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LaMMB?!

CorelLab Quantum Materials

The CoreLab Quantum Materials offers a suite of
instruments and methods for the synthesis and the
investigation of new materials relevant for energy and
information technologies. The methods are quite general
and can be applied to many other material classes. This
CoreLab makes them available to all HZB scientists,
external scientists and also commercial users.

If you wish to use this CorelLab, please register here.

Optical zone melting furnace
Photo: M. Setzpfandt

The CorelLab of Quantum Materials consists of three units:

= Crystal lab: Synthesis of materials in polycrystalline form, phase analysis, single crystal growth on request

= Sample preparation lab: Preparation of materials for further investigations, single crystal orientation, cutting,
polishing, etc.

® Bulk properties lab: Measurements of a wide range of physical properties as function of temperature, field,

and pressure, s
LaMMB

heat, and elect

’gl::r_q-' '5'. www.helmholtz-berlin.de/quellen/corelabs/quantum-materials

11.06.2019 Bastian Klemke, Klaus Kiefer

HZB Helmholtz

Zentrum Berlin

Prof. Dr. Bella Lake
Head of Institute
EM-IQM

Dr. Konrad Siemensmeyer

Coordinator

CoreLab Quantum Materials

Dr. Nazmul Islam

Dr. Bastian Klemke

Dr. Ralf Feyerherm



L aM M B f) I HZB Helmholtz

Zentrum Berlin

Laboratory for Magnetic Measurements at Helmholtz-Zentrum Berlin

magnetocaloric effect and entropy of a
Bose-Einstein condensate in the
insulating antiferromagnet Cu(NO;),2.5H,0
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Quantum Criticality in LIErF," Science, 2012, 336, 1416-1419
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Motivation / Challenges H/B......

Zentrum Berlin

Recommendatigfl 7: Safequarding and Storing of

Primary Data

Primary data as the basis for publications sha
ble form in the institution of their origin.

ely stored for len years in a dura-

Recommendation 7: Safeguarding and Storing of Primary Data 75

Sicherung guter wissenschaftlicher Praxis C{}mmentar}r
Safeguarding Good Scientific Practice

_ A sclentific finding normally is a complex product of many single working steps.
e In all experimental sciences, the results reported in publications are generated
through individual observations or measurements adding up to preliminary
findings. Observation and experiment, as well as numerical calculation (used as
WILEY-VCH oFG an independent method or to support data analysis), first produce “data”. The

same is true for empirical research in the social sciences.

Experiments and numerical calculations can only be repeated if all important
steps are reproducible. For this purpose, they must be recorded. Every publi-
cation based on experiments or numerical sinulations includes an obligatory
chapter on “materials and methods” summing up these records in such a way
that the work may be reproduced in another laboratory. Again, comparable
approaches are common in the social sciences, where it has become more and

mnara mictomarr to archiva nemoars enmran data cate In an Indanoandant fnetitn_
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Motivation / Challenges

‘or

Heat capacity [Jimol,, K]
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. . Temperature [K]
‘ Fig. 1. Gas of deconfined magnetic monopoles. (A) The Ising

T spins are constrained to point along the direction connecting the

centers of the two tetrahedra they belong to. The lowest energy
for a is obtained for a i i ion, as illustrated. There are six such
configurations with net ferromagnetic moments along one of the six equivalent (100) directions. The
noncollinearity of the Ising axes is the source of the frustration in spin ice. In Dy,Ti;0; the “Ising” crystal
field doublet is separated from other levels by more than 100 K. Applying a field, B Il [001], results in a
preference for aligning the tetrahedral magnetization with the applied field direction (arrow). In the 3D
pyrochlore lattice, Dirac strings of flipped spins terminate on tetrahedra where magnetic monopoles
reside. (B) The measured heat capacity per mole of Dy,Ti,0, atzero field (open squares) is compared with
a Debye-Hiickel theory for the monopoles (blue line) and the best fit to a single-tetrahedron (Bethe lattice)
approximation (red line). The ice-blue background indicates the spin-ice regime; the gellow background
indicates the paramagnetic regime.
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Measurements at LaMMB

PPMS-14T

Physical Properties Measurement System (Quantum Design)

The PPMS is a standard instrument system in many laboratories in the
world. Its relatively robust nature makes it a uncomplicated tool not only
for specialists but also for the occasional user. The built in measurement
options like vibrating sample magnetometer (VSM) or electric resistivity
are backed by LaMMB-designed measurement options like the dielectric

constant measurement.
data

Room P-007
Magnetic field 14T
(min-max)

Temperature 1.8K..400K
(min-max) (1000K)

max. size of
sample

measurament options

yp- max.
resolution resolution

vibrating sample magnetometer le-9 Am?

for PPMS

DC-resistivity for PPMS

heat capacity for PPMS

dielectric properties for PPMS

2e-6 W/K

thermal transport measurements 5%
for PPMS

AC Suszeptibility for PPM5

11.06.2019
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CM-14.5T

14.5T Cryomagnet with VTl or 3He Stick

Versatile low temperature system for high resolution caloric measurements, low temperature dielectric constant, resistivity
and magnetization measurements.

