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Biocompatible memristive 
device based on an 
agarose@gold nanoparticle-
nanocomposite layer obtained 
from nature for neuromorphic 
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QuantWare launches 
technology that makes 
superconducting 
quantum computers 
massively scalable



Because the qubits are fully controllable, 
these processors are very suitable for 
powerful error-correction schemes. Such 
a design requires more connections per 
qubit than the often used fixed frequency 
qubits, and as such were impossible at a 
scale of 64 qubits with conventional 
planar devices. QuantWare unlocks these 
powerful devices for the quantum 
community by bringing its technology to 
the market at a 10x lower price point than 
competing solutions.   

QuantWare’s aim is to become the ‘Intel of 
quantum computing’ by providing easy-to-
use, increasingly powerful and affordable 
quantum processors to organisations 
across the world. Last year, QuantWare 
was selected to deliver quantum 
processing units for Israel’s first fully 
functional quantum computer. 

“The technology on which Tenor is built 
will massively scale the size of the 
devices available to the quantum market 
in the coming years”, said Matthijs 
Rijlaarsdam, CEO of QuantWare. “There 
are scores of great quantum computing 
solutions but there hasn't been the tech 
available to enable them to significantly 
scale - until now. 

“Similar to how the emergence of fabless 
companies revolutionised the semicon 
industry by significantly lowering the bar 
to entry, we will be able to provide the 
design elements and fabrication that will 
enable many more quantum startups to 
scale, innovate and compete.”

QuantWare, the leading provider of 
large-scale superconducting quantum 
processors, has launched Tenor, a new 
processor which features a massively 
scalable technology and enables 
quantum computers with 64 fully 
controllable qubits to be built 
commercially. 

Superconducting qubits have led the 
quantum computing race for the last few 
decades, but have yet to scale to truly 
useful qubit counts because of scaling 
bottlenecks. Previous generation devices 
have been planar: the connections 
between the qubits and the outside world 
were routed to the edges of the chip. This 
limits the number of qubits to the 
numbers seen today. 

QuantWare has developed a patented 3D 
technology that routes the connections 
vertically, making it possible to scale 
superconducting quantum processors to 
thousands of qubits - opening the door to 
‘quantum advantage' where quantum 
computers will overtake the most 
powerful classical computer. Tenor 
marks a significant advance in 
commercial quantum computing 
because it is the first device 
commercially available that features this 
technology.
 
The quantum processor features 64 fully 
controllable qubits, which is a device with 
more than twice the number of qubits 
than the previously largest available 
quantum processor. 

www.quantware.eu

https://www.quantware.eu/


Installing a semiconductor manufacturing tool takes time, peo
install, and qualify hundreds of tools when ramping a new fab?

With the longstanding semiconductor 
supply crunch, semiconductor companies 
across the globe have been seeking ways 
to unlock capacity quickly. Given the long 
lead times of both new clean-room 
facilities and the manufacturing 
equipment that populates them, many 
have pursued capacity expansion 
opportunities that largely assume a 
relatively fixed plant and asset base. With 
the passage of the CHIPS Act and 
publication of the associated 
implementation strategy, many of the 
larger integrated device manufacturers 
(IDMs) and foundries are now planning to 
go big: building entirely new wafer fabs. 
Such leading-edge wafer fabs can require 
an investment of $10 billion to $12 billion 
(Figure 1), which is why the $52 billion of 
CHIPS Act support was so anxiously 
anticipated.  While the effort and 
investment to build one fab is daunting 
enough, many leading IDMs and 
foundries are considering building mega-
fabs, which are clusters of multiple fabs 
on one campus.
 
To produce those wafers, the fab needs 
to be filled with hundreds of some of the 
most high-tech and capital-intensive 
manufacturing equipment.  About half of 

Tooling up the CHIPS Act: How 
equipment ramp

the $10 billion to $12 billion fab budget is 
spent on the equipment to fill it (Figure 1). 
This equipment performs functions 
categorized as deposition, etch, implant, 
photolithography, and metrology over 
blank or partially processed wafers. 
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ple and money. How do you simultaneously procure, receive, 
?

Figure 1: Public information, Deloitte estimates Representative numbers shown

to fast-track your new fab 

Photolithography tools, for example, use 
advanced lighting and optics techniques 
to create tiny geometric features on 
wafers, with dimensions in nanometers, 
that allow tens of billions of transistors to 
be placed on today’s CPUs. Multiple 

instances of these tools need to be 
installed in the fab in specific positions in 
the line and interconnected by automated 
material handling to produce a 
completed wafer.
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What makes this complex equipment so 
hard to install? Well, it’s the complexity! 
The latest extreme ultraviolet (EUV) 
lithography machines from ASML have 
more than 100,000 components, weigh 
180 tons, fill 150 shipping crates, and 
require 40 freight containers (or four 
jumbo jets) to transport to customers.¹  
While all fab tools are not this big, most 
still require tens of crates, specialized 
OEM teams, several weeks, and hundreds 
of thousands of dollars to install, on top 
of the tool cost itself. But the challenges 
start well before the crates arrive. 
Specifications, quotes, and manufacturing 
bills of materials for these tools can be 30 
or more pages with hundreds of line 
items, making translation of requirements 
to quotes, invoices, purchase orders, and 
build instructions difficult. As the 
equipment is shipped from the factory to 
the fab, components can be delayed, 
damaged, and sometimes completely 
lost. Similar challenges arise when 
managing the de-install and transfer of 
equipment from an existing fab to the new 
fab. Organizing the team and materials to 
install a tool or cluster of tools in proper 
sequence requires a complicated, 
interdependent project plan—particularly 
when installations are performed in a 
clean-room environment not intended for 
humans. Multiply all of this by the many 
hundreds of tools needed for a new fab, 
and you have an overwhelming equipment 
ramp problem.

