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Founded in 2000 by two Washington State University electrical engineering 
professors, Digilent’s original mission was to make electrical engineering and 
design technologies understandable and accessible to educators and students 
with high-value, industry-relevant educational tools and curriculum. After laying 
down successful roots in Academia, Digilent — now a subsidiary of test and 
measurement powerhouse NI — has proven to be an invaluable resource for 
professional engineers as well. 

With a diverse offering of multi-instrument PC-based test devices and system 
boards, Digilent’s products empower engineers, researchers, and scientists with 
the flexibility to design rapidly and test the world around them in either the lab 
or at home.

For more information, visit https://digilent.com/

Introducing the Analog Discovery Pro
ADP5250: The Biggest, Baddest, and Boldest
Analog Discovery Yet
Digilent latest Analog Discovery Pro ADP5250 brings higher 
sample rate and bandwidth and a more rugged design to 
the Analog Discovery Pro family, keeping our free highly 
rated WaveForms application software at the controls….

Using a USB Oscilloscope for IoT Applications
Industry 4.0 runs on a plethora of software, mid-ware, and 
hardware solutions that enable machine-to-machine, as 
well as, machine-to-human communications within the 
shop floor. For software, cloud computing, the digital 
twin, and other digital transformation solutions provide 
the computing power for data analysis.…

Press Release

About Digilent

Portable Versatile Tools for 
Circuit Testing & Debugging On-the-Go

How to Automate Your Measurements

What is the Importance of Resolution in an Oscilloscope?

Measure Power with a Portable Mixed-Signal Oscilloscope

Webinar

Technical Article

Register Now

Read more
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Read more

Read more

Read more
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https://github.com/digilent
https://digilent.com/blog/using-a-usb-oscilloscope-for-iot-applications/
https://digilent.com/blog/measurement-automation-with-the-analog-discovery-pro-adp3450/
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Founded in 2002, Materials Analysis Technology Inc. (MA-tek) is a world-class 
laboratory providing services in Materials Analysis (MA), Failure Analysis (FA) 
and Reliability Testing (RT) services. In line with the exponential rate of the 
business’s development, MA-tek has successfully expanded to be equipped 
with additional Surface Analysis (SA) and Chemical Analysis (CA) services. These 
integrations allow for MA-tek to provide superior service for its customers 
in various industries. MA-tek currently has 12 laboratories set up around the 
world, providing around-the-clock assistance in logistic support and technical 
services. 

MA-tek Has Been Approved by the 2022 Intellectual Wealth 
Management & Intellectual Property Disclosure Review!
Congratulations! MA-tek has been approved by the qualification 
review of the Industry Bureau on May 4th (Wed.) and was chosen 
to introduce the “Intellectual Wealth Management and Intellectual 
Property Disclosure System” with government guidance in 2022.

Media coverage

Read more

Read more

About Materials Analysis Technology Inc

The Future of Display Technology Lies with the High Resolution 
UVA MicroLED
The high resolution, high brightness, low power consumption, long 
product life and other advantages of the MicroLED have made it 
the focus of the next generation of display technology. According to 
estimates from LEDinside, the overall market value of the MicroLED 
will reach 4.2 billion USD by 2023.

The Soul of Electronic Components — Advanced Transistor 
Technology and Development Trends
The development of Moore’s Law led to the evolution from the μm 
technology node to today’s 5nm technology node and the 3nm 
technology node expected to go into mass production in 2022. The 
smaller the technology node, the higher the transistor density.

The Principles, Advantages and Industry Prospects of 4th 
Generation Semiconductor Ga2O3 Technology
Fourth Generation ultra-wide bandgap Gallium Oxide (Ga2O3 ), 
diamond and other new generation materials are gaining popularity. 
In particular, Ga2O3 substrate's production is easier than that of SiC 
and GaN, and the material with ultra-wide bandgap also enables 
it to sustain a high breakdown voltage and critical electric field at 
higher voltages.

A Discussion of the Evolution and Challenges of Quantum 
Computing Technology
Quantum computing has become a hot topic in today’s global 
technology industry, it is believed that quantum computing will be 
the next generation of technology to change the world. Although 
the development of quantum technology is still in its early stages, 
tech giants like the United States-based Google, IBM, Intel and 
others are already investing in related research and development in 
order to get a head start and take on a leading role in the coming 
era of quantum hegemony.

How do we assess the quality of the PCBA process?
The production process of the semiconductor industry is a long 
one, encompassing everything from component design and wafer 
fabrication to package testing, module assembly and even system 
integration. Today, we shall discuss the methods employed in this 
stage of PCBA quality inspection and analysis!

Technical

Read more

Read more

Read more

Read more
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The power semiconductor market is expected to continue its robust growth, with 
sustainability and applications such as EVs shaping the market.

Without a doubt, power continues to be one of the critical factors when it comes to 
electronics systems design. From power generation to transmission and distribution, 
all the way to storage, conversion, and consumption, power electronics is a key part in 
ensuring the efficiency of the whole power conversion chain so that electric vehicles (EVs) 

High-Powered Growth

can reach longer distances on a single charge, handheld devices such as mobile phones 
and tablets and wearables can have long-lasting batteries, and home appliances and 
industrial equipment can consume less and less energy, to name a few. 

“From mobile phones to the data centers, power is always a concern,” says Chuan-
Shin Tan, Regional Marketing Manager for Taiwan and ASEAN at Tektronix. “Power is 
on everyone’s radar—even from the environmental to the government perspective.”

Especially now with carbon reduction at the spotlight as the world targets net zero 
emission by 2050. According to Jeff Hsieh, Director of the Power Module Division 
at Niko Semiconductor Co. Ltd (NIKO-SEM), mitigating climate change starts with 
reducing carbon emissions. “Saving energy is also an essential part,” says Hsieh. 
“Improving the efficiency of household appliances and electronic equipment will 
save considerable power consumption and achieve the purpose of energy saving and 
emission reduction.”

This can be achieved by improving conversion 
efficiency through power management ICs and power 
components, he says. “Semiconductor components, in 
particular, power electronics, will play a vital role ahead 
of the 2050 carbon emissions target,” Hsieh notes. 
 
 “Amid the global warming concerns, geopolitical 
instabilities in various region, as well as trade sanctions 
limiting free market movement, there is an increased 
focus to work on alternative energy sources especially 
on development of green energy or electrification 
of the traditional oil and gas dependent sectors, 

such as the automotive industry,” says Chun Soong Wong, Product Manager for 
Oscilloscopes at Rohde & Schwarz (R&S). This gives way to increasing demand for 

Chun Soong Wong, Rohde 
& Schwarz



6

more efficient power conversion and better management on consumption.

Unabated growth
“A big growth opportunity that will drive demand over the next decade is in the area 
of electrification in automotive and energy storage,” says Lee Bourns, Director of 
Marketing at the Bourns Circuit Protection Division. “We are already seeing increased 
power semiconductor market demand for EV applications. For instance, industry-
specific switching devices are being developed for electric and hybrid vehicles. Plus, 
the increased adoption of 5G technology will also create a large market for power 
semiconductors.”

IMARC Group forecasts the global power semiconductor market to reach $50.9 billion 
by 2027, up from $39.5 billion in 2021, and grow at a compound annual growth rate 
(CAGR) of 4% during 2022 to 2027.

Mainly driving this growth is the automotive sector—with power semiconductors 
increasingly being integrated in a wide variety of applications in cars such as in 
steering systems, braking, fuel delivery, and safety systems. The widespread adoption 
of EVs—plug-in, hybrid EVs—is likewise contributing to the growth of the power 
semiconductor market, in line with increasing demand for higher efficiencies in 
converters, battery management systems, and power electronic switches, according 
to IMARC Group. The analyst firm adds that advancements such as the utilization of 
x-by-wire or drive-by-wire technologies, which assist in decreasing the weight of the 
vehicle, enhancing fuel efficiency, and reducing emission, are providing an impetus to 
the market growth.

Pandemic-related impact
The global COVID-19 pandemic continues to have a direct and undirect impact on 
the overall semiconductor industry.

“In general, the pandemic put a huge toll on the resources available in the industry,” 
says Wong of R&S. “Components have become scarce.”

Because of lockdowns and movement restrictions, the pandemic underscored the 
challenges when it comes to human resources, and how it significantly impacted 
product development timelines, production yields, as well as logistical issues, 
according to Wong. 

Indeed, the semiconductor industry continues to face what many in the industry has 
dubbed “The Great Semiconductor Shortage.” In fact, recent reports put lead times 
at over 26 days in March—a new high—amid the recent lockdowns in China. 

The supply chain—from the upstream all the way to the downstream—is in a mess, 
according to NIKO-SEM’s Hsieh. “When you have a chip, but without a lead frame, 
the product still can’t be shipped out,” he explains. “Therefore, many companies 
book volume quantities of materials in a rush amid expectations of supply shortage. If 
you can precisely predict the market, you just might make a huge fortune today.”

Bourns says the pandemic emphasized the ongoing need for long-term planning, 
coupled with frequent communication and appropriate response actions with vendors 
on business continuity plans. “The pandemic also highlighted how, in many cases, 
current production capacities are mostly fixed and unable to meet times of increased 
demand,” he says.

But there is always a silver lining. Outlook for the 
semiconductor industry has never been brighter, as 
manufacturers continue to ramp up their activities 
to satisfy the demand in industries ranging from 
the automotive, computing, consumer electronics, 
industrial electronics, networking, and wired and 
wireless communications. In fact, new fabs are being 
built to address the growing demand for analog and 
power semiconductors. 

“The pandemic accelerated the demand for the overall 
semiconductor industry,” says Tan of Tektronix. “The 

Lee Bourns, Bourns Circuit 
Protection Division
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demand for more devices to facilitate ‘working from home’ drove the volume and 
variety of semiconductors. There is a cascading effect of demands, from the consumer 
end to mobile devices, to the need to cope with data bandwidth at the upper stream 
of the providers.”

Tan says suppliers are trying their best to cope with the demand with the capacity 
they have, while trying to manage the costs involved. “On the demand side, the new 
working style and expectations are shaping new demands to stimulate consumption 
at an accelerated pace,” he says.

“In the beginning of the pandemic, we saw a slowdown in business,” says Wong. “Most 
businesses and market segments were uncertain of the outlook and were prudent on 
spending and investment. Right now, businesses are trying to resume their former 
productivity. But the earlier slowdown has created fluctuations in supply and demand 
that made the market harder to predict. However, from a business standpoint, it is 
certainly recovering from the earlier phases of the pandemic.”

NIKO-SEM’s Hsieh says that if wafer foundries face order adjustments from their IC 
design customers, they will immediately fill the gap with orders from the automotive 
and industrial control sectors. “The current production capacity is still full, and the 
second quarter is still a peak season,” he says. 

Hsieh notes that while demand from brand companies have cooled down amid 
the weakening demand for consumer electronics products such as mobile phones 
and notebook PCs, the automotive and industrial sectors continue to see strong 
consumption that semiconductors will remain in short supply. 

“The shortage of chips will be alleviated at least in mid- to late 2023,” says Hsieh. 
“Brands and component companies have recently revised down their annual 
operating outlook, and most of them expect to find it difficult to achieve new highs. 
Wafer foundries, however, will continue to record new highs.”

Bourns notes that the remainder of 2022 will continue to be challenging for discrete 

devices, with supplier book-to-bill ratios slightly stabilizing and device demand 
continuing to be strong.

Power IC opportunities
While demand for higher efficiency power ICs has always been there, new 
applications requiring fast and seamless communication are driving the development 
of next-generation technologies, and as such, power ICs. 