The cryogenic system consists of a Oxford Instruments 14.5 T magnet and a 3He insert. The measurement options were
designed and constructed by the instrument responsibles which allows for a broad adaptability of both the hardware and
the measurement software. The system is mainly dedicated to high resolution caloric measurements at temperatures
between 280 mK and 20 K. For heat capacity measurements different techniques like quasi-adiabatic heat pulse, pulse
relaxation and continuous cooling and heating can be applied. Magnetocaloric measurements are performed by the
quantitative quasi-isothermal magnetocaloric effect method. The systems typical resolution for caloric measurements is
about 0.1%. The setup can also be used for low temperature measurements of dielectric constant, electric resistivity and

with some restrictions for magnetization.
Technical data

Room L5113
Magnetic field (min-max) 14.5T
Temperature (min-max) 0.28K..300K

max. size of sample

measurement oplions

yp.

high precision heat capacdity setup for 3He stick

magnetocaloric effect setup for 3He stick (setup identical with HeatCap
CM-14.5T 3He)

DC-resistivity for 3He stick

dielectric properties for 3He stick (dielectric constant, polarisation, pyrocurrent)
only dielectric constant 50Hz..20kHz

Bastian Klemke, Klaus Kiefer 9



Measurements H/B......

Zentrum Berlin

I Calendar of Scheduled Experiments

LaMMB

« March 2019 »

Click on a green field to insert a date (only own measurements) or
click on an instrument to request an ordered measurement.

I 3 0 0 ) 0 I N R R A R K N
EEE] -~ - EIESESESR ~ ~ - EIESEIENE ~ - EIESEIES

CM-14.5T B. Klemke empty cp-chip service

CM-17T service
PPMS-14T + + | Kubatzki TUB ceramics (~20 samples) Kai Chen NbTi Kai + + + Chen Luo +
+ Chen + DwyCo5 thin
NbTi film
MPM5— Diana service - + + - - - K.Prokes - + + +
VSM-7T o
Custom - - - - + + - - - + + + - + - + + +
+ + +
Comsol - - - - + + - - - + + + - + - + + +
Multiphysics + + +
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Measurements at LaMMB
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Device and
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Storage Area Network (SAN) HZB.. ..

Zentrum Berlin

Home Directories Group Directories
bensc-probenumgebung bensc-lammb p—
I canfig
[ device_1
I device_2
Storage of B 5D dovice 5
measuerment data 3 option_301
[ option_302
. . . =l ) option_303
in hierachical ) code_0(258)
H T T T S, | code_2020241)
dlre / [5) code_207(264)
g sunsgBuERE I5) code_210¢267)
> |5 code_214(272)

7 I3 measurement_1
s SpEEEaNNE |5 measurement_2
v il el i |2 measurement_3
Htaeed I measurement_4
[ measurement_5

2l micty :
o S = () img
~) measurement_series
_) sample

Database Server|

measurement data a

T sample management

Lab Book
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Structure of Directories H/B......

Zentrum Berlin

= ) data
IL5) config
I device 1

1) device 2
storage of measurement data (SAN) = 3m

. . . . [ﬁ optiogn 307
Hierachical directory structure = Cption 30D

Device / Option / Code / ... S Tede n(z5a)

= Encrypted Data Upload E EESEE?EE

(Authentication via SSH—key) ) code_210(267)
.. . .)mde_zmcz?z
= Very limited number of user with read access t_l

. . [ﬁ measurement_s
= No user with write access £ measurement 3
Iy measurement_4

= Frequent central data backup (D measdrement_S

.
.
= 15 img
E; measurement_seties
1 sample
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Structure of data base
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Structure of Data Base H/B....

Zentrum Berlin

Device and measurement option &
Calendar of Scheduled Experiments

Sample Frpep—
mangement | R

11.06.2019

Measurement series
mangement

PK |SAM 1D
S dams
-
S b
User and access
rights management
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Structure of Data Base H/B....

