
embedded@rutronik.com.� �

intensive operations, especially those based 
on TensorFlow Lite.

Product overview in the new  
Rutronik AI Highlights brochure

If this overview of our product categories, 
ranging from compact AI microcontrollers to 
robust AI servers, has piqued your interest in 
the full spectrum of performance, the Rutron-
ik AI Highlights brochure provides an informa-
tive comparison. It also includes products 
from DFI, AAEON, Cherry Embedded Solutions, 
Adlink, and specialized storage solutions from 
various suppliers. With this topic in particular, 
it is worth noting that as the world continues 
to spin faster and faster, Rutronik is expand-
ing its product range with new AI solutions 
almost every day. As such, a chat with the ex-
perts at Rutronik cannot be replaced by AI or 
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crease the production capacity of its saws 
and improve service for its customers. The use 
of KontronOS permanently ensures that the 
IoT-enabled device on which the algorithm is 
located can be operated securely. The spe-
ci�c con�guration of the operating system is 
adapted entirely to the existing preconditions 
(e.g. modi�ed interfaces (IO), modi�ed pack-
age, BIOS modi�cations, or secure boot). Var-
ious integration levels and the containeriza-
tion of the software ensure that the 
interaction between the operating system 
and the customer application functions 
smoothly in every possible setting.

Thanks to this customization, the supplier’s 
other applications can also be executed on 
the basis of KontronOS from this point on-
ward – and bene�t from its security and the 
advantage that the application level and the 
operating system level operate separately 
from each other.

If, for example, a new operating system up-
date is installed, the switch is simply �ipped 
to another partition. Docker, with its contain-
erized approach, enables smooth transitions 
and ensures that the applications remain in-
tact and operational. The key to this is that 
Docker keeps the applications in a separate 
environment. There is, therefore, no need to 
regularly change system settings or run the 
risk of losing �les during updates.In addition, 
Docker containers o�er an alternative to tra-
ditional application installation. They can be 
easily moved from one device to another, sim-
plifying the deployment process. 

Two redundant Yocto Linux partitions (ac-
tive and passive) provide redundancy and 
enable automatic rollback to previous ver-
sions should issues arise during the update 
process

Regular security updates and penetration 
tests

Secure boot/HAB available, only approved 
software can be installed

Updating the bootloader, the operating 
system and the customer applications (on-
line and o�ine)

Automatically con�gured DNS table-
based �rewall

A distinct separation between the operat-
ing system and the application levels al-
lows customer applications and Docker 
containers to operate independently of 
each other

 
Special features of KontronOS

Fig. 3: Main features of KontronOS based on Yocto Linux:  
full integration of the board support package, hardened 
operating system for ARM and x86, two redundant OS  
partitions for 100 percent operating timeFig. 2: Standard IoT stack with pre-installed secure KontronOS operating system 

Secure boot (or HAB) can be used to ensure 
that only approved software is loaded. The 
root �le system (RootFS) is write-protected 
and, as a result, cannot be altered. The deliv-
ery status can be restored at any time. Cus-
tomer applications can also only be loaded 
onto the system once they have been veri�ed. 
This ensures that only the approved software 
operates on the device. All the system com-
ponents can be updated: bootloader, operat-
ing system, or customer application, including 
Docker container. This can be achieved online 
or o�ine – for example via a storage medium 
such as a USB �ash drive or an internal up-
date server.

The devices can be simply managed via the 
KontronGrid device management system. Ser-
vice technicians are assisted by a con�gura-
tion interface for start-up and remote access, 
thereby facilitating �eet updates. Automated 
tests, a test, and a test report ensure product 
quality, and system security is regularly 
checked through penetration tests. Custom-
ers utilize IoT devices to drive forward their 
digitalization, and Kontron supports them in 
collecting and analyzing device data. More-
over, key performance indicators (KPIs) or 
alarms can be determined to monitor produc-
tion capacities and detect service cases at an 
early stage. � �
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RDK� is the door opener in automotive pre-development and rapid prototyping

Precise functions of  
electronic door handles
Minebea, a leading player in the automotive sector, has partnered  
with Rutronik System Solutions in its pre-development phase  
of electronic door handle functionalities. More speci�cally,  
the automotive-quali�ed Rutronik Development Kit RDK4 was a door 
opener here in the early testing of electronic components for several 
functions of the next generation of automotive door openers.

B� A������ M������,  
D������� S�������� M��������  

�� R�������

Minebea, a pioneer in the automotive 
industry, has been at the forefront 
of electronic door handle technol-

ogy for more than three decades. In Minebea’s 
Access Solution Segment, they focus on auto-
motive components (door latches, door han-
dles, door mirrors, etc.), wireless communica-
tion devices, and industrial machinery 
components. When it comes to door handles, 
their expertise extends to the development and 
production of innovative features such as an-
tennas, sensors, strain gauges, and motors. 
Door handles have also been developed as a 
Minebea Mitsumi Group’s integration product, 
which include antennas, sensors, strain gauges, 
motors, and other technologies. Collaborating 

with U-Shin engineers, Minebea focuses not 
only on aesthetics but also on additional func-
tionalities. Optional features include welcome 
lights, touch sensors, LF antennas, and inertial 
lock mechanisms to prevent door opening 
upon impact in collision events. 

The Base Board RDK4 has been proving a door-
opening function in the Minebea project in 
many ways. First of all, it is the �rst applied 
project of a customer whose highlights are re-
vealed now. The project demonstrates the 
door-opening function that the RDK4 can per-
form in the pre-development of automotive 
applications. Speci�cally, this is an OEM proj-
ect with Minebea. The application is an elec-

Example application of the Rutronik Development Kit RDK4 for testing applications in the automotive cockpit
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tronic door handle and it was particularly im-
portant for Minebea to test and implement the 
basic functionalities.

The Base Board RDK4, available in the market 
for one year, speci�cally caters to OEMs and 
Tier-1 suppliers in the automotive industry. It 
provides a compact solution for motor control 
units, enabling e�cient and rapid develop-
ment of applications. By freeing up resources, 
developers can focus on the next stages of 
mobility evolution and actively compete on a 
global scale.

Technical details of the RDK4 at a glance:

�t��The RDK4 is based on the In�neon PSoC 
4100S Max microcontroller, which is auto-
motive-certi�ed.

�t��It also includes a System Basis Chip (SBC) 
and essential automotive interfaces such as 
CAN-FD and LIN.

�t��The board’s unique advantage lies in its in-
tegration of diverse components for motor 
control development. 

Developers can thoroughly test and evaluate 
di�erent components, including controllers, 
sensors, CAN-FD, LIN, etc. to identify the best 
�t for their speci�c application and the cor-
responding functions. By signi�cantly reducing 
the time for pre-development, which typically 
involves ordering and assembling hardware 
components, OEM and Tier-1 developers gain 
a substantial time advantage. The RDK4 
streamlines feasibility analyses and accelerates 
innovation.

The development timeline for a board is part of 
the pre-development phase and depends on 
various factors, making a generalized cost-ben-
e�t analysis challenging. In the case of the 
RDK4, Rutronik estimates this timeline:

�t��Hardware design development: Approxi-
mately two months

�t��Final testing phase for integrated compo-
nents: Nearly one month

�t��Additional time for component delivery due 
to supply chain challenges

Overall, around three months of work, plus 
component delivery times, were necessary to 
complete the new design. Notably, the person-
nel costs of approximately €20,000 compare 
favorably to the RDK4’s acquisition price of 
approximately €100 (based on information 
from Stepstone on the average salary of a 
hardware developer with average experience).

The Base Board RDK4 from Rutronik System Solutions combines cutting-edge components to shorten the pre-development phase.

Rutronik System Solutions established its 
presence to support �rmware and hard-
ware developers during the pre-develop-
ment phase. The goal is to accelerate in-
novation processes and the market 
introduction of new applications. With the 
realization of the RDK4, there is a focus 
product for the automotive industry and 
its challenges on the path to sustainable 
mobility. Optimization also means that 
OEMs and Tier-1 suppliers have a partner 
in Rutronik with respect to expertise in 
both hardware and software development, 
willingly shares knowledge, and provides 
access to cutting-edge, automotive-cer-

ti�ed components. “We observe that the 
development teams of our customers are 
starting with test cycles in mind for a spe-
ci�c function of their application,“ em-
phasizes Stephan Menze. “They then move 
on to other versions of the component to 
explore additional application features us-
ing our boards,“ he concludes. Thanks to 
the Arduino interface of all Base and 
Adapter Boards, they can be easily com-
bined with one another. This modular con-
cept opens up even more development ap-
proaches that can be implemented quickly, 
cost-e�ectively, and simply, yet in a tech-
nically sophisticated way.

About Rutronik System Solutions
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The RDK4 proved invaluable for Minebea, al-
lowing them to save one to two months by 
leveraging the RDK4. This time-saving advan-
tage was particularly crucial given their tight 
schedule. 

Dr. Sebastian Rettenberger, Software Team 
Leader at Minebea AccessSolutions Germany, 

says: “The RDK4 was a great help, as we saved 
one to two months’ time by using the Devel-
opment Kit. This was very valuable for Mine-
bea, especially given the very tight schedule.”

This feedback is music to the ears of the de-
velopers and �eld service engineers in the 
Rutronik System Solutions R&D department 

founded �ve years ago and headed by Stephan 
Menze. The focus across all Base and Adapter 
Boards of Rutronik System Solutions is on re-
ducing time to market to proactively support 
customers. The RDK4‘s precise evaluation of 
the functions that are essential for door han-
dles proves that the modular board concept, 
which combines various components, makes 
all the di�erence. 

Stephan Menze, Head of Global Innovation 
Management at Rutronik, con�rms: “We pri-
oritize versatility, ensuring that our boards 
cover a wide range of components to enable 
developers to test the features and functions 
of di�erent applications, in line with our 
broadliner approach.“ � �

Front view of the Base Board RDK4  
from Rutronik System Solutions

Scan the QR code to 
watch the RDK4 video

MA01 SERIES
FLOATING
BOARD-TO-BOARD 
CONNECTORS

�. Floating tolerance: ±0.5 mm in both X 
& Y directions

�. Stacking height tolerance between 
boards: ±0.5 mm in Z-axis direction

�. Two-point contact structure ensures 
high contact reliability

�. Operating temperature range: -40°C 
to +125°C

�. 8 Gbps+ high-speed transmission
�. Supports automatic mounting

MA01 Rutroniker 230x143mm.indd   1 7/11/2024   12:22:48 PM
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Simply solving EMI and ESD requirements

Practical tool available  
in various formats

Many challenges in electronics production and applications can be solved 
with the comprehensive Flex Suppressor product family: Signal integrity can 

be easily enhanced, crosstalk minimized, and the reliability of electronic 
devices increased.

B� D������ C��������,  
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Every electronics developer is familiar 
with the issue of interference from fre-
quencies on cables or printed circuit 

boards. Fortunately, there is now a �exible 
and easy-to-use solution to this problem: the 
Flex Suppressor series. Regardless of whether 
it is to pass EMC tests or to improve the over-
all application performance through pro-
tected signal integrity or improved commu-
nication range. Flex Suppressor comes in a 
range of shapes and variants, e.g. in various 
sheet sizes and as meter-long rolls and strips. 
In the following, the application is presented 
on the basis of three application areas.

Reducing  
electromagnetic interference 

One of the biggest challenges in electronics 
is electromagnetic interference (EMI). This 
type of interference can signi�cantly impact 
the performance of electronic devices, there-
by leading to malfunctions. 

When an application is impacted by electro-
magnetic interference, applying a piece of 
Flex Suppressor to the source or path of the 
interference can immediately and e�ectively 
resolve the issue. Due to its special structure 
and material composition, Flex Suppressor 
absorbs unwanted radiation emissions in a 
range from 30 MHz to 1 GHz. This results in 
more stable and reliable operation, particu-
larly in applications subjected to high levels 
of electromagnetic stress.

The most important factors to consider in this 
application are the frequency range being 
covered and the space available for the thick-
ness of Flex Suppressor. A thicker piece of Flex 
Suppressor is more e�cient, but also more 
expensive. To �nd the optimum cost/perfor-
mance ratio, the thickness must be weighed 
against the attenuation in the desired fre-
quency range (Fig. 1). 

An application scenario is shown in Fig. 2. In 
this case, the integrated circuit (IC) is the 

EFX6 & EFW at 700 MHz

EFG2 & EFG3 at 2.4 GHZ

EFS at 10 GHz
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Figure 1: Attenuation based on thickness across various frequencies 
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noise source. Due to re�ections from the met-
al package, the EMI emission in the FM band 
exceeds the EMI regulations. An e�ective 
countermeasure is to attach a piece of Flex 
Suppressor (e.g. EFF4(039)) directly above the 
source of interference.

Improved  
signal transfer

As the demand for better reception sensitiv-
ity in high-capacity and fast mobile devices 
grows, noise-canceling measures in high-fre-
quency bands are becoming increasingly cru-
cial. 

Flex Suppressor 

�t��protects against the e�ects of radiated 
noise at the source or on the transmission 
line, 

�t��is e�ective against high-frequency interfer-
ence generated by electronic devices, and 

�t��minimizes crosstalk. 

This improves signal purity and increases the 
reliability of data transmission. And this is 
vital for applications in high-frequency tech-

Figure 4: EST tape is easy to use and mainly applied 
for troubleshooting in the test phase

The latest addition to the Flex Suppressor 
family is the �exible EST tape, a suppressor 
tape. A major advantage is its ease of use: 
The EST tape is simply wrapped around the 
outer surface of a cable and can be shortened 
to the required length without the need for 
cutting tools. It is therefore ideal for quickly 
and easily checking EMI noise sources and for 
EMI troubleshooting, especially during the 
test phase. Developers can use it to carry out 
initial tests in order to determine how much 
shielding is required for the respective appli-
cation.

In summary, using Flex Suppressor products 
helps manage and optimize the electromag-
netic environment of electronic systems, en-
suring reliable and trouble-free performance.
� �

Figure 2: The EMI emissions of the IC are reduced  
by placing a piece of Flex Suppressor (e.g. EFF4(039)) directly above the interference source.

Figure 3: Enhancement of the communication range of a cell phone using Flex Suppressor

Measurement Model

Here RFID Antenna

FLEX SUPPRESSOR

nology, telecommunications, and other �elds 
where precise signal transmission is essential.

The range of possible applications is almost 
unlimited. The thin, �exible material can be 
cut into any shape and is ideal for use in por-
table devices or in areas with limited space. 
Further, Flex Suppressor can be used in a wide 
frequency range from MHz to GHz.

Fig. 3 shows the e�ect of Flex Suppressor on 
the RFID antenna of a cell phone. In this test, 
the cell phone is used as the transmitter and 
the antenna (read/write device) as the re-
ceiver. The actual communication range can 
be determined by moving the cell phone to-
ward the antenna. Flex Suppressor helps to 
triple the communication range. This can de-
termine whether direct contact is still neces-
sary for NFC or RFID, or if gesture-based in-
teractions can be conducted from a distance.

Suppression of interference  
from cables 

Electronic devices and systems are often im-
pacted by interference from unshielded ca-
bles. This interference can be caused by elec-
tromagnetic �elds emitted by neighboring 
cables or external sources. 
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Development of a customized connector system for high currents

New development in nine months 
Customized connectors are the ideal solution when standard parts 
make the end product unnecessarily complex or expensive.  
A new development ensures safe heat dissipation at high currents.

