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Magnetic Property
~ Measurement System (MPMS®3)

The next generation of advanced SQUID magnetometry.
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Magnetic Property Measurement System
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Hardware and System Combination
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Transport

48-turn drive coill

10-micron
optical
encoder

Quantum Design Japan, Inc. MPMS3 User Seminar — March 2016



Agenda
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Magnetic Property
 Measurement System (MPMS®3)

The next generation of advanced SQUID magnetometry.




Specifications

o EEELH 1.8 K — 400K (<1000 K oven)

o BIERE 0.01 K/min — 30 K/min
RT=>18K In30.min!!

o MWiiZEEHE + 70,000 Oe (/7 Tedla)

o ENILERE 700 Oe€fs

o REANIS | 30 Oe|

1x108 emu (<2500 Oe, 10s)
8x108emu (> 2500 Oe, 10s)

- XNAERME 2~3emu

IAN IA IA IA



Specifications

. BESE 1.8K — 400K (<1000 K oven)

o MENRE 0.01 K/min —30 K/min
RT =>1.8K in30min!!

g

® MPMS3
® MPMS XL
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Cryostat Control & Sample Chamber Ctrl
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Specifications

o EEELH 1.8 K — 400K (<1000 K oven)

o BIERE 0.01 K/min — 30 K/min
RT=>18K In30.min!!

o MWiiZEEHE + 70,000 Oe (/7 Tedla)

o ENILERE 700 Oe€fs

o REANIS | 30 Oe|

1x108 emu (<2500 Oe, 10s)
8x108emu (> 2500 Oe, 10s)

- XNAERME 2~3emu

IAN IA IA IA



Specifications

® MPMS3 | =
® MPMS XL

1x108 emu (<2500 Oe, 10s)
8x108 emu (> 2500 Oe, 10s)

- XNAERME 2~3emu

« BGHE

IA 1A

142
Quantum Design Japan, Inc. MPMS3 User Seminar — March 2016



Magnet Configuration

e 7 Tesla Solenoid Coil
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Field Control with 7T Solenoid Coil

FUTUE—RTHHIRDYIC
MHBEBFE®D “Quick Switch” % FH
Contrter 1255
- Fast ramping 700 Oe/s Model (S5t
- Sl ing 0.1 Oe/ ENGR
OW ramping e/s owich D
v Quick switche T
- Low noise
- Small L.He consumption
v Hybrid Magnet Controller ™ | %’E& S
“D” control / “A” feedback f eater on)
- Smooth current ramp L St ke
- Fast stabilization Soleneld )

Figure 3-7. Magnet Contral Diagram.
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S-VSM vs. Standard VSM vs. ”’DC-scan”

SVSM “standard” VSM MPMS
Detection Lock-in on 2f Lock-in on 1f Fit to dc signal
signal vs. time signal vs. time VS. position
based on based on
sinusoidal sinusoidal
sample motion sample motion
Signal
Salpple -
= = ©
AAA 2 5
S 8 %
E + o 1
t + % Sample Position Time
@ % Sample Position
S %)
| 2¢ l_l S5 :D =
Detection Coils .
SQUID
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SQUID (Superconducting QUantum Interference Device)

=3 T = f th st itiveAB to AV
BIZEETF TRt Soned themos sndtiveds to

Room Temperature
Data
—— Acquistion
System

Control
Electronics

O MPMS3—VSM
¢ MPMS 3 —dcscan
MPMS XL — Spec (RSO)
— == MPMS XL — Spec (dc)

1
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20d Order Gradiometer
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VSM Measurement Mode (SVSM)
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VSM Measurement Mode (SVSM)

VSM - SQUID-VaM:
Normal gradiometer

| . Superconducting
'| Mg
B Ad

| . gradiometer
ext E — ~f X A

| Frequency independent
Sample oscillates with frequency dt
and amplitude A

"Sandard” VM.
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DC-scan M easurement mode
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DC-scan M easurement mode