“First, mobility, which would include both communications devices as well as 
automotive. Battery technology would play hand-in-hand with power ICs regarding 
optimizing the power efficiency on the go,” says Tan. “Next, the ongoing demand for 
big data, coupled with artificial intelligence [AI]. A huge amount of energy goes into 
this area, together with the data centers.”

Wong says power ICs will play an important role when it comes to battery 
management. “Another area is on motor drive control,” he explains. “There is a big 
need to provide drive controls that can be efficient and fulfil different requirements. 
For example, in electric cars, the torque needed will be very different from electric 
trucks, in which the response is distinctive to industrial drives.” 
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Therefore, power ICs will continue to see new developments when it comes to 
different applications, adds Wong. 

“From a purely power perspective, we see that there will be significant growth of 
wide-bandgap [WBG] semiconductors, such as silicon carbide [SiC] and gallium 
nitride [GaN] solutions, as they offer many advantages over the traditional silicon-
based solutions,” says Bourns. “It is an exciting and dynamic market right now, with 
applications ranging from SiC- and GaN-based switch mode power supplies to UPS, 
PFC design, welding machines, and solar inverters. And, of course, all the various 
applications that support EVs.”

In line with these, power semiconductor manufacturers are increasingly developing 
technologies and platforms that will enable higher efficiency electronics system 
designs. 

According to Wong, a lot of the recent developments are focused on new materials, 
including GaN and SiC. “These wide-bandgap devices have moved from research to 
mainstream component products,” he says. Wong adds that more manufacturers are 
designing power circuit topologies into these new materials to increase the devices’ 
power capacity and switching frequencies as well as reduce their form factors. 

“From a test and measurement perspective, we have been collaborating with many 
customers on the next generation of power devices based on GaN and SiC,” says 
Tan. “These devices have been proven to be much more attractive in both power 
characteristics as well as physical footprint.”

Bourns says key developments are targeted at advanced SiC and GaN devices 
for power supplies and IGBT technologies for consumer electronics, such as 
smartwatches, smartphones and IoT devices.

NIKO-SEM’s Hsieh notes that with SiC or GaN, designers can design more-compact 
devices with higher breakdown voltage devices and lower Rdson. GaN devices, he 
says, feature extra-high switching speeds. 

NIKO-SEM is a power MOSFET design house. Focusing initially on consumer 
electronics, the company is now developing devices targeted at the EV market. 

Reliability is at the core of the company, says Hsieh. “In the design stage, we take 
the mass production yield rate. Before we ship the products out, we take a series of 
actions to monitor all the products to prevent defects, if any, going to our customers.”

NIKOSEM provides high- (SPR Pack), middle- (SMRT Pack), and low- (SFT Pack) power 
solutions for diverse applications, such as solar power systems, UPS, server power, 
charging stations, on-board chargers (OBC), and traction inverters. The SPR Pack features 
extra low thermal resistance and good transient power durability. The SMRT Pack touts 
compact and cost-effective design, while the SFT Pack boasts extremely small, light-weight 
profile. The devices are available in voltages ranging from 600V to 1,200V.

Hsieh says the company will next focus on GaN HMET devices as well as package 
integration technologies.

For its part, Bourns—one of the leading global manufacturers of automotive 
electronic components, circuit protection, magnetic and resistive products, and 
sensors and controls— has made significant investments in expanding its portfolio of 
power conversion, power protection, and power conditioning solutions over the last 
decade. 

“We now have one of the most comprehensive electronic component offerings in 
the industry for power circuits,” says Bourns, the company’s marketing director. The 
company will soon introduce a line of IGBTs in Trench Field Stop technology that will 
feature low conduction loss and switching loss to meet broad power market design 
requirements. 

“Bourns’ advanced, competitive, and reliable IGBT discrete products are designed 
to address the growing demand and help relieve global component shortages in the 
market today. We have also launched a series of high frequency magnetics for SiC 
and GaN switch mode power supplies,” says Bourns.
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At present, Bourns is heavily investing in developing high-efficiency, high-current 
magnetic components in compact form factors, as well as automotive diodes in 
DFN package. The company is already well positioned in the SiC and GaN market, 
supporting such designs with market-leading custom magnetics. 

Test and measurement systems provider R&S, for its part, provides oscilloscope and 
power supply solutions targeted at the power electronics space.

“Oscilloscope and power supplies from R&S could address a lot of the measurement 
requirements in the design and development of power electronics,” says Wong. 
“As this sector is growing rapidly, R&S also works closely with third party integrators 
to accommodate different measurement needs, which can range from component 
testing for production, to R&D debugging on new topology implementation. This 
helps speed up our solution portfolio and gain better understanding on the industry 
needs that will further fuel our inspiration for better test and measurement products.”

R&S’s high voltage differential probes, for example, provide a range of 700V to 6KV, 
with up to 200MHz. Most importantly, the solution features exceptional common 
mode rejection ratio (CMRR), which is critical for some of the measurement on the 
high-side gate of a typical power switching totem pole design. 

“We also have a solution for battery testing that make use of our individual power 
supplies that can simulate battery cells with different state-of-charge (SoC),” says 
Wong. “It is possible to supervise the integrity and derating of each cell, and also 
possible to detect faults and emulate hazardous scenario to test cell management 
and battery management for safety concerns.”

Wong says R&S is working on new solutions that will better address the need for 
better common mode suppression. “Similarly, we are expanding our power supply 
ranges. We will continue to work on our product pipeline for both oscilloscopes and 
power supplies to address future challenges in power electronic testing,” he says.

Tektronix, on the other hand, has industry leading oscilloscope, probes, and software 
that addresses the new challenges in characterizing WBG semiconductors. “Our IsoVu 
probe series provides insights into WGB semiconductors that engineers have never 
been able to measure with its novel isolation technology,” says Tan. 

GaN and SiC manufacturing challenges
WBG devices are paving the way for improved, more energy efficient solutions for EVs and 
energy storage systems, according to Bourns. “They are essential at reducing losses,” he 
says. “In all of the fundamental systems of data centers, EVs, and industrial motors, among 
others, WBG components are key solutions to reducing losses to gain efficiency.”

“Consumers will be looking forward to adopting these new devices as they see the 
benefits,” says Tan. “This will then drive the demand for more manufacturers to use 
WGB for their products. In effect, this will drive the demand to suppliers.” He adds 
that this will trigger a wave of replacement—from the consumer side all the way to 
the supplier side.
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SCHURTER is an internationally leading innovator and manufacturer of 
electric and electronic components. The company focuses on safe power 
supply and easy-to-use equipment. Its extensive product portfolio comprises 
standard solutions in the fields of circuit protection, plugs and connectors, 
EMC products, switches, input systems and electronic manufacturing services. 
SCHURTER's global network of representative offices ensures reliable delivery 
and professional customer service. Where standard products are unsuitable, the 
company develops client-specific solutions with their customers.
visit the SCHURTER website at www.schurter.com

About SCHURTER

ID: SCHURTER_China

Circuit Protection
Fuses & holders,
resettable fuses,
thermofuses, circuit 
breakers

EMC products
Power entry modules 
with filter, single-
phase block filters, 
3-phase block filters, 
suppression chokes, 
pulse transformers

Connectors
Power entry modules 
without filter, Inlets 
& outlets, rewireable 
cord connectors, 
distribution units, 
cord sets, plugs & 
sockets
 
Switches
Momentary action, 
metal line (includes 
active electronic, 
capacitive, touchless, 
piezo, stroke)
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Application Note Thermal Protection
schurter.com/data/download/AN_RTS

Circuit Protection

The final authority
 

Overcurrents aren't the only threat to modern electronics. Excessively high temperatures 

are increasingly becoming the number one enemy due to high power density. But how 

can such a danger be avoided? It makes sense to use thermal fuses. Or even better: ther-

mal fuses with that certain extra.
 

A characteristic of modern electronics is 
their enormously high power density. More 
and more components and functions have 
to fit in the smallest possible space. This 
leads to particularly powerful products 
with small dimensions, with minimal risk 
potential. We are talking about thermal 
runaway (Application Note Protection 
against thermal runnaway [1]). Thermal 
runaway refers to the overheating of 
a technical apparatus due to a self-
reinforcing, heat-producing process. This 
damage usually causes the destruction of 
the equipment and often leads to fire or 
explosion.

Current measuring sensor
The temperature dependence of the 
electrical resistance of components 
must always be taken into account when 
designing assemblies and circuits. This 
property for measuring the current can 
also be used specifically.

Since overtemperature protection is 
usually triggered solely by thermal 
conditions and largely ignores the current 
flow, it often makes sense to combine 
such overtemperature protection with a 
current measuring sensor in the form of a 
shunt.
This means that  a rapidly occurring 
fault (overcurrent) can be detected 
and interrupted by means of a shunt. A 
creeping temperature increase can be 
detected and interrupted by the thermal 
protection device.
The shunt, (a low-impedance resistor 
with the lowest possible temperature 
dependence), allows precise 
measurements of the current flowing 
through the component, regardless of 
the ambient temperature. In the standard 
version of the RTS with shunt, the 
resistance of the measuring sensor is 500 
µΩ. The small voltage dropping at this 
resistance is measured. Electronic circuits 

can also process lower voltages at the 
shunt. The lower the voltage, the less the 
measuring device influences the circuit. A 
controller processes the measured values 
received and can react with a separation 
of the circuit if the current is too high.

With shunt, the impedance of the RTS shows a 
significantly lower temperature dependence

Fail-Safe Device
The new SCHURTER RTS thermal 
protection was developed as the final 
authority in a safety chain. It does not 
replace the classic overcurrent protection. 
It compliments it with a functionality that 
was previously not provided by fuses. 

The thermal protection device RTS from SCHURTER is now also available with Shunt
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Application Note Automotive
schurter.com/downloads

Circuit Protection

Balancing act
 

Without battery balancing, the weakest cell in a multicell battery always determines the 

capacity of the entire system. However, since individual cells age differently, it is not pos-

sible to ensure that all cells have the same capacity, even with a conscientious selection. 

It needs different approaches.
 

Lithium-ion batteries, like other battery 
types, are subject to a process of wear 
and tear during charging and discharging 
due to chemical changes. In the lithium-
ion battery, the anode consists of a copper 
foil coated with carbon or a graphite 
compound. The cathode consists of 
a lithium compound. The electrolyte 
between the electrodes is a dissolved 
lithium salt. Depending on whether the 
electrolyte is liquid or solid, one speaks of 
lithium-ion or lithium-polymer batteries.
The cells differ mainly in the cathode 
material, which can consist of cobalt, 
manganese, nickel-cobalt, nickel-cobalt-
manganese (NKM), iron phosphate or 
titaniumate. The various cathode materials 
cause different energy densities, power 
densities, nominal voltages and possible 
charging cycles.

Smooth charging
The so-called IU charging method, which 

is used for such cells, works with constant 
current and constant voltage (Constant 
Current = CC, Constant Voltage = CV). 
In this procedure, the batteries are first 
charged with a constant current. This 
limits the charging current, which prevents 
this to be too high. Constant current 
charging continues until the final charge 
voltage is reached. Afterwards, charging 
is continued with constant voltage, so 
that the final charge voltage cannot 
be exceeded. The charging current 
decreases with increasing charge.
Like the lifespan, the charging time 
also depends on a number of factors, 
with higher charging capacities, above 
all on the temperature. Short charging 
and discharging times have a negative 
effect on the electrode material, so 
that the lifespan and number of cycles 
are shortened. Smooth charging and 
discharging increases the lifetime of a 
lithium-ion cell massively!