Tooling up the CHIPS Act: How to fast-track your new fab equipment ramp

Deloitte’s holistic equipment lifecycle 
management (ELM) approach can help 
fast track your new fab equipment ramp. 
Some core capabilities from this 
approach include the following:

• Equipment specification management: 
A scalable and flexible specification data 
model records all critical equipment 
configuration details to facilitate 
translation to quotes, invoices, purchase 
orders, equipment build instructions, 
shipping manifests, and change 
management. This capability streamlines 
the entire front-end sales and 
procurement activities, and minimizes or 
eliminates translation errors.
 
• Equipment tracking and traceability: 
Physical tool components are tagged with 
RFID sensor devices that are mapped to 
detailed component and shipping data. 
These devices facilitate tracking, in near 
real-time, the movement of the 
components from the supplier or another 
site to the new fab, in near real time, to 
minimize asset location discovery time 
and asset loss.
 
• Cloud-based control tower: View on one 
screen the status and location of several 
thousand equipment components as they 
converge on the new fab. Identify and 
address delays in shipments, labor or 
resource availability, and/or task 
completions that impact the overall 
installation schedule.
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With these capabilities as well as others, 
and best practices of a modernized ELM 
approach, semiconductor companies are 
expected to expand capacity and reach 
first wafers more efficiently while 
mitigating risk. Deloitte’s ongoing work 
with IDMs, foundries, and equipment 
suppliers in the semiconductor 
ecosystem, and relationships with leading 
product management, supply chain 
management, and cloud-based systems 
providers, enable us to build an ELM 
solution that is tailored to your specific 
needs. Reach out to Deloitte today to 
prepare to fast track your next equipment 
ramp.
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Scientists at Forschungszentrum Jülich have fabricated a new type of transistor from 
a germanium–tin alloy that has several advantages over conventional switching 
elements. Charge carriers can move faster in the material than in silicon or 
germanium, which enables lower voltages in operation. The transistor thus appears 
to be a promising candidate for future low-power, high-performance chips, and 
possibly also for the development of the future of quantum computers.

Over the past 70 years, the number of 
transistors on a chip has doubled 
approximately every two years – 
according to Moore’s Law, which is still 
valid today. The circuits have become 
correspondingly smaller, but an end to 
this development appears to be in sight. 
“We have now reached a stage where 
structures are only 2 to 3 nanometers in 
size. This is approximately equal to the 
diameter of 10 atoms, which takes us to 
the limits of what is feasible. It doesn’t 
get much smaller than this,” says Qing-
Tai Zhao of the Peter Grünberg Institute 
(PGI-9) at Forschungszentrum Jülich.
 
For some time now, researchers have 
been looking for a substitute for silicon, 
the primary material used in the 
semiconductor industry. “The idea is to 
find a material that has more favourable 
electronic properties and can be used to 
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Jülich researchers develop 
new germanium-tin transistor 
as alternative to silicon

achieve the same performance with 
larger structures,” the professor explains.
 
The research is in part focused on 
germanium, which was already being 
used in the early days of the computer 
era. Electrons can move much faster in 
germanium than in silicon, at least in 
theory. However, Qing-Tai Zhao and his 
colleagues have now gone one step 
further. To optimize the electronic 
properties even further, they 
incorporated tin atoms into the 
germanium crystal lattice. The method 
was developed several years ago at the 
Peter Grünberg Institute (PGI-9) of 
Forschungszentrum Jülich.
 
“The germanium–tin system we have 
been testing makes it possible to 
overcome the physical limitations of 
silicon technology,” says Qing-Tai Zhao. 
In experiments, the germanium–tin
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transistor exhibits an  electron mobility 
that is 2.5 times higher than a comparable 
transistor made of pure germanium.
 
Another advantage of the new material 
alloy is that it is compatible with the 
existing CMOS process for chip 
fabrication. Germanium and tin come 
from the same main group in the periodic 
table as silicon. The germanium-tin 
transistors could therefore be integrated 
directly into conventional silicon chips 
with existing production lines. 

Electron micrograph of the germanium-tin transistor: The design follows a 3D nanowire geometry that is 
also used in the latest generation of computer processors. @ Forschungszentrum Jülich

High potential for the computers of the 
future
 
Apart from classical digital computers, 
quantum computers could also benefit 
from the germanium–tin transistor. For 
some time, there have been efforts to 
integrate parts of the control electronics 
directly on the quantum chip, which is 
operated inside a quantum computer at 
temperatures close to absolute zero. 
Measurements suggest that a transistor 
made of germanium-tin will perform 
significantly better under these conditions 
than those made of silicon.
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“The challenge is to find a semiconductor 
whose switching can still be very fast with 
low voltages at very low temperatures,” 
explains Qing-Tai Zhao. For silicon, this 
switching curve flattens out below 50 
Kelvin. Then, the transistors need a high 
voltage and thus a high power, which 
ultimately leads to failures of the sensitive 
quantum bits because of the heating. 
“Germanium–tin performs better at these 
temperatures in measurements down to 12 
Kelvin, and there are hopes to use the 
material at even lower temperatures,” says 
Qing-Tai Zhao.

