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A helping hand
in troubled times

Dear Reader,

Current developments in the electronics market prove that there are many mi-
cro- and macroeconomic factors that severely impact value and supply chains
in a variety of ways. Innovations and applications based around various trends,
such as industrial Al, safety and security, eMobility, and connectivity with
wireless and embedded solutions, continue and are positive. Yet there remain
challenges associated with rising energy prices that are rapidly speeding up
developments in the field of renewable energies. Added to this are shortages in
some product areas for semiconductors, which have lasted for more than a year
now, and the related disruptions to supplies, while the demand for semiconduc-
tors and electronic components as a whole remains stable.

Read the interview with my colleague Jan Stoll and myself to discover what
we have to say about some of the latest industry measures and proposals, such
as the EU Chips Act. We show, in particular, the opportunities and challenges
that Europe faces through the establishment of semiconductor fabs. Moreover,
we take a closer look at the high store inventory levels of some players in the
value chain and how this stockpiling of highly priced semiconductors could
soon cause cash flow problems for certain companies. Read more about the role
of various players in the electronics supply chain in response to these current
developments from page 71.

The factors and developments outlined in the interview introduce yet more dy-
namism to the global electronics market. In this respect, the combination of
global standardization and regional adaptation in terms of product and sales
strategies is essential. Our CEO, Thomas Rudel, explains in another interview
how Rutronik initiates and implements appropriate measures. From page 24, he
discusses expansion of the executive management team, and the regionalization
strategy launched this year. This strategy focuses on global networking while
ensuring even greater customization to meet local market and customer needs.

Thanks to our Rutronik System Solutions, we are also able to support our cus-
tomers from start to finish and beyond, since we realize that many research and
development capacities remain unexplored within the industry due to a lack of
time and resources. We therefore work together with research institutions and
universities to develop solutions as proof-of-concepts in order to export inno-
vation potential to industrial markets and to reduce the time to market for our
customers. This is how Rutronik bridges the gap between science and enginee-
ring. Discover more about our Rutronik System Solutions and the first patented
solutions we are developing under the umbrella of our Rutronik IP activities AI3
(“A Triple I”’) on page 53.

As always, you can look forward to a wealth of articles on current and trend-
setting technologies, applications, and components. On behalf of the entire
Rutronik team, I hope you enjoy reading the fascinating features with valuable
incentives and suggestions for your work.

Sincerely,

Andreas Mangler

Director Strategic Marketing

and Member of the Extended Executive Board at Rutronik
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UFS

High Performance Storage

For applications demanding for superior interface performance, KIOXIA is offering a
broad line-up of new UFS Memory products. Utilizing a full duplex serial high-speed
interface, it is compliant with the latest UFS Version 3.1 and 4.0. In combination with
the embedded memory management, it offers a highly efficient and excellent perform-
ing storage solution. UFS memory enables next generation mobile devices to take full
advantage of the connectivity benefits of 5G, leading to faster downloads and reduced

lag time —and improved user experience.

SPECIFICATIONS

FEATURES UFS - UNIVERSAL FLASH STORAGE

Density 128GB-1TB

Technology BiCS FLASH™

JEDEC Version 3.1and 4.0

Temperature -256°Ct0 85°C

Package 153 ball FBGA (11.5x 13 mm and 11 x 13 mm)

COMPARING THE PERFORMANCE:

CAPACITIES:

128
GB

KEY FEATURES:

e-Mmc [ UFS

Sequential Read

up

up
. l
up

up

e-MMC UFS UFS
vb.1 ve.1 v3.0
HS-G3 HS-G4

1111
,. INVENTOR OF < >

\9: ' FLASHMEMORY
BiCS FLASH™

UFS
v3.1
HS-G4

UFS
v4.0
HS-Gb5

+ 128GB-1TB
+ BiCS FLASH™
- 3D-TLC technology
+ UFS Version 3.1 and 4.0
- Integrated memory management:
- Error correction code
- Bad block management
- Wear-levelling
- Garbage collection

- WriteBooster: Enables significantly
faster write speeds

- Standard temperature range
up to 85°C

- FBGA package
+ High Speed Serial interface

ADVANTAGES

+ High speed interface up to 1160 MB/
sec / 2320 MB/sec / 4640 MB/sec

- Managed memory

- Package, interface, features,
commands, etc. are standard

- Utilises high quality KIOXIA
BiCS FLASH™ memory in
combination with a KIOXIA origin
developed controller

APPLICATIONS:

+ Consumer Electronics
- Multimedia Applications
+ Industrial Applications

+ Smart Applications

Product illustrations may present design models or previous versions. Actual product may vary.
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Developing devices to EU Ecodesign Directive 2009/125/EC

Energy-efficient components
support climate protection

Needless to say, climate protection is something that concerns us all.
But climate objectives can only be achieved with even more efficient electronic
devices. The EU has set out the minimum requirements for energy-related products
in its Ecodesign Directive. Innovative components help to meet them.

\%

BY EMILIA MANCE,

CORPORATE PRODUCT SALES MANAGER

STANDARD PRODUCTS
AT RUTRONIK

oughly one-quarter of the total power
R consumption in Germany in 2018 was

attributable to private households. At
129 terawatt hours, the figure was still 7.2%
less than 2008 (source: German Environment
Agency (UBA)). This decline is due in part to
various consumer labels such as the Blue An-
gel eco-label and the EU energy label with en-
ergy efficiency classes on a scale from A+++
to G. Further, the energy efficiency standards
set out in the EU Ecodesign Directive
2009/125/EC contribute to energy savings.

The aim of the Ecodesign Directive is to im-
prove the environmental performance of en-
ergy-related products throughout their whole
life cycle. To this end, it stipulates mandatory
requirements for devices that have a signifi-

Vin l—-

EN »~

Over Current Thermal
Shutdown Shutdown
Short-circuit
Current Shutdown
ON/OFF Centrol Each Circuit

Figure 1: Thanks to its enable function, Diotec's LDI8119EN LDO regulator uses an external signal to switch the
system on and off.
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cant environmental impact "in accordance
with Community environmental priorities,
such as those set out in Decision No.
1600/2002/EC." In addition, the devices must
demonstrate significant potential for im-
provement in terms of their impact on the
environment without entailing excessive
costs, and their annual sales in the EU market
should exceed 200,000 units.

Household appliances such as refrigerators
and freezers, dishwashers and washing ma-
chines, electric hot plates, microwave ovens
and electric ovens, smart home devices, and
consumer electronics, but also PCs, electric
motors, and welding equipment are thus af-
fected.

There is also the EU Standby Regulation,
which spells out the ecodesign requirements
for the electric power consumption of electri-
cal and electronic household appliances and
office equipment in standby and off modes.
For example, according to the said directive,
the power consumption of large household
appliances, such as hot plates, ovens, or even
television sets, must not in any condition ex-
ceed 0.5 W in standby mode and off mode,
and 1 W when displaying information or sta-
tus.

With the aid of appropriate components,
Rutronik supports its customers in developing
energy-efficient devices that meet these re-
quirements. A few examples:

A low dropout regulator (LDO regulator) is a
linear DC voltage regulator that can regulate

www.rutronik.com
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Figure 2: The MM1Z4711 Zener diode from Diotec
operates at just 50 pA, thus helping to reduce the
overall power consumption of devices.

the output voltage even when the supply volt-
age hardly differs from the output voltage. An
LDO regulator works very efficiently as it can
be switched off when not required, thus help-
ing to save power. This makes it ideal for de-
vices that are frequently in standby mode and
for applications whose output voltage needs
to be regulated only slightly below the input
voltage.

Compared to other clocked DC/DC regulators,
LDO regulators have a number of other ad-
vantages to offer. The linear operation of the
LDO regulators does away with the need for
switched transistors, which would otherwise
generate noise and interference. They do not
require inductors and transformers, thereby
allowing for smaller devices and less complex
designs. However, unlike switching regulators,
they do dissipate power or heat via the con-
trol unit.

When using switching regulators, an LDO reg-
ulator is often added to the output as an ac-

tive filter. Especially for applications in the
field of measurement and sensor technology,
low-noise and interference-free power sup-
plies are essential, e.g. for high-resolution
ADCs and DACs or precision operational am-
plifiers. This is because, on their own, they are
hardly able to achieve the low output ripple
necessary for a strict noise specification. In
this case, LDO regulators with a high power
supply rejection ratio (PSRR) between the in-
put and output side in accordance with the
switching frequency of the upstream switch-
ing requlator are recommended.

PSRR is one of the key parameters affecting
the behavior of LDO requlators. It indicates
the extent to which the LDO regulator is able
to reduce fluctuations on the output side
caused by the variable input voltage. The fol-
lowing applies:

PSRR =20 log,, -V, IV,
Other important parameters are the dropout
voltage and the quiescent current. The drop-
out voltage is the difference between the in-
put and output voltages required for internal
regulation at the exact point where the out-
put voltage can no longer be regulated when
the input voltage continues to fall. The quies-
cent current of an LDO regulator is composed
of its feedback and drive current. The lower
the quiescent current and dropout voltage,
the greater the efficiency of the LDO regula-
tor.

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

Boosting battery life
with LDO requlators

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

An LDO regulator can be a very effective
means of increasing energy efficiency in a

battery system by minimizing power con-
sumption in standby mode. The new LDI8119EN
voltage regulator from Diotec (Fig. 1), which
can switch off the system in standby mode via
an enable function, is ideally suited for this
purpose. The enable input (EN) uses an exter-
nal signal to switch the battery system on and
off. If the requlator is deactivated, the internal
band-gap reference continues to run, thus al-
lowing fast switch-on times.

If the LDO regulator is switched off, the input
current is usually limited to 1 pA. This shut-
down current should not be confused with the
quiescent current, i.e. the current consumed
by the switched-on device with no load. Both
shutdown current and quiescent current are
key parameters for the battery life. The fol-
lowing formula is used to calculate the pow-
er loss or power dissipation (PD):

PD = (Vin_ V ) ’ luut * (Vin ' IO)

out’
With no load on the LDO regulator, i.e. the
output current is O A, the quiescent current
(I,) is the decisive parameter for power dissi-
pation. It is responsible for almost half of the
total power dissipation.

This means that in applications where the de-
vice is predominantly operated in idle mode,
the quiescent current plays a key role and
must be taken into account during the design
process.

LDI8119EN from Diotec has a particularly low
quiescent current of just 60 pA. With a
shutdown current of 0.4 pA to 1.0 pA, it is
well-suited to all battery management appli-
cations. This simple component can signifi-
cantly increase the efficiency of the battery
system and boost battery life.

Advertisement
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Figure 3: Each diode technol- Low VFM
ogy has its specific strengths and
weaknesses; and it is not possible
to achieve the ideal state with

any of them.

Low I, <—
Reverse Leakage
Current Iy (A)
= Less losses
= Low leakage
= Energy saving

High V,
Reverse Voltage Vg (V)

= High voltage rating

= Max. voltage rate of change (V/us)
= e.g. 650V-1.200V

FRED, HiPerFRED, SONIC-FRD
Schottky Barrier Rectifier
w— |deal
wmmm Standard Recovery Recifier

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

Zener diode with a
test current of just 50 uA

Zener diodes typically operate in the low mA
range, thereby consuming several milliwatts
of power. However, this may be too much to
comply with the Ecodesign Directive. In con-
trast, the MMS1ZXX and MMSZXX diodes
from Diotec and Panjit operate at just 50 pA,
thus helping to reduce overall power con-
sumption (Fig. 2). They are usually used for
voltage stabilization and regulation. In the
standard version, the tolerance of the Z-volt-
age is graded according to the international
series E24 (£5%). Other tolerances and high-
er operating voltages are available on request.
The maximum power dissipation of the diodes
is 500 mW. They also have a low reverse cur-
rent and a flat design.

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

Fast rectifier diodes
for more energy efficiency

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

In the power electronics market, rectifier
diodes have a decisive influence on the per-
formance of the overall system, e.g. in PFC
circuitry (power factor correction) and appli-
cations such as motor controllers, inverters,
as well as bridge and DC/DC converters. When
looking at which components produce the

8 RUTRONIKER 2022  Powered by Markt&Technik

Forward Voltage Drop Vg, (V)

= Very stable at high junction temperatures TJ up to 200 °C
= Robust at high T,

= Reduced thermal management

> Low t,,
Reverse Recovery Time t, (ns)
= Less switching losses
= Fast switching
= | ow internal drain/source inductance
= | ow reverse transfer capacitance

most heat when operating these systems, the
rectifier diodes are usually top of the list.

However, selecting the ideal rectifier diode is
not an easy task. Since each diode technology
has its advantages and disadvantages, and
each application needs to meet individual re-
quirements, some of which contradict each
other (Fig. 3). To be able to offer the ideal di-
ode for every application, Rutronik has access
to a broad product portfolio of diodes with
varying technologies.

When it comes to energy efficiency, the ES1G
Superfast Efficient rectifier diode, e.g. from
the suppliers Panijit, Diotec, and Diodes, should
be first choice. It is suitable for circuitry that
operate at high frequencies, such as switched-
mode power supplies. Beside conduction loss-
es, there are also switching losses proportion-
al to the switching time. Since total losses are
the sum of conduction and switching losses,
both of these parameters must be taken into
account when selecting a suitable diode. For
circuitry operating at low kHz frequency and
with current ratings of a few amperes or more,
a fast diode with low forward voltage is rec-
ommended. For circuitry operating up to a few
100 kHz, the focus is on a diode with a short
switching time. Ideally, the diode combines
low forward voltage and short switching time,
just like ES1G. This helps to significantly re-

Committed to excellence

duce the power dissipation and thus the sys-
tem's power consumption.

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

Schottky diode with
low reverse current and flux voltage

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

For appliances that are constantly in use,
such as hot plates or microwave ovens, the
key is to save every milliwatt of power to
meet the requirements of the Ecodesign Di-
rective. Boasting a reverse current below the
industry standard and a low forward voltage,
Diotec's SK34SMA L217 15MQ040N Schottky
diode ticks all the boxes. It is also responsible
for rectification of the power supply. Further-
more, it is also perfect as an output rectifier
for the wireless charging of battery-powered
devices. Due to its lower leakage currents, it
additionally enables longer standby periods.

How does it achieve this? Until now, forward
voltage and residual reverse current were con-
sidered the main parameters for Schottky di-
odes. They are interrelated: If the forward
voltage is reduced, the residual reverse current
increases and vice versa.

There is, however, still a prevailing assumption
that the forward voltage is the main contrib-
utor to power dissipation, while the residual
reverse current is of lesser importance. But
that is not true in every case. An example: If
the output voltage of a boost converter is
much greater than the input voltage, the duty
cycle will be very long. The longer the cycle,
the longer the Schottky diode remains re-
verse-biased and the greater the reverse loss-
es. Therefore, when dimensioning and select-
ing the appropriate Schottky diodes, it is
essential to analyze the operating conditions
in the application or task at hand in detail in
advance. The overall losses are, therefore, the
sum of the switching, conduction, and reverse
losses.

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

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

The examples show that innovative compo-
nents can contribute significantly to the de-
velopment of more energy-efficient devices
that meet the requirements of the Ecodesign
Directive. And they thus make an active con-
tribution to climate protection. |

www.rutronik.com
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The ideal logic family for every application

From a well-connected family

There are many logic families, and each has its own special features. And finding
the most suitable one for the application at hand can be challenging. An overview
can help to make the right individual decision.

\'

By THomAS BoLz, CORPORATE PRODUCT
MANAGER STANDARD PRODUCTS
AT RUTRONIK
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operations, voltage ranges, or logic lev-

els must be stored and signals trans-
ferred between digital ICs. The simplest solu-
tion is the use of logic modules. It ensures that
a simulated digital circuit is transferred to the
application.

For the application to work properly, logic

Each logic family has its specific character-
istics. The modules differ in terms of their
level and supply voltage, signal/noise ratio,
gate propagation time, maximum frequency,
power consumption, as well as fan-in and
fan-out.

The market is dominated by two major fam-
ilies - each with various subfamilies. First,
the transistor-transistor logic (TTL) gate
(logic based on bipolar transistors), and sec-
ond, modules based on complementary met-
al oxide semiconductor (CMOS) technology,
i.e. field-effect transistors with opposite po-
larity.

The members of the TTL family consist of a
set of logic gates built from transistors, di-
odes, and resistors. They cover virtually all

Family Properties

e & & & & & & 0 & o s 0 000

Figure 1: Standard symbol for logic gates with a
wide range of variants in terms of package and
number of channels.

conceivable applications with low and me-
dium integration level circuits. Signal input
and output coupling is done via transistors.
TTL gates are characterized by short switch-
ing times and a relatively high output cur-
rent, which allows smaller loads to be con-
trolled directly. The driver possibility of a
high output current is simultaneously ac-
companied by high quiescent current con-
sumption and thus also by a relatively high
power requirement. This in turn forces large
chip areas to dissipate the resulting heat
loss and limits the integration density. Ex-
amples of TTL families are listed in Table 1.

Logics based on CMOS technology are now
the most widely used ones due to their var-
ious advantages, such as lower power con-
sumption and less noise. They are based on
the combination of an N-
channel MOSFET with the
complementary P-chan-

nel MOSFET (Fig. 2).

In each switching state,
one of the two MOSFETs

is blocked and the quies-
cent current is approxi-

mately zero; only insula-

tion and junction leakage

currents of a few nano-
amperes flow. Further,

74 xx Standard TTL

74 H xx High-Speed TTL

74 ALS xx | Advanced Low-Power Schottky TTL,
fast and energy saving

74 AS xx Advanced Schottky TTL,
the fastest TTL family available

74 F xx Fast TTL, very fast TTL family

74 L xx Low-Power TTL

74 LS xx Low-Power Schottky TTL (replacing 74 and 74L),
fast and energy saving

74 S xx Schottky TTL, fast standard TTL series

the circuit is mostly free

Table 1: The TTL families and their properties

Committed to excellence

of parasitic resistors,
meaning CMOS gates do

www.rutronik.com
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Figure 2: The basic module of all CMOS gates is a
stage consisting of two complementary MOSFETs.
This represents the simplest form of an inverter.

not consume power in the static state. How-
ever, the average current consumption of the
CMOS gate depends on the switching fre-
quency and increases with the frequency:
The predominant consumption occurs during
charging and discharging of the transistor
capacitances C.. When charging, energy is
stored, and at the same time the same
amount is converted into heat in the charg-
ing FET. When discharging, the energy stored
in the capacitor is converted into heat in the
discharging FET. In a low-high-low cycle, the
energy is thus converted into heat. This re-
sults in the following power loss:

P,=W/t=W-f=C -V -f

Examples of CMOS families are listed in Ta-
ble 2.

Family Properties

onp

a0 »w 2

onn

Figure 3: Modeling the power loss of a CMOS gate.

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

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

In a logic gate, the voltage ranges for con-
trolling the output signals are narrower than
those for the input signals. When several ba-
sic circuits are interconnected, interference
signals and noise do not cause the overall
circuit to behave erroneously within certain
limits. The non-overlapping areas between
input and output (or high and low levels) are
referred to as signal/noise ratios S,andS,.

A TTL input detects a logic O between 0 and
0.8 V and a logic 1 from 2 to 5 V over the
entire supply voltage range. The voltage
range between 0.8 and 2 V is a prohibited
zone. A signal applied in this range for a long
period of time can cause the gate to oscil-
late and trigger a malfunction. At the output,
the levels for 1 are between 2.4 and 5V, and
the O levels are between O
and 0.4 V (Fig. 4, top).

With a 5V supply voltage,

a CMOS gate detects a

logic O level of between

0Vand 1.5V at the input

and a logic 1 level of be-

tween 3.5 and 5 V. At the
output, the values are cor-

respondingly O to 0.5V for

logic 0 and 4.5 to 5 V for

logic 1.

If a voltage of 5V is ap-

74 AC Advanced CMOS

74 ACT AC with TTL-compatible inputs

74 HC High-Speed CMOS

74 HCT HC with TTL-compatible inputs

74 AHC Advanced High-Speed CMOS

74 AHCT AHC with TTL-compatible inputs

74 VHC Very-High-Speed CMOS

74 VHCT VHC with TTL-compatible inputs

74 LV Low-Voltage CMOS

74 LVC Low-Voltage CMOS (V_: 1.65 to 3.60 V, inputs accept
up to 5.5V even at lower V)

74 LVX Low-Voltage CMOS (V_: 2.00 to 3.60 V, inputs ac-
ceptup to 5.5V even at lower V)

plied, the signal/noise ra-
tios for CMOS are already

Table 2: The CMOS families and their properties

www.rutronik.com

greater than for TITL
(Fig. 4). Since the levels

Committed to excellence

24V
04V
Output Input
voltage voltage
45V
05V
Qutput Input
voltage voltage
Figure 4: TTL level (top) with S, or S = 0.4V
compared to CMOS level with S orS =1Vat5V

(bottom).

depend on the operating voltage for CMOS
- the following applies as a rule of thumb:
U, = 0.7 - U, - the possibility arises to in-
crease the signal/noise ratio at the gate input
using a higher operating voltage. This option
does not exist for TTL.

The greater the signal/noise ratio of a gate,
the smaller the probability of malfunction-
ing and the noisier a signal can be without
triggering malfunctions - a clear advantage
of CMOS technology.

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

Combining different
logic families

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

When processing, linking, and conditioning
signals, the process of combining gates, also
from different families (e.g. TTL and CMOS),
becomes inevitable. Various properties such
as level and fan-out must be taken into ac-
count.

A comparison of the level diagrams of TTL and
CMOS (Fig. 4) clearly shows that a TTL input
can be connected directly to a CMOS output,
since the CMOS output voltages are in the
range of the TTL input levels. However, it must
be ensured that the CMOS module supplies
sufficient current to control the TTL circuitry.
However, this does not usually apply vice ver-
sa, since the TTL-1 level is in the prohibited

Powered by Markt&Technik RUTRONIKER 2022 11
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Family Type ta
Standard TTL 7400 10 ns
Low-Power Schottky TTL 74 LS 00 10 ns
Schottky TTL 74 S 00 3ns
Low-Power Advanced TTL 74 ALS 00 4ns
Fast TTL 74 F 00 3ns
Advanced TTL 74 AS 00 1.5 ns
Standard CMOS 4000 90 ns
74 C 00 30 ns
High-Speed CMOS 74 HC 00, 74 HCT 00 | = 10 ns (voltage dependant)
Advanced CMOS 74 AC 00, 74 ACT 00 =~ 3ns
Low-Voltage CMOS 74 LV 00 14 ns
74 LVC 00 7 ns
74 ALVC 00 4ns

Table 3: Switching times of TTL and CMOS components (source: Wikipedia)

range for CMOS. This problem can be solved
with a 74HCT series CMOS that is compatible
with TTL in terms of pin and function. It also
makes the otherwise necessary pull-up resis-
tor redundant.

The fan-out specifies the load capacity of an
output, i.e. the maximum number of inputs
that can be controlled by a gate output with-

Since CMOS has a low current require-
ment, the power supply is cheaper and
easier to design for power management
than with TTL elements.

CMOS components do not consume power
in the static state, but power consumption
does increase with the clock cycle. In con-
trast, TTL components offer constant
power consumption.

Due to longer rise and fall times in CMOS
gates, digital signals require less complex
processing.

CMOS families have a wider operating
voltage range than TTL. It ranges from 3V
to 15 V. Therefore, CMOS can be inte-
grated in both TTL circuits and analog cir-
cuits operating with higher voltages. A
voltage requlator is thus not required, re-
ducing power loss and component costs.

TTL demonstrates greater resistance to
electromagnetic interference. CMOS mod-
ules, on the other hand, are relatively sen-
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out exceeding the required voltage level rang-
es for a logical O or 1. It is calculated as the
quotient of the maximum output current to
the maximum input current of the gates be-
ing controlled:

Fan-out=1__ /I

0,max |,max

With TTL, the reduced input voltage limits the

Properties of CMOS and TTL

sitive to static charge and must be pro-
tected against electrostatic discharge
(ESD).

The energy balance of the components can
be derived from the speed multiplied by
the power per gate (speed power product,
SPP). It is given in picojoules per gate. The
lower their value, the better. CMOS sig-
nificantly outperforms TTL with a value of
0.18 pJ/gate to 150 pJ/gate.

There is a crucial difference between the
two technologies regarding the input cir-
cuitry: Unused TTL inputs can be left open
if the environment is free of interference,
as they always assume level 1. With CMOS,
each gate input must be connected to a
defined potential, as they can easily catch
interference pulses, resulting in undefined
circuit states.

CMOS has a larger signal/noise ratio be-
tween low and high signal levels than TTL
and is, therefore, less susceptible to inter-
ference.

Committed to excellence

maximum fan-out when distributing the cur-
rent. A typical value is 20 gates.

With CMOS, the capacitance of the controlled
ICs acts as a limiting factor, since the DC in-
put current of CMOS logic ICs is in the micro-
amp range. The input capacitance in this case
is approx. 10 pF. The sum of capacitances that
can be connected to an output is up to 500 pF.
Theoretically, 50 CMOS logic ICs could be con-
nected to a single output. It must, however,
be noted that the rising edge of the signal
waveform flattens out, thus increasing the
propagation delay. The switching times be-
come longer accordingly. A functional evalu-
ation must therefore be performed on the
board layout in advance to ensure the CMOS
logic gates are functioning properly. However,
increasing the number of inputs leads to an
increase in power consumption, which in turn
increases the power loss.

The gate switching time t | (propagation de-
lay), i.e. the typical delay that a signal experi-
ences between the gate input and the output,
must also be taken into account when com-
bining different gates. With TTL, the cause of
the delay is the switching time of the transis-
tor. In CMOS components, the time required
to charge or discharge the load capacitance
causes the propagation delay (switching of
the FET). Table 3 shows a comparison of the
gate switching times of TTL and CMOS com-
ponents.

Numerous families
gathered together

A wide range of eight logic families is offered
by Diodes alone. Diodes, based in Plano, is a
US manufacturer of semiconductor electron-
ic devices such as diodes, rectifiers, transis-
tors, and MOSFETs. The company has a broad
portfolio of high-performance and small-
footprint components available through
Rutronik.

The logic families from Diodes include single-
gate (AHC, AHCT, LVC, and AUP), dual-gate
(LVC and AUP), and standard logic (HC, HCT,
AHC, AHCT, LV, and LVC) for industrial, com-
munication, consumer electronic, and com-
puter applications. The automotive-compli-
ant versions (with the suffix Q) are qualified
to AEC-Q100, manufactured in I|ATF-
16949-certified plants and undergo PPAP
sampling procedures.

A special feature of the Diodes portfolio is
the ultra-low-power logic AUP family. Its

www.rutronik.com



members have small input hysteresis, which
makes them less susceptible to problems
caused by slowly rising or falling signals. The
AUP family is available in seven package
types and is particularly suitable for battery-
powered handheld applications, such as cell
phones, tablets, e-readers, games, cameras,
notebooks, and loT devices.

The general-purpose logic single-gate or du-
al-gate logic products are available in small
package variants such as SOT25/26/353/363.
They are the perfect choice for standard ap-
plications, for example 74AHC and 74AHCT
with a supply voltage range of 2.0 to 5.5V
and 4.5 to 5.5 V respectively. Lower trigger
currents ensure that the circuits are more

robust to interference in the event of disrup-
tions. The 74AHCT version is also compatible
with TTL inputs.

The 74LVCx family enables mixed-signal
voltage applications, as its inputs can be
controlled from 3.3 V up to 5.5V and used
directly with TTL input voltage levels. |
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Intelligent display modules

A smart pathto a
contemporary user interface

Today, almost every embedded design requires a display. However,
selection and integration pose challenges to developers and prolong
the development process. Mass-produced intelligent display modules

are often a cost-effective alternative.