* Looking at a single DC scan wave form:

AERER/NTA—S
- Scan Length

- Scan Time

57—
- 200 points/scan

SQUID Voltage (V)

1.0 + Measurement Py SFEVENEVE BPETIPEE.
, 30.0 30.5 31.0
—— Theoretical Response

_- (Background Subtract)

1 1 1 1 1 1 1 1 1 L 1 L L L L 1

10 20 30 20 50

Position (mm)
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Magnetic Property
 Measurement System (MPMS®3)

The next generation of advanced SQUID magnetometry.
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Measurements - contents

« JAITE%E(R
— Sample rod and sample holder

— Sample size, shape, form
— Sample mounting and background contributions

« HIEE—R
— DC scan
—  (vsm)

o —AZEYIEITE ( M(H), ZFC/FC and M(T) sequences)
— Jm e i
— hggiz i

SEY > T)LICDNT
— Pd standard

— Er:YAG sandard

— In standard

2R/
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Sample Preparation

e e ————_
Magnet lock  Flexure Carbon rod Bearing

AXRKFILSY— ABHER)
WAEZEMNIESE (TIKLY, NPT LY — NESVVE—XAD M +FUVRE THEA

. Di m
HigcILSY— i)
BR(CEEARIEKEN, 106emuFBED/\WIITSIV R —> KEWE—X> S

w

Mount Station
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Typical measurements

o B—XA> bhDmEZEL

(Moment vs Temp., MTil
iE)

—e— Cooling —e—Warming
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Moment (emu)

Typical measurements

- E—A> MDIZZEIL
(Moment vs Field, M(H)EITE)
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: ,nm"..“.".'-
41075

31075
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IMPMS3] VSM vs. DC Scan

________Pros ___Cons __ [Whentouse

VSM mode Fast; No raw data for Preliminary study to quickly gain
post processing; the main picture;
Constant field and
temperature; Force on sample; Measurement where high point
density is desired (e.g. to define
an irreversible point)

Batch measurement for a large
sample series;

Sample with strong hysteresis
such as superconductors and soft

magnets;
DC Scan Raw data collected Slower; Close study of anomalies where
for modeling or Moving sample in modeling maybe necessary;
Mode diagnosis; field and
temperature Sophisticated background
Gentle on sample; variation subtraction needed;

Liquid samples;

Straw sample holder;
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Fundamentals in Magnetics and magnetic measurements

FUND RN TS T M T A MG NET G MERSUREMENTS

FEATURING QUANTON DESIEN'S MAGNETIC PREPERTY MEASUREMENT SYSTEN

20239 a0292 " 2% qwelte
- 2 . See
Ve R @I 229D -'“a‘::‘.
BB 31 35111138 00uTs WIS
DDOPOVD SIS IIIIIIIIVILGIGRNGL Y
;B'Q’Q:Q'EE@JJJJJJ:JJJJJJ"‘J‘....'

¥ MIKE MeELFRESH, PURDUE UNIVERSITY

http://www.gdusa.com/sitedocs/appNotes/mpms/Funaétrpdf
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Magnetic Property
 Measurement System (MPMS®3)

The next generation of advanced SQUID magnetometry.




Sample Preparation
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Sample Preparation

o BESE
i. GRS —

55 LA — % Sample Mount Stationl= 2 R 35
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Eit*ﬂr%ifiﬁib 33
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Sample Preparation

o BESIE
. ALY —

3R
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Sample Preparation

o BEESE
i BEfRILA —

8
VSM POWER
|l cCAPSULES
ll (SET OF5)

3R -
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Sample Preparation

e e ————_
Magnet lock  Flexure Carbon rod Bearing

AXRKFILSY— ABHER)
WAEZEMNIESE (TIKLY, NPT LY — NESVVE—XAD M +FUVRE THEA

. Di m
HigcILSY— i)
BR(CEEARIEKEN, 106emuFBED/\WIITSIV R —> KEWE—X> S

w

Mount Station
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Magnetization in Applied Fielf: ’M vs H”’