In addition, the germanium–tin transistor is 
a further step towards optical on-chip data 
transmission. The transmission of 
information with light signals is already 
standard in many data networks because it 
is considerably faster and more energy-
efficient than data transfer via electrical 
conductors. In the field of micro- and 

nanoelectronics, however, data is usually 
still sent electrically. Colleagues from the 
Jülich working group of Dr. Dan Buca have 
already developed a germanium-tin laser in 
the past that opens up the possibility to 
transmit data optically directly on a silicon 
chip. The germanium-tin transistor, along 
these lasers, provides a promising solution 
for the monolithic integration of 
nanoelectronics and photonics on a single 
chip.
 
Reference
 
Vertical GeSn nanowire MOSFETs for 
CMOS beyond silicon
 Mingshan Liu, Yannik Junk, Yi Han, Dong 
Yang, Jin Hee Bae, Marvin Frauenrath, 
Jean-Michel Hartmann, Zoran Ikonic, 
Florian Bärwolf, Andreas Mai, Detlev 
Grützmacher, Joachim Knoch, Dan Buca, 
Qing-Tai Zhao
Communications Engineering (25 February 
2023), DOI: 10.1038/s44172-023-00059-2

Jülich Researchers Develop New Germanium-Tin Transistor as 
Alternative to Silicon

UTA team exploring new technology to cool data 
centers
UTA-led project funded by $2.8 million award from 
Department of Energy

Data centers account for approximately 2% of total U.S. 
electricity consumption, while data center cooling can 
account for up to 40% of data center energy usage overall, 
according to the DOE. The DOE’s selected projects—
located at national labs, universities and businesses—
seek to reduce the energy necessary to cool data centers. 
Read more

https://www.nature.com/articles/s44172-023-00059-2
https://www.uta.edu/news/news-releases/2023/05/12/doe-agonafer-computer-cooling


EV Group and Notion Systems team 
up to combine nanoimprint 
lithography with inkjet coating for 
new high-volume-manufacturing 
applications
Collaboration creates new application opportunities for 
nanoimprint lithography (NIL) and cements EVG’s NIL 
leadership with inkjet capabilities in a fully automated NIL 
solution

EV Group (EVG), a leading supplier of 
wafer bonding and lithography 
equipment for the MEMS, 
nanotechnology and semiconductor 
markets, and Notion Systems, a leading 
supplier of industrial inkjet coating 
systems for functional materials, today 
announced that they have entered into an 
agreement to develop the first fully 
integrated and automated nanoimprint 
lithography (NIL) solution with inkjet 
coating capabilities.
 
Per the joint agreement, the two 
companies will develop a customized 
inkjet module to be integrated in EVG’s 
industry-benchmark HERCULES® NIL 
platform based on EVG’s SmartNIL® 
technology. The new inkjet module will 
be complementary to EVG’s existing spin-
coating modules and will be offered as 
an alternative option for dispensing NIL 
photoresists on substrates for high-
volume-manufacturing (HVM) 
applications for NIL that have unique film 
deposition and uniformity needs.   

Through this partnership, EVG 
further cements its leadership in NIL 
with inkjet capabilities in a fully 
integrated and automated NIL 
solution.
 
Per the joint agreement, the two 
companies will develop a 
customized inkjet module to be 
integrated in EVG’s SmartNIL®    
 
                           Continued on page 66

Dr. Thomas Glinsner, Corporate 
Technology Director for EV Group, and 
Antonio Schmidt, SVP Sales and 
Marketing for Notion Systems, at SPIE 
Photonics West 2023 in San Francisco
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In a result decades in the making, Los 
Alamos scientists have achieved light 
amplification with electrically driven 
devices based on solution-cast 
semiconductor nanocrystals — tiny specs 
of semiconductor matter made via 
chemical synthesis and often called 
colloidal quantum dots. This 
demonstration, reported in the scientific 
journal Nature, opens the door to a 
completely new class of electrically 
pumped lasing devices — highly flexible, 
solution-processable laser diodes that can 
be prepared on any crystalline or non-
crystalline substrate without the need for 
sophisticated vacuum-based growth 
techniques or a highly controlled clean-
room environment.

“The capabilities to attain light 
amplification with electrically driven 
colloidal quantum dots have emerged 
from decades of our previous research 
into syntheses of nanocrystals, their 
photophysical properties and optical and 
electrical design of quantum dot devices,” 
said Victor Klimov, Laboratory Fellow and 
leader of the quantum dot research 
initiative. “Our novel, ‘compositionally 
graded’ quantum dots exhibit long optical 
gain lifetimes, large gain coefficients and 
low lasing thresholds — properties that 
make them a perfect lasing material. The 
developed approaches for achieving 
electrically driven light amplification with 
solution-cast nanocrystals  

50

Light amplification by 
stimulated emission from 
electrically driven colloidal 
quantum dots finally achieved
In Nature article, Los Alamos National Laboratory team 
realizes long-sought capabilities for semiconductor 
nanocrystal light-amplification devices
 
Brian Keenan 
Los Alamos National Laboratory



from lighting and displays to quantum 
information, medical diagnostics and 
chemical sensing.” 
 