\%

By NiKOLAI SCHNARZ, CORPORATE
PRODUCT SALES MANAGER DISPLAYS, AND
GINTARAS DRUKTEINIS,
TECHNICAL SUPPORT ENGINEER,
BOTH AT RUTRONIK
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hen comparing a discrete design to
a display module, the modular ap-
proach does not seem particularly

attractive at first when considering the over-
all cost of materials. However, when taking
the speed at which development can be com-
pleted and user-friendliness into account, the
module comes out on top. For example, an ex-
isting application running on an 8-bit micro-
controller (MCU) that now needs to be
equipped with a full-color graphics display
with touch interface. While most MCUs are
capable of interfacing with an LC display via
an integrated or discrete driver, the actual size
and resolution of the display would be limited
by the resources of the MCU. The 8-bit MCU
can, for example, control a two-line dot-ma-
trix display; but the processing resources may
not be sufficient for larger displays. Moreover,
the designer must add embedded software,
such as libraries and image files. Adding touch
functionality requires even more development
effort. During the production phase, a strict
incoming display inspection must be per-
formed, as there is always the chance that
something has been changed without prior
notice, requiring optimization or redevelop-
ment of the display drivers.

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

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

Intelligent modular displays usually have an
industry-standard interface, such as I°C, SPI,
or UART, for communicating with the host.
Some also include an embedded microcon-
troller. This microcontroller is not only respon-
sible for all the graphics elements, but often
contains a variety of 1/0 and other peripherals,
ensuring the module is able to run the com-
plete target application.

Committed to excellence

Figure 1: Intelligent display modules are available in
various configurations.

Many modules are supported by a library of
functions, and this makes sure they can be
relatively easily controlled by the host MCU.
Some also have a full-featured integrated de-
velopment environment (IDE) that includes
graphical user interface (GUI) design and cre-
ation as part of the embedded design process.
For extremely fast prototyping and application
development without having to write a single
line of code, some of these IDEs offer drag-
and-drop WYSIWYG (what you see is what
you get) workflows.

Figure 2: The Workshop4 IDE tool offers developers
numerous GUI design options.

www.rutronik.com
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So the charm of the modular approach is that
all drivers, primitives, and GUI functions have
already been developed and tested. Engineers
can therefore fully focus on the actual GUI
design. The host MCU can offload all display
tasks to the module, meaning all its resources
are available for the main application.

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

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

To also support GUI design, display manufac-
turer 4D Systems has developed a tool to cre-
ate intelligent graphical user interfaces as
quickly and as easily as possible. Workshop4
IDE offers several development environments
from text-based to visual programming
(Fig. 2). Its drag-and-drop function makes it
intuitive to use, thereby eliminating the need
for traditional coding.

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

Display module for the
Rutronik Development Kit RDK2

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

Due to all these advantages, Rutronik also
uses an intelligent display module for its
Development Kit RDK2 (Fig. 3). It primarily
supports the development of proof of concept
for diverse application areas, such as loT and
IloT, smart wearables, and smart home.

The board is based on Infineon's CY8C6245A-
Z1-S3D72 ultra-low-power, high-performance

microcontroller. In addition, the RDK2 features
an external 512 Mbit Semper NOR flash mem-
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Figure 3: The Rutronik Development Kit RDK2 with intelligent display module.

ory and a 64 Mbit AP memory APS6404L-
3SQR-ZR PSRAM connected via a QSPI inter-
face. This extends the capabilities of the RDK2
when using these memories simultaneously
in memory-mapped mode.

BUZZER

The gen4-uLCD-43DCT-CLB 4.3" display from
4D Systems with integrated capacitive touch
panel is used as the display and input medium
for an application example of the RDK2 to de-
termine air quality using the VOC index (vol-
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/* UserApiConfig */

static bool uartAvailHandler (void) ;
static
static
static
static void resetDisplay(void);

/* Event handlers */

Functions required

uint8 t uartReadHandler (void);
void uartWriteHandler (uint32 t val);
uint32 t uartGetMillis (void);

static void myGenieEventHandler (void) ;

atile organic compounds). It is based on the
DIABLO16 graphics controller and is con-
trolled via the UART interface. Its data rate of
115,200 bit/s is sufficient for operating the
touch panel without any noticeable delay.
However, the UART data rate can also be in-
creased to 600 kbit/s, if required.

43 VOC Sensor SGP40

250

VOC Index

RDK2 LED Control

LED1

Figure 4: Screen layout of the RDK2 as displayed by Workshop4 IDE.
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We recommend the Arduino adapter 4D-AR-
DUINO-ADAPTOR-SHIELD-II to ensure quick
integration with the RDK2. The firmware ex-
ample RutDevKit-PSoC62_GEN4_ULCD_43
refers by default to the data of the VOC sen-
sor SPG40 from Sensirion, but it can also au-
tomatically switch to the onboard potentiom-
eter POT1 if the sensor
is not recognized on the
I2C bus. The potentio-
meter is read via the
ADC periphery. The ADC
values are then shown
on the display. The
RAB1 - Sensorfusion
board with an SGP40
sensor will also be
available from Rutronik.

For visualization pur-
poses, 4D Systems pro-
vides the ViSi Genie
code library. It is includ-
ed in the RDK2 sample
project  RutDevKit-
PSoC62_GEN4_
ULCD_43 for use in the
ModusToolbox IDE, a
helpful collection of
software and tools for
the rapid development
with Infineon MCUs. To
enable the code library,
the User API configura-
tion functions and
event handlers are im-
plemented. They allow
developers to control
what should happen in
the program when a
specific event occurs,
such as an input.

The function prototypes
that must be imple-
mented to ensure the
ViSi-Genie stack can

Committed to excellence

actually run are shown in the "necessary func-
tions" box.

The display is controlled by sending the mes-
sages to the individual objects on the screen
or to background objects that may not be vis-
ible. For example, the command that updates
the angular meter with the VOC index might
look like this:

/* Update the VOC Index gauge */
genieWriteObject (GENIE_OBJ_ ANGULAR
METER, 0, gaugeVal);

The events, such as touching the keys, are re-
ceived at reqular intervals of 20 milliseconds
or faster when this function is executed:

/* Check for events */

genieDoEvents (true) ;

Workshop4 IDE allows developers to design
graphical objects and program them into the
display memory. The sample application dem-
onstrates the basics using an angular meter
and a scope gadget for displaying the VOC
index. The angular meter is refreshed every
50 milliseconds and the scope every ten sec-
onds, allowing users to monitor both current
and past VOC index values simultaneously.

The firmware example for the RDK2 and the
Workshop4 IDE project are available for
download on the Rutronik website:
www.rutronik.com/rdk2. [ |

This QR code provides
quick access to more

information on and a
firmware example for
the RDK2.

www.rutronik.com
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Development tools for embedded software

Flexible workflow for
more efficient development

The success of a product also depends on the efficient development of
the embedded software. Developers and teams must thus be able to
work together as flexibly and efficiently as they can. The key question
is: Which functions and capabilities do development tools need to
have to enable this?

\%

By RALF KERN, LINE MANAGER AT RUTRONIK, AND
CLARK JARVIS, SENIOR STAFF TECHNICAL MARKETER AT INFINEON

ost semiconductor suppliers offer
their own development tools to
support the efficient product devel-

opment of their components. The question of
whether they have everything necessary for
this task can only be answered when consid-
ering more than just the tools. It requires a
holistic development environment of hard-
ware and software tools, embedded runtime
drivers, libraries, documentation, and much
more. Infineon's ModusToolbox software is
used in this text to demonstrate what actu-
ally increases the efficiency of the embedded
engineer's development work.

<
o
7}
<

=
<
o
1]
=)
<
=

ModusToolbox is an extensible development
environment that supports a wide range of
Infineon microcontrollers and development
kits. It contains a collection of various devel-
opment tools, libraries, and embedded run-
time assets for the flexible development of
embedded software (Fig. 1).

The desktop applications can be used to cre-
ate new embedded projects, manage software
components, and configure peripherals and
middleware; complemented by the typical de-
velopment tools for compiling, programming,
and debugging. They use numerous GitHub-
hosted repositories from Infineon and partners
that include code samples, board support
packages, middleware, and application sup-
port.

Alongside documentation, training content,
and a support community, this results in a
complete workflow for embedded developers.
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..........................................................

The ideal
development workflow

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

When searching for the ideal workflow for
embedded systems development, you do not
have to look far. The first engineer you ask will
swear that the procedure they personally fol-
low is the right one. So, since each develop-
ment team or embedded developer has their
own unique workflow, the development envi-
ronment should offer a high degree of flexibil-
ity. This is also a central pillar of ModusToolbox.

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

Heart of the
development process

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

The heart of the development process is the
integrated development environment (IDE). It
is used daily by the embedded developer when
coding and debugging embedded firmware.
Ideally, it should be a familiar environment for
every developer. ModusToolbox includes an
Eclipse-based IDE for users who want to de-
velop within the Eclipse framework and with

KYOCERd
TAV/X(

KYOCERA AVX's Aluminum

Chip Capacitors are available in

the Arm GCC compiler. Microsoft VS Code is
available as an alternative editor and uses ex-
actly the same Arm GCC toolchain and build
commands. Thanks to the VS Code extensions,
it provides full programming and debugging
capabilities.

Furthermore, ModusToolbox projects can also
be used on all leading IDEs and toolchains
with native support for IAR Embedded Work-
bench and Arm microcontroller developers kit
(uVision).

But a flexible and efficient development en-
vironment must go beyond just visual code
editors and graphical debugging. Therefore,
the core of the ModusToolbox software is a
Makefile-based build system and a command
line shell to automate build systems and fa-
cilitate a continuous integration workflow.
This scriptable build system is crucial for a
truly flexible development environment that
can be tailored to the exact needs of the de-
veloper. As such, the developer can be sure
that the compiled output is consistent with
the supplied Eclipse IDE or VS Code as it uses

exactly the same build system commands and
compiler options.

This type of support for scriptable build com-
mands and continuous integration result al-
most automatically in workflows for collab-
orative development. Version control, Git
repositories, Make recipes - they are all
crucial for the way embedded runtime assets
are distributed and managed within
ModusToolbox. At the same time, they are the
central components for joint development
within a team.

By extending these capabilities of
ModusToolbox to the user application code,
developers can collaborate efficiently as a
team and ensure consistent and correct ver-
sioning of the provided drivers, middleware,
libraries, and BSPs in the continuous integra-
tion build flows (Fig. 2).

For embedded engineers, every decision in-
volves weighing up trade-offs and optimiza-
tions, from the selection of device and product
features to the ideal balance between their
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higher ripple, stability over temperature, and longer life.
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three advanced technologies to
cover a variety of application
requirements in an SMD style.
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Figure 1: Efficient product development requires not
only the ideal tools but also the appropriate software
and community.

performance and capabilities, on the one
hand, and their costs and power consumption,
on the other hand, to the specific APIs used
to develop an application.

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

HAL and low-level drivers
open up more options

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

Quite often the APl optimization options are
limited by the drivers provided by the semi-
conductor supplier. This is not the case with
the ModusToolbox software, as it provides
both low-level peripheral drivers and a hard-
ware abstraction layer (HAL). The hardware
abstraction layer offers unified APIs that are
consistent across various device families. As
a result, application code developed with
these functions is highly reusable and usu-
ally easier to program since some of the un-

derlying hardware specifics are hidden in fa-
vor of typical use-case functions. It also
enables rapid integration of middle-
ware libraries and communication
stacks.

However, some trade-offs have
to be made when working ex-
clusively on an abstract level.
Since any kind of abstraction
leads to a certain degree of in-
efficiency, and the further you
move away from the underly-
ing hardware, the more you

also move away from the de-

tailed control of the peripheral in

question. In contrast, low-level driv-

ers provide full control of the periph-

eral. They also offer functions specifical-

ly designed for the characteristics and
capabilities of the corresponding device.

Since ModusToolbox provides HAL and low-
level drivers, an embedded developer can use
both in one application. On the one hand, the
necessary balance between portability and
code reuse can be achieved with HAL APIs,
and, on the other hand, code can be developed
that is closely coupled to the capabilities of
the hardware. Therefore, code and memory-
saving software can be developed that is pre-
cisely tailored to the specific application in
question.

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

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

Yet another challenge faced by embedded en-
gineers is the integration of libraries and mid-
dleware. Most semiconductor suppliers pro-
vide access to an industry-standard ecosystem
of middleware that is specifically developed
and delivered by the supplier, sometimes in
collaboration with partners. Sometimes, the

Applications

Tools
Project
Creator

Middleware

Library
Manager

Eclipse and
partner IDEs

BSPs

Configurators
and Tuners

Git and Make

build system

Figure 2: ModusToolbox from Infineon contains numerous tools as well as middleware with sample projects

and various board support packages (BSPs).
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offering is very rudimentary. Other suppliers
provide reference examples within the devel-
opment environment. These can be utilized as
a starting point and illustrate that the middle-
ware can work on the respective hardware.
ModusToolbox also comes with code samples
within the ModusToolbox Project Creator for
sample projects from Infineon and partners.

The embedded developer is often left with the
task of integrating this middleware into the
specific application. ModusToolbox accom-
plishes this task with the help of a library
manager that is capable of collecting the nec-
essary source files from GitHub repositories,
resolving any dependencies on related middle-
ware, and updating the necessary Make reci-
pes to include the selected sources. The docu-
mentation supplied with each middleware
source folder describes in detail all the Make-
file changes required to use the middleware
in the application.

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

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

The basis for efficient development is a flex-
ible development environment that allows the
embedded developers to define their individ-
ual workflow. Together with one of the sup-
ported PSoC microcontroller development kits,
ModusToolbox provides this level of flexibility,
from selecting the supported IDE or command
line build support to the various options for
driver APIs and middleware integration. M

www.rutronik.com
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benefit from technologies which are enabled by Murata
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Cordless power tools

Considering all trends and
requirements in the design

Cordless tools are obviously popular, as they put an end
to annoying cables and the search for sockets. The trend
is thus moving toward battery-powered tools. However, to
ensure the required performance, a few design challenges

have to be overcome.

\'

By HANNAH METZNER, CORPORATE
PrRoDUCT MANAGER POWER AT RUTRONIK

continues to grow. They can be roughly

categorized, on the one hand, by the type
of electric motor - brushed or brushless - and,
on the other hand, by their voltage class.

I nterest in battery-powered, cordless tools

The type of motor has a decisive impact on
the electronic components required and the
final performance of the tool.

The voltage class determines the operating
voltage of the motor (3.6 V to 120 V) and thus
directly or indirectly the battery stack voltage
and the associated capacity and physical size
of the battery. It also dictates the power of
the tool - from small 12 V (or less) DIY prod-
ucts, standard 18 V category tools, and heavi-
22 RUTRONIKER 2022
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er, more powerful 36 V and 72 V tools, which
can replace internal combustion-powered
equipment, all the way up to 120 V saws. Each
of these categories has different design re-
quirements in terms of ergonomics, battery
safety, thermal management, motor control-
ler, and additional functions such as commu-
nication or safety.

Both criteria, type of motor and voltage/pow-
er class, result in the performance of the tool,
i.e. how long it can operate with one battery
charge. The components of the motor control-
ler for the BLDC motors must be perfectly
matched to each other in order to ensure
field-oriented control (FOC) with compara-
tively very high efficiency.

Committed to excellence

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

Market trends
influence the design

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

To guarantee competitive products, it is im-
portant to take certain market requirements
into account in addition to technical ones
(Figure). Current trends in cordless power
tools include cost-optimized devices with a
high level of energy efficiency that can be in-
tegrated into the Internet of Things (loT) as
well as the increased use of brushless DC mo-
tors (BLDC) and the transition from internal
combustion engines to electric drives, e.g. in
chainsaws. As a result, the avoidance of elec-
tronic waste is also becoming more and more
important.

www.rutronik.com



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

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

The service life can be enhanced by using larg-
er batteries. However, this is accompanied by
more weight gain and possibly a larger end
device. Especially with regard to optimizing
tool ergonomics, a motor controller that
works effectively within the size constraints
is required.

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

Growing share
of BLDC motors

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

Recent technological developments have en-
abled efficient brushless motors. Although
they are currently still more expensive than
comparable brushed models, they offer many
advantages: They have no brush wear, they do
not generate brush sparking, they are lighter
and quieter, they allow more precise control,
and they consume less energy. No wonder
BLDC motors are becoming increasingly pop-
ular. Experts expect brushless motors to be
fitted in two out of three cordless power tools
by 2025.

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

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

Cost optimization is a permanent trend in ev-
ery market. But how can suppliers meet price
expectations? One way is by utilizing high-
efficiency circuits with lower self-heating and
less internal losses. The size and capacity of
the battery pack can also be smaller, if neces-
sary. In addition, a higher current-carrying ca-
pacity of the power semiconductors with a
more compact installation space may lead to
a reduction in prices. Finally, integrated de-
signs reduce purchasing and logistics costs.

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

loT-enabled and
more sustainable

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

More and more everyday devices are capable
of collecting and transmitting data. This also
applies to power tools. A networked power
tool not only has the ability to find its loca-
tion but can also check its performance his-
tory and condition at any time. In the future,
tools may even be able to automatically adapt
their torque to the type of bit or blade being
used. Regardless of future developments: Im-
plementing connectivity is key to offering a
competitive product.

Battery-powered tools are definitely more cli-
mate-friendly than those with internal com-
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Market trends place their own requirements on the design of cordless power tools.

bustion engines, as they do not run on fossil
fuels and are more energy-efficient. But what
about the electronic waste? Unnecessary aux-
iliary equipment like special chargers are a
prime example of electronic waste. In order
to reduce it, several countries have already
introduced corresponding regulations, e.g. on
mandatory universal chargers.

USB-C chargers can currently only be used in
power tools with low voltage (max. 20 V at
5 A); but in the near future, there will be a
new power class up to 240 W with a maxi-
mum of 48 Vat 5 A.

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

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

Infineon's portfolio offers suitable compo-
nents to meet all these requirements. For ex-
ample, the MOSFETs from Infineon are ideal
for motor controllers and chargers. The type
of power MOSFETs used - as in any applica-
tion - has a direct impact on the overall sys-
tem performance. That is why choosing the
right technology is essential.

For the motor controller inverter, the supplier
offers low-voltage MOSFETs in various pack-
ages. Their high nominal currents allow for
increased current-carrying capacity. Further,
the components withstand high surge cur-
rents during start-up and braking and should
the rotor be blocked.

The best-in-class OptiMOS family is charac-
terized by ultra-low R _, high efficiency, and
high power density. This makes it perfect for
applications with high switching frequency.

For designs with low switching frequency and
high current capability, the StronglRFET-2
family is the perfect choice. It has been de-
signed with rugged industrial applications in
mind.

Committed to excellence

When it comes to charging solutions, thermal
management is essential, especially for high-
performance tools, to ensure safe operating
conditions and to maintain system tempera-
ture limits.

On the high-voltage side, this can be achieved
with the CoolMOS super-junction MOSFET
family. It enables a higher power level at the
same temperature or longer service life at the
same power level due to a lower MOSFET tem-
perature. For chargers, its high ESD robustness
and low switching losses are also a major ad-
vantage. The latter increase the efficiency at
higher switching speeds and thus enable
smaller inductances.

On the low-voltage side, i.e. for the synchro-
nous rectifier (FET) and the load switch, both
the OptiMOS family and the StronglIRFET-2
family from Infineon are ideal. [ |
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Interview with Rutronik CEO Thomas Rudel

“Strengthening the European market”

In economic terms, 2022 will go down in history as a year plagued by record inflation and
ongoing supply chain disruptions. What challenges has this presented for Rutronik, and what
opportunities need to be identified and exploited in equal measure? In this interview, Rutronik

CEO Thomas Rudel answers these and other questions about the role and added value of

distribution; something that is currently on the minds of many in the industry.

THOMAS RUDEL,
RuTrRONIK CEO

€ € ourultimate goal -
together with our partners -
Is to ensure sustainable growth
and profitable operations
in order to continue to act as

an independent,
privately owned company. $ 9

24 RUTRDNIKER 2022

Powered by Markt&Technik

2022 is coming to an end. Can you give
us an entrepreneur’s view of develop-
ments in the logistics and distribution
industry?

Thomas Rudel: Despite having the last month
of the year still ahead of us, it is more than
likely that semiconductor shortages and elec-
tronic component disruptions will continue to
accompany us in some product areas over the
coming months.

In 2022, as in 2021, the priorities have shifted
somewhat. We are doing everything we can
to support our customers to ensure produc-
tion at their plants can continue as smoothly
as possible despite component shortages and
delivery holdups. When delivery dates have to
be reorganized, we are always on hand to help
out with suggestions for alternatives and en-
sure a continuous and transparent flow of in-
formation. It is absolutely essential that we
maintain supply chains and prevent produc-
tion processes from being interrupted. Ulti-
mately, it is about keeping businesses trading
and saving jobs.

Is broadline distribution a competitive
advantage?

Definitely! The situation shows once again
how important the comprehensive skills of
Rutronik's experts truly are. It includes moni-
toring supply chains and getting the latest
information on the production capacities of
the 150 or so suppliers in our portfolio. This
enables us, as a broadline distributor, to pro-
vide our partners with a clear understanding
of the challenges and dependencies.

Further, we support our customers not only in
terms of logistical solutions and through our
technical expertise, but we also marry up our
concepts for Rutronik System Solutions with
the very latest developments. This is important
if we want to continue to be successful to-
gether in tomorrow's world.

Committed to excellence

You talk about Rutronik’s strategic ori-
entation, which goes far beyond the
procurement of components and parts
and now also includes in-house system
development. How did this transition
from distributor to system partner come
about?

As a distributor, the needs of our partners are
at the heart of everything we do. We analyze
what the market needs, which business sec-
tors are losing importance due to current dy-
namics, such as the energy and mobility tran-
sition, and what potential this offers in terms
of technical innovations and new business
models for our customers. Beside flexibly
adapting our product portfolio to these devel-
opments, we actively support transitions and
act as a strong partner for our customers.

And what added value does Rutronik of-
fer its customers exactly?

Our comprehensive value-added services are
additional real advantages that set us apart
from other distributors and direct sales via
suppliers. This enables the design and con-
struction of automated logistics systems that
are tailored to bespoke customer needs and
can be expanded with further additional ser-
vices, such as customer-specific packaging so-
lutions and industry-specific process stan-
dards.

We are also involved in the life cycle of a
product from an early stage. With our indi-
vidual in-house solutions, some of which are
patented, we can make a decisive contribution
to the success of our customers as early as the
preliminary development phase, especially
with regard to the time to market.

Which role does Rutronik System Solu-
tions play?

The aim of Rutronik System Solutions is to
make the preliminary development phase
more efficient for our customers and to sig-
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nificantly accelerate the market launch. This
shift toward becoming a system partner, with
successful boards such as the recently
launched Development Kit RDK2 and the De-
velopment Kit RDK3, which is on the verge of
release, definitely creates additional added
value that does not yet exist in this form on
the market. These modular toolkits can be
used to develop proof-of-concepts within a
very short space of time. Moreover, it is pos-
sible to immediately create very specific use
cases and applications and to test them with-
out delay. And remember, all the components
are available in Rutronik's portfolio. The ac-
tual availability of these components stands,
alongside other things, at the core of the new
developments. | believe that design for avail-
ability will play a key role in the future. We
support this efficiency and acceleration by in-
creasingly regionalizing our organizational
structure.

You refer to regionalization. Is this not
the complete opposite to the trend to-
ward ever-increasing globalization and
internationalization?

| am positive that future success is only pos-
sible through the successful combination of
global standardization and regional adapta-
tion. The development of our markets is be-
coming increasingly dynamic, while supply
chains and value creation are becoming more
globalized. This also goes hand in hand with
regionalization, which must be taken into ac-
count. For Rutronik, this means that we need
to be globally networked and at the same time
more strongly focused on our respective re-
gional markets to be able to serve our custom-
ers even better.

That said, it is becoming increasingly difficult,
if not impossible, to manage a company with
more than 80 branch offices in over 40 coun-
tries on three continents from a central point
in Ispringen. Moreover, who knows the region-
al requirements better than the local employ-
ees? Therefore, we have decided to strength-
en our regional market presence by developing
field application engineering and product
marketing expertise within our local teams.

This allows us to create faster decision-mak-
ing mechanisms, enable communication in the
local language, and increase the availability
of specialist staff. In addition, we pool the re-
quired skills where they are needed and can
thus bring our technical expertise to more
customers, in more markets, more swiftly.

Regionalization obviously ensures we are
closer to local customers in the market and
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can better place products and contribute our
technical know-how. In short, behind all our
regionalization efforts and activities lies the
principle of: Think global, act local. At the
same time, this realignment enables the ex-
ecutive board and management team to focus
even more on strategic development and to
better adapt to medium and long-term mar-
ket developments.

We analyze
very precisely
what the market needs..

That leads nicely to my next question
about the latest recruit to Rutronik’s ex-
ecutive management team. How did that
come about?

At Rutronik, the executive management team
is a "five-man team.” In addition to myself,
there are Markus Krieg as Chief Marketing Of-
ficer and Dr. Gregor Sommer as Chief Financial
Officer. About 18 months ago, Ramon Demel-
bauer joined us as Chief Sales Officer, with the
particular task of expanding and developing
our global sales network. Efficient and agile
processes with a flexible organization are crit-
ical factors for the success of the entire busi-
ness. Over the past almost 12 months, my col-
league Frank Altrock has been supporting the
transition to a matrix organization as Chief
Operating Officer (COO). The five of us repre-
sent a strong team with many years of exper-
tise and a wealth of experience to steer
Rutronik's fortunes, consistently and dogged-
ly pursuing the course set, but always with a
view to our long-term goals and success.

Does this also involve investing in new
locations? What is the latest on expand-
ing Rutronik’s international presence?

Our ultimate goal - together with our part-
ners - is to ensure sustainable growth and
profitable operations in order to continue to
act as an independent, privately owned com-
pany. We are always on the lookout for prom-
ising locations that are important for the ex-
pansion of our international activities, and
obviously with the aim of serving new markets
as a reliable partner and ultimately strength-
ening our relationships with our existing cus-
tomers. Last year, we opened new locations in
Vietnam and Malaysia. We also recently relo-
cated our head office in the USA from Texas
to Florida. But our headquarters in Ispringen
is also part of our global growth strategy with

Committed to excellence

regard to staff expansion and development as
we are an international company with strong
local roots.

How do you combine being locally root-
ed and yet committed to international
growth?

Throughout our almost 50 years, we have al-
ways taken well-considered steps with regard
to further growth in order to be able to con-
tinue to act independently and to maintain a
neutral position for our R&D activities and
more than 40,000 customers within our net-
work of suppliers and cooperation partners,
such as universities and research institutions.

As a result of increasing globalization that
began many years ago, we soon recognized
that we can only maximize and further de-
velop our strengths in the long term through
international expansion. This also includes
strengthening our position as an attractive
employer. Further examples of this are guar-
anteeing secure jobs, further training oppor-
tunities for our employees, internal career
paths, and the expansion of our teams.

What challenges do you see for Rutronik
in 20237

Rutronik always keeps a close eye on global
markets. The European share of the global
semiconductor market is less than 109%.
Among the top ten suppliers in the global
semiconductor market - accounting for
around two-thirds of the total market - there
are six US companies and only one European
company, Infineon. We are very concerned
about these developments and see consider-
able risks for Europe as a business location,
especially in the high-tech sector. We are cur-
rently experiencing serious impacts on energy
supplies and prices as a result of the war in
Ukraine. We need to strengthen the European
market and make ourselves more independent.

At the operational level, a look at some of the
figures gives us a pretty good idea of what we,
and above all our employees, achieve every
day, and what challenges we face at various
points in the company. Colleagues at the lo-
gistics center in Eisingen, for instance, per-
form roughly 13,000 picking tasks a day, ship-
ping around 290 million articles to customers.
Our customers can choose from 28 billion ar-
ticles. | am always amazed by this outstand-
ing commitment and enormously proud of our
approximately 1,800 employees, who actively
walk the path with us in times of growth and
transition - in terms of Rutronik, as implied
by my previous answers, but also with a view
to economic and social developments. |
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Partial discharge testing

Testing the quality of
low power transformers

Not just faults in the insulation of transformers can be identified at an early stage
through partial discharge testing. It is also a non-destructive and predictive analysis
tool that warns of potential impending system failure.