Lithium plating
Charging lithium-ion cells at high charging 
currents or low temperatures can lead 
to the damaging effect of lithium plating. 
Lithium ions preferably deposit on the 
anode surface instead of intercalating 
between the layers of graphite. This effect 
results in significant losses of performance, 
durability and safety. In extreme cases, 
lithium plating can even lead to a short 
circuit or, as metallic lithium is quickly 
flammable, to a fire.
Depending on the quality and design 
of the battery, 500 to more than 1000 
charging cycles are common. A battery is 
considered worn when less than 80% of 
its original capacity is left.

The Problem
So-called clusters or battery packs 
generally consist of several single cells or 
cell blocks connected in series to increase 
the nominal voltage. Due to production 

Automotive chip fuse SCHURTER USN 1206 for protection against overcurrent and overtemperature according to AEC-Q200
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White Paper Automotive
schurter.com/data/download/WP_EVC2

Automotive

Safe charging at home
 

Electric vehicles are powered by lithium-ion battery packs. Although they are used in 

billions of applications worldwide from cars to the latest cell phones, they are sensitive 

constructions. However, if care is taken during the charging process the battery life and 

safety can be significantly increased.
 

If you are thinking about buying an electric 
vehicle, it makes sense to consider at an 
early stage how this vehicle should be 
supplied with energy. In the vast majority 
of cases this will involve charging at home. 
That is why we want to limit ourselves to 
this point in this article. What do we need 
to look out for?

Duration of the charging 
process

The calculation for the loading time is 
done quickly. Take the battery capacity of 
a vehicle in kWh and divide it by the power 
(kW) of the charging station. This gives 
you the number of hours for a full charge.

The weakest link 
determines the pace

During the charging process always 
keep in mind that it consists of the mains 

supply, the charging station, the charging 
cable and the charger, just like a chain. 
The weakest link of such a chain always 
determines the maximum charging power. 
Thus, if the charger only has a capacity 
of 6.6 kW, it does not be of any help to 
"pump" some current into the batteries 
with a 22 kW charging station.

Fast charging shortens 
service life

Fast charging harms every lithium-ion 
battery. Charging and discharging lithium-
ion cells can lead to lithium plating. Lithium 
ions are deposited on the anode surface 
instead of nesting between the layers of 
graphite. This effect leads to significant 
losses in performance, service life and 
safety. In extreme cases, lithium plating 
can even lead to a short circuit or since 
metallic lithium is highly flammable, to a 
fire.

Charging on 1-phase mains

The smallest available wall charging stations 
are connected to the 230 V/16 A household 
mains supply. These wall charging stations 
can only be used for single-phase charging 
up to about 3.6 kW. This is only practical 
in a few cases. For example, vehicles with 
low battery capacity for short distances or 
plug-in hybrids that do not rely exclusively 
on the electric motor.

Charging on 3-phase mains

A large number of wall charging stations 
for the private sector are connected to 
400 V/16 A three-phase current (11 kW 
max. charging capacity). Practically every 
household offers this possibility without 
additional changes to the power supply 
system. This already reduces the charging 
times by a factor of 3. The simple design of 
these wall charging stations is particularly 

3-phase wall charging station with intelligent charging management
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Leakage currents in fault-current 
protected environments
To provide for improved protection of operating personnel, residual current operated cir-

cuit breakers are seeing increased use in electrical installations. These, however, often 

trip unnecessarily due to leakage currents caused by electrical systems. The results are 

machine downtime and costs that can otherwise be prevented with design consideration 

to high leakage currents and targeted countermeasures. Because frequency inverters and 

power-line filters are significant causes of ground currents, they deserve special attention.

In addition to fuses and circuit breakers, today 
there is increasing use of residual current 
operated circuit breakers (also called RCDs, 
residual current devices) in electrical systems. 
Fuses protect electrical systems primarily 
against short circuits and fires, whereas RCDs 
provide for reliable protection of operating 
personnel. They register fault currents flowing 
to ground, for example caused by defective 
insulation, and cut them off before anyone can 
be harmed. The problem is that a RCD cannot 
distinguish between residual currents that 
arise in normal operation and those that occur 
due to dangerous fault currents. Frequency 
inverters in particular, which are needed for 
energy efficient operation of motors, cause 
large residual currents.

Frequency inverter and motors (source: 
Control Techniques AG Switzerland)

In addition, the capacitance of the cables and 
power-line filters that are necessary to maintain 
electromagnetic compatibility (EMC) create 
additional ground currents. The sum of all 
leakage currents can thus trigger a RCD and 
shut down all loads on the same cable harness. 
This results in machine downtime, causes 
loss of production and thus considerable 
expenses. However, there are measures for 
dealing with high leakage currents to ensure 
efficient yet safe operation.

Leakage current vs. fault current
The term leakage current refers to current that 
flows to ground in a properly operating circuit 
or to an external conductive component. In 
other words, the current does not return 

through the neutral conductor. The same holds 
true for a fault current, which arises due to 
defective insulation between live conductors 
and flows back to ground. Even if a person 
directly touches a live conductor, the fault 
current flows to ground. An upstream RCD 
detects this fault current and immediately 
disconnects the circuit.

Fig. 1: Leakage currents are dangerous 
for human beings when the ground 
conductor is disconnected (source: 
SCHURTER AG)

Such fault currents have a high resistive 
component as opposed to leakage currents, 
which predominately have a capacitive react-
ance. The RCD, however, cannot distinguish 
between the different types of ground currents. 
Thus, it can already trip when the sum of all 
leakage currents exceeds the trip value. This is 
also possible in normal operation even if there 
is no fault.
The amount of leakage current depends 
on the design of a drive system, on the grid 
voltage, the inverter's pulse-width modulation 
frequency, the length of cables and the inter-
ference filters being used. Furthermore, grid 
impedance and the system's grounding con-
cept also play an important role.

Leakage currents from frequency 
inverters
In both 1-phase and 3-phase inverters, the 
grid voltage is first rectified through a bridge 

circuit and smoothed. From this, the inverter 
generates an output voltage that can vary in 
amplitude and frequency corresponding to the 
desired motor speed.
Leakage currents in frequency inverters arise 
through internal interference-suppression mea- 
sures and all parasitic capacitances in the in-
verter and motor cables. The largest leakage 
currents, though, are caused by the method 
of operation of the inverter. It controls motor 
speed continuously using pulse-width modu-
lation (PWM), which generates leakage cur-
rents far above the grid frequency of 50 Hz. 
For instance, the switching frequency of an in-
verter might be 4 kHz, and the associated har-
monics can have very large amplitudes at hig-
her frequencies. These frequencies then travel 
over the motor cables to the motor, and so 
the motor cables with their grounded shields 
act like a capacitor to ground. Current is then 
diverted to earth through this capacitance. It 
is thus recommended to separate filtered and 
unfiltered cables, otherwise high-frequency 
interference signals can be carried over the 
filtered cable (see Fig. 2).

Transient leakage currents
In addition, transient leakage currents can 
arise when the system is turned on or off. 
Depending on the phase angle, turning the 
system on, can result in steeply rising voltage 
spikes as a result of the fast voltage increase. 
The same thing happens, as well, when 
the unit is turned off due to inductivity in the 
circuit. These fast voltage spikes generate a 
transient leakage current to ground through 
the filter capacitors. It can arise that the RCD 
shuts down operation when the system is first 
turned on.
One way to prevent this is to use a RCD with 
delayed response characteristics. So as to not 
seriously hinder the RCD's ability to provide 
safety, these response characteristics are set 
to narrow limits. Type B RCDs as a rule already 
have a delay in the response. If such a RCD 
is not built in, it is relatively simple to start the 
machine in steps. In this way, for machines 
with multiple units, it is possible to start up the 
various frequency inverters one after the other.

CY

CY
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ARTERY Technology is a professional creator and maker of 32-bit MCU founded 
in 2016, with branch offices in Chongqing, Shenzhen, Suzhou and Taiwan 
specialized in R&D, sales and technical service support. Since its establishment, 
ARTERY has been devoted to the innovation-driven development of 32-
bit microcontrollers powered by ARM® Cortex®-M4/M0+ across the globe. 
With best-in-class technology, complete silicon IPs and excellent integration 
features, ARTERY MCU family adopting advanced 55nm process and ARM® 
Cortex®-M4/M0+ core will continue to bring greater user experience in terms 
of competitiveness and outstanding performance in the future.

About Artery

Artery Tech MCU AT32F407 Wins Best MCU of the Year
Artery Technology Co. has received the Best MCU of 
the Year award for its AT32F407 Series MCU at the 2021 
EE Awards Asia by ASPENCORE. The ceremony was 
held at the Le Méridien Taipei on November 16. Artery 
Tech’s AT32F407 MCU was recognized for its excellent 
performance and strong market recognition. The 2021 
EE Awards Asia winners are selected by a committee 
comprised of ASPENCORE’s global senior industry 
analysts, as well as online readers and users across Asia. 
Hank Du, Artery product and marketing director, accepted 
the award at the ceremony. The event honored the best 

products, companies and industry executives and their extraordinary contributions in Asia’s electronics 
industry drew the participation from more than 200 leading manufacturers and professionals in the field 
of semiconductor and electronics industry. The award of the Best MCU of the Year is also regarded as 
the best proof of widespread recognition Artery has obtained from its global consumers.

Technical

ARTERY Technology’s AT32F425 Series MCUs Passes 
USB 2.0 Compliance Program Testing
ARTERY Technology's AT32F425 series MCUs passed USB2.0 
Tests for Embedded Host and for Peripheral and obtained 
ALLION USB 2.0 compliance program certification.

ARTERY Launches AT32F425 Series Value Line 
Cortex-M4 MCU
The AT32F425 (value line) series, driven by ARM Cortex-M4, 
boasts up to 96MHz CPU speed and DSP, 64kB Flash memory, 
and 20kB SRAM.

High-Performance Cortex-M4-based MCU
ARTERY Tech has released two high-performance MCU series 
featuring operating frequencies up to 288MHz.

Read more

Read more

Read more

Read more

https://www.arterychip.com/images/linkedin_black.png
https://www.eetasia.com/artery-tech-mcu-at32f407-wins-best-mcu-of-the-year/
https://www.arterychip.com/images/Wechat_black.png
www.arterychip.com
https://www.eetasia.com/artery-tech-mcu-at32f407-wins-best-mcu-of-the-year/
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https://www.eetasia.com/artery-launches-high-performance-cortex-m4-based-mcu/
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https://www.eetasia.com/artery-technologys-at32f425-series-mcus-passes-usb-2-0-compliance-program-testing/
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However, manufacturing such devices are not without their challenges.

“WBG materials are getting more and more stable, and we see their increasing 
adoption into more power circuit topologies,” says Wong. “Cost-wise, it still has not 
reach the economy of scale, so traditional solutions that had already work well with 
IGBTs will continue to dominate. Of course, things will change once WBG devices get 
better yield and reach mainstream design integration.” 

“The biggest challenges would be the production yield rate and cost,” says NIKO-
SEM’s Hsieh, adding that SiC devices are now being manufactured in 8-in wafers, 
which is expected to improve the cost and the yield rate. 

“However, the defect in SiC devices is formed when the ingot is growth,” he explains. 
“The substrate quality dominates the most part of the yield rate. GaN devices have 
the same issue.” For GaN devices, GaN-on-silicon would be a good way to reduce the 
manufacturing cost, Hsieh says. But the challenge would be the lattice mismatching, 
which will induce the defect and the stress on the wafer.

With higher switching frequencies and rise/fall times, as well as higher power and 
voltage ratings, there are other concerns when it comes to WBG materials, such as 
EMI/EMC and safety. In fact, Bourns notes that another challenge regarding this is the 
design of more efficient, higher frequency magnetics.

Such issues are also of concern when it comes to the test and measurement front. 
“These materials have wider power envelope and higher switching speeds,” says 
Tan. “It becomes more challenging to characterize with older or existing tools. 
High common mode voltages and the need to measure multiple control and timing 
parameters will challenge design engineers.”