B� M����� P��������,  
T�������� E����� C���������  

�� R������


A motor control supplier faced the chal-
lenge of increasing the performance 
of a motor control without enlarging 

the system’s dimensions. The electrical con-
nection between two printed circuit boards 
was particularly challenging, as twice the 
current had to be transmitted in the available 
space.

A motor control supplier approached MPE-
Garry with this task. MPE-Garry brings years 
of experience in customized connectors, of-
fering solutions ranging from near-series pin 
headers and socket connectors with special 
dimensions to adapter solutions, connector 
systems with integrated functional units, and 
complete cable harnesses. 

MPE-Garry’s development team collaborated 
directly with Rutronik and the customer to 
create a connector system solution that 
meets all the requirements. Additional re-
quirements for the system included a current 
carrying capacity of 20 A per contact, 5.08 
mm spacing, and sockets for SMD mounting. 
Furthermore, two versions were to be devel-
oped, one with four contacts and another 
with eight contacts.

Compact dimensions  
require a new contact system

The extremely compact dimensions necessi-
tated the development of an entirely new 
contact system for the socket. The electrical 
resistance of the contact system had to be 
minimized to prevent power loss and avoid 
heating of the system.

To meet these requirements, a connector sys-
tem featuring a specialized lamella contact 
was developed. A key component of the con-
tacting system is the “power �at connector 
socket,” which features a mechanically sealed 
socket shaft that connects with a �at con-
nector (Fig. 1).

This socket contact has a robust and stable 
design thanks to its box pro�le. Additionally, 
the high number of contact points within 
minimal space reduces the contact resistance. 

When inserting the contact blade, the two 
apexes of the contact bars can be overcome 
sequentially rather than simultaneously. This 
smooths the force-displacement curve when 
the contact blade is inserted into the socket. 
The contact consists of only one part, allow-
ing for fully automated manufacturing at 
particularly low costs.

Heat dissipation  
under full load

A key element of this contact system is con-
trolling temperature problems under full load. 
A special design was found for this purpose: 
The relatively cool air surrounding the con-
tact system is drawn into the system through 
convection via the gap between the base and 
the printed circuit board, as well as through 
the side slots in the upper part of the con-
nector. The heated air rises through the chim-
ney-like holes in the base. This chimney e�ect 
ensures that the heated air is dissipated 
through numerous slots in the upper part of 
the connector.

Everything from  
a single source

The development of the new connector, along 
with all the necessary tools for series produc-
tion, was completed in just nine months. All 
necessary product requirements were ad-
dressed within the group of companies. 

The insulation inserts of the prototype were 
produced using 3D printing. The contacts were 
laser-cut and then shaped using specially de-
signed bending devices. This allowed the pro-
totypes to be tested for their current carrying 
capacity before investing in series production 
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tools. Waiting times could thus also be re-
duced.

Additionally, �nal assembly and shipping take 
place in-house, ensuring high quality 
throughout the entire value chain. The con-
nector system is certi�ed to DIN EN 61984 
VDE 0627. MPE-Garry prepares all the neces-
sary documentation (here EMPB). On request, 
MPE-Garry can also provide PPAP documen-
tation.

Figure 1: Cross-section of the contact system (left), and the socket contact (right)
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Figure 2: Heat dissipation at the contact system:  
The heated air is discharged upwards through 
chimney-like holes

Further advantages of customized connectors 
include: 

�t��Cost-optimized end product
�t��Combining multiple functions in a single 

connector, e.g. signal and power supply 
within one component

�t��Cost-optimized production
�t��Signi�cantly simpli�ed installation of the 

end device
�t��Optimum suitability for an end product in 

terms of resistance, dielectric strength, 
temperature range, and impedance

�t��Improved functionality thanks to optimum 
adaptation of the connector to its function

�t��Competitive edge through smaller installa-
tion space� �

Special thanks go to Peter Fuchs from the 
Rutroniker editorial team for his support in 
preparing the technical article.
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Fully supported by the OpenVINO ™ toolkit  

Optimized inference engines autodetect hardware and 
load balance workloads across CPUs, GPUs, and accelerators.

Intel ® Deep Learning Boost   

Accelerates deep learning 
inference workloads on the CPU.

Intel ® UHD Graphics

Integrated GPU processes 
inference workloads at FP32, 
FP16, and INT8 precision.

Designed for deep learning AI 1

Intel Atom ® processors 
x7000E Series
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Intel ® UHD 
Graphics  

Driven by Intel ® Xe 
architecture, the 
integrated GPU 
drives up to three 
concurrent 4K60 
SDR displays.

Pipelock  
synchronization

Sync two displays for  
video wall 
applications  
using Pipelock on  
Windows OS.

Media API  

Programmable  
processing for 
pr ecise control 
of image quality, 
encode/decode 
performance, and 
acceleration.
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Intel ® Time 
Coordinated 
Computing 2 and 
integrated 2.5GbE 
Time-Sensitive 
Networking–capable 
MAC to support 
deterministic 
workloads and 
networking.

Hardware 
virtualization  

Intel ® VT-d/x 
plus support 
for open source 
and proprietary 
hypervisors allow 
workloads to 
run in isolation 
simultaneously.

Multiple operating 
systems   

Run Windows, 
multiple versions of 
Linux, plus real-time 
operating systems 
from Wind River, 
QNX, and others. 

�-�þ�Õ�‡�þ�¤�²�«�j�Ì�	�/�j�²�ü�£�²�«�«�²�«�j
�U�	�½�j�²�«�Í�²�j�‡�,�,�ó�Û�¤�‡�E�Û�	�þ�71

Rutronik 
is an Intel ® Authorized 
Distributor.

�¯�Û�Í�þ�Û�Ú�¤�‡�þ�E�j�Í�‡�Û�þ�7�j�Û�þ�j
�,�²�/�Ì�	�/�ü�‡�þ�¤�²�j�‡�þ�«�j�¤�‡�,�‡�£�Û�ó�Û�E�Û�²�7
Intel ®�j�¤�/�	�¤�²�7�7�	�/�j�v�À�¾�¾�j�,�	�7�E�7�j�7�Û�Í�þ�Û�Ú�¤�‡�þ�E�j�,�²�/�Ì�	�/�ü�‡�þ�¤�²�j
gains over Intel ® Pentium ® �v�Ä�Â�¿�Ã�j�,�/�	�¤�²�7�7�	�/�7��

Up to

1.30x
faster  
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performance 3
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1.09x
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faster GPU 
object detection 
inference 
performance 3
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Safety and 
security  
Entry-level 
network video 
recorders and 
appliances with 
deep learning AI 
capabilities.

Healthcare
Portable 
imaging devices 
with UHD 
graphics and 
onboard deep 
learning AI.
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Small footprint 
and mobile 
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with computer 
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multidisplay 
support.
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AI-powered 
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Temperature sensors in SMD format for power electronics

On the way to becoming 
standard connection technology
The combination of silver sinter technology and SMD assembly  
forms the basis for high-performance, reliable, and  
compact temperature sensors that meet the requirements of  
state-of-the-art and next-generation power electronics.  

B� B��� W����,  
T�������� E����� R��������  

�� R�������,  
��� M����� B�������, H��� �� P������ 

M���
����� �� Y�
�� N�������

Sensor technology is a key technology 
in the modern world. Precise temper-
ature detection and control ensure 

safe, e�cient, and sustainable operation in a 
wide range of applications such as power gen-
eration, health care, and mobility. As the shift 
towards electromobility continues, tempera-
ture measurement is emerging as a key inno-
vator once again. 

The performance, speed, and e�ciency of ev-
ery electric vehicle are determined by the lay-
out and capabilities of the voltage converter 
and inverter units. Increased switching fre-
quencies, higher power levels, and operation 
at elevated temperatures allow for greater 
driving ranges and more dynamic driving 
modes. However, higher operating tempera-
tures demand new materials and new joining 
techniques. 

Simpli�ed design by eliminating  
etched trenches

The sinterable Pt1000 temperature sensor in 
an SMD package was developed to optimize 
power modules (Fig. 1). The electrical isolation 
between the sensing layer on the top side and 
the back side metallization enables potential-

free positioning of the temperature sensor ad-
jacent to the heat source. The sensor and oth-
er components can be installed at the same 
electrical level and on the same substrate. The 
need to mount the sensor chip on a separate 
“island” is eliminated. Omitting the addition-
al etched trench that is required for the po-
tential-free mounting of through-contact 
components (NTC type) reduces the design ef-
fort on the substrate level. Reducing the size 
of the substrate contributes to smaller com-
ponents and supports the overall trend to-
wards miniaturization.

Connection of the sensor element can be 
achieved through standard thick-wire bond-
ing; connection to the PCB is feasible with 
standard silver sinter processing, which allows 
for seamless integration in standard produc-
tion processes. Fig. 2 shows a comparison of 
the design options for SMD and NTC sensors.

The sinter connection is the key to high-tem-
perature operation, opening the operation 
window far beyond 200°C. While the Pt1000 
sensor element is currently speci�ed with an 
upper operating limit of 200°C, ongoing de-
velopment activities target higher tempera-
tures where the limits of the sinter connec-
tions can be further utilized. 

Figure 1: The Pt1000 SMD-SC temperature sensor 
has bond pads (AgPt) for thin and thick wire bonding 
and back side metallization optimized for silver sinter 
processing (AgPd).
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Figure 2: Design options for electrically isolated (left) and NTC temperature sensors (right)
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Measuring accuracy and response time

To better understand the impact of sensor po-
sitioning on the printed circuit board, a sim-
pli�ed model was employed to investigate 
heat distribution and response times in state-
of-the-art silicon-based power modules as 
well as next generation silicon-carbide-based 
setups. The chosen design geometry is inde-
pendent of the material selection. The mate-
rial properties and the operating temperature 
have been adjusted to resemble Si- and SiC-
based designs.

The model calculations show that the deviation 
between the junction temperature (150°C or 
200°C) and the measured temperature is 
strongly in�uenced by the distance between 
the sensor and the power semiconductors. 
Fig. 3 and 4 show the dependency of the tem-

perature drop on the distance. As a result of 
the electrical isolation between the sensing 
area and the back side metallization optimized 
for sinter connections, the SMD-PT sensor can 
be placed on any available position on the pow-
er module PCB. The reduced distance between 
the heat source and the sensor element results 
in higher accuracy of the measurement results. 

The response time is also in�uenced by the 
positioning of the sensor. A greater distance 
leads to a much slower response and a pro-
nounced delay after the switch-on step. The 
time to reach equilibrated conditions is best 
described by the delay to reach 90% of the 
equilibrium temperature t90 (Fig. 5). Compar-
ing the t90 times for sensor position 1 and 2 
with 1.0 and 1.3 seconds reveals a substan-
tially more dynamic detection with a 30% 
faster detection for the position close to the 
power dies.

The shorter distance between the Pt1000 
SMD-type temperature sensor and the heat 

source not only improves the measurement 
accuracy but also signi�cantly reduces the 
time to reach thermal equilibrium, resulting 
in a much shorter temperature measurement 
response time. 

Summary

The sinterable Pt1000 temperature sensor in 
an SMD package o�ers a variety of bene�ts 
for solving temperature sensing challenges in 
state-of-the-art and next-generation power 
modules: The layout of the sensor with intrin-
sic isolation between the sensor and the con-
tact layer allows for new designs and elimi-
nation of the etched trench. The reduced 
distance between the heat source and the 
sensor element results in higher accuracy and 
shorter temperature measurement response 
times. Overheating e�ects and temperature 
spikes can thus be avoided, and the overall life 
expectancy is signi�cantly increased. ��

Figure 3: Temperature distribution in power modules 
operated at 150°C junction temperature; top: 
substrate geometry without etched trench; bottom: 
additional etched trench for electrically isolated 
position of the temperature sensor 

Figure 4: Detected temperature as a function of the 
distance between the power die and the temperature 
sensor. The position of the additional etched trench 
is marked as a double gray line.

Figure 5: Temperature response when switching on 
the power die. Temperature sensor 1 is located in 
proximity to the power die, temperature sensor 2 is 
separated from the power die by an etched trench 

Passive & Electromechanical Components |Advanced Measurement       



�� www.rutronik.comCommitted to excellencePowered by2024

 Ethernet transformers for high-performance networks

For data transmission rates  
up to �� Gbit/s
High-performance Ethernet transformers are essential to meet 
the demands of modern, high-performance network devices. 
They ensure reliable and secure data transmission,  
optimize signal quality, and enhance the overall performance 
and e�ciency of the network. 

B� D������ C��������,  
C�������� P������ S���� M������ 

I�������� �� R�������,  
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���� 
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Every connectable device must have a 
processor and a communication chan-
nel. The connection between the digital 

and analog levels is established by a PHY 
(physical layer transceiver), the silicon chip/
IC. It acts as the physical layer interface be-
tween these two levels. Simply put, it is a data 
transmitter with galvanic isolation that sends 
and receives high-speed digital signals to and 
from other devices via Ethernet cables. 

Developers of LAN (local area networking) cir-
cuitries often encounter the need to use high-
frequency (HF) transformers (pulse transform-
ers) as part of the analog interface in their 
circuitry. These pulse transformers are used 
for impedance matching, voltage matching, 
and/or isolation, or as a barrier between ex-
ternal cables and internal digital circuitries. 
LAN transformers from Pulse o�er the essen-
tial isolation needed to ensure proper network 
functionality and communication, while also 
meeting the industry standards set out by IEEE 
under IEEE 802.3. All discrete LAN products 

from Pulse are designed to operate with PHY 
chipsets from the respective suppliers, de-
pending on the desired Ethernet data rate 
from 10Base-T (10 Mbit/s) to 10GBase-T 
(10 Gbit/s). Choosing the right component is 
crucial, as the module must support Ethernet 
data transmission through the transformer 
without introducing delays, distortion, or ad-
ditional noise from EMI/EMC.

We often talk about modules when �lter coils 
(e.g. common-mode chokes) are present in the 
package in addition to the transformer. They 
block unwanted interference and noise. The 
modules often also o�er Power over Ethernet 
(PoE). This allows for the secure transmission 
of direct current over the same 8-wire net-
work cable, whether shielded (STP, shielded 
twisted pair) or unshielded (UTP, unshielded 
twisted pair), that also supports the Ethernet 
data signal (Fig. 1).

Use in local networks

A local area network (LAN) comprises all Eth-
ernet-based connection devices that are lo-
cated within a radius of roughly 100 meters 
from the location of the main computer or 
server. The connected devices form a network, 
but they may not all share the same power 
source or common ground. There are potential 
di�erences between the connected devices. 

Digital data signals are transmitted between 
the connected devices via connected cables. 
Isolating the data line prevents signal degra-
dation, ensuring that “0” and “1” can be read. 
The reduction of interference and noise also 
helps maintain the integrity or purity of the 
data signals.

Figure 1: PoE mode of operation
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Transformer modules provide isolation to 
eliminate unwanted e�ects from �oating 
grounds, ensuring clean validity of the digital 
data signal. Integrated chokes suppress noise 
and also ensure EMC safety.

Simultaneous data and  
energy transmission 

In conjunction with PoE, which allows for the 
transmission of both data and electrical pow-
er via an Ethernet cable, high-performance 
Ethernet transformers are crucial. 

