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Thomas
Rudel,
CEO Rutronik

Be a rationalist,
not a reactionary

Dear readers,

The coronavirus crisis continues to grip the world. After early suc-
cess in fighting the pandemic, infection numbers began to rise again
in the third quarter. This presents major challenges for the global
economy. Supply chains have been disrupted, there are production
bottlenecks in some countries, and this in turn has an adverse impact
on the flow of goods. And the pandemic means restrictions for us as
individuals too.

Despite this — or perhaps because of this — it is important to remain
rational, to maintain a broader perspective, and to avoid decisions
taken at a whim at the expense of long-term goals. For Rutronik, this
means that our product marketers will continue to work with field
application engineerings, sales staff, customers, and partners on the
innovations of tomorrow.

Whether it’s about charging systems, 48 V on-board networks, or
small drives for interior features in the automotive sector, the new
5G mobile communication standard, lighting concepts for agricul-
ture, or new energy storage concepts, these are all topics that were
important before the coronavirus pandemic and they still are now.

What is certain is that the global economy will change, and Rutron-
ik will change with it, which is why we as an owner-managed family
company have a particular responsibility to quickly identify disrup-
tive technologies, new markets, and potential, as well as to partici-
pate in the development of innovations. This allows us to offer our
customers and partners the support that they’re accustomed to and
rightfully expect from Rutronik.

Security of supply is a special asset in terms of disrupted supply
chains and production stoppages. We are proud of having managed
to preserve our ability to deliver without any limitations, even at the
height of the pandemic. This has allowed us to help our customers
maintain their own production capacities, which ultimately protects
jobs. This is something that should not be understated, especially in
such economically perilous times.

Thanks to forward-looking planning and personal commitment, our
partners can obtain the right components for their project from us
while also receiving the support of our qualified team’s expertise
— from initial idea to the end of a product’s life cycle. This all-en-
compassing support is what defines us, and this is why our partners
depend on Rutronik as their choice of distributor. We employ care-
ful, long-term planning as opposed to relying on short-term gains
and quarterly figures.

Let’s work together to emerge from this crisis all the stronger — in
keeping with our motto: committed to excellence!

Yours truly,

Thomas Rudel

Reliable
choices for

your power
needs

Whether you're
designing a smart
home system or

a next-generation
medical device,
Molex has a broad
range of connectors
and a growing
variety of off-the-
shelf cables to help
power innovative
designs.

For more information
visit rutronik.com/
molex
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Power electronics

Si, Si-Schottl

SiC Schottky?

The growth in the use of silicon carbide (SiC) in power electronics
is gaining pace, because it allows for reduced power and switching
losses as well as more compact form factors compared to silicon — and
falling prices make it an increasingly compelling option for power

\%

By THOMAS BoLz
AND EmILIA MANCE,
BOTH PRODUCT SALES MANAGERS
STANDARD PRODUCTS AT RUTRONIK
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semiconductor developers.

ever-greater switching performance at

ever-higher voltages. Space require-
ments, weight, and efficiency also play a key
role in choosing components for applications
such as industrial motor control systems, re-
newable electricity generation, and electro-
mobility. The aim is to minimize costs and
workload while maximizing the quality of the
applications.

I n power electronics, the demand is for

While silicon (Si) diodes are usually the stan-
dard product of choice here, components
based on SiC offer significant advantages, es-
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pecially from a voltage of 600 V upwards. As
high-performance components in circuit ap-
plications are always used with pulsed cur-
rents, they also need to account for the
switching losses as well as the EMI (electro-
magnetic interference) generated by the re-
verse recovery currents.

..........................................................

Switching and
forward voltage losses

..........................................................

Switching losses are incurred with each
switching process - for example, when
switching components on or off. As switch-
ing frequencies increase, so too do the cor-
responding losses and thus the overall pow-
er loss of the system. This is why, when
switching frequencies are high, much of the
total power loss of the system is due specif-
ically to that. If Si components are used in
these applications, the high power losses and
resultant heat generation require the load
current to be limited or costly cooling to be
implemented.

In terms of network frequency, forward volt-
age losses play the greater role, while with
switching frequencies from a few 100 Hz up-
ward, the switching losses incurred with
these are dominant.

With a very high reverse voltage, reverse
voltage losses also play a role - especially at
high temperatures. SiC Schottky diodes are
ideal in these cases, as they offer very low
reverse recovery currents and short reverse
recovery times, which allows them to heav-
ily reduce the associated energy losses.

www.rutronik.com
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To calculate total loss, we apply:

P =P +P +P (switching losses + forward
voltage losses + reverse recovery losses)

While power loss in the diode increases as v
the forward current increases with a forward
bias, it remains constant with a reverse bias.
This is why the leakage current (I)) of SiC
Schottky diode in the booster accounts for a
not insignificant share of the total loss with
a low output current.

At high currents, on the other hand, the for-
ward voltage (U,) is the dominant factor. Be-
cause the Schottky diode spends most of its
time in reverse-bias operation, the reverse
recovery current has a significant impact on
the diode's power loss, so it is not enough to
simply keep the forward voltage of the diode
as low as possible. It makes more sense to
consider IR and UF in tandem and to evalu-
ate how they both contribute to the total

8-36V

loss of the diode. -

Fﬂﬂwd by
The higher the output voltage of the booster, FUjltsu ) AMDZ
the higher the switch-on time and the longer
the Schottky diode remains in reverse bias.
Reducing the forward voltage with Schottky
diodes increases the residual reverse current,

making it necessary to find the ideal diode. High connectivity combined with best (graphics) perfor-

mance and a wide range DC-in of 8-36 V supported by the
latest AMD Ryzen™ processors.

sj1uoiiny :2inbiy

+ O_NW DI O + 5 versions available with different processors of the
AMD Ryzen® V1000 and R1000 series and a TDP from
U; S C U, 12 to 54 Watt
SoCintegrated AMD Radeon™ Vega GPU for
- O O - brilliant graphics performance
Boost converter principle Supporting up to four independent displays in 4K
resolution via DP V1.4, eDP 1.3 and Dual Channel LVDS
So when choosing diodes, it is essential to M.2 Key-B, M.2 Key-M & Mini-PCl Express” supported

minimize forward voltage losses, switching

losses, and charge while also maximizing

breakdown voltage and soft commutation. To

ensure good energy efficiency, considering to- www.kontron.com
tal power loss instead of individual module

parameters is often a more logical approach

with Schottky diodes.

Due to their lower switching losses and the
absence of reverse current spikes when
switching the diode off, SiC Schottky diodes
are much more efficient than Si diodes. Radio
interference is reduced accordingly, and the
EM behavior of the system as a whole is im-

oroved. POSSIBILITIES START HERE % kontron

S&T Group

www.rutronik.com
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Thermal design plays a key role in power elec-
tronics systems to ensure a high power den-
sity, thus enabling the production of more
compact systems. At high currents, Si Schott-
ky diodes are susceptible to excessive heat
output. The combination of high heat levels
and elevated leakage current (1) can result in
an increase in package and ambient tempera-
ture. Improper thermal design therefore might
generate heat levels that cannot be dissipat-
ed. A possible result of this is thermal run-
away, which is an extreme rapid build-up of
heat that may damage the component and
possibly even the system as a whole.

b
¥

The STPSC10H12
Powered by Markt&Technik

Figure: STMicroelectronics

SiC diodes from
STMicroelectronics are
especially suitable for
use in PFC and second-
ary applications and
increase performance
under hard switching
conditions.
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The temperature relationship of SiC Schottky
diodes is massively different from that of Si
Schottky diodes. The heat conductivity of sil-
icon carbide is almost three times higher than
that of silicon, making SiC ideal for higher
operating temperatures. Less heat loss when
operating SiC power semiconductors also en-
tails greater efficiency and smaller heat sinks,
which reduces the space requirements of the
application and its weight.

As the forward voltage (V) increases with op-
erating resistance at higher temperatures, this
helps to prevent thermal runaway, enabling
SiC Schottky diodes to also be connected in
parallel. Due to their positive temperature co-
efficient, they are also more suitable than sil-
icon diodes for parallel circuits at high volt-
ages.

European standard EN 61000-3-2 defines the
limits for the harmonic content of the mains
current for devices intended for sale to the
general public and having active power. It also
defines restrictions and exceptions where
75 W is exceeded. In practice, this means that
the use of a bridge rectifier with subsequent
filtering is in many cases not permitted for ba-
sic AC/DC conversion, as the mains current in
this case is pulsed and exhibits a higher har-
monic content. A booster known as a power
factor pre-requlator or power factor corrector
(PFC) is used to keep it roughly sinusoidal.

A CCM-PFC controller (continuous conduction
mode) is the preferred active topology for very
high performance PSUs. This design imposes
the following requirements on the flyback di-
ode:

* low reverse recovery time/charge (t /Q,) in
order to reduce the switch-on losses of the
MOSFET and the switching losses of the di-
ode

* alow forward voltage (V) in order to reduce
conduction losses

e asoft reverse recovery curve to reduce elec-
tromagnetic radiation (EMI)

The SiC Schottky diode is thus the ideal solu-
tion in this case.

Committed to Excellence

Si diodes are the first choice for low-voltage
applications. In high-voltage applications of
600V to 1200 V on the other hand, SiC diodes
offer significant technical advantages that
make the higher costs worth it. In the 200-
600V range, switching frequency and current
are the critical factors. SiC diodes are required
in various applications, including in charging
stations for electric cars and on-board char-
gers (OBCs), in power converters for electric
and hybrid vehicles, switched-mode power
supply units and PFC circuits, as flyback diodes
for inductors and MOSFETs/IGBTs, and as in-
verters in DC/AC converters for solar and wind
power.

Rutronik offers ultra-fast high-voltage diodes
from STMicroelectronics. These are ideal for
cost-sensitive applications, and with a low for-
ward voltage (V), they are suitable for the in-
put of an AC rectifier bridge. These STTHxx Si
diodes are designed for 600 V to 1,200 V with
a current capacity of 5 A to 30 A.

The Schottky rectifier diode STPSC10H12 with
SiC substrate offers a low forward voltage and
a rated voltage of 1,200 V thanks to the large
band gap of the material. Due to the Schottky
design, it exhibits no reverse recovery time
during switch-off and has a negligible oscilla-
tion tendency. Their minimal capacitive
switch-off behavior is independent of tem-
perature. The SiC diode STPSC10H12 is espe-
cially suitable for use in PFC and secondary
applications and increases performance under
hard switching conditions. It is specified for
operation at junction temperatures of between
-40°C and +175°C. An AEC-Q101-qualified
version for automotive used is also available
in the form of the STPSC10H12-Y, which also
supports PPAP. |

www.rutronik.com
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Bipolar junction transistors

A challenger for MOSFETSs

Digital switches are usually created using MOSFETs, but bipolar
junction transistors have become an alternative to be taken seriously
when it comes to models with low saturation voltages. For applica-
tions with low voltages and currents, they provide not only superior
current amplification but also cost benefits.

needs to amplify the base current pre-

cisely enough for the output voltage to be
close to zero or so that only the saturation
voltage of the transistor is measurable. MOS-
FETs are usually used for this purpose because
they do not require any underlying controller
as voltage-controlled components. On the
other hand, bipolar junction transistors (BJTs)
are current-controlled components that re-
quire an underlying controller capable of con-
tinuously carrying current.

V I n load switch applications, the transistor

By THomASs BolLz,
PrRODUCT MANAGER STANDARD PRODUCTS
AT RUTRONIK

Bipolar junction transistors with a much high-
er current gain (h.) and a much lower satu-
ration voltage (V) can get by on a much
lower base current, though. Their higher cur-
rent gain reduces the base current enough to
allow it to be directly switched by the micro-
controller. For example, if a transistor needs
to conduct a 1 A current and has an h_ of 100,
the base current needs to be at least 10 mA
to ensure that the transistor is saturated. If
the transistor provides a current gain of 500,
2 mA is sufficient.

It also significantly reduces the losses via the
base bias resistor and the base-emitter volt-

\5“««%

Bipolar junction transistors
provide mobile devices with

crerstoct N
a longer service life.

Figure: IB Photography/Sh¥
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age (V). If the transistor is operated as a low-
frequency switch, the low saturation voltage
drops reduce the collector-emitter power dis-
sipation and enable higher collector currents
(I) on a standardized chip surface.

For a fully-on state, the low-V,_, BJTs there-
fore require a low base-emitter voltage of just
0.3 to 0.9 V, making them ideal for low-volt-
age switching applications. This control volt-
age applies across the entire temperature
range.

If bipolar junction transistors are used as sat-
urated switches, they can also affect the con-
ductivity of the collector region, thus reducing
the collector-emitter resistance considerably
while saturated (RCE(sat))' MOSFETs do not offer
this conductivity. However, this does increase
the reverse recovery time of the base, which
means longer switching cycles.

Due to their transit frequency, these transis-
tors can only be used for applications involv-
ing up to several hundred kHz. Dividing the
transit frequency by the current gain factor
produces the cut-off frequency. This is defined
as the threshold at which the current gain
falls to -3 dB (i.e. a factor of 0.707). It is im-
portant to maintain some distance from this
cut-off frequency.

..........................................................

..........................................................

Due to their high gain performance, low-VC-
Esat BJTs are also more efficient than conven-
tional BJTs and MOSFETs, so when combined
with a base resistor, they can replace a MOS-
FET and a Schottky diode. This provides ben-
efits in the form of longer battery charge life
and reduced component costs, especially with
mobile and/or battery-operated applications
such as electric toothbrushes, shavers, or hand
mixers. Bipolar junction transistors are also

www.rutronik.com
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The 45 V NPN small-signal bipolar junction transistor BC847BFZ from Diodes is 40% smaller
than comparable DFN1006, SOT883, and SOT1123 components while providing greater performance.

much less sensitive to ESD (electrostatic dis-
charge) compared to MOSFETs with an ESD
tolerance of over 8,000 V, and they also offer
internal protection against voltage spikes.

The gain of the transistors increases even fur-
ther with higher temperatures. At the same
time, the share of the base-emitter voltage
relative to the forward voltage (VBE[Sat)) present
at the maximum permitted base current is re-
duced. As a result, the collector-emitter re-
sistance at saturation (RCE(sat)) is lower for BJTs
than the on resistance (RDS(On)) of a comparable
MOSFET. BJTs also generate less heat at high-
er current densities and/or under continuous
current than MOSFETs with the same chip sur-
face area.

Also, the saturation voltage remains propor-
tional to power loss at a given load current.
Low-V. BJTs therefore offer lower power
loss, which in turn results in a reduced need
for heat sinking. Considering the total power
loss, however, it is also important to consider
the losses incurred in controlling the base.
When using low-V_. BJTs with higher gain,
these too are lower.

Another advantage of bipolar junction tran-
sistors is that they can block in both direc-
tions, eliminating the need for an additional
anti-parallel MOSFET. They are also cheaper,

12 RUTRONIKER 2020 Powered by Markt&Technik

thus offering a significant cost advantage over
MOSFETs.

..........................................................

..........................................................

BJTs can provide a switching performance
many times higher than their maximum per-
mitted power loss because a transistor oper-
ating as a switch has two stationary operating
points. If enough base current flows into the
first, this results in a collector current that
closes the switch, across which there is only
a residual voltage drop. As the base current
at the second operating point is therefore
zero, the transistor at which the full operat-
ing voltage is present serves as a block. The
transition between the two operating points
is very fast. This allows the load line to be po-
sitioned such that it cuts the power loss hy-
perbola when the transition from conducting
to blocked transistor and vice versa is fast
enough and does not occur too frequently. The
stationary operating points only need to be
located below the hyperbola.

Because BJTs enable very fast switching in the
linear range and offer a high pulsed current
with a high current density, they are suitable
for use as drivers for controlling MOSFETs. This
allows for reduced dimensions and lower costs
compared to specialized IC driver solutions.

Committed to Excellence

..........................................................

..........................................................

Low-V_, BJTs are typically available with a
maximum collector-emitter voltage (V) of
12 to 100 V and collector currents of up to
several ampere in SOT packages. The smallest
bipolar junction transistors in the world are
currently delivered in DFN0606-3 ultra-small
packages from Diodes. With a footprint of
0.36 mm? and a height of just 0.4 mm, the
45V NPN small-signal bipolar junction tran-
sistor BC847BFZ is 40% smaller than compa-
rable DFN1006, SOT883, and SOT1123 com-
ponents and still offers greater performance
than comparable transistors with much larg-
er form factors because its leadless package
allows higher power densities with a heat re-
sistance of just 135°C/W. Diodes' models al-
low low-voltage applications to be switched
with less than 1V, enabling mobile applica-
tions to be fully switched on with minimal
power. With a collector current of 100 mA and
power loss of 925 mW, they are especially well
suited to wearables such as smartwatches,
health and fitness gadgets and other consum-
er devices such as smartphones and tablets.
The corresponding PNP transistor is the
BC857BZ (Figure 2).

..........................................................

..........................................................

For many circuit applications, BJTs with low
saturation voltages are not only an adequate
substitute for MOSFETs but also provide a
number of advantages - namely, a low on re-
sistance, working with a control voltage of
less than 1V, offering excellent temperature
stability, and being non-sensitive to ESD. As
they block current in both directions, they can
make a second MOSFET superfluous. Their
power loss and the resultant heat output are
lower, as is their price. |

www.rutronik.com
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Intel Atom x6000E processor series

Combining the best
of many worlds

The Intel Atom x6000E processor series, codenamed
“Elkhart Lake” (EHL), is the latest member of the
processor family and features capabilities for a wide
range of industrial applications. As a system-on-
a-chip (SoC), it contains numerous 1/0Os that have
never before been available on an Intel SoC.

\%

BY BERNIE ESTERMANN,
BUSINESS DEVELOPMENT MANAGER INTEL
AT RUTRONIK

Upto 16GB Upto 32GB In-Band ECC
DDR4
Memory

LPDDR4/x
Memory

he core of the Intel Atom x6000E se-
Tries processor is a dual-chip solution

integrated into a 35 mm x 24 mm BGA
package. The CPU complex is based on Intel's
10 nm process technology with up to four
(Tremont) cores with 1.5 MB L2 and 4 MB
LLC cache. This results in up to a 1.7x im-
provement in single-thread performance and
up to a 1.5x improvement in multi-thread
performance compared to Intel's Apollo Lake
architecture, with the same power dissipa-
tion. Intel's Ultra High Definition (UHD)
graphics engine with twice the graphics per-
formance has the ability to drive a maximum
resolution of 4kp60 on up to three simulta-
neous displays. The memory controller sup-
ports DDR4/LPDDR4 with up to 32 GB and
4267 MTs. The Platform Controller Hub

Option

Integrated x3 2.5Gb
Ethernet TSN capable
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X6 PCle Gen 3 (8 lanes)

4x USB 3.0/3.1
10x USB 2.0

2x SATA 3.2
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(PCH), which is based on 14 nm process tech-
nology, is connected to 4 GTs via a powerful
on-package interface (OPI). In addition to the
usual 1/0s for PC compatibility, the PCH of-
fers a wealth of 1/Os that have never before
been available in an Intel SoC like this:
UARTs, SPI, 12C, CAN FD, PWM, Quadrature
Encoder Peripheral (QEP), and ADCs. Figure
1 shows the block diagram.

..........................................................

..........................................................

One extremely interesting feature is the in-
band error correction code (IBECC), which im-
proves security and reliability without the
need for additional external EEC memory. The
IBECC stores EEC correction bits in internal

Multi-Chip Package (MCP)
10nm Compute Die
14nm Platform Control Hub (PCH)

x1 MIPI-DSI

x1 eDP

x3 DP

x3 HDMI 2.0b

Up to 4kp60 resolution

Intel” Programmable

Service Engine

23363

Intel® Safety Island

L

Figure 1: The Intel Atom x6000E series
processor combines a powerful CPU with
a Platform Controller Hub (PCH) with
numerous interfaces.

\¢/

www.rutronik.com

193u] :s2inbi4



caches and external reserved memory blocks.
The ECC check itself is completely transparent
for the user. It can be enabled for memory ar-
eas of DDR external memory with high secu-
rity and reliability requirements and disabled
for others. Activated IBECC memory areas are
subject to a reduction in bandwidth, but in
most cases the overall increase in memory
bandwidth balances out compared to Apollo
Lake.

..........................................................

..........................................................

The Programmable Services Engine (PSE) is a
dedicated offload engine powered by an ARM
Cortex-M7 with 384 kB of tightly-coupled
memory (TCM) and 1 MB L2 cache that is lo-
cated on the Platform Controller Hub. The PSE
is fully user-programmable, with Intel offering
numerous reference designs in both source
code and/or binary:

e Embedded Controller (EC) Light: Relocation
of some EC functions from the platform to
the PCH, battery management, thermal
management

e Qut-of-band management (00B): remote
restart, startup/shutdown management

e Network proxy: network response, system
wake

® General purpose low-power computing:
support for real-time functionality, low
DMIPs computing, low-speed 1/0 for loT ap-
plications (as an alternative to support by
an additional external microcontroller)

e Sensor hub: Reduced load on the sensor ap-
plication and data fusion at low power con-
sumption

Customers with existing ARM-optimized soft-
ware can use the Zephyr Software Develop-
ment Kit (SDK) to generate, compile, and port
their own code to the PSE.

..........................................................

..........................................................

The Intel Atom x6000E series processor has
three integrated 2.5 GbE MACs (media access
control), all with time-sensitive networking
(TSN) capability. Additionally, the processor
supports Intel's Time Coordinated Computing
(TCC) Technology (see Figure 2).

Intel TCC Time Synchronization provides a
hardware mechanism to coordinate the dif-

www.rutronik.com

Figure 2: The processor supports
both time-sensitive networking

(TSN) functions and Intel's Time
Coordinated Computing (TCC).

eee: | SN

Between Systems
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' '
intel ; | (L
Within the System

ferent clocks in each IP block. Intel TCC Time-
liness also provides a hardware mechanism to
specify the latency of data packets between
IP blocks. TSN refers to a set of standards/
specifications and features based on standard
Ethernet networks that support time-critical
applications.

..........................................................

..........................................................

Intel provides a comprehensive software so-
lution for the Intel Safety Island (SI) engines
within the PCH to implement functional safe-
ty applications in a timely manner (TTM) with
few additional components:

® Performance: Security features for high-
performance, multicore systems with low
power consumption, a high level of integra-
tion, and high performance

e Certification: SIL2/Cat.3 PL d certified, SIL3/
Cat.4 PL e capable

e Security package: Complete technical doc-
umentation to assist customers with system
certification

e Safety Island: Integrated Intel Safety Island
controllers to reduce the customer's effort
in implementing security mechanisms

e Functional safety software: A range of safe-
ty software components to detect hardware
failures

e Mixed criticality: Consolidation of both
safety-critical and non-safety workloads
with mixed criticality on a central comput-
ing platform

Committed to Excellence

Time Sync Timeliness

Ultra-Reliable
Low-Latency
Networking

Precision
Time
Protocol

CPUI/O
Timeliness

..........................................................

..........................................................

One of the challenges of developing a propri-
etary Intel processor-based system has been
the need for a BIOS. This usually meant the
use of a standard BIOS solution and a corre-
sponding hardware customization, which re-
sulted in additional costs and licensing fees.

Intel now offers the Slim Bootloader for se-
lected Intel platforms, including the Atom
X6000E series. The Slim Bootloader is a Linux-
based basic software package with a BSD li-
censing model, which means that, unlike with
GPL, customizations do not need to be recop-
ied.

Fully integrated voltage regulator (FIVR)
for simplified design: The Intel Atom x6000E
series processor is suitable for a variety of ap-
plications beyond the use of the standard
SMARC, Qseven, and COMExpress modules.
The SoC has numerous |/0 functions that can-
not be covered by standard form factors. In
order to use all of these new functions, cus-
tomized designs are often required.

Support for functional safety: Industrial au-
tomation is increasing the complexity of hard-
ware and software systems and the question
of liability in the event of failures is becoming
increasingly important.

Security for high-performance computing:
Provision of security features for high-per-
formance, multicore modules with low pow-
er consumption, a high level of integration,
and high performance. Integrated ISI for less
effort in implementing security mecha-
nisms.

Powered by Markt¢Technik RUTRONIKER 2020 15
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Shorter certification period: Reduction in
total operating costs for the customer and re-
duction in certification time in accordance
with international standards (IEC 61508).

Consolidation and cost reduction: Consoli-
dation of both safety-critical and non-safety
workloads with mixed criticality on a central
computing platform to reduce costs.

Operating conditions and reliability for in-
dustrial use: Intel products are designed for
maximum reliability and a long service life.
Intel offers a guaranteed availability of 15
years for EHL processors. For loT devices used
in harsh industrial environments, EHL offers
an extended temperature range from -40 to
+85 °C. Furthermore, IBECC serves to protect
against system failures for increased reliabil-

ity.

Security and controllability: The integrated
basic security features are available in all In-
tel processor series. They help technology ven-
dors protect the platform and data and build
standardized trusted applications. From Intel's

perspective, most loT implementations require
a combination of intelligent features, excel-
lent performance, and comprehensive, built-in
security features. EHL provides a complete loT
security reference architecture that demon-
strates how built-in security features can pro-
tect intelligent devices based on Intel tech-
nology.

Al, DL, and machine vision: Artificial intel-
ligence (Al) opens up a world of new possi-
bilities for manufacturing and industrial com-
panies. Al allows manufacturers to predict
yield, quality, energy consumption, and other
critical factors. Al can also help to repair sys-
tems before they fail, locate oil pockets, pre-
vent crop damage at an early stage, and cre-
ate safer working environments.

Intel has a complete portfolio of Al products
and optimizations for common neural net-
work frameworks that enable technology
providers to move into entirely new areas of
application. Intel offers a comprehensive
range of imaging products and software
tools that help OEMs, ODMs, and system in-
tegrators scale imaging technologies across

Hall effect-based current differential sensors

A novel solution for
current measurement

We’re digitalizing, prioritizing green power, and we’re gearing towards
an Internet of Things and Industry 4.0 — with major projects that a
continuously growing world population also needs to have access to.
In the future, we will need the right amount of power from the right
source at the right place if we are to achieve this.

\%

BY JENS RHEINSTADTER,
PrRODUCT SALES MANAGER
ANALOG AND SENSORS AT RUTRONIK
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ith their flexibility and diversity,
current sensors help us to monitor
and regulate energy consumption,

but they do have limitations. Current flows
running parallel to one another and electro-
magnetic radiation create unwanted problems
that can distort or interfere with measure-
ments. But if a current sensor were capable
of ignoring these stray fields, the potential
uses for these devices would expand, opening
doors to the applications of the future.

Committed to Excellence

the entire infrastructure to meet individual
needs at any point in an Al architecture with
the right balance of performance, cost, and
efficiency.

In addition to standard compatibility with
Windows 10, Linux, and many real-time op-
erating systems, the Intel Atom x6000E series
offers familiar workload consolidation and vir-
tualization features. The PSE on the PCH,
which features numerous industrial I/Os, can
perform a variety of functions that in the past
required a separate microcontroller. Select
SKUs offer functional safety. Together with
TCC, TSN precisely controls programmable
logic controllers, PLCs, and other time-sensi-
tive tasks that could not be handled by Win-
dows-based systems alone.

Due to the large number of industrial 1/Os, this
SoC is suitable for price-optimized and fea-
ture-optimized solutions beyond the standard
form factor. |

Hall effect-based current sensors with stray
field suppression are available in various
models from a small number of suppliers.
Belgian supplier Melexis has introduced a
compact and highly robust current sensor to
the market for the precise measurement of
DC and AC currents in high-voltage power
applications. The focus markets for the
MLX91220 include the automotive, indus-
trial, and renewable energy sectors.

www.rutronik.com
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Figure 1: Block diagram of the MLX91220 current sensor (SOIC16 pinout)

..........................................................

..........................................................

The MLX91220 works on the basis of a pro-
prietary Melexis design - the current sensor
measures the differential magnetic field gen-
erated by the current flow in the primary cop-
per lead frame of the IC in a standard SMD
package. This is how it achieves a very short
response time and provides high immunity
against external stray fields and crosstalk,
making it ideal for compact power electronics
projects and high-speed applications. An ad-
ditional overcurrent detection pin (OCD) with
a response time of 2 us detects potentially
destructive overcurrents and/or short circuits
so that the power electronics can be disabled
or protected as quickly as possible.

..........................................................

Factory-calibrated plug and play solution
with basic insulation

..........................................................

The sensor output of any IC is factory cali-
brated for a specific current range. It compen-
sates throughout its entire life to provide op-

ISOLATION BARRIER
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Figure 3: Evaluation board for the
MLX91220 SOIC-16
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timum stability, partly in relation to
temperature - and therefore ensures precision
for the longest time.

The current sensors emit a linear analog sig-
nal proportional to the current flowing di-
rectly through the IC's lead frame. For appli-
cations with unidirectional currents, it can be
set to emit only one current polarity, which
enables a higher output range with superior
resolution.

The MLX91220 is easy to integrate. The eval-
uation boards are designed for 32 A continu-
ous RMS current and current spikes of 100 A
and more. They are a completely plug-and-
play application solution with no external
shielding or cores required. There is also no
ferromagnetically induced saturation or hys-
teresis involved, and no calibration is required
by the end customer. The boards are available
both in an SOIC-8 package with a rated insu-
lation of 2.4 kV RMS and in a wide, surface-
mounted SOIC-16 package with a basic insu-
lation of 4.8 kV RMS in accordance with IEC/
UL 62368.

Figure 2: Bipolar and unipolar output of MLX91220

..........................................................

Current sensors
for new microcontrollers

..........................................................

To support more recent microcontroller trends,
the new generation of integrated current sen-
sors focuses on additional functions such as
OCDs as well as an additional supply voltage
option (3.3 V). An increased signal-to-noise
ratio (SNR) provides a higher usable resolu-
tion and signal integrity for the downstream
ADCs in the signal processing chain while also
increasing the bandwidth by a factor of more
than four compared to the first-generation
MLX91210.

..........................................................

Fixed and
ratiometric modes

..........................................................

The current sensor can be operated in one of
two modes, depending on the application.
Both are based on the principle of the output
voltage of the sensor being proportional to
the current flow - the difference however lies
in the output signal.

oCD,; oCD,,,

Min Max Min Max
Typical application Short-circuit detection Out-of-range detection
Overcurrent effect OCD,; pin to V¢ OCDg,, pin to V
Detection mode Bidirectional Unidirectional / bidirectional
Accuracy Lower Higher
Threshold trimming EEPROM Voltage divider on VOC_,
Response time 14 ps 2.1 ps 10 ps typical
Required input holding time 1us 1pus
OCD output dwell time 10 ps 10 ps

Core parameters for internal and external overcurrent detection (OCD)

Committed to

Excellence
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Figure 4: Typical input-based noise for the MLX91220
with 80 mV/A sensitivity at 5V

In ratiometric mode, the output voltage rises
in proportion to the supply voltage (V, ). The
offset is 560% of V,, with bipolar applications
and 10% in unipolar applications.

In fixed mode, the output is immune to sup-
ply voltage volatility. The output voltage is
always equal to VREF with a current flow of
0 A through the primary conductor. With the
5 V version it is set to 2.5V, while with the
3.3 Vversion itisset to 1.65V in bipolar mode
or 0.5 V in unipolar mode, regardless of V.
However, it is also possible to use an external
reference signal from the application for the
output signal to be used by the sensor.

..........................................................

..........................................................

For the SOIC16 package, the MLX91220 offers
two OCD functions that enable the detection
of the presence of overcurrent primarily ap-
plied to the integrated sensor. The internal
0CD (OCD, ) is factory calibrated and can be

set to be a limit value of between 20% and
2889% of the end-of-scale value on request.

Output for I=5 A in function of VDD

2800

—— Fixed mode output [mV]
Ratio mode output [mV]
Fixed mode Vref [mV]
Ratio mode Vref [mV]

2600

2400

Ouptut [V]

2200

4.4 4.6

Figure 5:
Fixed and ratiometric modes

The external OCD (OCD_ ) can be adjusted by
the customer using an ohmic divider (see R
and R_, . in Figure 4). This threshold is lim-
ited by the output range. The most important
parameters with both methods are shown in

the table.

Figure 6 shows a bidirectional configuration
of the external OCD. In this case:

R ext_bi

voc =Vpgp.
EXT REE Rext + Rext hi

Based on VOC

EXT,
threshold values:

it is possible to derive two

Lower threshold = VOCEXT

Higher threshold = 2. Vg — VOC,yy

IfV,; is outside the range defined by the two
threshold values, the OCD_ pin with the open
drain implementation on the IC is pulled to

ground.

Figure 6:
Application diagram
for the MLX91220
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4.8 5.0

VDD [V]

5.2 5.4 5.6 5.8

of the MLX91220, calibrated to 5 V

..........................................................

..........................................................

The MLX91220 is an ideal solution for small,
robust, precise, and low-cost current mea-
surement. Its strength lies in the combination
of the sensor element, signal processing and
insulation on a surface of just a few square
millimeters and the very low thermal losses
- a significant advantage over conventional
shunt-based circuits.

The MLX91220 can be customized as needed
in terms of current measurement range, cur-
rent measurement polarity, ratiometric or
fixed out, overcurrent detection level, and
power supply values. It is available in both
SOIC-8 and SOIC-16 packages for a variety of
basic insulation levels (2.4 or 4.8 kV RMS) and
is available with the corresponding creep and
distance dimensions.

The MLX91220 therefore has a very broad
range of applications. In the automotive mar-
ket, it is superbly suited to high-side current
measurement in DC-DC converters and
50/60 Hz phase current measurement at the
input of on-board chargers (OBC) - typically
part of PFC circuits.

In the industrial market, the applications
range from small drives and servos to power
supplies, solar applications, DC input current
measurement, MPPT converter measurement,
and HVAC systems up to 20 kW. The
MLX91220 also makes it possible to equip
home appliances with more efficient electric
motors and allow them to better diagnose
and monitor energy consumption - such
monitoring is one of the cornerstones of con-
cepts such as predictive maintenance or the
Internet of Things. [ |
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RAM for Internet of Things applications

Improving the user experience
with loT RAM

loT and embedded applications require ever-more RAM with higher
bandwidths, smaller form factors, and lower power consumption. For
developers, this presents the question of what an ideal memory mod-
ule should look like for such applications.

\'

By CHEN GRACE WANG,
PRODUCT MANAGER AT RUTRONIK, AND
WESLEY KWONG, BUSINESS DEVELOPMENT
MANAGER AT AP MEMORY

Smart Speaker

Edge Al

Expanding the Edge Experience
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he user experience benchmark for loT
Tand embedded applications continues

to get higher and higher, which de-
mands more RAM with higher bandwidths,
small form factors, lower power consumption,
and thus also less power loss while also keep-
ing the component costs the same or lower.
This is especially true of applications that use
artificial intelligence (Al) and/or machine
learning (ML).