\%

BY JOCHEN NELLER, TECHNICAL EXPERT INDUCTORS AT RUTRONIK, AND
SHREYANKH KRISHNAMURTHY, FIELD APPLICATION ENGINEER AT PULSE

uring their extensive service life, low-
D power transformers are subjected to a

wide variety of stress. The electrical
insulation, which is essential for fault-free
operation, can be damaged as a result. Des-
pite taking the utmost care, small defects, ca-
vities, cracks, inclusions in the dielectric, or
inhomogeneities in the electrical insulating
materials may already occur during produc-
tion. If the insulation is located between an
electrode system with a voltage applied, the
electric field can locally overstress the insu-
lation at these weak points. This may lead to
partial discharge. In contrast to full discharge
- a frequently visible and audible breakdown
- partial discharges are incomplete electrical
breakdowns. They only occur in part of the in-
sulation and are almost never noticed directly.
However, over time they lead to increasing in-
sulation damage, which may result in com-
plete loss.

Diagnostic methods
for quality assurance

Dielectric diagnostic methods are essential for
providing quality assurance and maintaining
the operational reliability of power transfor-
mers. The most commonly used method for
evaluating the integrity of insulation is a
high-voltage or dielectric strength test (high-
potential test, hi-pot test). In this case, a high
voltage is applied to each side of the insula-
tion and the leakage current is measured. This
allows users to quickly identify whether the
insulation is faulty. The disadvantage of high-
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voltage tests is that the voltage (or the resul-
ting leakage current) can damage the insula-
tion and thus negatively impact the
component. In addition, a hi-pot test can only
detect defects that are already present.

Partial discharge testing, on the other hand,
is a non-destructive method for evaluating
the insulation condition of electrical equip-
ment. This reliable and very sensitive method
effectively detects the slightest of weak points
in the insulation system.

Partial discharges often occur long before a
defect in the insulation becomes apparent.
The measurements therefore support quality
assessment of the sample as well as strategic
decisions regarding timely repair or replace-
ment of the transformer before the equipment
fails.

Figure 1: Test
equipment for partial
discharge testing
with test chamber,
partial discharge
tester, and computer
with measurement
software.

Committed to excellence

How partial discharge
testing works

Partial discharge tests examine the charge
distribution within an insulated section during
an ionization cycle and allow more accurate
prediction of possible breakdowns. However,
the signals that indicate partial discharge are
relatively weak. For measurement, a defined
voltage is applied to the insulated section. This
also builds up across all the defects. Once the
inception voltage U, has been reached, the
defect ionizes, thereby shorting itself out.
When the voltage across the defect drops
below the extinction voltage U, ionization
ceases. During this process, the charge is re-
distributed within the insulated section. This
is known as partial discharge. If the applied
AC voltage is large enough, the partial di-

www.rutronik.com
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scharge cycle is repeated many times. The par-
tial discharge activity increases over time and
can lead to irreversible damage to the insula-
tion systems and eventually to dielectric
breakdown.

The total charge redistributed within the in-
sulated section is a very good indicator of the
number of faults and the probability of a fai-
lure occurring. If the limit for the partial di-
scharge test is set low, a high-voltage failure
will most probably not occur during the enti-
re service life of the component. Partial di-
scharge testing is used to determine the ma-
ximum dielectric breakdown insulation
capability of the component and the conti-
nuous insulation capability for a realistic usa-
ge scenario of the component.

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

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

The tests and test setups depend on the type
of equipment being measured and the stan-
dard according to which the partial discharge
measurement is to be performed.

NEW PCB POWER RELAY G2RG-X -
COMPACT 500 VDC RELAY FOR CHARGING CIRCUITS

The G2RG-X is a highly compact 500VDC power relay aimed at the pre-charge circuits in EV chargers,
battery back-up systems for solar panels and other high-current DC applications.

e Achieves 500 VDC 10 A switching capacity used with 2 pole series wiring
e 3.0 mm contact gap (2 poles series wiring)
e Offers high insulation with insulation distance above 8 mm and

impulse withstand voltage of 10 kV between coil and contacts

e UL and TUV certified

Scan the QR code to find a distributor
WWW.Ccomponents.omron.com/eu

Pulse uses a procedure based on standards
IEC 60664-1 and IEC 61800-5-1, which de-
scribe and specify a detailed process for per-
forming partial discharge testing.

According to IEC 60664-1, the partial di-
scharge voltage needs to be sinusoidal during
AC voltage tests for the continuous insula-
tion capability of the component. However,
if a constant DC insulation strength must be
confirmed, an equivalent AC partial dischar-
ge voltage is used. The relationship between
ACand DC voltage is defined as U, = UDC/\IE;
where U is the constant DC insulation vol-
tage and U, the equivalent AC partial di-
scharge voltage.

For a more stringent risk assessment, |IEC
60664-1 prescribes different multiplication
or safety factors. They include the environ-
ment correction multiplier (temperature, hu-
midity), the hysteresis factor (difference bet-
ween inception voltage U, and extinction
voltage U), and the safety factor. At Pulse,
this results in an overall test value of
1.875-U,, for the partial discharge voltage.

The test equipment for partial discharge tes-
ting is shown in Fig. 1. It consists of a test
chamber, the partial discharge tester, and a
computer with the measurement software for
displaying the measured values.

Testing starts with a voltage below the nomi-
nal partial discharge voltage U,,. This voltage
is increased linearly to the test value of
1.875-U,, and held for a maximum of 5 se-
conds. The voltage is then reduced linearly to
1.5-UPD and held for a maximum of 15 se-
conds. During this time, the partial discharge
is measured. Fig. 2 shows the voltage curve
over time.

According to standards IEC 60664-1 and IEC
61800-5-1, a transformer passes the partial
discharge test if the charge of the stray ca-
pacitances is less than 10 pC during the mea-
surement period.

Fig. 3 shows the measurement of the charge
of the stray capacitances during the partial
discharge test. In Fig. 3 (top), the sample pas-
ses the partial discharge test because the
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U

1,875 Upp

1,5 Upp
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Figure 2: Voltage curve over time during the partial discharge test.

stray capacitance charge is less than 10 pC
during the test period (see measured value
PD1 and PD2). The component shown in Fig. 3
(bottom) does not pass the partial discharge
test because the stray capacitance charge is
well above 10 pC during the measurement pe-
riod.
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Partial discharge testing
for quality assurance
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Especially within the first few years of opera-
tion, insulation defects occur disproportiona-
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tely. Therefore, Pulse performs a partial di-
scharge test after production as a type and
acceptance test to detect any quality prob-
lems that may have arisen during production.

This applies, for example, to the automotive-
grade version of four popular push-pull trans-
former series from Pulse. These transformers
in the |ATF product portfolio are matched to
several available push-pull driver ICs (Fig. 4)
and deliver up to 3 W of power with insulati-
ons ranging from functional to reinforced and
up to 5.5 kV rms galvanic isolation.

The PH90/PM21 series also includes Pulse's
patented Sidecar package, which achieves a
creepage distance of up to 12 mm in a com-
pact SMD footprint.

Figure 4: Push-pull transformers.
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Figure 3: Measurement results

These AEC-Q200-qualified transformers are
used in communication, BMS, and IGBT drive
applications, such as electric and hybrid ve-
hicles.

The PH9185NL series (Fig. 5) is also tested for
fatigue strength. The high-insulation swit-
ched-mode power supply unit transformers
provide reinforced insulation for RS-485 and
RS-232 transceiver ICs. The U, of the partial
discharge test is 1,000 V rms; therefore, the
fatigue strength (continuous) is also specified
as 1,000 V rms.
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Summary
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Partial discharge testing is an excellent way
to identify critical insulation weaknesses in a
magnetic component. It indicates potential
long-term problems and can also be used to
establish a maximum continuous voltage ra-
ting. It is recommended to perform partial di-
scharge measurements and analyses not only
to confirm operational safety after production
but also after commissioning and - depending
on the type of equipment - throughout its
entire service life. |
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of two partial discharge tests.

LS

Connocted 5710/ 202

Figure 5: Push-pull transformer with reinforced
insulation for separate power supply drivers, 8 mm
creepage distance, 5 kV rms insulation (1,000 V rms
continuous).
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Why is F-RAM so important for data acquisition?

Storing data
efficiently and securely

Non-volatile memory requirements in terms of data write and access speed,
data retention, and low power are increasing, especially in mission-critical
applications. A tried-and-tested technology that also meets extreme

demands is F-RAM.

\'

By CHEN WANG, CORPORATE PRODUCT MANAGER DIGITAL AT RUTRONIK,
ZAREPOUR MAHROKH, SENIOR MANAGER REGIONAL MARKETING, AND
GABRIEL PHILIPP, DIRECTOR BUSINESS MANAGEMENT DISTRIBUTION EMEA, BOTH AT INFINEON

ata acquisition has always been a very
D essential element in mission-critical

environments and applications. A bat-
tery-buffered SRAM (static random access
memory) was therefore usually used to store
data. Even though it ensures a high level of
safety and security, SRAM has various draw-
backs:

e Several components are needed (battery,
power management controller) which take

www.rutronik.com

up a lot of PCB space and have a high fail-
ure rate.

® To prevent the battery from overheating, it
is usually assembled after the reflow pro-
cess, which ultimately results in higher pro-
duction costs.

¢ |ndustrial robots and vehicles are often sub-
ject to vibration, resulting in connectors

that hold batteries in place becoming loose

Committed to excellence

or detached. This reduces the reliability of
the entire system.

® The batteries also need to be maintained
and replaced during the long operating life
of a typical industrial robot or vehicle.

® Moreover, the batteries fail to comply with
RoHS directives and often create issues for
operators when it comes to disposal.
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For these reasons, non-volatile memory (NVM)
is increasingly being used in industrial appli-
cations. EEPROMs are often the first choice.
They are, however, usually unsuitable as most
applications require real-time reliability for
data acquisition. Further, EEPROMs are not
particularly energy-efficient. However, low
power is a critical factor since data must be
continuously collected in these applications.

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

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

Due to the requirements of continuous data
acquisition and the demand for a long service
life, memories for industrial and automotive
applications, but also for medical applications,
must offer practically unlimited endurance.

F-RAM (ferroelectric random access memory)
has a higher endurance than EEPROM and -
in contrast to EEPROM - stores data immedi-
ately (see table). It is energy-efficient, and
does not require an additional battery to have

F-RAM EEPROM

Write operation QOverwrite Erase + Write
Write cycle time Instant 5ms
Write energy (4 Mbit) 1,510 ud 192,000 pJ
Endurance 10" cycles 10° cycles
Cost/Mbit (€) €€€ €€

F-RAM works out far more advantageous than
EEPROM in every area.

enough energy for storage in the SRAM.
Moreover, a memory controller is not neces-
sary, which saves both space and money. The
reduced number of components also enhanc-
es reliability. Yet another advantage is the
large variety of products available on the mar-
ket, ensuring availability of the ideal F-RAM
solution for every application.

Figure 1: With nearly unlimited service life, reliable
and delay-free data acquisition, and high data
throughput, Infineon's Excelon F-RAM is ideal for
data acquisition in ADAS, industrial robots, and
medical devices.
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Figure 2: For robot controllers, Infineon's Excelon F-RAM modules provide the necessary memory density and a

quad SPI for rapid data throughput.
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Trends shaping data acquisition in corre-
sponding applications can currently be ob-
served in industry, as well as in the medical
and automotive markets.

Trend in the industrial sector: Designers of
industrial applications need to look at wheth-
er data acquisition should occur centrally in
the main microcontroller or separately at each
motor. At present, data acquisition applica-
tions require up to 1 MB of memory at the
motor. With controllers, on the other hand, up
to 16 MB are required.

For high-speed applications, such as six-axis
robot controllers, Infineon's latest NVM gen-
eration, F-RAM Excelon, offers high memory
density and a quad SPI (QSPI) for fast data
throughput. For applications with lower re-
quirements, for example a motion control ap-
plication with three motor controllers, lower
density models with a serial peripheral inter-
face (SPI) are also available from the series.

Trend in the automotive sector: Automotive
systems require continuous data recording
and must acquire sensor data without delay
if power fails. In harsh operating environ-
ments with extensive requirements on the
number of read/write cycles and data reten-
tion, the most stable performance possible is
necessary, which also supports efficient inter-
faces with a low pin count and high speed.

Committed to excellence

The F-RAMs of the Excelon Auto series have
been designed specifically for this purpose:
They acquire data immediately without any
holding time and the need for additional com-
ponents. They support a QSPI with up to
108 MHz and are AEC-Q100-1, -2, and -3
qualified. The storage components thus meet
the criteria for functional safety and security.
With 100 trillion write cycles, an Excelon chip
in the car can write data for 20 years.

Trend in the medical sector: Increasing con-
nectivity and the Internet of Things with
wearables and remote patient monitoring sys-
tems are enabling care that is gradually tran-
sitioning from hospital to home. Drivers of this
development are a rapidly aging population
and rising health care costs, especially in in-
dustrialized nations.

Mobile medical devices for the home, such as
infusion pumps or pacemakers, enable remote
therapies. However, this requires significantly
more extensive and reliable real-time data ac-
quisition to ensure efficient and secure op-
eration, also in the event of possible power
failure. Low power plays a key role in this re-
spect to maximize the battery life of devices.

Thanks to delay-free write functions, virtu-
ally unlimited service life, and ultra-low pow-
er modes, the Excelon F-RAM devices meet all
the requirements (Fig. 1). Equipped with the
latest GQFN package, they also offer a small
form factor - an advantage especially for
wearables. In addition, Infineon's F-RAM cells
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are robust enough to withstand magnetic field
intensity and radiation. They thus reduce risks
from external systems and prevent further in-
tervention to replace storage components.

The examples show that the demand for reli-
able, fast, low-power, and high-performance

wide range of applications that rely on data
from multiple sensors. This is especially true
in mission-critical areas, where data loss can
significantly compromise safety and security
mechanisms.

Furthermore, data acquisition plays a key role
as an enabler of new Al and ML capabilities,
such as predictive maintenance. It provides
the data that help to promote innovation in

Their virtually unlimited service life com-
bined with instant and reliable data acquisi-
tion and high data throughput make
Infineon's F-RAMs first choice for high-per-
formance data acquisition in ADAS, indus-
trial robots, and medical devices. Thanks to
their varying densities, F-RAMs meet the re-
quirements of various applications. This also
gives developers the flexibility to meet the
yet-to-emerge requirements of next-gener-

F-RAMs has increased significantly across a  these applications. ation edge technologies. |
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New memory technology for innovative loT applications

The golden mean

Whether vehicle infotainment, wearables, smart home, or smart factory

applications: They all need to be scalable to ensure innovative user experiences
and functionalities. This requires MCUs offering higher performance and lower
power consumption. These parameters are often set limits for the memory, but
they can now be overcome thanks to a new technology.

\'

By CHEN WANG, CORPORATE PRODUCT
MANAGER DIGITAL AT RUTRONIK, AND
ALEX DE LA BASTIE, BUSINESS
DEVELOPMENT DIRECTOR AT
AP MEMORY TECHNOLOGY
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ost MCUs or FPGAs are equipped
M with an internal memory opti-

mized for a few applications,
meaning they cannot satisfy every require-
ment. This is especially true for applications
that require high memory capacity and high
bandwidth to perform operations. These in-
clude imagefaudio buffering or machine
learning (ML), which demand an extensive
neural network.

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

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

Typically, an external memory is the most vi-
able and easily scalable method for these ap-
plications. Depending on the density and per-
formance requirements of the target
application, the conventional SRAM (static
random access memory) and SDR/DDR DRAM
(dynamic random access memory) options are
available to users. Due to their different tech-
nologies and architectures, they have varying
density and performance specifications. How-
ever, both are generally unsuitable for inno-
vative loT applications, since next-generation
loT applications require a wider range of func-
tions with a compact design and high energy

Figure 1: Comparison of external memory
technologies.
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efficiency. For example, the usual layout to-
pology of a six-transistor SRAM has not
shrunk at the same rate as the process nodes.
This means that the memory does not support
higher density and is relatively expensive. It
is thus increasingly uneconomical to use
SRAM to meet the demands of the latest loT
applications that require high memory capac-

ity.

Although DRAM offers cost advantages over
SRAM, as it consists of only one single tran-
sistor and capacitor, it also has some disad-
vantages. The biggest ones are the high pin
count, high power consumption and complex
integration. For applications without con-
straints in this respect, legacy SDR DRAM re-
mains a possible option for existing systems.
They are, however, hardly suitable for many
cutting-edge, compact loT systems.

Fig. 1 presents the available external memory
options with the parameters designers need
to consider when selecting them. It clearly
shows that embedded SRAM is the best mem-
ory technology for SoC applications. That said,
there is also a limiting factor here: Due to the
chip size and cost of integration into the log-
ic process, the density of embedded SRAM is
limited. Moreover, as MCUs continue to evolve
and migrate into modern loT application pro-
cesses, embedded SRAM is losing its advan-
tage in standby performance.

DRAM, on the other hand, while suitable for
high-end applications, is often overkill for
many other loT applications. The reason for
this is that the pin count, speed, and power
are far too high.

An alternative memory technology is PSRAM
(pseudo SRAM). Here, the power and the num-
ber of ports are ideally balanced, and it has
low power requirements.

www.rutronik.com



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

loT RAM fills the gap
between DRAM and SRAM

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

loT RAM is based on PSRAM technology, as-
suming its features and combining them
with a relatively simple SRAM interface for
easy product design. With additional inter-
face options, such as NOR flash SPI inter-
faces with low pin count used by most
MCUs, loT RAM is an option wherever SoCs
need more memory than the internal SRAM
can provide.

Looking at the costs, the product costs of loT
RAM are up to ten times lower than those of
SRAM. At the same time, loT RAM has five to
ten times higher memory density as it uses
DRAM memory cell technology with only one
transistor and one capacitor.

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

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

Compared to SRAM, loT RAM offers a higher
data bandwidth and is comparable to conven-

www.rutronik.com

tional SDRAM, but with a much lower pin
count (Fig. 2). With loT RAM, the 10 configu-
ration can support a 1-bit, 4-bit, 8-bit, and
16-bit data bus.

loT RAM therefore significantly reduces the
number of pins required for the bandwidth
of modern loT applications (Fig. 3). Moreover,

the system design is simplified and the SoC
pins can be used for other purposes.

loT RAM also has a significant advantage over
DRAM in terms of the pin count: x16 loT RAM
requires three times fewer pins than x32
SDRAM with comparable data throughput.
This leads to a reduction in the size of the chip

Memory Type per Bandwith & Pin count
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Figure 2: loT RAM offers a higher data bandwidth than SRAM with a much lower pin count.
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loT RAM (QSPI/OPI/HPI) & Legacy SDR/DDR Pin Count

/
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Memory Type (Interface)
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Source APMemory
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Pin Count

Figure 3: Comparison of the pin count of loT RAM and SDRAM.

and thus a reduction in silicon area, costs, and
PCB size. Compared to an SDRAM x32 BGA90,
the package of an loT RAM BGA24 is up to
three times smaller and thus extremely space
saving. In addition, MCU pins are freed up for
other purposes and the memory is also opti-
mized for burst memory access.

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

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

In terms of energy consumption, loT RAM re-
quires around four times less pJ/bit (picojoules
per bit) than conventional DRAM (Fig. 4). The
short latency of loT RAM enables fast power-
up times and very fast wake-up from low-
power modes and stand-by mode. Further-

more, loT RAM offers full data retention with
ultra-low standby power consumption - typ-
ically 0.1 to 0.3 pA/Mbit depending on den-
sity — as well as a deep power-down mode
with less than 8 pA for all octal peripheral
interface (OPI) densities.

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

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

The loT RAM memories from AP Memory are
based on PSRAM technology and already work
with many MCUs, SoCs, and FPGAs that are
widely used in loT and embedded devices.

For a smart wristband, the required data
throughput is calculated to be roughly 5 MB/s

Memory Type per Bandwith (MBps) and Power (pJ/b)
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Figure 4: Bandwidth and power consumption of different types of memory.
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Figure 5: Using external loT RAM, RDK2 is a modern
and easy-to-use hardware platform, especially for
the development of wearables and sensors.

(71,392 x 3 bytes x 30 fps). Considering the
additional latency for the SoC bus and the
choice of memory bus frequency of less than
100 MHz for many SoCs in this category, loT
RAM QSPI SDR is sufficient to achieve the re-
quired data rate.

With a simple smartwatch, on the other hand,
the required data throughput of roughly
25 MB/s (135,424 x 3 bytes x 60 fps) is well
above that and can even be higher depend-
ing on the actual model. In this case, loT RAM
OPI or HPI achieves the necessary data rate
better. For high-volume, competitive wear-
ables, the WLCSP package options are recom-
mended.

loT RAM with a wide range of bandwidths is
also available for the smart home and indus-
trial market. For example, an entry-level
16 MB QSPI SDR-SOP8 loT RAM is suitable
for a simple thermostat display that requires
about 10 MB/s. The high requirements of an
HD 720p display, on the other hand, can be
met with a 256 MB OPI or HPI loT RAM in a
BGA24 package.

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

loT RAM: Turning point
for many MCU-based applications

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

These features have made loT RAM the mem-
ory of choice for wearables in recent years.
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Many of the latest MCUs, wireless SoCs, and Framo buffering | " St Thermostat Thermostat (HD Display) 2
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Rutronik's RDK2, for example, is based on In-
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fineon's PSoC 62 and, in combination with Suggested Memory o QSk SDR S & spmemory

loT RAM
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external PSRAM (64 Mbit QSPI), offers a mod-
ern and easy-to-use hardware platform for

developing numerous applications, most no- Examples of image storage requirements for varying applications
tably wearables and sensors.

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

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

Low pin count, low power consumption, a
wide choice of packages, as well as competi-
tiveness and simplicity in design, and integra-
tion of loT RAMs make the real difference
compared to conventional and legacy SDRAM
approaches. [ |
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Design-in of eMMCs in various environments

Long live the memory!

eMMC memories have been around for a number of years, especially in smart-
phones, TVs, set-top boxes, computer-on-modules, notebooks, and tablet PCs.
But they are also ideal for use in loT sensors. Various aspects do, nevertheless,
have to be considered when it comes to design-in.

\'

By CHEN WANG,
CORPORATE PRODUCT MANAGER DIGITAL
AT RUTRONIK, AND
MARTIN JUTTNER,

SENIOR MANAGER PRODUCT MARKETING
FOR EMBEDDED FLASH MEMORY
AT KIOXIA EUROPE

Configuring loT Device Partitioning

: Does the Host want to Configure :
: the loT Device Partitioning :

ne advantage of eMMCs (embedded
0 MultiMediaCards) is that they are

standardized by the technology stan-
dards association JEDEC. Pin layout, register
designations and usage, power supply, and
controller functions are thus defined and
managed memories backward compatible.
Each standard update is given a new number,
indicating that this eMMC generation sup-
ports the features of the previous one plus
new and improved features.

From JEDEC 5.0 and higher, the eMMC firm-
ware supports a service health report, which
assists with the design process and field main-
tenance. Similar to the well-known S.M.A.R.T.
functionality from SSDs and HDDs, it delivers
basic data on the current state of the flash
cells within the eMMC. This provides the host
with information on the remaining write/erase
cycles and the overall state of the eMMC's
flash memory based on the remaining spare
blocks.

Set:
(1) Number of General Purpose Partitions
(2) General Purpose Partitions Sizes
(3) Enhanced User Data Area Size
(4) Start Address
(5) Enhanced Attribute

As such, live information is available about
the state of the memory after it has already
been used for a certain period of time under
certain conditions. This information can serve
as the basis for simulating expected field use
over many years in the lab and learning how
this impacts the longevity of the data.

Thanks to the level of standardization, a de-
sign created for an older eMMC version can
also be used for the latest generation. The new
features or interface options of the younger
generation are not available in this case, but
all the features of the older one are also im-
plemented into the new generation - ideal for
applications with long development cycles.

A potential obstacle may, however, be the
driver of the MMC interface on the host. It
may initially ask for the JEDEC version of the
eMMC and abort if it fails to recognize the
input number. This stumbling block can be
avoided by updating the driver.

No loT Device is not configurable
(Partitioning feature not supported)

No

Y

Set:
(1) Number of General Purpose Partitions
(2) General Purpose Partitions Sizes

Partition Setting Completed

A4

Notfiy the loT Device that the Host has -
Completed Configuring the Partitions

|

o | e | VSIS | e

Figure 1: eMMC partitioning shown here using the example of an loT product.
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Seeing as the pin assignment is also standard-
ized, developers can freely choose between
the various package versions and memory
densities. A BGA measuring 11.5 mm x 13 mm
is the typical package size for a standard tem-
perature eMMC. Kioxia also offers a smaller
11 mm x 10 mm BGA package for the 4 GB
eMMC.

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

Temperature
influences data retention

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

The first question that needs to be answered
when considering the design is: What mem-
ory density is required for the data in the cus-
tomer application? eMMCs are available in
capacities of 4 and 128 GB.

It is also essential to take into account the
ambient temperature in which the eMMC is
to be used. The standard operating tempera-
ture range is -25 to +85°C. For applications
where this is not enough, e.g. computer-on-
modules (CoMs) that can be used in widely
varying environmental conditions or power

inverters for solar systems, Kioxia offers
eMMCs with an extended temperature range
of -40 to +105°C in capacities of 8 to 64 GB.

However, the temperature range only indi-
cates the operating temperature for the
eMMC, not how long the data are retained. If
the eMMC is operated frequently over a long
period of time at temperatures significantly
above 40°C, users are well advised to talk to
the supplier about the individual application.
This excludes the possibility of experiencing
shorter data retention periods.

Another way to make data more robust to
higher temperatures is to use the enhanced
user data area, also known as “pseudo SLC"
mode. The enhanced user data area is avail-
able from eMMC standard 4.4 and higher,
thereby making the storage area in question
more reliable and powerful. It must be noted,
however, that this reduces the available over-
all density.

The enhanced user data area improves the re-
liability, performance, and endurance of an

All-in-one air quallty sensilt

Measure the air quality in your environment

eMMC by using only one instead of two bits
per cell.

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

Increasing the
data transmission rate

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

If the application requires a certain data
transmission rate, several points need to be
considered. It is important to know that there
is a correlation between the memory density
and the read/write performance of an eMMC.
If the application requires a higher data
throughput rate than provided by a standard
eMMOC, the following options are available:

e If mainly the reading speed is to be im-
proved, switching from the HS200 to the
HS400 interface is a good idea. However,
HS400 is only available from JEDEC 5.0 and
higher and requires an additional pin for the
interface.

e |f mainly the writing speed is to be im-

proved, switching to the enhanced user data
area is an efficient approach. Note, how-

Advertisement
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Figure 2: Formula for calculating the expected service life of the eMMC.

ever, that this reduces the available level of
density.

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

Determining and extending
data retention

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

Data retention is basically influenced by two
factors: the number of write/erase cycles dur-
ing the service life and the operating temper-
ature. An MLC-based NAND flash memory in
an eMMC offers around 3,000 write/erase cy-
cles at 40°C. Whether this is enough for the
expected service life of a product in which the
eMMC is used depends heavily on the usage
scenario. When calculating the expected ser-
vice life of the memory, the WAF (write am-
plification factor) must also be taken into
account. Fig. 2 shows the corresponding for-
mula.

The result is, however, not a reliable value but
only an approximation, as the actual data re-
tention rate additionally depends on the spe-
cific usage of the individual device. If, based
on this calculation, it is possible to assume
that the service life of the eMMC in the an-
ticipated usage scenario does not correspond
to the expected service life of the product,
there are two ways to extend it:

e Using the enhanced user data area. This in-
creases the number of available write/erase

MLC Cell

Upper Bit

Lower Bit

TLC Cell

Upper Bit

Middle Bit

Lower Bit

cycles by a factor of ten compared to the
normal mode (at 40°C). The following also
applies in this case: The available density is
reduced.

e Selecting a high-density eMMC. The more
density available, the greater the area of the
memory controller for wear leveling. This
means less stress from the write/erase cy-
cles for the individual cells.

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

eMMCs in
production environments

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

Once the design has been completed, yet an-
other aspect has to be considered in the pro-
duction process if the data are to be loaded
to the memory prior to the reflow or soldering
process. At a temperature of approximately
260°C, the soldering process exposes the
NAND cell to extreme stress. This might have
a negative impact on data retention or even
lead to data loss. To avoid this unwanted sce-
nario, Kioxia has developed a special firmware
function. Basically, there are only restrictions
regarding the maximum data size that can be
processed with the aid of this function.