EVs driving growth
Over the next two to three years, manufacturers are expecting wider adoption of SiC 
and GaN devices. According to analyst firm Global Market Insights Inc., the GaN and 
SiC power semiconductor market is set to surpass $4.5 billion by 2027, mainly driven 

by EV applications.

“Motor drive control for electrification of automotive, HAVC systems, and grid power 
converters will see a strong demand in this area,” says Wong. “We also see that in 
optical laser drivers, SiC and GaN devices have a potential to further increase optical 
communications distances.”

“Many of our customers are interested in SiC- and GaN-based solutions for 
automotive inverters and solar inverters,” says Bourns. “The EV industry is rapidly 
growing due to initiatives from several governments across the world. EV’s onboard 
chargers are a very promising market segment, as wide bandgap components can 
cater to fast switching, lower heat, and reduced product size, while delivering higher 
efficiency.”

For low-power applications, GaN would dominate the most market due to its high-
speed switching characteristic,” says Hsieh. “However, SiC would dominate the high-
power applications due to its better thermal dissipation ability. In other words, GaN, 
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eventually, would go into the consumer electronics market, while SiC would focus on 
EV-related applications.”

Outlook
Overall, the power semiconductor market is expected to continue its robust growth, 
with sustainability and applications such as EVs, among others, shaping the market.

Power is the base enabler of semiconductors, says Tan. “Not just power, but clean, 
stable, and efficient power. This applies to the entire ecosystem, from generation, 
to conversion, to consumption. Be it to power a pacemaker in a patient, to 
driving the next generation of wireless communications in a self-driven car, power 
semiconductors have a significant role—and hence, a very bright outlook—for many 
years ahead of us.”

“Without a doubt, power electronics is a growing market,” says Wong. “With more 
digitization and electrification, there will always be the need to power up more 
devices. From the server farms to their cooling systems, from drone technologies 
to robotics, from automotive to industrial automation, communications, and all 
the way to the logistics sector—all will fall back to electrical energy, and power 
semiconductors will continue to be the primary components to enable all these 
building blocks for a futuristic world.”

Hsieh notes that there is growing demand for higher power solutions. “Many 
countries around the world have already set a timeline to ban the manufacturing 
of cars that use gasoline,” he says. This, in line with initiatives to reduce carbon 
footprint. Most countries will phase out gas-powered vehicles by 2030, while some as 
early as 2025. 

“Because of this, vehicle manufacturers worldwide are desperate to find total 
solutions for EV systems,” says Hsieh. “This might impact the supply chain—from the 
automotive industry to the electronics devices industry.”

“The diversification of supply chain will prompt production to evolve in tandem in 

terms of green development, and to scale manufacturing streams to make up for 
component shortages and reducing costs. The ability to master flexible production 
is important to increasing efficiency while doubling lifetime miles,” Bourns notes. He 
says the company is committed to complying with all applicable environmental and 
product compliance laws and regulations worldwide while continuing to look for ways 
to reduce the amount of raw materials used in operations, and will reuse, rather than 
dispose, whenever possible. 

“Bourns is forecast to have solid growth over the next decade. Contributing to the 
company’s growth is our continued strong roadmap with advancements for the power 
market segment that include automotive grade power TVS diodes, magnetics, and 
IGBTs. These components supply the essential technologies that solve the ongoing 
automotive, industrial power control, and 5G technology application requirements,” 
says Bourns.
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Jonathan Tucker, Tektronix

The power electronics market, driven by wide bandgap (WBG) semiconductor 
devices, is expected to grow by a 4.3% compounded annual growth rate (CAGR) 
through 2025 to a level around $22 billion. Power transistors are expected to be the 
largest and fastest growing segment of the discrete semiconductor industry, with 
much of this growth being driven by new energy efficiency-related applications and 
technologies for electric vehicles (EV), hybrid electric vehicles (HEV), energy storage 
applications, motor drives and inverters, power conversion, and even for upcoming 
Urban Air Mobility (UAM systems).

Regulatory and economic pressures continue to push the state-of-the-art in industrial 
and other high-voltage power electronics toward designs that are smaller, faster, 
and more efficient. The power-density advantages of smaller and lighter designs 
are particularly evident in space-constrained and/or mobile usages such as electric 
vehicles, but compact power electronics are more broadly desirable as well, especially 
from the standpoint of reduced system cost. At the same time, efficiency is growing in 

importance as governments introduce financial 
incentives and more stringent energy-efficiency 
regulations.

The need to enact greater energy efficiency in 
power electronics stretches from the point of 
power generation to the point of consumption. 
Power converters operate at multiple stages 
throughout the generation, transmission, and 
consumption chain, and because none of those 
operations is 100% efficient, some power loss 
occurs at each step. Chiefly due to energy lost 

WBG Semiconductors to Drive the Power Electronics Market in 2022

as heat, these reductions in overall efficiency multiply throughout the cycle.

Likewise, in addition to increasing efficiency, reducing the size and weight of power-
conversion equipment is critical. Smaller, lighter-weight components typically 
correspond to lower capital expense (CAPEX), which complements the reductions 
in operating expense (OPEX) associated with greater efficiency. In addition, the 
efficiency, size, and weight of power equipment are critical design aspects for many 
applications. In the context of an electric vehicle, for example, all three factors 
contribute to increasing the range of the vehicle between charges, while lower 
equipment cost helps in the effort to bring overall vehicle cost to parity with that of 
conventional vehicles.
 
A critical challenge facing the power electronics industry as it works both to reduce 
physical size and to increase energy efficiency is that these design goals typically 
compete with one another. For example, increasing the switching frequency of converter 
circuits allows the size of components such as inductors, transformers, and capacitors 
to be reduced. That helps enable more compact devices, at lower production cost. 

On the other hand, higher switching frequencies also 
generate additional heat. Accordingly, the power lost 
through that heat can create product quality and OPEX 
concerns associated with reduced energy efficiency.

Today’s wide-bandgap semiconductors including 
gallium nitride (GaN) and silicon carbide (SiC) are 
exceeding the capabilities of traditional silicon-based 
devices. Electrically, these substances are closer to 
insulators than silicon and other typical semiconductor 
materials. Their adoption is an effort to overcome 
limitations of silicon that stem from it being a narrow Jonathan Tucker
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bandgap material, which leads to undesirable conductive leakages that become 
more pronounced with increases in temperature, voltage, or frequency. GaN and 
SiC typically have much higher power density, smaller size, better high temperature 
performance, higher frequency response, lower leakage, and lower ON resistance 
than silicon, all of which add up to greater operating efficiency.

Of the two wide-bandgap materials, GaN is suited primarily to low- to mid-range 
power implementations, under approximately one kilovolt and 100 amps. A notable 
area of growth for GaN is its use in LED lighting, and usage is growing for additional 
low-power usages such as electronics power supplies and RF power amplifiers. By 
contrast, the technologies surrounding SiC are both better developed than GaN 
and better suited to higher power implementations such as power transmission, 
large-scale HVAC equipment, and industrial systems. Compared to silicon metal-
oxide-semiconductor field-effect transistors (MOSFETs), SiC MOSFETS are capable 
of operating at higher voltages and higher temperatures. Under these conditions, 
SiC provides higher performance, efficiency, power density, and reliability. This 
combination of benefits is helping designers reduce the size, weight, and cost of 
power converters, making them more competitive especially in lucrative market 
segments such as aerospace, military, and electric vehicles.

Like all manufacturers, Tektronix hopes to see a resolution to the various supply chain 
issues. Strong demand triggered by the COVID-19 pandemic has created widespread 
semiconductor shortages and resulted in higher inflation costs across the global supply 
chain in both material and freight. Over the past year (and a half), Tektronix has leveraged 
our business process capabilities and continuous improvement efforts to mitigate a 
significant portion of the cost impact from these difficult supply chain conditions.

Tektronix is focused on continuing to innovate its supply chain and manufacturing 
capabilities to reduce the production cycle, allowing us to bring new product 
innovations to market even faster. As always, we remain committed to creating 
the most innovative products that are high in quality, reliability, as well as provide 
for sustainable solutions, given our company’s corporate responsibility vision of 
accelerating progress towards a sustainable future for all.

Teledyne LeCroy is a leading provider of oscilloscopes, protocol analyzers and 
related test and measurement solutions that enable companies across a wide 
range of industries to design and test electronic devices of all types. Since 
our founding in 1964, we have focused on creating products that improve 
productivity by helping engineers resolve design issues faster and more 
effectively.

About Teledyne Lecory

Fundamentals of Automotive Ethernet
Here is why automotive Ethernet is much better than standard 
Ethernet at meeting the industry's demand for a higher speed, robust, 
lightweight and lower cost data interface.

Automotive Ethernet in the Vehicle
While all Automotive Ethernet technologies utilize a single twisted-
pair cable (T1) and a point-to-point network topology, they differ 
primarily in their data rates and encoding methods.

Testing Zoned Namespace SSDs with SVF Pro/Enduro
Several key SSD suppliers have Zoned Namespace solid-state drives 
under development and 2021 is primed to be the breakout year for 
ZNS SSDs.

Test Equipment Already Here for USB4
Teledyne LeCroy is the first with a USB4 protocol analyzer even 
though the USB4 spec isn't quite complete. The coming of USB4 
doesn't mean that USB 2.0 is dead, especially in test 
equipment.

Technical

Read more

Read more

Read more

Read more
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https://www.youtube.com/user/LeCroyCorp
https://teledynelecroy.com/
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https://www.eetasia.com/automotive-ethernet-in-the-vehicle/
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Stefaan Decoutere, Program Director of GaN Power Electronics at imec, talks about 
the successful co-integration of high-performance Schottky barrier diodes and 
depletion-mode HEMTs on a p-GaN HEMT-based 200V GaN-on-SOI smart power 
integrated circuits (ICs) platform. 

GaN, the answer to silicon for power electronics
For decades, silicon-based power transistors (MOSFETs, field-effect transistors) 
formed the backbone of power conversion systems that convert alternating current 
(AC) into direct current (DC) and vice versa, or DC from low voltage to high voltage 
and vice versa. In the quest for alternatives that can drive up the switching speed, 
gallium nitride (GaN) quickly came forward as one of the leading candidate materials. 
The GaN/AlGaN materials system exhibits a higher electron mobility and higher 
critical electric field for breakdown. Combined with the high electron mobility 
transistor (HEMT) architecture, it results in devices and ICs that feature higher 
breakdown strength, faster switching speed, lower conductance losses and a smaller 
footprint than comparable silicon solutions.

Today, most GaN power systems are formed from multiple chips. GaN-based devices 
are assembled as discrete components before they are united on a printed circuit 
board. The downside of that approach is the presence of parasitic inductances that 
affects the performance of the devices.

“Take a driver, for example. Discrete transistors with drivers on a separate chip 
suffer a lot from parasitic inductances between the output stages of the driver and 
the input of the transistor, and in the switching node of half bridges. GaN HEMTs 
have very high switching speed which leads to ringing, an unwanted oscillation of 
the signal, when the parasitic inductance is not suppressed. The best way to reduce 
the parasitics and exploit the superior switching speed of GaN is to integrate both 
driver and HEMT on the same chip,” explains Stefaan Decoutere, Program Director of 

Monolithic Integration of GaN Components Boosts Power ICs

GaN Power Electronics at imec. “At the same time, it reduces the dead-time control 
between two transistors in a half bridge, where one transistor has to switch off just 
as the other one switches on. During the time in between, there is a short-circuit 
between the power source and the ground, or dead time. Integrating all components 
on chip will address the ringing, reduce dead time, and ultimately improve the power 
efficiency of your converter.”

