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News from Quantum Design Europe

New measurement technology – Imaging with NV centers
Since the discovery of nitrogen-va-
cancy (NV) centers in the 1990s, they 
have increasingly developed from 
research objects to research tools. 
An NV center is a point defect in the 

crystal structure of a diamond. This 
quantum system has excellent sta-
bility even at room temperature, so 
that it is now widely used, e.g. as a 
qubit or as a component of a mag-
netometer. 

A few years ago, the first measure-
ment technology manufacturers 
began to equip scanning probe 
microscopes with NV centers in or-
der to use them as magnetometers 
with high spatial resolution. The 
American manufacturer Q-CAT has 
chosen an innovative approach 
that opens up completely new mea-
surement possibilities. Instead of 
positioning a single NV center on 
the tip of a cantilever, the Quantum 
Diamond Microscope from Q-CAT 
uses a sensor that contains a large 

number of NV centers. This allows 
an area of several millimeters to 
be measured simultaneously. For 
the first time it has become possi-
ble to image the magnetization in 
real time with an extremely high 
sensitivity that is otherwise only 
known from SQUID magnetome-

Content
About us 	 5, 7, 9

Cryogenics 	 2, 4, 5, 8

Electron microscopy	 8, 9, 12

Imaging	 1

Light&lasers	 10

Magnetism	 6

Materials science	 1, 11

Optics	 10

Low energy XRF (LE-XRF) in semiconductor 
metrology with the Sigray AttoMap system 
Part 1 – Presentation of the system

Micro X-ray fluorescence (µXRF) has 
proven to be an invaluable analytical 
technique in the semiconductor in-
dustry as it enables non-destructive 
elemental analysis with high sensiti-
vity for dopants and thin film thick-
nesses. µXRF is usually performed at 
high X-ray energies (> 5 keV) and is 
considered a measurement system 
for high atomic number (high Z) ele-
ments. However, it is often overloo-
ked that µXRF is even more powerful 
at lower X-ray energies. In this article, 
we present some application exam-

ples of the AttoMap system at low 
energies for critical applications in 
semiconductor metrology.

Overview of the AttoMap-310
Performing µXRF at low X-ray energies 
offers significant advantages over 
conventional µXRF at higher energies. 
This includes orders of magnitude 
higher sensitivity to low-Z elements 
and even significantly improved sen-
sitivity and shorter acquisition time 
for the lower energy (L and M lines) 
of high-Z elements, as the X-ray optics 
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Fig. 1: A diamond chip with a large number of NV 
centers is placed over the sample. 

Fig2: The local magnetic field of the sample disturbs 
the NV centers.
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ters. Compared to a scanning SQUID, 
the technology offers significantly 
better spatial resolution. Not only 
is the field strength of the sample 
measured at a specific location, but 
also the local field vector. Applicati-
ons are e.g:

	■ 2D materials
	■ Measurements of magnetic 

domains in moire magnetism

	■ Examination of Dirac liquids 
	■ Photovoltaics
	■ Determination of current flows in 

PV components
	■ Electronic components
	■ Measurement of the magnetic 

fingerprint and analysis of 
individual components in 
integrated circuits 

	■ Paleomagnetism 
	■ Distribution of different minerals 

in a rock sample
	■ Determination of the detrital 

portion of speleothems
	■ Meteorite analysis
	■ Biomagnetism
	■ Single cell detection in blood
	■ Imaging of magnetic bacteria 

with sub-cell resolution 

We will be presenting an applica-
tion on this topic later in the isue. 
Stay tuned on page 11. 

Please contact us 
materials@qd-europe.com

Materials science/Cryogenics

New measurement technology – Imaging with NV centers

Customized projects at Montana Instruments
Our long-standing partner in the 
field of optical cryostats, Monta-
na Instruments, has been known 
for customized solutions since its 
foundation. The adaptations com-
plement their user-friendly cryos-
tats with closed cooling circuits 
and low vibrations and round off 
their product portfolio in the high-

end range. The cryostats can be in-
tegrated into the optical setup di-
rectly after installation and there 
are no more adjustments to make 
before starting the measurement.

The options that Montana Instru-
ments offer for the individuali-
zation of their cryostats are now 

shown with real-
life projects on a 
separate subpa-
ge of their web-
site [1].

The depicted 
examples inclu-
de permanent 
magnets that are 
integrated into 
the cryostats to 
apply a small 
magnetic field 
to the sample, 
or the combina-
tion with stron-
ger electroma-
gnets that have 
a field strength 
of 1 to 2 Tesla. 

There are solutions for ion traps in 
a Cryostation s200 and a chamber 
with ultra-high vibration stability. 
There are also solutions for placing 
3-inch wafers in the sample cham-
ber for optical investigations.