SRAM (static RAM) is still the RAM solution
that offers the highest speeds and lowest la-
tency and is closest to the processor, but it
does have some drawbacks. The reqular 6T-
SRAM layout topology has not been shrunk to
the same proportion as the process nodes. The
power loss of embedded SRAM also increases

loT Screen

Wearable

\ =

@'M )
=

LPWAN

Smart Home
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as the CPU consumes more power. This means
that it is becoming increasingly difficult to
meet the requirements of the latest loT ap-
plications using embedded SRAM due to the
limitations in terms of power consumption
and their increasing RAM requirements.

External SRAM modules also require a high
number of transistors, which increases mem-
ory costs. As a result, it is almost impossible
to meet the limited form factor requirements.

External DRAM modules (dynamic RAM) still
offer considerable cost advantages over
SRAM. With a single transistor and capacitor,
they offer comparable performance, allowing
for a much denser array. For applications that
are persistently or usually attached to a single
power supply unit, external DRAM modules
may be an acceptable solution. However, they
do have a large number of pins, and their up-
date requirements and the ever-increasing
complexity of routing mean that they are
complicated to integrate.

Older SDRAM modules (synchronous DRAM
modules) with low densities are designed for
older process nodes, and their size makes
them basically unsuitable for compact, ener-
gy-efficient systems.

This means that a RAM alternative is needed
that offers high performance at lower costs
and with lower power consumption, while also
meeting the growing requirements of a com-
plete loT user experience.

..........................................................

loT RAM combines benefits
of DRAM and SRAM

..........................................................

loT RAM is based on pseudo-static RAM tech-
nology (PSRAM). It combines the advantages
of DRAM - a small surface area, low product

Powered by Markt&Technik RUTRONIKER 2020 19



KNOW-HOW|MEMORY @

SRAM System DRAM

= High pin count Cost = Complex control

= Small density = Extreme high power
Y || = Expensive = High pin count
é QSPI/OSPI
S loT RAM
g

Low Power Performance
1-8Mb 16Mb 32Mb 64Mb 128Mb 256Mb 512Mb 1-8Gb

Figure 1: loT RAM satisfies the requirements of loT/embedded applications for more memory,

lower power consumption, and low costs.

MCU/MPU

Other Blocks

Memory/ Bus

Contoller

l 1

Boot Data & Files

Shadow
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Working

External Flash

External RAM (DRAM/IOTRAM)

Figure 2: Typical MCU-based system with conventional memory modules

costs of up to a tenth of SRAM and a density
ten times higher than that of SRAM - with
those of SRAM - namely, high speed, low la-
tency, and ease of control. Internally, PSRAM
uses DRAM cells, which consist of just one
transistor and one capacitor but behave like
ordinary SRAM and the conventional, rela-
tively simple SRAM interfaces.

loT RAM also offers flash-SPI interfaces with
low pin counts that are used by many MCUs
and FPGAs. The low-cost loT RAM solutions
from AP Memory are compatible with the SPI
interfaces of most MCUs, SoCs, and FPGAs,
including Quad-SPI (QSPI) and Octal-SPI
(OSPI).

System-in-package (SiP) versions of loT RAM
are suitable for any situation where SoCs re-
quire more memory than is possible with the
internal SRAM. SiP options, especially those
using "known good dies" (KGD), provide all of
the aforementioned benefits thanks to the
higher system memory, making them "more
than Moore."

The low latency of loT RAM allows for very
fast wake-up from modes with very low pow-
er consumption, immediate wake-up from
standby, and fast switch-on times. loT RAM
operates with very low power consumption,
usually 0.15 to 0.5 uA/Mbit depending on the
memory density.

64 Mbit SDRAM 64 Mbit ADMUX PSRAM 64 Mbit OPI loT-RAM

Active IDD — @200 MB/s 100 MHz 60 mA 35 mA 15 mA
Max Standby Current @25°C 5000 pA 200 pA 30 A
Signal Pin Count 38 35 1

The advantage of loT RAM over SDRAM and PSRAM lies in its low power consumption and reduced pin count.
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..........................................................

..........................................................

Looking at the example MCU diagram (Fig-
ure 2), the spaces for RAM and static memo-
ry are continuously growing. If DRAM is used
for this, it increases the power consumption
of the system and also requires the integra-
tion of a refresh controller.

loT RAM requires no controller, as the entire
refresh logic for the DRAM cells - unnoticed
by the user - is handled internally. This re-
duces the complexity of the interfaces and the
validation costs that this entails. Older MCU-
based systems that still use SDRAM benefit
from loT RAM thanks to lower power con-
sumption and the simplified interfaces (see
table).

..........................................................

Fluid video playback
in edge computing

..........................................................

Looking at an application using frame buffer-
ing, it becomes apparent how external RAM
enables superior user experiences. The system
does not need to access slower nonvolatile
memory as often for read/write activities,
which improves the system performance as a
whole. This is shown by the Coremark test
suite. The user benefits from lower latency,
more fluid video playback, and more reliable
recording.

loT RAM solutions from AP Memory already
work seamlessly with many existing MCUs,
SoCs, and FPGAs in loT/embedded devices
where high performance, low cost, and fast
reaction capabilities are needed. To this end,
AP Memory maintains close partnerships with
a growing number of MCU, SoC, and FPGA
providers. loT RAM solutions offer simplified
signal protocols (QSPI, OPI, and ADMUX) and
packaging options (KGD, WLCSP, SOP, USON,
and BGA) for volatile memory in loT and edge-
computing products. Rutronik offers a large
selection of both loT RAM and PSRAM solu-
tions from AP Memory with a variety of mem-
ory densities to meet a range of performance
and bandwidth requirements. [ |
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INNovation

Every day, in every part of the world, millions of people
benefit from technologies which are enabled by Murata
innovation.

Since 1944 Murata has been committed to developing components that
help to advance the the benefit of electronics to society. In smartphones,
smart homes, cars, computers, healthcare devices, wearables... in fact,
wherever you find electronics, you'll find Murata innovation.

Feature product

Silicon capacitors (SiCaps)

Ideal for automotive sensors and Lidar, servers, optical
transceivers up to 100GHz, and medical implant applications.
Offering variable connection methods including SMD, wire
bonding, embedding etc.

Features:

Low insertion loss
Less cross talk
Miniaturization
High S/N ratio
Low profile

High reliability (250°C)

A % % % 9 9

AN J/

Feature product

Piezo sounders

High quality, high sound volume piezo sounders. Ideal for
a wide variety of applications including automotive, white

goods, and more...

Features:

’ Small size and low profile
’ Low power consumption
’ SMD package (& reflow-friendly)

’ High sound pressure level (volume)

' Suitable for automotive applications

INNOVATOR IN ELECTRONICS




Figures: Swissbit

KNOW-HOW|MEMORY @

NAND flash architectures

What comes after
2D SLC NAND flash?

Two-dimensional SLC NAND is currently still the reigning champion
when it comes to interchangeable storage media. But the 43 nm
generation will soon be discontinued, and smaller 24 nm structures
will suffer the same fate in the medium term, so developers should
start looking at possible alternatives.

\'

By DANIEL ZAJCEV,
PrRODUCT SALES MANAGER STORAGE
AT RUTRONIK

ith 100,000 program/erase cycles,
extremely fast access times, low la-
tency, energy efficiency, robustness,

and the availability of low capacities (e.g., mi-
croSD with 128 MB), as well as several form
factors, 2D SLC NAND flash is currently still
the reigning champion among interchange-
able storage medium technologies for indus-
trial applications. But the 43 nm generation
will soon be discontinued, and smaller struc-
tures will also disappear in the medium term.
Because requalification can take months, if

Charge distribution for NAND Technologies

o Symbol distance -
SLC Threshold
One bit per cell 1 < > 0
Symbol distance Vth
| AWAWA
Two bits per cell 1 1 0 0
Vth
Symbol distance
1 0 1 0 1 0 1 0
TLC 1 11 fol [o| 1| [1] [ol [0
Three bits per cell 1 1 1 1 0 0 0 0 .
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Symbol distance
Reduced stress
pSLC 1
) ) 0
TLC with one bit per cell -
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Figure 1: The distribution of charges in SLC, MLC, TLC, and QLC NAND flash memory shows why reliability
and program/erase counts suffer — unless there are correction mechanisms and better controller and firmware

features to counteract this.
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not years, developers should already start
looking at which storage technology they will
be relying on in the future.

Since NAND flash was introduced in 1987, the
focus of development has been on cutting
costs by shrinking structures. To meet the
need for ever-increasing amounts of data -
with 175 ZB of data expected to be gener-
ated by 2025 - while also cutting costs, in-
novation has been looking toward
three-dimensional NAND flash memory (3D
NAND flash) and also towards increasing the
number of bits on a cell with SLCs (single-
level cells) with one bit per cell, MLCs (multi-
level cells) with two bits per cell, TLCs (triple-
level cells) with three bits per cell, and QLCs
(quad-level cells) with four bits per cell (Fig-
ure 1). The vertical layering of NAND cells in-
creases memory density and thus by extension
also memory capacity. But this also goes hand
in hand with reduced reliability and fewer
program/erase cycles.

..........................................................

Consumer and data centers
as primary markets

..........................................................

The flash market is mainly driven by the con-
sumer and data center markets, accounting
for around 80% of sales. The fact that the fo-
cus is on capacity and not - as with indus-
trial applications - on reliability and service
life is reflected in production figures; around
80-90% of NAND flash memory produced to-
day is 3D NAND flash. Supplier roadmaps
show that the number of layers increases with
each new generation, which in turn allows
even greater capacity per NAND chip. Cus-
tomers benefit from noticeably lower cost, but
at the expense of quality. But there are also

www.rutronik.com
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AEC-Q200 PREMIUM QUALITY Vw80808

Voltage Application Size X7R/X7S X7R/X7S
Standard - PN Series 5mm Bending - PJ Series

= A 1210” 4.7uF: CL32Y475KCIVPNE 4.7uF: CL32Y475KCIVPJE
100V St e 1206” 2.2uF: CL31Y225KCHVPNE 2.2uF: CL31Y225KCHVPJE
y 0805” 1pF: CL21Y105KCYVPNE 1pF: CL21Y105KCFVPJE
1210” 10pF: CL32Y106KBJ4PNE 10pF: CL32Y106KBJVPJE
50V 1206” 10pF: CL31Y106KBKVPNE 10pF: CL31Y106KBKVPJE
B'gE 12L\_/ 0805” 1pF: CL21B105KBFVPNE 1pF: CL21B105KBFVPJE
attery Line
- 1210” 22pF: CL32Y226KAVVPNE 10pF: CL32B106KAJVPJE
0805” 4.7pF: CL21Y475KABVPNE 4.7pF: Coming Soon
1210” 22pF: CL32B226K0JVPNE 22pF: CL32B226K0JVPJE
16V DC Block 1206” 10pF: CL31B106KOHVPNE 10pF: CL31B106KOHVPJE
. EMI Fsllterl 0805” 10pF: CL21Y106KOQ4PNE 4.7uF: CL21B475K0QVPJE
ower Supply
6.3V 1210” 47uF: CL32Y476MQVVPNE 47uF: CL32Y476MQVVPJE
N X8L - Up to 150°C
LR AR ﬂ High Temperature Standard - PN Series
ICE 12V 1206” 2.2uF: CL31E225KAH4PNE
25V Battorv Line 0805” 470nF: CL21E474KAF4PNE
y 0603” 220nF: CL10E224KA84PNC
Q4 2020 Have a look at our new Product Search Tool

Subject to change without notice http://product.samsungsem.com/mlcc/basic-search.do
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models that offer the same durability as 2D
NAND flash.

Three-dimensional TLC NAND can enjoy a long
service life thanks to Charge Trap Technology
combined with smarter controllers, ECC (er-
ror-correcting code) and LDPC (low-density
parity-check code) methods. However, it is dif-
ficult to directly compare the lives of these
products against those of 2D SLC NAND flash
types. Manufacturers provide entirely differ-
ent information on endurance, drive waters
per day (DWPD), and data retention. The sup-
pliers Intel and Kioxia specify the maximum
number of program/erase cycles for their 3D
TLC NAND models as 300 to 3,000. By com-
parison, a 2D MLC NAND flash memory mod-
ule using a 15 nm process technology can
manage a maximum of 3,000 program/erase
cycles.

..........................................................

..........................................................

For NAND flash memory to be used in indus-
trial applications, there are other essential cri-
teria. These include long-term availability,
PCN handling, and a fixed bill of materials
(BoM), as well high endurance, data retention,

Limited Cross Temperature

Type : Non-Industrial 3D NAND

3D NAND
Endurance vs. Error Correction (P/E cycles)
BCH
Technology 8b/512B
SLC 60k

pSLC 2D Planar =
MLC 2D Planar =
TLC 2D -

TLC3D =

pSLC 3D =

of the die create inconsistencies in how indi-
vidual bit states are read. External tempera-
tures make this process even harder.

At Kioxia, a wide temperature range is cur-
rently approved for BiCS3 memory with
64 layers. The new generation from Kioxia,
BiCS4 with 96 layers, is not yet qualified for
a wide temperature range. This can also mean
that not every generation of 3D NAND flash
memory will be approved for industrial use.

Smaller capacities under 8 GB cannot be cre-
ated using 3D TLC NAND technology - at least
not using current technology - because the
3D TLC memory chips are produced with a ca-
pacity of 32 GB per die, which means that the

Full Industrial Cross Temperature
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Figure 3: High-quality industrial-grade 3D NAND flash memory can both read and write at very low

or very high temperatures.

temperature stability and more. Flash memo-
ry suppliers can guarantee some of them, in-
cluding PCN handling and a fixed BoM - and
now also functionality in a wide temperature
range.

It took a whole five years from the introduc-
tion of 3D NAND flash memory until the first
modules with industry-grade temperature
stability entered mass production. The differ-
ent cell sizes and the different charge states
that this entails in the upper and lower parts
24 RUTRONIKER 2020
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minimum capacity available is 32 GB. Cus-
tomers who require capacities of under 4 GB
continue to enjoy price benefits when pur-
chasing and using 2D SLC NAND products be-
cause the die is essentially financing the
smaller base capacity.

But there are now also solutions available for
businesses that require smaller capacities in
compact form factors - for example, for ap-
plications involving a graphical interface in
conjunction with a display.

Committed to Excellence

Figure 2: Program/
erase cycle counts
are primarily

BCH LDPC .
4ObITKB 120b/1KB determined not
only by the NAND
100k = flash technology
itself but also by
20k z error-correction
3K _ mechanisms.
300 1K
1k 3K
20K 30k-60K

..........................................................

..........................................................

Transcend's 452K series is another sign that
3D TLC NAND flash memory combined with
increasingly better firmware and controller
features may be potentially suitable for in-
dustrial applications in the future.

The TS128GSSD452K in a 2.5-inch form fac-
tor with a SATA Il interface is fitted with
BiCS4 3D TLC NAND flash memory. According
to supplier specifications and actual testing,
the SSD is expected to last for 100,000 pro-
gram/erase cycles. This is ensured by the op-
eration of the 3D TLC NAND flash in SLC mode
along with massive overprovisioning, where
part of the memory is not made available for
data storage but instead is set aside for data
management.

..........................................................

..........................................................

Even if the final discontinuation of 2D SLC
NAND flash memory is still a few years away
and last time buy stocking is possible when
end of life is announced, early testing of 3D
NAND products are recommended given the
protracted nature of the process of incorpo-
rating new components into a design.

Given the developments and innovations cur-
rently being observed from NAND flash mem-
ory and controller suppliers, memory prod-
ucts that look to start living up to the
quality of 2D SLC NAND flash memory are to
be expected. Whether long-term availability
can be guaranteed and 100,000 program/
erase cycles will be possible remains to be
seen.

As a partner of Swissbit, Apacer, Intel, Kioxia,
Transcend and Wilk, Rutronik is in close con-
tact with the leading suppliers of NAND flash
memory. The Rutronik Storage Team provides
developers and purchasers with comprehen-
sive support and advice for selecting the right
memory technology. |
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Selection criteria for MLCCs

Don’t blindly leave component
choices to tools

Miniaturization has long been “en vogue” when it comes to multi-layer
ceramic chip capacitors. But downsizing is no trivial process, espe-
cially given that there are many marginal conditions to be considered.
Digital tools can help, but relying on these can often cause you to lose
perspective of key technical issues.

(MLCCs) are small and thus useful  used to make the process of selecting com-

for miniaturization. But it is also  ponents easier. Even so, developers still need
important to consider aspects such as ESD  to keep all of the aforementioned aspects in
protection, EM interference, and heat man-  view to be able to achieve their objective
agement, as well as the typical characteris-  quickly and avoid unnecessary re-design
tics and the drift that go hand in hand with  work.

V M ulti-layer ceramic chip capacitors  these. Digital tools are increasingly being

BY JURGEN GEIER, TECHNICAL SUPPORT
CERAMIC CAPACITORS AT RUTRONIK
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E24 series 10 | 11 | 12 | 13 | 15 18 | 20 | 22 | 24 | 27 | 30 | 33 | 36 | 39 | 43 | 47 | 51 | 56 | 62 | 68 | 75 | 82 | 91
E12 series 10 12 15 18 22 27 33 39 47 56 68 82

E6 series 10 15 22 33 47 68

E3 series 10 22 47

Table 1: Capacitance grading

Code C<10pF C > 10 pF
A +0,05 pF

B +0,10 pF

C +0,25 pF

D +0,50 pF

F +1 %

G +2 %

J +5 %

K +10 %

M +20 %

S —20 ... +50 %
V4 —20 ... +80 %

Table 2: Tolerance codes

NPO E24 E12 preferred,

tolerance: +0,25 pF or +5%
X7R E12 E6 preferred, tolerance: +10%
Z5U E6 E3 preferred, tolerance: +20%
Y5V E6 E3 perferred,

tolerance: —20 ... +80%

Table 3: Preferred combinations when selecting
MLCCs (capacitance > 1pF: E3 series preferred)

Temperature characteristics
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Figure 1: Smaller constructions have a higher DC bias rate.
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Figure 2: Smaller constructions have a higher residual capacitance than larger ones.
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For example, X5R = = 15% AC over -55°C~+ 88°C

Table 4: Temperature drifts of various MLCCs (source: Samsung)

First of all, it is recommended to not simply
fall back to existing value combinations of
MLCCs when downsizing - especially in terms
of capacitance (C value) and voltage - but in-
stead to base decisions on the actual needs of
the application and even on the function of
the individual components. Ideally, the pre-
ferred versions of the suppliers should be con-
sidered. Alongside the C value and voltage,
other important values include impedance and
ESR (equivalent series resistance).

Especially with hi-caps, which are MLCCs with
C values measured in uFs, the DC bias is also
a factor to be taken into consideration. DC
bias is an effect that reduces capacitance de-
pending on the applied DC voltage. It can drop
to as low as around 20% of the nominal val-
ue at the rated voltage, depending on the
component, so it is essential to be aware of
your absolute minimum C value during op-
eration.

Figure 1 shows a number of examples of DC
bias curves. They show that the DC bias rate
is much higher with smaller components.

Another factor of influence on DC bias is op-
erating temperature, as illustrated by the
graph in Figure 2, which shows that for small-
er constructions with higher nominal values,
the remaining capacitance over DC bias and
temperature is far above that of larger con-
structions with lower nominal values.

www.rutronik.com



When grading nominal C values, developers
should base their choices on the base guide
values (Tables 1 to 3), which means that they
should ideally only use the preferred values
with the standard tolerances. In fact, the Z5U
and Y5V ceramic types should be left well
alone, as they are increasingly being discon-
tinued, and some are actually already discon-
tinued.

In addition to the issue of DC bias, class 2 ce-
ramic capacitors (such as X7R, and X5R) also
have temperature drift and aging to consider.

Temperature drift can be relatively easily de-
termined using Table 4. It shows, for example,
that an X5R MLCC has a predictable temper-
ature drift of £15% in a temperature range
of -55°C to +85°C.

..........................................................

MLCCs -
they also age

..........................................................

Aging causes MLCCs to lose capacitance over
time. The loss is between around 1% and 6%
per logarithmic decade, which means after 1
hour, after 10 hours, after 100 hours, and so
on. As a result, the higher the C values and
the thinner the internal layers of an MLCC,
the more susceptible the MLCC will be to ag-
ing. That said, compared to the effects of DC
bias and temperature drift, aging is basically
a negligible factor, although it can play a key
role when measuring C values for testing tol-
erances.

Unlike with living beings, MLCC aging is a re-
versible process. Appropriate heat treatment
allows the effect to be reversed. The compo-
nents are usually exposed to +150°C for an
hour, then allowed to rest for 24 hours. Sol-
dering also enables de-aging.

Looking at the various C value drifts overall,
it becomes apparent that it is not advisable
to use class 2 capacitors with a limited nom-
inal tolerance range of +59% instead of the
standard tolerance range of +10% - even if
some suppliers still offer and deliver this. The
result is pointless debates on adherence to
tolerance ranges. During measurements, com-
pliance with requirements regarding measur-
ing devices and measurement conditions is
frequently inadequate. For example, the mea-
surement voltage, usually with a defined ef-
fective value of 1.0V, drops during the mea-
surement, causing the displayed capacitance
value to be too low.

www.rutronik.com
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C, = Capacitance value, t hours after the start of aging

C,=Cy(1-klog,t)

C, = Initial capacitance value, k = Aging constant, t = Aging time
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Figure 3: Exposing MLCCs to very high temperatures for a while allows aging effects to be reversed.
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Figure 5: Cost-effectiveness comparison of various construction sizes

..........................................................

Better to leave some breathing space
with voltage requirements

..........................................................

The specified voltage is usually a DC voltage
- even if it is not explicitly labeled as such.
If the value is an AC voltage, this will be de-
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clared accordingly (e.g., “250 V AC"). Addi-
tional details and information - for example,
relating to ripple current, or peak-to-peak
- are usually provided by suppliers in their
detailed data sheets or in their specification/
application information. It is important to
note here though that MLCCs that have the

Committed to Excellence

same C value but a higher dielectric strength
(regardless of predictability or error rate as-
pects) tend to have thicker interior layers,
which results in a less pronounced DC bias.

That said, some suppliers continue to provide
lower voltage specifications for capacitors
that today support voltages of 50 V, for ex-
ample.

In either of these two cases, it is ultimately
not a problem to exceed voltage requirements
- for example, by using a capacitor specified
for 25V or 50 V with a requirement of 16 V.

Alongside the base parameters considered
here, there are a number of other aspects that
play a role when selecting components - for
example, the required quality level or proper-
ties depending on the application and field of
use. Such properties may include Automotive
Grade (usually AEC-Q200-qualified) or soft
termination (also known as flexiterm, flex-
crack resistant, resin external electrode, and
polymer termination, among other similar ex-
pressions), which prevents the formation of
cracks that notably can occur when bending
PCBs (Figure 4).

..........................................................

..........................................................

Miniaturization has other implications arising
from the motivation behind them. While it
may have been driven until recently by the
demand for modern electronics to provide
more and more performance, which increas-
ingly limited the amount of space on the PCB,
the primary factors today are more likely to
be availability and cost effectiveness (Fig-
ure 5), especially among suppliers. For devel-
opers, this means that they increasingly have
to adapt to the pace of the suppliers and leave
enough leeway for alternatives if they want
to stay flexible and cost effective - double
sourcing being key to this. This is especially
true in the midst of challenging market con-
ditions, which can always arise, even if just
temporarily. |

www.rutronik.com



Technologies for the mobility of the future

New transformer design with

minimal tolerance

Electric vehicles and the future promise of autonomous driving require
progress in many key technologies — among them the charging of high-
performance batteries. On-board chargers (OBC) may benefit from a
novel design for power transformers.

ciency levels in the high-performance

men wer switch with low
TECHNICAL SUPPORT AT RUTRONIK, segment, power switches th lo

AND GERARD HEALY. PRODUCT MANAGER switching losses are required. Modern prod-
AT PULSE ELECTRONICS ucts frequently use resonant converter topol-

ogies that offer the advantage of reducing
switching losses using the ZVS principle (zero-
voltage switching). These are most notably

\' n order to continue achieving good effi-
BY JOCHEN NELLER,

G2RL SERIES -
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G2RL Series: EN61810-1, UL508 and CSA22.2 certified low profile relais
for various applications with limited space requirements

e High Capacity version (rated coil voltage up to 48VDC at 400mwW)
High Sensitive Relay (rated coil voltage 5-24VDC at 250mW)
e (lass F Cail insulation system
e Special version for high current; E2(23A) designed for high current(23A) at 105°C

e Application areas: Home Appliances, Stove Tops, Microwave Ovens, Industrial Machinery, HVAC

Scan the QR code to find a distributor
WWwW.components.omron.eu

used in LLC resonant converters where the
resonant inductance enables zero-voltage
switching, making them ideal for high-effi-
ciency multi-kW OBC applications.

The term LLC refers to the fact that the reso-
nant circuit relies on the function of the three
components: the transformer's magnetizing

Advertisement
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Figure 2: Transformer model including leakage inductance

inductor (L ), the transformer's leakage induc-
tance (L), and the resonant capacitor (C). This
is a known method of replacing the required
resonant inductor with the leakage induc-
tance of the LLC transformer if the value is
calculated correctly and the required tight tol-
erance is adhered to. The supplier Pulse has
used finite element modeling to design a
3.6 kW LLC transformer where the high-pre-
cision, tight-tolerance leakage inductance of
the transformer serves as the resonant induc-
tor of an LLC converter.

Figure 1 shows the LLC block diagram with
the highlighted resonant inductor L. The res-
onant circuit is inductively coupled with the
output/smoothing circuit. The magnetic cou-
pling is primarily determined by the geometry
of the coils and the core air gap.

The amplification of the LLC converter is de-
termined using the following formula:

Amplification = (L_+L) /L (Equation 1)
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While the tolerance of the magnetizing induc-
tor L can be controlled by complying with the
strict tolerance value for the core air gap, the
resonant inductor L _needs further study.

A more complete model that reflects the leak-
age inductance of the primary (L, _, ) and sec-
ondary (L, ) coils as well as possibly an ex-
ternal resonant inductor (Lext) is provided in

Figure 2.

The finite element method (FEM) is used
to calculate components on a computer.
It is commonly used to simulate mecha-
nical deformations of solid bodies resul-
ting from the effects of factors such as
pressure and temperature. This allows de-
sign errors to be identified and avoided in

Committed to Excellence
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The following is now apparent:
L =Ly * L pim (Equation 2)

As mentioned, the need for the discrete reso-
nant inductor can be eliminated by designing
the transformer with a sufficiently high leak-
age inductance. The challenge here is to prop-
erly define a tight tolerance for such a para-
sitic parameter, which Pulse has achieved with
this novel coil design.

..........................................................

..........................................................

One example would be the PQ50/50 platform
with primary and secondary coil wires with
dimensions that are suitable for the 3.6 kW
power level. Taking into account the system
requirements that the transformer was devel-
oped for, the Equations 1 and 2 that were used
to determine leakage inductance revealed
that a split primary coil with a sandwich-type
secondary coil came closest to achieving the
target value.

Figure 3 shows the coil cross-section surface
of a patented coil design for fine-tuning leak-
age inductance. What's unique about this de-
sign is the ability to control the distance be-
tween the coil segments independently of one
another and to achieve the required leakage
inductance. The width of each coil sector and
the wire bundle size are carefully adapted to
the coil precision to fine-tune them to the
leakage inductance tolerance requirement.

..........................................................

Finite element method for optimized
transformer design

..........................................................

As a finishing touch to the design and to en-
sure that the leakage inductance is concen-
trated around the primary coil, it is essential
to optimize the design of the primary and sec-
ondary coils and the position of the core air

gap.

Finite element method

advance, thus saving costs. It involves di-
viding a unit virtually into tiny, finite ele-
ments. In this case, FEM is used to simu-
late how a ferrite core transformer would
react to magnetic flux.

www.rutronik.com



This design was developed using finite ele-
ment modeling, a modern method for analyz-
ing technical magnetic problems and devel-
oping effective solutions. It results in a
magnetic flux that achieves the desired result.
Figure 4 on page 32 shows the finite element
model of the individual flux paths of the pri-
mary and secondary coils.

A prototype design (Figure 5) and an electri-
cal test confirmed the simulation of the finite
element model for the optimized transformer
design. The measurement of the electrical pa-
rameters shows that the target leakage induc-
tance and tolerance values were met. This
shows how this novel design allows the leak-
age inductance of the LLC transformer to be
replaced by a discrete resonant inductor. M

A detailed report is available at www.power.
pulseelectronics.com/hubfs/LLC%20Trans-
former%20Final.pdf.
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Figure 3: Coil cross-section area of
patented coil design for fine-tuning
leakage inductance
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3 volt technology
for longer life

Supercaps, also known as ultracapacitors, are still considered to be a newcomer
product. Despite only gaining significant attention in recent years, they are a tried,
tested, and proven double-layer technology that has seen an encouraging and con-
stant growth in popularity. 3 V technology can only be a boon for their appeal.

\'4

By TOoBIAS BAISCH,
ProDUCT SALES MANAGER CAPACITORS AT RUTRONIK

range of technological advantages
Amakes supercaps or EDLCs (electric

double-layer capacitors) an appealing
prospect for many applications. These elec-
trostatic capacitors offer superbly low equiv-
alent series resistance values (ESR) and have
a stable and effective temperature profile.
Their high capacitance and large number of
charge cycles allow them to serve as a sup-
plement to batteries (rechargeable or other-
wise) and in rare cases to even replace them.

For combining supercaps and Li-ion batteries,
Rutronik has specially-patented solutions
based on a high-efficiency DC/DC converter
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topology with ultra-fast switching func-
tions for highly dynamic loads with high
peak currents. This involves combining a
high-energy store (battery) with a high-
performance capacitor (supercap) to es-
sentially emulate a new generation of en-
ergy storage facilities while also enjoying
the benefits of Li-ion batteries and super-
caps. This doubles the life of the battery
while offering superb peak currents and re-
duces the irreversible losses of Li-ion bat-
teries.

Over the past two decades, suppliers of ul-
tracapacitor cells have invested much in

Committed to Excellence

Figure 4: Finite element modeling of the individual
flux paths of the primary coil (left) and secondary
coil (right)

Figure 5: Prototype of optimized LLC transformer

their research and development activities. One
of the main goals here has been to gradually
increase cell voltage from its original 2.3 V.
Three-volt technology is currently at the lead-
ing edge. This presents a number of benefits
when compared to earlier versions with low-
er voltages - the higher the voltage, the more
energy the cell can hold. Depending on the
application, it may even be possible to use
fewer capacitors, enabling savings in space,
weight and cost. When using the same num-
ber of capacitors, the increased service life is
a major benefit. It also allows for applications
that were previously only feasible with cave-
ats when using supercaps due to the low en-

www.rutronik.com
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ergy storage - for example, when recovering
braking energy in vehicles.

To achieve a voltage level of 3V, all of the materials must be per-
fectly adapted to one another. The surface structure of the activat-
ed-carbon layer and the composition of the electrolyte play an es-
sential role here. To achieve as large a surface as possible, the pore
size, pore distribution, and pore geometry are improved, as are the
chemical surface properties of the carbon material. Adapting the
positive and negative carbon layer to the properties of the electro-
lyte's anions and cations also helps improve voltage potential. This
ensures that the proportion of the various charge bearers to one

another is optimized to provide the largest electrical surface
available.

This ensures that the cell is also perfectly suitable for the
current needs of the industry. In other words, taking into
account defined end-of-life criteria, which depending on
the supplier may be, as an example, 20% capacitance loss
and/or an ESR increase of 100%, the 3 V cell must offer at least the
same service life as a 2.7 V cell, which is often 1,500 hours at an
ambient temperature of 65°C.

Today, 3V technology is considered state of the art, and the benefits
that it offers allow for greater progress and optimization in projects
and the future use of supercaps in various applications.

Swapping a 2.7 V cell directly for a 3 V cell in
an existing layout means that you have the
same number of components and the same
assembly costs, but you also have a sig-
nificant increase in the life of the su-
percap. The 0.3 Vincrease in dielectric
strength reduces the voltage in rela-

tion to the nominal value of the cell,
which results in the supercap's life being in-
creased while retaining the same voltage load. For
some applications, providing a modicum of extra life may
make the difference in allowing these applications to be
achieved in the first place. These may be new developments or re-
designs that would not have been feasible with previous technical
specifications and that can have their service life requirements met
with the newer technology. By fitting a 3V cell in an existing, func-
tional layout or design that was previously equipped with 2.7 V cells,
the application can offer a longer service life than before.

On the other hand, it's also sometimes worth investigating how
many cells are actually needed - especially in circuits where there
are many cells connected in a series. If the higher volt-
age makes it possible to reduce the number of compo-
nents, this provides space advantages that help achieve
the miniaturization needed in many applications. W
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Miniaturization

Reducing the space consumed
by inductive components

Space on a PCB is in short supply, but the demands placed on the tech-
nical properties of inductive components continue to rise. Choosing
the right technology can make a difference in successfully mastering
the balancing act between space and performance.

\%

BY MARTIN DOSSMANN,
PRODUCT SALES MANAGER INDUCTORS
AT RUTRONIK

Figure 1: Inductor using ferrite and
iron powder technology
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pace on a PCB is in short supply, but
S the demands placed on the technical
properties of inductive components
continue to rise. Choosing the right technol-
ogy can make the difference in successfully

mastering the balancing act between space
and performance.

In the automotive sector, it has long been
standard practice to define the available de-
velopment space for modules before the de-
velopment using actual components even be-
gins. In industrial applications, there are also
increasing size restrictions in the interest of
saving space, weight, and costs. At the same
time, the modern designs of many applica-
tions require higher currents, higher switching
frequencies, higher efficiency levels, and bet-
ter temperature management.

A conventional application for inductors is fil-
tering electrical interference in a conductor.
To filter push-pull interference in a current
signal, coils with a single winding are used. It
is conventional to use a ferrite core to boost
the filter effect, although saturation effects
can occur with high currents and tempera-
tures. Coils with much higher buffer induc-
tance values than are actually required for the
application are often used as a work-around
for this effect. The drawback with this over-
specification is that components tend to be-
come significantly larger and more expensive
as a result.

An elegant approach to avoiding this is the
use of coils with a different core material such
as iron or metal powder. Figure 2 shows the
inductance curve of ferrite and metal powder
chokes as the current rises and at different
temperatures. The metal powder components

Committed to Excellence

exhibit a more stable inductance curve at both
25°Cand 150°C compared to the ferrite mod-
els.

When selecting products for real applications,
this enables the use of coils with a lower-rat-
ed inductance. This generally results in a
smaller footprint and consequently also a
cheaper component.

The technology and production process of
metal powder inductors have since adjusted
to the needs of the market, satisfying the
technical requirements of modern applica-
tions and providing a competitive commercial
offering.

But it's still worth taking a closer look at the
specifications of the application. Instead of
comparing the rated inductance values in the
data sheets when selecting components, it
would be a more pertinent question to ask
which inductance is required with a real cur-
rent at conventional operating temperatures.
The consistent behavior of metal powder coils
also provides the confidence of passing EMC
testing reliably.