Co-integration of d-mode HEMTs
imec has already made tremendous progress monolithically integrating building 
blocks on a silicon-on-insulator (SOI) substrate such as drivers, half bridges, and 
control/protection circuits. Now, researchers have succeeded in adding two sought-
after components to the portfolio: d-mode (depletion-mode) HEMTs and Schottky 
diodes.

One of the main hurdles to boost the full performance of GaN power ICs remains 

Figure 1: Schematic cross-section of IMEC 200V GaN-on-SOI Power IC technology 
and components. The process features monolithic co-integration of E/D mode HEMTs, 
Schottky diodes, resistors, capacitors, and includes advanced process modules (deep 
trench isolation, substrate contact, redistribution layer).
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finding a suitable solution for the lack of p-channel devices in GaN with acceptable 
performance. CMOS technology uses complementary and more symmetrical pairs 
of p- and n-type FETs, based on the mobilities of holes and electrons for both types 
of FETs. However, in GaN, the mobility of holes is about 60 times worse than that 
of electrons; in silicon this is only a factor of 2. That means a p-channel device, 
where holes are the principal carriers, would be 60 times larger than the n-channel 
counterpart and highly inefficient. A widespread alternative is replacing the P-MOS 
with a resistor. Resistor-Transistor Logic (RTL) has been employed for GaN ICs but 
shows trade-offs between switching time and power consumption.

“We have improved the performance of GaN ICs by co-integrating d-mode HEMTS 
on our functional e-mode HEMT platform on SOI. Enhancement and depletion mode 
refer to an ON (d-mode) or OFF (e-mode) state at zero source voltage, resulting in 
a current flow (or not) in the transistor. We expect that taking the step from RTL to 
direct-coupled FET logic will improve speed and reduce the power dissipation of the 
circuits,” says Decoutere.
Schottky diodes with low leak currents
The integration of a Schottky barrier diode further boosted the power efficiency 
of the GaN power ICs. In comparison with Si diodes, they can withstand higher 
voltages for the same ON-state resistance or lower ON-state resistance for the same 

breakdown voltage.

“The challenge in making Schottky barrier diodes is to obtain low turn-on voltage 
and at the same time a low leakage level. Unfortunately, when you aim for lower turn-
on voltages, you will end up with a small barrier to hold off the leakage current. And 
Schottky diodes are notorious for having high leak currents. imec’s proprietary Gate-
Edge-Terminated Schottky Barrier Diode architecture (GET-SBD) results in a low turn-
on voltage of about 0.8 Volt, while at the same time reduces the leakage current 
several orders of magnitude in comparison with conventional GaN Schottky barrier 
diodes,” adds Decoutere.

Fast switches and high voltages
GaN is the go-to material for high power applications because the critical voltage that 
induces breakdown of the transistor (breakdown voltage) lies 10 times higher than in 
silicon. But also for low-power applications GaN still has an edge over silicon because 
of its superior switching speed.

Figure 2: Process cross-sections of the high-voltage components fabricated on 200 
mm GaN-on-SOI substrates (a) e-mode pGaN-HEMT (b) d-mode MIS-HEMT, (c) 
Schottky barrier diode. All devices include metal field plates based on front-end and 
interconnect metal layers and separated by dielectric layers.

Figure 3: Characteristics of manufactured GET-SBDs showing (left) low turn-on voltage 
of 0.91V at 25°C in semi-log scale, and (right) low reverse leak currents (2nA/mm for 
25°C) for two different anode field plates configurations evaluated at 25 and 150°C.
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“The GaN-based ICs we create, open the way towards smaller and more efficient 
DC/DC converters and Point-of-Load (PoL) converters. A smartphone, tablet or 
laptop for example, contain chips that work on different voltages, so they require 
AC/DC converters for charging the battery and PoL converters inside the devices for 
generating the different voltages. These components not only consist of a switch but 
also transformers, capacitors, and inductors. The faster the transistor can switch, the 
smaller these components become, ultimately resulting in a more compact and low-
cost system for the same power,” Decoutere says.

Vertical devices under research
“We will focus on improving the performance of the existing platform and perform 
further reliability tests. We currently offer a 200V and 650V platform for prototyping, 
soon to be followed by 100V. For GaN-ICs with integrated components, a 1200V 
high-power platform may not yield significant improvements. The higher the voltage, 
the slower the components become. Therefore, it may not be necessary to integrate 
the driver on chip; simulations will tell us,” says Decoutere.

At the same time, he says they are looking into alternatives for discrete 1200V devices 
to enable GaN technology for the highest voltage power applications such as electric 
cars.“Transistors with a lateral topology are the dominant GaN device architecture 
today. These devices have their three terminals (source, gate, and drain) at the surface 
in the same plane, so the electrical field is lateral, spanning the GaN buffer layers and 
partly the backend (metallization, oxide). In a vertical device, the source and gate 
are at the surface, while the drain is at the bottom of the epi stack. The electrical 
field in that case flows through the whole stack. It is the source-drain separation that 
determines the breakdown voltage of the device, and a larger separation safeguards 
the channel from breakdown. However, larger distances between a laterally-placed 
source and drain result in larger devices. Because the chips for 1200V devices would 
become too large, lateral architectures are usually advised up to 650V maximum. For 
a vertical device, on the contrary, going to higher voltages boils down to creating a 
thicker epi stack because source and drain are located on different ends of the stack. 
The chip’s surface area doesn’t increase,” concludes Decoutere.

SINTRONES is a world-renowned and ISO 9001 & IRIS ISO/TS 22163 certified 
company of in-vehicle computing systems. We provide our customers with 
high-quality products that meet international traffic standards certification, 
including EN50121, EN50155, E-Mark, IEC60945, IACS E10, DNV, and MIL-810.

About SINTRONES

Sintrones has layout of applications for electric vehicles and 
charging stations, pursuing explosive growth
Taiwan's industrial computer industry has attracted worldwide 
attention. Within numerous vertical integration applications, smart 
transportation has always been the main application 
with profitability expectations.

SINTRONES Launches Powerful Edge AI Fanless Computer to 
Accelerate AI Deep Learning Performance
SINTRONES, a global leader in computing technology for in-vehicle 
applications, announces the launch of the new ABOX-
5210G Series with NVIDIA® Quadro® RTX 3000 GPU. 

How to Leverage Machine Learning to Achieve Precise Visual 
Inspection Capabilities in Any Environment
Computer Vision (CV), a field of artificial intelligence which uses 
machine and deep learning to allow computers to "see" and analyze 
their surroundings, is now used in various industries 
such as retail, manufacturing and agriculture.

News report

Technical

Read more

Read more

Read more

https://www.linkedin.com/company/sintrones-technology-corp/
https://www.youtube.com/user/sintrones
https://www.sintrones.com/news_20220414.html
https://www.sintrones.com/news_20220414.html
https://www.sintrones.com/news_20210624.html
https://www.sintrones.com/news_20210624.html
https://www.sintrones.com/news_20210723.html
https://www.sintrones.com/news_20210723.html
https://www.sintrones.com/index.html
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Majeed Ahmad

Analog ICs are commonly produced on mature nodes such as 130-nm, 90-nm and 
65-nm processes, so they don’t get a lot of press like their digital counterparts, 
constantly striving for smaller and slicker process nodes. That, however, doesn’t 
undermine the crucial importance of analog, power, and RF semiconductor devices.
Especially when several new fabs are being built to fabricate analog and power 
semiconductors. Here, it’s important to note that large-size power transistors are 
still small compared to the die sizes of ICs, and they ship in high volumes. So, these 
power semiconductors are good enough to keep a 300-mm fab busy at a cost-
effective production level.

Among the 10 300-mm fabs scheduled to begin operations in 2022, two will be 
focused on producing non-IC products like power semiconductors. One is a CR Micro 
fab in Chongqing, China for power semiconductors, and the other fab in Xiamen, 

Figure 1: STMicroelectronics and Tower Semiconductor will share the cleanroom 
space as well as the facility infrastructure and Tower will install its own equipment in 
one third of the total space.

New Fabs Being Built for Analog, PowerSemiconductors

China, owned by Silan Microelectronics, will produce power discretes and sensors.

Beyond Asia, analog and mixed-signal fab buildup continues to take shape in Europe 
and the United States. For instance, in summer 2021, STMicroelectronics inked a deal 
with specialty fab Tower Semiconductor to share one-third of its under-construction 
300-mm fab in Agrate, Italy.

The Israel-based Tower’s personnel will share the cleanroom of ST’s R3 fab when 
it goes into production in the second half of 2022 for analog, power, and RF 
manufacturing processes. What will be interesting to note is how Tower’s new owner, 
Intel, executes this fab sharing arrangement with ST.

Another notable fab buildup is Texas Instruments’ RFAB2 facility for manufacturing 
analog devices; it’s aiming to double the wafer capacity at the company’s Richardson 
site. It’s especially noteworthy because TI vowed to increase the capital spending for 
2021 with 279% more spent than in 2020.

These IC manufacturing activities show that analog and mixed-signal chips, like the 
rest of the semiconductor industry, will have significant wafer starts in 2022 and the 
years beyond.

Figure 2: RFAB2 in Richardson, Texas is expected to start production in the second 
half of 2022.
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Dr. Peter Wawer, Infineon Technologies

Global efforts to protect the climate show how complex the challenges of saving 
our climate are and how multi-layered the political and social discussions are in this 
regard. In science and technology, the solution is less controversial: We need energy 
to live today. Electricity is our most flexible form of energy. It can be easily converted 
and therefore used everywhere. To achieve this, we essentially need to replace 
climate-damaging power generation based on fossil fuels with solar and wind power. 
Semiconductors play a key role in this process.

Anyone who has ever been sailing in a light breeze knows the feeling of gliding 
almost silently over the water, without exhaust fumes, in the fresh air—it’s a 
fascinating feeling. You are moving in harmony with nature, using natural forces to get 
around. CO2-free.

We have more than enough energy on our planet, and not only for sailing. The sun 
provides us with more than enough light and heat, and as a consequence it also 
provides wind. We don’t have to worry about a lack of energy. What matters is how 
we convert energy so that we can use it. With sails, this has worked very well for a 
few millennia, albeit with a limited scope of utility. Windmills are far more flexible. 
They have been powering many tools and machines for thousands of years. And 
modern windmills convert wind most efficiently into our most flexible form of energy, 
electricity. The technical progress of the past decades and the increasing demand for 
green electricity have long since made wind energy competitive. The situation is even 
better for solar power. Photovoltaics has established itself in widespread use and is 
economically attractive, all the more so given the comparatively high electricity prices 
in Germany.

Of course, wind turbine design and solar cell construction have played a very large 

Microelectronics Paves the Way to Climate Neutrality

role in increasing efficiency. And the progress made possible by microelectronics 
is decisive: without conversion conversion of direct current from solar cells and 
alternating current from wind power as well as adapting to the requirements of our 
power grids are all prerequisites for the contributions of sunlight and wind to our 
power supply. This contribution requires semiconductors that turn direct current 
into alternating current and adjust the frequency of the alternating current. But with 
every conversion, some of the energy is lost as heat. The same is true for electricity 
generation and electricity use. Anyone who has ever held the power supply of a 
switched-on notebook in their hand knows this. Modern semiconductors make sure 
that these heat losses are reduced. Whereas perhaps 20 years ago people were 
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satisfied if a power supply unit operated with an efficiency of 85 percent, today we 
can achieve efficiency levels of up to 99 percent with modern microchips. That’s 
tremendous progress. Semiconductors for power conversion in solar and wind power 
systems have made similar efficiency gains possible.

