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AC-Susceptibility

AC susceptibility, is a technique used to study the magnetic properties of
materials in response to an oscillating magnetic field. It provides information
about how a material's magnetic response varies with the frequency and
amplitude of an applied alternating magnetic field.

Principle: AC susceptibility measurements involve subjecting a sample to an
alternating magnetic field (AC field) with a known frequency and amplitude.
The material's magnetic response is detected and analyzed. The key
parameters of interest are the in-phase (real) and out-of-phase (imaginary)
components of the susceptibility.

The out-of-phase component (x'') indicates the phase lag between the
material's magnetization and the applied field, which can reveal the
dissipative or irreversible part of the response.



AC Susceptibility measurements

AC Susceptibility probe can analyse these interesting phenomena.

ACS Analysis Set Parameters| Set Parameters Range
X vs Temperature 5k ~ 300K f, AC & DC fields |f =1 ~20K Hz
X vs AC frequency 0.1Hz ~ 20KHz [T, AC & DC fields |T =300 ~ 5 Kelvin
X vs DC Magnetic field 0 ~ 7 f, T & AC field AC Field =0.01 ~ 2.39 mTesla
*x vs AC Magnetic field f, T & DC fields) DC Field =0~ +5 Tesla

*x vs AC Magnetic field at 300Kelvin Details on next page
0.01 ~ 0.3 mTesla at 20 KHz
0.01 ~ 2.39 mTesla at 1Hz




AC Susceptibility
measurements

Observations Noted

The maximum attainable AC field
amplitude is limited by the

maximum voltage output (10 V

max) the system can deliver and
therefore depends on frequency of AC
excitation field (0.1 Hz and 20000 Hz),
so the maximum and minimum
attainable ac magnetic fields are noted
at different frequencies.

o Max Field at | Max Field at
Frequency | Min Field ) )
300 Kelvin 4 Kelvin
(Hz) (mTesla)
(mTesla) (mTesla)
20K 0.01 0.366 0.49
10K 0.01 0.726 0.91
5K 0.01 1.28 1.63
1K 0.01 2.28 4.91
500 0.01 2.362 5.29
400 0.01 2.369 5.35
300 0.01 2.371 5.4
200 0.01 2.384 5.4
100 0.01 2.389 5.4
50 0.01 2.39 5.4
10 0.01 2.39 5.4
17 0.01 2.39 5.4
10 0.01 2.391 5.4
5 0.01 2.391 5.4
1 0.01 2.391 5.43

Table. The attainable AC Magnetic Fields at Different Frequencies




Basic Theory



DC magnetic measurements Link “

§ g
\\\‘\ “'//'
The pick-up coils are accurately g &
. . 4
matched and connected in opposite sense, L Fa N\
without sample in position the net signal /r—
(detected by LIA) is close to zero.

When sample in position the induced

voltage is proportional to moment of I computer
Sam ple ’ F;unction generator +
== ata acquisition unit
i drive ————————— ‘
. . . . High-frequency
DC field is applied and resulting DC U‘ function generator |
moment is measured by the inductive : reference
> Lock-in amplifier

method by moving the sample relative to
pickup coil, used in most modern
instruments.

XDC:M/H

L —r

' Temperature controller |

Magnet controller



https://pern-my.sharepoint.com/:p:/g/personal/ghulam_sarwar_lums_edu_pk/EXp2WhBz4OZFisEGuZDwLv8B_7zJFyA0sKrZ2-NrV6GQpQ?e=IxbbRa

DC magnetic measurements Link

DC Magnetic Measurements

 Room temperature hysteresis (0 to £5 Tesla)
* Low temperature hysteresis (0 to +5Tesla)

e ZFC Temperature Scan (5k — 300K)

 FC Temperature Scan (300 - 5k)
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AC magnetic

m e a S U re m e ntS Secondary (pick- Compensation
up) coils coll
AC field is applied, and the resulting AC or
time dependent, moment is measured by
pickup coils, so magnetization dynamics I
are obtained by AC magnetic primary coil
measurements. Sample

Xac=dM/dH

AC Susceptibility pick-up coil schematic

AC measurement is sensitive to the slope of M(H) and not to the absolute value, so a small magnetic shift can be detected
even when the absolute moment is large



AC magnetic measurements

In this higher frequency case, the magnetization of the sample may lag
behind the drive field, an effect that is detected by the magnetometer
circuitry. Thus, the AC magnetic susceptibility measurement yields two
guantities: the magnitude of the susceptibility, x , and the phase shift ¢
which is relative to the AC drive signal. The susceptibility as having an
in-phase, or real, component X’ and an out-of-phase, or imaginary,
component x" . The two representations are related by

X=X X" ¢ = arctan( X/ x’)
LIA signal Channel Y (real partofx) X =xcos ¢
LIA signal Channel X (imag partofyx) x"=xsin®



AC magnetic measurements

Analysis
* In conductive samples, the dissipation is due to eddy currents
* Relaxation and irreversibility in spin-glasses give rise to a nonzero x".

* In ferromagnets, a nonzero imaginary susceptibility can indicate
irreversible domain wall movement or absorption due to a permanent
moment.

* Also, both x'and x" are very sensitive to thermodynamic phase
changes and are often used to measure transition temperatures.