All of this is provided by a dedica-
ted team of Montana Instruments 
engineers to enable the customer's 
research application. A design and 
cost estimate will be prepared in 
close cooperation with you.

Check out Montana’s website for 
inspiration. Then challenge our 
specialists and discuss your requi-
rements with us.

[1] https://www.montanainstruments.
com/custom-engineering

Please contact us 
cryo@qd-europe.com 

Fig3: The NV centers are excited with a green laser and 
microwaves and emit a fluorescence spectrum.

Fig4. The local magnetic field can be calculated from the 
fluorescence. 
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increase with the square of the wave-
length. Despite the numerous advan-
tages, the main bottleneck with low 
energy µXRF is the low brightness of 
X-ray sources that produce low energy 
X-rays and the signifi cant challenges 
in manufacturing X-ray optics for lo-
wer energies. The AttoMap-310 utilizes 
Sigray's patented X-ray source design, 
which uses actively cooled diamond 
to achieve high power loading, and its 
highly eff icient axially symmetric X-
ray optics. The system has been rapidly 
adopted by the semiconductor indus-
try [1] for a wide range of elemental 
analysis applications including:

■ Aluminum, for work function 
adjustment in transistors

■ Fluorine, a residue from processing 
(e.g. etching)

■ Germanium used in SiGe structures 
for gate-all-around applications 
and as a metrological endpoint for 
etching

■ Molybdenum nitride, which is often 
used as a thin fi lm in gate electro-
des and in memory applications

Other applications include boron, tita-
nium nitride, oxygen and zirconium 
oxide.

AttoMap-310 micro X-ray fluo-
rescence microscope (µXRF):
Sigray's AttoMap-310 µXRF enables 
rapid analysis of both low atomic 

number elements (low 
Z) down to boron (B) and 
low energy fl uorescence 
lines (e.g. L and M lines) 
of high atomic number 
elements. Its unprece-
dented performance is 
made possible by several 
key innovations in cri-
tical X-ray components, 
including:

1) Patented X-ray source 
with multiple targets
Sigray's X-ray source all-
ows users to select up to 
fi ve diff erent X-ray target 
materials to tune the in-
cident X-ray energy, ma-
ximizing sensitivity by up to two to 
three orders of magnitude. Targets 
include Sigray's patented ceramic 
X-ray source targets, which off er 
signifi cantly higher power loading 
and higher brightness compared 
to conventional X-ray target mate-
rials such as aluminum. Particular-
ly advantageous targets for semi-
conductor applications are Sigray's 
SiC X-ray targets, which produce an 
ultra-bright Si line that avoids exci-
tation of the Si fl uorescence of the 
substrate/wafer, and a calcium-ba-
sed target for high-eff iciency Sn/Ag 
ratio measurements. Other targets 
are Au, Cr, Cu etc.

2) Proprietary X-ray optics
Unlike conventional µXRF systems 
that use polycapillary optics, the At-
toMap-310 utilizes Sigray's proprie-
tary axially symmetric X-ray optics. 
This optic provides higher perfor-
mance at low X-ray energies and can 
be designed to deliver >99% of an 
X-ray beam within a 40 µm test fi eld 
(or focused on a small 3-5 µm achro-
matic X-ray spot). Sigray optics also 
allow the detector to be placed much 
closer to the sample than polycapil-
lary optics, resulting in much grea-
ter fl uorescence detection. 

3) Goniometer table (θ-2θ)
The sample stage and SDD of the At-
toMap-310 can be rotated to achieve 
near grazing incidence angles on sam-
ples to maximize the sensitivity of 
low energy X-rays. Rotation angles can 
also be adjusted to remove diff raction 
peaks in Si wafers.

4) Vacuum housing
The AttoMap-310 utilizes a vacuum 
chamber that achieves <10E-5 Torr and 
is designed to allow ultra-low concen-
trations of carbon and oxygen at the 
request of semiconductor customers.

In the next part of our series on low-
energy X-ray fl uorescence (LE X-ray 
fl uorescence) in semiconductor me-
trology, we present initial measure-
ment results for aluminum, fl uorine, 
germanium and molybdenum nitride 
samples.

Source: 1st Microscopy Today 2023 
Awards. https://academic.oup.com/
mt/article/31/5/12/7273061

Please contact us 
imaging@qd-europe.com

Low energy XRF (LE-XRF) in semiconductor metrology with the Sig-
ray AttoMap system Part 1 – Presentation 
of the systemrents
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Cryogenics

Four-point surface resistance measurements at different 
temperatures
Sheet resistance measurements are 
a versatile tool for research and in-
dustry. Important examples are the 
electrical characterization of new 
materials, the monitoring of thin 
fi lm processes and the determina-
tion of the homogeneity of semi-
conducting and conducting thin 
fi lms.  Traditionally, these measure-
ments are carried out at room tem-
perature. New applications such as 
solar cells or quantum technolo-
gies sometimes require signifi cant-
ly wider temperature ranges. 