But we need more progress: Our world’s hunger for energy is great, and it’s getting 
greater. For many decades, petroleum consumption was seen as a measure of 
economic growth. This was accompanied by an ever-increasing burden on our 
climate. We can no longer afford this, nor do we want to. Electricity generated 
from renewable sources and produced in a climate-neutral manner should and must 
replace fossil fuels. The special challenge: Green power generation will not only 
have to replace the share of climate-damaging energy sources, it will also have to 
enable continued growth. And it will have to do so on a global scale, because people 
everywhere in the world should have the opportunity to strive for a life of prosperity.
That’s why it’s so important to increase efficiency in everything from power generation 
to power transmission and power consumption. Every additional percentage point we 
can achieve counts.

I am very confident that we will make further progress here. New semiconductor 
materials, for example, represent a major and important advance. Silicon carbide 
and gallium nitride have now made it from research to practical application, 
enabling a major leap in efficiency of up to 50 percent. These new materials allow 
higher currents than traditional silicon semiconductors, they reduce heat loss and 
enable faster switching. This makes them predestined for our increasingly complex 
supply of power. The new materials reduce energy requirements in generation and 
consumption as well as in power grids with different network and voltage levels. The 
structure of these new materials is becoming more and more complicated. Whereas 
a few decades ago an economy like that of the Federal Republic of Germany had a 
reasonably manageable number of large power plants that were comparatively easy 
to coordinate in order to ensure a reliable supply of electricity, today millions of small 
power generators have to be coordinated. Even the direction in which electricity 
flows is no longer as simple and unambiguous as it once was: Many consumers 
have also become electricity producers. Sometimes they need electricity from the 

grid, sometimes they use the electricity generated in the solar array on the roof 
themselves, and other times they feed the electricity into the public grid.

Semiconductors are used at every point in the conversion of power. The new materials 
not only increase efficiency, they also enable new designs at the switching points of 
our power supply. They eliminate the need for many passive components such as 
capacitors and coils. This allows for smaller control units, which in turn helps make 
wind turbine generators, for example, smaller and simpler – which also contributes 
to greater efficiency and lower costs. Smaller designs also make it easier to bring 
high-efficiency power conversion to applications in mobility. So, not least in electric 
mobility, we are benefiting from advances in material sciences and semiconductor 
technology.

We will enable further progress because our intellect and curiosity continue to drive 
research, development and innovation. They fuel progress and carry it further into the 
future, into a CO2-balanced world that supplies us humans with sufficient energy even 
in a highly engineered environment and allows us to advance and live sustainably in 
harmony with our earth.
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Maurizio Di Paolo Emilio

Wise-Integration, a France-based startup focused on the design and development 
of solutions based on gallium nitride (GaN) technology, announced it has sealed a 
channel partnership with EDOM Technology to deploy its WiseGan portfolio of GaN-
based components across Asia.

“The target of this partnership is to promote our WiseGan portfolio in Asia, and be 
supported by EDOM in the design process,” said Thierry Bouchet, CEO of Wise-
Integration. “Today, we don’t have a strong team in Asia to support our customers in 
the design of tailored solutions, so EDOM can help us in this activity.”

Founded in 1996 and headquartered in Taipei, EDOM Technology has become Asia’s 
leading distribution and solutions provider. Leveraging strong technical experience 

Wise-Integration to Deploy its Power GaN ICs in Asia

in optoelectronics, digital, analog and mixed-signal applications, combined with 
logistics and operations capabilities, EDOM says it bridges the gap between vendors, 
customers and partners through services and solutions.

As the WiseGan first devices enter production in May, EDOM will not only assist 
Wise-Integration in the design process, but will also promote and distribute the 
newly qualified 650V GaN/Si transistors manufactured by Taiwan Semiconductor 
Manufacturing Co. (TSMC).

Wise-Integration said it has chosen EDOM because it is one of the main distributors 
in Asia. That means EDOM can distribute WiseGan products portfolio not only in 
Taiwan, but also in other countries such as China, Japan and Korea. “We consider it a 

Figure 1: The SmartBat ebike presented at CES 2022.
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good partnership for this reason and also for another very important point, which is 
their ability to support our customers in the design process,” said Bouchet. “Unlike 
our competitors, we don’t yet have a design center in Asia; the collaboration with 
EDOM will allow us to have a design team here in-house.”

WiseGan is an average base product that can be employed in standard topologies, 
such as active-clamp flyback, or PFC LLC for boards. According to Bouchet, the 
first step of EDOM’s partnership will be to promote the use of WiseGan power 
devices in standard topologies, providing the design which best suits the customer 
specifications. The second step, which to date has not yet been fully implemented, 
consists in providing digital control. Wise-Integration will present some demo boards 
at the next PCIM, with this feature built into the device.

“Our WiseGan products will be initially qualified for industrial applications according 
to the JC-70 JEDEC standard,” said Bouchet. “However, we do mixed qualification 
between JEDEC and AEC-Q100, since we believe our GaN-based technology can 
already support some requirements for the automotive.”

WiseGan technology
By combining WiseGan, the core technology based on gallium nitride, with an 
advanced AC-DC system architecture, and with WiseWare software for digital control, 
Wise-Integration allows a charger design, which is up to 3x smaller, 3x more efficient 
and 3x lighter, with power ranging from 30W to 3kW. This combination of features 
targets the consumer, e-mobility, and data-center server markets.

Wise-Integration makes use of the newly qualified 650V GaN/Si technology from 
TSMC and is able to manage all the industrialization flow, starting from the device 
specification up to the system assembly. WiseGan technology integrates on the 
same die 650V e-mode power switches with smart functions, including gate control, 
protection circuits, designer-friendly functions and application security features.

At the recent Consumer Electronic Show (CES), held from January 5 to 9, 2022, Wise-
Integration participated in the presentation of the first onboard charger for e-bikes. 

SmartBat, shown in Figure 1, is a smart battery that includes both the battery and 
a GaN-based onboard charger. This solution allows the user to charge the e-bike 
anywhere, even directly from the grid, without requiring heavy and bulky chargers. 
The onboard GaN charger greatly improves the vehicle’s efficiency, while reducing 
both size and heat generation. That, in turn, results in a higher e-bike range.

“Today, for mobility, we are mainly focused on e-bikes and scooters, and we would 
like to become a major player using GaN in this market,” said Bouchet. “We think it 
is also a way for us to promote our technology in a place where there are not many 
GaN competitors today.”

The concept presented by Wise-Integration at CES 2022 attracted the attention 
of many e-bike makers, as well as battery and charger makers, who called it a very 
interesting approach.

“And now we would like to accelerate because we have done an e-bike prototype 
with SmartBat. That means we can work on the specifications and build partnerships 
in order to manage the full supply chain. Starting from our GaN-based technology, we 
can manage the interfacing with battery and cooperate with people who can produce 
the chargers and people who make their own bicycles,” concluded Bouchet.
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Dr. Paul Kierstead and Jianwen Shao, Wolfspeed

The recent bounce back in the automotive industry, a vigorous resurgence in 
consumer interest for green technologies, and increasing regulatory support has 
driven up electric vehicle (EV) market expectations.

EVs have come close to addressing “range anxiety” among customers who are used 
to the 400-mile range possible by vehicles using internal combustion engines. The 
latest EVs deliver close to a 200-mile range, with 300 miles expected to soon become 
commonplace. At the leading edge, the base Tesla S model offers just over 400 miles, 
and a new luxury EV trendsetter, Lucid Motors, has crossed that mark with models 
delivering over 500 miles.

This paper explores how silicon carbide (SiC) technology continues to be a leading 
solution for power and vehicle-to-grid (V2G) demands in the fast growing fast-charger 
market.

The road to 15-minute charging solutions
Sustaining EV growth requires an infrastructure of chargers that cuts charging times 
down to 12–15 minutes for 80% capacity. Increasing the voltage can safely achieve 
higher power delivery required by such fast chargers. The high voltage allows lower 
current, which, in turn, reduces power loss in the cables as well as battery overheating 
to allow better power retention. It also allows for weight reduction, as less copper 
is needed by reduced cable size, which frees up space and weight. Smaller cable 
dimensions also helps to lower the cost of expensive copper cables and connectors.
Tesla started that trend with the 400-V “Supercharger” network, but it is not quite 
enough to achieve the 15-minute goal. A key trend, therefore, is toward an 800-V 
architecture (Figure 1).

Silicon Carbide Meets Power V2G Demands in EV Fast-Charger Market

Several new models, like Porsche’s Taycon, Hyundai’s Kia EV6, and General Motors’ 
Hummer EV, already use 800-V DC fast charging. Lucid has even gone beyond that 
level with its 900-V architecture.

This has required EV companies to make substantial modifications to every device — 
from increasing turns in motor winding and strengthening insulation for conductors to 
redesigning the power stage to use leading-edge components with blocking voltages 
higher than 800V.

Bidirectionality for V2G
Yet another important trend that chargers must support is vehicle-to-grid (V2G). 
V2G is gradually developing as companies innovate compelling business models for 
powerful energy storage systems (ESS) on wheels. While solar power and stationary 
ESS will certainly have an important place in the electrified future, V2G is being 

Figure 1: The need to decrease charging time is driving the increase in DC fast-
charger power capabilities. (Source: Yole Développement, Power SiC Materials, 
Devices and Applications 2020)
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looked at for dealing with load peaks.

Consider large commercial/industrial energy consumers who must pay a penalty both 
for peak power demanded as well as high average power factor. A bidirectional DC 
fast charger that can switch from charging employee EVs to feeding the enterprise 
premises or grid during peak loads makes a compelling economic case for installation.
Fermata Energy, for instance, is testing devices in Ahoskie, North Carolina, that will 
eventually help integrate EVs with buildings and the grid. Its aim is to turn EVs into 
valuable ESS assets that not only increase energy resilience and reduce energy costs 
but eventually deliver services like frequency regulation.

On a smaller scale, these ESS assets can provide consumers with backup during 
power outages and offer campers and commercial contractors, including those 
supporting remote TV/movie shoots, with portable power or provide temporary 
power in the event of a utility outage. On a larger scale, V2G can tie into the national 
power grid to smoothe fluctuations in renewable sources like wind and solar.

SiC enables 800-V architecture
Silicon carbide (SiC) is the key technology making the move to high-voltage fast 
chargers possible. SiC devices offer several advantages over silicon (Si) counterparts:

●	 A 10× higher breakdown field enables high blocking voltages in smaller die area 
than silicon. (SiC today supports MOSFET blocking up to 1700 V whereas a silicon 

super junction MOSFET is generally limited to below 900 V.)
●	 Lower on-state resistance and lower off-state leakage currents than Si contribute 

to higher efficiency.
●	 Very low or no reverse recovery current and the ability to switch at 3× to 5× 

higher system frequencies than Si reducing the size and weight of capacitors and 
magnetics.

●	 A 3× higher thermal conductivity and the ability to withstand higher chip 
temperatures reduce cooling requirements.

These characteristics place 1,200-V SiC devices in a significantly advantageous cost/
performance position (Figure 2) over Si insulated-gate bipolar transistors (IGBTs), 
offering the higher efficiencies, thermal profiles, and power densities needed to 
enable the 800- to 900-V EV architectures. No wonder then, that Yole Développement 
expects SiC in off-board chargers to grow from about $10 million today to nearly $225 
million in 2025.

Stacked for power
Both on-board and off-board EV fast chargers comprise two main blocks: an active 
front end (AFE) for AC/DC conversion and a DC/DC converter. The AFE gets single-
phase or three-phase power from the grid and outputs to DC intermediate voltages, 
which are then converted by the DC/DC block to the voltage required for fast-
charging the EV batteries.

Whereas OBCs typically use a single 3- to 11-kW module, off-board chargers have 
15kW–30kW modules stacked to reach 150 kW today and up to the more recent goal 
of 350 kW. The latest SiC devices, packages, and circuit topologies make it possible 
to achieve this with fewer 60-kW blocks in the near future.