More than two decades of research
 
Research over more than two decades has 
sought to achieve colloidal quantum dot 
lasing with electrical pumping, a 
prerequisite for its widespread use in 
practical technologies. Traditional laser 
diodes, ubiquitous in modern technologies, 
produce highly monochromatic, coherent 
light under electrical excitation. But they 
have deficiencies: challenges with 
scalability, gaps in the range of accessible 
wavelengths, and, importantly an 
incompatibility with silicon technologies 
that limits their use in microelectronics. 
Those problems have spurred the search 
for alternatives in the realm of highly 
flexible and easily scalable solution-
processable materials.

Chemically prepared colloidal quantum 
dots are especially attractive for 
implementing solution-processable laser 
diodes. In addition to being compatible 
with inexpensive and readily scalable 
chemical techniques, they offer the 
advantages of a size-tunable emission 
wavelength, low-optical gain thresholds 
and high-temperature stability of lasing 
characteristics.  
 
However, multiple challenges have 
hindered the technology’s development, 
including fast Auger recombination of 
gain-active multicarrier states, poor 
stability of nanocrystal films at high
 
 

current densities required for lasing, and 
the difficulty of obtaining net optical gain 
in a complex electrically driven device 
wherein a thin electroluminescent 
nanocrystal layer is combined with various 
optically-lossy, charge-conducting layers 
that tends to absorb light emitted by the 
nanocrystals.

Solutions for colloidal quantum dot laser 
diode challenges
 
A number of technical challenges needed 
to be solved to realize electrically driven 
colloidal quantum dot lasing. Quantum 
dots not only need to emit light, they need 
to multiply generated photons via 
stimulated emission. That effect can be 
turned into laser oscillations, or lasing, by 
combining the quantum dots with an 
optical resonator that would circulate the 
emitted light through the gain medium. 
Solve that, and you have electrically driven 
quantum dot lasing.

In quantum dots, stimulated emission 
competes with very fast nonradiative 
Auger recombination, the primary 
impediment of lasing in these materials. 
The Los Alamos team developed a highly 
effective approach to suppress 
nonradiative Auger decay by introducing 
carefully engineered compositional 
gradients into the quantum dot interior.
 
Very high current densities are also 
required for attaining the lasing regime. 
That current, though, can doom a device.

51



“A typical quantum dot light-emitting diode 
operates at current densities that do not 
exceed about 1 ampere per square 
centimeter,” said Namyoung Ahn, a Los 
Alamos Director’s Postdoctoral Fellow and 
the lead device design expert for the 
project. “However, the realization of lasing 
requires tens to hundreds of amperes per 
square centimeter, which would normally 
lead to device breakdown due to 
overheating. This has been a key problem 
hindering realization of lasing with 
electrical pumping.”
 
To resolve the overheating problem, the 
team confined the electric current in 
spatial and temporal domains, ultimately 
reducing the amount of generated heat 
and simultaneously improving heat 
exchange with a surrounding medium. To 
implement these ideas, the researchers 
incorporated an insulating interlayer with a 
small, current-focusing aperture into a 
device stack and used short electrical 
pulses (about 1 microsecond duration) to 
drive the LEDs.

The developed devices were able to reach 

approximately 2,000 amperes per square 
centimeter, sufficient to generate strong, 
broad-band optical gain spanning across 
multiple quantum dot optical transitions.

“A further challenge is to achieve a 
favorable balance between optical gain 
and optical losses in a complete LED 
device stack containing various charge 
conducting layers that can exhibit strong 
light absorption,” said Laboratory 
postdoctoral researcher Clément Livache, 
who coordinated the spectroscopic 
component of this project. “To tackle this 
problem, we added a stack of dielectric bi-
layers, forming a so-called distributed 
Bragg reflector.”

Using a Bragg reflector as an underlying 
substrate, the researchers were able to 
control a spatial distribution of an electric 
field across the device and shape it so as 
to reduce field intensity in optically lossy 
charge conductive layers and to enhance 
the field in the quantum-dot gain medium.
 
With those innovations, the team 
demonstrated an effect pursued by the

Light amplification by stimulated emission from electrically driven colloidal 
quantum dots finally achieved

https://www.moov.co/


The ASE-type quantum 
dot LEDs represent 
considerable practical 
utility as sources of 
highly directional, 
narrow-band light for 
applications in 
consumer products 

research community for decades: bright 
amplified spontaneous emission (ASE) 
realized with electrically pumped colloidal 
quantum dots. In the ASE process, “seed 
photons” produced by spontaneous 
emission launch a “photon avalanche” 
driven by stimulated emission from the 
excited quantum dots. This boosts the 
intensity of the emitted light, increases its 
directionality and enhances coherence. 
ASE can be considered as a precursor of 
lasing, the effect which emerges when an 
ASE-capable medium is combined with an 
optical resonator.    
 
The ASE-type quantum dot LEDs represent 
considerable practical utility as sources of 
highly directional, narrow-band light for 
applications in consumer products (for 
example, displays and projectors), 
metrology, imaging and scientific 
instrumentation. Interesting opportunities 
are also associated with the prospective 
use of these structures in electronics and 
photonics, traditional and quantum, where 
they can help realize spectrally tunable on-
chip optical amplifiers integrated with 
various types of optical interconnects and 
photonic structures.  
 
What’s next?
 
Presently, the team is working on realizing 
laser oscillations with electrically pumped 
quantum dots. In one approach, they 
incorporate into the devices a so-called 

“distributed feedback grating,” a periodic 
structure that acts as an optical resonator 
circulating light in the quantum dot 
medium. The team also aims to extend 
spectral coverage of their devices, with a 
focus on demonstrating electrically driven 
light-amplification in the range of infrared 
wavelengths.