PoE LAN transformers do not provide a DC 
power supply themselves. They only support 
the di�erential data signal path via the trans-
former and block the passage of the direct 
current. The direct current must therefore be 
fed in on the external cable side and is only 
accessible via the central tap of the trans-
former. This means that the LAN transformer 
handles the PoE load current through its 
windings, and the design of the transformer 
module takes this into account.

Originally, there were two PoE variants with 
two wire pairs. The type of power supply de-

pended on the type of connection: Mode A, 
where power and signal were combined, or 
Mode B, where power and signal were sepa-
rated. Today, the focus is on solutions using 
four wire pairs of Type 3 (high power, 60 W) 
and Type 4 (high power, 90 W), which have 
increased the load capacity of each connec-
tion (Fig. 2).

Ethernet transformers for  
high-performance applications

Pulse has launched its latest discrete LAN 
components HBxxxxHLT and HXBxxxxHLT. 
Both series o�er a high isolation voltage (typ-
ically up to 1,500 V RMS), low losses, and a 
compact design. They are robust and suitable 
for harsh environments. Each SMT module in-
cludes the necessary combinations of isolat-
ing transformer and common-mode choke to 
comply with IEEE 802.3 standards for data 
rates of 10/100Base-TX, 1000Base-T, 
2.5/5GBase-T and 10GBase-T. This makes 
them particularly suitable for high-perfor-
mance Ethernet applications (Fig. 3). 

The HBxxxHLT series covers the commercial 
temperature range from 0 to 70°C. The HX-

BxxxxHLT series is designed for industrial and 
outdoor applications that require an extended 
temperature range from –40 to +85°C. Addi-
tionally, the HB/HXB series support Power over 
Ethernet (PoE) and can provide up to 90 W DC 
via 4-pair Ethernet cables. The series o�er ex-
cellent electromagnetic compatibility (EMC) 
and reduce electromagnetic interference 
(EMI), thus enabling interference-free data 
communication. 

Another advantage: The discrete LAN compo-
nents are manufactured at highly automated, 
cost-e�ective production lines. The high lev-
el of automation ensures scalability, reproduc-
ibility, and superior component quality. Ta-
ble 2 shows a selection of products from the 
new series.  � �

Table 1: Key features of Pulse transformers

Data rates – LAN devices 100Base-Tx, 1000Base-T, 2.5GBase-T, 5GBase-T, HDBase-T,  
10GBase-T, and 25GBase-T

Data rates – automotive 100Base-T1, 1000Base-T1, 10Base-T1

Installation options THT, SMT, Pin-in-Paste, BGA

Multiport options Single, Dual, Quad, Octal

Package con�gurations PCMCIA and Low Pro�le

Temperature ranges 0 to 70°C, –40 to +85°C/105°C/125°C

Table 2: Product selection of the new HB/HXB series 

Part Number Number  
of Ports

Mounting  
Style

Data Rate 
(Gbit/s)

Length 
(mm)

Width 
(mm)

Height 
(mm)

RMS Breakdown 
Voltage (V)

Winding 
Con�guration

Operating  
Temperature (°C)

PoE Rating 
(W)

HXB6020HL 1 24 Pin SMD 1 15.10 10.00 5.80 1,500 2wCMC, XFM –40 to +85 60

HXB6005HLT 1 24 Pin SMD 1 17.55 15.90 6.00 1,500 2wCMC, XFM –40 to +85 60

HXB6008HLT 1 24 Pin SMD 1 17.55 15.90 6.00 1,500 2wCMC, XFM –40 to +85 90

HXB4016HLT 1 24 Pin SMD 2.5 17.55 15.90 6.00 1,500 2wCMC, XFM –40 to +85 90

HB4015HLT 1 24 Pin SMD 2.5 17.55 15.90 6.00 1,500 XFM, 2wCMC ��0 to 70 60

HXB5G010HLT 1 24 Pin SMD 5 17.55 15.90 6.00 1,500 2wCMC, XFM –40 to +85 90

HXB5G014HLT 1 24 Pin SMD 5 17.55 15.90 6.00 1,500 2wCMC, XFM –40 to +85 90

HXB7011HLT 1 24 Pin SMD 10 17.55 15.90 6.00 1,500 2wCMC, XFM –40 to +90 60

HXB7012HLT 1 24 Pin SMD 10 17.55 15.90 6.00 1,500 2wCMC, XFM –40 to +90 90

Figure 2: Demand and reference power level by type, class, and PoE device 

Type 3 (802.3bt) Type 4 (802.3bt)

Type 1 (802.3af) Type 2 (IEEE802.3at)

Class 1
4 W
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7 W
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30 W
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45 W

Class 6 
60 W
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75 W

Class 8 
90 W

2-pair only (Type 1 & 2)
2-pair or 4-pair power feeding (Type 3 & 4) Aways 4-pair power feeding

Class 1
3.84 W

Class 2 
6.49 W

Class 3 
13 W

Class 4 
25.5 W

Class 5
40 W

Class 6 
51 W

Class 7 
62 W

Class 8 
71.3 W
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Figure 3: Application areas of the discrete LAN modules from Pulse
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Electromechanical actuators expand communication options

For more sensitivity between 
humans and machines
Electromagnetic haptic actuators are key elements in human-machine  
interaction. They convert electrical energy into tactile feedback and 
enhance the user-friendliness of electronic devices such as smartphones.

B� S���� K���,  
C�������� P������ S���� M������  

I�������� �� R�������

Many products utilize visual and 
acoustic stimuli to convey informa-
tion to users. Recently, a third di-

mension of information transfer has been in-
creasingly used: the sense of touch. This 
concept, known as haptics, is being used in a 
growing number of market segments, includ-
ing virtual and augmented reality (VR, AR), the 
Internet of Things (IoT), the automotive indus-
try, and medical technology.

There are various technologies that are ca-
pable of providing haptic feedback. One op-
tion is haptic actuators. These actuators con-
vert electrical energy into mechanical 
movement and provide users with tactile 
feedback. Vibration, touch sensors, and other 
tactile e�ects ensure diverse and realistic in-
teractions with electronic devices. This en-
ables a perfect interface between humans and 
machines (HMI) for the application. 

Electromagnetic haptic actuators are gener-
ally divided into three main categories: ec-

centric rotating masses (ERM), linear resonant 
actuators (LRA), and voice coil actuators (VCA) 
or voice coil motors (VCM).

Tangible vibration e�ects  
for smartphones, etc. 

ERM actuators generate vibrations through 
an eccentric rotating mass that is attached to 
a brushless DC motor (Fig. 1). If a voltage is 
applied to the motor, the actuator vibrates at 
a frequency that corresponds exactly to the 
frequency at which the mass performs a com-
plete rotation. This results in a vibration 
strength that correlates directly with the con-
trol voltage of the actuator.

These actuators generate low-frequency, 
somewhat “rumbling” sensory feedback. This 
is due to the fact that the rotating motor re-
quires a brief period of time to reach the de-
sired speed when voltage is applied and sim-
ilarly takes time to come to a complete stop 
when braking. ERM actuators are therefore an 
ideal choice when precise vibration patterns 
are not essential, but a distinct vibration ef-
fect is still needed. They are often used in 
smartphones and game controllers.

For applications with high-level precision 
and �ne tuning

Linear resonant actuators (Fig. 2) generate 
vibrations using a method similar to the tech-
nology found in conventional speakers: in 
speakers, a membrane is connected to a coil 
and an electromagnet. When the coil is elec-
trically energized, it moves the magnet and 
the membrane, thereby producing sound 
waves. In an LRA, a mass is attached to a coil 
instead of a membrane. When the coil is en-
ergized, the attached mass moves, creating 
linear oscillations. The mass moves in response Eccentric weight

Stopper washer

Thrust washer

Magnet

Housing (Case)

Rotor Assembly

Brush Assembly

Yoke

Metal

Figure 1: 
 Design of an actuator with  

eccentric rotating masses (ERM) 

Measuring only 13 mm x 13 mm, HD-LA1307-SM 
provides a maximum linear acceleration of 1.8 G  
at a resonance frequency of 154 Hz.  
Another advantage: it is an SMD-compatible version.
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to the frequency and voltage of the signal ap-
plied to the LRA, allowing independent control 
of both the intensity and frequency of the vi-
brations. 

A major advantage of linear resonance actua-
tors is their fast and linear responsiveness. In 
contrast to an ERM, there is no ramp-up time. 
During operation, the vibration is felt as soon 
as the coil is energized, and the mass moves 
up or down. 

LRAs can create high-resolution, engaging vi-
bration patterns that e�ectively convey infor-
mation to users. Moreover, haptic driver ICs 
with integrated, preprogrammed libraries of 
vibration patterns are already available. These 
chips also include complex ampli�er and 
boost circuits for direct actuator control.

LRAs are available in the smallest package 
shapes for haptic actuators. They are also ex-
tremely energy-e�cient, which makes them 
a popular choice for wearables, for example. 

LRAs are constantly being developed further. 
A special feature is the SMD-compatible ver-

Figure 2:  
Design of a  
linear resonance  
actuator (LRA)  
in a coin design

Figure 3:  
Design of a  
voice coil actuator 
(VCA)
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sions with a patent-pending design. HD-
LA1307-SM from PUI Audio, measuring only 
13 mm x 13 mm, provides a maximum linear 
acceleration of 1.8 G at a resonance frequen-
cy of 154 Hz.

For a wide range of haptic e�ects

Voice coil motors (VCM) or voice coil ac-
tuators (VCA) utilize a coil located in a mag-
netic �eld to produce linear movement (Fig. 3). 
As such, a variety of haptic e�ects are achiev-
able: continuous vibrations, movements, or 
force feedback. VCAs ensure high-level preci-
sion and control over the generated haptic 
e�ects and are commonly used for VR appli-
cations, for example. 

VCMs/VCAs are usually larger than LRAs. This 
results in a much stronger and more realistic 
vibration e�ect than can be generated with 
an LRA. At the same time, VCAs/VCMs con-
sume more power than LRAs.

Which actuator technology  
for which application

Incorporating tactile feedback via haptic 
technology enables product designers to re-
think how information is conveyed. It is im-
portant for design engineers to grasp the var-
ious actuator technologies and to choose the 
ideal haptic actuator for their product. The 
decision in favour of a suitable actuator tech-

nology depends on various factors. They in-
clude performance requirements, space de-
mands, energy e�ciency, weight, vibration 
characteristics, and costs. Fig. 4 shows a com-
parison of various technologies. 

Both LRAs and VCAs have a speci�c frequen-
cy at which the overall system operates op-
timally, resulting in the highest vibration in-
tensity. This means that LRAs and VCAs have 
a somewhat narrow working range in day-to-
day operations. Developers are well advised 
to focus on optimizing the operating point of 
their hardware or software to align with this 

range. ERMs, on the other hand, are not im-
pacted by this limitation, as the vibration only 
changes in response to changes in voltage 
and not in frequency. This enables an exten-
sive range of vibration frequencies. 

The appropriate type of vibration for a design 
should be chosen during the product design 
phase by carefully evaluating the advantages 
and limitations of each type of actuator. Ex-
pert advice in the �eld of actuator technol-
ogy can provide valuable insights.� �

Figure 4: Comparison of various actuator technologies 

Why polymer for capacitors

The choice for  
advanced electronics
The use of polymer capacitors in electronic circuits results in improved 
performance, reliability and durability, making them a popular choice 
in modern electronics.

B� J���� G������ L����,  
F���� A���������� E�������  

�� R�������

Polymer capacitors gained popularity in 
the 2000s. They have been used pri-
marily in electronic equipment where 

high performance and reliability are essential. 
Key applications include computer mother-
boards, medical, aerospace, consumer and in-

dustrial electronics, and automotive electron-
ics. In automotive electronics, polymer hybrid 
capacitors are booming. AEC-Q200s are used 
in engine control units, infotainment systems 
and other critical components that require a 
stable power supply and high reliability.

Frequency [Hz]
0

0

5

100 200 300 400 500 600 700

A
cc

el
er

at
io

n 
[G

p-
p]

AudioHaptics

Frequency

Large
ERM

Cylinder
Type

Middle
ERM

Small
ERM

G
p-

p

10

1

2

3

4

5

6

0
100050020010050

LRA

Piezo



Passive & Electromechanical Components| Advanced Materials      

Creating Customer Centric Technology .

The FTR-E1-HC, Compact, Lightweight, High Voltage DC Switching Relay 
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Polymer technology

Polymer capacitors are a subset of electro-
lytic capacitors. The term “electrolytic capac-
itors” is derived from the use of an electro-
chemically formed oxide �lm on the electrode 
surface, which acts as a dielectric. Various 
metals, including aluminum (Al), tantalum 
(Ta), niobium (Nb), titanium (Ti), zirconium 
(Zr), hafnium (Hf), and others, can form a thin, 
highly insulating oxide. However, only three 
metals—aluminum, tantalum, and niobium—
are currently in practical use.

The oxide �lm formed on the surface of the 
electrode becomes an electrical insulator and 
functions as a dielectric only when the elec-
trode on which it is formed serves as the an-
ode. Therefore, electrolytic capacitors are, in 
principle, polarity capacitors.

There are two main types of polymer capaci-
tors—aluminum electrolyte and tantalum ca-
pacitors—which will be discussed in the next 
sections. Conductive polymers are also used 

Figure 1: Similarities and di�erences  
in the construction of polymer capacitors
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in aluminum capacitors to replace the wet 
electrolyte. These capacitors have a much 
lower equivalent series resistance (ESR) and 
do not dry out over time. The main applica-
tions of polymer capacitors are in DC-DC con-
version/decoupling and automotive power 
distribution applications.

Aluminum  
electrolytic capacitors

Aluminum electrolytic capacitors are polar-
ized capacitors in which the anode and cath-
ode are made of aluminum. They can have 
either a wet electrolyte, a solid conductive 
polymer, or a hybrid (wet and solid conductive 
polymer) electrolyte. If these capacitors are 

Table 1: Key drivers of various aluminum polymer capacitors

Key drivers Aluminum wet electro-
lytic capacitors

Aluminum polymer 
capacitors

Hybrid capacitors

Lifetime Decreasing the tempera-
ture by 10°C doubles the 
lifespan

Lifetime increases tenfold 
when the temperature 
drops by 20°C

It is calculated in the 
same way as for the elec-
trolytic wet capacitor

Derating voltage Derating is not required, but may increase lifespan; wet electrolytic capacitors 
can operate at 70% to 80% of the rated voltage, while hybrid and solid electrolytic 
capacitors can operate at 80% to 90% of the rated voltage.

Rating voltage Rating voltages of up 
to 450�V; high-voltage 
aluminum electrolytic 
capacitors available with 
ratings that can reach or 
even exceed 600�V

Rating voltages of up to 
63�V, versions with up 
to 100�V available; trend 
is toward higher voltage 
ratings

Versions with rating up to 
125�V available

DC bias No DC-bias in�uence

ESR Typical ESR down to 
20�m�; trend toward 
decreasing ESR

Ultra-low ESR, down to 
5 m�

Between wet and solid, 
ESR about 11�m�

Ripple current Not the best capability; 
electrolytic capacitors 
cannot withstand very 
high ripple currents

Very good ripple capabil-
ity due to low ESR

Good capability

Vibration Good performance under 
vibrations 

Aluminum electrolytic capacitors with solid polymer 
are more rigid and less capable of absorbing vibra-
tion, making them more susceptible to mechanical 
damage in high vibration environments. Some manu-
facturers offer reinforced series designed to withstand 
high vibration.