The key component
Wolfspeed offers the key component to support these trends in the EV market—a 
broad portfolio of 1,200-V MOSFETs and Schottky diodes. The company’s 1,200-V 
blocking-voltage third-generation (C3M) MOSFET lineup includes models with current 
ratings ranging from 7.2A to 115A, on-resistances (RDS(ON)) from 350mΩ to 16mΩ, 

Figure 2: The move from 650V to 1,200V needed by the new 800-V architectures 
further increases the performance gap between Si and SiC while simultaneously 
decreasing the difference in cost. (Source: Yole Développement)

https://www.wolfspeed.com/1200v-silicon-carbide-mosfets
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and maximum junction temperatures of 150°C or 175°C.

The devices are offered in standard TO-247-3 as well as optimized/enhanced TO-
247-4 and TO263-7 packages with Kelvin source pin connections to aid in optimizing 
performance from these ultra-fast SiC devices.

References for new designs
Wolfspeed also offers reference designs that ease design effort and shorten times to 
market. To address the latest EV charger trends, the company has developed a 22-kW 
solution, which comprises an AFE and a flexible DC/DC converter, for either OBCs or 
as a power block in DC fast chargers (Table 1).
Table 1

The combination of two reference boards is unique in its ability to support 
bidirectional single- and three-phase operation and meet the needs of a fixed battery 
voltage in an OBC as well as a variable 200–800V for DC fast chargers that must 
serve both the older and the 800-V EVs. The flexibility of the AFE and DC/DC designs 
opens up opportunities for engineers targeting applications beyond EVs, such as ESS, 
UPS, and other industrial power-conversion systems.

1,200-V SiC increases performance, simplifies design
A simple six-switch topology is used for the CRD-22AD12N AFE (Figure 3, right) 
operating at 45 kHz. Although the switches support much higher frequencies, there 
are tradeoffs to be considered between inductive core losses and switch efficiencies. 
This topology directly replaces the similar six-IGBT circuit, which, while simple and 
inexpensive but, exhibits poor efficiency, high switching losses, and—due to the IGBT 
tail current—a much lower frequency of less than 20kHz.

To achieve the benefits of high switching frequency, a T-type AFE topology may be 
implemented when adding additional 650V silicon or SiC devices, but it is worth 
noting that this comes with significant tradeoffs, including a higher part count, 
complex control, and higher system cost.

The CRD-22AD12N uses the 1,200-V, 32-mΩ C3M0032120K SiC MOSFETs in TO-247-
4 packages and the powder core KAM-material–based PFC choke that offers a good 
combination between the relatively low power loss density (Pv) of 200kW/m3, and an 
excellent DC bias of 68%, as well as a high-frequency range of up to 300kHz.

The C3M MOSFETs and a flexible control scheme allow the board to surpass Si 

Figure 3: The 1,200-V SiC MOSFETs allow a bidirectional design with only six switches 
compared with a typical bidirectional T-type Si solution that requires three additional 
side MOSFETs as well as more complex control.

https://www.wolfspeed.com/products/power/reference-designs/crd-22ad12n
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performance, offering the following:
●	 High power density of 4.6kW/L
●	 High efficiency of >98.5% in charging and discharging mode
●	 Bidirectional operation
●	 Support the DC link from both three-phase AC and single-phase AC inputs
●	 Support 200- to 800-VDC battery voltage range for compatibility with older and 

future EV architectures

In single-phase application, the AFE evaluation board outputs 6.6 kW; for three-
phase, 22 kW.

 Figure 4: The CRD-22AD12N offers >98.5% efficiency.

For the DC/DC section of the charger to achieve the required performance levels, it is 
necessary to use complex, multi-level topologies with 650-V Si or SiC devices, such as 
the cascade converter shown in Figure 5. The Si 650-V device solution would offer an 
80- to 120-kHz switching frequency range, requiring higher switch and driver counts, 
higher system costs, and complex current-sharing control while also suffering from 
higher conduction losses.

With the  C3M0032120K  part used instead, Wolfspeed could achieve better 
performance and a switching frequency range of 140–250 kHz that contributes to 
smaller, lighter magnetics.

The CRD-22DD12N DC/DC board is a full-bridge CLLC resonant converter with a 
flexible control scheme that implements frequency modulation, phase-shift control, 
adaptive synchronous rectification, and a bridge reconfiguration technique. Its 
topology allows for zero-voltage turn-on, low-current turn-off for lower switching 

Figure 5: The cascade converter (left) has a switching frequency range of 80–120khz 
and requires more switches and gate drivers. The 1,200-v sic topology (right) is 
simpler and switches from 140 to 250khz with fewer parts.

https://www.wolfspeed.com/1200v-silicon-carbide-mosfets
https://www.wolfspeed.com/crd-22dd12n
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losses, and lower EMI. All of that is accomplished along with a lower part count and 
lower system cost.

It is compatible with a DC bus input voltage range of 380–900 V and a DC output 
voltage range of 200–800 V, allowing it to be integrated with both single-phase and 
three-phase AFEs.

Like the AFE, this board offers a high-power density of 8 kW/L and high efficiency of 
>98.5% in charging and discharging mode.

Figure 6: The CRD-22DD12N matches AFE efficiency levels.

Aggregating SiC advantages
Combining the AFE and DC/DC boards result in significant advantages over Si-based 
implementations (Figure 7).

Conclusions
As EV battery voltages move toward 800V, 1,200-V SiC switches are not only enabling 
the new EV architecture that aims to achieve 15-minute charging but opening up new 
opportunities in V2G applications with bidirectional chargers.

Wolfspeed’s work in designing the CRD-22AD12N AFE with the CRD-22DD12N DC/
DC reference boards for engineers shows that the use of SiC devices more than 
makes up for the premium over Si device costs by reducing overall system costs, 
cutting down on weight and size, increasing system efficiency, easing thermal design 
and cost burden, and potentially shortening time to market by simplifying power 
system design.

Visit Wolfspeed’s automotive technology page to learn more.

Figure 7: Combining the CRD-22AD12N AFE with the CRD-22DD12N DC/DC results 
in over 15% reduction in system costs, a two-percentage-point increase in system 
efficiency, and a 50% increase in power density.

https://www.wolfspeed.com/applications/power/automotive/
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Siran Wang, Monolithic Power Systems Inc.

The demand for fast charging has driven the unprecedented evolution of high-density 
adapters. In practical adapter designs, there are countless implementations of new 
switching power devices, topologies, and control schemes.

With the introduction of these cutting-edge technologies, the power density of 
adapter products has significantly increased. 1W/cm3  is becoming the common 
density for high-density adapters, which is at least two times denser than what was 
available on the market five years ago. However, as density rises, product designs 
at the application level are being pushed to their limits. As a result, designers must 
determine how to exceed the limits of conventional solutions.

The Isolation Requirement
One of the most critical challenges in adapter design comes from the isolation 
requirement. According to safety regulation standards, an adapter requires reinforced 
insulation between the primary side’s high-voltage circuitry and the secondary 
side’s low-voltage circuitry. In traditional solutions, the isolated control is typically 
implemented by an optocoupler (see Figure 1). This optocoupler only transmits the 
compensation signal for output regulation under relatively low bandwidth; under 
these conditions, the optocoupler cannot synchronize the primary MOSFET and the 
SR MOSFET.

As a result, SR control in conventional schemes can be only implemented by 
monitoring the secondary-side winding voltage. Because the SR MOSFET can only 
turn off after the primary MOSFET turns on, there is always shoot-through during 
continuous conduction mode (CCM). If the SR MOSFET does not turn off quickly 
enough, the extended shoot-through can result in a large reverse current and a high 
voltage spike. These high stresses can cause critical reliability issues. To avoid these 

Elevating High-Density Adapter Designs with Integrated Capacitive Isolation

issues, it is recommended to implement layout restrictions and use a large snubber. 
However, the increased component size and power consumption of these additions 
further limit power density.

Solution for Capacitive Isolation
The  MPX2002  and MPX2003 are effective, all-in-one solutions that integrate 
capacitive isolation into a flyback and SR combo controller. Figure 2 shows that 
the integrated pair of high-voltage capacitors can withstand 4500VRMS for 60s. 
This allows the isolation withstand voltage rating to meet the reinforced isolation 
requirement for most safety regulations. In addition, a high-speed communication 
channel is established across the high-voltage capacitors. This channel enables the 

Figure 1: Conventional flyback converter based on optocoupler.

https://www.monolithicpower.com/en/products/mpx2002.html
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design to achieve reliable, accurate synchronization between the SR and the primary-
side switching.

Figure 3 shows that a typical 30ns dead time between the SR gate and the primary 
flyback gate is guaranteed under all operating conditions by the IC’s internal logic. 
This significantly reduces the shoot-through risk during CCM, which eliminates the 
need for an oversized snubber that could handle the high-voltage stress caused by 
shoot-through.

In addition to the synchronization signal, the communication across the MPX2002 and 
MPX2003’s isolation capacitors also carries the output regulation signal via pulse-
frequency modulation (PFM). During PFM, the switching frequency (fSW) and the 
flyback converter’s peak current are controlled by the PFM signal, which means 

Figure 2: Flyback converter based on the MPX2002 or MPX2003.

Figure 3: Typical waveforms for the SR gate and primary gate in MPX2002 solutions.

that the solution does not require an optocoupler. Note that the MPX2002 and 
MPX2003 are respectively optimized for a rated fSW of 65kHz and 130kHz. As a 
result, optocouplers are no longer necessary when solutions are built based on 
the MPX2002 and MPX2003.

Eliminating the need for additional components addresses another critical challenge 
for high-density adapters: small layout space. Fast-charge adapters require higher 
power and more functions, which means more components are being squeezed 
into a smaller space. By simplifying the overall solution, features such as reduced 
component count can be crucial for space-constrained applications.

Figure 4 shows a 40mmx40mmx25mm 65W PD adapter designed based on the 
MPX2003. Without an adapter case, the power density can be as high as 1.63W/cm3. 
Even when all the components required to implement the PD protocol are added on 
the secondary side, there is still additional layout space.

https://www.monolithicpower.com/en/products/mpx2002.html
https://www.monolithicpower.com/en/products/mpx2002.html
https://www.monolithicpower.com/en/products/mpx2002.html
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Solutions with integrated capacitive isolation provide an additional benefit, as the IC 
can be placed directly beneath the transformer. Conventional solutions typically place 
all components (except for the optocoupler) far from the transformer due to the 
clearance requirement of safety regulations. This feature reduces the PCB layout size.

Highly integrated flyback controllers significantly improve efficiency and power 
density in several ways:
●	 The SR’s accurate timing control eliminates the need for an oversized snubber, 

which benefits space-constrained applications
●	 An advanced CCM and quasi-resonant (QR) hybrid control scheme ensures 

optimized operating states for a wide operating range
●	 A significantly reduced component count reduces BOM and time-to-market
●	 Effectively utilizing the space beneath the transformer also reduces PCB size

Figure 5 shows that the efficiency can pass the mainstream energy regulation thresholds 
with a large margin for any output voltage (VOUT) required by the PD protocol. Under 
full loads, the efficiency remains high, which simplifies thermal design.

Conclusion
The integration of capacitive isolation surpasses the expectations for traditional 
solutions that use optocouplers. In particular, flyback controllers such as 

Figure 4: 65W PD adapter design based on the MPX2003.

the MPX2002 and MPX2003 demonstrate the effectiveness of integrated solutions 
with their tiny size, high efficiency, and layout flexibility.