Infrared, solution-processable optical-gain 
devices could be of great utility in silicon 
technologies, communications, imaging 
and sensing. 

Reference
 
Electrically Driven Amplified Spontaneous 
Emission from Colloidal Quantum Dots
Nature. DOI: 10.1038/s41586-023-05855-6
 
Los Alamos National Laboratory
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The supply of semiconductors has been, 
and remains, a significant challenge for 
industries around the world. Manufacturers 
in sectors such as automotive, consumer 
goods, and technology have been hit with 
shortages that held back production and 
put profits at risk. But some chief operating 
officers are building resilience into their 
supply chains by turning to artificial-
intelligence-based solutions, which give 
them near-real-time insights into pricing 
and demand fluctuations.
 
The reasons for these semiconductor 
bottlenecks include limited capacity, high 
demand, and overordering—which means 
that they are likely to persist through 2023, 
McKinsey analysis shows (Figure 1). The 
most extreme pressure will be on mature  

Chip hunting: The 
semiconductor 
procurement solution 
when other options fail
McKinsey & Company

Supply-and-demand mismatches for semiconductors have 
generated production headaches across industries. Forward-
looking companies are using artificial intelligence to optimize 
short-term procurement.

chips for everyday applications, such as 
cars, electronics, home appliances, and 
medical devices. Growth in manufacturing 
capacity is set to remain patchy until at 
least 2026. Smaller node capacities are set 
to expand fastest: seven-nanometer 
capacity is predicted to grow at a CAGR of 
14 percent annually, 100-nanometer 
capacity at 4 percent. Varying levels of 
production reflect wider industry dynamics. 
Some companies want to add capacity: 
Taiwanese chipmaker TSMC, for example, 
plans to spend $32 billion to $36 billion in 
2023 alone, despite expectations of softer 
demand. Other companies—both 
integrated device manufacturers (IDM) and 
foundries—are operating close to or at full 
utilization.
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Global semiconductor chip shortage factors across metrics

Figure 1: Global semiconductor chip shortage factors across metrics @ McKinsey & Company

Global semiconductor capacity grew at 7.6 
percent a year on average from 2015 to 
2022, but the growth is forecast to slow 
down to 4.9 percent a year from 2022 to 
2026. Amid global macroeconomic 
headwinds, semiconductor industry 
revenues are predicted to fall by 3 to 4 
percent in 2023. The biggest short-term 
capacity upgrades will take place in the 
Greater China area, including Taiwan. 
Elsewhere, new fabs in recently announced 
investments will take several years to 
come on line.
 
Read the full report

If the recent past is any indication, supply challenges will 
remain high on C-suite agendas, with the most likely 
scenario involving waves of supply-and-demand 
mismatches across chips sizes, industries, and 
production centers.

Most chip shortfalls 
are in mature 
technologies used 
in everyday 
applications such 
as cars, home 
appliances, and 
electronics

https://www.mckinsey.com/industries/semiconductors/our-insights/chip-hunting-the-semiconductor-procurement-solution-when-other-options-fail


New material paves 
the way for more 
efficient electronics

Researchers from the University of Twente proved that 
germanene, a two-dimensional material made of germanium 
atoms, behaves as a topological insulator. It is the first 2D 
topological insulator that consists of a single element. It also 
has the unique ability to switch between ‘on’ and ‘off’ states, 
comparable to transistors. This could lead to more energy-
efficient electronics.

By K.W. Wesselink - Schram Msc (Kees) 
Science Communication Officer
University of Twente



Topological insulators are materials with 
the unique property of insulating 
electricity in their interior while 
conducting electricity along their edges. 
The conductive edges allow electrical 
current to flow without energy loss. “At 
the moment, electronic devices lose a lot 
of energy in the form of heat, because 
defects in the material increase the 
resistance. As a result, your mobile 
phone can get uncomfortably hot”, 
explains UT researcher Pantelis 
Bampoulis. While scattering at defects is 
allowed in normal materials, at the 
edges of 2D topological insulators, the 
scattering of electrons at defects is 
forbidden due to the unique topological 
protection mechanism. Therefore, 
electrical current in 2D topological 
insulators flows without dissipating 
energy. This makes them more energy-
efficient than current electronic 
materials.
 
Creating Germanene
 
Germanene is such a 2D topological 
insulator. “Current topological insulators 
consist of complex structures from 
different types of elements. Germanene 
is unique in that it’s made from just a 
single element”, explains Bampoulis. To 
create this exciting material, the 
researchers melted germanium together 
with platinum. When the mixture cooled 
down, a tiny layer of germanium atoms 
arranged into a honeycomb lattice on 
top of the germanium-platinum alloy. 
This 2D layer of atoms is called 
germanene.

Topological Transistors
 
The researchers also discovered that the 
conducting properties of the material can 
be switched ‘off’ by applying an electric 
field. This property is unique for a 
topological insulator. “The possibility to 
switch between ‘on’ and ‘off’ states adds 
an exciting application case for 
germanene”, says Bampoulis. It paves the 
way for designing topological field-effect 
transistors. These transistors could 
replace traditional transistors in 
electronic devices. Resulting in 
electronics that no longer heat up. 
 
