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Introduction

MATERIALS GROWTH & MEASUREMENT LABORATORY

The main mission of MGML is to provide the broad scientific community with unique possibilities for
comprehensive experimental studies of a wide collection of physical phenomena and properties of
well-defined materials In various external conditions. The main strategic objective of MGML is the
excellence of the Infrastructure on the international scale.

Issues of owning an apparatus:
- Maintenance of the equipment (time consuming, unknown problems);

- Costly official service;

- Small divergency of available devices per scientific group (due to high price v
and shortage of technical staff)

- Peculiarities of experimental methods and techniques.

MGML separates scientists from technical problems of the experiments!
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D"ﬁ 403 + == 46+ 27 + -l 35 +

Published papers Working Instruments Defended theses ——2. Connected Grants

https://mgml.eu/about/facts
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YMGML Getting measurement time

Three easy steps:
1. Write a proposal

Full support on each step!!!

The MGML accepts three types of proposals:

A STANDARD proposal for specific narrow studies related to one or few samples

A LONG TERM proposal for wider studies on larger set(s) of samples, typically bounded to funding by a
national or international agency or (in case of student) theses

A PROOF OF CONCEPT proposal for testing new ideas and approaches
2. Evaluation process

Every user can see the current stage of the proposal evaluation in the MGML dashboard and is

Informed via email when the final decision is made.
3. Sample preparation/ Measurement

Accepted proposals will be scheduled as soon as possible. The possible dates for an experiment are

arranged with local contact(s).
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ALEXANDRA

Welcome to the MGML user office.

USER MENU
{o} Home LocaL ContAacT TAsKs
= New Proposal IPROPOSALS 1
waiting for technical review
= My Proposals
BOOKING 0 “ 4
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HH Book a slot

EH My slots

HH LC overview

OTHER
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' https://user.mgml.eu/
NMGML user portal
0O

ALEXANDRA

Home / Proposals / New

Create a new proposal
USER MENU

3 Home Please fill in all fields below. Scientific background should be PDF with maximum size of 2 pages (and 50 MB), we recommend to use this template.

New Proposal

Proposal name*

= My Proposals Enter the name of the proposal, maximum length is 500 characters, however we recommend shorter.

—| All Proposals Abstract*

BOOKING

HH Calendar
HH Book a slot
HH My slots
HH LC overview

OTHER Mandatory abstract, maximum length 5000 characters.

Q My Profile Scientific background - Browse

Notifications .
Type of proposal standard

112

Elections

Chalant finmna AfF rAanAanal CAan l‘\f‘\lr’\ Far Aanarintian and haar+a AlhAaanas tha AsareAans + A
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Home / Booking / Calendar

USER MENU
MGML booking calendar

{0} Home

% New Proposal Resources:_w N ‘ "
= My Proposals book selected slot May 2025

= All Proposals
Mon Tue Wed Thu Fri Sat Sun

BOOKING 1 2 3 4

LF006: Michal Rames
HH Calendar
HH Book a slot
EH My slots

SF003: Michal Hubert
F LC overview LG008:SilvieCernd | TE001: Jana Kalbsgova"

12 13 14 15 17 18

OTHER

LCO16: Tetiana Haidamak

O)

= My Profile

« Notifications 19 20 21 22 23 24 25
LC016: Tetiana Haidamak

= Elections




https://user.mgml.eu/

N?MGML user portal
n Proposal* TB004 Maintenance

N You can only book measurement time for accepted proposals, where you are part of the experimental team.
ALEXANDRA
Instrument* PPMS9 v
USER MENU
You can only book slot on instruments, where you are trained (see  your profile for details).
Home
Option ACT Pressure cell Shared Cart
New Proposal ACT Rotator options Rotator
Dilatometer VSM
My Proposals El. Capacitance
El. Capacitance 3He
2 All Proposals Electrometer
HC
BOOKING Select one or more options which you want to use during measurement. Select shared resources which you want to use. They will be booked for
same time as you select below. You can optionally change it later.
HH Calendar
Description calibration of the puck
HH Book a slot
V7
FH My slots Enter sample(s) you want to measure and all important information about the measurement.
HH LC overview Accessories HC puck number 850
OTHER
VY
2 My Profile Fill in all () required accessories you will need for measurement. For example 1x ACT puck for He3, 2x VSM oven stick.
Notifications Local contact* Martin Zaéek v
Elections Select local contact who will be your contact person during measurement. Local contact must be claimed in your proposal and must be responsible for

selected instrument.



https://mgml.eu/laboratories/furnace:

N?”MGML sample preparation. Furnaces

There are 13 furnaces for single-crystal growth, arc-furnace and splat system for polycrystalline sample

preparation, 3 additional furnaces for sample annealing and solid state electrotransport (SSE) for elements and
sample purification. All aparatus are located in Karlov campus.