Zentrum Berlin

User and access
rights management

LaMMB_Ser_User

PK,FK1 |SEU SER ID
PK,FK2 | SEU USE ID

PK.FK1 | SAU_SAM ID
— PK,FK2 | SAU_USE_ID LaMMB_Ser_Group
LaMMB_Sul er : :
— SAU_Right PK,FK1 |SEG SER ID
PK,FK1 |SUU_SUB_ID — | PK,FK2 |SEG GRO ID
PK,FK2 |SUU_USE_ID
. SEG_Right
: : SUU_Right LaMMB_Sam_Group
LaMMB_Gr _User
PK.,FK1 |SAG_SAM_ID
PK,FK1 |GU_USE_ID LaMMB_Sub_Group PK,FK3 |SAG_GRO_ID
PK,FK2 |GU_GRO_ID : :
PK,FK1 |SUG SUB ID SAG_Right
PK,FK2 |SUG GRO ID -
[ SUG_Right

www.helmholtz-berlin.de/bin/lammb/samplemanagement.pl
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http://www.helmholtz-berlin.de/bin/lammb/samplemanagement.pl

Structure of Data Base

G:Nur_wmagsmmng

-

FK1 |GMT_G_ID
GMT_Beginn
GMT_Ende
GMT_Status
GMT_Date_of Order
GMT_Experimentator
GMT_Aufiraggeber
GMT_Fremdaufirag
GMT_Probenname
GMT_Proben_ID
GMT_Magnet_Range
GMT_Temp_Range

GMT_Pressure_Range
GMT_Bemerkungen

‘Messoptionen GMT_SE_Responible
- % GMT_Code_Nr
PK |MO_ID GMT_User_Email
=3 GMT_Probengroesse
MO_Nr GMT_Geloescht
:g-gzgm GMT_Loesch_Datum
_f bung MT L N
MO_AkL Info GMT_Loesch_Mutzer
MO_Betrieb_seit Gerast_MO
MO_Betrieb_bis —-
MO_Magnet_Range - PK,FK1 |GM G ID
MO_Temp_Range PK,FK2 | GM MO 1D
MO_Probeng

Sample
mangement

PKFK1
PKFK2

HZB Helmholtz

Zentrum Berlin

11.06.2019

SER_Experimentator
SER_EFeld_Orientation
SER_BFeld_Orientation
SER_Comment
SER_Geloescht
SER_Loesch_Datum
SER_Loesch_Use ID

Bastian Klemke, Klaus Kiefer

TP —
PK [P 1D
P_Name
SoAMF oo PKFK2 R PID
PK |MEA ID < PK,FK1 |R_MEA 1D
: — - MEA_Access_Path R_Min_Wen
PK_|SERID MEA_MO_ Version R_Max_Wert
M atum
K1 [SER_GMT_ID Elox MS:{;ER_,D
FK2 | SER_MO_ID MEA Trash
FK3 | SER_SAM_ID o
SER Use ID

User and access
rights management

18



Structure of Data Base H/B....

Zentrum Berlin

Sample
mangement
LaMMB_Sample
LaMMB_Substance PK |SAM ID
PK |SUB ID FK1 [SAM_SUB_ID

SAM_Name

SUB _Parent ID —— SAM_Form

SUB MName SAM_Mass

SUB Use ID SAM_Molarmass

SUB Geloescht SAM_Responsible

SUB Loesch Datum SAM_Propritary

SUB Loesch Use ID SAM_Manufacturer
SAM_ Received
SAM_ Location
SAM_Comment
SAM Use ID
SAM_Geloescht
SAM_Loesch_Datum
SAM_Loesch _Use ID

www.helmholtz-berlin.de/bin/lammb/samplemanagement.pl
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Structure of Data Base H/B....

Zentrum Berlin

Device and measurement option &
Calendar of Scheduled Experiments

LaMMB_Parameter
PK |B D
P_Name
LaMMB_Ranges
Sl PK,FK2 |R_P_ID

PK |MEA ID < PK,FK1 |R_MEA_ID
LaMMB_Measurement_Series
MEA_Access_Path R_Min_Wert
PK_|SERID MEA_MO_Version R_Masx_Wen
MEA_Datum
£X1 gER-GgT—'D FK1 |MEA_SER_ID
FK2 |SER_MO_ID Teash
FK3 | SER_SAM_ID HEA e
SER_Use_ ID
SER_Experimentat or
- SER_EFeld_Orientation
PK |SUB ID SER_BFeld_Orientation
Sample o xS
SUB — |
SUB_Name SER_Loesch_Datum
SUB_Use_ID SER_Loesch_Use_ID
mangement | [iess
SUB_Loesch_Datum
SUB_Loesch_Use_ID
SAM_HBceved
SAM_Comment
SAM_Use_ID
SAM_Geloescht
SAM_Loesch_Datum
SAM_Loeseh_Use_ID

User and access
rights management
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Structure of Data Base H/B....