Reference
Quantum Spin Hall States and 
Topological Phase Transition in 
Germanene
Phys. Rev. Lett. 130, 196401 – Published 
12 May 2023
 
Image 1: Artistic illustration of the dissipationless 
edge channels in Germanene. Credits: Ella 
Marushchenko 
 

Scanning tunnelling microscopy topography 
of the honeycomb lattice of germanene

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.196401
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Backscattering protection 
in integrated photonics is 
impossible with existing 
technologies, says Electro 
study

Published in Nature Photonics, a new paper from the Photonic 
Nanotechnology group at DTU Electro reports the conclusion of a 
very careful experimental investigation: topological waveguides do 
not work – at least not with known materials. Who said that 
modern science does not appreciate negative results?

Researchers: Measure your losses
 
Reducing losses in photonic waveguides 
is important for reducing the energy 
consumption in data centers, and losses 
are outright showstoppers for a wide 
range of envisioned quantum 
technologies.

The limiting factor is backscattering due 
to unavoidable structural defects, and 
this has motivated intense worldwide 
research efforts into a new class of 
photonic waveguides: so-called photonic 
topological insulator edge modes.

Numerous papers claim “topological 
protection” in such waveguides, but 
something important was forgotten: 
measuring the losses.
 
Background
 
The field of integrated photonics has 
taken off in recent years. These 
microchips utilize light particles 
(photons) in their circuitry as opposed to 
the electronic circuits that, in many ways, 
form the backbone of our modern age. 
Offering improved performance, 
reliability, energy
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efficiency, and novel functionalities, 
integrated photonics has immense 
potential and is fast becoming a part of 
the infrastructure in data centers and 
telecom systems while also being a 
promising contender for a wide range of 
sensors and integrated quantum 
technologies. 
 
Significant improvements in nanoscale 
fabrication have made it possible to build 
photonic circuits with minimal defects, but 
defects can never be entirely avoided, and 
losses due to disorder remain a limiting 
factor in today's technology.

Minimizing these losses could, for 
example, reduce the energy consumption 
in communication systems and further 
improve the sensitivity of sensor 
technology. And since photonic quantum 
technologies rely on encoding information 
in fragile quantum states, minimizing 
losses is essential to scale quantum 
photonics to real applications. So the 
search is on for new ways to reduce the 
backscattering or even prevent it entirely.

A one-way street for photons is 
impossible today
 
One suggestion for minimizing the loss of 
photons in an integrated photonic system 
is to guide the light through the circuit 
using topological interfaces that prevent 
backscattering by design.

"It would be very nice if it were possible to 
reduce losses in these systems. But 
fundamentally, creating such a one-way 
street for photons is a tough thing to do.  

In fact, as of right now, it is impossible; to 
do this in the optical domain would 
require developing new materials that do 
not exist today," says Associate Professor 
Søren Stobbe, Group Leader at DTU 
Electro. 
 
Circuitry built from topological insulators 
would, in theory, force photons to keep 
moving forward, never backwards. The 
backwards channel would simply not 
exist. While such effects are well-known 
in niche electronics and have been 
demonstrated with microwaves, they 
have yet to be shown in the optical 
domain.

But full topological protection is 
impossible in silicon and all other low-
loss photonic materials because they are 
subject to time-reversal symmetry. This 
means that whenever a waveguide allows 
transmitting light in one direction, the 
backwards path is also possible. This 
means that there is no one-way street for 
photons in conventional materials, but 
researchers have hypothesized that a 
two-way street would already be good 
enough to prevent backscattering.

"There has been a lot of work trying to 
realize topological waveguides in 
platforms relevant to integrated 
photonics. One of the most interesting 
platforms is silicon photonics, which uses 
the same materials and technology that 
make up today's ubiquity of computer 
chips to build photonic systems, and even 
if disorder cannot be entirely eliminated, 
perhaps backscattering can," says Søren 
Stobbe.
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New experimental results from DTU 
Electro recently published in Nature 
Photonics strongly suggest that with the 
materials available today, this likely will 
not happen.
 
State-of-the-art waveguides offer no 
protection
 
Although several previous studies have 
found that it may be possible to prevent 
backscattering based on various indirect 
observations, rigorous measurements of 
the losses and the backscattering in 
topological waveguides were so far 
missing. The central experiments 
conducted at DTU were performed on a 
highly well-characterized state-of-the-art 
type of silicon waveguide, showing that 
even in the best waveguides available, 
the topological waveguides show no 
protection against backscattering. 
 
"We fabricated the best waveguide 
obtainable with current technology—
reporting the smallest losses ever seen 
and reaching minute levels of structural 
disorder—but we never saw topological 
protection against backscattering. If the 
two-way topological insulators protect 
against backscattering, they would only 
be effective at disorder levels below 
what is possible today," says Ph.D.-
student Christian Anker Rosiek. 
 
He conducted most of the fabrication, 
experiments and data analysis along 
with postdoc Guillermo Arregui, both at 
DTU Electro.

 

"Measuring the losses alone is crucial, 
but not enough, because losses can also 
come from radiation out of the 
waveguide. We can see from our 
experiments that the photons get caught 
in little randomly located cavities in the 
waveguide as if many of tiny mirrors had 
been randomly placed in the light's path. 
Here, the light is reflected back and 
forth, scattering very strongly on those 
defects. It shows that the backscattering 
strength is high, even in a state-of-the-art 
system, proving that backscattering is 
the limiting factor," says Guillermo 
Arregui.