Optical furnace

arc electrode

— copper crucible
I/R detector

Laser furnace

anvils

- turbo pump

ol

L

Splat

mqlm

Cooling rate 10° K/s
Stabilization of high-temperature phases

Multipurpose furnaces Superkanthal furnace Sapphire furnace

218 219

j]m'l lﬂ‘n‘




https://mgml.eu/laboratories/equipmen

N?”MGML sample preparation. Supporting equipment

Glass-work station Glovebox

Hydraulic presses Nanomanipulator Optical microscopes Saws & polishers



' https://mgml.eu/laboratories/xray

N7MGML sample characterization. X-Ray instruments

The single crystal diffraction T structure solution and refinement, qualitative and quantitative phase analysis, the real structure of material studies:
preferred orientation of crystallites T texture measurements, residual stress measurements, reflectivity measurements, rocking curve measurements,

reciprocal space mapping, pair distribution function 1 total scattering measurements, small angle x-ray scattering and grazing-incidence small angle x-
ray scattering. Sample types:

-single crystals;
A Various X-ray wavelengths are available (Co, Cu, Mo and Ag),

-polycrystalline bulk and powder materials;
A Various sample environments, low and high temperature chambers, deformation

(tensile and compression) stage, reaction chamber, high pressure. -nanocrystalline samples;

Bruker D8 Diffractometer D500 Empyrean | Panalytical MRD

Laue diffractometer Panalytical MPD SAXS Xenocs Xeuss 2.0

Rigaku SmartLab



https://mgml.eu/laboratories/characterizatio

N”MGML  sample characterization. Microscopy

SEM (scanning electron microscopy) AttoCube AFM/MFM in PPMS 14

SEM Mira3 FEG
Applications:

- high resolution imaging of sample surfaces,;

- composition analysis using EDS;

- electron beam lithography.

Conditions:

-ultra-low temperature;

SEM micrographs (Back scattered U (07 e al splat -High magnetic field;
electrons mode) of (UH3)o.80Vo.2o [1]. P arss Sls Do = 3 AFM .
i ST Wl | F & -Ultra-high vacuum.
AFM images of (a) 28 nm thick
AFM (atomic force microscopy) ek
py film; (b) 46 nm thick multi-
. variant SrRuO3 film [2].
Bruker Multimode g @fv-3 s )
Options: E - [ L
- contact mode; - EFM; =
- tapping mode; - AFM In liquids. MFM ;
- MFM:; ” -»
[1] O. Koloskova et al., J. Alloys Compd., 856 (2021) 157406 MFM images of magnetization reversal in nearly single-variant SrRuO3 film (SRO1)

[2] M. Zahradnik et al., Mater. Des., 187 (2020) 108390 measured at 20 K with field applied perpendicular to the sample surface.



https://mgml.eu/laboratories/cryostat:

\IMGML Physical properties measurements. Cryostats

The MGML research infrastructure uses various cryostats for the investigation of sample properties as a function of temperature and external
magnetic and electric fields. The majority of the cryostats are located on the campus Troja and benefit from the presence of the re-liguefaction

Infrastructure. Two cryostats are located on the campus Cukrovarnicka. CCR cryostats can be found on the campus Karlov in the vicinity of sample
synthesis as they are suited for rapid sample characterization.

20T 9T Far-InfraRed Magnetospectroscopy Upto 5T field, 8800 K

Up to 11 T field, down to 3 K
Close cycle cryostats

Up to 0.1 T field, 820 K
PPMS 14T PPMS 9T MPMS 7T




\'IMGML Physical properties measurements. New SQUID

A SQUID Sensitivity (108 emu)
A7 Tesla Magnet with QuickSwitch™

technology

A Maximum ramp rate: 700 Oe/sec

A Temperature Range: 1.8 7 400 K with Rapid

Temp™
Optlvc;“r}s: A300 to 1.8 K in 25 min. (typical)
- AC susceptibility: A Multiple measurement modes (DC, VSM and
- Ultra-Low Fields; AC Susceptibility)
- Sub-Kelvin Capabilities (0.5 K); A Software controls for the temperature and

- High Temperature (315-1000 K); magnetic field readily enable the automatior

- Electrical Transport (up to 1GOhm); s \
complex data acquisition procedures
- Sample Rotation; -

A Cryogen Free with EverCool®

- Photomagnetism.



