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Rectangular hysteron — Preisach plane
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Classical Preisach Model identification

using FORCs

Fla,B)=fo — Jas - (3)
It can be proved that by knowing the function F e, £ ), wecan
determine the weight function as follows:
1 3°Fla,B)
2 dadf
Thus, the experimental data provided by the set of first-or-
der reversal curves allows one to determine the weight func-
tion u(a ). Then, using the model [Eq. (1)}, higher-order
reversal curves can be determined. It means that the math-
ematical model {Eq. (1)] has prediction power.

ua,B)= — 4)

A

u
o

FIG. 7. First-onder reversal curves.

I. D. Mayergoyz, Hysteresis models from the mathematical and control theory points of view. | Appl Phys 57,3803 (1985).
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FORC diagram technique

J. Appl. Phys., Vol. 85, No. 9, 1 May 1899

M(Am?2)

FIG. 1. A set of first order reversal curves (FORCs) for a piece of a typical
floppy magnetic recording disk

A FORC distribution, by contrast, is not based on any
assumptions. It 1s not part of a theoretical model. It is simply
a well-defined transform [i.e., Eq. (1)] of the set of first order
reversal curves that is useful in making the structure of these
data apparent to the human eye.

C.R.Pike,A.P.Roberts, K. L.Verosub, Characterizing interactions in fine magnetic particle systems using first order reversal curves.
J Appl Phys 85, 6660-6667 (1999).
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“Magnetic fingerprinting”

H. G. Katzgraber, G. Friedman, G.T. Zimanyi, Fingerprinting hysteresis. Physica B: Condensed Matter 343, 10-14 (2004).
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» FORC-type experiment
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Two types of representations

Preisach plane — coercivity/interaction Preisach plane — switching fields
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Is FORC diagram method a qualitative or a
quantitative technique?

» Theoreticians — FORC technique is giving the Preisach
distribution (distribution of rectangular hysterons as a
function of coercivity and interactions) only for CPM
systems (congruency+wiping-out)

» Experimentalists — FORC as a distorted version of the
Preisach distribution




Qualitative FORC analysis

Wishbone type FORC diagrams
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Boomerang type FORC diagrams
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Micromagnetic and Preisach analysis of the First Order Reversal Curves
(FORC) diagram

Alexandru Stancu
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FORC - patterned medium

P. Postolache, M. Cerchez, L. Stoleriu,A. Stancu, Experimental evaluation of the Preisach distribution for magnetic
recording media. leee T Magn 39, 2531-2533 (2003)

R.Tanasa, A. Stancu, Statistical Characterization of the FORC Diagram. IEEE Trans. Magn. 42, 3246-3248 (2006).

21

From qualitative to quantitative

» In order to clarify the “quantitative” qualities of the
FORC diagram one should study the relation between
the fundamental physical magnetic & hysteretic entities
and their contribution to the FORC distribution.
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What does a first-order reversal curve diagram really mean? A study case:
Array of ferromagnetic nanowires
Costin-lonut Dobrota and Alexandru Stancu
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FORC diagram for 2D magnetic nanowire arrays

pr =50 40 x 40 nano-elements
a = 250, 350, 450, 550 nm
R =40 nm
L=6pum
M, = 485 emu/cm?
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C.-l. Dobrota, A.Stancu,What does a first-order reversal curve diagram really mean? A study case:Array of
ferromagnetic nanowires. ] Appl Phys |13,043928 (2013).
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Two different effects of
interactions

depending on the intrinsic
coercivity of the wires
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Biunivocal correspondence
physical element / “image” on FORC

10

27

-1000
-1500

@ -2000 -

<)

=
-2500
B0t

-1000 500 0/ 500 1000 1500 2000 2500 3000
H(Oe)

The result on the FORC distribution is unique in this case and is given
only by the switch observed on the highest value of the reversal field.

Normalized magnetic moment

One physical element /
multiple “images” on FORC

For the nanowire system the correspondence is not unique!
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Physica B 457 (2015) 280-286
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Tracking the individual magnetic wires' switchings in ferromagnetic @Cwssm
nanowire arrays using the first-order reversal curves (FORC) diagram
method

Costin-lonuy Dobroti, Alexandru Stancu ™
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Results:
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More complex magnetic systems

Journal of Magnetism and Magnetic Materials 323 (2011) 1671-1677

T - = o s
Contents lists available at ScienceDirect e
o

Journal of Magnetism and Magnetic Materials M

ELSEVIER journal homepage: www.elsevier.com/locate/jmmm M,

Magnetization reversal in [Ni/Pt]s/Pt(x)/[Co/Pt]s multilayers
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Size effect in spin-crossover systems investigated by FORC
measurements, for surfacted [Fe(NH;-trz)s](Br),-3H,0
nanoparticles: reversible contributions and critical size

A. Rotaru, F. Varret, A. Gindulescu, J. Linares, A. Stancu, J.F. Létard, T. Forestier and C. Etrillard
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the environment: A huge reversible component resolved by first order
reversal curves
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