Waveguide-material should break time-
reversal symmetry
 
The study concludes that, for a 
waveguide to offer protection against 
backscattering, you would need the 
topological insulator to be constructed 
from materials that break time-reversal 
symmetry without absorbing light. Such 
materials do not exist today.

"We are not ruling out that protection 
from backscattering can work, and 
absence of evidence must not be 
confused with evidence of absence. 
There is plenty of topological physics, 
but moving forward, I believe 
researchers should take great care in 
measuring losses when presenting new 
topological waveguides. That way, we 
will get a clearer picture of the true 
potential of these structures. Suppose 
someone does indeed develop new, 
exotic materials that 

Backscattering protection in integrated photonics is impossible with existing 
technologies, says Electro study



51

allow only propagation in one direction; 
our study has established the tests 
needed to claim real protection against 
backscattering," says Christian Anker 
Rosiek.
 
Reference
 
Observation of strong backscattering in 
valley-Hall photonic topological interface 
modes
Christian Anker Rosiek et al, 
Nature Photonics (2023). 
DOI: 10.1038/s41566-023-01189-x
 
Image
 
A scanning electron microscope image 
of one of the photonic waveguides 
studied by the DTU researchers. The 
waveguide is formed at the edge 
between two photonic topological 
insulators (blue and red) which are 
realized in nanoscale silicon 
membranes. It has been predicted that 
light propagating in such topological 
waveguides is immune to backscattering 
on structural defects, but this was never 
investigated experimentally. For the first 
time, the DTU team checked this in an 
experiment and found the opposite: 
strong backscattering. ©C. A. Rosiek 
  
 
 
DTU ELECTRO
Department of Electrical and Photonics 
Engineering
 
 

https://www.nature.com/articles/s41566-023-01189-x
https://electro.dtu.dk/
http://www.nanobrick.co.kr/en/home_en


As devices get smaller and more powerful, 
the risk of overheating and burning out 
increases substantially. Despite 
advancements in cooling solutions, the 
interface between an electronic chip and 
its cooling system has remained a barrier 
for thermal transport due to the materials' 
intrinsic roughness.

Sheng Shen, a professor of mechanical 
engineering at Carnegie Mellon University, 
has fabricated a flexible, powerful and 
highly reliable material to efficiently fill the 
gap.

"At first glance, our solution looks like any 
ordinary copper film, but under a 
microscope the novelty of our material 
becomes clear," explained Lin Jing, a Ph.D. 
student in the Department of Mechanical 
Engineering.

The material, composed of two thin copper 
films with a graphene-coated copper 
nanowire array sandwiched between them, 
is extremely user-friendly.

"Other nanowires need to be in situ grown 
where the heat is designed to be 
dissipated, so that their application 
threshold and cost is high," said Rui Cheng, 
postdoctoral researcher in Shen's lab. "Our 
film isn't dependent on any substrate. It is a 
free-standing film that can be cut to any 
size or shape to fill the gap between 
various electrical components."

The "sandwich" builds out of Shen's 
"supersolder," a thermal interface material 
(TIM) that can be used similarly as 
conventional solders, but with twice the 
thermal conductance of current state-of-
the-art TIMs.

62



How a sandwich is 
transforming 
electronics

By coating the "supersolder" in graphene, 
Shen's team enhanced its thermal transport 
capabilities and prevented the risk of 
oxidation, ensuring a longer service life. 
The "sandwich," compared to the thermal 
pastes/adhesives currently on the market, 
can reduce thermal resistance by more 
than 90% when considering the same 
thickness.

Thanks to its ultrahigh mechanical 
flexibility, the "sandwich" can enable a wide 
range of applications in flexible electronics 
and microelectronics, including flexible 
LEDs and lasers for lighting and display, 
wearable sensors for communication, 
implantable electronics for monitoring 
health and imaging, and soft robotics.

Moving forward, Shen's team will explore 
ways to scale the material at an industrial 
level and lower its cost, while continuing to 
seek improvements.

"At first glance, our 
solution looks like any 
ordinary copper film, 
but under a 
microscope the 
novelty of our material 
becomes clear." 
— Lin Jing

By: Kaitlyn Landram
College of Engineering
Carnegie Mellon University
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"We are very excited about this material's 
potential," Shen shared. "We believe that a 
wide variety of electronic systems can 
benefit from it by allowing them to operate 
at a lower temperature with higher 
performance."

This research first published in ACS Nano  
and is a collaborative effort with Tzahi 
Cohen-Karni, a professor of biomedical 
engineering and materials science and 
engineering, and Xu Zhang, a professor of 
electrical and computer engineering, both 
of Carnegie Mellon University.
 
"We are very excited about this material's 
potential," Shen shared. "We believe that a 
wide variety of electronic systems can 
benefit from it by allowing them to operate 
at a lower temperature with higher 
performance." 

This research first published in ACS 
Nano and is a collaborative effort with 
Tzahi Cohen-Karni, a professor of 
biomedical engineering and materials 
science and engineering, and Xu 
Zhang, a professor of electrical and 
computer engineering, both of 
Carnegie Mellon University.
 
Reference
 
3D Graphene-Nanowire “Sandwich” 
Thermal Interface with Ultralow 
Resistance and Stiffness
Lin Jing, Rui Cheng, Raghav Garg, Wei 
Gong, Inkyu Lee, Aaron Schmit, Tzahi 
Cohen-Karni, Xu Zhang, and Sheng 
Shen
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electron microscope. @CMU

How a sandwich is transforming electronics
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Efficient Vacuum for Load Lock and 
Transfer Chambers
 
Busch TORRI BD 600 multi-stage 
rotary lobe vacuum pumps.
 