Using a combination of a cryoge-
nic probe station and the M81-SSM 
(Synchronous Source Measurement 
System), our partner Lake Shore 
was able to demonstrate that mea-
surements are possible in the frin-
ge areas of modern applications. 

One possible confi guration for 
four-point sheet resistance measu-
rements is the linear arrangement 
of four contacts with uniform dis-
tances between the measuring tips. 
If the measuring tips are small and 
the layer to be measured is thin 
compared to the substrate, the 
sheet resistance can be determined 
with

V is the voltage drop and I is the 
applied current through the ex-
ternal contacts. Complex contact 
structures are considered in [1].

A Lake Shore CRX-4K with a Mul-
ti-Contact Wedge (MCW) probe 
arm can be fi tted with a suitable 
measuring tip to ensure that the 
measuring tips are at a fi xed dis-
tance from each other (Fig. 1). This 
confi guration has the advantage 
that several contact surfaces can 
be measured quickly with one 
measuring arm without the indi-
vidual tips shifting against each 
other. Reliable and reproducible 
measurement results can therefo-
re be provided. 

The electrical measurements are 
carried out with Lake Shore’s M81-
SSM. The current is applied to the 
outer contacts with the BCS-10 
(Balanced Current Source) and the 
voltage drop at the two inner con-
tacts is measured with the VM-10 
(Voltage Measure). The BCS-10 mo-
dule has an output for common 
mode rejection. This output is 
connected to input B of the VM-10 
in order to reduce interference si-
gnals caused by earth currents or 
other interference in the measu-
rement setup. For further details 
see [2].  

Lake Shore's MeasureLINK™ soft-
ware is used for logging, tempera-
ture monitoring and implemen-
ting a current reversal protocol to 
reduce thermoelectric eff ects.

The chosen example shows the 
measurement of the temperatu-
re-dependent sheet resistance of a 
10 µm thick silver-platinum layer 
(Heraeus C4729). At room tempe-
rature, a value of 4.35 mΩ/□ (ohm 
per square) was determined for 
the sheet resistance, which is con-
sistent with an expected sheet re-
sistance of ≤ 5 mΩ/□.

These results show that this material 
exhibits a similar drop in sheet resis-
tance at decreasing temperatures as 
moderately pure silver. Below 30 K, 
there is less of a drop due to the lo-
wer phonon contribution to electron 
scattering. In this example, the sheet 
resistance at 4 K is close to 100 µΩ/□. 
(Fig. 2)

Following this example we see that 
the combination of a Lake Shore Pro-
be Station and M81-SSM is suitable 
for carrying out precise four-point 
surface measurements at diff erent 
temperatures. Such a measurement 
setup can also be extended to other 
areas of application in the fi eld of 
semiconductor thin-fi lm characte-
rization or the development of new 
materials. 

Please contact us if you have any 
questions about the Lake Shore Pro-
be Stations or the M81-SSM.

[1] Semiconductor Material and De-
vice Characterization, Third Edition, 
D. K. Schroder, John Wiley & Sons, 2015

[2] "Minimizing the Eff ect of Com-
mon-Mode Noise Interference in 
Low-Temperature Applications," 
Lake Shore Cryotronics Application 
Note, J. R. Lindemuth and E. A. Code-
cido, 2022

Please contact us 
cryo@qd-europe.com

Fig. 1: Probe station with a multi-contact wedge 
(MCW) probe arm. The sample is mounted on an 
insulated sample holder.

Fig. 2: Temperature-dependent sheet resistance of a 
silver-platinum layer (Heraeus C4729).
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NV magnetometry for 2D materials
The use of nitrogen-vacancy (NV) 
spins in diamond for magnetic ima-
ging is a powerful technique for mea-
suring magnetic order at the sub-mi-
croscopic scale. This technique is 
increasingly used for the study of 2D 
materials as it off ers high sensitivity 
combined with high spatial resolu-
tion. One challenge is to position the 
NV centers at a precisely defi ned dis-
tance in the nanometer range to the 
target material. This is the only way 
to detect the very small magnetic 
fi elds generated by magnetic mono-
layers of some 2D materials. Toeno 
van der Sar's group at TU Delft has 
published an interesting paper on 
this. [1] The group has developed a 
"dry transfer" technique to transfer 
a diamond micromembrane with 
NV centers directly onto a CrSBr sam-
ple.  CrSBr is an antiferromagnetic 
2D material. This technique achieves 