Ferromagnetic (history dependent)

Paramagnetic

e

c = >
2 0 \H(applied field)
©
gb Diamagnetic
(4°)
S
= :
Superconducting
v
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Sequences

o HET—HRIFFLXDNE
- RBEBICSZMTS
(Ramp 1n Oscillate mode, Magnet Reset)
- TmDERTE(T Stabilize at each field D&
. REDHE(ESWeep(GELY). Stepwise(1EH#)
o S—U2R%RIRT S LEESTDMHPIRREL ?
- E@hS10KU TDIERICT 31%S(F10KTStable &
6002 A LFOTHSTIFS
o S—UARTHRODEE. BISDEE

<0 QD) test seq.seq F ’E@ Sequence Commands:

1 System Commands
Call Sequence

| Chamber Operations

Hlew st data MT dat*
Fiemark
. M a net Re S et s e @ sit For Temperature, O elay 600 secs, Mo Action Scan Field
g . q SQUID YSM Moment [WSM] vs Temperature 300K to 1 9K Sweep Continuous - Aut-Tracking Soan Temperaturs
< =

SEUID YSM Moment [¥SM] vs Temperature 1.9K to 300K Sweep Continuous - Auto-Tracking Sean Time

Sequence Meszage
Set Field

Mew Datafile “C:40dSquidvsmiD atat Q0 test data-hH dat” B oY s

S et Temperature 10K at 30K/min. Fast Seitle e
ait For Temperature, Delay 600 secs. Mo Action Wait
Scan Temp from 10K to 300K at 10K./min, in 30 steps, Unifarm, Fast # Advanced Commands
SOUID WS Moment [VSM) vs Field 4 Quadrants -70000 Oe to 70000 Oe Step Linear Auto-Trac | | E/Measurement Commands
End Soan Log Data
End Sequence Sigma Log Data
EIVEM
Adv. Measure

Cenler Sample
Datafile Comment
Moment vs. Field
Moment vs. Temp.
Mew Datafile
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’M vs H’” measurement (NiFe @ 5K)

5107 1T T

4' 1 0—5 T ——_ et |

3102

2109}

1107°F 4 33105 | 1

0 5 10 15
1105} Field (Oe)

0—4-32_10—5Illlllllllllil

Moment (emu)

@ P T T T T T I A 1
2102 F 20 -10 0 10 20
i Field (Oe)

-310°

10-5 F
—4+10 RMS Noise < 108 emu |

G .

[ 1 PR N TR TR TR N [ TR TN SN SN NN SN SR S T Y
-500 0 500 1000 1500 2000
Field (Oe)

-2000 -1500 -1000
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Sequence command dialog window

> Use M(H) and M(T) loop generator

SQUID ¥5M Moment ¥vs Temperature: j 5'
Setup | *wSM | DC | Advanced]
—Temperature Contral—————————— ﬂ\ppm:-:.Temperaturei
Fs

200

2939
293.8
299.7
2996
2335
2334
2993
2992
2931
253

2939
238.9
298.7
298.5
2985
j 2984
2983
2982

= 238.1
IE"j 299

Start 300 K

End 15 K
Sweep Fate |3 K. /min

{ Stabilize at each Temperature

v Sweep Continuously

—Drata Acguisihion

Continuous Measuring

= Tumberaf
Temperatures

2979
Temperaturs I_ 297.8
Inerement ap K 2977
297 6
Repetitions at sach |-| 2375
Temperature 297.4
297.3
297.2
Feep 1l measurements ;I 297 1
297
296.9 LI
~Estimated = >
‘ Time = 0747 [h:m] Lines = 2982

Data Logging | QK I Cancel |

Quantum Design Japan, Inc.