•  Fast pump-down time
•  Compact space-saving size
•  Low energy consumption

www.buschusa.com
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5 trends shaping the 
electronics industry in 
2023  
By Oren Manor
Siemens

What electronics manufacturers need to plan for in 2023

2022 was a year of global shifts. The Ukraine-Russia war, lingering COVID-19, the 
soaring cost of living and rising inflation have all had a major impact on the global 
economy, creating a sense of uncertainty and concern about the future. How are these 
affecting the electronics manufacturing industry? And what can we expect in 2023? 
We’ve broken it down and outlined the most important trends for electronics 
manufacturers to consider when building their business strategies for 2023 and beyond.
 
 1. Effects of inflation on electronics production
 2. High-mix, low-volume manufacturing
 3. Component shortages made worse by the shift away from China
 4. Reshoring electronics production
 5. Demand for sustainable electronics
 
In today’s ever-changing global manufacturing landscape, the need for digitalization is 
more acute than ever. Digitalized processes provide opportunities for optimization and 
efficiency even in times of strain and tension, and help manufacturers gain control of 
their operations across lines and production sites.
 
Read more
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technology. The new inkjet module will 
be complementary to EVG’s existing spin-
coating modules and will be offered as 
an alternative option for dispensing NIL 
photoresists on substrates for high-
volume-manufacturing (HVM) 
applications for NIL that have unique film 
deposition and uniformity needs. 
Through this partnership, EVG further 
cements its leadership in NIL with inkjet 
capabilities in a fully integrated and 
automated NIL solution.

“As both a pioneer and the established 
market leader in NIL, EVG partners with 
companies across the nanoimprint 
supply chain within its NILPhotonics® 
Competence Center to continually 
innovate NIL to support new applications 
and provide greater benefits for our 
customers,” stated Dr. Thomas Glinsner, 
corporate technology director at EV 
Group. “By teaming up with Notion 
Systems, a specialized supplier of 
industrial, high-volume-production inkjet 
systems with an established and field-
proven solution for the optical/display, 
electronics and semiconductor markets, 
we can reduce the time to market for 
incorporating this unique additive 
manufacturing approach to our own NIL 
portfolio, and more quickly bring the 
performance benefits of inkjet-based 
nanoimprint to our customers.”             

Inkjet coating enables new opportunities 
for NIL

Inkjet deposition can enable fine tuning 
of the resist amount and placement on a 
substrate to achieve uniform residual 
layer thicknesses after the NIL process, 
which in turn allows for high-quality 
pattern transfer. Inkjet deposition also 
allows for selective area resist coating, 
independent of the fill factor and 
structure size and height, making it ideal 
for applications like augmented/virtual 
reality (AR/VR) gratings with narrow 
spaces and unique topographies. This 
unique deposition approach can also 
reduce material consumption, resulting 
in significant cost savings associated 
with nanoimprint resists.

“We are pleased to be partnering with EV 
Group on this important development for 
the NIL market,” stated Dr. Kai Keller, VP 
Business Development, Notion Systems. 
“With its high precision, drop placement 
accuracy and uniformity, our n.jet inkjet 
deposition technology in combination 
with EVG’s SmartNIL technology provides 
the perfect match for supporting new NIL 
applications that cannot be met with 
current spin coating approaches. This 
collaboration provides EVG with a 
powerful new and unique additive 
manufacturing capability to support its 
customers’ growing needs, while at the 
same time providing us with first-mover 
status in the rapidly growing NIL market.”

EV Group and Notion Systems Team Up to Combine Nanoimprint Lithography with 
Inkjet coating for New High-Volume-Manufacturing Applications
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Demonstrations of EVG’s HERCULES 
SmartNIL UV-NIL system in conjunction 
with standalone inkjet deposition 
capabilities are available at the 
company’s NILPhotonics Competence 
Center located at EVG’s corporate 
headquarters. More information on EVG’s 
HERCULES NIL system can be found at 
https://www.evgroup.com/products/nan
oimprint-lithography/uv-nil-
smartnil/hercules-nil/.
 
About Notion Systems
 
Notion Systems is a leading supplier of 
industrial ink jet coating systems. The 
n.jet inkjet platform from Notion Systems 
is used to produce printed circuit boards, 
OLED & QLED displays, sensors and high-
quality 3D parts. Notion Systems relies 
on decades of experience bringing 
precise inkjet systems to customers and 
scaling up digital printing processes for 
functional materials. Notion Systems is 
based in Schwetzingen close to 
Heidelberg - Germany and works 
together with leading sales and service 
organizations worldwide with focus on 
Asia, Europe and North America. For 
more information, visit www.notion-
systems.com.
 
 

About EV Group (EVG)
 
EV Group (EVG) is a leading supplier of 
equipment and process solutions for the 
manufacture of semiconductors, 
microelectromechanical systems 
(MEMS), compound semiconductors, 
power devices and nanotechnology 
devices. Key products include wafer 
bonding, thin-wafer processing, 
lithography/nanoimprint lithography 
(NIL) and metrology equipment, as well 
as photoresist coaters, cleaners and 
inspection systems. Founded in 1980, EV 
Group services and supports an 
elaborate network of global customers 
and partners all over the world. More 
information about EVG is available at 
www.EVGroup.com.
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generation LED Technology for Future 
Displays at Display Week 2023 
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