a close con-
tact between 
diamond and 
sample, which 
is crucial for 
the detection 
of weak ma-
gnetic fi elds. 
The direct 
contact bet-

ween the diamond membrane and 
the 2D magnet is one of the main 
advantages of this technique. The 
method minimizes the risk of con-
tamination at the interface and can 
be used in an inert gas atmosphere, 
making it suitable for air-sensitive 
2D magnetic materials. Due to the 
proximity of the NV sensors in the 
diamond to the sample, the magne-
tic stray fi elds of the CrSBr could be 
spatially resolved, which only oc-
cur when the thickness of the CrSBr 
changes by an odd number of layers. 
A monolayer magnetization of MCSB 
= 0.46(2) T was measured from the 
magnetic stray fi eld of a single un-
compensated ferromagnetic layer in 
CrSBr without the need to exfoliate 
monolayer crystals or apply large ex-
ternal magnetic fi elds.

The measurement was performed 
with a Montana Instruments cryos-
tation. This optical cryostat with in-
tegrated objective provides the vib-
ration stability and high NA required 
for measuring the PL spectrum of NV 
centers. The PL spectrum can be used 
to infer the magnetization.

[1] Ghiasi, T.S., Borst, M., Kurdi, S. et al. 
Nitrogen-vacancy magnetometry of 

CrSBr by diamond membrane trans-
fer. npj 2D Mater Appl 7, 62 (2023)

Please contact us 
cryo@qd-europe.com

Commitment to science and innovation – Product manager at 
Quantum Design Europe in conversation
Dr. Marc Kunzmann, Product Ma-
nager at Quantum Design Europe 
(QDE), emphasizes the importance 
of international cooperation. “The 
close exchange with our current 
and future customers is a highlight 
for me,” he explains. Collaboration 
with research institutes and experts 
worldwide contributes signifi cant-
ly to the success of the projects.
QDE's products, particularly in the 
fi elds of cryogenics and magnet-
ometry, play a key role in research. 
“Our cryogenics and magnetometry 

products not only promote basic 
research, but also solve practical 
scientifi c challenges,” Kunzmann 
continues. As a chemist, he is proud 
to live by the motto “From Scientist 
for Scientists” and to support the 
scientifi c community.

Please contact us 
kunzmann@qd-europe.com

Fig.1 NV magnetometry of the interlayer antiferro-
magnet CrSBr. a) Schematic representation of the 
sample. B) Illustration of the modulation of the NV 
ESR frequency by the stray fields (purple arrows) ge-
nerated by the uncompensated CrSBr magnetization 
at the CrSBr edges.
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Selecting the right teslameter
When looking for the right Gauss or 
teslameter for your application, it 
needs to be considered that not eve-
ry sensor, sample and teslameter are 
the same and that every solution 
has its own place in the market.

The challenge is to fi nd out what 
properties you need and where the 
manufacturers hide them in their 
marketing material. 

Our partner Lake Shore has publis-
hed a white paper to help you choo-
se the right teslameter. In this paper 
they highlight the most important 
parameters to help you select the 
right device.

They explain which hardware and 
software properties are most im-
portant. Crucial for selecting the 
hardware are accuracy, measuring 
range, choosing the right probe, 
temperature compensation and 
user-friendliness.

On the software side, it is important 
to have settings options such as the 
ability to switch between direct and 
alternating current and error cor-
rection. In addition, holding functi-
ons and data acquisition are neces-

sary for many applications in order 
to be able to use the collected data 
for further evaluations.

Finally, Lake Shore provides a deci-
sion tree to help you select the ap-
propriate measuring device.

We will be happy to help you with 
your selection and answer any fur-
ther questions you may have.

The white paper can be downloaded 
here:: bit.ly/3NT68IH

Please contact us 
materials@qd-europe.com

Magnetocaloric effect – Characterization with the
PPMS and MPMS
The magnetocaloric eff ect describes 
the interaction between magnetic 
and thermal properties. Materials 
with this eff ect are of interest for 
both fundamental research and 
practical applications. For example, 
the fi rst commercial refrigerators 
that use this eff ect are more energy 
eff icient.

On the basis of a 
recently publis-
hed article in 
the journal Na-
ture Communi-
cations [1], we 
will discuss the 
use of the QD 
systems PPMS 
and MPMS. The 
authors, un-
der the project 
m a n a g e m e n t 
of Professor G. 
R. Blake from 
G r o n i n g e n , 

have studied the cobalt compound 
Co4(OH)6(SO4)2[enH2]*. This com-
pound exhibits a gigantic magnet-
ocaloric eff ect at temperatures 
around 10 K and could therefore be 
used for magnetocaloric cooling at 
cryogenic temperatures. Measure-
ments with the Quantum Design 
systems PPMS and MPMS provided 
key data for the characterization. 