If these considerations are accounted for dur-
ing the design process, designers are provided
with a durable, high-performance, and reli-
able memory solution based on eMMC. W

pSLC Cell

- Increased Data Retention
Increased Endurance

i « Increased Write Performance
Single Bit +50% Capacity Reduction (2-bits to 1-bit)

pSLC Cell

- Increased Data Retention
- Increased Endurance
Increased Write Performance

- 66% Capacity Reduction (3-bits to 1-bit)
Single Bit

Figure 3: pSLC (enhanced user data area) uses only one instead of two (MLC) or three (TLC) bits per flash cell.
This increases data retention, longevity, and performance of the memory - but negatively impacts capacity.
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Figure 4: Equipped with a special firmware function,
eMMCs from Kioxia survive the soldering process
without any damage to the data.
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Wi-Fi 6 and Wi-Fi 6E — the latest Wi-Fi standards

Fit for current and
future requirements

The latest Wi-Fi standard, Wi-Fi 6, and its extension, Wi-Fi 6E, promise
high data transmission speeds, higher capacity, and low latency, even
in environments with many network subscribers. These advantages
open up numerous new application options and areas of use, but also
give rise to new requirements.

V he much-cited refrigerator that auto-
Tmatically orders food has not caught
BY KERSTIN NASER, on, but many other smart home devices
CORPORATE PRODUCT MANAGER WIRELESS  have, such as washing machines that inform
AT RUTRONIK their owners via smartphone that the laundry
is done. This is made possible by Wi-Fi, one of
the best-known and most widespread wire-
less technologies. More and more devices of-
fer a Wi-Fi interface, and not just in the smart
home sector. Wi-Fi is also increasingly finding
its way into industrial environments through
applications such as mobile robots, crane sys-
tems, automated guided vehicles, or even
safety and security systems and the network-
ing of sensors in production lines. Virtual re-
ality and gaming applications as well as wall-
boxes also use this wireless technology.

Adopted 5925-6425 MHz Adopted 5925-7125 MHz
Considering 5925-6425 MHz | Considering 5925-7125 MHz

Figure 1: Countries where Wi-Fi 6E is supported (as of: April 2022).
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The new application areas also place new re-
quirements on the technology; and despite
the increasing number of subscribers in the
Wi-Fi network, users expect a stable network
connection. That is why the Wi-Fi Alliance is
constantly further developing the standards.
Since the first IEEE 802.11 protocol appeared
back in 1997, data throughput has improved
significantly with each new Wi-Fi standard.

This time, however, the Wi-Fi Alliance has not
only optimized the technology, but also the
naming: Wi-Fi 6 and Wi-Fi 6E (E = enhanced/
extended) replace the cumbersome title |EEE
802.11ax. The predecessor standards have also
been given new names: IEEE 802.11ac is now
called Wi-Fi 5 and IEEE 802.11n is now Wi-
Fi 4.

Technically speaking, Wi-Fi 6 and Wi-Fi 6E of-
fer a whole range of enhancements:

® OFDMA (orthogonal frequency division mul-
tiple access): OFDMA is an extension of the
OFDM method used in Wi-Fi 5 technology.
While only one data packet can be trans-
mitted to a single terminal within a given
time window when using OFDM, OFDMA
enables the transmission of multiple sets of
data for various terminals in the same data
packet. This increases data rate efficiency
and reduces network latency significantly.

® 1024-QAM (quadrature amplitude modula-
tion): Compared to Wi-Fi 5, which uses the
256-QAM modulation method, 1024-QAM
allows a 25% higher data throughput with
Wi-Fi 6. With 1024-QAM, a total of 10 bits
can be transmitted; with 256-QAM, it is
only 8 bits. This is particularly advantageous
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39 billion

cumulative
device shipments

18 billion°

devices in use

’
2.3 billio
WiFi 6 device
shipments

i

350 million
Wi-Fi 6E device
shipments

annual device
—® shipments

58 million
Wi-Fi 6E access
points

540+ million

global public
access points

Figure 2: Wi-Fi is a market with billions of devices and an economic value currently estimated at $3.3 tril-

lion. (Data source: Wi-Fi Alliance)

in environments characterized by a high
density of WLAN terminals, for example in
railroad stations or at large events.

e MU-MIMO (multi-user - multiple input,
multiple output): By breaking up the avail-
able bandwidth into separate spatial
streams, communication via multiple an-
tennas between an access point and mul-
tiple devices is possible simultaneously,
both downlink and uplink. With Wi-Fi 5, this
only worked for downlink. As a result, Wi-Fi
6 further reduces network latency and pro-
vides greater stability.

e TWT (target wake time): TWT "wakes up"
network subscribers to transmit data only
at specific times. The rest of the time, the
devices “sleep” and thus require less energy.
This also avoids interference in the network
communication, since sleeping subscribers
do not transmit data and do not block the
communication streams - a decisive plus
point, especially in industrial automation
with many sensor applications.

® BSS (basic service set) coloring: Each BSS,
consisting of an access point and the cli-
ents, is assigned a "color” (i.e. a number) as
soon as another BSS is in its vicinity. Signals
from another network can therefore be de-
tected and ignored. This allows more effi-
cient use of the streams and better trans-
mission quality.
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e Security standard WPA3 (Wi-Fi Protected
Access 3): Compared to its predecessor
standard WPA2, WPA3 provides significant
enhancements in the area of authentication
and encryption, as well as in the configura-
tion of WLAN devices. Moreover, it ensures
greater security at public hotspots. The
WPA3 standard is mandatory for Wi-Fi 6
certified products.

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

Wi-Fi 6E offers
even more advantages

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

Wi-Fi 6E offers more than just the aforesaid
advantages: extension to the 6 GHz band, for
instance.

Wi-Fi 6E is also based on the IEEE 802.11ax
Wi-Fi standard, thus supporting all the tech-
nologies mentioned, just like Wi-Fi 6. How-
ever, only the now heavily congested original
2.4 GHz and 5 GHz bands are defined for Wi-
Fi 6. In contrast, the 6 GHz band is also avail-
able with Wi-Fi 6E. Further 80 MHz and up
to seven additional 160 MHz spatial streams
for data transmission allow even higher data
throughput with wider spatial streams. The
2.4 GHz and 5 GHz bands, which devices with
older Wi-Fi standards use for transmission,
are relieved, which in turn leads to lower la-
tency. This makes Wi-Fi 6E an ideal solution
for gaming, streaming, and virtual reality ap-
plications.

Committed to excellence

However, Wi-Fi use of the 6 GHz band has not
yet been opened up in some countries. The
USA started in 2020; Fig. 1 shows which oth-
er countries have since followed its lead.

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

Switching over
requires new hardware

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

Anyone who is now considering switching to
Wi-Fi 6 or Wi-Fi 6E should keep in mind that
devices with older Wi-Fi standards cannot
simply be upgraded to Wi-Fi 6/6E through a
software update. This means that all routers
and devices that need to use the latest stan-
dard must be equipped with new hardware.
Wi-Fi 6/6E devices, on the other hand, are
backwards compatible with older Wi-Fi stan-
dards.

Rutronik already has products from various
suppliers in its portfolio for both Wi-Fi 6 and
Wi-Fi GE:

Intel offers combination cards for Wi-Fi 6 and
Bluetooth with its AX200 and AX201 models
in form factors M.2 2230 and M.2 1216. Wi-
Fi 6E cards are also already available with the
two M.2 cards AX210 and AX211 from Intel.
All Intel plug-in cards can be obtained in a
range of variants, both with and without
vPRO. AX210 is additionally offered for the in-
dustrial temperature range. Development kits
are also available.

Silex offers a Wi-Fi 6 and Bluetooth 5.2
BR/EDR/LE card. SX-PCEAX is based on
Qualcomm's QCA2066 SoC and is available in
various form factors (SMT, half-size PCle,
M.2). The module is also certified for the 6
GHz band for Wi-Fi 6E.

Advantech has several Wi-Fi 6 plug-in cards
in its product range: AIW-163 is an M.2 2230
card with an A-E Key (the key describes the
connection form of the M.2 header) and a
temperature range of 0°C to 70°C. AIW-165
in form factor M.2 2830 has an E Key and a
temperature range of -40°C to +85°C. Advan-
tech has announced two more M.2 2230 E Key
cards for late 2022. Kits are also available
from Advantech.

Module supplier Murata relies on chip sets
from Infineon/Cypress and NXP for its Wi-Fi
6 and 6E products. Type 1XL is an NXP-based
Wi-Fi 6 and BLE 5.2 2x2 MIMO module in a
small form factor of 19.1 mm x 16.5 mm.
More modules will be launched from the be-
ginning of 2023: Type 2EA is based on the
Cypress CYW55573 and will support Wi-Fi 6E.

www.rutronik.com



Type 2DL/2DR and 2EL/2ER are based on dif-
ferent NXP chips. The 2Ex variants also sup-
port Thread in addition to Bluetooth and Wi-Fi
6. The 2xR modules feature an extra antenna
for Bluetooth.

Panasonic will also launch its first Wi-Fi 6
modules in 2023.

Rutronik offers complete routers with the new
Wi-Fi 6/6E standard from Asus; and Silex also
plans to add Wi-Fi 6E to its wireless bridges,
device servers, and wireless presentation sys-
tems.

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

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

Products are, therefore, available and numer-
ous device suppliers are already applying
them. According to information from the Wi-
Fi Alliance, 2.3 billion and 350 million of the
total 29 billion Wi-Fi devices shipped in 2022
will be equipped with Wi-Fi 6 and Wi-Fi 6E
respectively (Fig. 2). Thanks to their advan-
tages, the overall share of the new standards
will certainly increase significantly.

While Wi-Fi 6 and Wi-Fi 6E are establishing
themselves on the market, the Wi-Fi Alliance
is already working on the next standard: Wi-
Fi 7 or IEEE 802.11be. Users can look forward
to three bands (2.4, 5, and 6 GHz) and even
higher data transfer speeds. However, the Wi-
Fi Alliance will not finalize this standard until
mid-2024. So, it will be quite some time be-
fore hardware with Wi-Fi 7 is available on the
market. [ |
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Bluetooth LE Audio

Better listening experience

Bluetooth LE Audio (low energy audio) has the potential to fundamentally

change our audio experience, whether through “silent disco” or improved listen-
ing with an assistive listening system. Due to further developments, a variety of
novel use cases and products, including new markets, are expected to emerge in

the world of audio.

\%

BY JANINE REHBERG,
CORPORATE PRODUCT MANAGER WIRELESS
AT RUTRONIK
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luetooth technology has been under
B development since the 1990s and uses
over 79 channels in the 2.4 GHz unli-
censed band to transmit data. Today, the Blue-

tooth Classic variant only supports point-to-
point communication for audio transmission.

A key further development is Bluetooth Low
Energy (LE). It has already replaced Bluetooth
Classic in most applications. Wireless audio
streaming, e.g. for wireless headphones,
speakers, or in-car entertainment systems, is
now the last bastion of Bluetooth Classic
(Fig. 1).

Bluetooth LE also uses the 2.4 GHz band, but
- as the name suggests - is designed to oper-
ate with low energy. Beside point-to-point
communication, it also enables broadcast and
mesh topologies, thus laying the foundation
for large-scale, high-speed device networks.
Furthermore, it can be used for device track-
ing, making it an ideal addition to indoor GPS.

The focus of the latest standard is also crystal
clear: it is called Bluetooth Audio. The first
version is based on Bluetooth Classic. How-
ever, its range of functions is limited as is the
variety of possible applications. The second
version, the new Bluetooth LE Audio, in con-
trast, enables the more flexible processing of
audio signals. This represents an evolutionary
step for existing applications, such as head-
phones and hearing aids, thereby creating new
applications and markets for audio streaming.

LE Audio is based on Bluetooth LE and the
power-saving Low-Complexity Communica-
tions Codec (LC3) developed by the Fraunhofer
Institute. It combines higher audio quality
than Classic Audio with low data rates and
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provides developers with an enormous amount
of flexibility (Fig. 2). Moreover, various prod-
uct features can be better matched, e.g. the
provided energy savings can be used either to
extend the battery life or to use smaller bat-
teries.

LE Audio offers a range of interesting func-
tions: With Multi-Stream Audio, multiple in-
dependent audio streams can be played syn-
chronously between an audio source device
and one or several audio receiving devices
(audio sink function). This optimizes their per-
formance significantly. For example, this re-
sults in a better stereo experience for wireless
earphones. Users can also switch between
various voice assistants just as seamlessly as
between different audio source devices.

The Auracast function also allows users to
send one or several audio streams from one
audio source device to numerous audio sink
devices. In contrast to the multi-stream func-
tion, however, the number of audio sink de-
vices is unlimited here. This opens up an en-
tirely new set of use cases for sharing audio
experiences.

When an Auracast transmitter, such as a TV,
smartphone, laptop, or similar, begins a broad-
cast, it contains one or several audio streams
(e.g., left and right stereo stream) and an ad-
vertisement with information about the
broadcast, such as name, content, codec con-
figuration, etc. Auracast assistants, also Au-
racast-compatible smartphones, smartwatch-
es, or assistive listening systems (ALS), scan
for these advertisements. Users can then se-
lect a broadcast to join via their user interface
(U1) - similar to connecting to a WLAN today.
Once a broadcast has been selected, the Au-
racast assistant provides the receiver (e.g.
headphones or earbuds) with the information
it needs to join the broadcast.

www.rutronik.com
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Figure 1: The images and graphics clearly show the
extended options and improved features of Bluetooth
LE compared to Bluetooth Classic.

€3 Bluetooth

The global standard forsimple, secure device communication and positioning

Bluetooth® Classic

Solution Areas

Bluetooth® Low Energy

Solution Areas

AUDIO STREAMING DATA TRANSFER

Device Communication

£0S

POINT-TO-POINT

Basic Rate/Enhanced Data Rate Radio

SPECTRUM: 2.4 GHz ISM band
CHANNELS: 79 one MHz channel with Adaptive Frequency Hopping
BIT RATES: 1Mb/s, 2 Mb/s, 3 Mb/s

With personal audio sharing, people will be
able to share music and podcasts with others
around them; for example, via their smart-
phone with family and friends within Blue-
tooth range. In the public sphere, for example,
airports, railroad stations, bars, gyms, cine-
mas, and conference centers can share infor-
mation or music with their visitors via Blue-
tooth Audio. This gives people the
opportunity to enjoy the same music - on a
larger scale even at “silent” concerts or discos.

It also allows people to use their own earbuds
or ALS to select the audio being broadcast by
silent TVs, for example in a gym or waiting
room, and to listen to a conference lecture, a
talk, a church service, or a guided museum
tour, and ensures they do not miss any an-
nouncements at an airport. And since several
audio streams can be sent in parallel, multiple
languages can be transmitted, for example.
This is particularly interesting for lectures,
conferences, and airport announcements.
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..........................................................

LE Audio will guarantee significant benefits
for people with assistive listening systems.
They benefit not only from significantly high-
er audio quality than with traditional hearing
aids, but can also use their Auracast-enabled
ALS as wireless headphones, e.g. when using
their smartphone. This helps to eliminate in-
terference during a call, something that often
occurs when the phone is held up next to the
ALS. This can be achieved with a simple topol-
ogy (Fig. 3, left).

The connection between phone and hearing
aid is established through an audio stream,
which also allows a return stream. The user
can then use the microphone of either the
hearing aid or the phone as the return chan-
nel. Since both directions of the audio stream
are configured and controlled separately, both
can also be switched on and off individually.

Committed to excellence

In the topology (Fig. 3, right), the phone sends
a separate left and right audio stream to the
ALS in the left and right ear, respectively.
Compared to the connection with an audio
stream that then also establishes a second
wireless connection with the other ear, laten-
cy is thus significantly reduced. This is evident
when it comes to the lip synchronization of
movies or music videos, etc.

The return streams can also be implemented
separately, which further adds to the com-
plexity. These parallel, synchronized streams
to two independent audio devices go far be-
yond what conventional Bluetooth audio pro-
files can handle.

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

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

Despite being based on Bluetooth LE, LE Audio
still requires its own hardware. Nordic
Semiconductor offers the nRF5340, an all-in-

www.rutronik.com
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Bluetooth® Codec Comparison
Standard Stereo Listening Test

~240 kbps

s

w

n

o

160 kbps 192 kbps

MSBC MW LC3
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Figure 2: LC3 (Low-Complexity Communications Codec) ensures better audio quality
at every data rate than SBC (Low-Complexity Subband Codec) on which Classic Audio

is based.

one SoC (system-on-chip), which is ideally
suited for Bluetooth LE Audio applications,
thanks to its dual-core processor - consisting
of the 128/64 MHz Arm Cortex-M33 applica-
tion processor with 1 MB flash memory and
512 kB RAM, and the 64 MHz Arm Cortex-
M33 network processor with 256 kB flash
memory and 64 kB RAM - and an extended
temperature range of -40 to +105°C.

For an even easier entry, Nordic has come up
with the nRF5340 Audio Development Kit
(DK). It supports all Auracast functions and is
configurable. As a USB dongle, it can send or
receive audio data from a PC; further, it can
be used as a business headset or as true wire-
less stereo (TWS) earbuds. The Audio DK es-
sentially consists of the nRF5340 SoC, the
nPM1100 power management IC, and Cirrus

Logic's CS47L63
audio digital signal
processor (DSP),
which is optimized
for direct connec-
tion to an external
headphone load
and is ideal for mo-
no-only and direct
speaker output ear-
phones.

Also based on the
nRF5340, Nordic
has  developed
Thingy:53 with the
support of Rutronik.
The multi-sensor
prototyping plat-
form with multi-
protocol  short-
range  wireless
connectivity en-
sures reduced time
to market for em-
bedded applica-
tions with machine
learning (ML). Thingy:53 is equipped with
multiple motion and environmental sensors,
the nPM1100 power management IC, the
nRF21540 front-end module, a power ampli-
fier/low-noise amplifier, and a 1350 mAh Li-
Poly battery. This allows embedded ML models
to be run directly on the device to use the
sensors for speech recognition, for example.
Certain motions or sounds wake nRF5340
from stand-by mode, leaving the platform in
power-saving sleep mode for a long time.

~345 kbps

})

Moreover, Rutronik's product portfolio also
includes modules based on Nordic's nRF5340
chip. Insight SiP's ISP2053, for example, inte-
grates semiconductor and passive compo-
nents, including the antenna structure, into a
miniaturized module measuring just 8 mm x
8 mm x 1 mm, thanks to its system-in-pack-

Figure 3: With Auracast, an ALS can be used as a headphone, either with one audio stream or with two sepa-

rate streams for the left and right ALS.
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age (SiP) method. It is, therefore, ideal for ap-
plications that offer very little space. The
module is fully certified and supports not only
Bluetooth Audio but also all other profiles of
Bluetooth LE, Long Range, and Mesh, as well
as NFC, Thread, ZigBee, and direction finding
using AoA/AaoD (angle of arrival and angle of
departure). Starting with Bluetooth 5.0, all
Insight SiP pin-compatible modules will fa-
cilitate migration to the latest Bluetooth gen-
eration.

Users who do not require the compact design
of the Insight SiP module may find MS45SF1
from Minew to be a competitively priced al-
ternative. As an officially licensed design part-
ner of Nordic, Minew also uses nRF5340 for
MS45SF1. The module comes with an inte-
grated PCB antenna and is also fully certified.

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

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

Bluetooth LE Audio is blazing a trail to a new,
completely networked audio world of head-
phones, earbuds, or ALS, as well as smart-
phones, laptops, TVs, and other audio devices.
The introduction of native LE Audio support
in Android 13 will certainly boost the interest
of audio device suppliers in the new Bluetooth
version. In its “Bluetooth Market Update
2022", the Bluetooth SIG expects strong
growth in earbuds and headphones through
LE Audio and forecasts the sale of more than
600 million devices by 2026. Last but not
least, Bluetooth LE Audio will, without doubt,
have a massive impact on the current market
for ALS and auditory acoustics. The further
development ensures affordable hardware
with the option of audiogram adjustment,
such as frequency (equalizing) and phase cor-
rection. And everything is simply controlled
via a phone app. |
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Display technology

ePaper displays stepping
into a new color dimension

Dynamic labeling is easy, energy efficient, and cost-effective with ePaper
displays. However, a (full) color display has been limited, until now.

N color technology is now changing all that and opening up whole new
application areas for these displays.

V Paper displays are very different from
e other technologies such as LCD, TFT,
BY DIRK TROELENBERG, and (O)LED. They have their advantages
CORPORATE PRODUCT SALES MANAGER but also their limitations. Due to their oper-
DISPLAYS AT RUTRONIK, AND ating principle, ePaper displays offer viewers
ZHEN LIU, BUSINESS DEVELOPMENT S
MANAGER AT HOLITECH EUROPE a contrast ratio similar to that of paper and
excellent, flicker-free readability from any
viewing angle (180°), even in direct sunlight.
Further, power consumption is extremely low
compared to other technologies, as the dis-
plays only need power when the displayed
content is refreshed. This means the display
remains totally visible even when the current
and voltage are zero. Depending on the actual
size of a display, only a few microwatts of
power are required to refresh the content.

ePaper displays are, therefore, ideal for bat-
tery-powered and wearable (loT) applications.
Current applications include supermarket
shelf labels and price tags featuring product
information. The evolution of ePaper from
monochrome to color display is giving this
technology a whole new boost.

=
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Figure 1: By using four color particles,
N color displays can show seven basic colors.
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..........................................................

New application areas
thanks to full-color display

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

N color ePaper displays from Holitech are
based on all-in-one IC technology and are
able to provide a color image with seven ba-
sic colors even without the use of a color fil-
ter. The displays comprise micro-capsules.
Each of these capsules contains four color
particles (magenta, yellow, cyan, and white)
dissolved in a transparent liquid. The color
pigments are charged differently: yellow,
cyan, and white negative, magenta positive.
By applying a specific voltage, each micro-
capsule displays a corresponding combina-
tion of the color particles and thus a specif-
ic hue (Fig. 1).

The individual pixels are controlled by means
of matrix displays. If different voltages are
applied, the corresponding color capsules
move to the surface, where they become vis-
ible to the viewers (Fig. 2). Combining the
seven basic colors (red, green, blue, cyan,
magenta, yellow, white) enables the display
of colored images. The first available N color
ePaper display is 7.3" tall and has a resolu-
tion of 800 x 480.

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

Extensive application areas
despite physical limits

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

ePaper displays have two limiting factors
that are decisive for their application areas.
First off, the operating temperature for ePa-
per is limited. For a black/white ePaper, it
ranges from 0°C to 50°C, and for the N col-
or version, from 15°C to 35°C. This is due to
the physical properties of the micro-cap-
sules. Qutside this temperature range, ePa-
pers do not work properly or might even be

www.rutronik.com



Figure 2:

Capsules filled with color pigments move to the
surface depending on the voltage applied, resulting
in a colored image.

damaged. Outdoor applications are, there-
fore, only possible to a limited extent; heat-
ing is highly recommendable at temperatures
below -20°C. Moreover, direct exposure to
UV light has a negative impact. The sun's rays
dry out the ink capsules and cause irrepa-
rable damage. However, UV blocking films
offer a quick-fix solution.

SAMSUNG
ELECTRO-MECHANICS

(I

The second limitation is the relatively sluggish
content refresh rate as a result of particle re-
arrangement. The full refresh rate for com-
plete renewal of image information is in
theory 28 seconds, but in practice it is sig-
nificantly less. N color technology is, there-
fore, well suited for displaying information
that does not have to be refreshed regularly.

Retail, logistics, and industry are already ben-
efiting from this cutting-edge display option.
Typical applications include electronic shelf
labels (ESL) and price tags that are controlled
from a central location via a bus system, for
example in supermarkets or warehouses
where labels need adjusting from time to time
due to changing stock or products. Smart
home and loT applications are also an obvious
choice for ePaper displays. For example, they
can be used to indicate the occupancy of
meeting rooms or rooms in hospitals, or to
display passenger information and schedules
in railroad stations and on public transport.

The full-color display will also open up new
application areas for ePaper displays, for ex-

THE SMARTEST SOLUTIONS
FOR YOUR APPLICATION

High Quality MLCC
Automotive MLCC
Industrial MLCC

High Cap / High Volt MLCC

ample as menus in restaurants. They are usu-
ally made of high-quality paper, and even mi-
nor changes result in a lot of reprinting. When
using N color displays, it is easy to update and
adjust prices, menu details, and ingredient in-
formation electronically. Further, the dishes
and drinks available can be shown both pic-
torially and in written format on the display.
Needless to say, the new full-color ePaper dis-
plays will inspire designers to come up with
whole new ways of using them. |

Advertisement

Commercial Grade MLCC

Up to 5mm bending strength

www.samsungsem.com
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Aid with selecting the right EEPROMs

Connected to the
memory correctly

Their space and energy-saving properties make EEPROMs the

ideal choice for mobile devices and loT applications. They are also
essential when using serial presence detect in the memory modules of
computers. The key factor here is selecting the best EEPROM to meet
the specific requirements.

\%

By THOMAS BoLz, CORPORATE PRODUCT
MANAGER STANDARD PRODUCTS
AT RUTRONIK

EEPROM Memory Cell Configuration

Consists of 2 transistor cells.
Control Gate

Tunnel Oxide Film

Floating Gate

B

continues to grow. Mobile devices keep

getting smaller and their service life and
standby times longer. These phenomena are
also reflected in the development of digital
memory modules: Performance, storage den-
sity, speed, and service life are all increasing
while power consumption is falling. Due to
their reduced size and relatively low operat-
ing current, flash memories and EEPROMs
(electrically erasable programmable read-only
memories) are now the most commonly used
memory chips for loT, wearables, etc.

I nterest in wearables and loT applications

EEPROMs are semiconductor memories con-
sisting of interconnected field-effect transis-
tors with floating gates (Fig. 1). They are ex-
tremely small, can be operated at low
voltages, and consume very little power. Fur-
ther, they enable multi-byte operation and
have a reduced number of pins.

The memories are programmed by charging
the floating gate of the transistor (Fig. 2). The
written data are represented by a bit pattern
of charged and uncharged gates. They can be
read as often as re-
quired via the drain-
source connections of
the transistors, with
the normal operating
voltage well below the
programming voltage
during the actual read-
ing process.

Selection Gate

Figure 1: An EEPROM cell
consists of two transistors
with a floating gate.
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EEPROMs are non-vol-
atile memory modules.
The typical retention
period of the stored
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data is upwards of ten years. However, it takes
much longer to program an EEPROM than a
flash memory, since the data are written or
erased byte by byte and not as whole blocks
of data. The advantage: Developers can focus
their full attention on certain parts if need be.
Only an external power supply is required, as
the higher voltage necessary for program-
ming/erasing is generated internally. Maxi-
mum endurance cycles typically vary between
10,000 and 1,000,000.

EEPROMs are used wherever smaller data vol-
umes need to be stored and kept available for
greater intervals over longer periods of time.
In addition to call number memories in
phones, they can also be found in memory
cards and microcontrollers, for instance. Oth-
er applications include SSDs, BIOS (basic in-
put/output system) in computers, or RAM
memory modules, where they retain configu-
ration data or parameters required for opera-
tion.

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

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

EEPROMs are available in two classes. Models
with serial access are very small and cheap,
and account for roughly 90% of the total EE-
PROM market. They are predominantly found
in standard applications, since, unlike parallel
EEPROMs, they are slower and have a lower
storage density, typically of between 256 bit
and 256 kbit.

In contrast, parallel modules have a higher
storage density (2256 kbit). They are gener-
ally faster and guarantee a long service life
and extensive reliability. Unlike serial EE-

www.rutronik.com



Data Write Method PROMs, a higher pin count of 28 or more is required, making them

o 1V somewhat larger — usually too large for the ever-smaller end products.
FN Tunnelling ; I 18V

Clelioleiiion el |

Image: Rohm

Making a decision between serial and parallel modules is therefore a
trade-off between cost, available space, and memory density. How-
ever, the operating temperature and operating voltage as well as the
required minimum or maximum voltage also need to be taken into ac-
count when selecting the right memory.