Zentrum Berlin

Y Termin - Mozilla Firefox ;IQIZI | —
| © & https://uwav.helmholtz-be o m Y | = GM_Termine _
= Code 1089 =
PPMS-14T =
_ Proposer (full Kai Chen _ . .
Physical Properties Measurement System (Quantum Design) name) DeVI C e an d l I l eaS u r el I I e n t O pt I O n &
experimentalist
: Calendar of Scheduled Experiments
Datum 14.03.2019 sample Name * ) |
- Sample Size * * LaMMB
14.03.2019 10mm*10mm
« March 2018 »
7 ®
- [ T 7 S e
eingetragen 13.03.2019 Temperature 2.300K
an range * o] o o o fafaliofu 2 e o fefo]s o o] ]|
belegtvon kel Chen Pressure Range 1 g o R | v [wes | v R voe | e | vea | v e [ El=
Termintyp © Service * 3. Klemke empty cpchip service
I
Auftragsmessung Name of SE Klemke, Bastian (NP-ASE) jervice
' eigene Messung ; responsible
_ — Kubarzki TUB ceramics (~20 samples)
Messoptionen Name of SE
responsible 2
I vsM PPMS I K.Prokes
vibrating sample magnetometer for PPMS Bemerkungen
¥ Res PPMS =
DC-resistivity for PPMS
[ HeatCap PPMS Termin speichern
heat capacity for PPMS
Equipment tauschen
I Dielectric PPMS PPMS-14T PEMS-14T j
dielectric properties for PPMS ersetzen durch
" Thermal Transport PPMS Ersetzung vornehmen

thermal transport measurements for PPMS.

Equipment hinzufiigen

" Acsusz PPMS

AC Suszeptibility for PPMS CM-14.5T j Equipment hinzufugen

Code 1089 TB-I'[I'Iﬁ'I MO

name) —1 PK,FK1 | TM GMT ID
name of Kai Chen Fenster schliefen = | PK!F K2 T—M MO ID
exnerimentalist LI + -
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Structure of Data Base H/B....

Zentrum Berlin

Device and measurement option &
e | Calendar of Scheduled Experiments

: NG - ~ e - - - R ~ - IR

2. Klemie empty cp-chip service.

-III‘" - -.IIII-I|
- o lllIIIl lllI|

Measurement series
mangement

Sample Frpep—
mangement s doman
SUB_Loesch_Use_ID

User and access
rights management
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Structure of Data Base H/B....

Zentrum Berlin

LaMMB - new measurement series il
- measurement series ————— [ pictures of the mounted sample
reservation code
_ | =
Measurement series Lane |
m an q e m e n t P K E"" measurement option
Iﬁrst select your reservation. .. j
R
LHM M substance
Mo substance available -
P K M Isample J
LaMMB_Measurement_Series -
,‘ FK1 | M |
PK |SER_ID M
‘add new sample
N
FK1 |SER_GMT_ID Vi p—
FK2 |SER MO ID Y | — user authorization
FKE’ EER_SA M_ID orientation of electric field
SER Use_ ID |
SER_.EKpEr'imEﬂtﬂtﬂf orientation of magnetic field
SER_EFeld_Orientation ! -
SER_BFeld_Orientation comment itastorasin |
SER _Comment
SER_Geloescht
EEH_.LCIEEBh_DE.tUm owner of this dataset
SER_Loesch_Use ID |
[~ delete measurement series OK | Cancel |

www.helmholtz-berlin.de/bin/lammb/data visualization.pl
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Structure of Data Base H/B....

Zentrum Berlin

Device and measurement option &
e | Calendar of Scheduled Experiments

Date o |0z |0z 07 o|oo |10 |1 |12 |13
: NG - ~ e - - - R ~ - IR

2. Klemie empty cp-chip service.

=III“ - -.IIII-I|
- o lllIIIl .llI|

Measurement series
mangement

Sample Frpep—
mangement | R

User and access
rights management
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Software integration
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Software integration HZB......

Zentrum Berlin

Type 1 Type 2

Measurement program LaMMB Measurement program LaMMB LaMMB
(Delphi) software module (*.exe) program software module
LapMMB
Configuration | Login . %M
| Enter sample properties 5 MBM
| Login L%B =
M <4
- "
_ — | Create measurement series B
| Enter sample properties - %M —
| Create measurement series L%E‘M i
—| &
. Configuration ®
Measurement Y
LaMMB
| Upload M
LaMMB -
| Upload - %M —
— Measurement ®
Measurement
LaMMB
S | Upload . %M
| Upload - %\M . _
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B. Klemke K. Kiefer

Thank you for

vour attention!
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M. Schroder M. Zalden P. Schlott D. Eric
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