In the experiment, researchers 
measured the magnetic properties 
DC magnetization (MPMS SQUID 
magnetometer), the AC suscepti-
bility (PPMS), and the heat capaci-
ty (PPMS). From the heat capacity 
measurement data, they were able 
to determine the change in ent-
ropy of the sample, an important 
quantity for classifying its ma-
gnetocaloric properties. A detailed 
description can be found in the 
“open access” publication. If you 
have any questions about the QD 
systems and their measurement 

capabilities, please do not hesitate 
to contact us.

[1] J. J. B. Levinsky et al. “Giant 
magnetocaloric eff ect in a rare-
earth-free layered coordination 
polymer at liquid hydrogen tempe-
ratures”. Nature Communications 
(2024)15:8559

Please contact us 
materials@qd-europe.com

Teslameter F71

Schematic of magnetic cooling

PPMS DynaCool system
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New corporate film presents our headquarters in Pfungstadt
We are delighted that, together with 
Schreckenberg Film and coinciding 
with the move to our new headquar-
ters in Pfungstadt, we were able to 
launch a brand-new corporate film. 
The film not only shows our state-
of-the-art building, but also gives an 
insight into our daily work and our 
innovative products.

Over the course of two days, both our 
building exterior and interior were 
captured on film, partially by using 

drones. The interior shots put a spe-
cial focus on our laboratories and 
demo rooms. A central role was play-
ed by our products and technical in-
novations, which were impressively 
staged. A variety of shots of modern 
workplaces and technological soluti-
ons enables us to show to the public 
what our site has to offer.

It was particularly exciting to expe-
rience the filming process and to see 
how our company can be presented 

in different ways. The professionals 
at Schreckenberg Film supported us 
with many creative ideas and made 
this an event to remember. Thanks 
you for this!

Please contact us 
spectrum@qd-europe.com

QD summer party – a great event for togetherness
Our annual summer party took 
place on September 6. In per-
fect summer weather, employees 
and former colleagues gathe-

red for a relaxed day full of con-
versation and good humor. 
While we enjoyed a barbecue and 
chatted over delicious food, there 

was also an oppor-
tunity to get to know 
new colleagues.  
There was a bouncy 
castle for the chil-
dren, which provi-
ded plenty of fun. 
The new headquar-
ters in Pfungstadt, 
with a magnificent 
view of the Oden-
wald, provided the 

perfect backdrop for a successful 
party.

Please contact us 
spectrum@qd-europe.com

Schematic of magnetic cooling
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Charge carrier-resolved photo Hall effect measurements in the 
OptiCool with the M91
In the cited application note [1] 
from Quantum Design (QD), the Lake 
Shore Fast Hall System M91 is used 
together with an OptiCool from QD. 
OptiCool is a closed-loop helium 
optical cryostat with a supercon-
ducting magnet designed for low 

vibration in the 
sample area. The 
M91 controls the 
temperature and 
magnetic fi eld in 
the OptiCool. At 
the same time, the 
M91 performs re-
sistance, Hall and 
mobility measure-
ments in Van der 
Pauw geometry 
or Hall measure-
ments in 6-cable 
geometry. In addi-

tion, the sample is optically excited. 
This enables charge carrier-resolved 
photo-Hall eff ect measurements.

The application note explains the 
required hardware and how to con-
trol the entire system with Measu-
reLINK. The software was developed 
by Lake Shore and controls both the 
M91 and the OptiCool. 

The application note also explains 
how the samples are attached and 
wired. The illustration shows an 
InAs sample as an example. It is 
mounted on a wired sample holder. 
A common trick to electrically isola-
te the sample from the sample hol-
der without signifi cantly impairing 
the thermal connection is to place a 
cigarette paper between the sample 
and the holder.

For more details of the sample mea-
surement and its evaluation, you 
can check out the application note 
or contact us.

Please contact us 
cryo@qd-europe.com

Another FusionScope was successfully installed at a customer
In mid-June, Quantum Design USA 
installed the fi rst FusionScope in 
the United States at the University 
of Minnesota. Since then, Prof. Bha-
rat Jalan's team has been using the 
system to examine thin fi lms, focu-
sing on the structural and electri-
cal characterization of the samples. 
The FusionScope, which combines 
atomic force and scanning electron 
microscopy, off ers a range of new for 

sample characterization at the mi-
cro- and nanoscale.