SQUID ¥SM Moment ¥s Field d

Setp | =vish | DC | Advanced |

SOUID ¥SM Moment vs Field

[t Select Start/End Quadrant— __Sn_al_uE-J Advanced |
ISDDD Hinaw Centering Ranging
ID Ho © fuio Tracking (%) Sticky Autorange
|.5|j|:||:| Hrain time: o Centering Scan at each field
L ari i Alwayz Autorange
[De] Click and drag to choose start and end fislds ln-t:;:::rval Ianiniaust © _ : %
~Field Contral ~Field 5 Tine 0 | mn O Feeed Range
0.0 -
Sweep Rate |2EIEI Oelfzec 4167 Temperature :1IJ—-| K.
& | o 1832030 —_— Data Logging
+ Stable at each field .
;gggg () Mo Awutomatic Centering
" Sweep Continuaushy 2E00.0 -
a1 E.F" Advanced Settings
— — 33333
Data Acquisition A7R0.0 Wil [ Require Sweep Mode For Continuous Acquisition
: — 41EBE. 7
Il_lnlfnrm Spacing in Field ;I 45073 “wiait Time At
50000 Each Step 0 || 7% Bestors
! 4R83.3 B
G HEE7 Appraach Mode | Linsar | oAl
I ko b as 7500 =
33333
" Field Increment |5|:| De %gagg Excitation Parameters
20833 : ]
Fepetitions at I.l_ T6fE = Peak Amplitude 2 mm
each Field 12800 - : T
: b Aoceleration | 15.476 Jsec?
am3 awimum - Acceleration . _| misec
Keep |all measurements LI T ;I I awirnuim Maornent 1000 | emu
Estimated— -
’V Tirne =00:21 [h:m] Lities = B1 | [ oK ] I Cancel ] Help

['ata Logging | 8] I Cancel |

Help |
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Post Measurement - Analysis

B> J)LEH U Purge & seal

MPMS3 rnsiall{Rarrm.%mpl&W

‘Chamber Statug Contral

| 300, Standby, Sealed

Seal
i Prezzure 7E0 Torr o
Instructions 1

Puige/Seal

Press "Open Chamber' to da the following things:

i Sensor Pirani Yent/Seal
- Bring the sample charber to room temperature

- Went the sample chamber PLJFI'LEI Cont
. .

- Maove the transport ta load position

Otherwise, press "Skip 3" State Sealed Went Cont.

Hivac:

Cloge:

Data: C:¥QdSquidVsm¥Data

Sequence: C:¥QdSquidVsm¥Sequence

Qmap: C:¥QdSquidVsm¥Qmaps

BRLog: C:¥QdSquidVsm¥MultiVu¥BRLog.dat
EVENT.LOG: C:¥QdSquidVsm¥MultiVu¥EVENT.LOG
ZipLog: C:¥QDLogs
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Latest Options for MPMS3

e MPMS3ICHRUIEAT S 3>
— AC
— Ultra Low field
— Oven
— FOSH

— Rotator
— ETO

Magnetic Property
 Measurement System (MPMS®3)

The next generation of advanced SQUID magnetometry.




MPMS3 options: OVEN

e Principle of Operation

— AC module measures AC response as
seen by the SQUID when applying AC field

— Measurement performed at multiple
locations (Z,C,T) in gradiometer to
remove drifts and background signals

e Option hardware (in-field upgrade available) _ i} . ‘

— AC module T ————
— Two separate coils in magnet for AC field and background signal
compensation
e Specifications
— Frequency range 0.1Hz-1kHz
— AC amplitude 0.1 Oe up to 10 Oe
— Sensitivity < 5x10% emu
— < =*+1% (moment), < =0.5° (phase)

Coil Response Function
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AC: Frequency dependence (Superconducting transitions)

L2 A
0.00
Frequency (V)
—~ =1 Hz
(S =10 Hz
: e 100 Hz 0.005
E e = 1 kHZ
()
N’
= 0.000 W77
15 25 35
-0.02 | |
10 20 30
T (K)