Angular dependencies

Rotation of the sample stage

Angular measurements of the following  ay,5ilable on:
properties at various temperatures and
flelds are possible: AMPMS 77
A magnetization - at ambient APPMS 14T
(torque magnetometry) and APPMS 9T

hydrostatic pressures
A heat capacity
A electrical resistivity

Heat capacity

The heat capacity can be

Avalilable on: | _
measured via (semi-)

AOT adiabatic method or

AOT modulation calorimetry. The

ACCR former one Is usually used
when the sample Is

APPMS 14T .p
measured as-iIs, whereas

APPMS 9T

the latter one is typically
used when the sample is
placed in a pressure
medium.

https://mgml.eu/laboratories/methods

\IMGML Physical properties measurements. Methods

.Cr203 (]
0.14 {Pooled at 0.6 T, 300 V 0 8.0

uoM/E (ps/m)

Linear Magnetoelectric Effect

The linear magnetoelectric effect can
manifest as a change in
magnetization in response to an
applied electric field in certain
materials, reflecting a direct coupling
between electric and magnetic

orders.
We can measure either the AC magnetoelectric

effect (AC magnetization induced by an applied
AC electric field) or the DC magnetoelectric effect
(DC magnetization induced by a DC electric field).

Available on:
AMPMS 7T


https://mgml.eu/laboratories/methods

YMGM

Avallable on:

20T

Jieny

ACCR
AMPMS 7T
APPMS 14T
APPMS 9T

Van der Pauw e
method

Resistivity

A ETO option (PPMS only), sub Hz up to 200 Hz, I-V curves, sub
mgt o few Gq

A ACT option (PPMS only), sub Hz up to 200 Hz, I-V curves, sub
mq to few k q

A resistivity (PPMS only), DC,

A K6221/K6220 + K2182A, DC, wup to few Gq

A SR830(+K6221), SR865, up to 4MHz

A K6517B, DC, up to and beyond Tq

Magnetoresistance and Hall effect can be measured. Tallored set-ups
are possible as well - e.g. measurement of magnetoelectric effect.

t
t
t

https://mgml.eu/laboratories/methods

L Physical properties measurements. Methods

Avallable on:

A20T

ACCR
APPMS 14T
APPMS 9T

Thermal conductivity

The thermal transport allows gaining additional information about the
lattice, carriers types and concentrations, the density of states at the
Fermi level.

U Mfinife emper@te dvhdient across the sample is established using
given power, the temperature (and voltage in the case of

nermopower) difference is measured and evaluated. Depending on
ne nature of material either thermometers are directly attached or

nermocouples as an alternative approach may be used.


https://mgml.eu/laboratories/methods

The DC magnetization can be
measured by multiple methods, most
often used are the following:

A VSM (vibrating sample
magnetometer). sample vibrates
(~10 Hz) in pick-up coils

A extraction magnetometer:
sample is pulled through the coils

A using Hall probes: the sample
IS placed In the vicinity of the Hall
cross, the obtained magnetic/field
evolution is then scaled using
another method in an overlapping
region

A torque magnetometry: a
torgue-lever chip mounted on a
PPMS horizontal rotator for
performing angular-dependent
magnetic moment measurements

Standard temperature range 1.8-
300 K (down to 0.3 K, up to 1000
K)

YMGML

https://mgml.eu/laboratories/methods

Physical properties measurements. Methods

Tg-Mag chip

20T

Jieny

ACCR
AMPMS 7T
APPMS 14T
APPMS 9T

Avallable on:

Pressures

A general purpose pressure cell
A hydrostatic pressure 3 GPa max
A magnetization (Hall probe), AC
susceptiblility, resistivity, thermal
expansion (strain gauge), heat
capacity
A DAC-type pressure cell
A hydrostatic pressure 6 GPa max
A resistivity, heat capacity
A DAC-type high pressure cell
A CCR, DR and Rigaku II

A quasihydrostatic pressure 30 GPa

Mmax

Cell types available at disposal:
A MPMS low pressure cell
A hydrostatic pressure
1 GPa max
A magnetization, AC
susceptibility
A MPMS high pressure cell
A hydrostatic pressure
8 GPa max
A magnetization, AC
susceptibility
A MPMS uniaxial pressure
A maximum pressure
depends on the sample
guality
A magnetization, AC
susceptibility, resistivity
A large volume pressure cell
A typically used in CCR
A hydrostatic pressure
1 GPa max
A magnetization (Hall
probe), AC susceptibility,
resistivity, thermal
expansion (strain gauge),
heat capacity


https://mgml.eu/laboratories/methods

\’IMGML Physical properties measurements. Methods

Special measurements:

- Ultrasound,;

- Raman spectroscopy;

- Magneto-optical measurements;

- Dilution refrigerator (down to 30 mK, resistivity, HC, AC susceptibility);
- Thermal expansion (for example, dilatometry);

- elc. ' /

Ultrasound
option
puck and holder

Thermal expansion

Raman spectrometer on PPMS14