Configuring the
ACS Probe



VSM Functional Diagram
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ACS Connection
Scheme Pic form
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Sample Mounting
and Loading



Sample Mounting

Sample Requirements (Dried):

* Nanoparticles or Powder, mass = 25 ~ 50mg
* Single Solid sphere, Dimensions £ 5x5x5mm,
* Thin Film, Dimensions £ 5x5mm, (in-plane or out-of-plane, please specify)

80

AECOMMENDED STRAW LENGTH |

—=4

-

Loading
Sample Loaing/Removing procedure is same to that used for the VSM but the response of the pick-up coils is different.
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-
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Initializing ACS
Probe



Initialising ACS and Probe Loading

Choose AC Susceptibility in the main menu, it will
initialize and configure the ACS probe

Initialization Steps

* AC current is supplied to the AC drive caoil.

« The AC field frequency is set to a default
value, or to previously measured value.

* Initially the AC field amplitude is zero, but
the control loop set it to the to the default

value or to the value used in the previous
measurement.
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* The input mode of the LIA is Set to
‘Channel A’ , it connects one of the pick-
up coils to the input.

* The phase of the LIA is accurately
set by the built-in ‘Auto-Phase’ function.

 LIA is configured to its usual input mode,
‘Channel A-B’ so that it measures the
difference signal between the two pick-up
coils.

* LIA is locked to the frequency of the drive
field




Setting AC field Amplitude and frequency in
the DAQ

« Assign the Target Field amplitude (mTesla) and
press AC feedback button, when the Actual value
is within 1 micro Tesla from the Target, the green
light amplitude stable is illuminated.

» Assign the required frequency, initially the system
may lose the amplitude for a short time, but after a
few seconds the amplitude will return to its set
value.

» AC feedback system dynamically checks and
adjusts the AC voltage output so that AC field
amplitude is kept constant. The resistance of the
drive coil changes when measurements are taken
across a wide temperature range and the drive
voltage needs to be adjusted accordingly.




Setting AC field Amplitude and frequency in
the DAQ

The maximum attainable field amplitude is

limited by the maximum voltage output (10 V
max) the system can deliver and therefore |
depends on frequency of AC excitation field (0.1 |

Hz and 20000 Hz).

At Room Temperature

* f=1Hz, maximum field = 2.497 mTesla

« =20 KHz, maximum field = 0.368 mTesla
At 5 Kelvin Temperature

* f=1Hz, maximum field = 5.43 mTesla

o =20 KHz, maximum field = 0.49 mTesla

Minimum AC field (1~20KHz) = 0.01 mTesla



DAQ Output
Channels

For further details of the digital signal generator,
press Channel Display and DAQ output control in
the Settings tab of the DAQ control window to
check their status.

Channel 0 controls the vibrator
Channel 1 controls the AC drive (or excitation) coil. |
Channel 2 controls the Compensation coil.

Channel 3 is presently not used.

| Sine Wave




Detection for +ve or —ve
Susceptibility Sample



Sample Detection

If the sample probe is lowered slowly so that the
sample moves from above the pick-up coils set,
the ACS signal typically looks as shown in the
graph:

Upper coill

+Susceptibility Samples

For ferro, ferri, antiferro or paramagnetic
materials the signal has a maximum when the
sample is in the upper coil

-Susceptibility Samples

For a superconductor/diamagnetic sample the
signal has minimum with the sample in the
upper coil.

Sample Loaing steps are same as used in VSM-Mode



Sequence for
Measurements

Press “Edit Sequence” in the
main menu to enter the
required parameters

®. Sequence Editor v1.2
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ACS of Spin Glass
ref

Download

* Tc is determined by measuring
X' vs T, (a curve which reveals a
cusp at the freezing
temperature).

* Furthermore, the frequency
dependent location of the
cusp may be investigated in AC
susceptibility ACS
measurement.

* The irreversibility in spin-
glasses leads to a nonzero out-
of phase component x” below
Tc, X”’probes the dynamics of
spin glass e.g memory
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ACS of CuMn (1 at % Mn) showing the cusp at Tc . The inset shows the frequency
dependence of the cusp from 2.6 Hz (triangles) to 1.33 kHz (squares). ref
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ACS of Superconductor
ref s

ACS is standard tool to measure Tc of a
superconductor SC, as determined by ¥’

Information
Above Tc, SC has small susceptibility.
Below Tc, SC is perfectly diamagnetic x'=-1

ACS analysis of LaBaCa(Cu, Zn, )O,_s

1. ¥ vsT,determines Tc

2. For T<Tc, X" is nonzero, which shows
magnetic irreversibility

X" is used to determine critical current in SC.
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AC Susceptibility
(ACS) vs Temperature ref
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Figure 2. Temperature variation of the DC magnetization

the Bi,0,S, sample at a frequency 1 kHz and an AC in the ZFC and FC modes for Bi,0,S; at 20 Oe. The

drive amplitude of 10 Oe under applied DC fields of 0, ©°MS€tTc 1S identified at 4.4 K. The inset shows the
5, and 10 kOe expanded part of the same plot indicating irreversible

behavior.

Figure 3. AC susceptibility x(T) vs temperature for
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Measurements of
YBCO sample

X VS Temperature
X vs DC Magnetic field
X vs AC Magnetic field
X vs AC frequency



X vs Temperature (YBCO
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X vs Temperature (YBCO
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x vs AC Field, YBCO
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x vs DC Field, YBCO
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x vs T YBCO
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