Transducers and EMI filters (electromagnetic
interference) are created relatively rarely us-
ing standard products; the requirements
placed upon these products are simply too di-
verse. Manufacturers have made great tech-
nological strides in the development of these
products in recent years. Especially when it
comes to power supply units in the field of
power electronics, the specifications are often
pushed to their limits with conventional fer-
rite core designs for high-frequency transduc-
ers. The transducer is often the tallest com-
ponent on the PCB, making its miniaturization

www.rutronik.com
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Figure 2: Typical saturation curve of coils using various technologies with a rated
inductance of L) =22 pH and a 10 mm x 10 mm footprint.

a matter of some importance. With its large
volume, it also plays a significant role in the
heating of the system as a whole.

To enable the creation of smaller form factors
and more efficient circuits, nanocrystalline
cores have been developed. These materials
offer much greater magnetic permeability (see
table), allowing for the generation of higher
magnetic flux densities in the component.
They also make transducers with a higher
switching frequency possible, which means
lower losses.

master|!j£,lf

Another trend is open designs that are not
encapsulated by a package but are simply
mounted on a base plate to comply with in-
sulation resistance requirements. This saves

Stray-Field robust detection

space and helps to better dissipate heat.

There are inductors available today that use
different - sometimes novel - materials and
designs to meet all of the key requirements of
modern applications - namely, small size, low
weight, higher currents and switching fre-
quencies, and optimized heat control. When
selecting components, it is essential to take
into account not only the rated values of the
inductors but also the values arising in real
applications. [ |

Material class Magnetic Permeability p

3D capability enabled by
3D HAL® Technology
Various output formats:
SPI - SENT/PWM - PSI5
Magnetic range +10 to 100 mT
Angular error: +/- 0.6°
Setpoint linearization

(17 variable & 33 fixed)
Wide supply voltage range:
3.0V...16V

ISO 26262 development:
ASIL-B ready

Various packages

NiZn ferrite cores 10-3,500
MnZn ferrite cores 300-20,000
Nanocrystalline ferrite cores 700-200,000 TDK-Micronas GmbH

Common core materials with their permeability values
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Operational amplifiers with EMI immunity

Pushing radio frequency filters
to their limits

IEEE802.11, Bluetooth, UMTS, GSM: radio communication protocols
that couldn’t be more different, and yet they do have something

in common — namely, electromagnetic waves that can disrupt how
integrated circuits process signals. EMI-immune circuits provide a
remedy for radio-frequency interference.

\%

By DAvVID MITTBRODT,
PrRODUCT SALES MANAGER
ANALOG AND SENSORS AT RUTRONIK

ireless data transfer has many ben-
efits, and a variety of communica-
tion protocols have become estab-

lished in recent years. However, the radio
frequency electromagnetic waves that are
used to enable devices to communicate with
one another wirelessly can cause severe in-
terference in electronic circuits and compo-
nents.

The frequency range of HF signals can be as
low as 3 MHz and as high as 30 THz, depend-
ing on the definition. The biggest problem
with most analog ICs is their susceptibility to
demodulating and intermodulating radio fre-
quency interference outside of their linear fre-
quency range. This effect is especially relevant
when signals need to be amplified or adjusted.

RF noise

NJR: EMI immunity
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In mobile communications, microwave fre-
quencies of between 900 and 2,700 MHz are
used. Even if these signals are way outside the
bandwidth of a relevant operational amplifier,
they can still cause electromagnetic interfer-
ence (EMI). Interference may be caused if an
HF signal with a wavelength of 900 MHz at
33 cm or of 2.4 GHz at 13 cm, for example, is
sufficiently longer than the connectors on the
housing of the operational amplifier. This re-
sults in conductors, PCBs, bond wires, and
component connectors acting as effective an-
tennas to receive this radio frequency inter-
ference.

A real-life example would be a car radio that
uses an operational amplifier to boost its au-
dio signal. If radio frequency signals that go
beyond the actual usable bandwidth of the

W-LAN/Bluetooth

Wireless dev!ce

i C(Iell phone

Ignition pulse

|

1
i EMI immunity
E effective range

Figure 1: Comparison of the output signal of two operational amplifiers when
receiving an HF signal: one with and one without EMI immunity
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Figure 2: High-frequency ranges of various devices; the range covered by
operational amplifiers with EMI immunity is shown in blue
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device are introduced into the circuit, this
causes the voltage at the op amp input to
fluctuate. This in turn has a negative impact
on the signal quality at the op amp output.
The supply voltage of the op amp spikes sud-
denly, which causes a shift in the output volt-
age.

..........................................................

How can interference in circuits
be prevented?

..........................................................

With analog low-frequency circuits, it is often
possible to install filters and shielding that
damp or filter out interference signals, but this
often produces large, complicated circuitry
that also makes the device more expensive,
making it less competitive. Not only that, but
there are barely any low-cost filters for cir-
cuits with a bandwidth of more than 20 kHz
that offer sufficiently good properties without
also significantly impairing the functional
bandwidth.

Op amps with strong HF immunity may pro-
vide a remedy here. Figure 1 shows an exam-
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ple comparison of a signal at the output of
two op amps when a 2.4 GHz RF signal is re-
ceived. The middle of the figure (red) shows
the movement at the output of an op amp
with installed EMI immunity, while the behav-
ior of an amplifier without RF immunity is
shown at the bottom. In the latter case, in-
terference (transient voltage spikes; glitches)
is clearly visible upon receipt of the RF signal,
which also results in an offset voltage shift at
the output. Periodic interference will cause
regular malfunctions. With sporadic interfer-
ence, which commonly occurs in practical ap-
plications, malfunctions are often not even
noticeable. An example here are the data
packets transmitted at non-regular intervals
for digital radio. This interference can cause
malfunctions in the entire electronic equip-
ment.

Suppliers such as New Japan Radio (NJR) or
STMicroelectronics offer solutions tailored to
this very problem. NJR's new NJU7755x series
is delivered as standard with a supply current
reduced by up to 85%, an amplification band-
width of 1.7 MHz, and strong EMI immunity,

@ NTC LUG THERMISTORS

SURFACE TEMPERATURE SENSORS

making NJR's op amps perfect for precise an-
alog sensor signal processing. Figure 2 shows
the various radio frequency ranges; the range
with the blue background is where the NJR op
amps offer EMI immunity.

Another recommendation is the STPAOO3 from
STMicroelectronics, which was developed for
high-performance car radios. It works free of
interference even with GSM signals (lower
frequency band of 380 MHz to 1,910 MHz,
upper frequency band of 390 MHz to
1,990 MHz), which is relevant for use in au-
tomobiles.

This shows that radio frequency interference
is to be expected even in audio frequency
bands. Suitable op-amps filter these out with-
out massively driving up the total cost of the
circuit. [ |
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Buck converters

From circuit to fully
integrated module

Buck converters have been in use for a century now, and it’s impossible

to imagine modern electronic circuitry without them. This article shows

how a clunky electromechanical component has transformed into a min-

iature PCB-mounted component that can process hundreds of watts of

output.

\%

BY AXEL STANGL, PRODUCT SALES
MANAGER POWER AT RUTRONIK,
AND STEVE ROBERTS,
RECOM INNOVATION MANAGER

uck converters convert a supply volt-
B age into a lower output voltage. Their

basic elements are shown in Figure 1.
First, switch SW1 is closed, which causes elec-
tricity to flow into coil L1. This causes the cur-
rent flow to rise continuously until switch
SW1 is opened and switch SW2 is closed. This
causes a change in the current flow. Capaci-
tor C1 serves as an integrator; the resultant
output voltage is therefore a function of the
current and the switch-on times of switches
SW1 and SW2.

SW1 and SW2 were originally actually me-
chanical switches that were quickly replaced
by silicon - SW1 with a transistor and SW2
with a diode.

..........................................................

..........................................................

Over the years as many components as pos-
sible have been incorporated into circuits to

reduce the cost and size. The ability to inte-
grate the main switch S1 directly into the
controller IC was a breakthrough. The coil and
diode were still external. To further increase
efficiency, newer versions then implemented
both switches (SW1 and SW2) using MOSFETs,
which enabled switching frequencies of up to
2 MHz.

Now the aim was to take another step toward
miniaturization. As a result of the constant
increases in switching frequencies, it was now
possible to reduce the size of the coil con-
struction. The amplitudes of the currents fell,

Vin SwWi Vout
o .
c2 Sw2 \ c1
ov
O : & Q

Figure 1: The basic elements of a buck converter
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which affected the size of the basic capacitor.
The use of higher-grade capacitors with re-
duced internal heat generation further sup-
ported this advancement.

..........................................................

More efficiency
with small size

..........................................................

The current objective is to reduce design siz-
es while further increasing efficiency. To
achieve this, the cycle-switched power cir-
cuits must be minimized, and the components
on the z-axis must be mounted above one

mm

Figure 2: Flip chip on lead frame construction
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Figure 3: The POL module of the Recom RPX buck converter with an integrated chip inductor

and flip chip on lead frame (FCOL) construction

another. This can be achieved most simply us-
ing flip chip on lead frame (FCOL) packaging
technology, which has the controller IC (with
integrated power transistors) vertically con-
nected to the lead frame directly - alongside
an SMD choke that is also mounted directly
on the lead frame (Figure 2).

This construction enables the fully automated
production of highly compact buck converter
modules. This shortens the connections of the
self-shielding inductor, thus also having a
positive effect on electromagnetic compatibil-
ity. Products manufactured in this way can
also be molded on, which creates a leadless
QFN package (quad flat no-leads) with a MSL3
rating and provides full environmental protec-

MAKE
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tion. One example of this is the Recom RPX
series (Figure 3) with a 2.5 A output adjust-
able to between 1.2 V and 6 V in a package
measuring just 4.5 mm x 4 mm x 2 mm that
only requires external input and output ca-
pacitors.

These modules are complete solutions that
can be mounted on the user's PCB using stan-
dard SMD assembly and furnace soldering
processes. Recom recently introduced two
more RPX series power modules based on
FCOL technology. The RPX-1.0 and RPX-1.5
modules can be shipped in ultracompact QFN
packages measuring just 3 mm x 5 mm X
1.6 mm with supply voltages of up to 1.5 A at
36 VDC.

el

Buck converters have evolved significantly
over many decades. Innovations from capaci-
tor, inductor, controller IC, and packaging
technology have enabled the integration of
all components into increasingly miniaturized
packages with ever-increasing power densi-
ties. The aim of making DC/DC converters with
low power consumption akin to an IC is now
largely achieved by combining innovative 3D
power-packaging technologies for both iso-
lated and non-isolated converters. Further im-
provements to performance and power den-
sity are to be expected in the future. For
general use as modules, however, fully
equipped buck converters have similar dimen-
sions to those of normal SMT components and
will also be used in the final application. M
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AEC-Q200 qualification means
that Vishay's NTCALUGx family
of NTC thermistors are also
suitable for
automotive
applications.
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NTC sensors

Fast and reliable

temperature measurement

Wherever precise temperature monitoring is needed,

NTC (negative temperature coefficient) sensors or thermistors
are the ideal choice with their diversity of standard versions
and their customization opportunities.

\V he technology of NTC thermistors
5 | p M means that they offer the highest sen-
Y]OSE IGLESIAS, PRODUCT MANAGER sitivity to temperature changes. They

RESISTORS AT RUTRONIK, AND

MANDY MAIER, PRODUCT MARKETING detect changes of -3% to -5% per degree
MANAGER NONLINEAR RESISTORS Celsius, while other resistive technologies
AT VISHAY ELECTRONIC such as platinum or nickel-based tempera-
ture sensors achieve less than just 1% per
degree Celsius. NTC thermistors also offer a
broad range of resistance values, which pro-
duces low voltages, allowing point-to-point

measurements with maximum precision.

These properties make NTC thermistors the
ideal surface-temperature sensor solution
for many electronic devices - for instance,
power electronics, cooling-system control,
and consumer electronics - as well as nu-
merous other industrial and automotive ap-
plications. The thermal reliability and preci-
sion in particular play an essential role in
determining the lifetime of batteries and in-
verters.

¢ \UG SE /?/@J,

..................................................

...........................................

There is an increasing number
of applications that involve
exposure to heavy vibra-
tions and that need to
control high power levels
and high voltages in very
limited spaces. Robust
NTC sensors with speci-
fied electrical and me-
chanical performance val-
ues are required here,
which is why Vishay has de-
veloped a large selection of
NTC lug thermistors.

The lug enables the thermistors to
be easily attached to the metal surface
of the system using a screw. They are usu-
40 RUTRONIKER 2020
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ally fitted directly on heat sinks, battery
poles, high-voltage rails, high-current plug
connectors or housings. The NTCALUGx stan-
dard family portfolio includes M2 to M6 lug
terminals, and larger versions are available
as customized solutions.

The NTC chip itself is located within the lug
sleeve, with appropriate heat-conducting
and electrically isolating safety mechanisms
in place. With insulated wires, NTC thermis-
tors offer a good thermal connection and can
durably withstand operating temperatures of
up to 150°C.

The electrical properties of the lug and ter-
minals are critical in the final assembly. To
satisfy specific design requirements, there is
a very large selection of standard sizes and
customization options. For example, a nickel
conductor in a closed lug ring with a small
profile reduces the thermal gradient of the
final assembly, which can be important, es-
pecially for temperature measurements of
heat sinks.

The need to detect temperatures on elements
that conduct high voltages and currents re-
quires a higher insulation voltage between
the sensor surface or the lug and the NTC's
terminals. The NTCALUG series from Vishay,
for example, offers insulation voltages of up
to 5 kV AC, providing it with a key advantage,
especially in applications relating to electric
vehicles such as on-board chargers (OBCs),
DC-DC inverters, charger plugs and sockets,
charging situations, clutch and electric trac-
tion motors, batteries and battery manage-
ment systems (BMS), temperature control of
MOSFETs, and DC link capacitors.

These applications usually require superior
mechanical strength, which can be achieved

by means of larger lugs and thicker wire sec-

www.rutronik.com
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tions (NTCALUGO1x) when establishing con-
nections to automotive connectors. The NT-
CALUGO3x mini-lug version offers superior
reaction times and a lower temperature gra-
dient due to the minimization of the me-
chanical parameters, making it perfect for
modules with limited space - for example, in
LED lighting. The effects of mechanical stress,
caused by limitations of circuit design and
cable management needs, can be mitigated
using right-angled lugs and flexible multi-
core wires.

The NTC is selected not only based on the
electrical criteria but also based on a choice
of screw sizes and wire thicknesses. It is also
possible to make adjustments to cable
lengths, to have cable insulation stripped for
soldering, to have reinforced cable insulation

Bridge ICs

(such as heat-shrink or silicone tubing), to
include cable harnesses, and to integrate any
number of plug connectors for easier end-
device production or to connect control
boards.

Rutronik's broad selection of standard and
customizable lug NTC-sensor products offers
a wide range of opportunities for tempera-
ture reading as well as excellent value for
money. These modules with many material
options are highly flexible for developers
when it comes to integrating them into de-
vice designs and optimizing production ef-
ficiency. They also provide very reliable per-
formance. Vishay's products are available
with AEC-Q200 qualification, UL certification
and as lead-free/[RoHS-compliant versions
(without exception). [ |
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Vishay's NTCALUGx family of lug-mounted
NTC thermistors are available in many sizes
and versions.

A translator for images
and videos on any device

Displays are being found in more and more devices — even refrigerators,
smartwatches, and automobiles. Users expect crystal-clear playback with
zero jerking — on any medium. Bridge ICs are used to make this possible,

even with different standards.

The most well-known differential method for
fast transfers of large amounts of data at rates
of up to several Gbit/s - and thus for image
and video content - is LVDS (low-voltage dif-
ferential signaling technology). Developed by
National Semiconductor, LVDS was standard-

LVDS

\'%
By ZiBoO Su, PRODUCT MANAGER DIGITAL
AT RUTRONIK
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Figure 1: An embedded clock serializer with a single LVDS channel
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ized as EIA-644 by the EIA (Electronic Indus-
tries Association). It is a free and open stan-
dard that is used by many IC suppliers.

LVDS is a unidirectional connection that
works very energy-efficiently. This technol-
ogy uses the voltage differential between
two copper cables to transfer information.
The LVDS transmitter encodes up to 24-bit
data based on an input clock over four se-
rial differential pairs (see Figure 1). A termi-
nating resistor prevents reflection back to
the signal source.

Because LVDS works with low voltages of un-
der 3.3 V, the technology requires little cur-
rent and generates only minor electromag-
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netic interference. Common-mode voltages
generating an electromagnetic wave are elim-
inated by the differential.

LVDS only describes the physical level; sev-
eral other communication standards are based
on it, including FPD-Link (flat panel display),
FPD-Link Il and Ill, MIPI (mobile industry pro-
cessor interface) and DVP (digital video port).

..........................................................

..........................................................

When we talk about LVDS, we usually mean
the FPD structure. FPD-Link was developed
alongside LVDS by National Instruments and
remains the standard today for the transmis-
sion of graphical and video data between
notebooks, tablet PCs, or LCD televisions and
their displays.

FPD-Link chipsets consist of transmitters (TTL
to LVDS) and receivers (LVDS to TTL) that sup-
port 18- and 24-bit color displays. At the TTL
level, the RGB data and control data from the
graphics controller is transmitted to the in-
puts of the FPD-Link transmitter. It acts as a
multiplexer (mux) for the parallel TTL data and
converts it to the serial LVDS standard. The
LVDS data is sent to the outputs of the trans-
mitter via the cable connecting the mainboard
to the display. At the FPD-Link receiver on the
display, they are deserialized (demuxed),
which means that they are converted back
into TTL signals and sent to the inputs of the
timing controller. Multiplexing the parallel TTL
signals allows higher-speed data to be trans-
mitted over a narrow-band interface. Even so,
the requirements of high-bandwidth commu-
nications are met.

FPD-Link |

Figure 2 shows the structure of an FPD-Link
with four LVDS wire pairs. Three of the four
cables transmit the graphics and video signal
while the fourth conveys the LVDS clock sig-
nal. The mux circuit serializes the parallel
graphics and video signal and transmits it over
the differential pair. Thus, only three cables
are needed as opposed to the 22 otherwise
needed, and there is also an improvement in
electromagnetic compatibility.

FPD-Link chipsets are available with falling
and rising edges and programmable data im-
port to provide a convenient interface with a
variety of graphics and LCD panel controllers.
The 5V or 3.3 V chipsets support a frequency
range of 20 to 65 MHz.

..........................................................

..........................................................

The MIPI Alliance has specified six types of
interfaces in mobile, networked devices: for
the physical level, multimedia, chip-to-chip
or interprocess communication, device control
and data management, system debugging,
and software integration. Each specification
satisfies the most important requirements of
these devices: low energy consumption, high
bandwidth, and low electromagnetic interfer-
ence.

DSI (display serial interface) and DSI-2 are the
MIPI interfaces between one or several dis-
plays and the application processor. They de-
fine a serial bus and a communication proto-
col for data transfer between the host, the
image data source, and the target application.
They were developed to enable lower-cost dis-
play controllers for mobile devices such as
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Figure 2: An FPD system with four LVDS pairs

42 RUTRONIKER 2020

Powered by Markt&Technik

e —

Committed to Excellence

smartphones, laptops and tablet PCs, wear-
ables, augmented reality applications, and ve-
hicle instrument panels.

..........................................................

..........................................................

MIPI-DSI is based on the physical layer MIPI
D-PHY. It is used to connect megapixel cam-
eras and high-resolution displays with an ap-
plication processor. A clock-forwarding, syn-
chronous link is used here that combines
high-speed data transmission with low pow-
er consumption as well as high resistance to
interference and high jitter tolerance with low
costs (Figure 3).

At the physical layer, DSI specifies a serial
point-to-point high-speed differential signal
bus. It encompasses a high-speed clock lane
and one or several data lanes. Each lane cov-
ers two wires due to the differential signal
use. All lanes run from the DSI host to the DSI
device with the exception of the first data
lane (Lane 0). It is capable of a bus turnaround
operation (BTA) that allows the direction of
transmission to be reversed. When several
lanes are used, they transmit data in parallel,
thus allowing four bits to be transmitted si-
multaneously when four lanes are being used.

The connection operates either in low-power
mode or high-speed mode. The transition be-
tween the two modes is done with minimal
latency. In low-power mode, the maximum
speed clock is disabled and the signal clock
information is embedded in the data. The data
rate is not enough to control a display, but
can be used to send configuration information
and commands.

In high-speed mode, the high-speed clock is
used at frequencies of several tens of mega-
hertz up to over a gigahertz as a bit clock for
the data lanes. The clock speeds vary depend-
ing on the requirements of the display. Be-
cause only a low voltage is required for the
signal output and the data is transmitted in
parallel, high-speed mode can operate with
minimal power usage.

..........................................................

..........................................................

In terms of lane management, the transmitter
distributes the transmitted data over one or
several of the four lanes, depending on band-
width requirements. For mapping - the meth-
od of determining which bit is transmitted
over which lane - the standards from VESA
(Video Electronics Standards Association) and

www.rutronik.com



Figure: MIPI Specification for M-PHY Version 2.0
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Figure 3: The physical layer D-PHY connects the application process to the display.

JEIDA (Japan Electronic Industry Development
Association) are well established.

The low-level protocol layer defines how the
bits and bytes are organized into packets and
which bits constitute the header and payload.
This is also where error checking is performed.

At the application level, data from the layer
beneath is finally translated into pixels or
commands.

A comparison of LVDS and MIPI DSI reveals
only one common factor: both use four lanes.
LVDS only transmits the video/image signal,
though, for which the RGB-TTL signal is con-
verted into an LVDS signal using the SPWG
(Standard Panels Working Group) or JEIDA
standard. MIPI DSI on the other hand can
transmit not only videof/image data but also
command signals. Both signals can be con-

Amphenol ICC

trolled in accordance with the specific hand-
shake sequence and rules.

If the application process doesn't support a
standard or does not have enough lanes to
connect to a display module, a bridge IC can
create the corresponding interface between
the video output of the processor and the in-
put of the display module, the camera, or oth-
er peripheral devices. This allows application
processes to be connected to various displays
without having to re-develop the entire sys-
tem.

Toshiba offers a range of these bridge ICs. They
are suitable for consumer, industrial, and au-
tomotive applications such as smartwatches,
tablet PCs, ultrabooks, 4K UHD displays, smart
TVs, wearables, cameras, gaming accessories,
head-mounted displays (HDMs), LCDs, 10 port
expansions, and POS applications.

ix Industrial™

Connectors

Next Generation High Speed
Ruggedized Connectors for Future
Industrial Ethernet Communication
Designs

www.amphenol-icc.com

The DSI-LVDS bridge enables ICs to control an
LVDS-compatible display via a DSI link. These
support a pixel resolution of 24 bits. The
TC358771XBG and TC358774XBG models en-
able classic 4:3 (UXGA, ultra extended graph-
ics array) with a resolution of 1,600 x 1,200
pixels over DSI Single Link. The TC358772XBG
and TC358775XBG models support WUXGA
(Wide Ultra eXtended Graphics Array), which
enables displays with 16:10 format and a res-
olution of 1920 x 1200 pixels over DSI Dual
Link. The bridge ICs also support an 12C mas-
ter controlled by the DSl link that can be used
as an interface with other control functions
via I°C.

The bridge ICs operate using the LVDS stan-
dard at 135 MHz, while in the DSI standard
they transmit at up to 1 Gbit/s per lane. They
support the video input formats
RGB565/666/888. By optimizing the back-
lighting of LCD displays based on ambient
light, they help to reduce the power usage of
mobile devices.

Using bridge ICs such as those from Toshiba,
developers can also leverage the advantages
of DSI - low power usage, low pixel data rates,
and low component costs - for designs that
do not support DSI, providing them with the
flexibility they need in such a rapidly devel-
oping market. |
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KNOW-HOW|CIRCUIT DESIGN ®

No room for traditions

Computer-based algorithms as
an alternative to
traditional methods

An increasing number of design parameters and boundary conditions
constitute a key challenge in the optimization of electronic circuits. Com-
puter-based automated algorithms offer a strong alternative to traditional
empirical methods or extensive mathematical efforts.

\'

BY DIPL.-ING. (FH) CHRISTIAN POHL, PROF. DR.-ING. LUTZ ZACHARIAS, PROF. DR.-ING. MIRKO
BoDACH, DIPL.-ING. (FH) SVEN SLAWINSKI, DIPL.-ING. (FH) RINGO LEHMANN (ALL AT WEST-
SACHSISCHE HOCHSCHULE ZWICKAU) AND DR. THOMAS BARUCKI AT ADAPTED SOLUTIONS

he ever-increasing requirements
Tpower electronic systems have to meet

are leading to circuits and controllers
becoming increasingly complex. As a result,
engineers are faced with a challenging array
of design parameters and criteria. Frequently
used methods such as empirical parameter
optimization based on experimentally or
mathematically determined initial values are
uneconomical when a certain degree of com-
plexity has been reached, as in the case of
cascaded controllers.

Figure 1: The most important components of an optimization
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The use of computer-based optimization al-
gorithms within an automated optimization
process on the basis of suitable strategies
from systems theory rather than heuristic
methods represents an excellent alternative.
The "Optimization Workbench" (OWB) frame-
work was developed to run such algorithms
within a circuit simulation. It offers a rich
and intuitive front end with a number of ge-
neric functions as well as a simulator inter-
face, project configuration tools, and exten-
sive post-processing capabilities. Additional
algorithms can easily be added as external
plug-ins.

Initially, optimization using a genetic algo-
rithm (GA), Monte Carlo (MC) analysis, and
parameter sweep/permutation (PSP) are
available. While MC merely involves a ran-
dom search (often referred to as "analysis of
statistical experiments") and PSP a simple
scan, GA is a highly sophisticated, multi-cri-
teria optimization method. Based on the nat-
ural evolutionary process, it applies genetics
to a wide range of complex optimization
problems where target functions may be ir-
regular and multimodal and information
about the extreme values is difficult to find
by other means.

There are, of course, a number of other ex-
tremely powerful methods for multi-criteria/

multi-target optimization. Yet genetic algo-

Committed to Excellence

rithms are so fascinating from an engineer's
point of view because these methods com-
bine power and efficiency with user-friend-
liness, because they are effectively “natural.”

The GA implemented in this study is not in-
tended to be a detailed model of biological
evolution, but rather to improve the dynam-
ics and power quality of, for example, power
electronic devices by iteratively applying ba-
sic evolutionary principles such as selection,
recombination, and mutation to the param-
eter vectors of a simulation model.

Beginning with a group of random parameter
vectors within a defined search space, re-
combination and mutation are used to form
parameter vectors derived from them.
Through the selection process, the suitable
candidates for the next iteration are select-
ed on the basis of their individual fitness,
which in turn was determined by the simu-
lation.

Highly flexible
with minimal programming effort

In addition to the algorithm itself, the pro-
cess of performing computer-based optimi-
zation requires a variety of genetic compo-
nents. The structure of the OWB according
to these requirements is shown in Figure 1.

www.rutronik.com



General settings ﬁ

TAFIN L s BT
et Par ol

m-Model

[

LA AL AL
LN ETRS
G‘['; L |

&
ff‘

Bl =imad

Result parameters

15411811
I0e 14—
JEEEE

Input parameters

-
Add. settings dialog®

Fit

(JEr
4

3 Forms Dptimcpmtion Wieskimones < FEC U 51 Dubpoit Rond e

Figure 2: OWB project editor front end (left) and OWB postprocessor front end (right)

The OWB's project editor (Fig. 2a) is used to
create a configuration for planned optimiza-
tion runs. Based on the properties of the se-
lected optimization algorithm, various dialog
boxes are presented on the front end in ad-
dition to generics such as simulator configu-
ration and report settings.

During the configuration stage, user actions,
algorithm-specific dialog boxes, and param-
eter settings are hosted from the editor en-
vironment and can be controlled by the se-
lected plug-in, if required. This approach
offers a high degree of flexibility with mini-
mal programming effort.

Once an optimization run is started, the Op-
timization Executor prepares the simulator
and postprocessor before passing control to
the algorithm. The plug-in now begins gen-
erating parameter sets and captures their re-
sults via simulation with a single synchro-
nous method call. The collected results can
be transferred to the postprocessor (Figure
2b) by calling another method. The postpro-
cessor uses an internal automated function
to dynamically adjust and update its layout
based on the reported results.

After and even during an optimization run,
the user can examine the archived results in
the postprocessor module. It offers three
main components: a template-based param-
eter report, a results table containing the re-
ported values from the algorithm, and a
highly configurable 2D result diagram syn-
chronized with the contents of the table for
the purpose of graphical analysis. In addition,
the user benefits from various options for
exporting the archived data to other appli-
cations for deeper analysis.

www.rutronik.com

At the present time, three important plug-
ins (GA, MC, PSP) are implemented by de-
fault. GA, which is based on the open JGAP
library, offers a rich set of tuning parameters
and is therefore suitable for a wide range of
optimization tasks. The MC analysis can be
used for exploratory optimization as well as
to pre-optimize parameter constraints for
more sophisticated algorithms like GA.

The PSP plug-in can be used to sample sys-
tem properties within an n-dimensional
search space by simulating all permutations
of the parameter-specific target value vec-
tors.

An important feature of the OWB design
concept is the ability to easily define addi-
tional plug-ins. Since the OWB performs the
genetic tasks itself, a well-documented and
simplified interface design allows the user to
focus on implementing the optimization al-
gorithms. Should the user have expanded re-
quirements, the interface still makes it pos-
sible to influence or interact with most of
the OWB's automated functions.

With support for all .NET languages such as
C#, VB.net, and VC++, the well-structured
GUI, and the ability to use the freely avail-
able IDE from Microsoft Visual Studio, imple-
menting and debugging new plug-ins is easy
and efficient. In this way, the OWB can be
adapted to any optimization challenge that
can be solved with computer-based methods.

On a fundamental level, OWB was designed
to provide an intuitive and efficient user in-
terface with extensive error reporting in case
of incorrect user action. In addition, due to
the sometimes long optimization runtimes,

Committed to Excellence

the application was written to be stable and
highly fault-tolerant to avoid sudden crashes
and data loss.

..........................................................

..........................................................

The Optimization Workbench (OWB) present-
ed in this article has proven to be stable and
reliable in all of our numerous optimization
runs. Designed as a convenient add-on for
existing simulation environments, it enables
computer-based optimization with minimal
integration effort. The system makes it pos-
sible to accelerate complex design processes
and optimally exploit technical system re-
serves.

Thanks to the optimization capabilities al-
ready implemented in the OWB, but also be-
cause of the equally available plug-ins for
the design of controllers and power electron-
ics, the software is extremely versatile. With
its intuitive user interface, it represents a
convenient tool to assist development engi-
neers in this domain.

Consequently, the tool is already structured
to be extended for operation in simulation
cluster environments in order to reduce the
required optimization time by running simu-
lations in parallel. To optimize grid models,
an interface to simulators such as ATP and
Cerberus is currently being evaluated in or-
der to meet future requirements resulting
from smart grid developments. |
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EXCLUSIVE|INTERVIEW @

An interview with Rutronik CEO Thomas Rudel

“Coronavirus will remain

with us for a long time

yet9’

The year 2020 is not an easy year for the economy. In an interview with

Rutronik CEO Thomas Rudel, he speaks about the impact of the corona-

virus crisis on his business and the distribution market as a whole, and
also about what gives him hope for the future despite everything.

RUTRONIK-CEO THOMAS RUDEL

‘ ‘ We will see the market
consolidate; "zombie" companies
won't survive the crisis at its

worst 9 9
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he coronavirus crisis has resulted in un-
Tprecedented upheaval in all sectors,

and even healthy, well-positioned busi-
nesses like Rutronik face major challenges.
Supply chains were sometimes disrupted for
a while, the international trade in goods suf-
fered, and sales markets declined sharply due
to quarantine measures.

Mr. Rudel, the most important question
first — how is Rutronik doing right now?
Well, we're in the same boat as many other
companies - Rutronik has suffered a strong
decline in revenue. This means we won't be
able to achieve our objectives for 2020. Agen-
da 2025, in which our aim was to have dou-
bled our revenue by this year (editor's note:
to around €2 billion), will need to be pushed
back far into the future. Right now we can't
tell how and at what pace the global economy
will recover. A serious forecast as to when
things will calm down is not possible at this
time.

The coronavirus crisis has plunged many
a business into a severe crisis. What are
your expectations regarding the devel-
opment of the economy over the coming
months?

The issue of the coronavirus pandemic and
its consequences will remain with us for a
long time yet. There may be effects that
we're not even considering right now. It's
certainly possible that we can expect a huge
wave of businesses going bankrupt. Busi-
nesses that didn't have as much public at-
tention - the self-employed in particular
who number around two million in Germany
- are facing considerable difficulties. This can
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have serious consequences for the economy
as a whole.

The coronavirus emergency funding was
mainly dispensed to major companies.
Adidas withheld rent payments for its
stores despite profits in the billions last
year, while TUI and Lufthansa are receiv-
ing billions in loans and bonds. How do
you see this?

| don't think it's right for such large compa-
nies that have generated billions in profits in
recent years to benefit so disproportionately
more from the emergency funding measures
than small and medium-sized enterprises.
How can it be that Lufthansa is pocketing nine
billion euros in government aid but is still cut-
ting jobs en masse? The very purpose of the
funding is to preserve jobs, not to keep share-
holders happy. | think it's unacceptable. Major
automobile manufacturers are also declaring
short-time work restrictions here in Germany,
but in China, they're continuing with full pro-
duction. It's absolutely disgraceful.

On the topic of short-time work, has this
been a topic for Rutronik? How are you
handling the crisis?

It's not something that concerns us. We de-
veloped a pandemic management system and
established a task force. Thanks to the superb
work being done here, we were able to pro-
vide staff with the means to work from home
so that we could continue working normally
- well, at least as normally as can be in these
times. The results show that it worked; as of
now (editor's note: mid-August), Rutronik has
not had a single Covid-19 case at its head-
quarters in Ispringen, and the warehouse in

www.rutronik.com



Eisingen was also not affected. And aside from
that in general, the team at our warehouse
has been doing a tremendous job. The staff
there have been working a two-shift system
with a requirement to continuously wear face
masks to ensure that business could continue
normally. Well done to them!

How has Rutronik‘s global focus been af-
fected during the pandemic?

Of course, we've had to take stock of the sit-
uation in each individual country where
Rutronik is represented because infections
have developed differently everywhere and
the situation is also being handled differently.
But it has been smooth for the most part.

What changes has the coronavirus pan-
demic caused to the market environment
and how can Rutronik benefit from this?
It's difficult to tell how our customers are do-
ing. We don't know if they can buy goods, and
if they can, how many. This means that we
need to take a much closer look and check
carefully because for us it entails a greater
risk in terms of orders.