6%{ Generally speaking, EEPROMs support SPI, I*C, and Microwire inter-

faces. Data throughput, availability, and power consumption of the

Figure 2: The memories are programmed (above) by charging the floating gate. system are the crucial points here. SPI enables speeds of up to 20 MB/s
If necessary, a larger voltage pulse (below) can be applied to clear the charge. and is the preferred solution for high—speed applications, but requires

The written data are represented by a bit pattern of charged and uncharged gates. four wires for communication instead of just two like I2C (with 400 kB/s

to 1 MB/s). When using I°C, fewer MCU ports are required as multiple

Data Erase Method EEPROMs can be connected to the same bus. Microwire is slower than
18V 18V SPI and only available with smaller memory capacities. This solution
FN Tunnelling also requires four wires.

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

Memory modules for
PC main memories

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

Computers perform a self-test each time they are switched on. This
includes automatic detection and configuration of the installed hard-
ware. Serial presence detect (SPD) is information stored in an EEPROM
on an SDRAM memory module that tells the BIOS about the module's

Advertisement
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SDR (SDRAM)
168 Pins / 3,3V

DDR (SDRAM)
184 Pins/ 2,5V

DDR2 (SDRAM)
240 Pins/1,8V

DDR3 (SDRAM)
240 Pins/ 1,5V

DDR4 (SDRAM)
284 Pins/1,2V

Table 1: Comparison of the various DIMM modules

Density Part Number Vce Clock Package Support Product
Frequency Module Status
GT34C02B 1.7-5.5V 1 MHz TSSOP/ DDR2/DDR3 MP
UDFN
2 kbit
GT34TS02B 2.2-36V 400 kHz TSSOP/ DDR3 MP
UDFN
GT34C04 1.7-55V 1 MHz TSSOP/ DDR4 MP
UDFN
4 kbit
GT3TS04A 2.2-36V 1 MHz TSSOP/ DDR4 MP
UDFN

Table 2: SPD/TS product line from Giantec

capacity, data width, speed, voltage, etc. The
BIOS uses this information to configure the
memory properly for maximum reliability and
performance. Correct communication be-
tween the processor and memory would not
be possible without SPD.

A dual inline memory module (DIMM) is a
memory chip equipped with a certain type of
SDRAM memory module and serves as the
main memory in PCs, servers, and other de-
vices. DIMMs consist of one or several random
access memory (RAM) chips and a small cir-
cuit board that connects them to the com-
puter motherboard. The data bus is based on
64 bit.

An extensive range of DIMMs is available. All
of them measure the same length but are not
compatible with each other. The modules dif-
fer in terms of their operating voltage, number
of contacts, and coding notches. They are de-
signed to prevent modules of different mem-
ory types (SDR, DDR, DDR2, DDR3, etc.; see

1024Kbit 4
1Kbit

Table 1) being accidentally inserted into the
wrong slot.

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

DDR SDRAM and the variants
DDR2, DDR3, DDR4

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

The abbreviation DDR SDRAM stands for dou-
ble data rate synchronous dynamic random
access memory. The semiconductor memory
is used not only in computers but also in mo-
tor vehicles, networks, medical technology,
and consumer electronics. The variants DDR,
DDR2, DDR3, and DDR4 SDRAM differ in terms
of their data transfer rates, clock cycles, and
number of contacts.

Compared to conventional SDRAMs, the
transfer rate of the memory is much higher.
This is possible due to the double data rate
(DDR): For example, when transmitting data,
both the rising and the falling edge of the
clock signal are used for data transmission.
This basically doubles the band width.

4Kbit+TS
GT34TS04A

12C SPI

Microwire SPD

Figure 3: Giantec Semiconductor offers EEPROMs with a range of interfaces, packages, and capacities

for varying application areas.
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Further, each SDRAM memory module has a
digital data sheet to ensure the motherboard
can carry out the necessary memory control-
ler settings. It is saved in the SPD EEPROM and
read by the BIOS. The information contained
therein is elementary for configuration of the
memory controller.

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

Ultra-low-power EEPROMs
for wearables and other loT applications

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

The demand for EEPROMs is increasing all the
time, especially in the field of loT applications.
In this case, small devices with small batter-
ies that offer the longest possible standby
time and service life are crucial. This obvious-
ly requires low power consumption and low
operating voltage. The solution is provided by
compact ultra-low-power EEPROMs.

Giantec Semiconductor offers a wide range of
reliable products. With more than three bil-
lion EEPROMs sold to date, the firm ranks third
globally, and first in Asia. The reason for this
level of success is the high-quality models.
They offer a standard standby current of
I, <200 nA, and the maximum working cur-
rent is only 300 pA. The battery life can be
further enhanced by switching off the EE-
PROMs when they are not being used by the
PIO (Programmable 1/0). Giantec offers EE-
PROMs for I12C, SPI, and Microwire interfaces
as well as in all standard packages such as
PDIP, SOP8, MSOP8, DFN, and WLCSP.

The entire EEPROM GT34 line from Giantec
supports DDR2, DDR3, and DDR4 SDRAM.
DDR3 and DDR4 also come with Intel certifi-
cation for DIMM applications. The highly reli-
able SPD/TS (TS: temperature sensor) product
line for DIMM s (Table 2) is available in various
package types and with operating voltages
ranging from 1.7 to 5.5 V. The EEPROMs offer
excellent endurance of one million cycles and
data retention of 100 years.

As the sole distributor of Giantec worldwide,
Rutronik provides its customers with the best
advice and aid in selecting the right product
for the respective application from the myriad
of options available. |
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Rutronik System Solutions

Added value for the

entire value chain

The time when distributors merely acted as reliable logistics
providers within the value chain is long gone. Through Rutronik
System Solutions, Rutronik is taking this development to new
levels. Markus Krieg, Chief Marketing Officer (CMO) at Rutronik,

Markus, what does Rutronik System So-
lutions stand for?

Markus Krieg: We are guided by a question
that is central to our customers' business
models: How can our customers become and
remain valuable partners for their customers?
Rutronik System Solutions, therefore, offers
its customers an edge in development and
highly innovative solutions. To achieve this
goal, we combine innovations derived from
science and research with our expertise.

Does this put Rutronik in direct competi-
tion with its own customers?

No. We do not deliver finished products but
support our customers with proof-of-con-
cepts, meaning concept studies. This helps to
accelerate their predevelopment activities and
shorten the actual time to market. We also
develop proof-of-concepts together with re-
search institutes and universities to export
innovation potential to industrial markets.

What does cooperation between
Rutronik and researchers look like in
real terms?

We have been able to build up a very large
network of university partners in recent years,
including the University of Applied Sciences
Zwickau, the Chemnitz University of Technol-
ogy, Pforzheim University, and the Cooperative
State University (DHBW) in Karlsruhe. Each
university has its own special focus of re-
search, such as power electronics, sensors, and
battery management systems. Research is be-
ing conducted on incredibly fascinating and
trendsetting topics, and we are proud to be
able to collaborate with world-leading scien-
tists within these projects.

www.rutronik.com

explains what is behind the shift.

What kind of expertise can Rutronik
draw on?

We know the requirements and challenges of
the industry and are constantly analyzing the
market. And we also know the electronics
market inside out. We have a broad product
portfolio and the corresponding expertise as
to which technologies and components and
which basic software are best suited for the
respective applications, as well as to which
components are available today, tomorrow,
and in the future. This expertise enables us to
translate research findings into marketable
and competitive solutions faster and in a more
targeted manner. This is how we create our
own IP (intellectual property), which is also
patent-protected.

Which proof-of-concepts already exist?

We have compiled an overview of the cur-
rently available proof-of-concepts (editor's
note: see boxes). Here, we distinguish be-
tween four support levels that complement
our basic business model: The starting point
and foundation is and always will remain our
core business as a broadline distributor with
the relevant components, technical and com-
mercial support, and our logistics solutions.
Level 1 includes advanced technical support
at product and system level. At level 2 - the
Design Level - we combine development
boards from our suppliers and offer appro-
priately adapted software, thereby creating
new system solutions. At level 3 - the Ad-
vanced Design Level - we develop our own
boards and the associated software. Finally,
at level 4 - the Research Level - everything
| previously described is brought to full frui-
tion: It is where we offer our own system so-

Committed to excellence

Markus Krieg, Chief Marketing Officer
at Rutronik

This expertise enables us to
translate research findings into
marketable and competitive
solutions faster and in a more

targeted manner.

lutions, which we have developed together
with universities and other partners and
which are based on our IP. Some of them
have already been patented, while others are
in the process of being issued.

Why do patents play such an important
role?

They help us protect our intellectual property.
It gives us the freedom to disclose our tech-
nology and also talk to our customers about
the details of our solutions.

Such design activities require a certain
amount of manpower. Where is it located
at Rutronik?

We have established design centers in both
Lithuania and Singapore, which are current-
ly undergoing expansion. Moreover, we also
have a team of developers at our headquar-
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BROADLINE DISTRIBUTION

(@&— RESEARCH LEVEL
Unigue system solution based on Rutronik IP, particularly developed hardware & software by Rutronik

.— ADVANCED DESIGN LEVEL
Rutronik hardware' and respective software development and adaption

DESIGN LEVEL

@ Supplier hardware? and software development by Rutronik to combine different supplier
boards and show a system solution (complete function/ function of application)

(@— BASIC LEVEL

Consulting on product and system level

(@ BROADLINE DISTRIBUTION

Focus on commercial and technical support for single products and logistics

1 Own Rutronik basis platform, Starter Kits and Application modules
2 Starter Kits, Evaluation Boards, Reference designs

The support and solution pyramid is based on broadline distribution and extends all the way to patented system solutions.

ters in Ispringen. And, needless to say, mem-
bers of staff work together around the globe
with our field application engineers (FAEs).
The international team is managed by
Stephan Menze, Head of Global Innovation
Management. We also have market research-
ers and analysts in the strategic marketing

team who closely monitor global markets and
prepare market studies, enabling us to iden-
tify and assess trends at a very early stage.
This allows us to keep on identifying new ap-
proaches with disruptive potential. So, expect
to see a lot more in the future from Rutronik
System Solutions. [ |

Discover more about Rutronik
System Solutions on the
Rutronik website:
www.rutronik.com/innovations

Research Level

Hybrid energy storage system (HESS)

The patented hybrid energy storage system
is a joint development of Rutronik and the
University of Applied Sciences Zwickau. It
is hybrid because it combines the advan-
tages of lithium-ion batteries and superca-
pacitors (super caps): When operating con-
ventional battery-powered industrial
systems in combination with highly dy-
namic loads, high-frequency current
changes with very high current amplitudes
are continuously present. HESS can release
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or absorb this short-term energy through
the highly dynamic charging and discharg-
ing of super caps. Only nominal currents
are applied to the battery. This intelligent
control technique improves the tempera-
ture behavior of the overall system and sig-
nificantly extends the battery life.

Bidirectional high-voltage circuit breaker
The resettable and low-loss bidirectional
HV circuit breaker consists of an isolated
800 V power stage with 12 V measuring

Committed to excellence

and evaluation electronics and an Aurix
TC375 lite kit. The switching stage features
high-performance semiconductors of the
latest SiC generation from Rohm, high-pre-
cision shunts, state-of-the-art optocou-
plers, and protective components from
Vishay. Control is ensured by a second gen-
eration Aurix microcontroller from Infineon.
By replacing high-voltage relays, the HV
circuit breaker reduces copper consumption
and increases safety through much faster
load disconnection.

www.rutronik.com



Advanced Design Level

Development Kit RDK2

The Development Kit RDK2 is a complete
package for hardware and firmware devel-
opment and the basis for a modular toolkit
that can be used to create proof-of-con-
cepts in a very short period of time. The
board is based on the PSoC 62 microcon-
troller from Infineon. Thanks to its dual core
CPU, it is ideal for secure edge computing
and cloud applications. It has an integrated
power management IC for SMPS for all con-
nected power supplies. Developers can ac-
cess all pins of PSoC 62 via supplied head-
ers. The integrated potentiometer can be
used for testing the analog-to-digital con-
version. In addition, the capacitive sensor
technology, CapSense, enables a touch area
that can be used as a slider.

The unique butterfly design of RDK2 allows
for improved handling, facilitates access to
the Arduino connectors, and reduces po-
tential interference from electromagnetic
effects. Moreover, RDK2 can be expanded
by adapter boards.

Rutronik IP

The following proof-of-concepts are the
result of a dissertation research collabora-
tion with a university and contract research
with universities and institutions. The
unique IP is protected accordingly.

The Electronic Nose

This proof-of-concept functions like a hu-
man nose: Odors are taught first to ensure
the detection of volatile organic com-
pounds (VOCs) that emit odors or may be
harmful to health. These are usually hydro-
carbon compounds. The system selectively
stimulates the compounds and analyses and
characterizes their behavior physically and
biochemically, thereby detecting the bio-
markers of the previously taught sub-
stances.

www.rutronik.com

Rutronik Adapter Board - Text To Speech

The Text To Speech adapter board allows
HMI applications to be equipped with
speech output without expensive studio re-
cordings. This involves connecting an ex-
ternal speaker to a 3.5 mm jack socket. The
actual speech output is generated through
PC software and controlled by the host mi-
crocontroller. This means that only the
adapter board and a normal PC are needed.
The Text To Speech adapter board can be
operated on any evaluation board with Ar-
duino interfaces. The speech output is
available in various languages, including
English, German, French, Spanish, Italian,
Russian, and Chinese (Mandarin).

The Odor Eliminator (UVA)

The Odor Eliminator makes use of the odor-
destroying properties of UVA LEDs. The state
of volatile compounds and volatile organic
compounds (VOCs), which emit unpleasant
odors and can be harmful in excessive con-
centrations, is dynamic. The Odor Elimina-
tor selectively stimulates the volatile sub-
stances in a controlled manner, changes
their molecular composition, and destroys
them with the help of UVA LEDs. An addi-
tional photocatalytic process prevents the
production of ozone in the ambient air.

RUTRONIK
SYSTEM SOLUTIONS

From Single Product to Salution
from Basic Level 1o Restarch Level

Committed to excellence

Adapter Board HMS Anybus

With this adapter board, HMS Anybus can
be used on any evaluation board with Ar-
duino header. The HMS technology is imple-
mented with the AnybusCompactCom B40
plug-on boards and the Connector Board.
The board enables communication via all
common fieldbus and industrial Ethernet
networks, such as EtherCAT, PROFINET,
Modbus, POWERLINK, CC-Link, PROFIBUS,
plus many more. The system ensures the
fastest entry into industrial Ethernet or
fieldbus, which can be configured via soft-
ware.

The Virus Eliminator (UVC)

The Virus Eliminator utilizes the disinfect-
ing effect of UVC LEDs. The safe and en-
closed system precisely changes and de-
stroys the molecular and organic
composition of viruses and bacteria in the
air.

The Wasp Scare

The Wasp Scare selectively influences the
sense of smell of wasps and mosquitoes
within a defined radius. Their sense of smell
is thus limited, meaning the insects are un-
able to sense stimuli, for example the smell
of fruit or meat, in this radius. The techni-
cal solution can be adapted to a variety of
insects.

Under development:
Development Kit RDK3

powered by Markt&Technik RUTROMNIKER 2022
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Curse and blessing of MLCC version diversity

Interesting facts for
more supply security

The wide range of ceramic capacitors is both a curse and a blessing. In times
of shortage, there are more alternatives. This can, however, complicate the
release processes, increase the logistical effort, and thus slow things down
in general. Nevertheless, there are many ways to use the diversity of capaci-

\%

BY JURGEN GEIER, TECHNICAL EXPERT
CERAMIC CAPACITORS AT RUTRONIK
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tors to establish supply security.

ith new materials and mixtures as
well as different designs in terms
of arrangement and structure, sup-

pliers of ceramic capacitors have created nu-
merous optimized components in recent years.
As a result, there is an array of specific capac-
itors to choose from for varying applications
and functions with special requirements.
These differ with regard to their properties,
size, or design, thereby meeting a wide range
of requirements. The best-known variants in-
clude, for example, the high-frequency (HF),
high-quality (HiQ), radio-frequency (RF), mi-
crowave, low-inductance, and low-loss types,
capacitors with internal copper electrodes or
end terminations for conductive bonding, and
so-called X2Y versions.

Special types
for specific applications

In addition to the aforesaid types, other spe-
cial capacitor variants are also available, such
as variable capacitors, which offer voltage-
controllable and thus variable capacitance by
utilizing the DC bias response (Fig. 1).

TDK's Ceralink capacitors are specially de-
signed for high currents, as they exhibit an
increase in capacitance over the applied volt-
age across wide areas (Fig. 2).

Also less known are the 3D silicon capacitors.
They use the third dimension to substantially
increase the capacitor surface and thus its
capacitance. Murata, for instance, offers a
0402 size model, measuring just 100 pm in

Committed to excellence

Figure 1: Variable capacitors use DC bias response to
create a variable capacitance.

height, which delivers 100 nF. The 3D capaci-
tors respond similarly to NPO types, and are
particularly suitable for HF applications up to
110 GHz and high-temperature applications
up to 250°C (Fig. 3).

All these special types have the following in
common: They are particularly optimized for
specific requirements or applications but are
thus also frequently referred to as single-
source components. This means that there is
no alternative, which often leads to signifi-
cant procurement difficulties when supplies
are short and allocation periods long.

This problem arises not as much with basi-
cally standard MLCCs. Here, too, different
variants are available, e.g. with varying C-val-
ue tolerances, voltages, or temperature rang-
es, with special terminations (soft termina-
tion, silver-palladium), or as commercial or
automotive grade components. However,
many models match in design, size, ceramic

www.rutronik.com
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Figure 2: TDK's compact CeraLink capacitors can be
used both as snubber and as DC link capacitors.

type, etc., so there are usually several alterna-
tives to choose from for these capacitors (so-
called CV products).

cesse cesecse sesecscccs cesesse cesecse sesecscccs cesesse cesee

Smart parameter setting
for alternatives

cesse cesecse sesecscccs cesesse cesecse sesecscccs cesesse cesee

Progressing digitization makes it easier to
handle multiple variants, but at the same time
it also ensures that the selection is only made
exactly according to the defined parameters.
It is often the case, for example, that a ca-
pacitor with a tolerance of 20% (code letter

x100

smaller

2D
structure

3D
structure

Trench with tripod pillars

Trench with holes

N'o Trench

Figure 3: The 3D structure enables miniaturization by a factor of 100.

M) has been defined, but when searching for
alternatives, components with the better tol-
erance value of 10% are not accepted because
the designation fails to match.

Rutronik has created the table as an orienta-
tion aid to facilitate the search for alterna-
tives. It indicates in which directions an ex-
change is uncritical and when this exchange
is in fact possible, but individual parameters
must be checked first.

In order to obtain a cost-effective and flexible
result for redesigns and new developments, it

is also advisable to focus on the smallest pos-
sible design and to define the parameters, e.g.
voltage, tolerance, but also the type of ce-
ramic (which also defines the temperature
range), on the basis of the actual require-
ments. This avoids oversizing, which also lim-
its the choice of alternatives. However, when
searching for alternatives, the components
with better specifications must then also be
approved. If these tips are followed, users will
benefit from the diversity of variants, espe-
cially in times of short supply. |

Parameter Acceptance to "worse" Origin to "better"  Acceptance Comments
Ceramic will be o.k. against lower temp.
Ceramic to check X5R X6S X6R/X7R yes attention to specified temperature and drift
Ceramic to check X5#/X6# X7R X8R yes attention to specified temperature and drift
Ceramic to check X7R X8R attention to specified temperature and drift
Ceramic

principally a smaller tolerance is acceptable
Tolerance against a greater one
Tolerance to check >=0,25pF 0,10pF <=0,05pF yes for values <= 10pF
Tolerance to check >=5% 2% 1% yes generally recommendation: avoid this small tol.
Tolerance to check 20% 10% <=5% yes is standard-tol. for X#R
Tolerance
Voltage principally a higher voltage will be o.k. against a lower
Voltage to check <= 10V 16V 5= 25V ves lower voltage should be checked by real request,

could help for additional alternatives
Voltage to check <=16V 25V >= 50V yes or/and smaller size
Features commercial AECQ200 yes

AECQ200 plus

Features to check commercial AECQ200 Softt./OM/FL yes
Features to check standard OpenMode  Softtermination yes See reliability-pyramide
Features

Generally should be checked what's real request, because often used fixed combinations by supplier

i.e. all Samsung X7R Automotive-parts automatically with Softtermination, and some additional with OpenMode

A further point should be checked generally too, it's the allowable C-drop in the circuit by the DC-Bias!

It's to check by the relevant diagrams part by part!

High Reliability

Soft Termination + Float Mode Design

Soft Termination + Open Mode Design
Soft Termination + Standard Design

Float Mode Design
Open Mode Design

. Standard Design

General Reliability

This table is just an excerpt of the

Overview of possible alternatives and critical parameters.

www.rutronik.com
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complete table which can be found at
www.rutronik.com/de/mlcc.
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Tantalum polymer capacitors

Effective decoupling

Decoupling capacitors do more than just prevent voltage drops

and pulse peaks on the supply lines from reaching the circuit in the
application and limiting its functionality. When the correct capacitors
are selected, they can also reduce costs, required space, and idle state

power consumption.

\%

By ToBIAS BAISCH, CORPORATE PRODUCT MANAGER CAPACITORS AT RUTRONIK, AND
PRANJAL SRIVASTAVA, FAE CENTRAL EUROPE AT YAGEO GROUP

here are several reasons that speak in
Tfavor of using decoupling capacitors:

They are connected to the supply pin
on the IC, where they eliminate high-fre-
quency noise before it negatively impacts or
influences functionality of the ICs. Further,
they smooth out any high-frequency voltage
peaks caused by switching regulators. Voltage
and current ripple of DC/DC converters are
somewhat of a general problem, especially in
applications like sensor measurement tech-
nology.

Furthermore, the decoupling capacitor acts as
a local power storage system. It supplies the
IC with the required amount of power during
short power outage or decoupling windows
(typically in the ps range) or during the
switching intervals of a switched-mode pow-

er supply.
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Roughly 30 to 80%, sometimes even more, of
a bill of materials is made up of decoupling
capacitors. The exact amount depends on the
type and requirements of the active ICs used
on the printed circuit board, the shape and
size of the input power, and the EMC require-
ments on noise immunity and emissions. Se-
lection of the correct decoupling capacitors
can therefore help to significantly reduce
costs, required space, and idle state power
consumption. So, it is crucial to consider
things carefully when choosing decoupling
capacitors.

Advantages and disadvantages
of typical decoupling capacitors

The designs considered below are mainly in-
tended for analog, digital, or mixed-signal

Committed to excellence

systems supplied with voltages of 50 V or less.
This voltage level is usually converted down
to1V,13V,18V,33V,5V,10V,or 12 V.

Decoupling with capacitances up to 10 pF: For
voltages up to 50 V and capacitances up to
330 nF, COG-based multilayer ceramic capac-
itors (MLCCs) are the best currently available
technology in terms of space required, cost
efficiency, and leakage current characteristics.

X7R/X5R-based MLCCs are the capacitors of
choice for capacitances up to 10 pF. In this
case, however, the DC bias behavior must be
taken into account to ensure the required ca-
pacitance at the actual application voltage.

Tantalum or aluminum polymer capacitors can
be used in the 5 pF to 10 uF range. However,

they usually have higher leakage currents and

www.rutronik.com
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with Silicon Carbide Technology

ROHM

SEMICONDUCTOR

The next generation material to realize longer cruising range
and faster charging time

To drive an electric vehicle (EV), the power train plays a key
role. The heart of the power train is the power electronic
system (inverter). IGBT as main power switch is still
dominating the market of power train inverter. Requirements
like space, weight and efficiency play an increasing role.
Product development and manufacturing expenses should
remain low while the design effort should result in more
compact systems and, at the same time, product quality and
reliability should be guaranteed. This leads to more
demanding design requirements on the system and
component level and ultimately affects the overall
consistence of power devices and other system components.
It is well known today that Si based IGBTs almost reached
their physical limits. This fact opens the door for new
semiconductor material such as Silicon carbide, which gain
in the last few years acceptance from the automotive
community as reliable and efficient power device for power
train application.

The current trend from the major automotive power train
suppliers is centric around 800-volt SiC inverter solution while
some attention on 400-volt SiC inverter solution remains.
Higher voltages (400V or 800V) and higher charging power
(up to 350kW) can extend the cruising range and shorten the
charging time through quick charging, which will greatly
enhance the convenience of people's lives.

In this context SiC semiconductors — e.g. SiC MOSFETSs for
800-volt and 400 battery systems — offer more efficient
switching in the inverter (higher frequency, steeper switching
slopes). ROHM has recently announced the release of 4th
generation SiC MOSFETs, which has evolved from the
existing trench gate structure. The latest generation has
achieved a 40% reduction in on-resistance and a 50%
reduction in switching loss compared to the previous
generation.

It's safe to say that SiC power semiconductors are key power
devices for increasing the convenience and power conversion
efficiency in applications where high voltage and high current
density are progressing such as EVs.

With an in-house vertically integrated manufacturing system,
ROHM provides high quality products and stable supply to
the market. Take the next develop—ment step with our
Generation 4 SiC power device solutions.

For more ROHM SiC power devices information, visit:
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are more expensive and larger - the smallest
one from Kemet is an 0805 (2,012 in mm).

For example, buffer capacitance in the 8 pF
to 10 uF range at 5V can be achieved using
an X7R-based MLCC with 10 puF (8.2 uFat5V
DC bias), 10V, 1206, e.g. C1206C106K8RAC-
TU from Kemet, or a tantalum polymer ca-
pacitor with 15 pF, 6.3 V (with voltage derat-
ing), 3528 (comparable design ~1210 MLCC),
e.g. 1520T156MO06ATE100 from Kemet.

X7R, however, offers advantages due to its
smaller dimensions, lower price, lesser leak-
age current, and higher ripple current
strength - a factor of almost six at 100 kHz.

Decoupling with capacitances above 10 pF:
When it comes to decoupling large capaci-
tances (> 10 pF, DC voltage < 50 V), either
X7R/X5R MLCC banks, electrolytic capacitor/
capacitor banks, or polyester or polypropyl-
ene-based film capacitors are traditionally
used. But there are a few things that need to
be borne in mind.

X7R/X5R MLCC banks with high nominal volt-
ages are used to compensate for the DC bias
effect. This involves connecting a number of
capacitors in parallel, which is both expensive
and space-consuming. The amount of space
required increases additionally with the nec-
essary decoupling capacity. Further, the leak-
age current increases, and its practical deter-
mination for the overall design becomes
decidedly more complex.

Additional compensation is required to meet
the high-capacitance requirements at high
temperatures. As such, a combination of
varying capacitor technologies connected in
parallel is usually recommended, on the one
hand, for filtering higher frequencies and, on
the other hand, for filtering low interference,
such as 50/60 Hz hum or vibrations in the
single-digit Hz range. At the same time,
there is a high risk of cracking if X7R capac-

X7R-based capacitor bank

Electrolyte-based
capacitor bank

2.2 yF 390 pF 15 uF
50V 25V 35V
2225 10 mm x 12.5 mm 7343

1.882 A 22A 416 A

itors are exposed to excessive mechanical
vibrations.

Electrolytic capacitors or electrolytic capaci-
tor banks generally have a higher ripple cur-
rent strength. That said, they are often over-
sized to accommodate for this gain. This is
necessary to compensate for or reduce high-
er equivalent series resistance (ESR).

Since ESR increases over a capacitor's service
life, the capacitor is additionally oversized to
avoid any problems in this respect. It obvi-
ously also leads to an increase in the amount
of space required and costs.

Compared to MLCCs, electrolytic capacitors
have a high leakage current. The capacitance
drop with frequency may cause problems in
effectively filtering a wide range of frequen-
cies. To cover all frequencies, it is often nec-
essary to have another MLCC connected in
parallel. THT (through hole technology) elec-
trolytic capacitors are commonly applied,
which in turn leads to challenges associated
with equipping.

Polyester or polypropylene-based film capac-
itors are not susceptible to cracking or high
leakage currents and offer a higher ripple
current capability. Film capacitors that
achieve the same capacitance/nominal volt-
age as MLCCs or electrolytic capacitors are
comparatively large and expensive.

Reducing costs and space required
with tantalum polymer capacitors

Tantalum polymer capacitors combine many
advantages that the aforesaid technologies
are unable to fully achieve. It starts with the
material used: Unlike conventional tantalum
capacitors, MnQ, is replaced by an electri-
cally conductive polymer. In the event of re-
verse polarity or a short circuit, there is,
therefore, no risk of fire.