Temperature Max. temperature up to 
105°C, versions with max. 
temperature up to 125°C 
available 

Max. temperature up to 
125°C

Trend to increase tem-
perature up to 150°C to 
extend lifetime

Capacitance stability 
vs. temperature and 
frequency

Poor high-frequency 
characteristics; capaci-
tance drops signi�cantly 
at 20�kHz; sensitive to 
temperature changes

Better high frequency performance; stable capaci-
tance over a range of frequencies; capacitance drops 
signi�cantly at 1�MHz; good temperature character -
istics

Leakage current Electrolytic aluminum capacitors exhibit a higher leakage current compared to 
other technologies such as MLCC and plastic capacitors. The leakage current 
of an electrolytic capacitor is typically speci�ed by the manufacturer and can be 
calculated using the empirical formula: 
�r���*L = K · C · V  
�r���,�����N�B�O�V�G�B�D�U�V�S�F�S���Q�S�P�W�J�E�F�E���D�P�O�T�U�B�O�U�� 
�r���$�����$�B�Q�B�D�J�U�B�O�D�F���	�'���P�S���•�'�
 
�r���7�����"�Q�Q�M�J�F�E���W�P�M�U�B�H�F�� 
Manufacturers’ data sheets provide accurate information on leakage current, 
although the exact formula and constants may vary from manufacturer to manu-
facturer.

polarized, they should not be used in the pres-
ence of reverse bias.

In aluminum electrolytic capacitors, both 
electrodes are made of aluminum. The alumi-
num anode is separated from the wet electro-
lyte by an oxide layer, which is a paper foil 
saturated with the wet electrolyte. Di�erent 
types of electrolytes enhance oxidation, oper-
ate at higher temperature ranges, and absorb 
gases that may form internally. The other alu-
minum plate, which serves as the cathode, is 
also present. The robustness of the anode alu-
minum foil depends on whether the capacitor 
must withstand higher voltages.

The construction of the polymer capacitor is 
strikingly similar. It consists of an anode and 

a cathode, both made of aluminum foil. The 
dielectric is a layer of aluminum oxide (Al2O3) 
that acts as an insulator between the anode 
and the conductive polymer. A non-conduc-
tive layer (paper, �lm, or other insulating ma-
terial) is placed between the conductive poly-
mer, forming two layers of conductive polymer. 
Finally, a drying and aging process of up to 
8�hours is performed.

Hybrid aluminum polymer capacitors combine 
the characteristics of both traditional alumi-
num electrolytic capacitors and polymer ca-
pacitors, taking advantage of each type. The 
dielectric is a mixture of liquid electrolyte and 
conductive polymers. The liquid electrolyte 
helps improve performance at lower frequen-
cies and increases overall capacitance.

Figure�1 shows the similarities and di�erenc-
es in the construction of the di�erent types 
of polymer capacitors. 

Self-healing process maintains 
performance and extends service life

Small defects such as pinholes, microcracks, 
or areas of dielectric breakdown can form in 
the Al oxide layer due to electrical stress, ther-
mal cycling, or mechanical strain. These de-
fects create pathways for leakage current that 
can degrade capacitor performance. 

When a defect causes an increase in leakage 
current, the localized area around the defect 
heats up. The conductive polymer layer reacts 
to this heat. The heat can cause the polymer 
to temporarily lose its conductivity in the lo-
calized area, e�ectively isolating the defect. 
The heat also promotes regeneration of the 
alumina dielectric layer at the defect site. This 
can occur by oxidation of the exposed alumi-
num at the defect site, where the aluminum 
reacts with oxygen (often from the polymer 
or the environment) to form new alumina. 

The combined e�ect of polymer reaction and 
oxide regeneration seals the defect and re-
stores dielectric integrity. As the defect is 
sealed, the leakage current decreases and the 
capacitor resumes normal operation. In hybrid 
capacitors, the presence of the liquid electro-
lyte enhances the self-healing process by al-
lowing the aluminum oxide layer to reform 
more e�ciently. Both types of capacitors rely 
on these self-healing mechanisms to maintain 
performance and extend service life.

The key drivers for various aluminum polymer 
capacitors are listed in Table 1. 
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Tantalum electrolytic capacitors

Tantalum capacitors are polarized capacitors 
that use a solid electrolyte such as manganese 
dioxide (MnO�) or conductive polymer. How-
ever, care should be taken when applying re-
verse bias to this type of capacitor. The most 
notable properties of tantalum include high 
ductility, high corrosion resistance, high melt-
ing point (3,020°C), high heat and wear resis-
tance, and high biocompatibility. Tantalum 
capacitors can replace MLCCs (Multilayer Ce-
ramic Capacitor) in certain applications, sub-
ject to speci�c application criteria. 

Solid tantalum capacitors

Solid tantalum (Ta) capacitors use manganese 
dioxide as the cathode due to its self-healing 
properties. When defects occur in the dielec-
tric, it becomes non-conductive. The tantalum 
is separated from the manganese dioxide by 
an oxide layer called tantalum pentoxide 
(Ta�O�). When this layer is reduced, the man-
ganese dioxide oxidizes the tantalum, forming 
a new oxide layer. As a result, these capacitors 
exhibit exceptional reliability with virtually 
in�nite life.

The self-healing process can potentially re-
lease oxygen, which in extreme cases can lead 
to combustion. Nevertheless, tantalum capac-
itors are well suited for applications that re-
quire operation at higher temperatures.

In these capacitors, the conductive surface 
area signi�cantly a�ects the capacitance (di-
rectly proportional), while the dielectric thick-
ness inversely a�ects the capacitance. Despite 
their thinness, tantalum capacitors are robust 
(dielectric breakdown: 470�V/mm), allowing 
for relatively high voltage applications.

Table 2 illustrates a comparison of dielectric 
thickness between Ta and MLCC capacitors. 
Notably, MLCC capacitors require a larger sur-
face area and size to achieve high capacitance 
due to their thicker dielectric. 

Tantalum solid  
conductive polymer

Conductive polymers began replacing MnO� 
in tantalum capacitors in the mid-1990s due 
to the higher conductivity of these polymers, 
which results in a signi�cantly lower equiva-
lent series resistance (ESR). The transition 
from MnO� to conductive polymers o�ers sev-
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eral notable advantages, one of which is the 
self-healing mechanism. 

If a dielectric breakdown occurs during op-
eration (resulting in a short circuit or leakage 
path), the high current density at the defect 
site causes localized heating. This heat causes 
the conductive polymer to oxidize, rendering 
it non-conductive and e�ectively sealing the 
defect. This oxidation restores the insulating 
properties, preventing further failure and al-
lowing the capacitor to continue operating. 

Notably, these capacitors are considered saf-
er because their self-healing process does not 
generate oxygen, minimizing the risk of in-
�ammation, as shown in Figure�2. The main 
applications are DC-DC voltage rail convert-
ers. The key drivers of di�erent tantalum ca-
pacitors are listed in Table�3. 

VR Dielectric thickness (nm)

Ta MLCC

2 20.7 600

4 27.6 600

6 36.8 600

Table 2: Comparison of dielectric thickness between 
tantalum (Ta) and MLCC capacitors

Figure 2: Advantages of Ta polymer capacitors:  
The conductivity of Ta polymer is higher than that of 
MnO2, and the polymer is also non-�ammable. 
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Table 3: Key drivers of di�erent tantalum capacitors

Key drivers Tantalum MnO 2 Tantalum polymer

Derating voltage Requires a derating voltage of approx. 
50%

10% applied Voltage lower than 10�V 
20% applied Voltage higher than 10�V

Frequency behavior Do not perform well at high frequen-
cies; capacitance drops signi�cantly 
at 10�kHz.

Good characteristics at high frequen-
cies, especially around 100�kHz; if 
performance at 1 �MHz is required, 
MLCCs are the best choice

Wear out mechanism / 
lifetime

Unlimited lifetime without aging The cathode material wears out 
due to moisture and oxidation. As a 
result, the components will gradu-
ally degrade over time. The only way 
to prevent this degradation is to use 
hermetic packaging

Capacitance volume and 
energy density efficiency

Maximize capacitance per volume and energy density; achieve higher capaci-
tance in smaller volumes and at higher voltages than other technologies

ERS, ripple current and 
leakage current

The polymer has a signi�cantly lower ESR than MnO 2, allowing it to handle 
high ripple current. However, both tantalum polymer and MnO2 have higher 
leakage currents than other technologies. Tantalum capacitors are not suitable 
when low leakage current is essential for maximum battery performance

Robustness and piezo 
noise

Do not crack when bent, similar to; no piezo noise

Weaknesses of tantalum polymer

Tantalum polymer capacitors o�er several ad-
vantages over traditional electrolytic capaci-
tors, making them desirable for various appli-
cations. However, they do have some 
drawbacks and cannot be used in all scenar-
ios. 

The use of polymer capacitors is not recom-
mended for frequencies approaching or ex-
ceeding 1 MHz, temperatures exceeding 
150°C, or where maximum battery life de-
pends on low leakage current. 

Polymer capacitors are not suitable if the volt-
age is greater than 48�V DC, the application 
requires ultra-low ESR (<< 4�m�), low capac-
itance (< 0.68�µF), or reverse bias. 

Conclusion

Polymer capacitors o�er low ESR, high stabil-
ity and reliability, high ripple current handling, 
improved safety, enhanced low voltage per-
formance and better frequency characteris-
tics. The use of polymer capacitors in elec-
tronic circuits improves performance, 
reliability and durability, making them a pop-
ular choice in modern electronics. � �
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The supply chain A–Z

Everything you  
need to know
In this interview, Patrick Krätz, Head of Supply Chain Management,  
and Roman Wolf, Team Leader Supply Chain Management, provide insights into  
the areas of supply chain and logistics solutions, forecast management,  
and process optimization, emphasizing electronic automated data transmission.

What supply chain solutions do you pro-
vide, and which ones are currently most 
sought after by customers? 
Patrick Krätz: We o�er diverse solutions to 
support our customers’ supply chains. The 
choice of model depends on many factors, 
such as turnover rates, value, quantity struc-
ture, risk assessment, end customer needs, 
e�ciency potential, and other speci�c cus-
tomer requirements. We develop and imple-
ment the process together. 

Roman Wolf: Speci�cally, we are talking 
about delivery plan, kanban, and consignment 
systems. They can be combined with one an-
other. However, electronic data interchange 
(EDI) is always the basis for this. The delivery 
plan procedure is currently in high demand 
due to its �exibility and ease of implementa-
tion. Additionally, we o�er supporting mod-
ules such as safety storage facilities and C-
parts management. We are also increasingly 
automating the standard ordering process, 
beyond the previously mentioned process 
variants. Supply chain optimization therefore 
knows no bounds.  

You are talking about a comprehensive, 
360-degree view of the material �ow. 
Could you brie�y explain what this en-
tails and what aspects you focus on 
when working with customers? 
Krätz: We have to start with big data. Every 
month, we receive millions of data records 
from the most diverse sectors. These data re-
cords are continually updated. Most of these 
data relate to the supply chain. As an exam-
ple, we can analyze supply security and sup-
ply reliability. This is done via customer or-
ders or forecasts on the one hand and 
supplier orders on the other. By integrating 
replenishment lead times, current (consign-
ment) store inventories, and historical sales 

Patrick Krätz,  
Head of Supply Chain Management

“  Thanks to our new forecast 
monitoring system, we  

can automatically compare 
customer forecasts after  
each import and verify  
their plausibility. „

Roman Wolf,  
Team Leader Supply Chain Management

“  Particularly in the C-parts 
sector, optimizing material �ow 
o�ers greater potential savings 

than negotiating prices  
in purchasing. „

us to detect supply chain disruptions early 
on and proactively engage with customers 
and suppliers. 

Wolf: To handle and analyze the vast amount 
of data, we have tools at our disposal that 
visualize the supply chain and present it in a 
concise format. This also allows us to quick-
ly identify faults at a glance. Using a drill-
down feature, it is possible to navigate from 
an overview to individual items with a single 
click. Access is feasible on both the custom-
er and the supplier side, enabling quick and 
agile analysis of a wide range of issues. 

And what about critical components? 
How do you collaborate with the cus-
tomer to identify these issues, and what 
measures do you implement? 
Krätz: We identify critical components at an 
early stage via our direct line to the suppli-
ers. However, analyzing delivery times along-
side increasing quantities per product group 
can also serve as indicators. Additionally, di-
rect communication between our Product 
Marketing team, suppliers, and customers 
helps us identify new market trends and tech-
nologies and measure the associated capac-
ity with the forecast volumes. 

Wolf: In the worst-case scenario of insu�-
cient stock, safety storage facilities, consign-
ment stores, and our stockpiling strategy pro-
vide crucial support. However, these 
approaches are limited. In cases of prolonged 
supply bottlenecks, we collaborate with both 
the supplier and the customer to �nd solu-
tions. To this end, we regularly coordinate to 
develop allocation plans, identify alternative 
products, and shorten transportation times, 
among other strategies. Here, too, electronic 
data exchange plays a crucial role in provid-
ing customers with automated, regular deliv-

or forecast data, you can gain a comprehen-
sive view of a customer’s supply chain over 
time. These analyses are updated regularly 
to re�ect the current situation. This allows 
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ery times for seamless integration into their 
ERP systems. 

What does your crystal ball predict? 
What is the current forecast for most 
customers? 
Wolf: Over the past year or two, we have fre-
quently faced short-term demand reductions 
due to the dynamic market condition. Mean-
while, the demand situation has stabilized at 
a lower level. However, this can change rap-
idly, with demand and delivery times poten-
tially increasing at short notice. We therefore 
always urge our customers to carefully review 
and scrutinize their requirements. 

Could you explain the core concept 
and bene�ts of Rutronik’s new forecast 
monitoring system? 
Krätz: We have installed a new forecast mon-
itoring system. This allows us to automati-
cally compare and verify the plausibility of 
customer forecasts after each import. And we 

are able to detect problems with the data in-
terface or errors in the transmitted data. They 
are then automatically corrected and dis-
played. 

Wolf: We can also align customer require-
ments with our own availability or potential 
shift time windows. For critical components, 
the database can be frozen, and delivery takes 
place according to agreement with the cus-
tomers and suppliers. This way, we can guar-
antee allocation management.   

Are there any current risks of a renewed 
allocation? And if so, what do you be-
lieve is the primary reason for this?
Krätz: The reasons are always di�erent. You 
can list all the natural disasters, but also 
wars, terrorism, and wrecked ships. However, 
this information is of limited use since we 
must also anticipate such events in the fu-
ture. What is crucial, though, is how you re-
spond to and manage such circumstances. 

Here, we often observe that people act im-
pulsively. For example, people frequently or-
der more than necessary and from multiple 
sources simultaneously. In the past, this led 
to some suppliers, as the �nal link in the sup-
ply chain, having a book-to-bill ratio of 4 on 
their books. No OEM, Tier-1, EMS, or the sup-
plier themselves can produce this multiplica-
tion. Additionally, as a distributor, we are un-
able to store these quantities. Allocations are 
thus often in�uenced by human decisions and 
psychologically driven by exceptional situa-
tions. 