Through the precise analysis of sur-
faces and electronic properties, the 
FusionScope provides researchers 
with a new approach to optimizing 
material properties. Particularly 
in the development of nanomate-
rials and semiconductors, the gai-
ned knowledge might signifi cantly 

improve the eff iciency and perfor-
mance of these materials. The high 
resolution and versatility of the 
system make it possible to visualize 
processes in the nanometer range 
that would not be accessible using 
conventional methods.

The installation of the FusionScope 
represents a major step forward for 
the University of Minnesota. The de-
vice strengthens the university's po-
sition as a leading research center in 
the fi eld of materials science in the 
USA. Prof. Jalan and his team hope 
that their fi ndings will not only ad-
vance the scientifi c community, but 
also provide the basis for new tech-
nological applications in electronics, 
communications and other high-
tech industries.

Please contact us 
em@qd-europe.com
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New AFSEM publication: Development of a transparent touch 
sensor on reconstituted veneers 
A recently published study by our 
client Wood K Plus Transparent 
Touch Sensors on Wood: Sustainable 
Development With Aesthetic Integ-
rity presented the development of a 
transparent touch sensor on recons-
tituted veneers. This innovative tech-
nology could pave the way for the 
seamless integration of advanced 
electronics into wood surfaces while 
preserving their functionality.

Structure and function of the sensor
The touch sensor was applied to 
the veneer using a screen printing 
process with silver nanowire ink. A 
protective coating on the sensor pre-
vents reactions to ambient humidity, 
which signifi cantly increases the re-
liability and service life of the sensor.

Topography and distribu-
tion of the silver nanowires
Both scanning electron microscopy 
(SEM) and atomic force microscopy 
(AFM) were used to analyze the sur-
face structure and the distribution 
of the silver nanowires on the coated 
veneer. The SEM images clearly sho-
wed the layer of silver nanowires and 
the transition from the veneer subst-
rate to the printed sensor structures. 
Interestingly, this transition is not 
abrupt, but shows a gradual increase 

in nanowire density 
at the edges of the 
sensor line.

The applied layer 
of silver nanowires 
consists of a very 
loose network, as the 
amount of ink ap-
plied was deliberate-
ly kept low. This low 
network density was 
also confi rmed by 
the AFM measurements.

AFM amplitude images of the veneer 
substrate, the transition area bet-
ween substrate and sensor and the 
structure of the silver nanowire net-
work in the printed sensor line again 
showed a low network density. The 
topography images of the AFM mea-
surements made it clear that the na-
nowires adapt well to the structure 
of the veneer substrate. Despite the 
low density of the deposited silver 
nanowire layer, the sensor response 
and performance were extremely sa-
tisfactory.

Special features of the AFSEM 
system
The AFSEM system was used for the 
AFM measurements and delivered 

outstanding results. The AFSEM, an 
AFM designed for integration into 
an SEM, combines the advantages of 
atomic force microscopy with tho-
se of scanning electron microscopy. 
This system allows precise analysis 
of the surface structure and dis-
tribution of materials on a nano-
metric scale, while simultaneously 
capturing high-resolution images of 
the overall structure. The use of the 
AFSEM system was instrumental in 
gaining detailed insights into the be-
havior of the silver nanowires on the 
veneer and confi rming the eff icien-
cy of the sensor.

Please contact us 
em@qd-europe.com

Shaping technology – Innovation and precision
in product management
“As Product Manager, I attach gre-
at importance to working closely 
with development and cutting-ed-
ge research. Thanks to my extensive 
experience in quantum optics, I can 
precisely understand our customers' 
requirements and develop innova-
tive solutions that meet the highest 
standards. I am driven by a passion 
for new technologies to constantly 
explore the limits of what is techni-

cally feasible. My goal is to create pro-
ducts that are not only forward-loo-
king, but also off er sustainable added 
value for our customers and society.”
– Matthias Müller, Product Mana-
ger at Quantum Design Europe

Please contact us 
mueller@qd-europe.com
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Solar-to-Hydrogen Efficiency (STH)
The development of a sustainable 
energy economy that is not based 
on limited fossil fuels but on rene-
wable energies is an urgent task. 
Hydrogen is one of the leading al-
ternatives for the storage and trans-
portation of energy, provided that it 
can be stored safely and be produced 
efficiently using sustainable ener-
gy sources. The problems associated 
with electrical energy storage can be 
avoided as the energy is stored in the 
form of chemical bonds. Solar ener-
gy, the largest sustainable energy 
source, has the potential to provide 
enough power on the scale required 

for carbon dioxi-
de-free hydrogen 
production. Di-
rect solar water 
splitting using 
photocatalytic or 
photoelectroche-
mical processes 
is a promising 

alternative to the two-stage energy 
conversion of solar energy via elec-
trical energy into chemical energy. 
This route has the long-term poten-
tial to become more economically 
attractive than the already establis-
hed two-stage process. Today, there 
are neither materials nor reactors 
or cells that fulfill all the necessa-
ry requirements for an economical 

implementation of solar water split-
ting, as the complexity of photocata-
lytic or photoelectrochemical water 
splitting requires complicated com-
ponent design and/or the use of rare 
and expensive materials. 