Overall, integration provides multiple benefits, such as more accurate synchronization 
between the SR and primary side switching, reduced component count, and a more 
compact layout. In addition, these solutions enable the implementation of a more 
advanced control scheme to further improve efficiency and power density, which will 
pave the way for future high-power density adapters.
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Figure 5: MPX2003 efficiency (65W PD adapter design).

https://www.monolithicpower.com/en/products/mpx2002.html
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Fast IGBTs have so far been the last word in power electronics, providing the best of 
both worlds in FETs on the input with bipolar transistors on the collector-emitter path. 
SiC FETs have been seeing increasing use in more demanding applications, as they 
allow higher switching frequencies while reducing switching losses. Both technologies 
have one thing in common: Both need optimal control and connections to provide 
years of reliable service under possibly harsh conditions, so false triggering must be 
avoided at all costs.

Making Transistor Circuits More Robust in Power Electronics

Applications for IGBTs (insulated gate bipolar transistors) and SiC FETs (silicon carbide 
field effect transistors) are ubiquitous in power electronics, with applications ranging 
from wind turbines and solar power inverters to motor controls, induction furnaces, 
welding equipment and e-mobility, to name but a few.

IGBTs contain monocrystalline silicon, and are generally considered to be a cost-
effective standard solution, whereas SiC FETs use silicon carbide to allow higher 
junction temperatures and thinner insulation layers on the gate to improve thermal 
conductivity and power density. Switching losses in SiC FETs are at least four times 
lower than in IGBTs (Fig. 1). In particular, SiC FETs eliminate the current tail typical 
of IGBTs on switching off – an advantage that especially pays off in the high-

Monolithic Integration of GaN Components Boosts Power ICs

Figure 1: The greyed area under the current/voltage curves during on (upper 
diagrams) and off operations provide a measure of the switching losses. Steeper 
switching ramps give SiC FETs (right) around four times the efficiency of IGBTs at 
ambient temperatures of 25°C, taking losses from one body diode into account.

Figure 2: An IGBT and SiC FET circuit in principle with parasitic capacitances and 
inductances from the transistor marked green.
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Charging Creverse  is not the actual problem, however; the actual problem arises when 
the charging current causes Miller capacitance, input capacitance Cinput has been 
charged far enough to reach or exceed threshold voltage (Fig. 3).

The Cinput charging current can be defined as follows:

Figure 3: The charging current from Creverse may charge Cinput so far as to exceed the 
threshold voltage and give a false on trigger.

Idriver depends on gate resistances, and also Lgate  in dynamic operation. The latter 
depends on circuit layout and the package used.

This yields a series of parameters that can be tweaked to keep Miller capacitance 
from causing false triggers:
●	 Limit dUCE/dt to flatten the switching ramps and ICreverse curve.
●	 However, this will unfortunately also increase switching losses as a side-effect.
●	 Reduce parasitic inductance Lgate by optimising the circuitry, thus reducing the 

voltage rise at the gate.
●	 Using a negative n gate-emitter voltage to widen the safety margin up to the 

threshold voltage.

performance range and higher switching frequencies, allowing a noticeable increase 
in efficiency from using SiC FETs in bridge circuits, for example. Alternatively, 
increasing the switching frequency at constant efficiency can save cost and weight in 
passive components, especially in inductances. Being more expensive, SiC FETs are 
more commonly found in demanding tasks; IGBTs dominate the mass market.

Preventing false triggering
Assessing robustness in IGBT and SiC FET circuits quickly involves the risk of focusing 
too much on the transistor specifications while neglecting the driver module and 
circuit layout; as so often in analogue engineering, the devil is in the detail – that is, 
parasitic components not shown in any circuit diagram. To illustrate the issues facing 
developers in real life, we have included parasitic capacitances and inductances that 
play a role in IGBTs and SiC FETs in a simple block diagram, and marked them green 
(Fig. 2).

The circuit must be dimensioned to avoid false triggering in extreme situations. 
Sporadic short circuits in a component such as a bridge circuit would cause EMC 
problems and reduce the component’s service life, or possibly even cause its 
complete destruction.

Preventing this involves dealing with the two major causes for false triggering:
1. Impact of parasitic capacitances such as Creverse (Miller capacitance) and Cinput

2. Impact of parasitic r inductances such as Lgate and Lemitter

Re 1.: Creverse needs to be charged if collector-emitter voltage increases during off 
operations in the IGBT. The charging current can be estimated to a degree using the 
following formula:

Note that Creverse  strongly depends on not only voltage, but also temperature and 
current. It makes sense to tale measurements in real-life conditions as this value is 
insufficiently defined in most data sheets.
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The last solution is the most elegant.

Re 2.: When switched on, the load current flows through the transistor, and therefore 
also through the emitter inductance. Breaking the current will cause negative voltage 
at Lemitter according to the following formula:

This will bring the emitter voltage to below GND. However, the driver takes the gate 
down to GND, resulting in a positive gate-emitter voltage. Exceeding the threshold 
voltage will cause a false trigger, switching the transistor on.

Parasitic inductances from other bridge branches and the circuit need to be included 
in designing bridge circuits. Not insulating the driver circuit will result in power GND 
and driver GND having a significant impact on parasitic inductances, and therefore 
also the risk of false triggering in a bridge. This article cannot cover every conceivable 
bridge design, so we recommend downloading the white paper Designing Robust 
Transistor Circuits with IGBTs and SIC MOSFETs  from www.recom-power.com/
papers for further details.

How to minimize the impact of parasitic inductances Possible solutions:
●	 Cut dI/dt as slower drops in current will reduce the voltage induced between the 

gate and emitter. However, this will also increase switching losses.
●	 Reduce circuit inductances. The shorter the conductors, the lower the parasitic 

voltages.
●	 Use a negative gate-emitter voltage to widen the safety margin to the gate-

emitter threshold voltage.
●	 Use galvanically isolated gate drivers and isolated DC/DC converters Connecting 

the driver supply connected directly to the respective emitters will largely 
eliminate the impact of circuit inductance.

●	 Use drivers with separate connections for the control emitter (Kelvin contact). 

Figure 4: Gate-emitter voltage response to 
junction temperature.

This may also cause parasitic 
inductance, but it will not flow 
through the load current and 
cause any significant issues.

Measuring circuit robustness
Reliably measuring IGBT and 
SiC FET parameters is anything 
but trivial. Parasitic inductances 
Lgate  and Lemitter  prevent 
a direct path to the gate and 
emit ter,  render ing re l iab le 
measurement  of  the safety 
margin to the gate-emitter 
voltage threshold impossible 
during dynamic operation; this 
again confirms the old rule of 
garbage in, garbage out.

One  so lu t ion  wou ld  be  to 
measure cross-current on the 
bridge, although care does need 
to be taken to avoid additional 
resistances or capacitances in 
the gate-emitter circuit that would alter switching behavior in IGBTs or SiC FETs. One 
tried and true measurement method crosses a current shunt upstream from the high-
side collector via voltage drop; this requires an oscilloscope with isolated inputs and a 
corresponding probe.

A reading free of suspicious current will not guarantee freedom from false triggering 
in the series, however. First, gate-emitter threshold voltages vary widely between 
individual transistors of the same type; and second, junction temperature plays a 
significant role (Fig. 4). Bullet-proof reliability would require transistors with minimum 

http://www.recom-power.com/papers
http://www.recom-power.com/papers
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Figure 5: Highly isolated DC/DC converters with asymmetric outputs of +15V/-9V 
(such as RECOM RKZ1509) or +20V/-5V (such as RECOM RxxP22002D) provide a 
convenient method of powering IGBT and SiC-FET drivers.

threshold voltage as seen on the diagram, which would need to be measured at the 
maximum permissible temperature and greatest possible dI/dt and dv/dt.

Isolated DC/DC converters ensure optimised power supply
As mentioned at the outset, switching losses are mainly determined by control 
quality so gate drivers and their supply require special attention. The drivers are 
directly coupled to the high potential of the transistors, so both the input signal and 
the power supply to driver ICs need to be thoroughly insulated. Isolated DC/DC 
converters provide a very convenient solution.

The driver modules on the market are asymmetrically controlled with positive and 
negative voltages; IGBT and SiC FET drivers differ in the voltages required.

Data sheets specify voltages between +3V and +6V for IGBTs; these can decrease 
to 1 to 2V with increasing junction temperature. Values of +15V have become 
established for fast triggering in real-life applications.

Preventing false triggering despite steep ramps during switching requires negative offset 
voltage on the gate, as described above. Values of -9V have proven safe in practice. This 
is why dual isolated DC/DC converters with asymmetric voltages at +15V and -9V have 
turned out to be especially suitable in supplying IGBT drivers (Fig. 5 left).

Threshold voltages on SiC-FETs are significantly lower than on IGBTs, and also 
decrease with increasing temperature. This would lead to the logical conclusion that 
SiC FETs also require more negative offset voltage on the gate. In contrast, studies 
conducted at the University of Nottingham suggest that the gate oxide changes to a 
varying degree throughout the lifetime of the transistor.

Threshold voltage decreases by around 0.2 to 0.3V over a lifetime of a thousand 
hours, and then remains stable at gate source voltage of -5V. The change is around 
five times that at UGS= -10V, and the variation between transistors is so high that 
some SiC FETs were already “normal on” at 0V. This resulted in the recommendation 
not to use gate offset voltage values more negative than -5V.

A positive voltage of +15V would be theoretically possible as on an IGBT; the 
threshold voltage is substantially lower, ensuring reliable switching behavior in SiC 
FETs. However, the output characteristics at different gate source voltages have 
demonstrated that higher gate source voltages would achieve a substantially lower 
rds(on) (Fig. 6). A gate-source voltage of +20V makes the most of a SiC FET’s 
benefits, so an isolated DC/DC converter running at +20V/-5V is the best choice for 
supplying the driver.

Particular attention should be given to the insulation resistance of the DC/DC 
converter; high switching frequencies – usually 10kHz to 50kHz in IGBTs, and more 
than 50kHz in SiC FETs – and steep ramps subject the insulation barrier to constant 
stress. Spikes are often significantly higher than an oscilloscope can catch. Relying 
on measurement alone and using a converter on insulation that is too tightly 
dimensioned as it is risks long-term reliability in the system, so developers tend to 
allow for sufficient safety reserves and use converters with the best possible insulation 
when dimensioning fast power switches.
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A complete line of isolated DC/DC converters for IGBT and SiC FET applications
RECOM is one of the leading power module manufacturers, and has developed a 
complete family of DC/DC converters specifically designed for supplying IGBT and 
SiC FET drivers (Fig. 7).

The converters have asymmetric outputs at either +15V/-9 V for IGBTs or +20V/-5V 
for SiC FETs, and are available at input voltages of 5V, 12V, 15V and 24V. The power 
required significantly depends on the switching frequency of the system; values of 1W 
are mostly enough for frequencies up to 10 kHz, whereas frequencies of 50 kHz and 
more require up to 2W. The products run in power-sharing mode, which means that 
the rated power can be distributed over the two outlets.

Figure 6: SiC MOSFET output curves at 25°C.

Figure 7: The RxxP1509D, RxxP21509D, RV xx1509D, RP-xx1509D, RKZ-xx1509D, RH 
xx1509D and RGZ-xx1509D product families have been designed to provide IGBT 
drivers with power, RKZ-xx2005D and RxxP22005D models are for SiC FET drivers.

There are other differences in insulation; products in the RKZ family are available at 
insulation voltages of 3kVDC and 4kVDC, with RxxP2xx versions as high as 5.2kVDC.
RECOM subjects all newly developed converters to intensive HALT (highly accelerated 
long time) tests in its in-house environmental laboratory to ensure long service lives 
even under extreme conditions. The guarantee lasts three years. All converters are 
manufactured according to the RoHS2 and Reach directive, are certified according to 
UL 60950-1, and can be sampled by all major distributors.
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