Wolf: We are currently also observing a new 
contributing factor. The COVID-19 pandemic 
has signi�cantly depleted resources and re-
duced the liquidity of many companies. This 
was quickly followed by the economic down-
turn, leading to full inventories in 2023 that 
many companies will continue to rely on dur-
ing the economically weak year of 2024. As 
a result, many companies have been cautious 
about placing long-term orders for months. 
However, if all customers respond to an eco-
nomic recovery simultaneously, suppliers will 
face the challenge of having to rapidly scale 
up production capacities. This would lead to 
the next phase of supply shortages. And re-
member: Electronic components are highly 
complex products. This complexity necessi-
tates a long-term strategy for ordering elec-
tronic components, often involving lead times 
of several months depending on market con-
ditions. 

In your experience, which automated 
process optimization options (EDI) are 
most crucial, and what have you found 
most e�ective in recent months? 
Krätz: Process optimization is divided into in-
formation �ow and material �ow. The �ow is 
primarily optimized through data interfaces 

View of the high-bay warehouse at Rutronik’s logistics center in Eisingen
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(EDI). Additionally, entire process steps can 
be eliminated if the appropriate contracts are 
in place. The goal should be to exchange only 
the information that is absolutely essential. 
Our forecast-based logistics systems come 
into their own here.  

Wolf: The material �ow is mainly optimized 
by consolidating quantities and using the 
largest possible packaging units. The fewer 
times a product is moved, the higher the ef-
�ciency. Determining the optimal delivery lot 
size is crucial. This bene�ts multiple depart-
ments, including the storage facility, order 
processing, and �nancial accounting, for both 
the customer and Rutronik. Particularly in the 
C-parts sector, optimizing material �ow of-
fers greater potential savings than negotiat-
ing prices in purchasing.   

How does the SCM team at Rutronik as-
sist customers in �nding the optimal 
solution for their individual process op-
timization?
Wolf: The best-practice approach involves 
on-site analysis of the process and the arti-
cles in collaboration with the customer. The 
customer identi�es weak points or bottle-
necks, as they have a deeper understanding 
of their processes than we do. Moreover, 
there may be additional end customer needs 
or other industry-speci�c features. We then 
consolidate these results and incorporate our 
experience along with best-practice solu-
tions. This provides us with an e�cient and 
sustainable concept. After successful imple-
mentation, regular reviews are conducted to 
maintain a high level of e�ciency.  

How do you manage to integrate the 
perspectives of various parties, such 
as Rutronik, the customer, the subcon-
tractor, and the end customer? Have you 
gained initial experience in this area, 
and which approaches have proven to 
be most e�ective and sustainable?
Krätz: Since these are typically partnerships 
between non-legally a�liated companies, 
system support can be challenging. Therefore, 
focusing on communication with all the par-
ties involved is key. It is essential that each 
party understands their rights and obligations 
and fosters a mutual understanding of the 
challenges in the cooperation. Furthermore, 
regularly sharing any di�culties that arise 
with all the parties involved allows these con-
stellations to be managed e�ciently and sus-
tainably. � �
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View of a shelf at Rutronik’s logistics center in Eisingen
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Latest WLAN standard IEEE ���.��be for real-time applications

Wi-Fi � triumphs  
with �  features

Wi-Fi 7 utilizes more e�cient frequency bands, multilink operation, 
and 320 MHz channel width to deliver higher speeds of up to 
46�Gbit/s, reduced latency, and enhanced network reliability. 

Applications with real-time requirements in particular bene�t from the 
performance improvements. 

B� K������ N����,  
C�������� P������ M������ W���
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Following the release of the Wi-Fi 6 and 
Wi-Fi 6E standards, the Wi-Fi Alliance 
introduced the latest IEEE 802.11be 

standard, also known as Wi-Fi 7, earlier this 
year. Wi-Fi 7 o�ers even higher data trans-
mission rates and extremely low latency 
times. This standard thus meets the require-
ments for applications like augmented, virtual, 
and extended reality.

While many users continue to use Wi-Fi 5, 
Wi-Fi 6 or Wi-Fi 6E have now also gained a 
strong foothold in the market. Some suppli-
ers already o�er Wi-Fi 7-compatible prod-
ucts. The Wi-Fi Alliance projects that by 2028, 
there will be 2.1 billion Wi-Fi 7-enabled de-
vices available on the market. Routers, smart-
phones, PCs, and tablets are among the �rst 
devices to support the new standard, but 
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Rutronik also already provides solutions for 
the industrial sector, as detailed in our Wi-
Fi 7 catalogue. The Table shows the develop-
ment and di�erences of the Wi-Fi standards 
from Wi-Fi 5 to the latest standard Wi-Fi 7.

The Wi-Fi Alliance identi�es key applications 
for Wi-Fi Certi�ed  7 as multi-user AR/VR/XR, 
3D training, gaming, ultra-high-resolution 
video streaming, hybrid working, Industrial IoT 
(IIoT), and automotive. However, thanks to the 
high reliability and speed of data transmis-
sion, ultra-precise applications like telediag-
nostics and telesurgery are also feasible. 

The necessary increase in performance results 
from the following seven features: 

320 MHz channels: Available in countries 
that release the 6 GHz frequency band for 
Wi-Fi. Ultra-wideband channels double the 
currently widest channel size of 160 MHz for 
Wi-Fi 6/6E to 320 MHz, also e�ectively dou-
bling the data transmission rates for individ-
ual devices.

Multilink operation (MLO): With the previ-
ous WLAN standards, routers select a single 
frequency band for data transmission and 
switch frequency bands only under speci�c 
conditions. With Wi-Fi 7, MLO allows devic-
es to simultaneously send and receive data 
across multiple frequency bands, such as 
5 GHz and 6 GHz. This results in higher data 
throughput, lower delay times, and improved 
reliability.

4K QAM: Wi-Fi 7 enables a higher data 
transmission rate. This data transmission rate 
is speci�ed by the modulation technique 
called quadrature amplitude modulation 
(QAM). Compared to 1,024 QAM with Wi-Fi 
6/6E and only 256 QAM with Wi-Fi 5, 
4,096 QAM (or 4K QAM) are possible with 
Wi-Fi 7. 4K QAM now enables up to 20 per-
cent higher data rates (12 bits instead of 
10 bits).

Table 1: Development and di�erences of the Wi-Fi standards from Wi-Fi 5 to Wi-Fi 7

Wi-Fi 5 Wi-Fi 6 Wi-Fi 6E Wi-Fi 7

Publication 2013 2019 2021 2024

IEEE Standard 802.11 ac 802.11 ax 802.11 ax 802.11 be

Max. PC data rate ~ 1.7 Gbit/s ~ 2.4 Gbit/s ~ 2.4 Gbit/s ~ 5.8 Gbit/s

Max. data rate for 
access points

~ 7 Gbit/s ~ 9.6 Gbit/s ~ 9.6 Gbit/s ~ 46 Gbit/s

Bands 2.4 and 5�GHz 2.4 and 5�GHz 2.4, 5, and 6�GHz 2.4, 5, and 6�GHz

Channel size 20, 40, 80,  
160�MHz

20, 40, 80,  
160�MHz

20, 40, 80,  
160�MHz

20, 40, 80, 160, 
320�MHz

Modulation 256-QAM-QFDMA 1024-QAM-QFDMA 1024-QAM-QFDMA 4096-QAM-QFDMA

MIMO 8x8 MIMO,  
DL MU-MIMO

8x8 UL/D/MU-MIMO 8x8 UL/D/MU- 
MIMO

16x16  
MU-MIMO

Security WPA 2 WPA 3 WPA 3 WPA 3
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su�cient. However, it de�nitely makes sense 
for large companies, smart cities, airports, 
hotels, etc. with numerous end users.

First products  
available 

To fully leverage the performance and e�-
ciency of the new standard, products that 
support Wi-Fi 7 must meet certain require-
ments. The devices must be equipped with 
Wi-Fi 7-compatible chipsets that support the 
new functions and higher speeds. Moreover, 
the products must also be able to use sev-
eral frequency bands at the same time to 
enhance network performance. In addition, 
support for 4,096 QAM is required for high-
er data density and e�ciency. Rutronik al-
ready o�ers Wi-Fi 7-capable routers, main-
boards, expansion cards, industrial modules, 
and laptops. 

Intel’s BE200 and BE202 modules fully sup-
port the bene�ts of the new wireless stan-
dard, above all low latency times, high reli-
ability, and high speeds: BE202 enables 
2.4 Gbit/s with 2 x 2 TX/RX streams, BE200 
even 5.8 Gbit/s. Both solutions also support 
the Bluetooth 5.4 standard. Additionally, 
these modules are pre-certi�ed globally, re-
sulting in signi�cant cost savings for custom-
ers. However, VPRO support is currently only 
possible for BE200. Versions for the indus-
trial temperature range or embedded appli-
cations are also not yet available. Both cards 
can be obtained in the M.2 2230 and M.2 
1216 form factors.

Silex has also announced a Wi-Fi 7 platform 
with SX-PCEBE. Like Intel’s products, the SX-
PCEBE plug-in card will also be on o�er in 
two form factors, as an M.2 2230 plug-in 
board and as an SMD M.2 LGA type 1620. In 
addition to Wi-Fi 7, the module also supports 
Bluetooth 5.3, is based on the Qualcomm 
QCC2076 chipset and features an operating 
temperature range of –40°C to +85°C. The 
�rst samples of this module are expected by 
the end of 2024, with series production 
planned for the �rst quarter of 2025. 

Besides the plug-in card solutions mentioned, 
Rutronik already o�ers complete Wi-Fi 7 
routers and mainboards from Asus, as well as 
special avionics routers from Advantech. 
Wi‑Fi 7 chips from MediaTek are now avail-
able for expert developers and high-volume 
projects. Suitable Wi-Fi 7 antennas from 2J 
and Kyocera AVX can also be obtained from 
Rutronik.

Scan the QR code for 
more information about 
Wi-Fi 7 and the product 
solutions in the Wi-Fi 7 
catalogue from Rutronik

Wi-Fi 7 M.2 card 
SX-PCEBE from Silex 

Wi-Fi 7 SMT version of 
SX-PCEBE from Silex
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512 compressed block acknowledgment: 
With Wi-Fi 7, up to 512 data packets (MPDUs 
– MAC protocol data units) can be sent si-
multaneously, compared to 256 data packets 
with Wi-Fi 6. This reduces overheads, thereby 
enhancing overall e�ciency.

Multiple resource units (RU) to a single 
station (STA): Improves �exibility in plan-
ning spectrum resources to increase spectrum 
e�ciency. This is achieved because Wi-Fi 7 
divides the channel into multiple sub-chan-
nels, known as resource units (RUs). This pro-
cedure is similar to the OFDMA procedure of 
Wi-Fi 6. By dividing the channels, interfer-
ence signals a�ect only a portion of the 
WLAN channel rather than the entire chan-
nel, as was the case with previous Wi-Fi stan-
dards. The remaining part can, therefore, still 
be used for data transmission.

Triggered uplink access: Optimizes the up-
link access as de�ned by Wi-Fi 6 to better 
handle latency-sensitive streams and meet 
quality of service (QoS) requirements. The 
stream classi�cation service (SCS) function 
prioritizes sensitive data such as games, 
voice, and video over bulk tra�c by “classify-
ing” data.

Emergency preparedness communication 
services (EPCS): O�er users a seamless NSEP 
(national security and emergency prepared-
ness) service experience while maintaining 
priority and quality of service (QoS) on Wi-Fi 
access networks. EPCS enables access points 
(APs) to communicate with authorized non-
AP stations with higher priority.

Applications with real-time requirements 
bene�t from the signi�cantly improved la-
tency. To achieve the theoretical maximum 
data transmission rate of 46 Gbit/s, WLAN 
stations with 16 data streams (spatial 
streams), i.e. also 16 antennas, are required. 
In practice, this is not practical for small de-
vices like cell phones. For typical home use, 
routers with fewer antennas are generally 

Summary

Like Wi-Fi 6E, Wi-Fi 7 supports the 6 GHz 
frequency band – an advantage, as the 
2.4 GHz frequency band is also used by other 
technologies such as Bluetooth, ZigBee, and 
Thread. However, keep in mind that higher 
frequencies also result in shorter ranges. To 
ensure comprehensive WLAN availability, it 
may therefore be necessary to increase the 
number of access points.

Despite the backward compatibility of Wi-
Fi 7 with previous standards, not only the 
routers but also the end devices must support 
Wi-Fi 7 to fully leverage the bene�ts of  
Wi‑Fi 7. � �
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 �G RedCap – ideal combination of low costs and improved e�ciency

More than just a �G LTE substitute
5G RedCap technology is designed to bridge the gap  
between energy-saving and ultra-fast networks, opening 
the door to a new generation of IoT devices. Discover how 
this technology is revolutionizing the 5G ecosystem and 
propelling IoT applications to a whole new level.

B� L���� L������,  
C�������� P������ M������ W������� 

�� R������


LTE (long term evolution) is a well-es-
tablished wireless communications 
standard that reliably supports a wide 

range of everyday applications that require 
medium data rates. However, for applications 
that demand high speeds or place speci�c re-
quirements, 5G may be the more suitable op-
tion. For instance, 5G provides substantially 
higher bandwidth and lower latency, allow-
ing for faster data transmission and near 
real-time communication. This is crucial to 
support various applications, including aug-
mented reality (AR), virtual reality (VR), au-
tonomous driving, and the Internet of Things 
(IoT). 5G provides numerous bene�ts in terms 
of speed, capacity, and latency, but it also in-
troduces a signi�cant level of complexity. 

5G RedCap, also referred to as 5G NR-Light, 
is designed speci�cally for IoT broadband de-
vices such as wearables, video surveillance 
systems and industrial sensors that need 
higher data throughput and transmission 
rates, along with lower latency. In terms of 
its performance, this positions 5G RedCap be-
tween the highly developed 5G application 

pro�les (eMBB and uRLLC) and the energy-
e�cient IoT technologies (LTE-M and NB-IoT). 
5G RedCap is ideal for applications currently 
based on LTE Cat 1 or Cat 4.

According to Omdia, 5G RedCap modules will 
constitute 18 percent of total cellular module 
shipments by 2030. This is just perfect for IoT 
applications that do not demand ultra-low 
latency but still require a su�cient amount 
of data throughput, with the technology pro-
viding an optimum blend of cost-e�ective-
ness, performance, and energy e�ciency. 
Furthermore, 5G RedCap is the �rst 5G tech-
nology to o�er energy-saving functions (RRM 
relaxation, DRX). The Table shows the speci-
�cations and di�erences between LTE, 5G, 
and 5G RedCap.

Advantages of  
5G-based technologies

The number of networked devices and the 
amount of data in our digital world are con-
tinuously growing. Network capacity is 
therefore becoming increasingly important. 
Thanks to the increased network capacity of 
5G and 5G RedCap, more devices can be con-
nected simultaneously without any loss of 
performance. This enables seamless connec-
tivity in environments with a high density of 
networked devices, for example in smart cit-
ies, Industry 4.0 applications, or at major 
events. 

The faster data rates and substantially in-
creased bandwidth of 5G and 5G RedCap pro-
vide numerous additional bene�ts for both 
businesses and end users. For instance, large 
�les can be downloaded in a matter of sec-
onds or high-resolution videos can be 
streamed without delay. This enables smooth 
performance for applications like AR, VR, and 
cloud gaming. 