Rutronik is generally well-
positioned and - relatively speaking -
has fared well during the crisis. But it's

hard to tell what the coming months will
bring.

Which markets or technologies have
thrived as a result of the pandemic and
will play a bigger role in the future, and
which ones have suffered?

| haven't seen any major changes so far. The
medical market of course has become more
important due to the pandemic. But we can't
tell right now how long-term that will be. In
the long run, | expect the economy to have to
deal with the long-term consequences for a
long time yet. We will see the market consol-
idate; "zombie" companies won't survive the
crisis at its worst because banks will be even
more reluctant to give out loans. But even
healthy companies won't be spared; sectors
like mechanical engineering will suffer be-
cause orders are declining.

There are fears at the moment of new
Covid-19 waves to come. How do you see
this scenario and its consequences?

First of all, we know that we are largely left
to fend for ourselves in the economy. The
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measures taken by governments were usually
so spontaneous that it was very difficult to
react accordingly - even if we managed to do
so. The tit for tat among individual German
states when it came to relaxing restrictions
was also a chaotic mess that was highly irre-
sponsible of the governments and may yet
come to cause businesses to suffer. Just be-
tween the states of Rhineland-Palatinate and
Baden-Wiirttemberg, there were major differ-
ences in terms of hygiene concepts, mask-
wearing obligations, and rules for opening re-
tail stores.

What would you specifically like if the
crisis intensifies again?

Firstly, for any lockdown measures to be rea-
sonable and have purpose and to have only
isolated shutdowns, as was the case with the
outbreak in the Ténnies plant. Secondly, to fi-
nally pick up the pace of the development of
the digital infrastructure. I've been saying for
years that Germany is at the level of a devel-
oping country in this regard. The coronavirus
crisis has been merciless in this regard; it's all
very well having people work from home or
learn from home, but it's a disgrace when stu-
dents in video conferences keep having their
video streams freezing because the bandwidth
isn't enough for uninterrupted transmission.
Thirdly, and finally, for each individual to show
more common sense!

What do you mean exactly?

| can't believe that people feel like their hu-
man rights are being violated because of an
obligation to wear a mask for a few minutes
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while shopping during the day. It shows a lack
of responsibility and a lack of solidarity with
our society. Just like this obsession with hav-
ing to fly out on vacation, to hell with the
consequences, exposing themselves and their
families to unnecessary risks. And they're also
putting their own job at risk. What if you
come back with a coronavirus infection and
spread it to your colleagues? You might end
up crippling an entire company. And what
then? For two weeks of carelessness, you've
put the economic well-being of yourself and
your colleagues in jeopardy.

Even so, why do you have an optimistic
outlook of the future?

Rutronik is generally well positioned and -
relatively speaking - has fared well during the
crisis. But it's hard to tell what the coming
months will bring. We can't plan for the next
year - we just have to wait and see what hap-
pens until December. Then we can see where
the wind is blowing. But all in all, | remain
cautiously optimistic that the economy will
recover. We have a strong SME community
here in Germany - our Mittelstand. If the gov-
ernment finally gets around to providing them
with more support instead of focusing on ma-
jor corporations, our country will overcome
this crisis. [ |
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Rutronik Analytics — Business Intelligence & Analytics as a Service

Finding target custom-
ers and optimizing how
you serve existing ones

“Ten profitable ideas how to win new customers” or “Eight tips on customer acquisition”
— advisers have plenty of good ideas on how businesses can acquire new customers. In
this age of big data and machine learning, however, there are smarter solutions available.
Rutronik is taking a whole new approach with such a service.

V utronik Analytics is the new module
of the Rutronik service portfolio. It's
BY ANDREAS MIANGLER,

DIRECTOR STRATEGIC MARKETING, AND bas“ed on BlAaaS, an acronym that
STEFANIE PILLER, DIGITAL MARKETING, stands for “Business Intelligence & Analytics
BOTH AT RUTRONIK as a Service". Business intelligence describes

a framework that can be used by businesses
to acquire data, information and ultimately,

knowledge. Rutronik uses a range of software
technologies for this purpose and a multi-di-
mensional database in which data from var-
ious external sources can be aggregated and
verified and supplemented with know-how
from the product, application and market
specialists.
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Motivation to use Rutronik Analytics and Challenges

Three questions to Andreas Mangler,

Director Strategic Marketing at Rutronik

Mr. Mangler, why is Rutronik taking such a big step into an
entirely new segment with Rutronik Analytics?

The main purpose behind Rutronik Analytics BIAaaS is to facilitate
Rutronik's own progress. Our main objective is to strengthen our
core expertise - firstly, by means of our product portfolio and sec-
ondly, with a broader customer base and better penetration among
customers and projects. Because 70% of our products require ex-
planations, we need to be able to make optimum use of our limited
resources, that is, our FAEs, product managers and BDMs. Rutronik
Analytics and BIAaaS provide us with support in all of these as-
pects. We now want to open up these opportunities to our cus-
tomers and help them to also grow.

Setting up such an entirely new, complex service must have
entailed some challenges. What were they?

One of the biggest challenges was to structure the internal knowl-
edge from the online business and IT division and the specialist
knowledge of our product managers, BDMs and FAEs, and to make
it usable. We also found that without extensive training of the
software, pretty much nothing happened. Regarding the system
itself, the challenges with VUCA are fairly well documented, namely
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volatility as a result of constantly changing data; uncertainty, as
the data wasn't always available in a clear structure and was often
subject to different interpretations; complexity as a result of com-
plex market scenarios and different dependencies between the data
sources; and finally ambiguity of the data and results.

How do you overcome these challenges?

By outlining and structuring the subject matter more clearly with
each step. Defining various tools and reports was also very help-
ful. But of course, without the fantastic team of data mining
specialists, IT colleagues and our market and product specialists,
none of this would have been possible. This team has created a
unique tool in Rutronik Analytics that uses modern technology
to create a new dimension in sales efficiency in the electronics
market.

To summarize, these new IT tools enable us to create market
transparency that facilitates rational management decision-mak-
ing. And this will be an important contribution in finding new
target customers using web scoring and serving existing custom-
ers with our services in the best way possible.

www.rutronik.com



Using analytics methods based on machine
learning, scoring methods and data mining
processes, information can be extracted from
the database that can make all the difference
for the company in question. The result is
that Rutronik Analytics users gain a trans-
parent overview of their own market and
that of their target customers. This allows
them to make rational management deci-
sions that actually help the company to
progress. They can grow their customer base
by strategically finding their target custom-
ers - including in places where they wouldn't
even have expected to. Rutronik Analytics
customers can also get to know their cus-
tomers better, understand how they "tick",
address them in their language, and know
what each one needs right now, in the me-
dium term, and in the long term.

"As a service" refers to the fact that the soft-
ware, including the hardware infrastructure,
is operated by Rutronik, in accordance of
course with all data protection standards as
per the GDPR. The customer does not need
to install any additional software - they can
simply use the service precisely when and as
much as they need it.

With the Rutronik Analytics service, Rutron-
ik is offering its customers not only a lead
generation service but also insights into the
structures and wishes of their newfound tar-
get customers. However, the service is not
limited to finding new customers - it can
also be used to selectively approach existing
customers and make more efficient use of
the portfolio.

..........................................................

..........................................................

To ensure that the analysis actually satisfies
the expectation of the Rutronik Analytics
service customer, the first step is to jointly
define the objective. The motivation behind
the market analysis and the ultimate objec-
tive (e.g. finding new customers, identifying
cross-selling potential) are discussed here.
There are also other questions to be dis-
cussed: Which product, product group or ser-
vice will be placed on the market? What is
the precise function or purpose of the prod-
uct when used by the customer? What ben-
efits does it provide them with?

And in which business/application field is it
used exactly?

This is determined at four levels. The first,
top level is the focus market or focus indus-

www.rutronik.com

try, followed by an application segment, then
an application, and finally the product or ser-
vice of the target customer.

This information allows the algorithms to be
trained in such a way that they also provide
the desired results. Here's an example - op-
tical object recognition in relation to assis-
tance systems for ADAS autonomous driving
systems is subject to entirely different re-
quirements and specifications than optical
pattern detection in equipment such as as-
sembly machines, even though the physical
measurement principles might be similar or
almost identical. It isn't a good idea to mix
up these two applications during machine
training, even though they're based on the
same physical principles. This would essen-
tially cause the system to make wrong as-
sumptions when it is being trained.

..........................................................

Focus, not scatter -
modern cherry picking

..........................................................

When it's about acquiring new customers,
you need to narrow down your target cus-
tomer group, because the point of the output
of Rutronik Analytics is not to address as
many businesses as possible, but to specifi-
cally find out which businesses offer the best
chances of success and the greatest potential
for Rutronik Analytics customers. To do this,
successful existing customers or known pros-
pects are pre-selected as reference custom-
ers, and selected properties are described,
such as the business model, the position in
the value chain, and the applications that
have been developed or produced with the
technological aspects. These form the basis
for searching for a statistical twin.

It also draws upon other exclusive data
sources that have been generated on the ba-
sis of Rutronik's solid market knowledge. This
includes knowledge from Rutronik's product
managers and field application engineers
from every division and country about com-
ponents, technologies, applications and mar-
kets, as well as market data and other se-
lected data sources.

The websites of reference customers (re-
ferred to as "customer DNA") are also ana-
lyzed and a "tag cloud” is extracted from
them. It offers multiple benefits - the
Rutronik Analytics customer can in turn im-
prove their communication with existing and
new customers in their language, as the tag
cloud represents the vocabulary that the tar-
get customer uses.
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Analysis

Bl & Analytics Complexity

________ _____

Machine Learning ™)

Potential Outcomes Based
on Complex Interactions
What will happen?

When will it happen?

Why will it happen?

________________________
Predictive Statistics

Patterns & Trends Based on
Behaviors & Relationships

Based on History, what may happen?
What is likely to happen based on X?

Desciptive Statistics
Describes & Summarizes Data
What happened?

Why did it happen?

What’s happening now?

Low

Business Value

The further you look into the future, the more significant the benefits are from data analysis.

The identified terms can also be used to di-
rectly derive demand structures to enable
businesses to offer customized system solu-
tions. For example, if “IP55" appears in the tag
cloud, this indicates that one of the custom-
er's needs would be for a connector protected
against spray water in their systems.

Rutronik SMART

The system uses data mining methods and
scoring models to compare the generated pro-
file against millions of websites and evaluate
the similarity. The higher this is, the more like-
ly this company is to be a compelling prospect.
Thanks to this analysis, the Rutronik Analytics
customer already knows plenty about their

The loT partner
for trendsetters

The website is reminiscent of Instagram — and that’s no coinci-
dence. After all, Rutronik SMART is aimed at developers who want
to be trendsetters when it comes to the Internet of Things. Rutronik
SMART promises a complete service that allows you to reduce your
costs and risks. Markus Balke, Senior Manager Product Marketing
Analog & Sensors at Rutronik, explains what’s behind it.

Mr. Balke, what is Rutronik SMART all
about?

Our hashtag #loT_enabler explains it fairly
succinctly — Rutronik SMART is our umbrella
brand for everything needed to enable loT ap-
plications - end to end, from sensor to cloud.
It focuses on sensors and wireless, as well as
security solutions and cloud services. But it
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also encompasses displays, mains power sup-
ply units, batteries, as well as everything else
down to the smallest resistor - basically, ev-
erything you need for loT devices. We also help
our customers develop their ecosystem and
facilitate contact with software providers for
special projects where necessary.

Committed to Excellence

High

Advanced
Analytics

Data
Insights

target customer and can address the right
point of contact in their professional language
style and offer them exactly the solutions that
they need. |

But Rutronik offers all of this already.
What’s the point of Rutronik SMART?

loT developers can find exactly the modules
here that they need and that are best suited
for their projects. The criteria defined for these
are a small construction size, a high level of
integration, low power consumption and at
least three years of availability. So basically,

www.rutronik.com
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Discover the Internet of Things
Design Products

we've pre-selected components from Rutron-
ik's enormous portfolio. In the Rutronik
SMART mission statement, we put it like this
- we are the loT partner that provides its cus-
tomers with a single source for everything. We
allow them to minimize their risk, reduce their
costs and gain technological advantages over
their competitors.

Sounds good! Can you describe it more
precisely?

| already mentioned that it acts as a single
source for all of an loT developer's needs.
They're in good hands, because Rutronik as an
owner-managed distributor maintains long-
term business relationships - and this is only
possible when both sides benefit in the long
run. To this end, we operate with a top-class
service level and high quality standards, of-
fering on-time delivery and continuous avail-
ability of around 30 billion components.

Markus Balke, Senior Manager Product
Marketing Analog & Sensors at Rutronik

€ € We are also contacted
by companies who previously
had barely anything to do with
electronics. 3 9

www.rutronik.com
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Sensors ~ Wireless  Security Cloud

Single-source procurement also reduces costs
thanks to the need for fewer procurement
sources. The well-coordinated logistics sys-
tems and standardized EDI systems (electron-
ic data interchange) for automated ordering
also help reduce workload and expense.

And where does the competitive advan-
tage come from?

Our specialists provide support for each proj-
ect based on their extensive product, technol-
ogy and market expertise as well as their ex-
perience from a variety of projects. We are
familiar with the roadmaps of leading com-
ponent suppliers and solution providers, which
allows us to help our customers be sure that
they are using the latest solutions and tech-
nologies. And because we advise the custom-
er for the entire solution without being de-
pendent on any given suppliers, this also
allows smart approaches to combining these
solutions and technologies.

But loT projects are about more than just the
hardware. The biggest challenge is often with
the software, for example when there is a
need to filter out noise frequencies in radar
measurement technology. For such challeng-
es, and also with production challenges, we
establish contact with qualified third-party
service providers.

We know that loT is a broad field. Are
there markets or applications on which
Rutronik SMART focuses?

We generally cover everything, as many re-
quirements in the various fields are identical.
Even so, there are a few markets which we do
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focus on. We see compelling applications for
digital solutions in the smart health segment.
They can offer a way out of the dilemma fac-
ing society whereby populations are aging,
but there is still a shortage of nursing staff.
Examples would be a "digital nurse" for mon-
itoring patients or telemedical solutions
where the health and well-being of elderly
people is monitored. This allows them to con-
tinue living in their own homes for as long as
possible, even if they are weak or sick.

We expect a major boom in smart tracking,
especially position tracking, which involves
the creation of movement profiles. Condition
tracking, which involves monitoring goods
during transport, also offers considerable
growth potential, as well as predictive main-
tenance, where machinery is monitored re-
motely to predict how it needs to be main-
tained.

Retail is also an incredibly interesting market
- after all, brick & mortar retailers need to be
able to put up a fight against the online gi-
ants if they don't want to end up surrendering
the market to them. Smart retail solutions, for

example, allow them to adjust prices auto-
matically depending on the quality and shelf
life of the goods, or to relocate goods between
different outlets as necessary.

There is an incredibly large number of appli-
cations that fall under the smart home um-
brella, and we focus here primarily on building
automation and smart control, for example
for heating, air conditioning and access con-
trol. Our latest project, which we created our-
selves at Rutronik SMART and in which we
have invested a lot of research effort, also falls
under the smart home umbrella.

And what is it?

A deodorizer - but one that is actually worthy
of the name and doesn't simply cover up bad
smells with other smells. A sensor detects all
of the components, a specially trained algo-
rithm identifies them, and a UV LED is used
selectively destroy them. This is a minor revo-
lution for any area where unpleasant odors
can develop, from toilets to kitchens, from
landfills to gyms. (Editor's note: If you are in-
terested in the details, there is a special article
on this on page 60.)

A secure MCU platform for edge intelligence in the loT

Machine learning and

Looking at the website at rutronik.com/
smart, you’d think it was more a social
media platform than a corporate web-
site. Is Rutronik SMART targeted specifi-
cally at a younger customer group?

We are primarily addressing Generation Y de-
velopers, those who were born in the 80s and
90s. Some work in startups, and others are
established customers of Rutronik who are
now seeking to integrate connectivity into
their products. But we are also contacted by
companies that previously had barely any-
thing to do with electronics, instead being
primarily from mechanical engineering field-
sand now wanting to provide internet support
for their devices. They are all familiar with the
look and feel of our website from Instagram
or LinkedIn. When designing the website, it
was also just as important for us to have the
functions associated with this: a diverse
newsfeed along with hashtag searches to find
everything on certain topics quickly, as well
as the ability to find anything in our portfolio
that is needed for loT projects. [ |

Al-based signal processing in
edge computing

Al (artificial intelligence) applications and services are increasingly being

integrated into MCU platforms, especially in industrial environments.

With an edge intelligence loT MCU platform from Rutronik, hardware and

firmware developers now have a complete edge computing solution for

their Al-based applications.

\%

BY ANDREAS MANGLER,
DIRECTOR STRATEGIC MARKETING
AT RUTRONIK
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End users and end devices at the network edge
often generate massive amounts of data, in-
cluding sensitive data that is governed by data
protection legislation such as location data,
health records, activity records and production
information. Analyzing such data in the cloud
or on edge systems entails a major risk of pri-

Committed to Excellence

vacy violations - even when complying with
legal requirements such as the General Data
Protection Regulation (GDPR).

Years ago, real-time automation and control
systems were largely developed as indepen-

dent systems. Today, they are connected with

www.rutronik.com
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networks through which sensitive data can be
leaked or tampered with. In most cases, the
system architecture does not provide adequate
protection against such attacks. This is why
data and algorithm security is very high on the
list of priorities for industrial businesses.

..........................................................

Paradigm shift from cloud computing
to edge computing

..........................................................

Edge intelligence (El), a method of indepen-
dent learning on the end devices themselves,
is one way to enable distributed data learning
in a way that is consistent with data protec-
tion interests. The original data records remain
stored on the devices or nodes where they
were generated, but the parameters of the
edge Al model can be used for multiple end
devices.

In Edge intelligence, digital signal processing
must be performed by the Al in the (I)loT ([In-
dustrial] Internet of Things) front end. This en-
tails a genuine paradigm shift from wholly
cloud-based intelligence to local smart digital
signal processing in the end device.

For the El services offered by various compa-
nies to be considered trustworthy, a decentral-
ized trust model is required. Basic designs of
distributed security mechanisms make it pos-
sible to ensure the implementation of user au-
thentication, access control, model & data in-

www.rutronik.com

tegrity and mutual platform verification. If the
risk of both trustworthy and “malicious” edge
nodes being present in the network cannot be
eliminated, safe routing plans and trusted net-
work topologies are necessary for providing El
services. New security mechanisms with trust-
ed zones and cryptography-based algorithms
are needed for all communication processes
with the MCU and data storage. This applies
to the entire process, from programming to
algorithm training to the practical use in the
field.

..........................................................

..........................................................

At least six criteria play an essential role in the
performance of El-based systems. They were
also fundamental to the design of the RUT-
DevKit-STM32L5 Edge Intelligence loT MCU
platform from Rutronik:

1. Latency

Latency is the time needed for the decision and
inference process, including preprocessing,
model inference, data transmission and post-
processing. Assuming a latency of 100ms for
the entire process, elements such as the ana-
log sensor data signal process would have to
be much shorter. Strict time limits apply in
particular for mobile real-time applications
such as robotics, predictive maintenance or
sensor data fusion. In this case sampling rates
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of around 100kHz and the associated signal
pre-processing are required. In the RUTDevKit-
STM32L5, high-speed analog/digital convert-
ers (ADCs) for the STM32L05 provide the re-
quired latency values.

There are also other factors that affect laten-
cy, including the edge device resources and the
data transmission method, as well as how the
neural network is implemented in the soft-
ware. In the RUTDevKit-STM32L5, the PSRAM
Octo-SPI interface and the NOR flash Quad-
SPlinterface support the board's real-time ca-
pabilities. They help achieve the fastest data
transfer rates possible.

2. Precision

Precision relates to the Al training model and
thus also to the results of the Al model. It re-
lates to the ratio of the number of data sam-
ples that produce correct predictions through
inference to the total of data samples. The fac-
tors of influence include the speed at which
the input data is fed into the Al model. For ex-
ample, in a video analysis application, the right
rate of input may result in data being skipped
due to the limited resources of the edge device.

This causes precision to suffer. On the other
hand, a cameraless system such as blind spot
detection in a car that is based on pulsed in-
frared sensor technology provides faster and
more precise decision-making results. It is pre-
cisely for such applications with decentralized
intelligence that MCU platforms are ideal.

Cameraless, El-based gesture control with very
low latency times has enabled the Halios fam-
ily from Elmos, for example. Halios stands for
High Ambient Light Independent Optical Sys-
tem. Its highly sensitive components detect
gestures without any mechanical elements or
camera-based systems. These can be superbly
combined with the RUTDevKit-STM32L5.

3. Energy consumption

The work involved in calculation and commu-
nication when deriving results from an Al
model consumes a fairly large amount of en-
ergy. This is a problem when implementing the
Al model in the end device, because - unlike
edge servers and cloud data centers - these
devices are usually battery-powered. This is
why energy efficiency is an important factor
in El applications. It depends on the size and

software

data

hardware

Trusted

t

ARM TrustZone provides a secure and insecure environment on a single core.
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complexity of the Al model and the resources
on the edge devices. Efficient handling of
memory space and communication times and
a low-power/high-performance MCU reduce
energy consumption.

4. Data protection

()1oT applications and devices also generate a
lot of sensitive data, which is why privacy and
data security must be ensured near the data
source of an El application. The method of pro-
cessing the original data plays a key role here.
A "trust zone" in the MCU and data storage -
a virtual area with hardware-based access
controls - is therefore essential. The manage-
ment of secure (trusted) and insecure (non-
trusted) areas, stringent process planning for
programming, and the application of restrict-
ed access rights in operation are critical here.

For secure machine learning processes involv-
ing quasi big data, the RUTDevKit-STM32L5
has an SD card slot. This allows an encryption-
capable SD card to be added in order to pro-
tect valuable data.

5. Communication

External communication with other El systems
plays an especially large role in a system'’s re-
al-time capability. To keep latency as low as
possible, this communication overhead must
be minimized during the inference phase. This
is especially true of the heavy usage of WAN
bandwidth in the cloud.

An Anybus module is available for the RUT-
DevKit-STM32L5 that enables communication
across all standard fieldbuses and Industrial
Ethernet networks, relieving the burden on the
MCU's computing performance.

6. Memory

A high-precision Al model is typically based on
an extremely high number of data records.
However, for mobile and battery-powered de-
vices, the focus tends to be more on reducing
storage resources. To be able to store big data
and inference data securely on such devices,
it is important to optimize storage peripherals
for the Al implementation.

The RUTDevKit-STM32L5 features 412 kB flash
memory, 64 Mbit PSRAM and 128 Mbit NOR
flash memory on the MCU chip, plus a slot for
an SD card in the GB segment with a secure
area to provide the ideal conditions for ma-
chine learning applications.

www.rutronik.com



For many applications, it may make sense to
run Al models not in the cloud, but on edge
devices. Its latest development, the RUT-
DevKit-STM32L5, is Rutronik's important con-
tribution to ensuring secure, autonomous sys-
tems with adequate connectivity. The complete
solution for Al-based edge applications run on
an MCU platform enables hardware and firm-
ware developers to create proofs of concept in
a very short time. They enhance system effi-
ciency and scalability, while reducing develop-
ment time and cost.

platform

The RUTDevKit-STM32L5 provides hard-
ware and firmware developers with a
complete solution for in-house develop-
ment of Al-based edge applications. The
BOM includes only components from the
Rutronik portfolio. It can be found at
www.rutronik.com/development-stories/
rutdevkit-stm32I5 and can be easily
adapted for any application. The compo-
nents at a glance:

Hardware

® STM32L562ZET6Q ultra-low power loT
controller (110 MHz), ARM Cortex-M33
TrustZone with 512 kB flash, on-chip
PSRAM and NOR flash connected via
Octo-SPI, Arduino pin connectors, ac-
cess to microcontroller 10 pins, ST-Link
USB debugger

e APS6408L 64 Mbit Octo-SPI PSRAM

e EN25QH128A 128 Mbit Quad-SPI NOR
flash

e CAN FD with TLE9251VLE driver

® USB-C power supply with protection IC

TCPPO1-M12
® RS-485 interface with ST3485EDBR
driver

® Micro-SD card slot
® Arduino interface
® 4-|ayer design

www.rutronik.com

The RUTDevKit-STM32L5 provides a basis for
a modular toolkit. Arduino-compatible plug-in
boards that enable feasible solution concepts
for specific end applications are under devel-
opment. |

The RUTDevKit-STM32Ls -
an Edge Intelligence loT MCU

The RUTDevKit-STM32L5 - a complete solution
for developing Al-based edge computing
applications

Software

® CAN-FD test mode demo

® RS-485 Modbus demo

® USB power supply demo

® Dual bank flash bootloader demo
® TrustZone demo

® Tamper detection demo
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Automotive Business Unit

Network founded,
US presence expanded

Electromobility and autonomous driving, connectivity, digitalization
and new mobility concepts are the focus topics of the transformation
process not only in the automotive industry, but also in Rutronik’s Au-

tomotive Business Unit (ABU).

\%

By CALOGERO AVARELLO,
BUSINESS DEVELOPMENT MANAGER
AUTOMOTIVE BUSINESS UNIT, AND

HOLGER HARTMAIER, SENIOR ACCOUNT

MANAGER AUTOMOTIVE,

BOTH AT RUTRONIK

hen the Automotive Business Unit
(ABU) was established in 2014,
Rutronik was one of the first to

help companies not only meet and master the
transformation of the automotive industry,
but also benefit from it. At the core of this is
a focus on modern, cost-effective concepts
for the mobility of tomorrow.

The ABU's experts focus entirely on automo-
tive applications. Their in-depth expertise and
many years of experience in automotive elec-
tronics combined with the know-how of lead-
ing component suppliers offers numerous
benefits to customers. The combination of ex-

RUTRONIK
AUTOMOTIVE
CONGRESS

pertise, networks, and extensive distribution
know-how makes the ABU the ideal partner
for all topics relating to the future of mobil-

ity.

At the start of 2020, the ABU established an
automotive executive community (AXC),
which sees itself as a platform for decision-
makers at OEMs, tier ones, tier twos, and ser-
vice providers for discussing current market
conditions, trends, and the latest innovations.
The focus is always on future challenges in
the field of automotive electronics. This pro-
vides AXC members with a pool of information
on topics such as trends for individual suppli-

The Rutronik Automotive Congress has become established as a unique industry event for information gathering and networking.
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ers. The official AXC kick-off meeting was held
on July 8, 2020 in Munich with leading rep-
resentatives of German OEMs, tier ones, and
suppliers.

..........................................................

..........................................................

Since March 2020, Rutronik has had another
representation office in the US. As the new
Senior Account Manager, Holger Hartmeier
will be driving and further developing the
company's automotive activities in North
America from Livonia, a suburb of Detroit, MI,
with the support of the ABU headquarters in
Ispringen, Germany. Holger Hartmaier reports
directly to the Director of the Automotive
Business Unit, Uwe Rahn. Via its distribution
center in Texas, Rutronik already offers cus-
tomer-optimized, globally identical and scal-
able logistics systems.

In addition to technical seminars, roadshows
and Tec-Days in close cooperation with
Rutronik's franchise partners, plans are also
underway for events such as the first automo-
tive congress outside of Europe. It is expected
to be held in Detroit in June 2021 concur-
rently with the NASIC (North American Inter-
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Rutronik is represented in the U.S. and Mexico with numerous branch offices

and with its logistics center in Plano, TX.
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Regional Sales Offices | San Jose, Detroit, Concord

Home Offices | Connecticut, N. Carolina, lllinois, Minnesota

Regional Sales Offices | Chihuahua, Monterey, Guadalajara

national Auto Show). The agenda will include
interesting presentations on current topics
and megatrends in the automotive industry
held by renowned representatives of OEMs,
tier ones and suppliers. The event will also
provide suitable opportunities for manage-
ment-level networking and discussion.

..........................................................

..........................................................

Alongside the U.S. corporate headquarters in
Plano and the logistics center in Austin (both
in Texas), Rutronik currently also maintains
regional offices in the states of Massachu-
setts, California, and Michigan. The company
also has a presence in Connecticut, lllinois,
Minnesota, and North Carolina with its own
field application engineers and field sales en-
gineers.

Rutronik has been represented in Mexico since
2008 with its headquarters in Querétaro.
Since then, there have been three additional
representative offices established in the states
of Chihuahua, Jalisco, and Nuevo Leon.

Advertisement

The “Motor
City”

The region of Detroit, birthplace of
the U.S. automotive industry, cur-
rently produces more automobiles
than any other federal state. In 2017
alone, more than two million vehicles
rolled off the assembly lines in eleven
plants, accounting for 18.5% of the
total US production. Michigan is
home to the headquarters and tech-
nology centers of 17 OEMs, while 96
of the 100 largest suppliers also call
Michigan their home. Automobile
manufacturers and suppliers together
operate more than 1,600 facilities
and employ more than 117,000 engi-
neers in Michigan alone.

Rutronik's partners in North America include
over 70 suppliers. |
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Figures 1 and 2: Kanagawa Institute of Industrial

Science and Technology (KISTEC)
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Deodorizers

Rutronik brings
a breath of fresh air

Cigarette smoke, sweat, sulfur, rancid fat, burned food — the sort of
things that nobody likes to have to smell. If you can’t get in some fresh
air, then this is where filters become useful. UV-assisted, photocatalytic
models are especially effective here. Rutronik’s first deodorizer demon-
strator is also based on this technology.

\%

BY MARIA ALEJANDRA SALAZAR MARTINEZ,
PrRODUCT SALES MANAGER ANALOG & SENSORS,
AND ALAIN BRUNO KAMWA, PRODUCT SALES MANAGER OPTO, BOTH AT RUTRONIK
tile organic compounds (VOCs) such

M as hydrocarbons (such as methane),

alcohols (such as ethanol) and organic acids
(such as acetic acid). They are present in many
objects, cleaning agents and cosmetics, are
secreted by living beings, and are produced in
various processes, including the anaerobic de-
composition of organic substances (rotting).
VOCs can not only create unpleasant odors,
but also negatively affect our health, well-be-
ing and performance. Conversely, air free of
such pollutants can be a major boon for our
quality of life and health.

any components of odors are vola-

Odorous component: Acetyldehyde (C,H,0 / CH,CHO)

— 100% Natural attenuation
2
]
s  80% Company "A" / lon system
E:
S-3-L  UVA LED + photocatalytics Tabaness ddor conte
o regulatory standard
[}
:: 40% 0.1ppm @ 14 min. Industrial areas
h-]
- . Outside
'g 20% 0'05ppm @ 23 min. industrial areas
<

0%

20 25 30 35 40 45 50 55 60
Time (minutes)

0 5 10 15

Figure 1: Many odor components can be quickly neutralized using photocatalysis and UVA light.
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..........................................................

..........................................................

Where the concentration of VOCs in the air
cannot be reduced by simply increasing the
supply of fresh air, effective air purifiers are
an important tool. Some of them not only fil-
ter unpleasant odors and contaminants but
also neutralize gases and destroy pathogens.
There are different classes of devices that can
be categorized based on how they function:

Air scrubbers pass the air through water roll-
ers, causing dust particles to stick to the wa-
ter film, thus filtering them out of the air. Air
purifiers are also known as air humidifiers, as
the water molecules are dispersed into the
surrounding air as a result of the process.

lonizers generate negatively-charged particles
that bind to positively-charged particles in the
air, causing them to increase their mass and
drop to the ground. A major disadvantage of
ionization is the production of ozone, which
is harmful to health in larger quantities.

Filter systems pass the air through several fil-
ters. Their large surface enables them to ad-
sorb these undesired particles, pathogens and
odors. The most well-known of these right
now is the HEPA filter (HEPA: high-efficiency
particulate air) and the activated-carbon filter
(e.g. in water filters). The filter also acts as a
reducing agent to absorb ozone or chlorine.

Photocatalytic filters use titanium dioxide
plates that can be exposed to UV light (UV-

assisted titanium dioxide photocatalysis,

www.rutronik.com



UVTP), producing free radicals that break  List of test results by target component —— UVA + photocatalysts = Natural attenuation
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bly for ensuring the quality of drinking water.
Their use in air purifiers is less common. They
are used in the construction industry and in
some urban centers for reducing the toxic
pollutant content of the air. The latest find-
ings indicate that UVTP can also guarantee
the microbiological safety of foods.

.........................................................

Smell the risk,
before you risk a smell

.........................................................

Two studies from the Kanagawa Institute of
Industrial Science and Technology (KISTEC) in
Japan recently demonstrated using a UVTP-
based deodorizer how this method of photo-
catalysis is extremely effective against odors.
The results were confirmed by the Japan Food
Research Laboratories. These studies involved
acetaldehyde, a gas with a pungent odor, be-
ing pumped into a 36-liter tank until a con-
centration of 10ppm was achieved. The de-
odorizer was then activated and the
concentration was measured over a period of
60 minutes using a photoacoustic multi-gas
monitor. The result: after 14 minutes, the
share of acetaldehyde was just 0.1ppm, after
23 minutes it was just 0.05ppm. The process
was repeated several times, in each case fol-
lowing the same procedure. For a comparison,
the institute used an ionizer with the same
test construction. This reduced the acetalde-
hyde concentration by just 40% within an
hour. Without any air purification measures,
95% of the acetaldehyde was still present af-
ter an hour.

The same tests produced almost exactly the
same results with ammonia (smell of urine),
methyl mercaptan (smell of feces) and form-
aldehvde (smell of punaent cleanina agents).

www.rutronik.com

Figure 2: Whether it's the stench of cigarettes, rotting or chemicals -
UV-assisted photocatalysis quickly provides fresh air again.

Only in the test series for hydrogen sulfide
(rotting and sulfur odor) and trimethylamine
(unpleasant fish smell) did the deodorizer
need to be used for longer to achieve a com-
parable result. But after two hours, almost all
of these VOCs were barely measurable.

The UVA LED NDU1104ESE-365 from Stanley
with a wavelength of 365 nm proved to be
the most effective model for the UV source in
the studies. UVA-LEDs with wavelengths of
385 nm or 395 nm neutralized much fewer
VOCs. Its drive current of 500 mA also makes
the NDU1104ESE-365 more effective than
other models with lower values, because light
output rises with the current (Figure 3).

..........................................................

..........................................................

Based on these findings, Rutronik has devel-
oped a deodorizer demonstrator. At the base
of its quadratic housing (48 mm x 48 mm x
60 mm), air flows into the device. A fan en-
sures that the air moves up from the bottom
through the housing, passing through a pho-
tocatalytic filter located between two UVA-
LEDs with a wavelength of 365 nm and a drive
current of 500 mA (Figure 4).

Rutronik used the SGP MOX sensor from Sens-
irion to determine the VOC content. It is
mounted next to the LED and is based on the
“chemisorption” of gases in the presence of
oxygen, with the doped O, atoms of the met-
al oxide (MOx) bonding with the odor mole-
cules. The electrons that this reaction releas-
es cause a change in the electrical resistance
of a film made of metal oxide nanoparticles.
This is how the sensor detects a wide variety
of VOCs and other gases that play a funda-
mental role in odors and the quality of a
space's air.