Polymer-based
capacitor bank

15 capacitors connected in parallel
required to reach the minimum
capacitance

5 capacitors connected in parallel
required to meet the minimum
ripple current requirements

3 capacitors connected in paral-
lel required to meet the minimum
ripple current and capacitance
requirements

Total area: 716.8 mm?
Lowest leakage current

Total area: 1571 mm?
Low leakage current

Total area: 94.17 mm?
Low leakage current

Comparison between commonly used decoupling capacitor technologies

with the BLDC module as an application example.
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Further, in contrast to MLCCs, they also have
no DC bias effect. As such, a capacitor bank
is not required to compensate for voltage-
dependent losses in capacitance. The capac-
itance of tantalum polymer capacitors is ad-
ditionally not temperature-dependent, and
there is no risk of cracking or hum noises with
these capacitors.

Yet another advantage is their higher ripple
current capability compared to electrolytic
capacitors. Moreover, their capacitance drop
is not as significant at high frequencies, re-
sulting in better high-frequency capability.
The leakage current is also lower in some cas-
es than with electrolytic capacitors.

Further, tantalum polymer capacitors are not
subject to aging effects and the ESR remains
constant throughout their service life. A high
capacitance-to-volume ratio enables com-
pact SMD designs from 0805 to 7343.

The table shows the various types of capaci-
tors with the parameters needed to meet the
requirements of a brushless DC motor (BLDC)
module with a minimum of 30 yFat 16V, a
total ripple current of approximately 10 A at
10 kHz, a leakage current below 100 pA, and
a temperature of up to 105°C.

It can be seen from the table that the use of
tantalum polymer capacitors can free up a lot
of space and costs compared to MLCC or
electrolytic capacitors. Added to this are a
longer service life, a better high-frequency
response, and a compact SMD package.

Aluminum or
tantalum polymer capacitors

Alongside tantalum polymer capacitors, alu-
minum polymer capacitors are also becoming
increasingly popular. At an operating voltage
below 10 V and a temperature of less than
105°C, the response of the two polymer ca-
pacitors is very similar. However, if these val-
ues are exceeded, tantalum polymer capaci-
tors operate more reliably.

Despite offering a range of advantages, there
are also certain disadvantages. At present,
they are only available with a nominal volt-
age of up to 100 V. A voltage derated by at
least 10% is recommended for temperatures
up to 105°C, and even higher for greater tem-
peratures (Figure).

Since it is a polarized capacitor, a reverse po-
larity protection diode should be used to pro-

www.rutronik.com



tect against reverse polarities. The leakage
current is higher compared to an MLCC or a
conventional tantalum capacitor. Further,
special attention has to be paid to the spec-
ified humidity at high temperatures to avoid
any problems caused by excessive THB (tem-
perature humidity bias) conditions.

Decoupling large capacities
in safety-critical applications

Tantalum polymer capacitors are used when-
ever large capacitance decoupling is required
for all types of control boards and embedded
electronics. Their compact, low-profile SMD
design makes them an ideal link between
small-capacitance MLCCs and large-capaci-
tance electrolytic and film capacitors, which
are usually used as DC link capacitors for high
voltages and large power requirements.

A great many tantalum polymer capacitors are
validated and approved for use on both sides
of a DC/DC converter within a vehicle. This has
led to their widespread adoption among ma-

100%
95% |EETERRVATIENT
90%
85%
80%
75%
70%
65%
60%
55%
50%

Image: Kemet

% Rated Voltage

-55 25

jor car manufacturers. In small drive systems,
they can also be applied as DC link capacitors,
as shown in the BLDC example above.

Kemet and Rutronik help customers find a
space- and cost-optimized solution for their
PCBs with high-quality and reliable polymer
capacitors. [ |
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Vibration-resistant electrolytic capacitors
°
Solid as a rock

Vibrations are not usually associated with electronic assemblies.
However, it is not at all uncommon for these assemblies to be
subjected to strong mechanical vibrations. And with electrolytic
capacitors, this can lead to sudden failure. Some capacitor suppliers,
though, have managed to come up with solutions to this problem.

\'

BY SVEN MIGUEL RODRIGUEZ,
CORPORATE PRODUCT MANAGER
CAPACITORS, AND
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ibrations do not only occur in applica-
Vtions with vibrating parts such as in-

ternal combustion engines. Electronic
components are also exposed to vibrations in
industrial punching machines, fast-moving
linear actuators, pumps, and gearboxes. All of
them generate a vibration profile that can
cause an electrolytic capacitor to fail.

A common failure is broken capacitor connec-
tions. The breaking point is either directly at
the solder joint to the board or inside the ca-
pacitor at the connection from the terminals
to the anode and cathode foil.

Usually, a capacitor fails completely unex-
pectedly without significant measurable

Committed to excellence

changes to its electrical properties. The reason
for this is that there is little indication of
whether the component is exposed to exces-
sive vibrations and, therefore, prone to failure.
At best, an increased residual current may be
detected if the mechanical stress has dam-
aged the oxidation layer between the winding
and the case. If sufficient electrolyte is avail-
able, this damage is repaired by the self-heal-
ing effect. If, on the other hand, microcracks
occur in the capacitor connections, a measur-
ably increased ESR value can usually only be
detected shortly before breakage.

Another failure is caused by rubbing of the
winding inside the case wall, which also leads
to capacitor failure in the long run.

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

Reliable, vibration-resistant capacitors
according to requirements

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

In order to offer reliable components that can
withstand loads of up to 30 G, some capaci-
tor suppliers have developed series featuring
a vibration-resistant design. But when is a
component considered vibration-resistant?

A common, standardized vibration test profile
used by suppliers for testing may look like the
one in the table below.

It indicates in which frequency range and with
which amplitude the capacitor withstands up
to which acceleration. However, since every
application has different vibration frequen-
cies, resulting in very different profiles, sup-
pliers also offer individual tests and approvals
based on specific customer requirements. This
ensures that the approved component meets
the respective requirements.

If the capacitor supplier is involved in the de-
velopment process, they can design the com-

www.rutronik.com



Acceleration

294 m/s? (30 G)

Frequency 5 Hz ~ 2,000 Hz

Amplitude 5 mm

Direction and duration of toward the X, Y, Z axis for 2 hours each, for a total of 6 hours
the vibration

Typical profile for a vibration test

ponents precisely to ensure they can be used
at their load limit. This prevents over-specifi-
cation and allows a better design-to-cost ra-
tio.

The electrolytic capacitor market offers, de-
pending on the mounting method, various de-
signs and approaches to increase vibration re-
sistance.

Designs and approaches
for the ideal result

Axially mounted THT capacitors tolerate vi-
brations better than radial THT or SMD mod-
ules. Since horizontal mounting means that
their center of mass is significantly lower due
to the reduced height, this results in less le-
verage forces acting on the connecting pins.

However, vertical mounting is much more
common. In this case, the center of mass sits
higher, which makes a vibration-resistant de-
sign more demanding. One approach is to re-
duce the free space in the capacitor case. To
do so, the winding is wound tighter and the
inner diameter of the case reduced. This leaves
less room for the winding to move and reduc-
es rubbing effects. Another option is to taper
the case at points from the outside so that
the winding is fixed inside.

In both cases, the wire diameter of the con-
necting pins must be reinforced to ensure they
can withstand the occurring forces without
being damaged. Greater stability is provided
by additional retaining pins without electrical
function, as is the case with snap-in pins. They
generally make sense for large andfor heavy
components.

If the capacitor is subject to extremely strong
vibrations, it is advisable to additionally fix it
to the circuit board with an external holder,
which is usually made of plastic. Alternative-
ly, the components can also be potted or fixed
with adhesive. In this case, however, it should
be clarified in advance with suppliers wheth-
er the ingredients of the adhesive or com-
pound could have a negative impact. With
potting, heat can no longer be dissipated that

www.rutronik.com

well due to poorer thermal conductivity,
which leads to a shorter service life. In both
cases, bonding and potting, material incom-
patibility of the adhesive and the compound
could also occur in the component. Therefore,
the utmost care must be taken when select-
ing the materials to be used. It is recommend-
able to consult Rutronik's product specialists
and material experts to avoid unpleasant sur-
prises.

For SMD capacitors, the approach is similar to
that for THT components. This restricts the
movement of the winding in the case. How-
ever, to prevent the connections from break-
ing off, the SMD components offer yet anoth-
er option: They are equipped with a base plate
with additional plastic bars attached to the
sides. This fixes the capacitor case in place.
Vibration-resistant models also have enlarged
solder pads to mechanically strengthen the
solder joint. Other external supports are not
used. However, bonding and potting as with
THT modules are also possible with SMD de-
signs.

In addition to selecting vibration-resistant
components, it is also important to pay atten-
tion to vibration safety in the circuit board
layout. This prevents the creation of areas
with strong vibrations. The force acting on the
capacitor can be minimized by shifting the
resonance points. But this does not solve the
vibration problem. Therefore, vibration-resis-
tant capacitors are of key importance. Suppli-
ers are constantly working on their further
development, and we can expect to see new
series in the future that are able to withstand
even higher forces. |
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THB grades for film capacitors

Robust and durable

Capacitors are facing ever-tougher requirements.

With film capacitors, the main concern is protection against
the ingress of humidity, as this protection increases
reliability and service life considerably.
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MANAGER CAPACITORS, AND
CHRISTIAN KASPER, TECHNICAL EXPERT
CAPACITORS, BOTH AT RUTRONIK
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ven during production, there is a risk of
E humidity becoming trapped in the ca-
pacitor. High humidity during operation
can attack the vaporized metallized layer on
the film capacitors. If the tightness of the

plastic case or compound is insufficient, hu-
midity may penetrate the capacitor.

In the case of RFI (radio frequency interfer-
ence) capacitors, humidity also causes, in ad-
dition to corrosion of the metallized layer,
what is known as the corona effect when volt-
age is applied. The resulting ionization process
damages the metallized layer of the film. The
consequences are loss of capacitance and a
faster rise in the loss factor.

With DC capacitors, humidity in the compo-
nent also leads to corrosion of the metallized
layer, which has a particularly negative impact
on its reliability and service life. Therefore, it
is imperative to prevent the ingress of humid-
ity so as not to compromise the performance
of the components.

Besides empirical studies, numerous analyses
also show that the ingress of unwanted hu-
midity into film capacitors is the number one
cause of a shortened service life.

The F340 series from Vishay with THB Grade I1IB RFI capacitors.
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..........................................................

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

A recognized standard for accelerated service
life testing is the temperature-humidity-bias
(THB) test. This reliability test is aimed at ac-
celerating the aging process of capacitors and
measuring whether the capacitors maintain
their capacitance, loss factor, and isolation
resistance at a given temperature, relative hu-
midity (RH), and nominal voltage over a de-
fined period of time (Table 1).

IACI < 10%

0.024 for C < 1 pF
0.015 for C> 1 pF

> 50% of applicable limit
values

Capacity

Loss factor

Isolation resistance

Table 1: Requirements (acceptance criteria) regarding
THB to IEC 60384-14 AMD1:2016 (source: Kemet)

Depending on the testing level (Table 2), the
capacitors meet various climatic require-
ments. For example, in a Grade IlIB high ro-
bustness under high humidity test, the ca-
pacitors must withstand 85°C and 85%
relative humidity for 1,000 hours of operation
undamaged with an applied nominal voltage.

With capacitors that survive these tests, the
most important electrical parameters remain
significantly more stable over the entire ser-
vice life than with a standard component. As
a result, THB components offer a longer ser-
vice life and greater reliability.

As shown in Table 2, THB Grade IIB and IlIB
are among the toughest test conditions and
differ only in terms of how long the voltage
is applied.
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Grade (l) — Robustness under

Test A: 40°C, 93% RH, 21 days rated voltage

Humidity

Test B: 85°C, 85% RH, 168 hours rated voltage

Grade (ll) — Robustness under

Test A: 40°C, 93% RH, 56 days rated voltage

High Humidity

Test B: 85°C, 85% RH, 500 hours rated voltage

Grade (Ill) — High Robustness

Test A: 60°C 93% RH, 56 days rated voltage

under High Humidity

Test B: 85°C, 85% RH, 1000 hours rated voltage

Table 2: THB levels to IEC 60384-14 AMD1:2016 (source: Vishay)

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

Where does the trend
toward THB components come from?

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

Demand for THB components is increasing.
One reason for this is the IEC standard for RFI
capacitors that has been in force since 2016.
It stipulates that capacitors must meet at
least THB Grade I.

A strong driver of the trend toward THB com-
ponents is the automotive segment, but THB
components are also increasingly being used
in industry. The reasons for this are obvious
when considering the climatic conditions un-
der which solar inverters, for example, must
operate as long and as reliably as possible.

Since a supplier of inverters, for example, usu-
ally has no prior knowledge of where its prod-
ucts are going to be used, it makes sense to
design the inverter - and thus also the ca-
pacitors - for the worst-case conditions. This
means they perform reliably even under the
toughest operating conditions.

Melexis
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..........................................................

How do THB components differ
from standard components?

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

The suppliers achieve an increased service life
and reliability of THB capacitors through a
special design. Five factors are crucial in this
respect:

e Package: PPT package or PPS package with
increased tightness

e Compound: High-degree epoxy resin with
high resistance to humidity

e Plastic film: Thicker, i.e. multiple-layered,
film for better self-healing

* Metallized layer: Mixture of different met-
als for better self-healing

® Production: Ensuring low humidity in pro-
duction

Some suppliers also rely on internal series ar-
rangement of the films to further reduce the
ionization voltage on the film.

MLX90397
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The DC-Link C4AK series from Kemet meets THB
Grade |1IB and offers high voltage and long service
life even at 125°C.

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

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

THB capacitors are predestined for applica-
tions exposed to high temperatures - or more
importantly, large temperature fluctuations
- and/or high humidity. Their use is particu-
larly recommended in these conditions. Main-
ly due to the high temperature loads, this in-
cludes practically all automotive applications
for the actual vehicle, but also applications
for the vehicle infrastructure, e.g. charging
stations or wall boxes. In the industrial sector,
this mainly encompasses inverters, solar in-
verters, frequency converters, smart meters,
and wind turbines. In addition, THB models
are ideal for all applications that place high
requirements on the service life and reliabil-
ity of a film capacitor.

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

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

The comparatively new type of film capaci-
tors is characterized by increased reliability
and longer service life. Thanks to these im-
proved properties, new and sustainable uses
are possible in trendsetting applications, e.g.
in the field of electromobility or renewable
energies. [ ]
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Quartz crystals, oscillators, and real-time clocks

Delivery capability thanks to
own quartz crystal production

The supply chain disruptions that have occurred in many markets have also had an
impact on quartz crystals, oscillators, and real-time clocks. Suppliers with their own
quartz crystal and IC production obviously have a clear advantage. They are not only
able to offer products with reliable quality but also significantly shorter delivery times.

\%

BY JOCHEN NELLER, TECHNICAL EXPERT
INDUCTORS AT RUTRONIK
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quartz or tuning fork crystals, are suit-

able, e.g., for the discrete design of an
oscillator with a controller or RTC IC (real-
time clock). The key parameters of such a de-
sign are the negative resistance (oscillator
gain) and the load capacitance of the overall
circuitry necessary to satisfy the phase and
amplitude condition (k-v > 1) of a self-oscil-
lating oscillator.

I Hz quartz crystals, also known as clock

The supply situation for kHz quartz crystals
has been plagued by shortages over the last
two years. Suppliers who produce quartz crys-
tals themselves are generally still able to de-
liver, while many others who buy in the raw
material have had to increase their delivery
periods from around 16 weeks to up to two
years. The fact that many well-known suppli-
ers have removed kHz quartz crystals from
their portfolios over the years further compli-
cates the situation.

In-house production increases reliability
in terms of quality and delivery time

One supplier that produces its quartz crystals
completely in-house is Epson. They are pro-
duced in the company's own autoclaves from
self-grown synthetic quartz crystals. Epson is,
therefore, not only able to ensure availability
but also reliable, consistent quality.

In the meantime, Epson focuses entirely on
the SMD design for kHz quartz crystals, avail-
able in particularly small designs with welded
metal covers (FC3215AN, FC2012AN, and
FC1610AN series). Plastic encapsulated cylin-
der housings are also still part of the portfolio.
However, they are no longer recommended for

Committed to excellence

new projects, as the trend in production plan-
ning and capacity expansion continues to
move toward smaller designs.

For the FC2012AN and FC3215AN series, Ep-
son has been able to lower the maximum
equivalent series resistance (ESR) to an at-
tractive level of 50 kQ, which counters the
usual increase in ESR with smaller sizes. For
these and the FC-12M and FC1610AN series,
delivery times have now been reduced to
18 weeks (as of September 2022).

The insatiable appetite for ever greater vol-
umes of data and thus higher transmission
speeds inevitably leads to increased demand
for higher frequencies. MHz quartz crystals
are also available in increasingly smaller pack-
ages (FA-128, FA-118T, and FA1210AN series)
as development of this technology also fol-
lows the goals of increasing efficiency and
minimizing costs.

QMEMS, a wafer-based process, combines the
high stability and precision of quartz crystals
with MEMS technology to achieve high per-
formance in compact packages. In the photo-
lithographic process, the thickness shear
mode oscillators (AT cut) become washed, cut
chips with a fine structure. These chip shapes
have a larger electrode area and thus lower
electrical resistance values and come in small
designs. Special further processing using high
fundamental frequency (HFF) technology
gives them high mechanical stability even
with low crystal thickness. The result is fun-
damental wave oscillators with frequencies of
up to 500 MHz.

www.rutronik.com
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Figure 1: Flexural vibrations and temperature behav-
ior of a typical kHz quartz crystal.
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Figure 2: MHz quartz crystal with AT cut and typical
temperature-based vibration behavior.

Often, the current market delivery times for
MHz quartz crystals are two years or more.
However, for some series (e.g. FA-128, FC-
12M, and FA-20H) and technical parameters,
Epson is able to deliver the products after ap-
prox. 18 weeks (as of September 2022).

SPXO0s (simple packaged crystal oscillators)
are the simplest crystal oscillators without
compensation or temperature control. They
consist of a quartz crystal unit and an oscil-
lating circuit.

For models that exhibit very low jitter (phase

noise) even at high frequencies, Epson uses
only quartz crystals as the fundamental wave

www.transcend-info.com

oscillator in addition to specially developed
low-noise oscillator ICs, either using HFF
quartz crystals or with a PLL (phase-locked
loop; Fig. 3).

With this self-developed oscillator IC com-
pensating for the frequency or temperature
coefficient of the HFF quartz crystal, the new
SG2520 series achieves low phase noise and
improved frequency stability of 25 ppm
(SG2520_EGN/VGN) and 20 ppm (SG2520_
EHN/VHN) at -40 to +125°C.

PLL technology ensures programmable fre-
quencies of between 0.67 MHz and 170 MHz.
This allows the modules to be set to a spe-
cific frequency (with six decimal places) as
required, which significantly improves avail-
ability. The SG-8018 series also has a low de-
viation of 50 ppm at -40 to +105°C, including
aging stability over ten years. Even more ac-
curate is the SG-8101 series with a tolerance
of 15 ppm, thanks to integrated temperature
compensation. Due to its programmable
spread spectrum capability, the SG-9101 se-
ries is particularly well-suited for reducing
EMI problems. It is available with operating
voltages ranging from 1.62 to 3.63 V in vari-
ous package sizes.

VDD
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=
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Figure 3: Programmable oscillators can generate any
desired frequency using a phase-locked loop.

In recent years, the demand for SPXOs has
risen sharply. Suppliers like Epson with their
own development and production operations
obviously have a competitive advantage. Due
to the high level of demand, it is recommend-
able to plan projects in good time.

TCXOs - temperature-compensated
crystal oscillators

Temperature-compensated crystal oscillators
(TCXQs) are available for sensitive applications
that require stable frequencies even with large
temperature fluctuations or over a wide tem-
perature range (Fig. 4). By providing its own
ICs, Epson can also produce the ASICs for its
TCXOs and optimally match the individual
components, such as the control voltage gen-
erator, correction circuitry, and oscillator core.
In addition to TCXOs with CMOS outputs, Ep-
son's portfolio primarily includes those with
clipped sine wave outputs. As the name sug-
gests, their sinusoidal signal is clipped and
thus generates significantly fewer harmonics
in relation to CMOS, resulting in better EMI
behavior. Offering the highest stability and
low phase noise, the TG20165xN and TG-
20255xN series are ideal for use in wireless
communication devices.

SPX0s and TCXOs have been particularly af-
fected by supply chain disruptions. And the
massive fire that destroyed the semiconductor
factory of Asahi Kasei Microdevices (AKM) in
2020 is still aggravating this situation. The
Japanese IC manufacturer had a market share
of between 80 and 90% in temperature-com-
pensated crystal oscillators (TCXOs). The result
of the fire was a global shortage of all oscil-
lator types. Since Epson has equipped almost
all TCXO lines with ICs developed and pro-
duced in-house for several years, the supplier
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Compensation Circuit
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has been able to meet many targets. In the
meantime, Epson has almost doubled its pro-
duction capacity, so that delivery times of ap-
prox. 18 weeks (as of September 2022) or
faster are now the norm.

Publishing details

A discrete design with oscillators enables cus-
tomized solutions but also requires an under-
standing of the individual components. Hence,
errors often occur that result in a lot of time
being spent on design corrections. It is actu-
ally much easier to use ready-made real-time
clocks (RTCs).

Epson offers complete modules including
quartz crystals, semiconductors, oscillators,
and other components for many additional
features (wakeup timer, alarm, timestamp,
battery charging function, flexible pin assign-
ment FOUT/timestamp) in a package with IC
protocol, but also with 3- or 4-wire SPI. This
not only reduces development time, but usu-
ally also space requirements and power con-
sumption.

Highly accurate RTCs also include a DTCXO
(digital temperature-compensated crystal
oscillator). The deviation of the output fre-
quency is compensated with the help of this
digital circuitry. For example, RX8900CE and

RX8804CE achieve a maximum deviation of
9 s/month at -40 to +85°C and 21 s/month
at -40 to +105°C, respectively.

The latest RX8901CE series achieves a stand-
by current of typically just 240 nA despite
temperature compensation up to 105°C and
also includes a maximum number of addition-
al functions for the most versatile applica-
tions.

As demand for RTCs continues to grow to
meet the increased temperature requirements,
standby times, and functionality of many ap-
plications, it is recommended to plan and
phase projects carefully. This helps to avoid
delivery times of six to twelve months (as of
September 2022). [ |
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Ethernet transformers

High quality due to

automated production

As the interface between the device and the Ethernet cable, Ethernet
transformers perform a key role. Thanks to a new design, they are
now available in large quantities and high quality for the fast-growing
market of Ethernet networks.

\V, ased on the advances in production

B technology and the introduction of

BY JOCHEN NELLER, TECHNICAL EXPERT efficient coding processes, modern-

INDUCTORS AT RUTRONIK . .

day Ethernet networks can achieve transmis-
sion rates of up to 40 Gbit/s and 100 Gbit/s
for copper and fiber-optic networks respec-
tively. The widespread use of Ethernet en-
ables the most cost-effective digital net-
works. So, it comes as no surprise that the
number of Ethernet networks is increasing
all the time. Consequently, the vast majority
of end devices for industrial, communication,
transportation, and consumer markets is in-
terconnected via Ethernet networking.

A critical component used in Ethernet net-
works is the transformer. As the interface
between the device and the Ethernet cable,
it performs a key role: It provides safety-rel-
evant galvanic isolation between digital cir-
cuitry, which forms the data link layer for
Ethernet systems, and PHY (physical layer)

ISOLATION BARRIER

(Fig. 1), which converts digital signals to an-
alog ones. At the same time, the Ethernet
transformer is responsible for impedance
matching and data transmission. The trans-
mit and receive signals should be attenuated
as little as possible.

The transformer consists of four windings, of
which two windings are used on the primary
side for the digital interface, and the other
two windings are on the secondary side con-
nected to twisted pair wires via the RJ45 con-
nector.

The H1190NL transformer from Pulse, which
provides 1,500 V rms or 2,250 V DC electri-
cal isolation as specified by IEEE 802.XX, de-
rived from |EC standard 62368-1, eliminates
potential high-voltage exposure caused, for
example, by electrical shorts in building wir-
ing. This is accomplished by a magnetic cou-
pling that allows transfer of electrical signals
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Figure 1: The transformer isolates digital circuitry from PHY (physical layer).
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b. Fully Automated

-

a. Hand or Semi-automated

Figure 2: Transformers wound semi-automatically (a)
and fully automatically (b).

from the primary to the secondary side while
providing the required safety function.

Higher quantities and improved quality
thanks to automated production

Until quite recently, the amount of manual
labor involved in the production of ferrite to-
roidal core transformers was still relatively
high, since the magnet wires had to be con-
nected to the contacts and pins by hand - a
time- and cost-intensive process. Further, the
risk of impedance mismatch is very high in
manual production processes, which can
cause a decrease in both the maximum usable
bandwidth and the data transmission rate. To
meet the increasing demand for transformers
while improving component quality, Pulse in-
vested in automated transformer winding
equipment for the production of the T-chip
series (TC1000/2500/5000/10000) (Fig. 2). The
transformers are now wound fully automati-
cally onto a bobbin-shaped core with plated
contacts for wire terminations. Another ad-
vantage of fully automated production: A vi-
sual inspection to ensure correct winding is
no longer required.

In addition to lower costs resulting from
shorter production times and improved pro-
duction vyield, the T-chip series transformers
offer many other advantages. The technology
integrates the mechanical package around the
ferrite core, thereby eliminating the need for
a plastic housing. The transformers are thus
lighter and smaller compared to traditional
toroidal core models.

Generally speaking, T-chip transformers sup-
port the same data rates as toroidal core de-
signs. Moreover, they meet standards IEEE
802.3xx for data transmission rates of
100 Mbit/s to 10 Gbit/s and provide up to
600 mA of PoE (power over Ethernet) to pow-
er remote end devices.

In addition to crosstalk, common mode rejec-
tion, and return loss, a decisive quality feature
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of transformers is insertion loss. It describes
the loss of transmission power from the pow-
er source to the load and represents the trans-
mitted signal power that is lost between input
and output. The insertion loss is closely re-
lated to the possible range or cable length.

The diagrams in Fig. 3 illustrate the insertion
loss of 1 Gbit/s transformers, once with a to-
roidal and once with a T-chip design. The
measurement curves show that LAN trans-
formers with a T-chip design have a reduced
scatter of electrical parameters and better
values.

T-chip technology enables the production of
high-quality Ethernet transformers for a myr-
iad of networking applications. Beside the
quality of the components, an EMC or RF-
compatible environment and an appropriate
PCB layout are crucial factors to guarantee
top-quality Ethernet networks. |

Figure 3: Comparison of insertion loss for toroidal and T-chip transformers.
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Taking a look at the electronics supply chain

“The market has to become
more resilient”

Everyone knows that the situation has been challenging in recent months.

Now things seem to be easing up a little. Nonetheless, our infrastructure
will need to be more resilient in the future. We talked to Jan Stoll, Project

Coordinator Strategic Marketing at Rutronik, and Andreas Mangler,
Director Strategic Marketing and Member of the Extended Executive Board
at Rutronik, about the key factors, measures, and developments.

Jan, Andreas, what can those involved in
the electronics supply chain do to pre-
vent the kind of delays and price hikes
that we have seen in recent months?
Jan Stoll: Companies have limited room to
maneuver. This quickly becomes evident when
you take a look at the influencing factors that
have contributed to the current situation.

Do you mean the COVID-19 crisis and the
war in Ukraine?

Stoll:They are crucial external factors. How-
ever, the fact that they have had such an ex-
treme impact is down to the actual electron-
ics market. It commences right at the very
start of the value chain, with the raw materi-
als. They can only be found in certain coun-
tries, thus creating a great deal of depen-
dence. Roughly 60% of the rare earths are
mined in China. Vietnam, where the strong
influence of China, Brazil, and India can be
felt, also plays a key role. Russia contributes
a large share of platinum-group metals. Emp-
ty stocks caused by mounting sanctions will
also lead to shortages and price hikes in this
sector.

Nothing can be done about where these
elements and minerals are found.

