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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 

and shortage of technical staff)

- Peculiarities of experimental methods and techniques.

MGML separates scientists from technical problems of the experiments!

https://mgml.eu/about/facts



Materials Growth and 

Characterization 

Laboratory
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Measurements of physical 

properties under wide range of:

Åtemperatures,

Åfields,

Åhydrostatic and uniaxial 

pressures,

Åfar-infrared light.

Structural 

characterization:

Åof crystals, powders, thin 

layers,

Åvarious x-ray 

wavelengths

Ålow and high T,

Åstructure solution and 

refinement,

Åphase analysis.

Preparation of high-quality 

samples:

Åpolycrystals,

Åsingle crystals,

Åmetals, semimetals,

Åalloys and ceramics.

Structural 

Analysis 

Laboratory

Material Properties 

Measurement Laboratory

Troja Campus

Karlov Campus

Cukrovarnicka Campus
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1. Write a proposal

The MGML accepts three types of proposals:

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

Å 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

Å 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).

Three easy steps:

Getting measurement time

Full support on each step!!!
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User portal
https://user.mgml.eu/
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User portal
https://user.mgml.eu/
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User portal
https://user.mgml.eu/
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User portal
https://user.mgml.eu/
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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.

https://mgml.eu/laboratories/furnaces

Cooling rate 106 K/s

Stabilization of high-temperature phases
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Sample preparation. Supporting equipment
https://mgml.eu/laboratories/equipment
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Sample characterization. X-Ray instruments

Sample types: 

-single crystals;

-polycrystalline bulk and powder materials;

-nanocrystalline samples;

 -thin coatings, multilayers and epitaxial layers.

ÅVarious X-ray wavelengths are available (Co, Cu, Mo and Ag), 

ÅVarious sample environments, low and high temperature chambers, deformation 

(tensile and compression) stage, reaction chamber, high pressure.

The single crystal diffraction ï structure solution and refinement, qualitative and quantitative phase analysis, the real structure of material studies: 

preferred orientation of crystallites ï texture measurements, residual stress measurements, reflectivity measurements, rocking curve measurements, 

reciprocal space mapping, pair distribution function ï total scattering measurements, small angle x-ray scattering and grazing-incidence small angle x-

ray scattering.

Small angle x-ray scattering (SAXS), and x-ray diffraction on 

powder, bulk and liquid samples, between -195°C and 1000°C, 

grazing incidence small angle x-ray scattering (GISAXS) 

measurements of thin layers and low dimensional structures.

https://mgml.eu/laboratories/xray



AFM (atomic force microscopy)

SEM (scanning electron microscopy)

SEM Mira3 FEG

- high resolution imaging of sample surfaces;

- composition analysis using EDS;

- electron beam lithography.

Applications:

SEM micrographs (Back scattered 

electrons mode) of (UH3)0.80V0.20 [1].

Initial splatHydride
Hydrogenation process

- contact mode; 

- tapping mode; 

- MFM;

Bruker Multimode
Options:

- EFM; 

- AFM in liquids.

AttoCube AFM/MFM in PPMS 14

Conditions:
-ultra-low temperature;

-High magnetic field;

-Ultra-high vacuum.
AFM images of (a) 28 nm thick 

nearly single-variant SrRuO3 

film;  (b) 46 nm thick multi-

variant SrRuO3 film [2].

AFM

MFM

MFM images of magnetization reversal in nearly single-variant SrRuO3 film (SRO1) 

measured at 20 K with field applied perpendicular to the sample surface. 

Sample characterization. Microscopy
https://mgml.eu/laboratories/characterization

[1] O. Koloskova et al., J. Alloys Compd., 856 (2021) 157406

[2] M. Zahradník et al., Mater. Des., 187 (2020) 108390
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Physical properties measurements. Cryostats
https://mgml.eu/laboratories/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-liquefaction 

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.

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

Up to 5 T field, 80-800 K

Up to 0.1 T field, 4-320 K



Physical properties measurements. New SQUID

SQUID Magnetometer Quantum Design MPMS®3

Features:

ÅSQUID Sensitivity (10-8 emu)

Å7 Tesla Magnet with QuickSwitch  

technology

ÅMaximum ramp rate: 700 Oe/sec

ÅTemperature Range: 1.8 ï 400 K with Rapid 

Temp

Å300 to 1.8 K in 25 min. (typical)

ÅMultiple measurement modes (DC, VSM and 

AC Susceptibility)

ÅSoftware controls for the temperature and 

magnetic field readily enable the automation of 

complex data acquisition procedures

ÅCryogen Free with EverCool®

Options:
- VSM;

- AC susceptibility;

- Ultra-Low Fields;

- Sub-Kelvin Capabilities (0.5 K);

- High Temperature (315-1000 K);

- Electrical Transport (up to 1GOhm);

- Sample Rotation;

- Photomagnetism.