If the number of VOCs exceeds a certain val-
ue, the LED is activated. The radiation time is

based on the type and quantity of the VOCs.

Committed to Excellence

Optionally the values measured by the sensor
can also be displayed so that users can always
read the air quality values.

The rechargeable lithium-ion battery with a
charge life of two hours can be charged at any
household mains socket or, using a PC or a car
charger, making it portable and flexible. This
allows businesses to test its effect anywhere,
be it in public or portable toilets, trash rooms,
industrial kitchens or fitness studios.

The Rutronik deodorizer is still in the test
phase - but should it prove to be suitable in
practical use, it would be an important step
in fighting unpleasant and harmful odors. And
that's when air fresheners, paper air freshen-
ers and room sprays will cease to have any
purpose. |

Purified flow
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Photocatalysis
Process

Air flow »

Figure 3: Construction of the deodorizer
demonstrator from Rutronik
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Rutronik’s integrated management system

Quality — is it necessary?

Almost every website and brochure contains a promise of quality
from the respective companies. Nearly every product or service
is advertised using the word quality. Quality, it seems, is every-
where. But overuse of the term has its downsides, blurring its
purpose so that it fades into meaninglessness.

\%

By PATRICK LEHN,
MANAGEMENT SYSTEMS REPRESENTATIVE
AT RUTRONIK

onym for good and first class, thereby
connecting it with positive characteris-
tics, excellency, and a high level. Who wants
to produce, acquire, or own something of in-
ferior quality or to be associated with poor
quality? In short: quality is worth striving for.

I ntuitively, we understand quality as a syn-

But finding an all-encompassing definition is
difficult, which is why it makes sense to ap-
proach quality from a different angle. If you
do the right things in the right way with the
right tools, the result will most likely be right.
Generally accepted and tested procedures,
documentation, standards and norms can help
in this regard.

Although the definition of quality according
to ISO 9000 is somewhat rudimentary, it of-
fers sufficient leeway and covers the widest
possible spectrum: "Degree to which a set of
inherent characteristics of a product, system,
or process fulfills the requirements of custom-
ers and other stakeholders."

Therefore, the point is not to achieve a poor-
ly-definable result by means of a top-down
approach through some kind of "high-qual-
ity" work. On the contrary - if precisely spec-
ified and reviewed requirements are met,
quality essentially follows on its own. Here,
every feature of a process or product must
meet the quality requirements; exceeding a

Quality management consists of many components that need to perfectly fit together.
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criterion does not compensate for shortfalls
elsewhere.

..........................................................

..........................................................

Quality at Rutronik can be imagined as a
building, with the foundations, support
structures and roof being the certifications.
These guarantee that processes, procedures,
and systems meet generally applicable stan-
dards. At regular intervals, this level of qual-
ity is checked by independent auditors. At all
of its locations around the world, Rutronik
follows processes and standards that meet
the requirements of the relevant I1SO stan-
dard to guarantee a consistent level of qual-
ity worldwide.

..........................................................

First step -
standardization and certification

..........................................................

The history of standardization and certifica-
tion at Rutronik began way back in 1997 with
a quality management system in accordance
with 1SO 9002. The introduction of the envi-
ronmental management system in 2002 laid
the foundations for an Integrated Manage-
ment System (IMS). With gradual addition to
encompass the topics of occupational health
& safety (2008) and information security, the
company has had a comprehensive IMS in
place since June 2018 that is I1SO 9001, I1SO
14001, ISO 45001 and ISO 27001 compliant.
It supports global collaboration between all
divisions and departments and serves as the
cornerstone of economic and environmental
decision-making, the implementation of these
decisions, and the monitoring of their success.

..........................................................

Second step -
the extension

..........................................................

But the building does not yet meet Rutronik's
requirements: "Committed to excellence”.
The company does so much more than simply
fulfill the - admittedly very important - ba-
sics. Over the past few years, for example,
the protective measures for ESD and mois-
ture-sensitive components have been ex-
panded considerably, services relating to
master data management as well as product
change notifications (PCN) and product dis-
continuation notifications (PDN) have been
further improved, and complaint manage-
ment processes have been optimized and
supplemented with a workflow-based soft-
ware solution.

www.rutronik.com

With regard to infrastructure, a completely
redundant design of the entire information
technology has been established, including
comprehensive precautionary measures for
possible failures. These are part of an all-
encompassing business continuity concept
for preserving business processes in the
event of operational disruption.

In addition, Rutronik has continued to focus
further on communication and information.
This ensures that employees are promptly
and fully supplied with all relevant informa-
tion. The Rutronik Academy offers an exten-
sive range of training courses not only for
employees but also for customers and sup-
pliers. The newly created Rutronik e-Acade-
my is a web-based learning platform that
provides new and important training sub-
jects within the framework of modern work-
force development.

..........................................................

Third step -
life

..........................................................

With the development of the four-pillar in-
tegrated management system (quality, envi-
ronment, health & safety, information secu-
rity) and further measures beyond these,
Rutronik has created a framework for qual-
ity. The continuous improvement process an-
chored in all areas of the company guaran-
tees the vitality of these actions. Potential
for errors is recognized more quickly, and op-
timizations can be implemented immediate-
ly. But there's still one variable left that's
needed and is probably the most important
one in this entire structure: the men and
women who make up Rutronik's workforce.
This is why establishing and maintaining a
quality culture takes absolute priority, a cul-
ture that shows each employee the value of
their contribution and motivates them to
make that contribution.

And to finally answer the question in the
header: Yes! Quality is absolutely necessary.
Because as the Rutronik motto goes, quality
isn't everything but everything is nothing
without quality! |
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Industrial-grade motherboards of German engineering quality

High processing perfor-

mance for grar
intensive applic

ically

ations

Since Kontron’s acquisition of Fujitsu’s Industrial Mainboard Division, the

transition process has been now been completed. Kontron is not only con-

tinuing Fujitsu’s business seamlessly, but is also developing it further with
new developments “designed & manufactured in Germany”.

\%

BY MARIO KLUG, SENIOR MANAGER
PrRoODUCT MARKETING BOARDS
AT RUTRONIK, AND
PETER HOSER, VICE PRESIDENT AND
HEAD oF PRoDUCT CENTER BOARDS
AT KONTRON

The D3713-V/R Mini-ITX motherboard from Kontron,
equipped with an AMD Ryzen Embedded V1000/
R1000 processor, offers brilliant graphics thanks to
the AMD Radeon Vega GPU integrated into the SoC
and is optimized for professional gambling systems,
medical displays, thin clients and industrial PCs.
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t the end of 2019, the first mother-
A board models were being relocated to

Kontron. Since then, the complex pro-
cess of integrating the motherboard business
has been successfully completed - not only
the full portfolio and the collected expertise,
but also the entire production capacity were
transferred to Kontron. The Fujitsu mother-
boards are produced by Kontron's production
partner Katek Mauerstetten, around 40 miles
from Fujitsu's previous mainboard production
site in Augsburg, with the usual high quality
standards.

"Despite the large portfolio of boards and pe-
ripheral devices, the transfer of the mainboard
production from Fujitsu to Kontron was al-
most completely smooth,"” said Mario Klug,
Senior Manager Product Marketing Boards at
Rutronik. “"We were able to maintain support
at usual for our customers in particular due
to the continuity of having the same points
of contact. Kontron managed - despite the
challenges of COVID-19 with disruptions to
the component supply chain - to serve our

backlog without any major delays. That de-
serves our respect.”

..........................................................

..........................................................

Long-term deliveries, technical support, re-
pairs and the continuation of the product
portfolio are in professional hands at Kontron.
The company has brought over many former
Fujitsu employees with skills in key fields such
as R&D, product management, marketing,
production, sales and support. This not only
ensures that the appropriate expertise that
has been established in development in par-
ticular since the days of Fujitsu/Siemens con-
tinues to flow into new designs, but also al-
lows Fujitsu customers and partners to
continue relying on their contacts that they
know and trust.

To ensure that production was adapted quick-
ly, that production costs remain competitive
and the quality level remains high, Katek
Mauerstetten employs the same processes and

The skyline of the new D3713-V/R Mini-ITX motherboards from Kontron with AMD Ryzen Embedded
V1000/R1000 processors is densely packed with many interfaces covering almost the entire breadth

of the form factor.

Committed to Excellence
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The SMARTCASE S711 for Mini-ITX industrial PCs is
based on the Kontron D3713-V/R mITX motherboard
can be used as a horizontal or vertical installation.
The construction kit provides high-flexibility
configuration options, consisting of the board,

CPU, memory, expansion cards, BIOS, cooling system
and case.

equipment that were previously used by Fu-
jitsu, and in some cases has even improved
them, with solder paste printing, wave solder-
ing systems with solder masks for the double-
sided SMD process, improved 3D AOI instead
of 2D AOI (as was previously used at Fujitsu),
in-circuit testing (ICT) and universal function
testing (UFT). This enables Kontron to contin-
ue offering the full Fujitsu portfolio of moth-
erboards, all-on cards and accessories. The
model designations and revisions have re-

mained the same, and existing certifications
remain valid or will be renewed. In addition,
the product lifecycles were significantly ex-
tended. The motherboard portfolio is now be-
ing expanded with new products.

..........................................................

..........................................................

The D3713-V/R mITX marks the start of a new
era for high-quality motherboards “designed
& manufactured in Germany". The new D3713
motherboards are fitted with powerful AMD
Ryzen Embedded V1000 and R1000 proces-
sors. Their graphical performance make them
among the best products in the embedded
market, offering good value for money. This
makes them appealing for customers for a va-
riety of industries, for example for graphical-
ly intensive applications in kiosk, infotain-
ment, digital signage and professional
gambling systems, in medical displays, thin
clients and industrial PCs. With a TDP (Ther-
mal Design Power) that currently ranges from
12 to 54 W, the processors are extremely scal-
able, from motherboards that are cooled en-
tirely passively through to systems with cool-
ing systems precisely tailored for each board
that Kontron offers as validated accessories.

..........................................................

Superior performance thanks to
new AMD microarchitecture

..........................................................

The "Zen" high-performance architecture
from AMD offers an improvement over previ-
ous architectures of 52% in terms of instruc-
tions per cycle and a 200% improvement in
GPU throughput per cycle. For the conven-
tional embedded computing segment, the
AMD Ryzen V1000 processors and AMD R1000
processors are especially attractive, with three
times the performance per watt compared to

The D3674-B Thin mITX Extended Lifecycle
Motherboard offers maximum performance and
functionality on an "ultra-thin" form factor. It
supports 8th and 9th generation Intel Core i9/i7/
i5/i3 processors as well as Intel Pentium and Intel
Celeron processors, and offers connectors for HDMI
1.4, DisplayPort 1.2, Dual Channel LVDS, LAN and
9x USB (2.0 and 3.1 Gen1).

the AMD R Series SoCs and four times the
performance per euro.

..........................................................

Different industries,
different requirements

..........................................................

Each individual target market and each indi-
vidual application has individual needs. In the
kiosk segment, for example, there are strict
requirements on robust design, with wider
temperature ranges playing a larger role in
outdoor applications. Internal LVDS/eDP dis-
play connectors are almost more common in
kiosk applications than in the digital signage
segment. With the ability to connect up to
four 4K displays, it is possible to create inno-
vative signage applications or integrate mul-
tiple virtual digital signage players in a single
system. High reliability in continuous opera-
tion is enormously important for all applica-
tions.

Advertisement

HOLITECH Y 15 up to 42 inch ePaper Displays

N
© ¥ Europe

v Official partner of E-Ink® since 2015, Holitech offers a wide range of

E-Paper products (HINK Displays) with high readability and a minimum
of power consumption.

e Dot Matrix or Segmented displays
e Color options B/W, B/W/R, B/W/Y, W/BL, W/GR
® Low temperature option
e Samples and demo boards available
e Customization possibilities with touch (capacitive or resistive)
e Glass or PMMA cover
® Frontlight (White or RGB)

12.03.2020 Room Diisseldorf

Sales Forecast
08.00-10.00 | Sales

10.00-1200 | Marketing Strategy

Product Review

13.00 - 16.00 Hoad of Product Marks

www.holitech-europe.com




SYSTEM TECHNOLOGY @

While infotainment applications also use the
high graphical performance on larger dis-
plays to be viewed from greater distances,
casino gambling and arcade systems place
greater value in premium graphical output.
In this area, 4K is displayed right in front of
the user's eyes, sometimes in connection
with ultra-brilliant curved displays. This is
where the high graphical performance of the
new AMD Ryzen Embedded V1000/R1000 se-
ries is especially valuable. For customers in
the gambling segment, the fact that a single
microarchitecture can be scaled from high-
end upright casino systems to low-end video
lottery terminal systems, reducing develop-
ment costs and making servicing easier, is
also of interest.

E-paper displays

..........................................................

..........................................................

Fujitsu boards have long been recognized for
meeting the requirements of many different
applications. The new Kontron D3713-V/R
Mini-ITX motherboard is no different. Kontron
also now uses a wide-range power input of 8
to 36V instead of supporting ATX PSUs, or of-
fers flexible storage and expansion options by
means of two low-height M.2 sockets with
Key B (2 lanes) and Key M (4 lanes) support.
With its careful choice of LAN controller, Kon-
tron also supports features such as Time Syn-
chronized Networking, which is of interest
both for Ethercat applications as well as OPC
UA implementations. Dual LAN is also on
board for Industry 4.0 installations. The 4x4K
DisplayPort, an embedded DisplayPort and the

Modern, efficient
and reader-friendly

Whether for price tags on supermarket shelves, on displays for heat-
ing systems at home or for reading e-books, electrophoretic displays
(EPD) are becoming increasingly popular. But what are their strengths,
and where can they best exploit these?

\%

BY PETER LAMA,
PRODUCT SALES MANAGER DISPLAYS
AT RUTRONIK
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he main difference between EPDs—also
Tknown as e-paper displays—and con-

ventional display types is that the for-
mer operates on a purely passive basis. This
means that they have no backlighting like LCD
displays and no light-emitting pixels as OLED
displays do, instead relying on ambient light.
This means that they are still very easily read-
able even in bright light and intense sunlight—
basically just like real, printed paper. They are
also extremely energy-efficient, as they need
just a single pulse of current to display new
information. Any activated pixels or segments
then retain their state for as long as they are
needed without consuming any energy at all.

They also offer up something special in terms
of their viewing angle—content is clearly
readable at up to 180° on an e-paper display,
so basically from any angle.

Committed to Excellence

Dual Channel LVDS (24-bit) provide maximum
display support.

The new boards are high-quality and offer a
wealth of interfaces, with no need to cut cor-
ners in terms of cost. The aim is to achieve full
connectivity with highly scalable platforms
and cost-optimized system designs.

For low-cost and fully certified system de-
signs, Kontron offers a SMARTCASE kit for the
D3713. The SMARTCASE S711 provides cus-
tomers with highly flexible configuration op-
tions, consisting of the board, CPU, memory,
expansion cards, BIOS, cooling system and
case. Extensive tools enable customers to ad-
just fan curves and BIOS defaults indepen-
dently or to integrate a customized boot
screen logo. [ |

Lives of up to 10 years make for a compelling
argument for long-term projects in particular.
Of course, how long these displays actually
“live" for is primarily dependent on how they
are used. It is important to observe the spec-
ified operating temperatures, which should
not be exceeded.

..........................................................

Applications from price tags
to thermostats

..........................................................

These features make e-paper displays ideal for
electronic price tags. They are an elegant and
modern solution that also help to save costs,
as they minimize the workload involved in
keeping prices up to date. With e-books, the
“paper white" displays combined with touch
technology provide a comfortable reading ex-
perience that is easy on the eyes.

www.rutronik.com



NEW AT KONTRON

Industrial Ethernet Switches
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E-paper displays are also best employed wher-
ever low power consumption is needed and
display updates are rare, for example in in-
dustrial metering applications, for thermostat
displays, for receivers, room signage and much
more.

..........................................................

An e-paper display consists of many micro-
capsules, each measuring just a few dozen
um. These microcapsules house microscopic
particles in a clear liquid—negatively charged
white particles and positively charged black
particles. By applying electrical fields exter-
nally, these particles can be moved around
(Figure 4). The electrodes are controlled by an
active matrix, each with a thin-film transistor

for each pixel, just like conventional TFT dis- Broad product portfolio (managed, unmanaged)
plays. The response time of an e-paper display with PoE support

is usually several 100 ms, so they are too slug-

gish for displaying moving video footage, but Fast/Gigabit Ethernet, standardized RJ45 and
for static displays that rarely change, this is SFP-Interfaces

not a problem.
Extended temperature range (-40°C - 75°C) and

high EMC resistance
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Bringing in color ...
albeit slowly

..........................................................

Most e-paper displays that are currently in
use can display information in black & white,
usually text and figures. Up to 16 shades of
gray and various colors are possible. The fact
that there are hardly any full-color e-paper

displays is due in part to the higher price, and POSSIBILITIES START HERE % kﬂ“tl‘ﬂn

S&T Group
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also due to the color quality still being poor.
The suppliers are feverishly engaged in devel-
opment, but this is no easy task. The technol-
ogy for color displays is much more compli-
cated than for black & white displays.

E-paper displays on the market support for
black & white, black, white & red, and also
black, white & yellow as standard, and com-
panies like Holitech have also recently started
offering combinations such as white & green
and white & blue. This supplier's portfolio in-
cludes sizes ranging from 1.54" to 42.0", and
the company also provides features on request

Cutting operating costs thanks to a broad connectivity spectrum

Ethernet switches for modern
industrial environments

Industry 4.0 and the lloT are becoming increasingly established.
The digital transformation has long been underway in
manufacturing companies around the world. Analysts from
leading market research institutes collectively speak of a market
worth billions for components and solutions. Industrial switches

play a key role here.

\'4

By MARIO KLUG, SENIOR MANAGER
PrRODUCT MARKETING BOARDS AT
RUTRONIK, AND
REINER GRUBMEYER,
DIRECTOR PRODUCT MANAGEMENT
SYSTEMS & SOFTWARE AT KONTRON
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he blinding pace of development of lloT
Tand Industry 4.0 revolves entirely

around the Cloud. Around the world,
manufacturing companies are increasingly re-
locating their IT-based processes to cloud
platforms. This is causing an ongoing fusion
between formerly strictly segregated produc-
tion-related operational IT (OT) activities and
conventional information technology (IT). In-
dustrial standards are urgently needed to
overcome the discrepancies in the standards
between these segments.

..........................................................

High expectations in a
robust industrial environment

..........................................................

Modern high-performance chips, automation
solutions, 5G connectivity and IT - and not
least industrial switches - are essential com-
ponents for successful applications in the
fields of Industry 4.0 and the IloT. Complex
solutions used in robust industrial environ-

Committed to Excellence

such as touch support, glass panels or acrylic
panels, as well as frontlighting.

Minew offers e-paper displays with cases,
wireless modules, batteries and associated
electronics as complete electronic price tags.
Customers here have a choice of sizes ranging
between 1.54" and 11.6". Advantech also of-
fers selected ready-to-use modules with e-
paper displays that are available in 2.9", 5.6"
and 13.3" sizes with housings, batteries,
boards and a wireless module. [ |

ments demand perfect alignment between
hardware, software, and connectivity with
production systems. This is the only way that
the digital transformation can be successful-
ly achieved in manufacturing industrial en-
terprises.

..........................................................

Industrial switches for
high-speed Ethernet

..........................................................

From 2021, numerous new industrial Ethernet
switches suitable for Fast Ethernet, Gigabit
Ethernet and in future also 10 Gigabit net-
works will be launched on the market, meet-
ing the requirements of components for in-
dustrial applications, which need to operate
perfectly under sometimes critical conditions.
This includes a compact construction as well
as the option to connect machinery, control
systems and other components based on in-
dustrial standards and integrate them with
one another without any problems. One sup-

www.rutronik.com



The KSwitch D3UM 8F-2GS is an
industrial 10-port unmanaged Ethernet
switch with eight 10/100BASE-T(X) ports
and two 1000-FX-SFP slots, a wider
temperature range of -40°C to +75°C,
and a double DC power input.

plier looking to establish itself in this market
environment is Kontron.

Kontron consistently utilizes a single chip de-
sign for its industrial Ethernet switches that
combines all of the required components into
a single chip as far as possible. The advantage
of this is that it results in more reliable and
lower-cost products. Data throughput and
performance increase while power usage de-
creases, which has a positive impact on the
total cost of ownership (TCO) of an environ-
ment. Fewer individual components on the
board enables a construction that is lower-
cost and more compact, thus reducing the
amount of space needed in the switch cabinet
or in industrial racks by 35% compared to
other solutions. Flexibility is provided by the
ability to mount it on a top hat rail in a 19"
switch cabinet or to directly install it on the
machine using various adapters.

Resistant to
environmental influences

All devices in this new product family have a
high-quality metal case that is ideal for use
in harsh environments. This means that the
switches are not sensitive to environmental
influences and operate well in relation to tem-
perature. These industrial Ethernet switches
are not fazed by vibrations, impacts or falls.

Harsh environments in many applications also
mean that devices need to be able to deal with
substantial temperature differences without
adversely affecting operation and disrupting
production processes. The switches can be
used in temperatures of -40 to +75°C or -10
to +60°C as standard. Most models also sup-
port a wider supply voltage range of 12 to 58
V DC with two redundant inputs.

There are also often strong magnetic fields or
unstable supply voltages in production envi-
ronments, which is why these switches are
fitted with robust power supply units as stan-
dard and every port features a safety standard
with surge immunity of up to 2 kV for EMC
purposes.

www.rutronik.com
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All of the industrial Ethernet switch models
available as of early 2021 offer full bandwidth
(wirespeed), enabling the implementation of
Fast Ethernet, Gigabit Ethernet and in future
also 10G Ethernet without any packet loss.
The devices feature RJ45 and optionally also
SFP (Small Form Factor Pluggable) slots, pro-
viding users with a broad spectrum of stan-
dardized, low-cost connection options that
are independent of the products of specific
manufacturers. SFPs are available as modular,

The KSwitch D4MF 7F-2FS is an industrial 9-port
managed Ethernet switch with seven 10/100BASE-
T(X) ports and two 100-FX-SFP slots, a wider
temperature range of -40°C to +75°C, and a double
DC power input.
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With the RES2404-PTP, Kontron is offering a managed 19" high-performance switch for industrial use with up to 24
10/100/1000BASE-T ports and four 10G-SFP+ ports for copper or fiberglass lines, a wider temperature range of -25°C to

optical or electrical transceivers for fiber op-
tics or “direct attach copper” and offer flexi-
bility and scalability for any given application.

Numerous switches will support Power over
Ethernet (PoE/PoE+, Ultra PoE), which makes
it easier to supply external components with
power. Some models will be operable as pow-
ered devices, which means that they them-
selves can be supplied via PoE, reducing the

Monitors and displays

Putting an

complexity of installation and saving costs.
The management functions implemented en-
able easy creation of virtual local networks
(VLAN) in industrial cloud environments, for
example. It is also possible to structure net-
works and isolate them from one another for
security reasons.

Customers who opt for the latest generation
of switches will benefit from state-of-the-art

end to

cable spaghetti

They might look wonderful in the brochure or on the website, but in reality,

the cable spaghetti next to the monitors doesn’t look quite as appealing.

+70°C, and Power-over Ethernet functionality.

design, high quality, a large range of func-
tions, and standards-based solutions that can
be integrated into any environment without
any problems.

Attractive investment and operating costs and
the option of modular expansions facilitate
the development of a future-proofed environ-
ment that can satisfy the current and future
needs of Industry 4.0 and the IloT. |

3-In-1 solutions that only need a single cable for power, touch controls and
video now live up to the promise of the picture in the brochure.

\'

BY NIKOLAI SCHNARZ,
PRODUCT SALES MANAGER DISPLAYS
AT RUTRONIK
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hey're called "Magic Monsters" or
T"Adapt 1Q" and come from an American

monitor manufacturer that has become
a global industry leader in touchscreen mon-
itors, displays and tablets since it was founded
in 2008, not just because of the high quality
of the products, but also the development of
entirely new features, in particular video over
USB. This allows both the video signal and the
power to be carried entirely over USB to the

Committed to Excellence

display, so there is no need for a separate ca-
ble or a separate power supply unit. It also al-
lows board developers to dispense with the
HDMI interface, which is encumbered with li-
censing requirements. This means less cost
and also makes the displays an intriguing
proposition for applications where space is at
a premium. It also makes installing the mon-
itors easier, as the user only needs to connect
a USB cable.

www.rutronik.com



Figures: Mimo Monitors

For video over USB, an appropriate driver is
installed on the computer to enable display
output and touch controls directly over USB
- without additional calibration steps. The
driver is available for all currently standard
operating systems.

However, some applications still require a vid-
eo signal over cable, for example when larger
distances need to be covered from the source
device to the monitor or if a media player,
cascaded system or video matrix is being used,
so that the drivers for the operating systems
cannot guarantee that the signal will reach
the display via USB. Mimo Monitors offers
models with HDMI connectors for this pur-
pose.

..........................................................

All-in-one solution
for limited space conditions

..........................................................

There's also an "all-in-one" solution that is
specially designed for digital signage appli-
cations - the 10.1" model includes an inte-
grated media player from manufacturer
BrightSign, optionally with or without a
touchscreen and with the ability to use
“Power over Ethernet" (PoE) for the power
supply and network connection. The inte-
grated media player eliminates the need to
install the cables that would otherwise have
been necessary between the display and
player, thus reducing the amount of space
needed by the solution. It also makes it eas-
ier to protect it against unauthorized access
or tampering. And thanks to PoE, these all-
in-one devices can also be fitted anywhere,

www.rutronik.com

FEEL THE FUTURE OF ONLINE SHOPPING

French Corders

Moleskin Pant

The open-frame displays with and without
touch support can be integrated into most
housings, for example for shop use.

One cable is enough for transferring
the video signal, power and touch input signals.

even if there is no power available. This
makes them ideal for doorsign displays, for
shelf systems, and for any applications where
there is barely any space for separate data
source devices and cables. They are suitable
for use in IT infrastructure that needs to be
kept scalable.

A separate media player is also recommended
if the display needs to be used over as long a
term as possible but the content sources need
to be flexibly modifiable, e.g. due to other per-
formance or capacity-related requirements.
Even if space is no object, a separate solution
should still be chosen.

Stretch displays are commonly used for vend-
ing machines, shelves, fruit & vegetable
stands in supermarkets and also on buses and
trains. With a size of 23" x 2", they can show
plenty of information without consuming too
much vertical space. The shelf-edge stretch
display from Mimo Monitors offers a bright-
ness level of 700 nits and is also available with
an integrated Android ARM Cortex A35 Core
Player.

..........................................................

..........................................................

The Mimo Monitors portfolio encompasses 7"
and 10.1" displays with resistive or capacitive
touchscreens as well as non-touch versions.
There are various installation options available
for all displays and touchscreen monitors.
These might be stands or standardized VESA
mounts on the rear, for which Mimo Monitors
offers a whole range of accessories such as

Committed to Excellence

mounting brackets and adapters for installa-
tions.

These models are also available as open-frame
versions for applications such as installation
in housings. Mimo Monitors offers the avail-
able displays and touchscreen monitors with
many diagonal sizes and resolutions, ranging
from 7" to 32", from 800 x 480 to 1920 x
1080. The 15.6", 18.5" and 19" models feature
VGA, DVI and HDMI interfaces, while the mod-
els measuring 21.5" upwards only have VGA
and HDMI.

They are used in retail environments as well
as hotels, restaurants, medicine and automa-
tion, for home entertainment and gaming and
for digital signage. |

Easy and modern touchscreen control

Powered by Marki¢Technik RUTROMNIKER 2020 71
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5G offers new opportunities

A quantum leap for
high-speed transmission

Everyone’s long been talking about 5G, and the first networks
have already been built and early tests have been conducted.
But what actual benefits will 5G provide? How will cellular
infrastructure change? And what about LTE? Do all designs now

\'4

BY ANJA SCHAAL,
TEAM LEADER PRODUCT MARKETING
WIRELESS AT RUTRONIK

need to be ported directly to 5G?

o determine whether and when busi-
Tnesses should start adopting 5G, it is
worth taking a look at the three key as-
pects of 5G. Because these cater to different

applications, they each offer different im-
provements:

eMBB (Enhanced Mobile BroadBand) with
data transfer rates of up to 20Gbit/s is tailored
to digital lifestyle applications as well as high-
bandwidth applications such as HD videos,
virtual reality and augmented reality. The
high-speed data rates allow for ultra-fast




loading of websites and for the uninterrupted
streaming of video content.

mMTC (Massive Machine Type Communica-
tions) offers stable network coverage every-
where in urban environments thanks to a very
high connection density of MTC devices. In
the final 5G development stage, a million of
these connections will be supported per
square kilometer, allowing numerous devices
to send and receive data in the same wireless
cell at the same time without disrupting one
another, making connection problems in a full
stadium or festival a thing of the past.

URLLC (Ultra-Reliable and Low Latency Com-
munications) provides latency of under 1ms
to allow for time-critical applications where
reliability is important—if not essential. It is
essential for making autonomous driving, car-
to-car and car-to-everything communication
possible in the first place, not to mention
cloud-based predictive maintenance.

.........................................................

.........................................................

The first eMBB 5G products are already avail-
able on the market based on 3GPP Release 15.
However, most are unable to provide the tar-
get data rate of 20 Gbit/s. The existing LTE/
sub-6GHz bands (Frequency Range 1, FR1) are
usually unable to provide enough bandwidth
for this purpose, which is why new bands are
required for 5G—the mmWave ultra high fre-
quency bands from 24 to 100 GHz (FR2).

These require entirely new mobile communi-
cations infrastructure, because an LTE radio
tower covers an area of several square kilo-
meters around it. mmWave signals only sup-
port a maximum range of one kilometer—and
this isn't all around like LTE signals, but rath-
er in just one direction.

Even so, many businesses are already
launching their 5G eMBB projects,
which the 5G n78 frequency
band (3.3 to 3.8 GHz) al-
lows them to do. This
allows the cre-

ation of private or
company-specific mo-
bile networks, known as
campus networks. These al-
low businesses to be broadly
independent of mobile com-
munication service providers—
and lets them gain a headstart in
setting up their smart factories.

www.rutronik.com
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Long term evolution
living up to the name

..........................................................

Does the introduction of the new 5G NR stan-
dards (New Radio) make the existing LTE de-
signs obsolete? Such concerns are justified, as
many 5G FR1 frequency bands overlap LTE
bands. But there's no need to worry—tech-
nologies like DSS (Dynamic Spectrum Sharing)
allow different standards such as LTE and 5G
to share the same frequency band.

5G NR also supports in-band LTE-loT—which
is LTE-M with NB-loT, so “Long Term Evolu-
tion" (LTE) will still live up to its name. The
latest LTE-M and NB-loT solutions are already
available and compliant with 3GPP Release
14. Both technologies are undergoing contin-
ued development with each new 3GPP Re-
lease, until they ultimately—as of today with
3GPP Release 16—become 5G mMTC. This
means that LTE-loT devices currently working
using LTE-M and NB-IloT will still work under
5G NR. This is true both for standalone 5G
networks (SA) where 5G NR uses a core 5G
network, and also for non-standalone net-
works (NSA), where 5G NR services are pro-
vided over a 4G/EPC (Evolved Packet Core)
network.

As a result, it is not only possible for existing
LTE and LTE-loT designs to continue operating
seamlessly under 5G—it is actually recom-
mended to already start working on an LTE-M/
NB-loT solution for mMTC applications to en-
sure a smooth transition down the line.

The compact W3415
SMD antenna from
PulseLarsen supports all
sub-6GHz bands

(4G and 5G).
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Find the
right D-Sub
for your
application

Molex’s FCT D-Sub
Product Family
includes a broad
range of connectors,
as well as various
material and plating
combinations, to
provide an effective
solution for a variety
of applications.

For more information
visit rutronik.com/
molex
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FeMTC eFeMTC Continued eMTC Evolution
NB-loT eNB-loT FeNB-loT Continued NB-loT Evolution
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The transition from 4G (LTE-M/NB-loT) to 5G (mMTC) will be a smooth one—with each 3GPP Release,
the technologies will continue to evolve until they ultimately become 5G.

.........................................................

.........................................................

If you want to jump right in to 5G, Rutronik
already has the right components for it. For
eMBB implementations, the FN980m 5G/LTE
card from Telit is one of the first to support
5G 3GPP Release 15 with sub-6GHz frequen-
cies FDD and TDD as well as mmWave, LTE,
WCDMA and GNSS. 5G therefore offers down-
link capacity of up to 5.5Gbit/s and uplink
capacity of up to 2.7Gbit/s, while 4G still only
allows 2.4Gbit/s in the downlink and
211Mbit/s in the uplink. With the standard
M.2 (NGFF) form factor and an operating tem-
perature of -40 to +85°C, it is suitable for
wireless fixed network access points with high
transmission rates, corporate routers and
gateways, indoor and outdoor end devices
(Customer Premises Equipment, CPE), video
transmission and monitoring. The FN980 card
model is also available as a purely 5G/LTE sub-
6GHz solution.

Telit has added the ME310G1 module to its
xE310 family specifically for mMTC applica-
tions. Support for 3GPP Release 14 Cat M1/
NB2 with Power Saving Mode (PSM)
and Extended Discontinuous Recep-

tion (eDRX) allows for loT applications

with low energy consumption and lon-

ger battery life. It is ideal for applica-
tions involving thousands or millions of

loT devices where not only energy effi-
ciency but also low costs are more im-
portant than high-speed data rates (e.g.
medical devices, fitness trackers, indus-
trial sensors, smart meters). With a maxi-
mum coupling loss (MCL) of up to
15dB/20dB, the module also offers better
coverage and thus better penetration into
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buildings compared to previous cellular LTE
standards.

Nordic Semiconductor also offers a solution
for LTE-M and NB-loT (3GPP Release 13) in
the form of the nRF9160 SiP (System in Pack-
age) module. This extremely compact, highly-
integrated SiP is pre-certified for global op-
eration. It provides the application MCU, an
ARM Cortex-M33 CPU with ARM TrustZone
and ARM CryptoCell security technologies, the
LTE modem, and RF front end and power man-
agement in an enclosure measuring 10mm x
16mm x Tmm. For asset tracking with precise
position detection, there is a version with GPS
support. With many digital and analog inter-
faces as well as peripheral devices, the
nRF9160 is ideal for connecting devices to the
internet via a mobile network, for logistics
and asset tracking, for smart metering, smart
city applications, smart infrastructure, smart
agriculture, wearables and medical applica-
tions.

Ideal for high data
transfer rates—
Telit's FN980m

data card

Committed to Excellence

..........................................................

..........................................................