The �rst generation of 5G IoT services have left a gap in the mid-speed range. NR RedCap �lls this gap along-
side a range of IoT use cases currently served by LTE Cat 1 and Cat 4.
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Reduced latency allows for more e�cient 
bandwidth usage and minimizes network 
congestion. This results in a more stable and 
reliable data transmission overall. Real-time 
information transmission will also be possi-
ble, which is crucial for applications in the 
�elds of autonomous driving, telemedicine, 
and industrial automation. 

5G RedCap o�ers additional functions that 
have been specially developed for industrial 
applications. This includes network slicing, a 
functionality that allows a single network to 
be divided into multiple virtual networks to 
support various applications with speci�c re-
quirements. Further, 5G RedCap o�ers im-
proved security functions and better integra-
tion of IoT devices into the network. Compared 
to current LTE standards, RedCap will en-
hance performance, particularly in the uplink, 
which is vital for router-gateway applica-
tions, while also boosting e�ciency, which is 
essential for battery-powered devices like 
cameras and telematics units. RedCap devic-
es pro�t from the capabilities of 5G imple-
mentations, while utilizing only a subset of 
its features to strike a perfect balance be-
tween functionality, cost, and power con-
sumption. Typical RedCap devices are wear-
ables, sensors, monitoring systems, and 
other IoT devices.

Variety of applications  
from wearables to AI

The IoT refers to the networking of physical 
devices and objects that are able to commu-

nicate with each other through the Internet. 
5G enables the connection and control of a 
large number of IoT devices in real time. This 
allows smart devices, such as wearables and 
connected vehicles, to be e�ortlessly inte-
grated into our day-to-day lives. The 5G Red-
Cap system is a key module in this process. It 
o�ers a platform for e�cient resource and 
energy management in IoT networks. IoT de-
vices can be managed more intelligently to 
enhance energy e�ciency and prolong bat-
tery life.

The rollout of 5G networks is set to enhance 
the e�ciency and sustainability of not just 
smart homes but entire cities. Sensors and 
IoT devices monitor and optimize various as-
pects of urban life, including tra�c, energy 
consumption, waste management, and public 
safety. The 5G RedCap system facilitates the 

integration and management of a range of 
services and applications on a common plat-
form. This allows towns and cities to utilize 
resources more e�ciently and to improve the 
quality of life of their residents by making 
informed decisions.

Industrial automation involves the use of 
technologies like sensors, actuators, and con-
trol systems to automate industrial process-
es and systems. And, with 5G, these process-
es can become even more e�cient and 
�exible. Fast and reliable data transmission 
facilitates the real-time transmission of large 
volumes of data, thereby enabling the more 
precise control and monitoring of machines 
and systems. When employing RedCap, busi-
nesses can further optimize their production 
processes, reduce energy consumption, and 
slash operating costs.

Comparison of LTE, 5G, and 5G RedCap

Properties LTE Cat 1 LTE Cat 4  5G 5G RedCap Rel 17 

Frequency B1, B3, B7, B8, B20, B28A B1, B3, B7, B8, B20, B28A 5G FR1 and FR2 5G FR1

Bandwidth up to 20 MHz up to 20 MHz 
20 MHz+, up to 120 MHz, 

200 MHz
FR1 – 20 MHz

Data rate
10 Mbit/s DL 
5 Mbit/s UL

150 Mbit/s DL 
50 Mbit/s UL

5G NSA: 
4.9 Gbit/s DL, 0.55 Gbit/s UL  

5G SA: 
4.1 Gbit/s DL, 0.90 Gbit/s UL

150 Mbit/s DL  
50 Mbit/s UL  

up to 220/100 Mbit/s

Latency 50–100 ms 50–100 ms URLLC 1 ms Application-dependent latency

Energy consumption
Lower  

(PSM and eDRX possible)
Higher High

Power-Saving: PSM, RRM  
relaxation and eDRX support in 

idle and restricted to 10,24S

Network infrastructure All-LTE network All-LTE network 5G SA and NSA
5G Standalone (SA)  

(1st-gen RedCap modules also 
support LTE fallback)

Areas of application

Voice, data and mobile applica-
tions, security panels, telematics, 
asset tracking, smart grids, smart 
city solutions, wearables for health 

and �tness monitoring, smart 
homes and buildings, smart waste 

disposal

Mid-tier routers and gateways, 
video cameras

Industrial gateways and enterprise 
routers, SD-WAN, 

�xed wireless access, professional 
4K/8K video, 

factory automation, cloud gaming

Mid-tier routers and gateways, 
video cameras, wearables

FE910C04 (left) and FN920C04 (right) enable 5G  
mid-speed connectivity relying on the latest 3GPP  
Release 17 RedCap technology and are industrial  
grade, rugged, suitable for global use, and equipped  
with enhanced uplink performance, power-saving features,  
and LTE Cat 4 fallback for best coverage.
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The RedCap system is also a key component 
of the 5G infrastructure in the increasingly 
important �elds of arti�cial intelligence (AI) 
and robotics. This is where the system pro-
vides a platform for e�cient resource and 
energy management. In fact, the reliable 
transmission of large volumes of data in real 
time enhances the response times of AI sys-
tems, making interactions with robots more 
e�cient.

Summary

By combining 5G and 5G RedCap, businesses 
can create innovative solutions for Industry 
4.0 applications that demand robust and de-
pendable wireless connectivity. These tech-
nologies also enable them to enhance their 
production processes, boost e�ciency, and 

unlock new business opportunities. And that’s 
not all: Another version of 5G RedCap, eRed-
Cap (enhanced RedCap), is currently under 
development and will be launched in 3GPP 
Release 18. With a data throughput rate of 
10 Mbit/s or 5 Mbit/s (DL/UL), respectively, it 
o�ers additional energy-saving potential. The 
HF bandwidth is set to remain at 20 MHz. 
Commercial availability is expected in 2026. 
Thanks to innovations in the IoT segment, 5G 
eRedCap modules are expected to constitute 
18 percent of total cellular module shipments 
by 2030. � �
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These data cards (FN990A40/A28,  
FN990A40-HP/A28-HP, LTE/5G data card) form the 
basis for IoT, enterprise applications, and video. They 
provide immediate access to the advantages of 5G 
and gigabit LTE.
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Precise positioning and high-speed transmission

UWB today and in the future 
Ultra-wideband technology has become an important wireless 
communication technology with a wide range of applications. 
As development and distribution advance, ultra-wideband 
technology will be pivotal in the next generation of wireless 
communication and positioning.

B� T������ K��������,  
C�������� P������ M������ W������� 

�� R�������

Ultra-wideband (UWB) is a wireless 
communication technology that has 
been evolving since the early 2000s, 

and has seen signi�cant advancements in re-
cent years. Originally used for military appli-
cations and the development of radar equip-
ment, UWB has also conquered the 
commercial market due to its ability for pre-
cise localization and high-speed transmis-
sion, and has developed into an important 
wireless communication technology o�ering 
a wide range of applications. 

Various standards developed by the IEEE, the 
WiMedia Alliance, or the ECMA de�ne the 
basic speci�cations and protocols essential 
for operating UWB in di�erent applications. 
They ensure interoperability between di�er-
ent UWB devices, and enable the develop-
ment and implementation of high-perfor-

mance, reliable wireless communication 
systems.

Di�erentiation from other methods  
and position measurement

With a bandwidth of at least 500 MHz (or 
20 percent of the average carrier frequency), 
UWB o�ers a data transmission rate that is 
at least an order of magnitude higher than 
those of other wireless technologies, such as 
Wi-Fi (20, 40, 80, 160, and 320 (be) MHz) and 
Bluetooth (1 or 2 MHz). UWB uses a very wide 
frequency range, typically covering several 
GHz (3.1 to 10.6 GHz). Like Wi-Fi, UWB also 
utilizes multiple overlapping channels. An-
other key di�erence from other wireless 
transmission methods is that UWB systems 
can operate at lower power levels. This is de-
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�ned by the spectral density, i.e. the trans-
mitted power per MHz bandwidth. In contrast 
to narrowband wireless technologies, UWB 
transmits at levels close to the noise limit. 
Another di�erence is that UWB can use dif-
ferent types of data coding (Fig. 1).

The features speci�ed above enable UWB to 
deliver highly accurate and precise position 
information. Typically, time of �ight (ToF) and 
angle of arrival (AoA) are combined between 
end devices such as UWB-enabled smart-
phones or industrial UWB anchors, and UWB 
tags as positioning methods using wireless 
UWB communication. 

Two-way ranging (TWR) measures the time it 
takes for a signal to travel from a transmitter 
(UWB tag) to a receiver (anchor) and back. This 
method is particularly accurate, as it relies on 
direct time measurements and e�ectively han-
dles multipath e�ects (re�ections). Two TWR 
methods exist: single-sided two-way ranging 
(SS-TWR) uses two distance measurements, 
while double-sided two-way ranging (DS-
TWR) uses three distance measurements. The 
additional measurement with DS-TWR makes 
the measurement more accurate.

Time di�erence of arrival (TDoA) determines 
the transmitter’s position by measuring the 
time di�erence at which a signal arrives at 
multiple receivers. TDoA is particularly e�ec-
tive in environments with multiple reception 
points, and enables real-time positioning of 
moving objects.
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Integration options in existing networks 

Integrating UWB into existing networks such 
as Wi-Fi or other wireless networks requires 
meticulous planning and coordination to 
guarantee seamless interoperability among 
the technologies. Compliance with standards 
like IEEE 802.15.4z ensures that UWB devic-
es from di�erent suppliers are compatible 
with each other and can be seamlessly inte-
grated into existing networks. UWB can co-
exist with other wireless technologies, e.g. 
Wi-Fi and Bluetooth, without interfering with 
them.

Given that UWB and Wi-Fi can be operated 
in the same frequency range, e�ective inter-
ference management is crucial. Collision 
avoidance and handling protocols need to be 
developed to make sure that both technolo-
gies work e�ciently and reliably. This can be 
achieved through time-division multiplexing, 
frequency selection, or other coexistence 
mechanisms. UWB can be used as a supple-
ment to existing localization technologies 
such as Wi-Fi or Bluetooth Low Energy. By 
integrating UWB with these technologies, hy-
brid positioning systems can be created, 
which enhance both accuracy and reliability. 
For instance, UWB can provide precise indoor 
localization, while Wi-Fi or Bluetooth Low 
Energy can be leveraged for broader connec-
tivity and outdoor localization. In environ-
ments where cabling is di�cult or costly, Wi-
Fi networks can be easily extended or 

improved. To achieve this, UWB can serve as 
a wireless backhaul connection, eliminating 
the need for additional cabling. In mesh net-
works with multiple interconnected nodes, 
UWB can be used to improve node localiza-
tion and connectivity. This can enhance the 
reliability and overall performance of the 
mesh network, particularly in environments 
with numerous obstacles or moving objects.

Indoor positioning, healthcare  
and smart home

UWB o�ers a wide range of applications and 
use cases in both the commercial and the in-
dustrial sector. Especially when it comes to 
indoor positioning, UWB stands out from oth-
er technologies. The reasons for this include 
the high positioning accuracy within the cen-
timetre range, the lower susceptibility to in-
terference, and the UWB’s ability to e�ec-
tively handle multipath e�ects caused by 
re�ections indoors. Examples of UWB prod-
ucts include the Apple iPhone 11 and higher, 
as well as vehicles from car manufacturers 
like VW, Audi, and Cupra, which use UWB in 
their vehicles to enhance the security of key-
less go  systems.

Murata currently o�ers three ultra-wideband 
(UWB) modules on the market, with three 
more planned for 2024/2025. Type 2AB (Fig. 2) 
is a compact UWB + Bluetooth Low Energy 
module that is suitable for many applications 
requiring precise detection. Thanks to the in-
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tegrated Qorvo IC QM33120W, the mounting 
area can be reduced by 75 percent compared 
to chip-on-board designs. In addition, the 
UWB module with a Nordic Semiconductor 
nRF52840 o�ers improved design �exibility 
and shorter product development times, as 
customers can draw on a pool of Nordic 
source codes and use the module for other 
wireless tasks at the same time. The module 
also comes with 256 kB RAM, 1 MB �ash, and 
a 3-axis sensor for motion detection. Up to 
three antennas can be used for the system-
in-package module – two antennas for UWB 
and one for Bluetooth Low Energy.

Type 2DK, based on the NXP Trimersion SR040 
and NXP QN9090, is a complete solution de-
signed for battery-operated applications with 
low power consumption. With its integrated 

640 KB �ash and 152 KB SRAM, Type 2DK 
provides ample resources to host UWB func-
tions, aiding OEMs in developing their appli-
cations. The combination of UWB and Blue-
tooth Low Energy makes it ideal for UWB tags 
and trackers. The entire PHY/MAC operation 
is handled within the UWB IC according to 
FiRa Consortium speci�cations in order to 
shorten the time to market.

Type 2BP is suitable for UWB activation of 
larger infrastructures like access control, in-
door positioning anchors, and payment ter-
minals, as well as consumer products such as 
televisions and gaming consoles. The technol-
ogy enhances distance measurement and 3D-
AoA (angle of arrival) with various antenna 
con�gurations, o�ering improved reliability 
and accuracy. The integrated PHYs and MACs 
comply with the FiRa speci�cations and en-
sure interoperability with an ever-growing 
number of UWB devices.

ISP3080 from Insight SiP (Fig. 3) is a highly 
miniaturized LGA module (12 x 12 x 1.5 mm) 
based on the QM33110 UWB transceiver from 
Qorvo and the nRF52833 Bluetooth Low En-
ergy chip from Nordic Semiconductor. Using 
a simple user interface via the SPI connection 
and integrating a Cortex M4 CPU, �ash mem-
ory, and RAM combined with optimized an-
tennas, ISP3080 o�ers a stand-alone solution 
for RTLS, access control, and indoor position-
ing applications. The modules also include a 
3D accelerometer to allow for energy-saving 

modes with wake-up dictated by movement. 
ISP3080 sets itself apart by integrating a 
multiband antenna into the package that 
supports both the Bluetooth Low Energy fre-
quency band at 2.4 GHz and the UWB fre-
quency band at 6.5/8.0 GHz. This is a novel 
concept developed by Insight SiP within an 
SIP package. UWB communication conforms 
to IEEE 802.15.4. ISP3080 o�ers precise lo-
calization with a simple user interface con-
trolled wirelessly via Bluetooth. 

For long-range applications, typically extend-
ing several hundred metres, ISP3080 can be 
paired with an external UWB antenna. Blue-
tooth Low Energy connectivity is compatible 
with Bluetooth 5.1, and enables long-dis-
tance position �nding and functions via Blue-
tooth.

Figure 1: Qualitative comparison of 
the spectral power density bandwidth 

between the wireless  
UWB communication method  

and other methods
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Figure 3: ISP3080 is a stand-alone solution  
for RTLS, access control, and  
indoor positioning applications.

Im
age: Insight S

iP

Im
age: M

urata

Figure 2: Type 2AB is a compact UWB +  
Bluetooth Low Energy module  
that is suitable for many applications  
requiring precise detection.
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YAGEO Group stands at the forefront, embedded in the very fabric of AI technology. Our components are not 

of the critical infrastructure that powers AI. 

Built into Tomorrow, Built into AI.