Stoll: That is true. However, it is primarily the
political conflicts that are causing the prob-
lems. And there is definitely a dominance of
a few companies and countries along the val-
ue chain of the semiconductor industry:
Worldwide, for example, there are only a
handful of wafer suppliers. Most of them are
located in Asia; GlobalFoundries, for instance,
is the only US company. Taiwan alone ac-
counts for more than 66% of global semicon-
ductor production, and so the country obvi-
ously plays a major strategic role.

www.rutronik.com

The EU Chips Act is an attempt to reduce
this level of dependence. What is your
opinion on this?

Stoll: | believe it is a wise step. In Germany,
for example, the Federal Ministry for Econom-
ic Affairs has also launched a range of pro-
grams to attract electronics suppliers. This
type of investment support is necessary since
development of a semiconductor fab costs be-
tween $15 and $20 billion. That is also the
reason for the concentration: To earn eco-
nomic profit from these investments, semi-
conductor fabs need to operate at no less than
80 to 90% capacity. This means, on the one
hand, that they inevitably have to serve the
global market to achieve the necessary quan-
tities and, on the other hand, that there is
hardly any room for maneuver to increase pro-
duction. Moreover, it takes years to construct
new semiconductor fabs. That is why the EU
Chips Act will only have an impact in the long
run.

But even then, we should not expect too
much, since numerous other countries are also
offering subsidies and tax breaks to compa-
nies: for example, the USA with the Chips and
Science Act, China with "Made in China
2025", as well as Korea, Taiwan, and Japan.
The USA can also boast initial successes with
some noteworthy investments from TSMC,
Samsung, Intel, and Micron. In Europe, Intel,
GlobalFoundries, and STMicroelectronics are
all planning new plants. This also shows that
it is often non-European companies that are
setting up operations here, something that
reduces our dependence to a limited extent
only.

Why are so few European businesses in-
volved?

Committed to excellence
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Andreas Mangler,
Director Strategic Marketing at Rutronik

Maybe the momentum
will continue, and we will enter
a period of constant ups and

downs.

Stoll: Semiconductor production is an ex-
tremely complex process; roughly 1,500 steps
are required to produce one chip. This obvi-
ously requires a very high standard of knowl-
edge - there is a reason why suppliers spend
about 20% of their total expenditure on re-
search and development. And this know-how
is basically only available in manufacturing
companies. The smallest structures are pro-
duced by TSMC. In other countries, the com-
pany generally uses older production process-
es - thereby ensuring the expertise remains
in Taiwan.

The processes are, by the way, also very sen-
sitive. For example, the cold snap in Texas dur-
ing the winter of 2021/22 forced the shut-
down of production at some electronics
companies. And seeing as this can cause ir-
reparable damage to the wafers, they usually
have to be disposed of and production com-
pletely restarted. This means the usual pro-
duction period of more than 20 weeks is ac-
companied by huge losses and waste - with
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Jan Stoll, Project Coordinator
Strategic Marketing at Rutronik

The dip in growth and
the many investments in
new semiconductor fabs will
certainly cause prices to fall

in the long term.

corresponding delivery issues and price in-
creases. This is also true in countries, for in-
stance in the ASEAN region, that experience
heat waves, earthquakes, floods, or typhoons.
The local concentration of companies aggra-
vates this situation. Greater regional distribu-
tion and more independence are thus essen-
tial! For this to succeed, students must be
equipped with the necessary skills and knowl-
edge at local universities and be retained here
once they have graduated.

It will take years or decades before this
knowledge translates into products. Will
Europe remain dependent on Asia and
America until that point?

Stoll: This needs to be considered in a differ-
entiated way, since semiconductor suppliers
also have to deal with dependencies. We have
already talked about the raw materials, and
wafer production is also very energy intensive.
It is, therefore, possible that the war in
Ukraine will have a direct impact on prices in
the medium term. If there were to be a short-
age of gas that also affected gas supplies to
industrial customers, it would hit the entire
electronics industry hard.

A further problem is that machines and sys-
tems for wafer production are also supplied
by a very small number of highly specialized
companies, which basically have a monopoly
in this field. One of them, ASML, is located in
Europe, while several others are based in the
USA. This is where the cat bites its own tail:
Because ASML only produces small quantities,
the company is a typical distribution custom-
er. If chip and component suppliers primarily
supply their major direct customers, resulting
in distribution shortages, their own suppliers
may be affected. Nevertheless, it is important
to make a distinction between components
and markets.
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Are there any to which this does not ap-
ply?

Andreas Mangler: The differences are rather
gradual. What my colleague just described ap-
plies, above all, to very small designs and
structure sizes as used in the PC and consum-
er goods market. The industrial and automo-
tive markets tend to use larger designs and
structures, such as those produced by Euro-
pean companies like Infineon, ams Osram, and
EImos. There are overlaps in some applica-
tions, though. For example, the camera sys-
tems or graphics cards for driver assistance
systems in cars and for PCs are practically the
same, albeit in different qualities.

In the power sector, too, the focus is on larg-
er structures, such as those produced by Rohm
with SiC or Infineon with GaN. Once again
there are overlaps, as the products are used,
for example, in applications in the fields of
renewable energies and electromobility, as
well as in power supplies for laptops, etc. The
fact that they are also produced in Europe is
advantageous for these segments. However,
they will only benefit to a limited extent from
the current easing up of shortages.

Why?

Stoll: Because it mainly affects PCs, smart-
phones, and consumer goods. Working and
schooling from home caused demand for
these devices to skyrocket before the market
slumped by 60% year-over-year in the first
quarter of 2022. The demand for servers and
high-end processors for the generation of
crypto currencies has also witnessed a sharp
decline, as interest rate hikes have led many
investors to turn increasingly to traditional
forms of investment. However, the industrial
and automotive market is hardly able to make
use of the freed-up capacities due to the dif-
ferent designs and structure sizes. And sup-
pliers are not really in a position to start mak-
ing demands: The European automotive
industry accounts for a share of just 3% of
the global market for electronic components.
And the share of the European market as a
whole is only 8%. In comparison: That is
roughly the same amount of electronic com-
ponents that Samsung or Apple alone require.

What else can European companies do?

Mangler: Second source or redesigns could be
a selective solution. Some of them are dealing
in the gray market but obviously have to ac-
cept the very real risks of receiving counterfeit
or defective goods. As mentioned, the options
are limited, the market reacts too sluggishly,
and is just not resilient enough. You can com-
pare it with road traffic: Each vehicle travels

Committed to excellence

independently, but they all use the same road
and are, therefore, dependent on each other
- and the greater the volume of traffic, the
higher the level of dependence. If only one
vehicle is forced to slow down too much, it
can quickly cause a very long tailback. This
inflexibility is also due in part to the inven-
tory control systems and their parameteriza-
tion in the procurement processes.

Please continue ...

Mangler: They employ insufficient dynamic,
customizable functions and too many static
limits. Further, long-term planning horizons
of one to two years are important. However,
this also requires awareness of what is cur-
rently going on and a good understanding of
the market in order to assess the various fac-
tors properly. But ultimately, there also needs
to be a "frozen window" within which the
forecast is no longer changed and the order
is fixed.

Let us take another look at the current
situation. What new developments can
we expect to see?

Mangler: We are seeing a trend toward nor-
malization emerging. This is clearly illustrated,
for example, by the Purchasing Managers In-
dex (PMI), for which data are compiled by IHS
Markit for more than 40 economies world-
wide. The indices vary from 0 to 100, with 50
being a neutral number of no change. In July
2022, the figure was just below 50 for Europe
and Germany, as well as for China, down from
around 60. Demand is, therefore, normalizing
worldwide and will stagnate or achieve slight
growth in 2023. Gartner has lowered its
growth forecast for semiconductor revenue
from 13 to 7.4%. Growth segments can cer-
tainly be identified, such as industrial robot-
ics, but also saturated markets, such as PCs or
smartphones, with a forecast increase of just
3%.

The actual delivery situation has also im-
proved: Ports are basically back to normal op-
eration, goods are arriving on time, and con-
tainer prices and freight costs have fallen.
These developments will lead to higher avail-
ability and shorter delivery times for some
components by 2023 at the latest, but there
will be an allocation of many other goods for
longer.

Will this also translate into falling prices
for components?

Stoll: The dip in growth and the many invest-
ments in new semiconductor fabs will cer-
tainly cause prices to fall in the long term.
However, based on our observations, the price
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increases should have been even higher than
they actually were due to the sharp rise in en-
ergy and raw materials prices. It is, therefore,
possible that prices will again rise marginally,
albeit with a slight delay. Falling prices could
also become a threat to some companies in
the current situation.

What are your thoughts on this?
Mangler: In 2021, there was a 25% increase
in the semiconductor sector. We saw strong
growth in prices but very restrained unit
growth, which led to a sharp rise in the value
of a warehouse. And now, every company with
stock has to see how it can sell expensive
goods at a reasonable price. It is quite pos-
sible that this will cause cash flow problems
for certain companies in the value chain.

Something else that stands out when you
think of storage: For the first time ever, the
inventory value in distribution is at the same
level as in the global EMS sector. This is due
to the fact that many EMS companies bought
a lot of goods as a precaution; however, some
things have remained in stock, since produc-
tion is still hampered by other missing parts.
An exact analysis of volumes and purchase
price trends is important to get an accurate
picture of the current situation. That is the
only way to make a reliable assessment of the
extent to which the forecasts for the next
three quarters remain valid.

Are you prepared to make a long-term
forecast?

Mangler: Making predictions is never easy -
especially at the moment. The scenarios out-
lined assume a situation in which there is suf-
ficient gas to go round and there are no more
military conflicts. It is therefore essential to
keep a very close eye on the global political
situation. Maybe the momentum will contin-
ue, and we will enter a period of constant ups
and downs. However, there is relative agree-
ment among market researchers regarding the
long-term average. They predict an average
increase in the semiconductor sector of 8 to
13% over the next few years - in other words,
good, healthy growth.

The sector of passive and electromechanical
components will also benefit from this level
of growth; as a broadliner, we can add to this.
In the wireless and embedded lloT sector, we
see even more positive developments on the
horizon.
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Components for onboard chargers

What is actually needed to
ensure efficient charging
of electric vehicles?

Every all-electric vehicle has one and it often determines the
charging time at the AC Wallbox: the onboard charger (OBC).
High-performance components are needed to make it compact,
lightweight, efficient, and quiet.

\%

By RALF HickL,
PrRODUCT SALES MANAGER
AUTOMOTIVE BUSINESS UNIT (ABU)
AT RUTRONIK
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power (kWh/km) is a must. Its calcula-

tion often not only includes the power
from the battery but also the power required
by the AC Wallbox to charge the battery.
Charging losses in the OBC therefore impact
this figure directly. To ensure a low power BEV,
it is essential to have the most efficient char-
ger possible onboard.

For BEVs (battery-electric vehicles), low

Committed to excellence

The block diagram (Figure) shows a bidirec-
tional, 3-phase onboard charger. Beside bat-
tery charging, bidirectional chargers also al-
low the reverse flow of power from the
vehicle battery to the grid. BEVs can thus help
buffer the grid at peak load times. Yet anoth-
er option is to use the vehicle as a power gen-
erator in isolated operation, a method Sono
Motors is pursuing for its Sion, for example.
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Supplier Series Properties/description
Panasonic ECQUA Film, Class X2

Vishay AY1 Ceramic Disc, Class X1, Y1
Vishay AY2 Ceramic Disc, Class X1,Y2
Kemet R53 Film, Class X2

Table 1: Series proposals for interference suppression capacitors (Y, X) qualified to

DIN IEC 60384-14 and AEC-Q200

Supplier Series Properties/description
Rohm SCT3xxx, SCT4 SiC Power MOSFET, 650V, 1,200 V, 1,700 V
Bosch BT1Mxxxx SiC Power MOSFET, 750V, 1,200 V

Infineon CoolMOS CPA, CFDA | Si Power MOSFET, 600V, 650 V

Infineon CoolSiC MOSFET

SiC Power MOSFET, 1,200 V

Table 2: Power MOSFETs

In this case, an OBC with four main blocks is
recommended.

Block 1:
Filter and PFC

Block 1 contains the filter for suppressing
conducted electromagnetic interference (EMI
filter). With regard to grid impacts, the OBC
must comply with standard |IEC 61851-21-1
(Electric vehicle onboard charger EMC re-
quirements for conductive connection to AC/
DC supply).

Together with the transistors of the grid in-
verter, the inductors are also part of the pow-
er factor correction (PFC).

Block 2:
Grid inverter

Block 2 consists of the grid inverter. Depend-
ing on the direction of power flow, it works as
a rectifier or inverter. Through pulse width
modulation (PWM) of the input transistors, it

simultaneously ensures high power factor cor-
rection (PFC) in interaction with the inductors
in the phase lines.

Basically, the trend is toward higher switch-
ing frequencies (carrier frequency of PWM).
The higher the switching frequency,

e the smaller the passive components can be,

e the quieter the vehicle (anyone who has
walked passed a StreetScooter in idle mode
or an active first generation high-power
charger knows what is meant),

e the greater the power density of the overall
system,

¢ and, unfortunately, the greater the switch-
ing losses.

High switching frequencies are enabled by
wide-bandgap semiconductors, i.e. diodes
and MOSFETs made of silicon carbide (SiC) or
gallium nitride (GaN). Automotive-qualified
SiC-based MOSFETs are offered by Rohm and
Infineon, for example (Table 2).

EMI-Filter

L=
L2 —
LS_

1!

o
%@T 0 FQZ L
Bz Pz

Control (Gate Pulses)

OBC Control Board

Sensing & Diagnostics

Control (Gate Pulses) Control (Gate Pulses)

Simplified block diagram of a bidirectional charger.
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Supplier Series
Rohm BM61S/MxxRFV
Infineon EiceDriver

Table 3: Isolated gate drivers

Supplier Series Properties/description

Wima DC-Link MKP4 Film, THT

Vishay MKP1848 DC-Link | Film, THT

Vishay MKT1820 Film, THT

TDK CeralLink ceramic, THT, SMD, high temperatures, low ESL

Table 4: Power film capacitors

Wima MKP10, FKP1
Vishay MKP385
TDK Epcos | B32641B ... B32643B

Table 5: Resonance capacitors for CLLC circuit

Supplier Series Properties/description
Infineon Traveo T2G | 32-bit microcontroller with core(s) from Arm
Infineon Aurix A2G 32-bit microcontroller with Infineon Tricore(s)

Table 6: Microcontrollers for control electronics

They are available with ever smallerR . and
lower gate-drain capacitance to gate-source
capacitance ratio. Small R .~ counteract
conductivity losses, while small parasitic ca-
pacitances in the MOSFET benefit switching
losses and switching behavior. The possible
elimination of negative gate voltages simpli-
fies the circuitry design for the gate driver
and is easy on the budget.

Rohm supports its latest generation of SiC
MOSFETs with a half-bridge evaluation board
(e.g. PO4SCT4018KE-EVK-001), which can be
flexibly configured for various gate voltages.

SiC MOSFETs require suitable gate drivers with
galvanic isolation between switching and
control potential. They provide the necessary
gate voltages and currents to reliably switch
the MOSFET on or off. Some models also fea-
ture additional functions, e.g. monitoring for
overcurrent or desaturation (DESAT) with
feedback of the diagnosis to the control elec-
tronics (Table 3).

The grid inverter feeds the DC link on the grid
side. There is also a DC link on the battery side,
namely that of the traction inverter. The volt-
ages in both DC links are smoothed and buff-
ered with capacitors. The alternating currents
(ripple currents) caused by the grid inverter
and the DC/DC converter flow through these
DC link capacitors. Important selection crite-
ria for low power loss and heat generation are,
76 RUTRDNIKER 2022
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therefore, low ESR (equivalent series resis-
tance) in the switching frequency range and
low ESL (equivalent series inductance). Film
capacitors meet these property requirements.
Alternatively, new ceramic capacitors with a
special dielectric from TDK Epcos are available
(CeraLink). Unlike conventional ceramic ca-
pacitors, their capacitance is not reduced by
a high charge with DC voltage (DC bias) but
increases up to the nominal voltage level
(Table 4).

Block 3:
DC/DC converter

Block 3 is the DC/DC converter in CLLC topol-
ogy. It consists of a half-bridge, an AC-cou-
pled pulse transformer, and a synchronous
rectifier (half-bridge) on the battery side.

The DC/DC converter adjusts the voltage levels
of the grid-side DC link and battery, transfer-
ring power from the primary to the secondary
side (charging) or vice versa (generator [ iso-
lated operation or grid feed-in). The pulse
transformer also galvanically isolates the elec-
trical system from the public grid. Together
with the capacitors of the series resonant cir-
cuits, the pulse transformer has a significant
impact on the efficiency and power loss of the
converter since the entire transmitted power
flows through both components. An important
selection criterion for resonant capacitors is,

Committed to excellence

therefore, their loss factor tan &. The smaller
the loss factor, the lower the capacitor power
loss and the better the efficiency. Together
with the capacitance required for the resonant
frequency, these conditions usually lead to the
choice of film capacitors (Table 5).

Like the resonant capacitor, the pulse trans-
former is also a high-performance component.
To achieve high efficiency, it must also gener-
ate as little heat as possible, i.e. offer low
power loss. The power loss is composed of core
and copper losses. While eddy current losses
and remagnetization losses contribute to core
losses, copper losses are determined by the
ohmic resistance of the winding according to
P = I2R. Due to the skin effect, the resistance
depends on the frequency and increases with
rising frequency.

The core material of the pulse transformer
should be characterized by high saturation
field strength and low remanence with high
permeability. The higher the permeability of
the core material, the fewer windings a coil
requires to achieve a given inductance. Short-
er coil wires, which have a lower resistance,
are sufficient for a coil with less windings. A
high saturation field strength allows for the
core material to be designed in a highly con-
trolled manner. Thus, a large portion of pow-
er can be transferred per period. High electri-
cal resistance of the core counteracts eddy
current losses. Its design ideally ensures de-
fined leakage inductances on the primary and
secondary side. Together with the resonant
capacitor, the leakage inductance forms the
resonant circuit. Alternatively, a low-leakage
core can also be used. However, in this case,
separate resonant inductances are required.

The densest possible winding, a rectangular
conductor cross section, or a band result in a
short conductor length and a high degree of
filling of the coil former.

A pulse transformer with a compact design is
advantageous for automatic printed circuit
board assembly. Rutronik helps its customers
find the pulse transformer that ideally match-
es the individual design. Sometimes a bespoke
design is necessary. The suppliers TDK, Vishay,
and Pulse are at hand as development part-
ners for such pulse transformers.

Block 4:
Control electronics

Block 4 shows the control electronics. Based
on measured values, a microcontroller gener-
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Supplier Type Properties/description

Vishay VOMAB17A | Optocoupler with photo transistor output, AEC-Q
Vishay VOA300 Linear optocoupler, AEC-Q version of IL300
Toshiba TLX9xxx Transistor or IC output, AEC-Q

Table 7: Signal isolators

Supplier Series Type

Amphenol ExcellMate | HVSL xxx

Properties
for high voltages, Safety Lock, LV-215

Table 8: Plug-in connectors for high voltage applications

ates the control signals for the power semi-
conductors in the inverter, the DC/DC con-
verter, and the synchronous rectifier.
Depending on the functional safety require-
ments, derivatives from Infineon's Traveo T2G
series (up to ASIL B) or from the Aurix A2G
series (up to ASIL D) are suitable (Table 6).

On their way from the high-voltage side to
the control side with non-hazardous low volt-
age, the signals must be galvanically isolated.
Components for the galvanic isolation of sig-
nals are, e.g., optocouplers from Vishay or
Toshiba. Vishay's VOA300 is an optocoupler
for the transmission of analog signals and the
automotive variant of the well-known [L300.
It includes a transmit LED and a pair of
matched receive LEDs. If one of the receive
LEDs is included in a negative feedback circuit
on the control side, good linearity of the cur-
rent transfer characteristic between the
transmit LED and the second receive LED is
achieved (Table 7).

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

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

The HV connectors from Amphenol (Table 8)
must be mentioned in this respect. They en-
sure compatibility with Webasto's Vehicle In-
terface Box, which is used by numerous OEMs
and conversion specialists.

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

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

As with the design of a bidirectional HV switch
for 800 V/50 A (page 53), Rutronik Automo-
tive is collaborating with its partners on a ref-
erence design for an OBC. The design of the
HV switch combines the functions of a con-
ventional fuse with those of a switch. Cutting-
edge 1,200 V SiC MOSFETs provide low con-
ductivity losses and low power loss, thus
making passive cooling sufficient. Until
Rutronik's new reference design for the OBC
has been completed, Infineon's REF-DAB-

1KIZSICSYS illustrates the implementation
of a bidirectional 11 kW DC/DC converter in
CLLC topology with 1,200V and 1,700 V Cool-
SiC MOSFETs.

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

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

The long-term development of the OBC is
quite exciting: Does it migrate into the charg-
ing cable as a kind of plug-in power supply
thanks to modern components with high pow-
er density? Will it be just an equipment option
in the future due to the development and
spread of the charging infrastructure? Since
during the journey it is basically just useless
ballast. It competes with DC charging stations
that bypass it and with battery swap technol-
ogy. But as long as it is needed, it should be
as efficient as possible. |
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Charging port for electric vehicles

Why charging is not just
Refueling 2.0

What’s so special about a charging port for electric vehicles compared to the
fuel nozzle for conventional ones? Not much at first glance, and as such the
charging plug was simply placed behind the tank cap on the first electric vehicle
models. But this is not ideal, especially with regard to safety aspects.

\%

By THOMAS KepclJ)A, CORPORATE PRODUCT
MANAGER ANALOG & SENSORS
AT RUTRONIK,
JENS SCHUBERT, PRODUCT LINE MANAGER
DIRECT ANGLE, AND
BERKO KLETZANDER, PRODUCT LINE
MANAGER EMBEDDED CONTROLLER,
BOTH AT TDK-MICRONAS
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he biggest difference between a fuel
Tfiller flap and a charging flap is their

frequency and time of use. While a fuel
filler flap is opened and closed maybe once or
twice a week on average, it happens on a daily
basis with a charging flap. The charger is un-
plugged at the start of a trip and plugged back
in at the end of the day. And if you are on the
road a lot or take longer trips, you will also
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have to open the flap somewhere along the
way for recharging.

In this context, another aspect plays a vital
role. With an internal combustion engine ve-
hicle, the first contact is always opening the

www.rutronik.com



door and getting into the driver's seat. That is
the reason why car manufacturers go to great
lengths to make it a positive experience - af-
ter all, there is no second chance for a good
first impression! This is different with electric
cars: In this case, the driver should first dis-
connect the charging cable before getting into
the car, otherwise it is going to be somewhat
of a short ride. This obviously turns the charg-
ing flap into the vehicle's calling card. Car
manufacturers have recognized this fact and
are trying to make the charging experience as
positive as possible, especially for high-end
vehicles.

First and foremost, it includes ensuring that
the charging port meets vehicle safety re-
quirements. To protect users from electric
shock, the port must be waterproof.

In addition, the plug must remain connected
during the charging process. After all, there is
hardly anything more annoying for electric car
drivers than approaching a presumably fully
charged vehicle only to find that the plug has
become loose or someone else has unplugged
it and the car is only partially charged. This
makes the locking of the charging plug one of
the most important parts of the charging port.
Electronics integrated in the actuator control
this process and enable the current status to
be queried.

However, disconnecting the plug during the
charging process is not just annoying for the
driver. It can also damage the charging elec-
tronics and cause an arc, destroying the con-
nector plug or causing skin burns. Therefore,
a functional safety rating of ASIL applies to
the charger; the requirements for the applica-
tion being addressed may vary between a QM
product and a product with "ASIL B ready” as
a prerequisite.

All charging ports require at least two elec-
tronic components that are not required in
vehicles with an internal combustion engine:
an actuator for locking and a plug sensor.

The charging plug is securely locked by the
movement of a metal pin inside the charging
socket via an electric actuator. To control the
motors that move such pins, TDK offers vari-
ous integrated Arm Cortex-M3 motor control-
ler ICs through its HVC-4x family. They are

www.rutronik.com

capable of controlling DC, BLDC, and stepper
motors while connected to a LIN bus (auto-
motive version). Six motor outputs enable the
control of up to three independent DC motors,
e.g. for locking the plug and the charging flap
or for electrically opening the charging flap.
Seven general-purpose |0 pins can be used to
control warning and charging LEDs and to in-
terface with various sensors, such as the sen-
sor that ensures the locking pin is actually
inserted into the plug.

This safety check can also be implemented us-
ing a Hall effect sensor. To do so, the TDK port-
folio includes several 3D position sensors, e.g.
Micronas HAC 373x or HAC 3930. They can
measure either the rotation of a gear (in com-
bination with a solenoid) or the linear move-
ment of the locking pin (together with an at-
tached solenoid). Both are ASIL B ready
according to 1SO 26262 and therefore suitable
for applications that need to meet ASIL B re-
quirements. Additionally, both sensors support
PWM and SENT interfaces for communicating
with the integrated electronics. They feature
a small leaded transistor package (TO92UF)
with integrated protection capacitors, which
enables cost-efficient lead frame assembly
and thus more compact actuators.
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DC/DC converters

Electromobility
in harsh environments

Perhaps the most fascinating example of electromobility occurred in April
2021: the maiden flight of the Ingenuity helicopter on Mars. Although electric
vehicles on Earth do not have to operate in such harsh environments, their
power electronics still need to work reliably in difficult conditions.

\%

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

hen Ingenuity took off on Mars, it
was nearly 300 million kilometers
away from Earth; the round-trip

transmission time of a radio signal exceeded
32 minutes. During its flight, the helicopter
consumed about 350 watts of power. The re-
chargeable lithium-ion batteries driving its
two rotors were solar-powered.

The environment on Mars is harsh, with ex-
treme temperatures and low atmospheric
pressure, meaning much can be learned about
the reliability and durability of the power
electronics under challenging conditions
through Ingenuity's flight.

Terrestrial vehicles
also have it tough

There are off-highway vehicles on Earth that
operate in harsh environments, too. They in-
clude pallet/forklift trucks, loaders, tractors,
and excavators, as well as an array of small-
er machines for automated tasks or passen-
ger transport. Like Ingenuity, they require
motor drives, on-board and off-board char-
gers, and DC/DC converters to convert the
voltage level between the drive battery and
12 V or 24 V for auxiliary equipment. These
converter modules typically operate at out-
door temperatures of between -40°C and
+75°C and are protected against the ingress
of dust and water. Cooling is often only pro-
vided by a base plate; fans are hardly ever
used due to their service life and noise-
related properties.
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Electronics to
automotive quality standards

Many advances in the field of power electron-
ics focus on electric vehicle solutions for peo-
ple and goods. Improving efficiency to in-
crease the range of the vehicles and to reduce
the size and weight of the converters is a key
factor of this work. This also applies to low-
voltage DC/DC converters that also need to
work reliably for many decades in the de-
manding environment of electric vehicles.

Self-driving electric vehicles can be seen as
mobile data processors. They are equipped
with components typically required for this,
such as CPUs, FPGAs, and SoCs, all of which
demand low-voltage precision power rails.
They are usually provided by point-of-load
(Pol) converters. Converters that qualify for
this application must ensure the highest lev-
el of reliability, e.g. through surface-mount
solder connections with wettable flanks.

Further, the operating environment of an elec-
tric vehicle is susceptible to EMC (electromag-
netic compatibility), and switching frequen-
cies in the AM range can be problematic. The
converters must, therefore, be kept within
limited frequency ranges, which obviously re-
stricts the circuitry design.

Vibrations and both physical and thermal
shocks also pose particular challenges. Re-
com's high-efficiency RPX series (Fig. 1) is de-
signed to withstand them (according to MIL-
STD-883D). It can also be obtained from
Rutronik as a Q-version, which meets the re-

quirements of the automotive industry. The
RPX is housed in an ultra-miniaturized, 3 mm
x 5 mm QFN package that is just 1.6 mm tall
with an over-molded flip chip on a leadframe.
The output voltage can be trimmed from 0.8
to 30V, while the input range is 4 to 36 V. It
additionally provides comprehensive monitor-
ing and control, something that is essential
for electric vehicle applications.