5G antennas are also already part of the
Rutronik portfolio. With a frequency range of
698 to 6000MHz, the W3554 series ultra-
broadband dipole antenna from Pulselarsen
is suitable not only for 5G applications, but
also 2G, 3G and 4G as well as GNSS, WiFi,
Bluetooth, Bluetooth Low Energy, ZigBee and
the 868, 915, 2400 and 5000MHz ISM bands.
The PCB antenna measures just 30mm x
120mm x 0.2mm.

The compact W3415 5G SMD antenna from
PulseLarsen supports all sub-6GHz bands (4G
and 5G) with a size of just 40mm x 7mm x
3mm. With multiple antennas on one board,
MIMO (multiple input, multiple output) allows
for optimum use of 5G. One antenna can be
used as the main antenna, while one can be
used as a diversity antenna.

..........................................................

..........................................................

For developing an internal campus network,
FSP provides special 5G network components.
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The ME310G1 module enables applications involving
thousands or millions of loT devices.
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Figure: Nordic

- i
Despite highly compact dimensions, the nRF9160 is
highly integrated.

These are suitable for supplying base stations,
access networks, data centers or individual
network devices. Thanks to the supplier's ex-
panded and revised portfolio, the need to de-
sign network components yourself is finally a
thing of the past.

Rutronik is also able to develop custom solu-
tion concepts for network-based information
processing using products from Asus, Advan-
tech and Intel. And if even the distributor's
considerable portfolio is unable to meet all of
a customer's needs, Rutronik can still call
upon numerous partner companies as a mem-
ber of the 5G Campus Network Alliance.

..........................................................

..........................................................

To provide global 5G network coverage, cel-
lular infrastructure will see major changes,
especially through campus networks. The driv-
ing force of this change will be the improve-
ments enabled by the 5G application profiles.
But those developing on the basis of LTE have
no reason to fear—LTE will survive under 5G.

|

5G, 4G, 3G or 2G, GNSS, WiFi, Bluetooth and more—
PulseLarsen's W3554 ultra-broadband dipole antenna
can do it all.

www.rutronik.com
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I[EEE 802.11ah alias WiFi HaLow

The best of WiFi and LPWAN

High data rates and a simple network structure have made WiFi one

of the most common wireless standards. But WiFi has a flaw — its

low range. This is why the WiFi Alliance developed IEEE 802.11ah for
longer-distance wireless. The first module to meet this standard is now

appearing on the market.

V
By KERSTIN NASER,

PrRoDUCT SALES MANAGER WIRELESS

AT RUTRONIK

With 10dB more than conventional WiFi, a HaLow
wireless signal penetrates walls and is therefore ideal
for smart home applications.

76 RUTRDNIKER 2020 Powered by Markt&Technik

nlike the usual standards, which op-
U erate at 2.4GHz or 5GHz bands, the

IEEE 802.11ah standard - also known
as WiFi HaLow -uses the unlicensed 900MHz
frequency band for transmission. This makes
it part of the LPWAN group of technologies
(Low-Power Wide-Area Networking) along
with LoRa and Sigfox. The use of the lower
frequency band means that HalLow achieves
a range of up to 1.5 kilometers, almost twice
the distance of WiFi standards based on
2.4 GHz or 5 GHz. This is a compelling pros-
pect not only for smart home applications but
also various loT scenarios such as industrial
enterprises with large premises, in agriculture,
in healthcare, and in smart cities.

..........................................................

..........................................................

WiFi HaLow also establishes a very stable con-
nection - because there is at least 10dB more
available in the link budget compared to
2.4GHz WiFi, a wireless signal can pass

1
1
[
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Figure: Andrey Suslov/Shutterstock

Committed to Excellence

through walls or other obstacles more effec-
tively. A theoretical maximum of up to 8,191
devices per access point are supported; the
first 802.11ah WiFi module for loT devices
from Silex (see more below) supports 1,024
nodes per access point. In a practical test,
Silex successfully had data transmitted over
100 connections and 30 fixed devices essen-
tially simultaneously.

This new version of WiFi is also attractive for
mobile applications such as wearables and
sensor applications - a data rate of at least
150 kbit/s is available when using a TMHz
channel. If the sensors are only active when
new data needs to be transmitted, this can be
achieved with low power usage in combina-
tion with a low-power data modem, making
WiFi HaLow ideal for connecting many small-
er devices. By combining multiple channels, it
becomes possible to increase the data rate a
little. Interoperability between 802.11ah de-
vices from different suppliers is ensured, with
the WLAN encryption standards WPA2-PSK,
WPA3SAE and WPA3-OWE guaranteeing se-
cure data transmission.

IEEE 802.11ah or WiFi HalLow therefore com-
bines the benefits of WiFi and of LPWAN tech-
nologies, offering not only greater range but
also a higher data rate. However, the technol-
ogy is still in its infancy, the infrastructure is
still under development, and there are gradu-
ally more and more devices that support the
standard appearing for sale.

..........................................................

..........................................................

One of the pioneers was Japanese manufac-
turer Newracom, which developed the first
WiFi Halow chip back in October 2015 for
loT applications. This chip was presented
along the standard at the Mobile World Con-
gress 2016. Newracom won the "Best WiFi
loT Product 2019" award in 2019 for the

www.rutronik.com
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The new 802.11ah WiFi standard offers a much greater range than the other WiFi standards.

NRC7292, the first IEEE 802.11ah-compatible
WiFi HaLow SoC.

Another pioneer of this new standard is Si-

lex. The SX-NEWAMH, the first 802.11ah WiFi
module for loT devices, will soon be avail-

Time Sensitive Networking (TSN)

able through Rutronik. The US version is al-
ready available with Rutronik offering sam-
ples. This module is also based on the
NRC7292 SoC from Newracom and is the
first industrial WiFi module to operate in
the sub-GHz band. This means that it offers

all of the benefits of the new WiFi technol-
ogy:

® Greater range and stable connections, in-
cluding through walls or in adverse environ-
ment conditions, with at least 10dB more
than with 2.4GHz WiFi

® Low power usage for a battery life of sev-
eral years

e Data rates of up to 15 Mbit/s with TCP/IP
support

e A large number of devices per access point
(repeaters and gateways are not needed)

e |P connectivity: The module can be inte-
grated into existing IP networks.

® High security: Enterprise WiFi Security,
WPA3

® |nteroperability with 802.11ah devices from
different suppliers |

A basis for Industry 4.0

The Fourth Industrial Revolution is defined by how information is fed
into or acquired from production processes.

Real-time support plays a critical role in this. Time Sensitive
Networking (TSN) provides standardized methods for providing such

support.

\'4

By WALTER HAGNER,
PrRODUCT SALES MANAGER DIGITAL, AND
DAVID WERTHWEIN, PRODUCT MANAGER

DIGITAL, BOTH AT RUTRONIK
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industrial production, tools, equipment and
machinery needs to be adapted perfectly to
one another to prevent damage to the work-
piece or machinery. This requires real-time
data communication, which means that all
devices involved must have an identical time
base and it must be guaranteed that respons-
es are received by the recipient within the
specified time. Technologies with Industrial
Ethernet support such as Ethercat or Profinet
guarantee such response times. As each bus
system is optimized for certain applications,
several standards have become established.

In non-industrial environments at the upper
levels of the automation pyramid, on the oth-

Committed to Excellence

er hand, Ethernet is broadly established due
to its robustness and reliability. But Ethernet
cannot meet the real-time requirements of
industrial processes.

For implementation in an Industry 4.0 context,
it is necessary to merge the two network en-
vironments to create seamless, autonomous
systems. This is where the idea of "Time-Sen-
sitive Networking” or TSN comes into play. It
runs concurrently with conventional commu-
nication technologies and enables real-time
communication even in heterogeneous envi-
ronments - in other words, where different
bus systems and Ethernet are in use.

powered by Markt&Technik RUTROMNIKER 2020 77
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One of the most fundamental requirements
for real-time systems is ultra-high-precision
clocks in each end device to be synchronized
to allow each data packet to be timestamped.
This is the purpose of Precision Time Protocol
PTP-1588. Packets in conventional TCP/IP or
UDP protocols are not timestamped, but with
(g)PTP and 802.1Qbv-2015 they can still be
used for real-time communication.

Based on the timestamp, each data packet is
also assigned a time window (scheduling and
traffic shaping) and priorities (selection of
communication paths, reservations and error
tolerances). TSN provides eight priorities that
stipulate the maximum response time for the
data packet. Time-critical communication is
only possible using these three factors.

An Ethernet frame, which is a record contain-
ing data such as the destination and source
address, control information, etc. measures
1500 bytes when considering just the payload
(without a header, trailer and safe time (time
between two data packets). When you add the
data link information to this, the total data
packet comes to 1538 bytes with a 12-byte
safe time (9.59 ns). So, at 100 Mbit/s, such a
packet would need 1.23 ps. This means that
TSN can be used to achieve precisions mea-
surable in ps. With purely hardware-based so-
lutions, time packets measurable in nanosec-
onds are possible.

The part of the TSN mechanisms responsible
for real-time support is located in the second
layer - the data link layer - of the seven-lay-
er OSI model. As the functions of this layer
are standardized under TSN, different proto-
cols can use the same network infrastructure.
The second layer is divided into two sub-lay-
ers in which the real-time support protocols

How existing machinery
and devices can be used to

System Mem H
¢ DRAM IndUStna_l PC/ develop a TSN network
PLC retro-fitto TSN
PCle SGMIl  Ethernet
RGMII PHY
Host TSN
TC9562 or
Processor v TSN Network
- Ml Switch
PHY PHY

Real Time Industrial Ethernet
to Legacy Machine / Devices

are implemented and via which the TSN data
can be transmitted: the MAC (Media Access
Control) and LLC (Logic Link Control) layer.

TSN offers entirely new opportunities in many
fields, but two in particular benefit especial-
ly from these standards: industrial automa-
tion and automotive engineering.

A growing number of driver assistance sys-
tems are essentially a precursor autonomous
driving and require not only higher data rates
in the vehicle but also deterministic commu-
nication - this means that data needs to
reach the recipient in a precise pre-deter-
mined time - with low latency and failsafe
mechanisms.

This can be achieved with TSN regardless of
the communication technology used thus far.
As the cables are by definition very short in a
vehicle, real-time support is fairly easy to
achieve here. With Gigabit Ethernet, TSN can
achieve even lower latency times and even
less jitter.

In industrial automation there is currently a
diverse structure of different fieldbuses that
all need to be migrated to TSN, which is why
it will take longer here for the stan-

dards to become established than in

the automotive sector. There is a
strong motivation to use TSN though,
as it ensures that significantly less com-
munication hardware is required and that

With the
Network Inter-
face Controller from
Toshiba, host devices can
transfer audio, video and con-
trol data over 10/100/1000 Mbit/s
Ethernet, including AVB/TSN support.

eliminates the need for the masses of proto-
cols in use.

From a current perspective, one of the long-
term objectives would be to use TSN down to
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the sensorf/actuator level, as the costs for
communication hardware such as MAC/PHY
and microcontrollers are still too high.

Solutions
for TSN

Toshiba's Neutrino family is recommended for
implementing TSN at manageable cost. The
Ethernet-AVB (Audio/Video Bridging)/TSN
bridge solution is based on the TC9562 net-
work interface controller. It supports the stan-
dards IEEE 802.1as for time synchronization,
IEEE 802.1Qav (Ethernet-AVB) and IEEE
802.1Qbv for traffic shaping (the definition of
rules for processing and forwarding network
packets), IEEE 802.1Qbu and IEEE 802.3br for
frame pre-emption, which is a more efficient
method of transmitting non-time-critical
data.

If the TC9562 is connected to an application
process or another host SoC, the host device
can transmit data (e.g. audio, video and con-
trol data) over 10/100/1000 Mbit/s Ethernet.
On the host, it has a PCle interface with 5
GT/s. The module features an integrated ARM
Cortex-M3 with 187 MHz clock speed, fast
RAM and, at its heart, an AVB and TSN-capa-
ble MAC that enables real-time transmission
and Quality of Service. As this is mostly taken
care of by the on-chip controller, the extra
workload for the host is minimal. All that's
otherwise needed is a suitable PHY. A refer-
ence board along with extensive software is
provided for development, including Linux
drivers.

An interesting alternative is Intel's 1225, as it
has a combined MAC and PHY and includes
the IEEE-1588 feature (timestamp generation)
in the hardware. Aside from the real-time
clock (1588) implemented in the 1225, all re-
al-time protocols required for TSN must be
implemented by skilled developers in the sec-
ond layer and processed by the host processor.

[ |
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Electromechanical components for medical engineering

For versatile protection
and maximum reliabili

Developers of medical devices must be in a position to get increasingly complex
technologies ready for serial production as quickly as possible. But they also
need to meet the highest quality and safety standards — after all, their ability

to work flawlessly can literally mean the difference between life and death in a

worst-case scenatrio.

\%

BY BURAK DUMAN, TECHNICAL SUPPORT MECHANICS, AND
MARTIN UNSOLD, SENIOR MANAGER PRODUCT MARKETING MECHANICS,

edical engineering often requires
compact end systems that are easy
to clean and sterilize. Electrome-

chanical components help to achieve this, of-
fering protection from usage mistakes, over-
currents and overvoltages as well as
overheating. User-friendly design for medical
devices requires modern control concepts that
minimize human/machine interaction errors
as much as possible. But they also need to
provide a sterile and easy-to-clean device
with IP67 protection.

BOTH AT RUTRONIK

The ability to easily operate a device manu-
ally can be ensured using robust rocker
switches, rotary switches and pushbuttons
manufactured from high-grade materials, for
example using ENC series optical encoder
switches from C&K (Figure 1). These compo-
nents, available with two-channel, 2-bit out-
put, provide robust haptic feedback with clear
lock-in feedback.

Tact switches enable reliable operation due to
the tactic feedback they offer. C&K's KSC se-
ries models (Figure 2) are designed for more

intensive usage, offering a long service life of
up to 10 million cycles. Their silicone and rub-
ber actuators offer specified haptic feedback
and audible reactions depending on the force
and actuator hardness, and also enable the
switch to be easily integrated.

Customized metal keyboards offer many ways
to handle operate medtech devices often
equipped with various applications. These key-
boards, which are highly resistant to liquids,
can also be easily cleaned and sterilized.

www.rutronik.com
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Figure: C&tK

Figure 1: C&K's optical encoder switches enable reli-
able operation of medical devices thanks to robust
haptic feedback.

Complex, modern devices can make use of hu-
man-machine interfaces to enable their con-
trol. The corresponding functions are con-
trolled using the control unit via a signal and/
or MOSFET relay. MOSFET relays such as the
G3VM from Omron (Figure 3) guarantee a high
number of silent switching cycles. No light arc
is generated when the contacts are switched,
which means that there is no failure as a re-
sult of contact wear and tear. These compo-
nents therefore offer the advantage of a long
service life.

..........................................................

High-performance
power supply

..........................................................

Like any technology, new medical develop-
ments and enhancements of these depend
on a reliable, custom-built supply of power,
which is provided by a power supply unit.
However, a safe deactivation mechanism that
switches to a backup power supply such as
a rechargeable battery must also be ensured
for faults such as short circuits. Various fuse
mechanisms such as cartridge fuses, 5mm/1"
axial lead fuses and brick fuses are used for
this purpose. Brick fuses in particular are de-
fined by their small and compact construc-
tion.

The surface-mountable 6125 series brick fus-
es from Eaton Bussmann are especially rec-
ommended for applications where work needs

Figure: Eaton Bussmann

Figure 4: Eaton Bussmann's 1025 series can
withstand even high currents.
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Figure: C&K

Figure 2: C&K's KSC tact switches
are resistant to even higher stresses.

to continue in the event of a fault without
resulting in damage to components. They not
only protect the power supply from short cir-
cuits but also serve as EMI filters. The fast-
acting types (6125FF) are specially designed
for high switch-on currents. The 6125TD series
with time-delay action corresponds to the
EIA-1S-722 standard and can conduct rated
currents for at least four hours. The 6125FA
models guarantee overcurrent protection up
to 125 V AC/DC.

The 1025 series from Eaton Bussmann (Fig-
ure 4) comes into play when even higher cur-
rents are involved. These conventional sur-
face-mounted fuses offer protection from the
highest current level. Their higher melting in-
tegral also allows for higher switch-on cur-
rents. With an operating temperature of -55
to +125°C, they are also suitable for use in
harsh environments.

Eaton Bussmann also offers fuse brackets for
panel or PCB mounting, with many being suit-
able for 5 mm and "4". They are available in a
variety of IP protection classes.

Resettable fuses are ideal for difficult-to-
access circuits, especially in applications that
need to be continuously available or where
overcurrents are common. These PTC compo-
nents (positive temperature coefficient) in-
crease resistance when the temperature ris-
es as a result of excessive current. Once the
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Figure 5: Thermally conductive foils are thin and still
very effective against heat.
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Figure: ADDA

Figure: Omron

Figure 3: Omron's G3VM-series MOSFET relais
warrant a high number of noiseless
switching cycles.

problem has been fixed and the temperature
drops again, the resistance is automatically
“reset”. The largest selection of PTC compo-
nents is found at Littelfuse, for example the
PolySwitch and Poly-Fuse series. The nano
SMD series from Littelfuse also has especial-
ly small dimensions that help to save space
and cut costs. With the large selection of
different models, it also provides versatility
in design. Thanks to their high voltage rang-
es, they can also be integrated into newer
applications.

..........................................................

Can't stand
the heat

..........................................................

Heat emissions from components during op-
eration present a certain risk for the flawless
function and lifetime of the components,
which is why thermal management tailored
to the application and specific installation
conditions is essential. Board-level heatsinks
(pin heatsinks) are an established method of
cooling PCBs that host not only power semi-
conductors but also controllers and signal
processors. As they are directly mounted on
the component in question, they can be used
to cool them specifically and efficiently. Fisch-
er Elektronik and Assmann WSW are among
the providers with the largest range of alumi-
num or copper board-level heatsinks with var-
ious sizes, form factors and installation mech-
anisms.

Figure 7: Jamicon's
JV0620-00 series - quiet
and long-lasting thanks
to the use of floating
bearings

Figure 6: There she blows
- ADDA's AD12032
series of fans

www.rutronik.com
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Thermally conductive foils as thin as 10 um
to 100 um help to save even more space (Fig-
ure 5), and also offer a high thermal conduc-
tivity of up to 1,950 W/mK. They are simple
to handle as they are easy to cut to the desired
size. Thermally conductive foils are available
on the market from suppliers such as 3M and
Panasonic.

Where very large amounts of heat are gener-
ated, fans are the method of choice. They are

superior to passive cooling both in terms of
performance and in terms of cost. If the focus
is on maximizing air flow, the AD12032 from
ADDA comes recommended (Figure 6). If noise
levels are a factor, on the other hand, for ex-
ample in devices used in patient rooms, mod-
els with floating bearings such as the AD12032
series from ADDA or the JV0620-00 from Jam-
icon are recommended (Figure 7). The dual ball
bearing models from Jamicon have an espe-
cially long service life. |

Heat management for horticulture lighting

Cooling an

artificial sun

A home ora farm? It’s a difficult choice, with
population growth and climate change causing
ever more arable land to disappear. This is why
innovative forms of agriculture and modern tech-
nologies are needed. Effective heat management
is especially needed when using “LED suns”.

\%

By BURAK DUMAN,
TECHNICAL SUPPORT MECHANICS, AND
MARTIN UNSOLD, SENIOR MANAGER
PrRoDUCT MARKETING MECHANICS,
BOTH AT RUTRONIK
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Alternative farming capacity is required to be
able to produce enough grain, fruit and veg-
etables regardless of weather conditions and
the location. "Urban farming" involves the re-
purposing of decommissioned underground
tunnels or bunkers as well as buildings' roofs
and walls. However, the nature of these loca-
tions means that they often lack the sunlight
required for plant growth, which is why LED
lighting systems are increasingly being used
as alternative sunlight sources, allowing for
the cultivation of plants as needed. Using ap-
propriately controlled light frequencies, it is
even possible to optimize plant growth, re-
sulting in larger plants, larger yields, fewer
harmful substances - and this method also
allows the color and taste of the crops to be
adjusted. UV LEDs can also protect plants
against micro-organisms, spores and bacteria.

..........................................................

..........................................................

LEDs are much more efficient than conven-
tional halogen bulbs, using up to 50% of the
electrical energy to generate visible light, but
this means that they also still discharge
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around half of the energy they consume as
heat. As LEDs get ever smaller while requiring
more and more energy, so too does the heat
output. This affects the life of the LEDs in the
long term.

Current LEDs have a life of 2,000 to 4,000
hours. Excessive temperatures mean that they
can lose up to a sixth of this, so heat manage-
ment solutions play a major role in prolonging
the performance of LEDs as much as possible.
This means that they also significantly reduce
the need to replace and maintain them dur-
ing operation.

70.000

60.000

..........................................................

..........................................................

There is no off-the-shelf solution for heat
management, as there are numerous factors
to be taken into consideration. Are low-pow-
er, mid-power or high-power LEDs being used?
What temperatures are to be expected? How
much space is available in the application? Is
noise output a factor?

Generally speaking, there is a choice of pas-

sive and active solutions. Passive solutions in-
clude heatsinks and heat-conducting foils
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LED chip temperature (in °C)

A temperature in excess of 140°C on the LED chip reduces its life drastically.
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from suppliers such as Assmann, Fischer Ele-
ktronik or 3M. Active solutions are fans and
blowers such as those offered by Adda, Delta
and Jamicon.

..........................................................

..........................................................

Heatsinks differ primarily in terms of their ma-
terial. Fin heatsinks made of aluminum are
ideal when you need to effectively dissipate a
relatively large amount of heat. They are also
suitable for cost-sensitive applications due to
their attractive purchase price. Suppliers also
offer them as customized solutions, adapting
their size precisely to the heat dissipation
needs.

Plastic heatsinks conduct heat, but are electri-
cal insulators and - depending on the plastic
composite - can also offer high levels of light
reflection. The plastic can be used directly as a
housing, eliminating the need for any addi-
tional cooling element. The reflectivity of the
plastic means that the light rays do not lose
any of their brightness. Plastic heatsinks are -
like aluminum heatsinks - design-friendly, but
much lighter, making them especially suitable
for applications where every gram counts.

One plastic that is especially well-suited to
heat conductivity and dissipation is boron ni-

www.rutronik.com



tride, also known as "white graphite". This
synthetic material with a graphite-like struc-
ture is pure white and an electrical insulator.

If the material properties are maintained, bo-

ron nitride has a heat dissipation index of up
to 15 W/m-K. The cooling fillers of boron ni-

Testing joystick geometries

tride are designed to be redirected easily in
any direction, making it possible to control
which direction heat is dissipated in - verti-
cally or horizontally. Boron nitride is especial-
ly well-suited to thin-walled and complex
geometric forms - 3M offers heatsinks to
match.

Fun & games
for HMI designers

When C.B. Mirick had his invention patented as a control system
forunmanned aircraft in 1926, he could not have foreseen how it
would later be used in numerous fields and applications. Several
construction designs are available to choose from when it comes to

developing a joystick. An overview.

\%

By THOMAS KEPCIJA,
ProDUCT SALES MANAGER SENSORS
AT RUTRONIK, AND
PHILIPP HERBST, HEAD OF APPLICATION
SuPPORT & ToOoLS AT TDK-MICRONAS

LJoysticks have quickly become an established
feature of control tools in many industrial and
medical applications, for trains, ships, agricul-
tural machinery and construction machinery,
and also for simulators such as flight simula-
tors. In the entertainment industry, they are
used for console and PC gaming as well as
radio-controlled aircraft, cars, and ships." To-
day, joysticks are an integral feature of indus-
trial applications, consumer products and au-
tomotive development.

Regardless of the cooling method and mate-
rial used, solutions are practically always cus-
tom-developed, as the requirements and local
conditions are too specific - this makes pro-
fessional support all the more important to
find the ideal solution for the application at
hand. [ |

The initial design of a joystick was based on
switched contacts, which is considered to be
a digital joystick. The simplest design had four
contacts and offered 4 bits of information de-
claring "on" and "off" states, which also made
it possible to register diagonal movements.

Analog joysticks measure the direction and
angle between the movement and the axes,
for which potentiometers or optical or mag-
netic sensors are used. These are contactless
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and are therefore not subject to wear and
tear.

An optical joystick has two encoder disks,
each attached to an axial joint. Each disk con-
sists of slots and plates, with a diode on one
side and a photo cell on the other. These are
either discrete or connected to a light barrier.
When light from the diode passes through
the slot, the photo cell converts it

into a current. If there is no slot, no
current will be present at the photo
cell's output. An algorithm in the mi-
crocontroller uses the number of current
pulses to calculate the position.

Figures: TDK-Micronas

Figure 1: Dual Hall effect
sensor construction

In a potentiometer joystick, there is a poten-
tiometer on each of the two rotary joints, one
for the x-axis and one for the y-axis. They de-
tect changes in resistance when the joystick
is moved and the angle of the rotary joints
changes. A microcontroller then outputs the
corresponding values.

.........................................................

Revolving joints
(dual Hall effect sensor construction)

...............................................

The original mechanical contact

joysticks using potentiometers have
a disadvantage, namely that friction
causes the detection and control perfor-

mance of the potentiometer to degrade. This
disadvantage is overcome by replacing the
potentiometers with magnets and contactless
Hall effect sensors (Figure 1). This also en-
hances precision and reliability, and improves
the control experience.

Figure 2: Gimbal joint
joystick construction

The dual Hall effect sensor construction is also
very practical—as with a potentiometer, the
movement of the joystick handle is read as
the rotation of the magnets positioned at the
end of the shaft, which is read by the Hall ef-
fect sensor. Existing complex mechani-
cal joystick designs only need mini-
mal adjustments—if any.

However, there is one problem with
this construction—because the relationship
between the Hall effect sensor output and the
actual movement of the joystick exhibits non-
linear properties, these need to be converted
into linear values using set points.

Figure 3: Universal joint
joystick construction

.........................................................

.........................................................

Figure 2 illustrates another construction. In
such a gimbal joint joystick, there is a rotat-
ing permanent magnet under the handle that
84 RUTRODNIKER 2020

Committed to Excellence

Powered by Markt&Technik

is pointed towards the Hall effect sensor. The
contact between the permanent magnet and
the single Hall effect sensor allows the move-
ment of the joystick to be projected to the 2D
detection range. As long as the joystick moves
within approx. £30°, the output signal offers
good linearity.

The challenge with such a construction is
managing the mechanical system. As the me-
chanical system ages through wear and tear,
the sensor—the centerpoint of rotation—shifts
without being noticed, and this cannot be
compensated by static means.

..........................................................

..........................................................

A universal joint mount is a good alternative
for solving the problem of declining precision
caused by frame friction (Figure 3). The mech-
anism is not only more robust against friction,
but also simplifies the production process and
reduces production costs. It also benefits from
ease of linearization and a simple mechanical
construction. The key improvement in this de-
sign is that the joystick handle rotates around
a Cardan joint and always points to the center
of this joint.

..........................................................

..........................................................

To evaluate the various construction options,
an equally versatile joystick platform and a
flexible Hall effect sensor are required. Many
suppliers offer joystick kits to provide poten-
tial buyers with a sensor that they can use to
test in their application, providing data for
simulations.

The "Joystick Evaluation Platform" from TDK-
Micronas (Figure 4) is strongly reminiscent of
the "surprise egg” approach—only without the
chocolate. The various components can be put
together—much like a toy in a surprise egg—
to allow for any of the three mechanical joy-
stick geometries.

In addition to the TDK-Micronas HAL 3900
sensors, the kit also contains PCBs, 3D-print-
ed mechanisms, magnets, accessories and de-
tailed instructions. Additional sensor PCBs en-
able direct integration of the sensors into an
application.

The HAL 3900 not only enables precise detec-
tion of magnetic fields but also synchronous
measurement of all three magnetic field com-
ponents BX, BY and BZ at a single point. This
allows the sensor to detect the direction of

www.rutronik.com



1x JOYSTICK
BASE PCB

2x RAISED PCB 2x 1x4 HEADER

1x LARGE REV. 1x SMALL REV. 1x REV. LEVER
JOINT JOINT
1x TOP PLANE 1x 4x6mm 2x 2-POLE
MAGNET MAGNET

2x 1x4 RAISED 2x SIDE PCB 2x 2x4 HEADER
HEADER
1x GIMBAL JOINT  1x GIMBAL LEVER 4x HOLDER
2x 4-POLE 8x BRASS SCREW HAL 3900
MAGNET

Figure 4: The "Joystick Evaluation Platform" works like a surprise egg toy.

the magnetic field. This unique concept also
allows six z-Hall plates and two Hall pixel
cells to be fitted to provide 2D stray field com-
pensation. This makes the sensor suitable for
a variety of measurement tasks, and for any
sensor/magnet geometry that previously re-
quired different sensors. Because the HAL
3900 sensor array is highly flexible, design
engineers can simply select the best operat-
ing mode for any given measurement task.
Depending on the measurement mode select-
ed, it is possible for example to output raw
temperature-adjusted values for BX, BY, BZ or
up to two calculated angles.

To reduce non-linearity errors in the overall
system or even in order to generate random
output behavior, the sensor offers “fixed set
points" at up to 33° with one activated chan-
nel, or fixed set points at up to 17° per chan-
nel if two channels are activated. If variable
set points are required, there are up to 18 set
point ranges when using one channel or up to
eight ranges per channel when using two
channels.

As an SEooC (Safety Element Qut of Context)
according to ISO 26262, the HAL 3900 is qual-
ified for safety-critical (ASIL) applications.
Stray field compensation (in accordance with
ISO 11452-8) is already integrated into some
measurement modes and is done automati-
cally. An SPl interface handles communication
with the sensor.

The digital HAL 39xy does not require external
signal processing or complicated compensa-

www.rutronik.com

tion algorithms. The measurement modes with
three or six z Hall plates and the revolving
joint construction can be used to create a
stray field-compensated joystick.

The sensor data of the joystick kit can be read
using an Arduino or the TDK-Micronas SPI
Programmer. Using the downloadable "Joy-
stick Evaluation Platform” software (Figure 6),
users have a tool at their disposal that lets
them import key RAM registers from the sen-
sor's signal paths, visualize measurements for
specific joysticks, and move a rendered joy-
stick to be exported for further analysis as a
.csv file.

Joystick/Shift-by-wire Evaluation Platform

eofhiioy ¥ &

Figure 5: The all-purpose solution—the HAL39xy
family is suitable for a wide variety of measurement
tasks.

To achieve the best possible joystick perfor-
mance, the LabView Programming Environ-
ment of the HAL 3900 combined with the
TDK-Micronas SPI Programmer allows for sen-
sor calibration and adjustment of the required
measurement modes.

For Arduino platforms, TDK-Micronas provides
downloadable source code for reading the re-
quired HAL 3900 registers. The design plat-
form developed by Rutronik based on the ST-
M32L05 with Arduino-compatible connectors
is ideal for evaluating the new products. M

&TDK

Status EREADV
Progress

Figure 6: Users can use the "Joystick Evaluation Platform" software to read essential values.
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UVC LEDs

Don’t give germs a chance!

The fight against viruses has been a long one. Chemical disinfectants
only offer limited benefits against micro-organisms such as viruses
and bacteria, as they can become resistant. UV light is a much more
effective method for disinfecting and sterilizing water, air and surfaces,
which makes it a more effective method against coronavirus.

\%

By ALAIN BRUNO KAMWA, PRODUCT SALES
MANAGER OPTO AT RUTRONIK
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In order to disinfect the protective clothing
of the medical staff at the Huoshenshan Hos-
pital in Wuhan, China so as to prevent the
SARS-CoV-2 virus from spreading outside of
the clinic, a disinfection tent with UVC LEDs
was set up as a novel approach. In the 1.5m
x 0.75m x 2m room with layered synthetic
fabric walls, UVC emitters from American
supplier Bolb are fitted to the reflective sur-
faces of the ceiling, walls and flooring. Dur-
ing the 30-second disinfection process, the
UVC LEDs provide a dosage of 6 mJ/cm?with
a consistent brightness of 200 pW/cm?. The
light wavelength of 265 to 280 nm destroys
genetic information, ensuring that the virus
can no longer spread or infect other cells.

..........................................................

Artificial
UV sources

..........................................................

For a long time, ultraviolet light was gener-
ated using mercury-based radiation sources,
for example using low and medium-pressure
mercury vapor (Hg) lamps that generate UV
light in a spectrum of 185 to 405 nm by
means of gas discharges. UV light can also

Committed to Excellence

be generated using UV cold cathode tubes
(UV-CCL or UV lamps) in a spectrum of be-
tween 185 and 405 nm by means of glow
discharge.

UV LEDs emit UV rays in a spectrum of be-
tween 227 and 405 nm by means of electro-
luminescence. The wavelengths are particu-
larly short when using UVC LEDs—between
260 and 270 nm—which provides the great-
est sterilization effect. Figure 1 shows this
using the example of cryptosporidium, a par-
asite that spreads in particular through un-
purified drinking water. Other pathogens,
bacteria and viruses exhibit very similar
characteristics.

LEDs also offer a compellingly stable spectral
output under specific temperature conditions
and an almost limitless number of switching
cycles, which makes them ideal for mobile
solutions that need to provide full light out-
put without any delay.

..........................................................

A multitude
of weapons

..........................................................

UV rays are invisible to the human eye
throughout their entire wave range of 100
to 400 nm. Their frequencies are divided into
UVA, UVB and UVC bands, and these have
different effects on living organisms.

LEDs allow us to pretty much choose the
wavelength at our discretion. UVA LEDs with
a wavelength of 315 to 400 nm offer great-
er penetration in dispersed biological tissue
such as human skin compared to UVB and
UVC rays. UVA LEDs are used in fields such
as dentistry and cosmetics, for example in
tanning studios and nail studios. In the in-
dustrial sector, UVA LEDs are used to cure
resins, adhesives and paints.

www.rutronik.com



With a wavelength of 280 to 315 nm, UVB LED
rays have comparatively little penetrating
power when it comes to dispersed biological
tissue, but they are subject to more scatter.
UVB rays encourage the formation of vitamin
D in the human body, which is why UVB LEDs
are mainly used in medicine for phototherapy
and dermatological treatments.

..........................................................

No defense
against UVC rays

..........................................................