Figure 4: MS01SF1 can be used in a variety of UWB 
applications such as warehousing and logistics, as 
well as for security and access control. It o�ers TWR 
and TDoA for localizing assets with an accuracy of 10 
cm while supporting data rates of up to 6.8 Mbit/s
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UWB sensors and tags can be integrated into 
industrial networks to enable real-time track-
ing and automation. MS01SF1 (Fig. 4) from 
MinewSemi is an ultra-wideband (UWB) and 
Bluetooth Low Energy 5.2 module integrated 
with the latest Qorvo DW3120 SoC for indoor 
positioning and the Nordic Semiconductor 
nRF52833 SoC as the central processor. It 
supports Bluetooth Low Energy and NFC con-
nectivity as well as other protocols, including 
Thread/ZigBee/IEEE 802.15.4. This module can 
be used in a variety of UWB applications such 
as warehousing and logistics, as well as for 
security and access control. It o�ers two-way 
distance measurement (TWR) and positioning 
systems (TDoA) for localizing assets with an 

accuracy of 10 cm while supporting data 
rates of up to 6.8 Mbit/s.

Summary

UWB is a future technology poised to revo-
lutionize numerous applications with its pre-
cise localization capabilities and high data 
transmission rates. Integration into existing 
networks is facilitated by standardized pro-
tocols, compatible hardware, and supporting 
software. As development and distribution 
advance, UWB will be pivotal in the next gen-
eration of wireless communication and posi-
tioning. � �
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DECT NR+ – the �rst non-cellular �G standard worldwide

The missing puzzle piece in IoT
DECT NR+ �lls a signi�cant gap in wireless connectivity by providing 
a reliable, standardized communication protocol with an unparalleled 
combination of low latency, long range, high data rates, no duty cycle 
limitations, and near-global frequency coverage – all at a low cost. 
This makes it a true alternative to other wireless technologies.

Today, millions of devices, machines, 
sensors, and all kinds of vehicles are 
connected via the Internet of Things 

(IoT). Despite the wide range of wireless tech-
nologies now available, some network sce-
narios were previously not possible with ex-
isting wireless standards due to high costs 
and their vulnerability to interference. The 
introduction of DECT NR+ (New Radio Plus) 
�lls this gap in the IoT ecosystem. DECT NR+ 
is the �rst and only non-cellular 5G technol-
ogy standard worldwide.

From cordless telephony  
to industrial automation

DECT (Digital Enhanced Cordless Telecommu-
nications) was unveiled in 1992 and intro-

B� J����� C�����, C�������� P������ 
M������ W������� �� R�������

duced a year later. DECT is currently recognized 
primarily as a standard for cordless telephony 
and smart home devices and is overseen by 
ETSI (European Telecommunications Standards 
Institute), an independent, non-pro�t organi-
zation dedicated to standardization in the �eld 
of information and communication technolo-
gies. The frequency is now also becoming in-
teresting for very di�erent applications.

DECT, which originated in Europe, has become 
the most widely used standard for cordless 
phones, replacing older analog ones that op-
erated on the CT1 and CT2 bands, which are 
now prohibited for end users. Further, DECT 
has been introduced outside of Europe, with 
various versions implemented in Australia, 
much of Asia, South America, and more re-
cently in North America.
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DECT was originally developed for fast roam-
ing between networked base stations. Besides 
cordless phones that communicate with a 
landline base station, heating valves, sockets, 
or light switches can also establish a wireless 
connection to certain routers thanks to ULE 
with HAN-FUN standards based on DECT 
technology.

Over the years, DECT has been further devel-
oped with several new variants and new au-
dio codecs. Nearly 30 years later, DECT-2020 
NR was approved by the International Tele-
communication Union (ITU) for the IMT-2020 
(= 5G) standard. The new protocol is now re-
ferred to as NR+ (New Radio Plus) by the 
DECT Forum.

What is 5G and which role  
does DECT NR+ play?

In telecommunications, 5G represents the 
�fth-generation technology standard for cel-
lular networks. It divides the coverage area 
into smaller geographical zones called cells, 
which are served by transmission towers. The 

bene�ts of 5G compared to previous genera-
tions include faster data rates, lower latency, 
real-time transmission, and the ability to ad-
dress more devices simultaneously within the 
network. To this end, the 5G standard is di-
vided into three service categories that re-
quire varying characteristics:

Extreme mobile broadband (eMBB) appli-
cations primarily target solutions requiring 
high bandwidth, optimizing cellular devices 
and enabling �xed wireless access such as 
mobile UHD video streaming, high-speed 
downloads, and applications in areas like 
augmented reality (AR) and virtual reality 
(VR).

Massive machine type communications 
(mMTC) support the massive connectivity of 
devices in IoT applications. This area should 
prioritize maximizing the number of possible 
connections while ensuring low data rates 
and minimizing energy consumption. To ac-
commodate the high number of connections 
in a network, collision-free transmission must 
be ensured. A typical application would be 
full soccer stadiums or major events with sev-

eral thousand end device users where only 
one cell phone tower is needed thanks to 5G.

Ultra-reliable low latency communication 
(URLLC) is the third key 5G function that en-
ables reliable connections with low latency. 
In critical applications, it is essential to guar-
antee robust, fail-safe communication with 
minimal delays. For example, URLLC is essen-
tial for applications such as autonomous driv-
ing, precision agriculture, time-critical indus-
trial automation, and critical infrastructures 
of utility companies.

Within the 5G spectrum, DECT NR+ address-
es mMTC and URLLC, o�ering highly scalable, 
reliable communication with low latency and 
extended ranges. This makes DECT NR+ par-
ticularly attractive for applications that re-
quire mMTC and/or URLLC (Fig. 1). IPv6 ad-
dressing enables the potential to reach every 
subscriber worldwide.

Unlike many other wireless standards, DECT 
NR+ is specially designed for industrial use. 
Its uniqueness lies in the blend of proven 
technologies tailored to Industry 4.0 require-
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the world. It is less prone to interference 
compared to traditional ISM and SRD fre-
quency bands and can be used without a li-
cense and fee, unlike cellular frequencies, 
which mobile network operators (MNOs) ac-
quired for a signi�cant price through auc-
tions. NR+ can be used to set up a private 
network that is independent of cellular net-
works or SIM cards. This helps to avoid high 
license fees or overcome regulatory hurdles. 
Safety-critical environments bene�t from a 
fully independent and locally controllable 
network.

The standard was developed with energy ef-
�ciency in mind, a crucial factor especially 
for battery-powered IoT devices. Thanks to 
e�cient transmission and reception protocols 
and compression algorithms, the devices can 
operate for several years, depending on the 
battery capacity and communication volume.

DECT NR+ compared to  
other equivalent technologies

DECT NR+, LoRa, Sigfox, Mioty, LTE-M, or NB-
IoT: Each technology has its own character-
istics, advantages, and areas of application. 

SigFox, Mioty, and LoRa are all part of the 
low-power wide-area network (LPWAN). In 
this area, data can be transmitted over many 
kilometers with low energy consumption, but 
also at a lower data transmission rate. SigFox, 
Mioty, and LoRa have all been on the market 
for a number of years and are, therefore, 
known for their limitations. While SigFox 
failed to establish a comprehensive infra-

structure and has faded from prominence 
over time, Mioty and LoRa users are required 
to construct their own networks. For instance, 
some towns and cities have already set up 
their own LoRaWAN network to connect da-
ta-saving sensors to the Internet. All three 
LPWANs utilize the publicly available and li-
cense-free sub-GHz frequency range. How-
ever, as the free frequencies are accessible to 
everyone and used by countless other wireless 
applications, a high volume of signals may 
result in interference. Moreover, there are 
also signi�cant restrictions when it comes to 
use. A device is restricted to transmitting no 
more than one percent of the time, which can 
pose challenges for routers when having to 
send acknowledge messages to thousands of 
sensors in a short space of time. This also 
makes it practically impossible to transfer 
�rmware updates.

Yet another disadvantage of technologies 
based on the sub-GHz band is regional limi-
tation. Devices produced for Europe are ex-
pected to use the 868 MHz SRD band, while 
915 MHz is available in the USA, and other 
frequency ranges are applied in Japan and 
other parts of the world. Devices made with 
NR+ operate on the same frequency globally, 
allowing for a single certi�cation process. 
This means antenna performance only needs 
to be calibrated once and component logis-
tics can be streamlined under certain condi-
tions. 

In contrast to license-free LPWANs, LTE-M 
and NB-IoT use the licensed spectrum as-
signed exclusively to MNOs. The two stan-
dardized wireless technologies bene�t from 

Figure 1: Diagram of the 5G triangle. DECT NR+ 
complements mMTC and URLLC as a cost-e�ective, 
energy-e�cient, and �exible communication solu-
tion in license-free frequency bands

Figure 2: The �rst products that support the DECT NR+ protocol
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ments, including scalability, robustness, stan-
dardization, and operation in license-free fre-
quency bands. 

How does DECT NR+ work and  
what are its special features?

DECT NR+ supports the three network topol-
ogies point-to-point, star, and mesh and is, 
therefore, a �exible standard to meet various 
application requirements. A key feature of the 
NR+ mesh network is its self-healing and 
self-organizing properties. Each node can 
serve as an access point with a direct con-
nection to the Internet: Should a node in the 
mesh network fail, the data are automati-
cally routed via neighboring nodes. This fea-
ture eliminates single points of failure with-
in the network and automatically resolves 
issues like device failures caused by defects, 
maintenance, or restructuring, which fre-
quently occur in dense IoT networks, all with-
out the need for human intervention or a cen-
tral operator.

NR+ delivers the same low latency and high 
reliability once exclusive to wired connec-
tions or third-party managed and fee-based 
cellular networks. For the �rst time, low-la-
tency systems can operate wirelessly over 
many kilometers at speeds of several mega-
bits per second. Further, the technology is 
highly scalable, supporting up to one million 
nodes per square kilometer within a single 
network.

DECT NR+ operates on the 1.9 GHz band, 
which can be utilized (almost) everywhere in 
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the already extensive global network cover-
age. Compared to LTE-M, NB-IoT excels in 
terms of energy e�ciency and building pen-
etration, but it comes with notably lower data 
rates and higher latency and lacks the ability 
to switch cells during an active transmission. 
LTE-M in contrast constructs a bridge be-
tween LTE and NB-IoT: LTE-M was developed 
speci�cally for IoT solutions that would oth-
erwise be too large and too energy-intensive 
for LTE and would not o�er the required mo-
bility and bandwidth for NB-IoT. 

The trend towards increasingly networked IoT 
devices worldwide not only places signi�cant 
demands on the infrastructure but also 
heightens the need for cost-e�ective and re-
liable solutions that prioritize low energy 
consumption. Compared to other LPWAN 
wireless technologies, DECT NR+ boasts an 
impressive compromise between range and 
latency combined with low energy consump-
tion. Notably, DECT NR+ o�ers exceptional 
scalability, high data rates in the license-free 
1.9 GHz frequency band, and operates inde-
pendently of cellular network providers and 

SIM cards, thereby resulting in signi�cant 
cost savings and making it a highly interest-
ing new alternative. 

The Table on page 64 provides an overview of 
the various technologies.

Application examples

DECT NR+ can be interesting as a cost-e�ec-
tive alternative to existing solutions and 
opens up possibilities for applications that 
have yet to be implemented. NR+ is, there-
fore, particularly suitable for industrial IoT 
applications, smart metering, smart cities and 
professional audio applications.

DECT NR+ o�ers unique features that play a 
key role in modern day Industrial IoT (IIoT) 
and Industry 4.0. The dense network topology 
of NR+ accommodates an exceptionally high 
number of nodes, making it ideal for large-
scale operations. Real-time communication 
between various devices and machines as 
well as a self-organizing and self-healing 

mesh topology are crucial for the automation 
and optimization of production processes.

Smart cities will help to lower carbon dioxide 
emissions through various applications, in-
cluding tra�c management, locating parking 
spaces, optimizing waste collection, enhanc-
ing street lighting, and improving energy 
storage, plus much more. All these applica-
tions require solutions for remote monitoring 
and controlling that are connected to various 
control centers via a network. NR+ was de-
signed to support highly reliable and power-
ful wireless mesh networks, making this ex-
tremely scalable communication both feasible 
and practical. It also enables additional ap-
plications, such as audio transmissions in ur-
ban areas and the connection of stationary 
surveillance cameras or even mobile ones in 
public transport vehicles. Small urban centers 
– like airports, campuses, and shopping malls 
– often have a high concentration of varying 
use cases that demand a low-latency, high-
data-tra�c and reliable network, and these 
settings would greatly bene�t from a private 
and cost-e�ective DECT NR+ network.

Advertisement
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The smart energy market is already well-es-
tablished and will certainly continue to grow. 
A key bene�t of NR+ is that it o�ers a stan-
dardized alternative to those proprietary so-
lutions already in use. Its mesh network to-
pology also enables the connection of various 
local clusters, thereby increasing the overall 
range. By utilizing the license-free global 1.9 
GHz frequency band, DECT NR+ allows for a 
standardized solution that can be implement-
ed worldwide at optimized low costs. DECT 
NR+ can therefore be employed in smart me-
ters, for example to record energy and water 
consumption data in real time and to trans-
mit them to various utility companies. Be-
sides transmitting consumption data, bidirec-
tional communication also enables the 
remote control of meters and devices such as 
for the remote-controlled switch-o� of smart 
washing machines or for sending information 
about tari� changes to household consumers. 

Wireless microphones and audio transmission 
systems also pro�t from the new technology. 
DECT NR+ o�ers stable, interference-free 
transmission with low latency, which is ab-
solutely essential in live environments. Espe-
cially at large events in extensive areas, such 
as concerts, festivals, or soccer stadiums, it 
is possible to transmit undisturbed on the 
1.9 GHz frequency band, independent of 
many 2.4 GHz interference sources (Blue-
tooth, Wi‑Fi). 

First products with DECT NR+ available

Nordic Semiconductor is currently the only 
supplier on the market that supports the DECT 
NR+ protocol and already o�ers its own DECT 

NR+ compatible modules. The mesh software 
is obtained from the Finnish third-party pro-
vider Wirepas and the audio software from 
Lynq.

Nordic Semiconductor currently o�ers three 
DECT NR+-capable products in the nRF91 se-
ries: nRF9161 SiP, nRF9151 SiP, and nRF9131 
mini SiP. 

nRF9151 is a highly integrated and compact 
system-in-package (SiP) solution speci�cally 
designed for cellular IoT and DECT NR+ ap-
plications. Through the use of power-saving 
LTE technology, advanced processing capa-
bilities, and robust security features, nRF9151 
o�ers high performance and versatility and 
supports 3GPP Release 14 LTE-M/NB-IoT and 
DECT NR+.