Quantum Design Japan, Inc.
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Distinction between DC and AC measurement

“Susceptibility” = y = slope of M/H curve

Absolute xy vs. local ...
they are not the same [x,. = dM/dH]

M (magmetization)

M Ma....
JAVA

>
H (applied field)

VAV
VAl
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Ref:

AC magnetometry

reference signal (H
M’ (q

app)

Pr0.75La0.25Ni

Ferromagnetic metal with Tc
around 19.5 K

Both X' and phase ¢ shows
maxima close to Tc

Huge X" in phase transition
region due to eddy current
heating

http://einrichtungen.ph.tum.de/E21/uebungen/magn
etismus/ws03_04/skript/Mag0304_6.pdf
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AC calibration standatd sample
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Measurement Parameters (AC)
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AC X'

CoFe204 nanoparticle in mineral oil (Carlos Rinaldi)
SVSM /AC/EverCool
AC amplitude 1 Oe

—E&— AC X 297K
| —©—ACX 293K
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—4&— AC X' 273K

] —>—ACX 267K
—<4— AC X 263K
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—&— AC X'277 K
—¥— ACX"'273 K
—&— AC X' 267 K
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Frequency (Hz)
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MPMS3 options: OVEN

Principle of Operation
Sample is mounted on heater stick which locally heats up the sample in
high vacuum while the chamber is held at 280 K

Option hardware (in-field upgrade available)
— High Vacuum Unit

— Oven sample rod & wired access port

— Oven module

— Oven heater sticks and mounting station

Specifications
— T-range 300-1000K

— Sensitivity <10° emu

5N
Quantum Design Japan, Inc. MPMS3 User Seminar — March 2016



OVEN
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MPMS3 options: AC+ OVEN

SVSM Oven Nickel Transition

—8— AC - Stable Temperature

—8— [DC - Siable Temperature
e A - Sweping Temperature

=i [T - Sweeping Temperature

610 615 620 625 G630 635
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MPMS3 options: Ultra Low Field (ULF)

» Principle of Operation

ULF wizard
. — profiles field inside sample volume using flux gate
ULF Can — adjusts current in compensation coils to achieve
. | requested field value and uniformity (iterating as
Fi'cq required)
b:‘ Driver Cable

» Option hardware (in-field upgrade available)
— Flux gate (and p-metal shield storage)
— ULF module

aShsiomietar — Two separate coils in magnet for field offset and
curvature compensation

» Specifications
— Field Uniformity #=0.05 Gauss
Y Sriekt — Target Field Range %5 Gauss
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Moment (emu)

Indium Transition (MvsT with 30mK/min)
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e Uniformity better than 50
mOQOe; Field setting accuracy
+(2 mOe + 0.5% of set field)
with a range of =20 Oe

 Allows for more detailed field
dependence studies at low
fields

e Data shows exceptional
control & stability over both
field and temperature
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MPMS3 options: FOSH

0.0012

a4 DG Moment Fixed Gtr (emu) - Light
@ DG Moment Fixed Gir (emu) - Dark

54BAa_light_100G_temp-sweep.1

0.001

\ DC scan 4 cm

H =100 Oe

S, 1 K/min sweep 2 K- 90 K

0.0008

_— Field Gooled

0.0006

\”

0.0004

DC Moment Fixed Ctr (emu)

0.0002

>

Zero Field Cooled

oot TS

20

40 60 80

Temperature (K)

Sample bucket

Allows sample to be illuminated by an external light source while making magnetic
measurements

IR to UV spectrum

Sample bucket 1.6 mm diameter and 1.6 mm deep
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MPMS3 options: Sample Rotater

Magnetic Field (T)

* Allows sample to be rotated 360 degrees at all temperatures and fields
* Less than 1 degree resolution

56
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Summary
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MPMS3 Introduction
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Trouble Shoot 1
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Trouble Shoot 2
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‘Ture’ Moment
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Resolution at Low & High Magnetic Field
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Drift
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