The high-energy light from UVC LEDs is sub-
ject to ever more scatter in biological tissue.
With a wavelength of 100 to 280 nm, these
rays do not penetrate tissue especially deep-
ly, but they can burn unprotected skin. Be-
cause the ozone layer in Earth's atmosphere
absorbs the natural UVC radiation of sun-
light, no earthly organism has developed de-
fense mechanisms against UVC rays, and this
is also true of viruses and bacteria. This vul-
nerability makes irradiation with artificial
UVC light an especially effective method of
sterilization and disinfection.
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Figure 1: The wavelengths of UVC LEDs are most effective where cryptosporidium—and other bacteria

and viruses—react most sensitively to them.
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Each micro-organism reacts differently to
UVC radiation, which is why the intensity of
the radiation should be geared towards the
desired reduction rate, which is the number
of killed micro-organisms. The intensity of
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UV radiation is inversely proportional to the
square of the distance, meaning that as the
distance from the radiation source increases,
the UV radiation very quickly loses its effec-
tiveness, which is why the object to be dis-
infected should be as close as possible to the
emitter.
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Viruses, including the SARS-CoV-2 virus, are
commonly spread by air, so the use of UVC
LEDs in air conditioning systems seems advis-
able. In addition to the required reduction
rate, air flow rates and air flow geometry also
have to be considered.

UV light with a wavelength of 254 nm has
proven to be especially effective at killing mi-
cro-organisms, although when directly ap-
plied, it can be harmful to the skin and eyes.
On the other hand, “far UVC" light (207 to
222 nm) also broadly disables most pathogens
in the air without damaging exposed human
tissue.

Other viruses and bacteria are also transferred
via surfaces, including influenza, noroviruses,
rotaviruses, streptococcus and salmonella. For
sterilizing larger surfaces, a suitable product
would be for example the low-power
PU35CL1.0 UVC LED from Lextar with output
of 2-4 mW and 20 mA, which can also be used
to pasteurize drinks, package antimicrobial
foods, and sterilize toothbrushes.

For smaller-scale installations, Bolb has intro-
duced the compact mid-power S3535-
DR100-W272-P40 UVC LED with dimensions
of 3.5 x 3.5 x 0.9 mm?. With DC power con-
sumption of 40 mW and a current of just
100 mA, it stands out as having the lowest
energy consumption in the world with the
lowest heat output.

Material Reflectance in %

Aluminum, etched 88
Aluminum, polished, 78
commercial

Aluminum, foil 73
Chromium 45
Nickel 38
Stainless Steel 20-30
Silver 22
Tin-plated Steel 28
White-wall Plaster 40-60
White Paper 25
White Cotton 30
White Oil Paints 5-10
White Porcelain Enamel 5
Glass 4
Water Paints 10-30

Different materials reflect UV rays to different levels.
This aspect must be taken into account at the design
stage.
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Figure 2: High output—the high-power UVC LED from Bolb with 100 mW at 250 mA, with and without mount

In the high-power segment, Bolb has intro-
duced the S6060-DR250-W272-P100 UVC
LED into its range, the most powerful compo-
nent with DC power consumption of 100 mW
at 250 mA.

Bolb's UVC LEDs are especially well-suited for
the treatment of drinking water and disinfec-
tion of water in pools or RVs, as well as ap-
plications involving stricter irradiation inten-
sity requirements (W/m?) as applicable in
fields such as industrial filter systems, air pu-
rifiers, medical disinfection boxes and vacuum
cleaners.

A key selection criteria for UV LEDs is the
beam angle, with certain beam angles being
required in certain applications. Bolb's UVC
LEDs have a beam angle of 150°, which can
be further focused using lenses from Ledil as
necessary. Because this reduces the irradiated
surface, it also increases the radiation energy
per square meter, meaning that the exposure
time required is reduced when applying the
same energy output. Different UV lenses with
compatible glasses allow the irradiation out-
put to be easily scaled for different purposes.
For its UV lenses, Ledil uses a special grade of
silicone that is especially compatible with UVC

UVC LEDs were originally developed to
fight multidrug-resistant micro-organ-
isms such as Methicillin-resistant Staph-
ylococcus aureus (MRSA). Testing is cur-
rently underway to determine how UVC
LEDs can also be used to fight viruses.
Viruses can only reproduce with the aid
of a host. They infest a cell and reprogram
it using the cell's own ribonucleic acid
(RNA). As the newly produced viruses in-

Committed to Excellence

wavelengths, as well as aluminum reflectors
that are highly reflective of all UV wave-
lengths, making them especially suitable for
disinfection applications.

Other selection criteria for UV LEDs include
national UV standards, reflectivity on differ-
ent materials (Figure 3), heat management,
drivers, power consumption and the inverse-
square law, which dictates how the intensity
of a beam diminishes with increasing distance
from the light source.

Bolb's Blazar surface emitter satisfies many
of these criteria. This UVC module with
25 LEDs (5%5) and a 55° reflector achieves an
effective output of 2 W with power consump-
tion of just 1.25 A.

Multi-UV LEDs are currently in development.
With a dual wavelength chip, they can provide
multiple UV wavelengths, for example UVA
and UVC, essentially making them an all-pur-
pose weapon in the struggle against viruses,
bacteria and other pathogens. [ |

A strategic approach to
fighting pathogens

fect other cells, the host cell is destroyed
by this reproduction process. High-energy,
short-wave UVC light is absorbed by the
RNA of the virus, which causes the ge-
netic information to be destroyed, making
the virus unable to spread and infect even
more cells.

www.rutronik.com
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48-Volt on-board network

A transitional technology,
or key to the
mobility of tomorrow?

Power networks based on 48-V technology enable low-cost mild hybrid

vehicles that allow OEMs to comply with current CO, limits. However, a

trend toward plug-in hybrids and pure electric vehicles is emerging. Is
there any pointin continuing to invest in 48 V technology?

\%

BY MIRKO VOGELMANN, PRODUCT SALES
MANAGER POWER AT RUTRONIK, AND
DR. JOHANNES BREITSCHOPF, TECHNICAL
MARKETING ATV DDM RDME AT INFINEON
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fastest, cheapest, and thus most logical

step for many automobile manufacturers
to ensure that their vehicles satisfied the CO,
limits imposed by the European Commission.
The 48V on-board power systems required for
this are usually achievable with reasonable
investment. It enables features such as regen-
erative braking, temporary storage of energy
in battery packs and capacitors, and subse-

I ntroducing mild hybrid vehicles was the
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quent electrical support for a conventional
combustion engine. This itself reduces con-
sumption and emissions by percentages in the
low double digits.

Figure 1 shows how the market share of elec-
tric vehicles would have to develop in order
to comply with future limits. It is immediate-
ly apparent why the 48V on-board power sys-
tem is only seen as a transitional technology
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20 mio units

mm Worldwide

mm Hybrid

= Plugin
Electric

10 mio units

Source: IHS Markit

Figure 1: Until 2023, the majority of all hybrid and
electric vehicles around the world are likely to be
plug-in hybrids if the enforceable limits are to be
complied with.

while a sufficiently large fleet of high-voltage
(HV) battery electric vehicles (BEVs) becomes
established.

..........................................................

..........................................................

A purely electrically powered car with zero
local emissions seems to be the ideal solution
for fulfilling CO2 emission requirements that
will only get stricter as time goes on, which
is why development and funding needs to be
provided to this end. Relying entirely on HV
electromobility is not the right solution,
though. The advantages and disadvantages
are already a topic of heated discussion.

There are concerns that focusing on HV elec-
tromobility may cause the development of
promising alternative concepts such as fuel
cells or carbon-neutral synthetic fuels to suf-
fer, resulting in the neglect of potentially key
technologies. Also, when you consider the en-
tire value chain as a whole, it becomes appar-
ent that it will be unfeasible to achieve a
global shift toward purely electrical vehicles

=

Figure 2: To guarantee the safety of the battery and the system as a whole,

in a carbon-neutral fashion, and this will re-
main the case for years to come. In particular,
the current energy mix of nuclear energy, fos-
sil fuels, and renewable sources and the pro-
duction and recycling of batteries have a neg-
ative impact on our carbon balance.

One of the challenges in the use of batteries
is that the requirements placed upon the over-
all electric vehicle system can vary greatly de-
pending on the conditions it is to be used in.
In extreme and/or greatly variable environ-
mental temperatures, efficient heating/cool-
ing solutions that are adapted to such condi-
tions are necessary to guarantee the safety
and reliability of the battery and the system
as a whole. This too is a new area of develop-
ment.

The time it takes to create a carbon-neutral
electromobility concept and how 48 V on-
board power systems can help achieve this
will be critical. This will reveal whether 48 V
on-board power systems are only a transi-
tional automotive technology or if there is
more potential within.

..........................................................

..........................................................

Regardless of whether a vehicle is powered
entirely electrically using a battery or wheth-
er it uses a fuel cell or synthetic fuels, 48 V
power systems in auxiliary power units can
help achieve energy savings compared to 12V
supplies and also in comparison to HV simpli-
fications for the installation and operation of
auxiliary power units in vehicles - thereby of-
fering potential for optimization. Typical 48V
applications include e-turbo, electric air con-
ditioning systems with 4 to 5 kW, electric
heaters such as eCAT (electrically heated cat-
alytic converters), PTC block heaters or wind-

heating and cooling solutions adapted to the requirements are needed.
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shield de-icers with 1 to 5 kW, ERC (electrical
roll control) with 1 to 5 kW, pumps and fans
of up to 1 kW, and other applications involv-
ing high power densities and/or continuous
usage. Second-generation mild hybrid vehi-
cles are increasingly achieving these using
48 V power systems; 48 V systems are also
encountered in HV-BEVs as a third power sys-
tem.

..........................................................

Urban mobility ideal
for 48 V/ technology

..........................................................

Urban mobility is a promising business field
for 48 V technology. Unlike the objectives of
current HV-BEV development, which include
long distances of more than 400 km and short
charging times, the focus with urban mobil-
ity is on short trips of between 2 and 50 km,
cost, battery weight, and insulation protec-
tion. Charging times are irrelevant in urban
environments because the vehicle can be
charged during working or night hours.

Calculations show that a 30 kW motor is ad-
equate to complete urban and extra-urban
driving cycles with small compact cars. In this
driving cycle, a 48 V BEV drivetrain is around
259% cheaper than a HV 400 V BEV drivetrain.

Electrically powered commercial vehicles with
48V systems supporting loads of up to
1,000 kg are already available on the market,
among them the Streetscooter postal vehicle.
Electric motorbikes, scooters, and mopeds us-
ing 48 V power systems are also becoming
increasingly established. Some of them even
have a replaceable battery system.

All of these vehicles can be created with ap-
plications that are being or have already been
developed for mild hybrid automobiles, in-
cluding batteries with battery management
systems (BMS), inverters, DC/DC converters,
and auxiliary power units.

..........................................................

New requirements
placed upon semiconductors

..........................................................

As already mentioned, 48 V power systems
with any circuit topology already allow for the
basic boost and recuperation functions with
the combustion engine engaged, and gliding
while the combustion engine is disengaged.
However, when the engine is disengaged, a
fully automated forward clutch is essential.
The recovery of braking energy while the en-
gine is disengaged and driving on electrical
power alone using the capacity of a 48 V sys-
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tem, on the other hand, place new demands
on the performance and robustness of semi-
conductors.

On-board power systems of 48 V also use sen-
sors and microcontrollers as well as power,
supply, communication, and driver semicon-
ductors. They control electric motors, handle
power distribution in the inverter, and supply
auxiliary power units.

Low-loss MOSFETs are often used as power
amplifier ICs and are usually controlled, mon-
itored and - if need be - used to recover a
safe operating state via three-phase drivers.
Key components other than motor driver ICs
include high-performance gate driver ICs that,
in combination with MOSFETs, allow for the
creation of high-reliability battery switches
or safety switches for 48 V[12 V cut-off mech-
anisms. Electrically, the 48 V system is coupled

Lidar for autonomous driving

with the 12 V system by means of a DC/DC
converter.

Bridge driver ICs such as the TLE9180 from
Infineon are used as communication and pow-
er components.

For 48 V applications such as starter genera-
tors (belt-driven or integrated), DC/DC con-
verters or main battery switches/cut-off
switches, there is high demand for 80 V and
100 V MOSFETs.

Numerous semiconductor suppliers are invest-
ing not only in high-voltage technologies for
electric vehicles but also in 48 V technologies
and products. They are already offering a
broad, scalable portfolio of powerful semicon-

ductors as well as evaluation kits that allow
for the creation of all kinds of applications -
plus those with high specifications, including
complete systems and chipset solutions for
voltage controllers, smart power drivers, and
very low-resistance MOSFETs that are ideal
for use in 48 V systems.

Investment in 48 V technology
still worthwhile

This shows that 48 V is not just a transitional
solution; it will continue to offer a path to
low-carbon mobility in the future and will
therefore still provide benefits in numerous
application scenarios. This means that invest-
ments in and system optimizations for the use
of an 48V on-board power system will remain
worthwhile. Appropriate components are al-
ready available. [ |

How science fiction becomes
science reality

Itis the dream of many to be brought from point A to point B without
any effort on their part whatsoever — a dream that is embodied in
Knight Rider’s K.I.T.T. or the vehicles in The Fifth Element. Modern cars
are increasingly approaching these visions of the future, and various
sensor technologies play one of the most important roles here. One of

the most promising of these is lidar.

\%

By ALAIN BRUNO KANWA,
PrRoDUCT SALES MANAGER OPTO
AT RUTRONIK
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Like radar, lidar is a method for detection and
ranging (DAR). Both use the same method of
echolocation as bats: they send out ultrason-
ic waves and detect where objects or prey are
located based on how they are bounced back.
While radar uses radio waves, lidar uses light
waves.

Lidar sensors use a pulsed laser diode that
sends out a light pulse. If it is reflected by an
obstacle, the sensor will detect it. The time of
flight (ToF), which is the time between the
sending and receipt of the light waves, allows
the distance between the sensor and obstacle
to be calculated.

Committed to Excellence

The light waves are dispersed in many direc-
tions depending on the distance and form of
the reflective object or living being. This is
why the broader the detector range, the more
precise an image of the environment it pro-
duces - because it can detect even more re-
flections. Current lidar sensors use avalanche
photodiode (APD) arrays of 8, 12, or 16 diodes.
Each diode represents a pixel of the overall
image. This means that in addition to the size
of the array, the distance between the diodes
(=pixels) is also a factor in the sensor's reso-
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lution. The APD sensitivity also plays a role.
Ideally, they should detect as few traces of the
reflected beam as possible.

..........................................................

..........................................................

The length of the light pulses plays a critical
role in the sensor resolution, which is why li-
dar manufacturers put a lot of effort into de-
veloping pulse lengths that are as short as
possible. Presently, they measure 5 ns on av-
erage up to a maximum of 10 ns. Another fac-
tor is the size of the light beam. Because the
laser diode sends out an extremely focused
light beam, it can only measure the distance
of a point that is of the same size. This is no-
where near sufficient for use in driver assis-
tance systems and certainly not in autono-
mous vehicles. There are various solutions for
enlarging the field of view (FOV). The chal-
lenge here is to detect even the smallest fac-
es within a large FOV.

..........................................................

Eye and
skin safety

..........................................................

One limiting factor in lidar development is eye
safety. Given that laser beams may shine into
the retinas of people, especially when used for
road traffic, it is important to ensure that it
does not cause eye damage. Human skin can
also be attacked by laser beams. The standard
EN 60825-1 defines various classes based on
their risk to eyes and skin - both wavelength
and pulse length play a role here. These are
three examples for laser classes: Class 1 ap-
plies to laser radiation that is nonhazardous
oris used in an enclosed housing. Class 2 ap-
plies to laser radiation in the visible spectral
range of between 400 and 700 nm. With a
short exposure time of a maximum of 0.25 s,
it poses no danger to the eye. Class 4 lasers
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are highly dangerous for the eyes and skin,
even if diffused.

..........................................................

..........................................................

One method of widening the FOV is based on
scattering the light beam so that it covers a
large FOV with a broad beam angle. Known as
flash lidar, the light in this case is diffused,
however, and much weaker than a focused
light beam. Even so, to achieve a long range
and high resolution, laser diodes with a very
high output of 1-2 kW are used.

For applications where objects only need to
be detected at short distances, vertical-cavi-
ty surface-emitting laser diodes (VCSELs) with
a wavelength of between 850 and 940 nm are
ideal. They can be used to develop powerful
2D arrays. For detectors, highly sensitive sen-
sors that can even detect individual photons
- known as single-photon avalanche diodes
(SPADs) - can be beneficial.

In order to increase range and also for condi-
tions with intense sunlight exposure, the

Fraunhofer Institute has developed CMOS
SPAD detectors for microelectronic circuits
and systems. SPADs are integrated into a
CMOS process that is certified for the auto-
motive industry and has been optimized for
optoelectronic applications. This produces
highly sensitive, very fast avalanche photodi-
odes with a momentary amplification of up to
108, high pulse rates, and low noise.

Laser Components offers a flash lidar sensor
with CMOS SPADs; the SPAD2L192 is a 192 x
2-pixel solid-state CMOS sensor for flash lidar
applications. It measures distances based on
the first-photon, direct ToF principle. Single-
photon detectors offer very high sensitivity
and high temporal resolution. The pixel-inter-
nal time-to-digital converter with a temporal
resolution of 312.5 ps and an end-of-scale
value of 1.28 ps enables a nominal range of
192 m and a resolution at a distance of
4.7 cm.

..........................................................

Scanning lidar -
mobile mirrors

..........................................................

To preserve the intensity of the light while
covering a wider FOV, scanning lidar technol-
ogy employs the principle of scanning the field
with a beam of light. Using moving micro mir-
rors, the light is directed over the FOV to be
scanned. Scanning lidar sensors usually use
between 1 and 16 laser diodes. Edge-emitting
lasers with a wavelength of 905 nm generate
the best results here, while high-power laser
diodes with over 100 W achieve ranges of up
to 150 m.

As only a few diodes with relatively low pow-
er are sufficient, scanning lidar sensors offer
good thermal properties. This enables very
high pulse rates, allowing for eye safety even
at a wavelength of 905 nm.

Each avalanche photodiode (APD) in an array represents a pixel of the overall image.
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The FOV is normally 145° on the y-axis and
3.2° on the z-axis. Theoretically, a 360° pan-
oramic scan should be possible with this
technology, but in practice, there do tend to
be blind spots - where the light beam is un-
able to scan the immediate vicinity - but ad-
ditional radar and camera solutions provide
a workaround for this flaw. However, due to
their size and poor robustness, scanning lidar
sensors are not suitable for use in vehicles.
They measure around 10.5 cm x 6 cm x
10 cm, making them too large to be used in
the housing of a spotlight, for example. The
moving mirrors are also sensitive to vibra-
tions, impact, dust, and extreme tempera-
tures of the types that cannot be avoided in
vehicles.

Appropriate diodes are available from Laser
Components - the 905DxxUA series includes
pulse laser diodes with single and multi-junc-
tion designs with up to a 110 W laser output
and a wavelength of 905 nm. The components
are absolutely reliable, offer superb thermal
stability, and very precise chip alignment in a
hermetically sealed package. This makes them
suitable for distance measurement and ob-
stacle detection, surveying equipment, laser
radars, and many medical applications. The
AEC-Q101-qualified models can also be used
in automotive applications.

Si-APD or Si-APD arrays are recommended for
detectors. The SAHA-series Si-APDs from La-
ser Components are optimized for wave-
lengths between 850 and 905 nm. The semi-
conductor material is especially efficient here,
and the pulsed laser diodes also emit at these
wavelengths. In a miniature SMD package, Si-
APDs offer high quantum efficiency and thus
high sensitivity and low noise. The SAH1Lxx
array series with 8, 12, or 16 high-sensitivity
Si-APDs in an LCC44 package with a protec-
tive window offers the same characteristics.
They offer an especially low spacing of 40 um.
An array with 12 APDs is also available in a
14-pin DIL package. In addition to the stan-
dard array, there are also customized arrays
available with specific numbers and sizes of
APDs.

..........................................................

Solid-state lidar - semiconductors
instead of mechanical components

..........................................................

Solid-state lidar sensors are a smaller, more
robust alternative. These rely on semiconduc-
tor instead of mechanical components to di-
rect the light beam. There are two versions of
these: those with MEMS-based mirrors and
those with OPAs (optical phased arrays).

www.rutronik.com

Lidars with MEMS-based mirrors use a matrix
of micromirrors, with each mirror having an
edge length of just a few micrometers. They
switch back and forth between two positions
several thousand times a second, moved by
electrostatic fields. These kinds of lidars are
used in applications such as scanner check-
outs or DLP projectors (digital light process-
ing), so they are a proven, tested technology
with relatively low production costs.

However, for automotive applications, the
sensors need to satisfy much more stringent
requirements. For example, they require a
wider FOV compared to POS checkout systems
or projectors. With a scan frequency of over
100 Hz, current solutions offer angles of 40°;
MEMS systems with broader angles are cur-
rently under development.

With lidars using OPAs, the phase of the emit-
ted light from each laser diode is modified by
a modulator to enable a pulse to covera larg-
er area. The technology is still currently in the
research stage. A variant of this uses a silicon
circuit measuring just several square millime-
ters as a replacement for the rotating emitter
and detector unit. For higher outputs and a
broad FOV, tests are underway using wave-
lengths that reach further into the infrared
range than the 905 nm currently convention-
ally used. A wavelength of 1,550 nm, for ex-
ample, is not harmful to the eyes but could be
adversely affected by snow or rain. Other de-
tectors are also required here.

..........................................................

Many technologies turn science fiction
into science reality

..........................................................

We're still a few years away from achieving
autonomous driving as science fiction films
depict it, but each assistance system - be it
adaptive cruise control (ACC); emergency
brake assist (EBA); or lane departure warning
(LDW) - is a step toward achieving that goal.
For many of these, lidar is an essential com-
ponent, one that absolutely should be com-
bined with other technologies such as ultra-
sonic sensors, cameras, and radar solutions
- because every technology has its strengths
and weaknesses. |
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Flash lidar: scattering a laser beam broadens the
field of view. An array of high-sensitivity sensors can
detect individual photons.

Scanning

Spinning
0 Objective

Scanner
Laser Source

Scanning lidar: pulsed lasers (pulsed laser diodes or
VCSELs) are used to scan the field of view using a
rotating mirror.
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Solid-state lidar: moving MEMS mirrors reflect the
light in different directions to enlarge the field of
view.
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Small yet powerful

New switching transistors — for example, based on gallium nitride
(GaN) - increase the operating frequency of switched-mode power
supply units, enabling the use of smaller capacitors and inductors.
Inductors using high-tech core materials also help achieve high

circuit efficiency.

\'

By RALF HickL,
PrRoODUCT SALES MANAGER ABU
AT RUTRONIK

Figure: Vishay
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odern ICs for switched-mode power
M supply units and switching transis-

tors allow for ever-higher switch-
ing frequencies while keeping switching losses
low thanks to steeper transition slopes. The
increase in switching frequency enables the
use of capacitors with low capacitance values
and inductors with low inductance values. As
electrical values decrease, so does the size of
the components, which means less space
taken up by the construction, less weight, and
less cost for the circuit as a whole. And this
also increases the power density of the cir-
cuit, which helps the components to contrib-
ute toward reducing the CO, emission of the
vehicle.

In order to achieve good efficiency, parasitic
effects also need to be minimized despite min-
iaturization. In coils, direct current resistance
(DCR) and effective resistance are the key fac-
tors here, accounting for the core losses in the
equivalent circuit diagram. Vishay's IHLP se-
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ries is a range of miniaturized inductors with
excellent electrical properties.

..........................................................

Core material for
low eddy-current losses

..........................................................

"IHLP" stands for inductor, high current, low
profile. The core in this case is not ferrite but
a compressed composite made of a soft-mag-
netic iron powder with an epoxy resin used as
a binder. The iron powders determine the
magnetic properties. The composite is a poor
electrical conductor that insulates the iron
powder particles from one another, thus keep-
ing eddy-current losses low.

..........................................................

Increasing quality with
superior EMC properties. ...

..........................................................

During production of the component, a coat-
ed copper coil is brought into contact with a
wire frame embedded in a powder mixture in
a press mold, and this mixture is then com-
pressed into its form at a pressure of up to
2.8 t/cm?. The resultant inductor coil unit pro-
vides a magnetic shielding effect and reduces
interference from stray electromagnetic fields.
This results in a compact, high-performance
inductor for surface-mounted devices that of-
fers superb electromagnetic compatibility
properties.

Typical applications for such inductors with
compressed coil units include LED drivers,
switched-mode power supply units, DC/DC
converters, and EM filters. They also meet spe-
cial requirements by varying the mixture pro-
portions of the composite and by using differ-
ent powder materials and grain sizes. Although
the concept is already over 20 years old, Vi-
shay continues to evolve the formula. Even
today, new versions are being produced that
are optimized for saturation (IHLP...Suffix A1),
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time constants (L/DCR), coil quality (IHLP...
Suffix 1A), or operating temperature (IHLP...
Suffix 5A, 8A).

... and temperatures
specified up to 180°C

For use in applications where environments
are in play that demand high robustness with
more stringent heat requirements, there are
some inductors in the IHLP series that are
specified for operating temperatures up to
180°C. This provides benefits in heat manage-
ment or expands the potential uses to appli-
cations where actuators are located directly
adjacently to the vehicle component to be
controlled. The inductor's FIT value (failure in
time) falls, and its service life increases.

More features of IHLP inductors:

e Optimum proportion of direct current resis-
tance (DCR) and inductance (L) to housing
size (large T = L/DCR).

e Within the operating range, the dependen-
cy of inductance (L) on a superimposed di-
rect current is relatively low, so the differ-
ential permeability (pndiff =dH/dB) is almost
constant. This makes IHLP inductors espe-
cially suitable for use in switched-mode
power supply units and as filter components
in power supply units.

¢ The dependency of these inductors on tem-
perature is low compared to other core ma-
terials.

Small electrical drives in the vehicle

Improving convenience on the
path toward autonomous driving

In the future, autonomous driving will maximize the convenience of mobility.
Until that time, many small electrical drives enable easier, more convenient
control of the vehicle. But how are they constructed, what requirements do

they need to fulfill, and which applications can manufacturers provide to

make driving even more pleasurable for their customers?

\'

By BERND WONDRATSCHEK,
FIELD APPLICATION ENGINEER ABU
AT RUTRONIK

oday, there are over 75 small electrical
Tdrives in a mid-size vehicle, and that

number is increasing. Electric motors
with up to 100 W in power handle functions
such as adjusting the side mirrors or closing
the trunk door. Other automatic adjustment
mechanisms are also possible depending on
the user conditions, including not only the
seats but also the interior mirrors and head-
rests, for example, or even gesture-controlled
compartment doors, perhaps to open and
close the glove box.

As small drives are based on the 12 V on-
board voltage, they can be powered directly
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via terminal 30 (battery) or terminal 15 (post-
ignition). They are partly the reason why the
12 V electrical system will not be disappear-
ing from the vehicles of the future; switching
to the increasingly popular 48 V technology
at this power level would not yet offer any
significant benefits right now in terms of low-
er production and development costs. How-
ever, looking at the lower wire cross sections
and nominal load currents of a 48 V electrical
system, which are just a quarter of those of a
12 V system, these are arguments that need
to be considered in the long run.

In drives of up to 100 W, brushed DC (BDC)
and brushless DC motors (BLDC) as well as
stepper motors are used. The latter are ideal
for applications where absolute precision con-
trol is required or very fine step adjustments
need to be performed - for example, for ad-
justing the mirrors and moving the dashboard

Committed to Excellence

¢ The saturation field strength has compara-
tively little dependency on temperature.

To help developers in their use of inductors,
Vishay offers the IHLP Inductor Loss Calcula-
tor Tool (www.vishay.com/inductors/calcula-
tor/calculator), which supports boost, buck,
and buck-boost switched-mode power supply
topologies. Three-dimensional models of in-
ductors are available for virtual models of as-
sembled PCBs. Equivalent circuit diagrams are
also available on request from Vishay for elec-
trical simulations. |

needles. BDC motors are used wherever long
service lives and higher efficiency can give
way to cost benefits. BLDC motors are the
most robust versions, but they are more ex-
pensive and sometimes more complex to con-
trol.

Figure 1 shows a simplified circuit design of
a small drive with DC motors, featuring the
main components: the microcontroller, the
system basis chip (SBC), the MOSFET driver
(gate driver), and several MOSFETs. The SBC is
used to create a communication interface
with the vehicle bus, to ensure that the key
components are suitably supplied with power,
and to be able to perform tasks in the interest
of functional safety and reliability (a watch-
dog function, for example). Each of the MOS-
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FETs are arranged as half bridges, forming a
full bridge (also known as an H-bridge) to-
gether with the motor connected between
them. Adding another, third half bridge cre-
ates a B6 configuration that allows two DC
motors (as shown in Figure 1) or a three-phase
BLDC motor to be controlled.

The microcontroller receives the input con-
troller signals via its 1/0 pins and processes
them to control the gate driver. At the same
time, it can evaluate the signals of the driver
when an error occurs. The MOSFETs are trig-
gered by the driver using a PWM signal.

This full-bridge/B6 arrangement can turn the
motor clockwise or counterclockwise.

..........................................................

Controlling
BDC motors...

..........................................................

BDC motors fundamentally consist of the ro-
tor, the commutator with carbon brushes, and
the stator (or permanent magnet). The carbon
brushes conduct the current to the rotor. The
friction that this generates causes the brush-
es to wear down. The rotary movement is gen-
erated by the rotor's magnetic field forming
as a result of the current passing through the
rotor. The rotor's magnetic field is aligned with
that of the stator. Once the opposite pole of
the stator's magnetic field has been reached,
the commutator installed in the rotor chang-
es the magnetic field of the rotor and gener-
ates a magnetic field that is inverted by 180°.
This causes the two identical poles to repel
each other, and the rotor pole is drawn by the
opposite stator pole. The commutation is
therefore a purely mechanical process. There
is no need to determine the position of the
rotor during start-up.

..........................................................

..........................................................

BLDC motors are constructed like AC synchro-
nous motors and have a purely electronic
commutation mechanism, with permanent
magnets in the rotor and a controllable wind-
ing in the stator. The windings are usually ar-
ranged at 120° angles to one another (or di-

Discrete

Property/form factor

visible fractions of these) and are stimulated
in sequence, depending on the direction of
rotation. The rotor follows this rotating mag-
netic field.

To prevent excess load caused by high start-
up currents, the rotor position should be de-
termined before start-up to ensure that the
right winding is activated during start-up.

With sensor-based position detection, three
Hall-effect sensors precisely detect the mag-
netic field of the rotor's permanent magnet.
This method results in higher component costs
and requires more space and wiring but is
simple to create. Appropriate automotive-
qualified (AEC-Q100) Hall-effect sensors from
Diodes, Melexis, and TDK-Micronas are avail-
able from Rutronik.

FOC (field-oriented control) is a popular sen-
sorless method, even if the implementation of
the software algorithm and the management
of the motor size transformation are complex.
To provide developers with assistance in start-
ing out with FOC implementation, STMicro-
electronics offers FOC software tools, the
SPC5-MCTK-LIB library, and the associated
evaluation kit for its SPC5 microcontroller
family. The library works with SPC560P as well
as SPC574K and SPC58NN models and there-
fore supports controllers in a variety of per-
formance classes.

With the TLE9879 three-phase embedded mo-
tor driver (e-power IC), including evaluation
kit and FOC example algorithms, Infineon has
provided an answer for sensorless BLDC con-
trol via FOC. The high level of integration of
the IC means that only the B6 bridge and the
motor are otherwise needed.

..........................................................

..........................................................

Stepper motors only have windings in the sta-
tor. They are usually constructed as hybrid
stepper motors, where the rotor construction's
defining feature is a permanent magnet com-
bined with a soft iron core. Selective trigger-
ing of the windings allows the rotor to be ad-
justed by a specific angle. The angle change

Medium integration High integration

Space requirement High Medium Low
Protection options Medium High Medium
Flexibility High Medium Low
Power consumption High Low Medium
Total costs Low Medium High

ICs fulfill different requirements depending on the level of integration.
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in each step depends on the number of phas-
es of the motor and the number of pole pairs
in the rotor; the angle change is usually 1.8°
or 0.9° with two phases (i.e. there are two
windings in the stator and a corresponding
number of poles in the rotor core). The step-
per motor is relatively simple to control; it
enables reproducible movements and very
high precision. And furthermore, it doesn't re-
quire any position feedback.

..........................................................

Requirements
of small drives

..........................................................

Depending on the application, small electrical
drives need to fulfill a variety of requirements.
The most important ones are:

® High efficiency

® Low size and weight

® Low noise emissions and silent running

e Resistance to stresses (water, dust, vibra-
tion, etc.)

e Different operating modes (continuous op-
eration, periodical operation, and brief op-
eration)

® High reliability, especially with safety-crit-
ical drives

® Low costs

e Ease of implementation

Semiconductor suppliers are addressing these
requirements with ICs specially enhanced for
these purposes. For example, Toshiba's
TB9083FTG is designed specifically for func-
tional safety applications as a fail-safe pre-
driver. Optimizations in process technology
enable smaller packages and the use of less
material - for example, the MOSFETs from Di-
odes (PowerDI3333-8) with a package size of
around 3mm x 3mm at 40 V. Reduced bias
currents in drivers and a lower switch-on re-
sistance (R, ) in the MOSFETs increase effi-
ciency, which reduces power loss and heat
output. New packaging technologies with
top-side cooling and increased heat dissipa-
tion contribute to simpler heat management,
which increases the resilience of the IC. To
minimize noise emissions and EMI problems,
all suppliers implement functions such as
PWN and slew rate control depending on the
drivers.

More and more system-related functions are
integrated into the semiconductor modules to
facilitate implementation in the circuit. This
includes current measurement and integrated
current amplifiers (CSA) as well as protection
and diagnostic functions such as data import
via SPI for easier status detection and end-
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Simplified construction of a small drive with a DC mo

of-life estimation - for example, the L9907
from STMicroelectronics. Functions such as
auto-restart and latch-off also allow for test-
ing and restart after an error. Suppliers also
provide simulation tools such as Infineon's
Toolbox to help developers with implementa-
tion.

..........................................................

Different integration levels
for different requirements

..........................................................

Depending on the requirements, chips with
different integration levels are available to
choose from (see table).

In a discrete design, each circuit component
is positioned on the PCB. This is often the
cheapest option, but it needs plenty of space
and results in higher ambient temperatures.
To keep space requirements as low as possible,
Diodes offers a broad range of dual MOSFETs
(N-type) and complementary MOSFETs (N and
P-type) in a single package. When it comes to
discrete drivers, superb products are available
in the form of STMicroelectronics' L9907 and
Infineon's TLE9180; these can be used with a
variety of electrical system voltages and so
are also suitable for small control applications
in the truck segment.

For medium integration applications, some
components have been combined into mod-
ules. These may consist of MOSFETs and the
associated drivers, such as Rohm's BD63035E-
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FV-M or Bosch AE's CJ260. Infineon on the
other hand combines SBCs (system basis
chips) with the drivers in its TLE956x modules.
Medium integration offers a good compromise
between space and cost restrictions. It re-
quires the least development effort and is cur-
rently the best way to implement circuit pro-
tection. But if construction space is very
limited and PCB cooling can also be achieved
with difficulty, it is recommended to take an-
other step toward integration.