An essential step in the development 
of photocatalytically or photoelec-
trochemically efficient water split-
ting systems is, similar to solar cells, 
the implementation of standard-
ized, comparable performance mea-
surements. There is one parameter 
in particular that has established 
itself internationally: Solar-to-Hyd-
rogen Efficiency (STH), i.e. the quo-
tient of the chemical energy that can 
be released by burning the hydrogen 
produced and the irradiated solar 
energy. If the STH is not available, 
the photocurrent density at a volta-
ge of 1.23 V is used as a performance 
criterion, particularly in photoelec-
trochemical water splitting. Irradia-
tion of the global standard spectrum 
AM1.5G is necessary for both. In the 
Functional Materials working group, 
the combination of a xenon lamp 
and AM1.5G filter was used to create 
the necessary radiation conditions 
to determine the STH or the photo-
current density with the aid of a gas 
chromatograph or a potentiostat. 
As the energy density of the light is 

also important in addition to the 
spectral distribution, this must be 
set by using a calibrated solar cell. 
This can also be easily accomplished 
with the set-up described. This me-
ans that nothing stands in the way 
of reproducible characterization of 
photoelectrodes and photocatalysts 
in accordance with international 
standards.

Source: User report on the solar si-
mulator from Quantum Design Eu-
rope University of Salzburg, Depart-
ment of Chemistry and Physics of 
Materials, Functional Materials wor-
king group

Please contact us 
lightsources@qd-europe.com

Optical filters – standard and customized AR coating options
Andover Corporation specializes in 
advanced anti-reflective (AR) coatings 
that improve the performance of op-
tical systems in various industries. 
Our AR coatings reduce reflections 
and increase light transmission to 
ensure optimal clarity and efficiency.

	■ Single-layer magnesium fluoride: 
For essential anti-reflective 
properties. 

	■ V-coating: Optimized two-layer 
coating for specific wavelengths. 

	■ W-coating: Multi-layer coating for 

a wider wavelength range. 
	■ Highly efficient AR coatings: For 

applications in the UV, visible and 
near infrared. 

	■ Broadband (BBAR) coatings: 
Coatings with extended range 
from UV to 15µm  

Why should you choose An-
dover AR coatings? 

	■ High laser damage thresholds: 
Withstands pulses up to 85 J/cm² 
and beyond. 

	■ Advanced coating processes: 

State-of-the-art low-temperature 
processes for highly efficient 
coatings on mounted optics and 
fibers. 

	■ Customized solutions:  We offer AR 
coating services to suit your 
individual requirements, with no 
minimum order quantities and 
the option of high-volume 
production. 

Please contact us 
optics@qd-europe.com
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Quantum Diamond Microscope II – Imaging of 
electrical currents
The large-area magnetic imaging 
technique of the QDM (see page 1)
opens up new applications, one of 
which we would like to present here. 

Every current generates a magnetic 
field and vice versa. It therefore ma-
kes sense to use QDM for imaging 
currents in electrical components. 
The distribution of current densities 
in active integrated circuits (ICs) con-
tains information about the struc-
ture and function of the circuit. The 
magnetic fields penetrate common 
materials used in the semiconductor 
industry and thus offer an effective 
way of analyzing the operating be-

havior of an IC. The magnetic fields 
vary depending on the operating 
state. Magnetic imaging can provide 
information about the structure and 
behavior of the circuit, which can be 
used for testing and troubleshooting. 
QDM can be used to map the magne-
tic fields of ICs under operating con-
ditions. Edlyn V. Levine (Havard Uni-
versity), together with Amir Yacoby, 
Marko Loncar and other colleagues, 
has shown how information about 
the function and state of the IC can 
be derived from the field distribu-
tion [1]. Figure 1 shows the field dis-
tribution in the X, Y and Z directions 
for two different areas of a field pro-
grammable gate array (FPGA). Each 
area contains a cluster of 200 ring 
oscillators (ROs). The currents flo-
wing through the vertical traces on 
the right-hand side of the image are 
clearly visible. In Figure 2, the mea-
sured magnetic field is plotted over 
an image of the circuit.  The group 
has used machine learning techni-
ques to classify operating states of 
both decapsulated and intact FPGAs 

based on the 
correlation of 
magnetic field 
patterns. This 
makes it possi-
ble to recogni-
ze the activity 
of individual 
areas and whet-
her the operati-
on corresponds 
to the norm.  