Chargers for electric vehicles, whether for on
the road or at home, must be small and should
have the least possible impact on the environ-
ment. This again requires a high level of effi-
ciency, not only in the main stage of the AC/
DC charger, but also in a number of common-
ly available AC/DC and DC/DC auxiliary pow-
er supplies.

Off-board chargers generally operate in an
environment of overvoltage category 3 (OVC
[11). Off-the-shelf AC/DC chargers are, there-
fore, often not suitable, especially if the char-
ger needs to be bidirectional. The Recom sub-
sidiary Power Control Systems (PCS)
specializes in customized products for high-
kW applications. The power supplies available
through Rutronik meet all relevant standards
and feature an operating temperature range
from -40°C to +85°C. Beside low noise and
low ripple, they are characterized by a high
level of efficiency.

While helicopters on distant planets do not
have to meet international standards on func-
tionality and safety, eMobility applications on

Efficiency vs. Output Current

"

Efficiency [%]
g

0 10 20 30 40 50 60
Output Load [%]
Figure 1: The RPX-DC/DC converter from Recom is

highly efficient (the 1.8 V output version is shown in
the diagram).

100

Earth are often heavily requlated. A prime ex-
ample is the rail sector: DIN standard EN
50155 is the general standard here; while oth-
er standards regulate EMC, insulation systems,
shock/vibration, fire protection, and electrical
safety features. These standards ensure that
power sources for drive, control, comfort, and
communication devices operate reliably de-
spite power problems and disturbances, such
as transients, spikes, brownouts, and total
mains failures, as well as a nominal supply
voltage varying between 24 V and 110 V DC
(Fig. 2).

To meet these standards, modular converters
require a high level of electrical and environ-
mental protection, although only contact
cooling is usually available. The DC/DC con-
verters of Recom's RMD family satisfy all
these requirements. They are available for ap-
plications in the range of 150 W to 1 kW.

The Ingenuity helicopter is certainly an inspi-
ration - but probably very few people outside
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Figure 2: Rail supply voltages and
their overvoltages cover
a wide range of applications.

the energy technology community realize that
the technology that made its maiden flight
possible is also used in electric vehicles down
on Earth. [ |
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Greater functional safety in cars

Mastering ESD
for interference-free
data transmission

Electronic components currently make up roughly one-third
of the value of a passenger car, and this figure is set to rise.
Seventeen percent of semiconductor failures in cars are due to
electrostatic discharge (ESD). Appropriate protective measures

are therefore a must.
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By EMILIA MANCE, CORPORATE PRODUCT
SALES MANAGER STANDARD PRODUCTS
AT RUTRONIK

your fingers or a static shock when touch-

ing a car door may be annoying, but for
some electronic assemblies, electrostatic dis-
charges can mean total failure. The smaller
the semiconductor structures and the higher
the impedance of the analog and digital 1/0
pins, the more susceptible they are. Possible
consequences include thermal breakdown of
a p/n junction, oxide breakdown (dielectric
breakdown), and melting of the metalized
layer.

I n everyday life, experiencing a tingling in
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Wiper Control ‘

Air Bag |
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ESD-sensitive applications in the car.
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They, in turn, lead to malfunctions, shortened
service life and, ultimately, total failure of the
semiconductor. Often, the damage is first de-
tected by the customer and then causes high
costs for repairing or replacing the device or
application.

And this also holds true for automotive ap-
plications. The number of electronic systems
inside a vehicle has increased rapidly in recent
decades. They can be found in engine and
transmission control systems, in many control
units, in safety technology, and chassis opti-
mization, and even in information and com-
munication technology.

Bus systems are a very central element since
they ensure communication between the var-
ious systems. Each bus system is optimized for
specific properties, such as networking a larg-
er number of ECUs and high data rates (CAN),
low-cost implementation, high bandwidth
(Ethernet), use in safety-relevant distributed
controllers (FlexRay), or low-cost integration
of sensors and actuators (LIN).

Numerous suppliers offer ESD diodes specifi-
cally designed for each of these systems. In
contrast to TVS diodes, they not only protect
against voltage spikes but also against data
loss.

With Data Line Protection, Diodes has put to-
gether a whole range of protection compo-

nents that strike a chord with users due to
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outstanding ESD performance in their class
and numerous package options for customer-
specific requirements. They are characterized
by a low-channel input capacitance. Their
breakdown voltage is also designed for car
use; the series with the suffix Q are AEC-Q
qualified. This includes, for example, DES-
D1LIN2WSQ. The bidirectional TVS diode is
suitable for protecting the LIN bus; one chan-
nel provides ESD protection according to IEC
61000-4-2, i.e. up to £30 kV for air and con-
tact. It is AEC-Q101 qualified, PPAP capable,
and produced in IATF-16949 certified facili-
ties.

Littelfuse's AQHVxx-01LTG series, also
AEC-Q101-qualified, has been specifically de-
signed for ultra-fast, high-performance surge
protection components for the CAN and LIN
data bus. The series protects against damage
caused by ESD as well as other transient over-
voltages. It can safely pass on periodic over-
voltage surges above the maximum level ac-
cording to |EC standard 61000-4-2 (level 4,
+8 kV contact discharge) without any loss in
performance. Moreover, it ensures safe trans-
mission of induced surge currents of up to

IT’S WHAT’S ON THE INSIDE THAT COUNTS

10 A (AQHV12) (IEC 61000-4-5 (2nd Edition):
t, = 8/20 ps) with an ultra-low clamp voltage.

Vishay also offers a range of AEC-Q101 qual-
ified unidirectional or bidirectional ESD diodes
specifically designed to protect the CAN, LIN,
or FLEX bus. The VCUTO5E1-SDO ESD diode
with an operating range of 5.5V, for in-
stance, has a low leakage current of less than
0.1 yA and a low load capacitance of less than
14 pF. Its CLPO603 package is only 0.27 mm
tall and requires three times less space on the
PCB than a 1006 package.

The performance of the bidirectional ESD di-
odes of the VLIN1616-02G series is specially
adapted to the LIN bus. They are available in
the small SOD323 package; their operating
range is £16V, their leakage current less than
0.05 pA, and their load capacitance less than
24 pF. |
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Dynamic Catalog M70 at keyelco.com

Type of Electrostatic voltage (V)
semiconductor (ESD sensitivity)
V-MOS 30...1,800
MOSFET 100...200
EPROM 100...500
Junction FET 140...1,600
Operational amplifier 150...500
(FET)

Operational amplifier 190...2,500
(bipolar)

CMOS 250...2,000
Schottky diodes 300...2,500
Film resistor 300...3,000
Schottky TTL 300...2,500
Transistor, bipolar 380...7,000
Thyristor 680...2,500

Semiconductor sensitivity: Electronic components
react to electrostatic discharge (ESD) with varying
degrees of sensitivity.
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Smart eFuse for automotive applications

More safety for 48 V
electrical system architectures

An ever-increasing number of vehicles are equipped with both
a 48 Vand a 12 V electrical system to operate small and large
consumers more efficiently. To ensure safe circuitry, Vishay has
developed a high-performance, low-loss smart eFuse board.
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BY EDGAR SCHAFER,

FIELD APPLICATION ENGINEER AUTOMOTIVE BUSINESS UNIT (ABU)

ue to the integration of the 48 V elec-
D trical system and the 48 V standard in

mild hybrids, protection against over-
currents or short circuits also needs to be re-
assessed, since a greater distance is required
between the relay contacts at 48 V (supply
voltage) than at 12 V in order to extinguish
the arc that occurs when the protective relay
is switched. This results in a delayed shutdown
and faster wear of the contacts.

Therefore, conventional 48 V relays are re-
placed with eFuses. They are based on semi-
conductors and do not have contacts whose
wear is fundamentally linked to switching de-
vices. This leads to a longer service life. Fur-
thermore, their faster switching behavior, di-
agnostic capabilities, and lower tolerances
ensure significantly greater safety.

Vishay has developed a smart eFuse that is
designed to continuously switch loads up to
200 A at 48 V. The maximum current can be
set between 1 and 200 A. If the set value is

AT RUTRONIK

exceeded, the eFuse switches within 1 ps. In
contrast to a conventional fuse, the eFuse can
be reset, meaning it does not need to be re-
placed after tripping.

Even at a switching capacity of 200 A, its
power loss does not exceed 14 W. In other
words, passive cooling is sufficient up to an
ambient temperature of 100°C. Active cooling
is only required at higher ambient tempera-
tures.

Two-stage
switch-on behavior

The smart eFuse operates with a two-stage
switch-on procedure. The short-circuit test is
performed first. During the test, a 13 ps pulse
is applied via a resistor connected in series.
If the output voltage is below 10% of the in-
put voltage, a short circuit is assumed and
the eFuse switches off again. However, if the
output voltage is above 10% of the input

Figure 1: Vishay's SQJQ160E compact MOSFETs enable efficient operation of the smart eFuse due to their

extremely low drain-source ON resistance.

PowerPAK" 8 x 8L

Top View Bottom View
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voltage, the second stage, also known as pre-
charging, takes place.

To prevent excessive current caused by ca-
pacitive components on the consumer side
when the eFuse is switched on, the compo-
nents are pre-charged via a series resistor un-
til the output voltage corresponds to 85% of
the input voltage. Upon reaching this value,
the eFuse is switched on.

Main components
of the smart eFuse

At the core of the smart eFuse are 20 N-
channel SQJQ160E MOSFETs from Vishay.
They are based on the latest TrenchFET Gen-
IV technology, which enables a very low R ¢
of just 0.8 mQ. As bidirectional MOSFETs,
they prevent reverse-current flow when the
eFuse is switched off. They come in a com-
pact PowerPAK-8x8L package and operate
reliably within a -55°C to +175°C tempera-
ture range.

Very low power loss is guaranteed by the
high number of MOSFETs connected in par-
allel with a total R ;= of 0.3 mQ. The tem-
perature of the MOSFETs does not rise to
more than 65°C above the ambient temper-
ature.

The WSLP3921L3000FEA shunt from Vishay
allows accurate current measurement with
minimal power loss, ensuring safe fuse shut-

www.rutronik.com



Figure 2: Allows safe shutdown of the smart eFuse
with accurate current measurement and minimal pow-
er loss: the WSLP3921L3000FEA shunt from Vishay.

Figure 3: Vishay's AEC-Q 200 certified NTC thermis-
tor NTCSO805E3103JMT is used to monitor the
board's temperature.

down. Its AEC-Q200 certification and 1% ac-
curacy at 0.0003 Q resistance make WSL-
P3921L3000FEA ideal for safety-related
applications.

Temperature monitoring of the board also
contributes to an increased level of safety. It
is implemented with Vishay's NTC thermistor
NTCSO0805E3103JMT. It, too, is AEC-Q200
certified and has 10 kQ resistance with a de-
viation tolerance of 5%.

The components are located on a double-
sided FR4 (flame-retardant) board measuring
125 mm x 60 mm in size. The smart eFuse
can be controlled both via control elements
on the board and via an external microcon-
troller or mechanical switch. The board's
power consumption is 53 mA when the eFuse
is disabled and 95 mA when it is conductive.

With these features, the smart eFuse from
Vishay enables modern circuitry concepts
and thus paves the way for the development
of future-oriented vehicles. |
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HAL® 39xy

Stray-Field Robust 3D Position Sensors
with Digital Output Interface

HAL 39xy is a Hall sensor family from TDK-Micronas
addressing the need for programmable stray-field robust
position sensors as well as for ISO 26262 compliant
development. Product variants with integrated caps and a
dual-die version are also available.

¢ Accurate angular measurement up to 360° and
linear position detection

+ 3D position detection
¢ Robust against magnetic stray-fields
¢ ASIL B ready
¢ Supply voltage: 3.0 Vo 18 V
# Digital output interfaces
— SENT acc. to SAE J 2716
— SPC
— SPI
— PSI5 acc. to rev. 2.2
— 2-wire PWM
¢ T, =-40°C upto 150 °C
& Packages: SOIC8, TO92UF, or SSOP16

Want to know more about our direct-angle sensors?
Explore www.micronas.tdk.com for more details.

TDK-Micronas GmbH

www.micronas.tdk.com
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FUTURE MOBILITY @

The caris all ears

Cars are learning to listen — not only in the passenger compartment

but also in their external environment. Since acoustic signals from the
vehicle environment can provide key information about other road users,
thereby enhancing the ever-increasing driver assistance systems and
automated driving features.

\'4

BY RALF HickL, PRODUCT SALES MANAGER AUTOMOTIVE BUSINESS UNIT (ABU)
AT RUTRONIK
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icrophones have become the norm
in vehicle interiors; all newer vehi-
cles are equipped with at least the

mandatory eCall system for audio communi-
cation in the event of an emergency. New ap-
plications are now being added, such as:

e Active noise cancellation (ANC) by produc-
ing a counter sound wave

® Recording of the road condition

® Spectrum analysis of engine/driving noise
for preventive maintenance as well as con-
dition and fault detection

¢ Detection of emergency vehicles with their
siren turned on, including direction recog-
nition

Infineon's AEC-Q103-qualified IM68A130A
MEMS (microelectromechanical system) mi-
crophone is all ears when it comes to helping:
It provides an analog output signal and fea-
tures an integrated low-noise preamplifier
(Fig. 1). As a result, it achieves a low noise
floor of only =106 dBV(A) and a high signal-
to-noise ratio of 68 dB(A). At the same time,
the limit for the acoustic overload point is at
130 dBSPL (sound pressure level). These per-
formance characteristics contribute to a wide
dynamic range for acoustic signals and pro-
vide intelligibility and signal fidelity for both
very quiet or distant sounds and very loud or
close sounds.

Together with a straight frequency response
of between 10 Hz and 16 kHz, IM68A130A
features excellent recording quality.

For voice recognition algorithms, the MEMS
microphone provides processable data thanks
to its high signal-to-noise ratio. Thus, even
quietly spoken commands result in a good sig-
nal. When used outside the vehicle, the high

www.rutronik.com



Figure 1: The IM68A130A MEMS
microphone in the TLGA package.

signal-to-noise ratio favors picking up sound
from a distance, for example approaching
emergency vehicles with their sirens turned
on.

secesecesscsesesesesscsesesecscsesesecsssesesessssssesesee

Multiple microphones
for more options

secesecesscsesesesesscsesesecscsesesecsssesesessssssesesee

Using multiple microphones at the same time
opens up further options. Since in a micro-
phone array, the sound from one source ar-
rives at the individual microphones with vary-
ing intensities and time offsets. The direction
of the sound source can be inferred from the
difference in the signals. Digital signal pro-
cessing can then be used to set a desired di-
rectional characteristic from the microphone
array signals (beamforming). Thanks to its
narrow tolerances for sensitivity and phase
response, IM68A130A is also ideally suited for
use in arrays.

secesecesscsesesesesscsesesecscsesesecsssesesessssssesesee

Faster time to market
with the A?B evaluation kit

secesecesscsesesesesscsesesecscsesesecsssesesessssssesesee

When it comes to testing and optimizing such
an array with multiple automotive-qualified
MEMS microphones, Infineon's A?B evaluation
kit is the ideal choice. It contains all the com-
ponents required for a multi-microphone sys-
tem networked via A?B bus (Fig. 2). Each slave
module accommodates four microphones. The
packages of the slave modules are magnetic
and adhere to the sheet metal of the vehicle
body (Fig. 3). A 32-bit Aurix series microcon-
troller in the master unit is responsible for
digital signal processing. Sample software for
various configurations (different number of
slaves or active microphones in a slave) is also
included in the evaluation kit.

Target applications for the A?B evaluation kit
contain siren detection, hands-free or voice

www.rutronik.com

Figure 2: The A?B evaluation kit from Infineon and its components:
(1) ECU master unit with microcontroller from the Aurix series, (2) package, (3) 12 V plug-in power supply,
(4) one of up to four slave modules, (5) magnetic package for a slave module.

control, as well as beamforming and active
noise cancellation.

seesecesecscscsesesscscsesesesscsesesessssesesessssesese e

Summary

seesecesecscscsesesscscsesesesscsesesessssesesessssesese e

The more human - and other - senses the ve-
hicle adopts, the greater the advances in the
automation of driving. Infineon's high-perfor-
mance analog xenon MEMS microphones, e.g.
IMB8A130A, can ensure a sense of hearing for

ECU Master Unit:

* Inside the car

*  AURIX microconlroller
« A’B transceiver

+ Power supply

Slave modules (1-4 pes):
* Attached to outside of car

« 1-4 MEMS microphones
* A’B transceiver

A’B connection:
+ Flexible cable length up
to 15m between nodes

acoustic environment detection. Rutronik's
portfolio additionally includes further sensors
for automotive use that pave the way for au-
tonomous driving. |

A2B
12C /125]

» 1, 2 or 4 microphones could be used per corner module, depending on the algorithm needs

Figure 3: Example of the distribution of four slave modules on the vehicle's exterior.

Committed to excellence
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Electronic load protection with the Infineon PROFET Load Guard

Guardians of
automated mobility

Becoming increasingly important in the future: intelligent power distribution in vehicle
electrical systems. This is now much easier thanks to new components from Infineon.
PROFET Load Guard is the latest family member of protected high-side switches with
functions specifically designed to protect electronic loads and distribution architectures.

\%
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he trend toward advanced driver assis-
Ttance systems (ADAS) and automated

driving requires an intelligent and safe
supply of the constantly growing number of
control units. This demands the protection of
the electrical system from defective consum-
ers that cause overcurrent or even short cir-
cuits.

This protection can be provided in several
ways: On the one hand, by taking measures
to limit the current of individual consumers,
and, on the other hand, by quickly disconnect-
ing defective power consumers or faulty elec-
trical system sections from the rest of the sys-
tem before prolonged voltage drops occur in
the electrical system. Prolonged voltage drops
can otherwise force ECUs for vital ADAS func-
tions into an undervoltage reset, temporarily
disabling safety-relevant functions.

Committed to excellence

Conventional fuses and relays are unsuitable
for this task as their switching speed is
100 times lower than that of intelligent semi-
conductor modules. This puts sensitive loads
and power supplies at risk of overload. Further,
melted fuses must be replaced and cannot be
reset like semiconductor modules. This is not
an option, especially in future zone architec-
tures.

Infineon's new PROFET Load Guard family of-
fers an excellent combination of protection
and diagnostic functionalities for designing
future ADAS systems. The flexible high-side
power switch covers various functions, such
as power supply protection, load control and
protection, self-protection, and wire protec-
tion. Since the PROFET Load Guards limit the
inrush surges, they are also suitable for
switching capacitive loads. Capacitive load
switching mode (CLS mode) also allows large
capacitors to be switched on quickly without
thermally overloading the module. Due to the
adjustable current limitation, the component
also protects sensitive filter components in
the supply line of sensors (keyword: power
over coax). The close tolerance ratio (k) of
the actual current value also allows precise
diagnosis of the load conditions.

Fig. 1 shows an example application: Two
ADAS ECUs (in this case for cameras) are sup-
plied via power over coax. The signal (in the
figure: data) and the voltage supply are sepa-
rated by filters. If a camera causes a short cir-
cuit, the PROFET Load Guard (blue in the fig-

www.rutronik.com
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Data-fusion box
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Camera 1

Max DC/DC output current
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T ——
Cam 1 P

Cam 2

Figure 1: Use case for PROFET Load Guard 12V: power over coax for ADAS

cameras.

ure) limits the load current to a preset value.
On the one hand, this current limitation pro-
tects the filter coils (PoC) from overheating
on the load side. On the other hand, the DC/
DC power supply also remains within the
specified load range and can continue to sup-
ply the other camera without any problems.
The current limitation thus ensures freedom
from interference between the load circuits.

Latest development with
adjustable current limitation

Fig. 2 shows the block diagram of the
BTG7090-2EPL member of the PROFET Load
Guard family with its internal function blocks.
The overcurrent limitation block is new. Com-
pared to its predecessors, the PROFET Load
Guard does not simply switch off in the event
of overcurrent but continues to operate and
limits the output current to a preset limit.

To do so, it is equipped with adjustable cur-
rent limitation. An external resistor is used to
configure the maximum current. In the event
of an overload, the output current is limited
to the limit current programmed with the re-
sistor, and the output transistor of the PROFET
Load Guard goes into linear operation. The re-
sulting power loss in the transistor heats up
the component. The component only switch-
es off the affected channel to protect itself
when the chip temperature or the tempera-
ture gradient reaches a certain maximum val-
ue. Then the retry strategy comes into play, a
combination of auto-restart and latch-off: Af-
ter switching off, the chip temperature drops

www.rutronik.com
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Figure 2: Block diagram of PROFET Load Guard BTG7090-2EPL.

again and the PROFET Load Guard is switched
back on automatically (assuming a continu-
ous high signal at the control input). After six
unsuccessful restart attempts, the output
stage switches off permanently (latch-off). A
low-high sequence at the control input resets
the internal retry counter and switches the
output back on.

Due to the adjustable current limitation, the
module offers high flexibility in the applica-
tion, as the functionality can be adapted to
changing requirements through the choice of
the resistor.

For self-protection, the switch relies on its
temperature monitor with switch-off due to
overtemperature. Needless to say, the control-
ling microcontroller can also switch off the
PROFET Load Guard. The diagnostic feedback
signals on the sense pin are used as the basis
for its decisions. The module thus also pro-
vides precise feedback (+5%) on the current
power consumption of the load.

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

Dealing with return current
reduces power loss

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

PROFET Load Guards can only switch off the
current in one direction. In the other direc-
tion, the intrinsic body diode of the MOSFET
conducts even if the channel itself does not.
Return current exists, for example, in regen-
erative motors as a load. High power losses

90 RUTRDNIKER 2022
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can occur in the body diode and heat up the
chip and possibly also adjacent channels,
causing them to switch off.

The InverseOn product feature allows the in-
ternal MOSFET to be switched on as long as
the return current is within certain limits. The
advantage: The power loss that occurs in the
channel of the MOSFET is smaller than that
which would occur in the body diode.

Thanks to the Capacitive Load Switching (CLS)
function block, the PROFET Load Guard is also
suitable for fast charging and switching on
large capacitive loads. For this purpose, the
input is controlled with specific PWM. This
PWM signal puts the module into CLS mode
with the continuous auto-restart switch-off
strategy. The switching cycles “"Switch on and
supply with limit current” and “Switch off due
to protection against steep temperature rise”
are repeated until the voltage drop at the out-
put transistor, in ON state, falls below a cer-

Wi PROFET™ 3
= Load Guard DB
CUSBND m@eaee @ outo

Y

=S =
uoaulu| :abewy

=2 0C INI DSEL IS DF ING GNDY

V1.0
08,2019

Figure 4: Daughterboard with PROFET Load Guard.
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Figure 3: PROFET Load Guard with two channels in
the TSDSO package with 14 pins.

tain value. In this case, the capacitive load is
considered to be sufficiently charged. After
that the PWM is permanently switched
through and can be replaced by a high level
at the control input. Advantage: The module
remains in the specified safe operating area
(SOA) during this period.

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

Availability, simulation capabilities,
and evaluation boards

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

PROFET Load Guards are 1SO-26262-ready.
Infineon, therefore, provides information in a
safety application note (SAN) that helps to
integrate the component into a functionally
safe system. The first derivative is the dual-
channel BTG7090-2EPL; samples are available
from Rutronik upon request. Large-scale pro-
duction is set to start in late 2022. Interested
parties can find the data sheet, simulation
models, and other tools at www.infineon.com/
profetloadguard.

For evaluation purposes, Infineon offers two
boards for assembling a kit: the motherboard
PROFET ONE4ALL MB V1 and the daughter-
board BTG7090-2EPL DAUGH BRD (Fig. 4).

Together with Infineon's ulO-Stick and the
Config Wizard GUI, the module can be con-
figured, controlled, and tested.

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

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

ADAS require a reliable power supply within
the vehicle electrical system. To achieve this,
the electrical system must be protected from
other defective consumers with excessive cur-
rent requirements. With its current-limiting
function that can be adapted to system re-
quirements, the PROFET Load Guard does not
allow hazardous short-circuit currents and
peak currents at its outputs in the first place,
thus protecting the load and the 12 V power
supply against overload. [ |
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Intel® NUC 12 Pro Mini PCs, Kits, & Boards

Small Size.
Sig

Business
Performance.

Intel® NUC Pro form factors

Available as mini PCs or customizable kits, every device is qualified for 24x7 operation and comes with three-year availability and a three-year warranty.

Intel® NUC 12 Pro Mini PCs

Small PCs and compact workstations, loaded with
Windows and ready to use right out of the box. Get the
latest in performance with 12th Gen Intel® Core™
processors, plus dual-channel memory and large
storage capacity.

Powerful Performance.

Perfect Fit.

Intel® NUC 12 Pro Mini PCs, Kits, and Boards raise the
bar for performance and connectivity in a 4x4 device
for productivity, collaboration, and edge compute. 12th
Gen Intel® Core™ processors—plus up to 64GB dual-
channel memory and massive SSD capacity—drive
enterprise-class performance in a pint-sized PC.
Collaboration is faster and easier than ever with
lightning-fast wired and wireless connectivity options.
Select SKUs come with Intel vPro® technology for
remote manageability, hardware-enhanced security
features, and platform stability to help businesses cut
IT costs and boost uptime.

The systems are built to deliver great experiences at
the edge, with their small size, numerous ports front
and back, dual LAN expansion module (select SKUs),
and these added features:

Productivity
Including business computing
and home office

Collaboration
Including video conferencing
and huddle rooms

Edge compute
Including digital signage, digital
kiosks, intelligent vending, and
edge appliances

Intel® NUC 12 Pro Kits

Kits include arange of 12th Gen Intel® Core™
processors, chassis, and board. They are easy to
customize with the right operating system, memory,
and storage to meet different customer needs.

Intel Watchdog Utility: Monitors and can
automatically restart applications.

= Display emulation: Enables emulation of displays
for one or both HDMI ports when a display is not
attached or is temporarily disconnected.

= Clientmanagement interface: HDMI CEC can be
queried and configured via the WMl interface.

Every Intel® NUC 12 Pro Mini PC, Kit, and Board is
qualified for 24x7 operation and designed to last with a
three-year warranty from Intel. For performance,
connectivity, and reliability in a small footprint, these
4x4s are tough to beat.

Connectupto
one 8K or four 4K
displays

Quialified for

24/7 operation

Intel® NUC 12 Pro: Go Smalll for Big Performance

Intel® NUC 12 Pro Boards

Choose from Intel® NUC board, compute, and chassis
elements to create unique integrated or embedded
compute solutions.

Features

12th Gen Intel® Core™ i7/i5/i3 processors

Intel vPro® Enterprise with 12th Gen Intel® Core™
i7/i5 processors

Up to 64GB dual-channel DDR4-3200 memory
Intel® Iris® Xe graphics or Intel® UHD graphics

M.2 slots for PCle x4 Gen 4 NVMe SSD and
second SSD (select SKUs support third SSD)

2x Thunderbolt™ 4 ports (select SKUs),
3xUSB 3.2 ports, 1TUSB 2.0 port,
2x HDMI 2.1 TMDS Compatible

Intel®i225-V Ethernet for speeds up to 2.5 Gbps
and Intel® Wi-Fi 6E AX211 (Gig+)

Tall SKU available with second Ethernet port
(Intel®i225-V) and two additional USB 2.0 ports

Tolerates 0-40° C external ambient operating
temperature

AllUSB ports with individual USB power control
Intel three-year warranty

Three-year product availability




ModusToolbox™

ModusToolbox™ software is a modern, extensible development environment supporting a wide range of Infineon microcon-
troller devices. Provided as collection of development tools, libraries, and embedded runtime assets architected to provide
a flexible and comprehensive development experience.

Development Middleware Functional API Application
workflow management levels portability

ModusToolbox™ includes
peripheral drivers and
functional APIs including a
HAL for maximizing
portability, and a Peripheral
Driver Library for
maximizing code efficiency
and device capabilities.

The middleware libraries
within the ModusToolbox™
Library Manager, can be
imported directly into your

Application portability is
facilitated through the
availability of HAL APIs,
code generators, and

ModusToolbox™ provides

an adaptable work
environment with options for
various IDEs, command-line
tools with GUI options, and

a make-based build system.

project structure and
seamlessly incorporated
into the build environment.

Board Support Packages.

Develop the way you want to develop, with the workflow you get to define.

2 Infineon

www.infineon.com/modustoolbox