High integration combines the microcontroller
with the MOSFET driver and the functions of
an SBC in a single package. But this usually
also makes it very inflexible, as the only way
left to make any adjustments is by triggering
the MOSFETs. This highly integrated compo-
nent comes from Infineon and is known as the
E-Power IC (TLE98xy). Infineon compensates
for the lack of flexibility with a variety of IC
models for applications with half, full, or B6
bridge requirements.

TDK-Micronas' HVC4223 embedded motor
controller is representative of the highest lev-
el of integration. It combines all four compo-
nents - microcontroller, SBC, gate driver, and
MOSFETs - in a single IC, but this also means
that it needs to fit the requirements of the
application exactly.

The benefit of the medium- and high-integra-
tion modules is the integrated diagnostic fea-

tures. These usually include:
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® OC/UC - over-fundercurrent protection

e QT - overtemperature protection

® OL - open-load protection

e SC/SCG - short circuit/short circuit to
ground protection

® |D - load dump protection

¢ Cross-conduction protection

® Reverse polarity protection (usually via ex-
ternal MOSFET)

Discrete MOSFET drivers with protection and
diagnostic functions - for example, overcur-
rent and overtemperature protection - are
now also offered, although additional discrete
components such as PTC thermistors (PTC:
positive temperature coefficient) are often
necessary here.

The protection and diagnostic features are
currently becoming an essential aspect for
electronics developers and OEMs because they
allow for easy circuit monitoring. As such,
they also represent a step toward fully au-
tonomous self-monitoring vehicles. |
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Hall sensors in automotive applications

Suitable for a
variety of parameters

On the road to autonomous driving, cars are being equipped with an in-

creasing number of sensors. Magnetic field sensors based on the Hall effect

offer several advantages over other measuring principles and technolo-

gies. Current models also meet the more stringent requirements of ISO

26262:2018.

\%

BY EDGAR SCHAEFER,
AUTOMOTIVE FAE AT RUTRONIK

all sensors detect the voltage differ-
H ence that results when a magnetic

field is applied to a semiconductor
perpendicular to the direction of flow of the
electric current. Since this Hall voltage is di-
rectly proportional to the strength of the
magnetic field, the sensors, together with a
permanent magnet, can indirectly measure
numerous variables, e.g. rotation, speed, dis-
tance, pressure, angle, and fill level. Since the
sensor measures the strength of a magnetic
field around a conductor with a steady flow
of current, it can also measure current with-
out contact. Similarly, it also detects the other
parameters without contact, meaning that it
operates without any wear and tear and
therefore reliably delivers precise measure-
ments, even in long-term operation.

Simple Hall sensors are often used as switch-
es, e.g. in seat belt buckles, windshield wipers,
or engine switching systems. In this context,
a threshold value for the magnetic field
strength is saved in the sensor. If the detect-
ed value reaches this threshold, the switching
state of the sensor changes. For example, Me-
lexis' MLX92241, with its built-in blocking ca-
pacitors, makes a local board-less design pos-
sible with operation directly on a cable
harness, e.g. for detecting whether the seat
belt is fastened. Its EEPROM memory can store
customer-specific threshold values for the
switching points, output polarity, loff current,
and temperature compensation coefficient for
98 RUTRONIKER 2020
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the magnetic material. The programmable
negative temperature coefficient can be used
to compensate for the behavior of permanent
magnets that become weaker at high tem-
peratures. The Hall sensor elements are
equipped with safety mechanisms to protect
against electrostatic discharge, reverse polar-
ity, and thermal overload. They meet the re-
quirements of ASIL A.

..........................................................

Linear hall sensors also measure
distances and rotation

..........................................................

Hall sensors with linear output signals are
necessary to measure distances or rotational
movements. They not only recognize the
states “on" and "off," but also output an ana-
log signal proportional to the magnetic field
strength. The A/D converter, which is either
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integrated into the MCU or the Hall sensor,
converts the analog signal into a digital sig-
nal. To control other system components, the
MCU then outputs a proportional pulse-width
modulated (PWM) signal or a data stream
compatible with the SENT automotive sensor
bus system. Some of the latest-generation
Hall sensors have the PWM interface and the
SENT interface built right into the sensor it-
self.

When using Hall sensors that merely detect
the magnetic field perpendicular to the chip
plane, large and cost-intensive additional as-
semblies are often required. More advanced
solutions integrate an increasing number of
sensors as well as signal processing and cal-
culation functions, often eliminating the need
for additional components and allowing ad-
ditional parameters to be measured.

www.rutronik.com
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For example, vertical Hall sensors detect not
only the magnetic field perpendicular to the
direction of the current, but also that paral-
lel to the direction of the current or to the
chip plane. In addition to the amplitude of
the magnetic field, 2D sensors also detect its
direction. This can be used to determine an
engine's direction of rotation, for example.
For example, the Hall-based Xensiv TLE4988C
from Infineon makes it possible to quickly
measure the position of the camshaft. One
major benefit for module manufacturers is
the reduced dependence on rare-earth back-
biased magnets; the sensor is optimized for
Fe, SmCo, and NdFe, for example. Automat-
icin-vehicle calibration takes the tolerances
of ferromagnetic wheels and magnetic en-
coders as well as the mounting tolerances of
the sensor takes into account, thereby ensur-
ing extremely accurate sensing in real appli-
cation environments. The TLE4988C comes
inside a PG-SS0-3-52 camshaft sensor pack-
age with Sn plating as well as a 3-wire volt-
age |/F and increased supply/output capaci-
tance of 220/1.8nF for higher EMC
robustness.

The Xensiv TLE5501 analog angle sensor from
Infineon is based on TMR (tunneling magne-
toresistive) technology. It features high detec-
tion sensitivity with a high output voltage,
eliminating the need for an internal amplifier
and allowing the sensor to be connected di-
rectly to the microcontroller. In addition, TMR
technology features minimal temperature
drift, which reduces the need for external cal-
ibration and compensation. The TLE5501 uses
360° angle measurement to detect the orien-
tation of a magnetic field by measuring the
sine and cosine angle components using TMR
elements. It outputs the raw signals as a dif-
ferential output signal. Due to the high bridge
output voltage, additional signal amplification
is not necessary. The TLE5501 is available in
AEC-Q100 and automotive ASIL versions and
is suitable for angular position sensing, steer-
ing angle sensing, safety applications, and
BLDC motor commutation.

..........................................................

..........................................................

3D Hall sensor technology combines lateral
and vertical Hall sensors and as a result, can
detect the strength of the magnetic field in
all three dimensions. This type of sensor makes
it possible to detect the absolute rotary or lin-
ear position of each moving magnet. The
MLX92256, for example, is equipped with lat-
eral sensing. Designed specifically for use in
window lift systems, it integrates a voltage
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regulator, two Hall sensors - one with IMC
(integrated magnetic concentrator) and both
with an advanced offset cancellation system
- and two open-drain output drivers all in a
single package. It is available in two versions.
The MLX92256LSE-AAA-000 toggles the pulse
signal when there is a change in the lateral or
vertical component, while the direction pin
only changes in the event of a change in di-
rection. The MLX92256LSE-ABA-000 is
equipped with two speed outputs, one for the
perpendicular field and one for the lateral
field.

The MLX90371/MLX90372 Triaxis position
sensors from Melexis are now available in the
third generation. They combine a magnetic
Triaxis Hall front-end, an analog/digital signal
conditioner, a DSP (digital signal processor)
for signal processing, and an output stage
driver. They are immune to stray fields up to
4 kA/m (or 5 mT) as they occur as a result of
the increasing electrification of vehicles, es-
pecially electric and hybrid vehicles. Since
they can also work with a weak magnetic
field, smaller and cheaper magnets are suffi-
cient. This not only results in cost benefits, but
also space savings. The MLX90371 is an ASIL-
B SEooC (safety element out of context) to
ISO 26262 and offers an analog or PWWM out-
put. The MLX90372 is an ASIL-C SEooC to ISO
26262 and has a SENT or PWM output. Both
meet the EMC requirements of automotive
OEMs and are specified for operating tem-
peratures up to 160°C. For applications with
particularly stringent safety requirements
such as accelerator pedal position sensing, the
MLX90372 is also available in a "dual die"
(fully redundant) TSSOP-16 package for re-
dundant sensing.

TDK-Micronas offers a programmable 3D sen-
sor family for position sensing. It consists of
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three members: the HAL 3900 with an SPI in-
terface, the HAL 3930 with a PWM/SENT in-
terface and switch output (configurable as a
high/low-side switch), and the HAL 3980 with
a PSI5 interface. The sensors can suppress ex-
ternal magnetic stray fields by using an array
of Hall plates. Only a simple two-pole magnet
is required to measure a rotation angle, ide-
ally placed over the sensitive area in an end-
of-shaft configuration. ‘The sensors can also
be used for off-axis measurements. They can
measure an angular range of 360°, linear
movements, and a 3D position, making them
ideal for steering angle position sensing. De-
pending on the device, it is possible to trans-
mit temperature-compensated values of BX,
BY, BZ, or up to two calculated angles. The
HAL-39xy sensors operate in an ambient tem-
perature range from -40°C to +160°C; they
are ASIL B-ready and designed as SEooC ac-
cording to 1SO 26262 for automotive applica-
tions.

..........................................................

Rugged
and reliable

..........................................................

The examples show that not only have tre-
mendous advancements been made in sensor
technology to meet the increasing demands
in cars, but that their design has also evolved.
Many of the latest models also meet the more
stringent guidelines of ISO 26262:2018, some
as ASIL-C SEooCs. Redundancy and safety
functions contribute to this as well as mea-
sures to improve EMC. Corresponding pack-
ages ensure the sensors are resistant to mois-
ture, dust, and dirt. For wuse in
high-temperature environments, Hall sensors
are specified for operating temperatures of up
to 170°C. As a result of these features, they
play a key role on the road to autonomous
driving. |
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Figure: Rutronik
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Automotive motor system IC

A new source of power
for automotive aids

Everywhere you look, cars have little devices here and there to make the driving experience
more comfortable — window regulators, sunroof controllers, seat adjusters, trunk door
mechanisms, automated front-lighting systems, and various flaps, fins, pumps, and fans.
The broadness of this field is also apparent in the diversity of electrical auxiliary motors.
This means that drive solutions need to be scalable and flexible.

\'

By RALF HickL,
PrRoDUCT SALES MANAGER ABU
AT RUTRONIK

verything is powered by auxiliary mo-
E tors, sometimes independently from the

primary motor if efficiency demands it.
Requirements range from drawing a few watts
to pushing the car battery to its limit. Motors
also need to be small and cheap. Figure 1
shows a number of components of motor con-
trol systems. Micronas' HVC4223F is the mar-
ket leader in terms of the level of integration.
Discrete constructions with separate ICs such
as voltage controllers, microcontrollers, bus
transceivers, and more are at the other, bot-
tom end of the integration scale.

In the mid-range segment, Infineon's new
TLE956x motor system ICs combine the func-
tions of the mid-range system basis chips of
the TLE94xx (Lite SBC) and TLE926x (mid-
range + SBC) series with two additional func-
tions: an operational amplifier for measuring
current using shunt resistors and gate drivers
for controlling N-channel MOSFETs. Then
there are outputs for anti-reverse polarity
MOSFETs and up to four high-side switches

Micronas
HVC4223F

Motor System IC
TLESS56x i
System Basis Chip
CA510, TLE926x
Complex LDO
TLS820F/850F

Vreg, WWDG, LIN/CAN

Vreg, WWDG

| LIN |
Vreg ‘ WWDG CAN

OPTIREG™
TLSB10A
TLS80511

RUTRONIK
AUTOMOTIVE

Vreg, WWDG, LIN/CAN, MCU, OpAmp, Gate-drivers, MOSFETs

e ey Vreg, WWDG, LIN/CAN, MCU, OpAmp, Gate-dri
TLE985X, 6x, 7x Teg, , ) , OpAmp, Gate-drivers

MCU

TLE72xx | AURIX™ TSC10x OptiMOS™
TLE925x SPCS TSC201x STripFET™

Integration

Gate- ||
drivers ||

|-sense

OpAmp Scalability

MOSFETs

Figure 1: Integration vs. scalability, with example components
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for any desired purpose.

The motor system ICs are available in two ver-
sions: one to control DC motors with up to
four half-bridge drivers and one for operation
with BLDC motors with drivers for a six-pulse
bridge.

Microcontrollers and MOSFETs must be con-
nected externally to the TLE956x motor sys-
tem ICs; see the block diagram (Figure 2). De-
pending on the version of the TLE956x family,
the CAN FD transceiver offers partial network-
ing via wake-up pattern (WUP) or wake-up
frame (WUF).

..........................................................

..........................................................

Compared to the derivatives of the
TLE985x/6x/7x embedded power IC family, the
motor system ICs offer flexibility in terms of
CPU architecture and greater scalability in
terms of processor performance, memory ex-
pansion, and bus integration (CAN FD). This
allows users to keep using their preferred mi-
crocontroller, saving them time and money
that they would otherwise need to invest in
learning another architecture and in new de-
velopment tools. Thanks to the extra memory
of an external microcontroller and the
TLE956x, it is possible to create a control de-
vice using a memory-hungry operating system
such as Autosar.

..........................................................

..........................................................

However, placing the output transistors in the
output stage has two undesirable effects. Each
switching operation causes switching losses,
as the transition slopes are finitely steep.
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These losses increase the system temperature.
Also, the steeper the transition slopes, the
more electrical interference signals there are.
The cable-related proportion of interference
can be mitigated using an EMI filter in the
power cable, but the filter components do
cause extra costs.

The aim is therefore to adjust the transition
slope in such a way that the switching opera-
tion just about passes the EMC test. A resis-
tor/diode network in the gate cable also often
limits the control current. In conjunction with
the gate capacitance of the MOSFET, this cre-
ates an RC circuit with a time constant that
limits the voltage slope. However, this does
generate additional cost for the resistors and
the diode. When switching to another MOS-
FET with a different gate capacitance, the re-
sistor network also needs to be adapted.

..........................................................

..........................................................

The TLE956x solves the problem more elegant-
ly by having a digital control loop update the
actual transition slope steepness values based
on the defined set point value. The control
value is the current from the gate drivers. This
concept, referred to as "adaptive gate con-
trol”, eliminates the need for the resistor/di-
ode network in the gate cables, which also
removes this cost factor, eliminating any is-
sues with switching to MOSFETs with other
gate capacitance values. The controller ad-
justs the gate currents automatically to pro-
duce the configured slope steepness.

..........................................................

Further reducing switching losses
with active freewheeling

..........................................................

When operating DC motors in H-bridges, a
high-side MOSFET is often switched on stati-
cally, and the clock cycle of the diagonally
positioned low-side MOSFET is regulated us-
ing pulse width modulation. If this active

Figure: Infneon Technologies

Figure 3: Evaluation board DC SHIELD_TLE956X
for DC motors
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Figure 2: Block diagram of a BLDC

1

motor control using TLE9563/4

Battery

Figure: Rutronik
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MOSFET is switched off using a PWM cycle,
the motor current commutates through the
body diode of the MOSFET in the same branch
above.

Active freewheeling involves the half bridge
of the active MOSFET following a push-pull
circuit design. Triggering the MOSFET causes
the freewheeling current to commutate
through its channel instead of its body diode.
If RDS,0n is low, this results in reduced loss
compared to body diode commutation.

..........................................................

..........................................................

Electric motors, especially those with perma-
nent magnets, can also serve as generators -
for example, if someone applies manual force
to open or close a motorized trunk door. Re-
verse polarity protection (diode or untriggered
MOSFET) in the control device ensures that
the generated energy cannot be fed back into
the vehicle battery. Instead, the voltage is in-
creased in the intermediate circuit using the
bypass capacitor connected in parallel to the
MOSFETs. In a worst-case scenario, the gen-
erated energy can cause a fault due to over-
voltage.

Type TLE956x motor system ICs solve this by
means of a braking effect achieved using
short-circuiting, where all low-side MOSFETs
are switched on at the same time. This brief-
ly short-circuits the armature/rotor to enable:
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Active reverse

batt. protection switch

T T

Safety

e the generated energy to dissipate as heat
by means of the effective resistance of the
shorting circuit

e the application of a mechanical counter-
force (braking effect)

The braking function also works in sleep mode
with the TLE956x, which keeps power con-
sumption low. There are two variations of this:
a braking force that is varied depending on
the intermediate circuit voltage and continu-
ous braking regardless of the intermediate cir-
cuit voltage.

..........................................................

..........................................................

Now is the right time to start developing us-
ing the TLE956x family of components. It is at
the leading edge of technology, is commer-
cially competitive, and is at the start of its life
cycle. This is a perfect storm promising an end
product that offers superb value for money
and long availability - for example, for a seat
adjuster, sunroof controller, belt tensioner,
hand brake, window regulators, or motorized
trunk, as well as BLDC applications such as
pumps, fans, and sunroofs.

Arduino-compatible evaluation boards for the
TLE956x provide an entry-level solution for
development (Figure 3 & 4). Suitable control-
ler boards with automotive microcontrollers
from Infineon include the Aurix TC275 Shield
Buddy and the Aurix TC375 Shield Buddy. M
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EV charging

Electromechanical engineering
for charging stations

The development of high-performance charging infrastructure for
e-mobility has created a whole new growth field for the use of high-
grade electromechanical components, which include not only relays
but also fuses, switches, and thermal management components.
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By BURAK DUMAN,
TECHNICAL SUPPORT MECHANICS, AND
MARTIN UNSOLD, SENIOR MANAGER
PrRoDUCT MARKETING MECHANICS,
BOTH AT RUTRONIK

102 RUTRONIHKER 2020

Powered by Markt&Technik

he automotive industry faces the chal-
Tlenge of focusing on the environment

- reducing emissions - as one of the
most important topics of our society. The only
way this is likely to be achievable is with elec-
tric motors. According to a study by McKin-
sey, it is estimated that as many as approxi-
mately 120 million electric vehicles will be
registered for road use in China, the EU, and
the US by 2030. Demand for charging energy
will rise from around 20 billion kilowatt hours
in 2020 to 280 billion kilowatt hours in 2030,
for which around 40 million chargers will be
needed, 15 million of them in Europe alone.

Leading automobile manufacturers have al-
ready announced an investment plan for the
development of 400 charging stations in Eu-
rope. The current economic stimulus package
of the German Federal Government also has
a clear focus on electromobility. Around an
additional €2.5 billion is expected to be in-
vested in developing charging station infra-
structure.

For the imminent change and the develop-
ment of high-performance charging infra-
structure, manufacturers such as BMW, VW,
Mercedes, and Audi are already adapting their
production facilities and are preparing their
workforces with training and certifications.

A variety of electromechanical components
are required both for electric cars and for
charging stations. IEC 61851-1 defines the
various types of charging stations. They are
categorized on the basis of power supply cri-
teria and the electronic communication be-
tween the charging station and the electric
car. The choices of electromechanical compo-
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Figure 1: The HFE18-200 relay from Hongfa is per-
fect for auxiliary applications.

nents are dependent on the type of charging
station in question.

Mode 1 and 2 charging stations that operate
using alternating current (AC) have barely any
electronics in them. In these cases, the vehi-
cle's on-board charger (OBC) handles the
charging cycle management.

Mode 3 charging stations require a relay to
switch the AC current. As with other charging
stations that use AC, the OBC limits charging
performance here as well. The requirements
placed upon the relay include 230 V/400 V
(according to IEC 60664-1) and overvoltage
category 4. This means that a distance of at
least 3 mm must be maintained between the
contacts. Some suppliers offer appropriate
products - Hongfa for example offers
35 A/3.6 mm (HF170F), 65 A/3 mm (HF176F)
and 90 A/3 mm (HF167F) relays through
Rutronik, while Omron supplies a 36 A/3.2 mm
model (G6QE).

The trend is shifting toward DC fast-charge
stations (Mode 4) as a solution to the problem
of long charging times. The bulk of the elec-
tronics in these cases is located in the charg-
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Figure: Littelfuse

Figure 2: The fact-acting PSR-series fuses from
Littelfuse provide reliable protection for power
semiconductors.

ing station, not in the vehicle. The vehicle's
OBC is therefore circumvented. The charging
process is handled directly by the charging
station, which supplies the DC voltage. Mode
4 charging stations use a variety of relays:

The main relay covers a current range of 80
to 600 A and is usually used to disconnect the
battery. Models for this purpose are offered
by Hongfa (HFE18V-300, HFE82V-250V) and
Omron (G9TB).

The fast-charge relay controls the fast-charge
process, with rated currents being between
32 and 600 A. Suitable relays are available
through Rutronik from Hongfa (HFE18V-600).

The HV pre-charge relay is used in the pre-
charge circuit, for which a product such as
Hongfa's HFEBOV-20B can be used.

Relays for auxiliary applications (Figure 1) are
mainly used for air conditioning systems,
heating systems, DC-AC converters, and oth-
er applications. They typically have a power
rating of between 20 and 40 A, and Hongfa
once again has a suitable product in its port-
folio for this in the form of the HFE18-200.

..........................................................

..........................................................

To qualify for automotive use, these relays
must have compact dimensions and meet spe-
cial technical specifications. Electric motors
require very high power levels, which involves
certain risks, so a reliable switch is essential
here, which means that the relay contacts
must not be at risk of oxidation. Suppliers
have developed relays filled with gas (usually
hydrogen) to prevent this, thus maintaining a
lower contact resistance, avoiding power loss,
and preventing relay failure. The relays from
premium suppliers Omron and Hongfa meet
these requirements and can be used in almost
any application - whether in electric or hybrid
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vehicles, in 48V battery systems or charging
stations.

..........................................................

..........................................................

Because the operation of charging stations
involves high voltages and currents, it is nec-
essary to protect both people and the compo-
nents. Surface-mounted, cartridge, and high-
voltage fuses are just a few of the components
required here.

Depending on the type of charging station,
other requirements may apply. Mode 1 to 3
charging stations are usually used in private
households. Mode 4 fast-charge stations on
the other hand are installed in public spaces
such as supermarkets and gas stations and
require a high-current connection. Because
they transform the AC voltage at the input to
a DC voltage at the output, both circuits re-
quire fuses.

The fast-charge stations consist of extremely
sensitive power semiconductors that can be
adversely affected by interference such as
voltage pulses and overcurrents. Special high-
speed fuses such as the PSR series from Lit-
telfuse (Figure 2) for the DC output have been
developed precisely for this. They are extreme-
ly effective at limiting current and offer su-
perb cycling capability. The JLLS-series fuses
from Littelfuse are ideal for AC input circuits.
They also heavily limit current and prevent
short-circuit currents faster than other me-
chanical safety mechanisms. This allows them
to protect devices with components that are
sensitive to overvoltages such as rectifiers.
Both of these types are among the most com-
pact fuses in the over-30 amps segment. Be-
sides Littelfuse, Eaton also offers comparable
models.

..........................................................

..........................................................

The high power levels generate plenty of heat
within the electronic components, and tem-
peratures on the outside of charging stations
can also get very high. This can have a severe-
ly negative impact on the function and life of
the components, which is why efficient ther-
mal management is essential. For this pur-
pose, Rutronik offers a variety of solutions,
including thermally conductive foils, heatsinks
and fans from leading suppliers such as 3M,
Delta Electronics, Fischer Elektronik, Assmann
WSW, Jamicon, and Adda. The product and
application specialists provide expert support
in selecting suitable components.
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..........................................................

Suitable switches and metal keyboards for use
in automotive applications enable the ease of
use of charging stations. For example, a met-
al keyboard can be used to enter a PIN for au-
thentication, and microswitches can be used
to start the charging process on the charger
handle.

Because charging stations need to be able to
withstand harsh environmental conditions
such those as gas stations or supermarkets,
they require a very robust metal keyboard that
also works in the rain and in a variety of en-
vironmental temperatures. IP-Line from Knit-
ter Switch is shipped with up to IP69K protec-
tion and IKO8 impact resistance. The keyboards
are also available with customized designs
and offer a great deal of design scope.

To protect them against vandalism, they need
vandal-proof push buttons with scratch-re-
sistant actuators and a housing made of ro-
bust stainless steel. C&K metallic push but-
tons for example can resist extreme outdoor
conditions and vandalism attempts with IP67
protection and IK10 impact resistance. The
switches are also available with lighting in
various colors and with labeling on the ac-
tuator.

This brief summary shows how electrome-
chanical components in charging stations
help to achieve e-mobility through everything
from the control unit to the electric car con-
nector to the charger plug - and in doing so,
help to reduce CO, emissions. |

Figure 3: Robust metal
keyboards can be customized.
Figure 3: Robust metal key-
boards can be customized.
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E-mobility

The challenges for
charging infrastructure

Progress in e-mobility and the development of the charging
infrastructure are dependent on a variety of factors. To achieve a
sustainable concept, it is important to understand the systems and the
relationships between them. These include charging concepts, ranges,
financing, resource acquisition, and battery recycling.
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Whether for a wholly battery-powered vehicle
or a hybrid solution, the charging concept of
an electric car follows a certain pattern. The
on-board charger (OBC) of the vehicle handles
the charging management. Charging per se is
a simple plug-and-play affair, inserting the
cable into the socket and observing the charg-
ing times, battery capacity, and OBC charging
power specified by the manufacturer. To en-
sure optimum charging and avoid errors, the
battery and charger communicate with one
another. This is how the car defines how much
it needs to charge, while the charging station
(Mode 2 or 3) confirms its capacity. This com-
munication provides great flexibility in select-
ing a vehicle type - all that is needed is for
the plug type to be compatible.

A BMW i3 has a net capacity of 37.9 kWh
and an OBC of 11 kW max, which means that
a battery should be recharged within
3.5 hours. This is consistent with the manu-
facturer's specifications that 80% capacity
will be achieved with a maximum wall-box
charge (Mode 3) after 3.12 hours. If charg-
ing is only performed using a normal Schuko
wall socket (Mode 2), the manufacturer's
specifications claim a charging time of
around 15 hours (37.9 kWh [ 15 hours =
2.5 kW), which in turn is consistent with the
maximum throughput expected of such a
socket. In this case, a pure DC charge takes
around 42 minutes (50 kW).

Despite the desire for charging connector
standardization, there are various systems

Committed to Excellence

that have become established, depending on
the country of origin of the car. Because most
electric cars around world had been produced
in Japan until 2015, the common CHAdeMO
standard has proven robust there. Europeans
on the other hand insisted on their own stan-
dard (Type 2), but have not managed to es-
tablish it - the US and China have faced the
same problem. This means that car brands
around the world currently share four differ-
ent plug formats.

A charging station (wallbox) can offer differ-
ent charging modes. Compliance with region-
al electricity standards (VDE) helps to ensure
general safety. Ultimately, there are four dif-
ferent charging modes:

Mode 1: uncontrolled charging without com-
munication, no circuit breaker mechanism
(danger), on-board charger (OBC); max. charg-
ing current: 16 A/11 kW, 1-phase[3-phase

Mode 2: uncontrolled charging without com-
munication, IC-CPD protection/pilot function
built into cable (in-cable control and protec-
tion device), on-board charger (0BC); max.
charging current: 32 A/22 kW, 1-phase/3-
phase

Mode 3: controlled charging, AC charging at
type-verified charging stations, protection/
pilot function built into charging station, on-
board charger (OBC); max. charging current:
63 A/44 kW, 1-phase/3-phase

Mode 4: controlled charging, DC charging only
at type-verified charging stations (electric ve-
hicle supply equipment, EVSE), monitoring and
safety mechanism/pilot function integrated
into EVSE, on-board charger (OBC) is circum-
vented.
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Figure: Scharfsinn/Shutterstock

..........................................................

..........................................................

Range is a very controversial subject. It cur-
rently varies between 100 and just under
1,000 km of driving distance and also depends
on whether the vehicle is purely battery pow-
ered or if it is a hybrid solution. There's also
the greatly varying needs of the customer to
consider; the average route to work in Ger-
many is around 16.9 km (in certain regions as
much as 30 km). Any car type can manage this
with a daily recharge. But it becomes more
complicated when covering longer distances
such as during vacation trips, which is where
fast-charging stations come into play. A
50 kW charging station can be used to charge
a BMW i3 in around 42 minutes, for example.

There are now charging stations of up to 200
kW that reduce the charging time to just un-
der ten minutes (to 80% charge). If the charg-
ing connector is also cooled (500-850 A),
charging becomes almost as fast as filling up
at a normal gas station.

..........................................................

..........................................................

Financing will substantially dictate how elec-
tromobility develops. The economic stimulus
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package introduced by the German Federal
Government in relation to the coronavirus
pandemic makes the purchase of an electric
car a more compelling proposition. It has in-
creased the net upper limit of the price of
subsidized vehicles to € 40,000, while the
government subsidy when buying a fully elec-
tric vehicle is doubled to € 6,000. Added to
this are the VAT savings of 3% on invoices is-
sued before the end of 2020 and the manu-
facturers' environment bonus (approx.
€ 3,000). Funds are also earmarked by the fed-
eral government and Germany's federal states
in the stimulus package for investment in in-
frastructure.

Fear of mains overload has kept many from
having their own charging station or wallbox
installed so far - but this worry is unwarrant-
ed. A standard family home is supplied with a
line that is fused for at least 63 A. By com-
parison, the largest power consumer in the
home is an electric stove, which has a 16 A
fuse. Even with larger household consumers
such as electric boilers (approx. 16 A or 25 A),
there is still enough capacity for a wallbox.

Energy providers are also working on develop-
ing infrastructure. They aim to make the net-
work of transformer substations denser and
more efficient, and to incorporate charging
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lots into planning at an early stage. Such con-
cepts also incorporate large-scale garages,
and future street lighting concepts feature
public charging stations integrated into street
lamps.

..........................................................

..........................................................

Lithium mining, which is currently essential
for battery cell production for electric cars,
leaves a damaging environmental footprint.
The largest reserves in the world are located
in Bolivia, Argentina, and Chile, with resourc-
es of around nine million tons each. In Europe,
the largest reserves are located in Portugal
(100,000 tons) and Austria (50,000 tons). Ac-
cording to Statista, around 37.4% of the de-
mand for lithium today is attributable to bat-
teries.

Mining causes the brine in which the lithium
is found - a highly salty ground water - to be
pumped to the surface, where it is dried in
various evaporation steps. The water is not fed
back, which results in a drop in groundwater
levels, adversely affecting human and natural
life in the regions concerned.

Even if data reports vary, these figures pro-
vide a glimpse into the scope of the issue -
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in Salar de Atacama, Chile, 21 million liters
of water are reported to be required each day
for the extraction of lithium. The amount of
material mined also varies, with the latest
data suggesting 23 tons of pure lithium per
day, which translates to consumption of
900,000 liters of water per ton of lithium. If
the production of lithium batteries entails
such massive consumption, we should handle
this raw material with care.

This also makes recycling batteries as sec-
ondary raw material an important subject.
Car batteries use not only 10 to 20 kg of
lithium but also lots of other raw materials,
including manganese, cobalt, nickel, and
graphite, as well as liquid electrolyte (in a
mid-class vehicle battery).

There are currently two recycling methods
available to choose from. The first uses the
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different melting temperatures of the mate-
rials and involves smelting. The second in-
volves crushing the individual components
and then separating them chemically. Before
either occurs, the connecting elements, safe-
ty electronics, insulation materials, and
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battery can begin - to be used for temporar-
ily storing solar, wind and hydroelectric en-
ergy, output peaks from energy providers, or
other surplus energy. There are also oppor-
tunities for mobile energy storage facilities
for parking garages and much more. This is
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about topics such as the mining and use of
resour a 50 kW charging station ces and the
renaturalization of the earth and to under-
stand the underlying issues. Everyone can
decide for themselves what form their mo-
bility will take in the future. |

List of advertisers

.87

Advertising Manager: Ipek Baskurt — Rutronik, Communication Designer
Final editing: Achim Grolman, Markt&Technik

Layout and design: Wolfgang Bachmaier, Markt&Technik; Alexander Zach,
Markt&Technik

Print: L.N. Schaffrath Druck Medien, Marktweg 42-50, 47608 Geldern, Germany

Publisher and general address: Rutronik Elektronische Bauelemente GmbH,
Industriestr. 2, 75228 Ispringen, Germany, Tel. +49 7231 801 0,
Fax +49 7231 82282

Copyright: All articles published in Rutroniker, powered by Markt&Technik are
copyrighted. We reserve all rights to all such texts, including translations. Any
kind of duplication, whether photocopies, microfilm or recording in data process-
ing systems is only permitted following written approval by the publisher and ed-
itor. An operated solution or used description should not be constructed as free
from industrial proprietary rights on the basis of this publication.

Liability: In the event that Rutroniker, powered by Markt&Technik contains inac-
curate information or if published programmes or advertisements contain errors,
the publisher, its employees or the editor shall only be liable in case of gross
negligence.

Circulation: 35,000 (German) + 8000 (English) copies

Special thanks to:

Prof. Dr.-Ing. Mirko Bodach, Wests&chsische Hochschule Zwickau
Prof. Dr.-Ing. Lutz Zacharias, Westsachsische Hochschule Zwickau
Kathrin Scheider — Rutronik, Project Coordinator, Strategic Marketing
Achim Grolman, Markt&Technik

Christian Stadler, Markt&Technik

106 RUTRDNIKER 2020

Powered by Markt&Technik

Committed to Excellence

INTEL Deutschland GmbH
Kingstate Electronics Corp.
KIOXIA Europe GmbH
Kontron Europe GMDBH .........cccooiiiiii e

Lumberg Connect GmbH

Molex Deutschland GmbH .
MPE-Garry GMDH ......ooiiiiiiieeee e
Murata Electronics Europe BV
Nordic Semiconductor ASA
OMRON Electronics GmbH
Panasonic Electric WOrks EUrOPE AG ........ccoeeeeeriereriieniesee e see e seesee e sneenes 53

Panjit Europe GmbH
RECOM Electronic GmbH & Co. KG
ROHM Semiconductor GMDBH ..o
Samsung Electro-Mechanics GmbH
Schurter AG ...
SECH AG
STMicroelectronics GMDH .........oiiiiiiirereee e
Susumu Deutschland GmbH
TDK - Micronas GmbH .
Telit CommMUNICALIONS S.P.A. ..ot 69
L1

Toshiba Electronics Europe GmbH

Transcend Information Trading GmbH ...5
Vishay Electronic GmbH .37
Yageo EUrope B.V. ........occiiiiiiiiiiccie e e 39

www.rutronik.com



ROHM

SEMICONDUCTOR

THE NEXT GENERATION OF ROHM SiC TECHNOLOGY
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New PROFET™+2 12V GradeO

High-side switch portfolio with extended junction temperature up to 175°C

PROFET™+2 12V is the new generation of smart high-side switches for automotive and industrial applications based on
SMARTTY technology. The family provides outstanding energy efficiency with reduced current consumption, state of the art
current sense accuracy (KILIS), benchmark low cranking voltage capability and faster switching/slew rate with no impact
on EMC. The whole portfolio is qualified for automotive applications according to AEC-Q100 Gradel and AEC-Q100 GradeO.
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