[1] Matthew J. Turner, Nicholas Lang-
ellier, Rachel Bainbridge, Dan Walters, 
Srujan Meesala, Thomas M. Babinec, 
Pauli Kehayias, Amir Yacoby, Evelyn 
Hu,Marko Loncar, Ronald L. Wals-
worth,and Edlyn V. Levine, Magnetic 
Field Fingerprinting of Integrated-
Circuit Activity with a Quantum Dia-
mond Microscope, Phys. Rev. Applied 
14, 014097 - Published July 31, 2020

Please contact us 
materials@qd-europe.comFig. 1

Fig. 2

New application reports on the subject of "Electrical measurements"
New reports and application aids are 
available for all users who are interes-
ted in electrical measurements, lock-
in, etc. Three reports on the following 
topics are currently available:

	■ Application Brief  "Common-Mode 
Artifacts in 2D materials with 
Significant Contact Resistance"

	■ Application Brief  "Compensated 

Resistance Measurements Using a 
Lock-In: How to handle Phase Shifts 
in a Measurement".

	■ White Paper "A Practical Approach 
to Understanding External Noise"

The illustration comes from the 
paper "Common-Mode Artifacts". It 
shows a sketched test arrangement 
for the electrical characterization of 
a 2D material with a resistance of 10 
ohms. The assumed contact resistan-
ces are 10 and 20 kOhm. A conventio-
nal test setup with a lock-in amplifier 
generally leads to an error of over 
90% due to the common mode effect. 

The M81-SSM measurement system 
from Lake Shore Cryotronics, per-

forms measurements of th same 
sample almost error-free. This is 
achieved by using a balanced current 
source (BCS-10) and a voltmeter (VM-
10) with a very high input resistance. 
A detailed discussion of the measu-
rement example can be found in the 
application report mentioned above. 
We will be happy to send you this and 
the other two reports by e-mail.

If you have any questions about elect-
rical measurements in AC, DC or with 
lock-in (also multi-channel), please 
do not hesitate to contact us.

Please contact us 
materials@qd-europe.comM81-SSM structure
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Analysis of vitamin C tablets using com-
bined SEM and AFM techniques
In pharmaceutical research, unders-
tanding the surface properties of vi-
tamin C tablets is crucial for optimi-
zing their administration. 

These properties are usually investiga-
ted using scanning electron microsco-
py (SEM) and atomic force microscopy 
(AFM). SEM provides detailed informa-
tion about surface morphology, while 
AFM measures surface roughness at 
the nanoscale. However, the combi-
nation of these techniques presents a 
challenge, especially when it comes to 
particles in the nanometer range.

Conventional AFM has diff iculty 
positioning its tip on such small par-
ticles due to the limitations of opti-
cal microscopy and the roughness of 
the tablet surface, leading to poten-
tial contamination and inaccurate 
data. Also, while SEM alone can visu-
alize surface morphology, it cannot 
provide the detailed surface roughn-
ess data that AFM off ers.

With the FusionScope, researchers can 
easily identify specifi c particles with 
the SEM and then guide the AFM tip to 
the exact location where they want to 
make detailed surface roughness mea-
surements. The combined analytical 
approach and universal coordinate 

system eliminates the 
need for sample transfer 
between instruments, re-
ducing the risk of conta-
mination and improving 
the eff iciency of the analysis.

In this application example, the Fu-
sionScope was used to analyze vita-
min C particles of diff erent sizes and 
morphologies. The SEM examination 
provided an overview of the particles, 
while the AFM examination enabled 
precise measurements of the surface 
roughness. The measurements revea-
led signifi cant roughness diff erences 
between the individual particles, with 
values ranging from 150 to 600 nano-
meters. FusionScope also enabled the 
identifi cation of potential surface im-
purities through the combination of 
phase imaging and force-distance cur-
ves, providing insights into the mate-
rial composition of the particles.

Advantages and results
Using FusionScope simplifi es the 
process of nanoscale analysis by in-
tegrating multiple techniques into a 
single, easy-to-use platform. It redu-
ces the time required for data acquisi-
tion and minimizes the risk of conta-
mination or damage to the AFM tip. It 
also provides comprehensive, corre-
lative analysis of particle properties, 
which is critical for optimizing the 
design and functionality of pharma-
ceutical tablets such as vitamin C.

By improving the accuracy and eff i-
ciency of particle analysis, FusionS-
cope represents a signifi cant advan-
ce in the fi eld of pharmaceutical 
research and provides scientists in 
research institutes and industry ali-
ke with a powerful tool.

Please contact us 
em@qd-europe.com