Physical properties measurements. Methods
https://mgml.eu/laboratories/methods

Rotation of the sample stage

Angular measurements of the following 

properties at various temperatures and 

fields are possible:

Å magnetization - at ambient 

(torque magnetometry) and 

hydrostatic pressures

Å heat capacity

Å electrical resistivity

The heat capacity can be 

measured via (semi-) 

adiabatic method or 

modulation calorimetry. The 

former one is usually used 

when the sample is 

measured as-is, whereas 

the latter one is typically 

used when the sample is 

placed in a pressure 

medium.

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:

ÅMPMS 7T

ÅPPMS 14T

ÅPPMS 9T

Available on:

ÅMPMS 7T

Available on:

Å20T

Å9T

ÅCCR

ÅPPMS 14T

ÅPPMS 9T

https://mgml.eu/laboratories/methods


Physical properties measurements. Methods
https://mgml.eu/laboratories/methods

Å ETO option (PPMS only), sub Hz up to 200 Hz, I-V curves, sub 

mɋ to few Gɋ

Å ACT option (PPMS only), sub Hz up to 200 Hz, I-V curves, sub 

mɋ to few kɋ

Å resistivity (PPMS only), DC, up to few Mɋ

Å K6221/K6220 + K2182A, DC, up to few Gɋ

Å SR830(+K6221), SR865, up to 4MHz

Å K6517B, DC, up to and beyond Tɋ

Magnetoresistance and Hall effect can be measured. Tailored set-ups 

are possible as well - e.g. measurement of magnetoelectric effect.

The thermal transport allows gaining additional information about the 

lattice, carriers types and concentrations, the density of states at the 

Fermi level.

A finite temperature gradient across the sample is established using 

given power, the temperature (and voltage in the case of 

thermopower) difference is measured and evaluated. Depending on 

the nature of material either thermometers are directly attached or 

thermocouples as an alternative approach may be used.

Available on:

Å20T

Å9T

ÅCCR

ÅMPMS 7T

ÅPPMS 14T

ÅPPMS 9T

Available on:

Å20T

ÅCCR

ÅPPMS 14T

ÅPPMS 9T

Van der Pauw 
method 

https://mgml.eu/laboratories/methods


Physical properties measurements. Methods
https://mgml.eu/laboratories/methods

The DC magnetization can be 

measured by multiple methods, most 

often used are the following:

Å VSM (vibrating sample 

magnetometer): sample vibrates 

(~10 Hz) in pick-up coils

Å extraction magnetometer: 

sample is pulled through the coils

Å 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

Å torque magnetometry: a 

torque-lever chip mounted on a 

PPMS horizontal rotator for 

performing angular-dependent 

magnetic moment measurements

Cell types available at disposal:

Å MPMS low pressure cell

Å hydrostatic pressure 

1 GPa max

Å magnetization, AC 

susceptibility

Å MPMS high pressure cell

Å hydrostatic pressure 

8 GPa max

Å magnetization, AC 

susceptibility

Å MPMS uniaxial pressure

Å maximum pressure 

depends on the sample 

quality

Å magnetization, AC 

susceptibility, resistivity

Å large volume pressure cell

Å typically used in CCR

Å hydrostatic pressure 

1 GPa max

Å magnetization (Hall 

probe), AC susceptibility, 

resistivity, thermal 

expansion (strain gauge), 

heat capacity

Standard temperature range 1.8-

300 K (down to 0.3 K, up to 1000 

K)

Å general purpose pressure cell

Å hydrostatic pressure 3 GPa max

Å magnetization (Hall probe), AC 

susceptibility, resistivity, thermal 

expansion (strain gauge), heat 

capacity

Å DAC-type pressure cell

Å hydrostatic pressure 6 GPa max

Å resistivity, heat capacity

Å DAC-type high pressure cell

Å CCR, DR and Rigaku II

Å quasihydrostatic pressure 30 GPa 

max

Å resistivity, heat capacity

Available on:

Å20T

Å9T

ÅCCR

ÅMPMS 7T

ÅPPMS 14T

ÅPPMS 9T

https://mgml.eu/laboratories/methods


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);

- etc.

Ultrasound 

option 

puck and holder

Raman spectrometer on PPMS14