All three modules are equipped with a pow-
erful ARM Cortex-M33 processor, which 
manages processing of the communication 
protocol and the customer application and, 
therefore, does not require any additional 
microcontrollers in the end devices. To select 
the best possible and most energy-e�cient 
communication for its application, all the 
modules support LTE-M, NB-IoT, and GNSS 
positioning in addition to DECT NR+. All 
three variants are almost identical in terms 
of their functionality. However, minor di�er-
ences between the modules do exist: Com-
pared to its predecessor (nRF9161), nRF9151 
has a 20 percent smaller footprint. It also 
supports a further power class 5 thanks to 
20 dBm output power. In contrast, nRF9131 
is better suited for high-volume cellular IoT 
applications that require individual certi�ca-
tion, which can be somewhat costly for cus-

tomers. Alternatively, it is speci�cally de-
signed for DECT NR+ applications, which are 
license-free and do not rely on cellular net-
works at all. Therefore, nRF9151 or nRF9161 
is more likely to be used for a possible fall-
back scenario to cellular radio if an NR+ 
gateway is not within range. And by omitting 
the PMIC (power management IC), nRF9131 
is much smaller than nRF9151.� �

Property DECT NR+ LoRa Mioty SigFox LTE-M NB-IoT

Frequency 1.9 GHz 868 MHz (EU) 
915 MHz (US)

868 MHz (EU) 
915 MHz (US)

868 MHz (EU) 
915 MHz (US)

700–2,200 MHz 700–2,200 MHz

Range 3–10 km Up to 15 km Up to15 km Up to 10 km Up to 11 km Up to 15 km

Data rate High (3�Mbit/s – 
9�Gbit/s)*

Slow (50�kbit/s) Very slow (500�bit/s) Very slow (600�bit/s) Medium (1�Mbit/s) Slow (250�kbit/s)

Latency Very low (< 1�ms) High (approx. 1�s) High (approx. 1�s) High (approx. 2�s) Low (10–30�ms) High (1.5–10�s)

Energy 
consumption

Very energy efficient Very energy efficient Very energy efficient Very energy efficient Very energy efficient Very energy efficient

Scalability Extremely high (up 
to one million nodes 
per km�)

High High Low Medium Medium

Topology Point to Point, Star, 
Mesh

Star Star Star Star Star

Areas of 
application

Industrial IoT 
Smart City 
Smart Metering 
Professionell Audio

Smart City 
Smart Farming  
Smart Environment

Smart Metering 
Building Management 
Industrial IoT 
Smart City

Applications for very 
small data volumes 
only: 
Smart Cities  
Smart Building

Wearables 
Smart Cities 
Health Care

Smart Metering 
Environment Monitoring 
Building Management

Overview of the di�erences and possible uses of the six technologies in various areas of application. 
*) For low-power operation 3 Mbit/s; but technically up to 9 Gbit/s possible
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 Reference design for on-board chargers

Focus on 
miniaturization

The circuit design of a compact charger with a  
three-phase mains connection, featuring high 

power density and e�ciency, aids developers in 
implementing new designs.  

A three-phase mains connection for 
onboard chargers provides notable 
 bene�ts, such as faster charging, im-

proved e�ciency, and reduced current load 
per phase. However, it also brings with it ad-
ditional technical and infrastructural chal-
lenges, including complexity, costs, heat 
management, grid compatibility, and regu-
latory requirements. The development of 
such systems requires careful planning and 
design choices to achieve the aforesaid ad-
vantages while managing to overcome the 

challenges – especially now that onboard 
chargers (OBC) are becoming increasingly 
important. 

For this reason, the Automotive Business Unit 
(ABU) at Rutronik, together with its partners 
Vishay and Bosch Automotive Electronics 
(Bosch AE), has developed a reference design 
for an onboard charger with a three-phase 
mains connection for 400 V and a connected 
load of 11 kW as part of the “Reference de-
signs for automotive applications” initiative.

B� E���� S������, F���� A���������� 
E������� �� ��� A�������
� B������� 

U��� (ABU) �� R������� 

The Automotive Business Unit (ABU) is tai-
lored speci�cally to the automotive indus-
try, partnering up with specially selected 
top-tier suppliers from the automotive 
sector. The ABU team sees itself as a con-
sultant and intermediary, focused on un-
derstanding customer challenges and of-
fering tailored information and expert 
recommendations. 

The Automotive Business Unit is celebrat-
ing its tenth anniversary this year, and was 
holding its �rst ever Rutronik Automotive 
Convention in the USA in October 2024.

About the Rutronik  
Automotive Business Unit

Automotive | Future Mobility      

�V�V�V�
�K�T�L�A�D�Q�F�
�B�N�L

versatile possibilities
 for power applications

and compact control units

mating with tab contacts –
mateable from top, lateral or 

bottom direction

SMT and THT –
also suitable for laser welding

up to 75 A

Booth: B2  207

High-Current eeee
Contact Elements



�� www.rutronik.comCommitted to excellencePowered by2024

Automotive | Future Mobility      

cuit. MOSFETs therefore contribute signi�-
cantly to reducing the required overall di-
mensions.

The power modules in the EMIPAK 2B pack-
age further support miniaturization. They of-
fer high power density and are robust and 
�eld-proven. Their press-�t contacts ensure 
a secure and durable connection to the print-
ed circuit board. Moreover, they can be eas-
ily and cost-e�ectively incorporated into the 
manufacturing process of the end product.

Integration of the power semiconductors into 
a package ensures low space requirements 
with excellent heat dissipation. The EMIPAK 
2B base plate can be e�ortlessly connected 
to a water-cooled heat sink in the vehicle, for 
instance. 

After DC/DC conversion, an asynchronous 
recti�er consisting of SiC diodes recti�es the 
voltage. In�neon is another partner and pro-

56.8 ±
 0.3

52.7 ±
 0.5

51 ±
 0.15

20.4

16.6

1.6

6.4

62.8 ± 0.3

53 ± 0.15

42.5 ± 0.15

37 ± 0.5

6.4

9.6

12.8

9.6

12.8

16 16

3.2

3.2

12 ± 0.35

4.3 ± 0.3

3 ± 0.15

4.8

8
8

11.2
11.2

14.4
14.4

17.6
17.6

20.8
20.8

24
24

1.6

4.8

0.4

Ø
 4.4 ± 0.1

P
in position

�������������������������

56.8 ± 0.3

52.7 ± 0.5

51 ± 0.15

20.4

16.6

1.6

6.
4

62
.8

 ±
 0

.3

53
 ±

 0
.1

5

42
.5

 ±
 0

.1
5

37
 ±

 0
.5 6.
4

9.
6

12
.8

9.
6 12

.8

16
16

3.
2

3.
2

12
 ±

 0
.3

5 4.
3 

±
 0

.3

3 
±

 0
.1

5

4.8

88

11.2 11.2

14.4 14.4

17.6 17.6

20.8 20.8

24 24

1.6

4.8

0.4

Ø 4.4 ± 0.1

Pin position

�������������������������

Im
ag

e:
 V

is
ha

y

Particular focus is placed on miniaturization 
during the near-series development phase. In 
terms of its circuitry, the OBC consists of a 
Vienna recti�er with power factor correction, 
recti�cation, and a downstream DC/DC con-
verter. The concept is brought to life with 
state-of-the-art high-performance compo-
nents and the latest silicon carbide (SiC) 
technology. Discrete high-performance com-
ponents and the package technology for the 
power modules are provided by Vishay. The 
non-packaged, silicon carbide MOSFETs (met-
al oxide semiconductor �eld-e�ect transis-
tors) come from Bosch AE. The result is a 
compact charger with high-power density 
and e�ciency. The recti�er with power factor 
correction is suitable for a wide input voltage 
range. Its application also facilitates compli-
ance with circuit feedback requirements like 
EMC and reactive kVAh.

The DC/DC converter is designed as a galvan-
ically isolated resonant converter with 500 V 

secondary voltage and switching frequencies 
of between 150 kHz and 250 kHz. The key 
components are the pulse transformers and 
the resonant capacitors. The losses of both 
components have a signi�cant impact on the 
overall e�ciency of the converter.

New components  
enable miniaturization

The design uses the new 750 V series SiC 
MOSFETs from Bosch AE. Vishay integrates 
the silicon carbide dies into its EMIPAK 2B 
power modules (see Fig.). The SiC-MOSFETs 
have low on-resistances and enable high 
switching frequencies. At the same time, 
they exhibit low switching losses. The high 
operating frequency allows for the use of 
smaller inductances and capacitances. This 
enables smaller chokes, smaller pulse trans-
formers, and smaller capacitors, which are 
essential for the mains �lter or resonant cir-

Advantages of the silicon carbide power MOSFETs in an EMIPAK 2B package: Equipped with 
PressFit pins for easy installation, the exposed substrate enhances thermal performance, 
while the optimized layout helps to reduce stray parameters for better EMI performance. 
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vides the microcontroller and the gate driv-
ers.

New developments in a  
short period of time 

The Automotive Business Unit at Rutronik 
along with its partners is excited about a cir-
cuit design that sparks new ideas and facili-
tates the transfer of knowledge. The develop-
ment process of the customer is promoted 
and accelerated by Rutronik’s comprehensive 
documentation and support. This includes 
free circuit diagrams and bill of materials 
(BOM). Moreover, the customer can custom-
ize the design to meet their needs. This allows 
developers to create bespoke products for 
various applications.� �
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Reference design for micromobility with �� V traction inverter

For the mobility of tomorrow
Traction inverters are crucial for the performance and e�ciency 
of modern electric and hybrid drivetrains. Especially for the 
increasingly popular micromobility market, they must meet 
special requirements in terms of their size, weight, e�ciency, 
and costs.

B� R���� N���, F���� A���������� 
E������� �� ��� A���
����� B������� 

U��� (ABU) �� R�������

Micromobility refers to lightweight, 
often electrically powered, trans-
portation designed for short dis-

tances in urban environments. Prime examples 
include e-scooters, e-bikes and e-skateboards. 
Due to their e�ciency, comfort, and environ-
mental friendliness, these mobility solutions 
have become very popular – especially for dis-
tances that are too far to walk comfortably 
but too short for conventional vehicles.

The traction inverter is a key component in 
the drive system of electric vehicles. It con-
verts direct current (DC) from the vehicle bat-
tery into alternating current (AC), which pow-
ers the electric motor to drive the wheels. The 
traction inverter also manages the �ow of 
current from the battery to the motor, con-
trolling speed, torque, and regenerative brak-
ing. It plays a crucial role in determining the 
overall performance, e�ciency, and respon-
siveness of the vehicle.

Lightweight, compact,  
and cost-e�cient

Micromobility places special demands on 
traction inverters – they have to be compact, 
lightweight, and capable of e�ciently man-

aging the power needs of the small electric 
motors. Technological advancements have 
propelled the development of traction invert-
ers, resulting in smaller, lighter, and more ef-
�cient designs. Traditionally, bipolar traction 
inverters with an insulated control electrode 
(IGBTs) based on Si  technology were used for 
power conversion. The use of semiconductors 
with a wide-bandgap o�ers improvements in 
terms of e�ciency and thermal behavior: 
Modern materials such as silicon carbide (SiC) 
and gallium nitride (GaN) enable higher 
switching frequencies, lower power losses, 
and greater power density. Additionally, ef-
fective cooling methods are necessary to 
maintain optimal performance and reliability 
under demanding operating conditions. The 
challenge of dissipating the heat generated 
during operation has been solved by advanc-
es in thermal management.

Reference designing  
as a team 

Together with its partner Vishay, the Automo-
tive Business Unit at Rutronik has developed 
a traction inverter that meets the require-
ments of 48 V micromobility (Fig. 1). A deci-
sive step was selecting the right components. 

Figure 1:  
Prototype of the traction inverter 
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Figure 2: Printed circuit board of the traction inverter. Upper side with the DC link capacitors 
MAL218397998E3 (left). The surface-cooled MOSFETs are located on the underside of the PCB. The Power 
Metal Strip resistors WSLP5931 (right) are located in the center.
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Conductive Polymer Hybrid Aluminum Electrolytic Capacitor
Features
�v Excellent ripple characteristics
�v Very low ESR
�v Excellent low temperature  
 characteristics (-55°C)
�v Resolving the risk of short  
 (dielectric self-restore function)

Applications
�v Automotive
 �v Engine Control Unit
 �v HVAC
 �v Electric pump controller
 �v DC-DC converter
�v Communication equipment
 �v 5G repeaters
�v Household appliances
 �v Vacuum cleaner (BLDC motor)
 �v TV SMPS
�v Medical devices

In addition to current market requirements, 
the term “micro” also implies size require-
ments. Besides installation space, factors 
such as compatibility, heat dissipation, me-
chanical load, and component life cycle were 
also considered when selecting the compo-
nents. 

The result is a model implementation of a 
universal traction inverter designed for 48 V 
electrical systems for drivetrains in light-

weight L7e electric vehicles (four-wheeled 
vehicles with a maximum power output of 
15 kW and a maximum speed of more than 
45 km/h) and lower. 

The reference design is based on cutting-
edge, high-performance components such as 
power MOSFETs, TVS diodes, switching diodes 
and recti�ers, capacitors, resistors, NTC and 
PTC thermistors, as well as input �lters (in-
ductors and EMI �lters). The 48 V traction 

inverter has a continuous power output of 
10 kW and a peak power output of 15 kW. 
The single PCB design reduces the complex-
ity of the overall system.

The reference design demonstrates the circuit 
structure (Fig. 2) and the suitability of the 
selected components for the application 
(Table). As such, it serves as a customer guide 
for selecting components when developing a 
similar charger. 

Advertisement

Type / Series Description Properties Advantages

SQJQ184ER
TrenchFET Automotive  
N-Channel MOSFET

80�V, low RDSon,  
low RthJC, top-side cooling,  
AEC-Q101

Automotive quality, low power loss, direct heat dissipation from the 
top, no heat dissipation through the PCB required, simple printed 
circuit board material, fewer vias

WSLP5931, 
Power Metal 
Strip

Shunt resistor
AEC-Q200, low TCR  
(temperature coefficient of resistance),  
low thermoelectric voltage

Automotive quality, direct measuring principle with linear transfer 
function, insensitive to stray magnetic �elds, no saturation effects 
during/after overcurrent

SiPQ32433B
eFuse IC with adjustable and 
precise overcurrent limitation

AEC-Q100, short response time, adjustable 
switch-on edge

Automotive quality, resettable fuse, fast triggering characteristic 
protects voltage source and electronic loads

183CPHT 
Hybrid polymer aluminum 
capacitor

AEC-Q, 125°C, vibration resistance up to 
30G, low ESR

Automotive quality, suitable for harsh environments, low self-heating, 
SMD can be populated

VOMA617A
Optocoupler with phototransistor 
output

AEC-Q101, high current carrying capacity, 
small �at package, 3,750 V RMA isolation 
voltage

Automotive quality, direct control by microcontroller possible, low 
space requirement on the printed circuit board

Properties and advantages of the components used for the reference design
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cessible to consumers. At the same time, 
there is increasing demand for specialized 
traction inverters tailored to the unique needs 
of micromobility vehicles, including size, 
weight, e�ciency, and costs, while delivering 
the performance and reliability necessary for 
urban tra�c.

Moreover, the electri�cation of transport 
opens up new opportunities for grid integra-

tion and demand management. Bidirectional 
charging functions enabled by traction in-
verters allow electric vehicles to act as mobile 
energy storage devices, feeding energy back 
into the grid during peak load periods or pro-
viding backup power in emergencies. ��

Figure 3:  
Design of the traction inverter 
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Traction inverter o�ers new opportunities 

The e�ects of traction inverter technology 
extend well beyond individual vehicles, shap-
ing the entire landscape of electric mobility. 
As electric vehicles become more prevalent, 
economies of scale and technological ad-
vancements will lower the costs of traction 
inverters and make electric drives more ac-
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