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TEMPERATURE DEPENDENCE OF COERCIVITY OF SOME SOFT 

MAGNETIC MATERIALS . , 

G. VERTESY 

The temperature dependence of coercivlty of magnetic garnets and amorphous     ribbons is reviewed on the basis of experiments performed in our laboratory   and of data taken from the literature, and it is compared with a modified classical model of the domain wall coercive field of magnetic materials with stationary distribution of magnetic defects.  It is shown that the character of the temperature dependence of the anisotropy field determines mainly the temperature dependence of the      coercivity in the investigated cases. 

1. Introduction 

The coercive field is commonly considered to be one of the most important 

parameters in applied magnetism. On one hand, it is connected with the                 fundamental magnetic properties of the sample such as magnetization,   anisotropy and exchange constant, but on the other hand it also characterizes the                   nonuniformities (defects) of the material via their interaction with the vector of magnetization and with the domain walls. Magnetic garnets and amorphous ribbons: represent two characteristic types of soft magnetic materials. The magnetic              anisotropy of epitaxial garnets generally, exceeds that of amorphous ribbons by     orders of magnitude, and the domain wall width and the domairi wall energy in     .'these 'materials differ considerably.    'The origin, quality and the characteristic period of the magnetic defects (structute, local stress, surface roughness etc.) are substantially different in these ;materials. In spite of the profound differences in their    character, the temperature dependence of coercivity'can be interpreted in a similar way. The aim of the paper is to review the temperature dependence of coercivity of magnetic garnets and amorphous ribbons on the basis of experiments performed in our laboratory and of data taken from the literature, and to compare the data with a modified classical model of the domain wall 
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A large number of theories exist (for a review  see [1] or [2])

 attempt to calculate then coercivity in fairly well described both in the garnets and in the ribbons by a simple formula[2], 

Hcw=Ha  f(  /d)

bw whichnetic materials witt~rom the matcl~ia] and \vall paramcters and an 

as~.'umedlor cstimated modcl dis'tribution ot' defcct~.'_ Thc domain \vall cocrci\'e 

field is fairly wel1 described both in thc garnets and in the ribhons by a sirr]plc 

ik)rmula [2], 

Hcw = HA CX_ t~('6/d), 

\vhich is vcry close to that introduced as early as 1944 by Kcrstcn [3]. Herc HA is the anisotropy field,   is thc anisotropy field, (x i~ thc amplitude of the phcnomenological parametcr 

charactcrizing thc strength of' the dcfects~ (e.g. fluctuation of thclocal anisotropy constant value, thc local sample thickness), and f  is a function of the 6 domain wall thickncss and of the d defect chalacteristic period, and   it      describes the effectiveness of the domain wall pinning.

2. Garnets 

~1~he tcmpcraturc dcpcndencc of HA and ot' Fic~\' was mcasurcd in {.=':il~l~L~1 ?lilll~ 

\\'ith the nominal colnposition (YSmCa)3(FeGc)5O12 gro\vn b~ 1]L]LllLi l~l,i~~c 

cpit~ixy on (1 1 1) ol~icnted gadolinium-gal]ium gal~nct sub~tl~}itL] j~-~t I i~~~c 

t~lm~ ll~l\'c no compcnsation tempcrature. Thc tl]ickness ()i' ihc t~ll~~. ~~;i~ 

typicall\' ~ ~m, the room tcmpcrature ~.aturation magncti/tlli~~}~ :il~L1 Illll~i\i~ll 

ani~. otropy t~lcld \vcl~c 20O G and 75() Oe. rcspectively- The tyl~lcLll H~(~1~) 2lnLl 

l~c\v(T) cur\'c~;. . \vhich werc measurcd u~. ing one ot' thc abovc t~lll~~. Ilrc ~. h()\\"n 

in Fig~. . I dnd 2, rc~.'pcctivcly. 

1;? 

J 

O~ 

Figlu'e l_ Uniaxiai anisotropy fleld, H~, vs_ temperatul~e for garnet films. 

In the garncts thc abovc introduced paramctcr\, dcpcnd on thc 

tcmpcl~aturc a~ t~o]lows: HA('1~) is exponential (scc Fi*~:. I ). Oc and d arc not 

strong f~unctions of tcmpcl~ature, 6(T) change~. up to I :5 \\'ithin thc tcmpcratllrc 

bct\;veen 4K and the N6el tempcrature. A~_' a I~csult, t~,~/d) ih' a s'trong hill-likc 

f,'e 2_ ('.oerci\'it~_'. Hc\v' v~_ _ temperature for <,_._'arnet ~lll~s 

Thc dircct cOnnccti()n {)ct\vccll lil~it,. t)tr()1)~' ~nLI c()crcl~ it) \~'~i~ pr()\'cd 

fh-om anothcr side, too. An cmpirlc~11. 111~cdl~ l~cl~ltlon~. hlp l~ti~ l~cccntly bcc]~ 

t~)und between coercivity and uniaxi~il ~ini~. ()tl~op),' ()i' _<_.,~irnct~. [()]･ ~rhc rc~u]t is 

~.-ho\vn in Figurc 3. Similal~ corrclation bet\"'ccll tllc iini~otl~ol)y 2ind thc domain 

\\'zlll coercivc i~cld (both bcing tlat fL]nctioll~ oi' tcml~criiturc) ctill bc ob~c]~'cd 

in IDurc YIG [7], - anothcr ~drnet matcrial Tollt \\']t]~ l()\\' Il]1iiixi~l] ~lnl~.'otrolvy. 
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/'~!'_'!//'c _? Coercivity, Hcw'vs. uniaxial anisotl~opy fleld, HA' forgarnet fllms. 

~1~Ilc cxponcntial increase of HA \\'ith dccrca~.'ing tcmperaturc can bc 

cxpliilncd by a single ion model combined \vith a ~.'ite-prcf'erencc modell this' 

laittcl~ ~iL:c()unt~. wcll for the temperature dependencc ot' the uniaxial tmisotropy 

in ~'m contalning (1 1 1) rllms [8]. According to this' modci the prescncc ot' thc 

ral~c carth ion~.' is responsible for thc exponential tempcraturc dcpcndcncc ot' 

~l ,\ _ 

3. Amorphous ribbons 

The anisotropy field of most amorphous ribbons.' is' a very weak function of 

tempcraturc and so is their Hcw(T) [()-1l]. Thc~.'c paramctcl~s wcrc also 

measured in a special case, when uniaxial anis'otropy was induced by stress 

annealing in amorphous alloy rlbbons. with compos.'itlon Fe64C021B15 [12], 

such a way producing similar conditions t'or the ciomain wall mo\'cment as in 

the case of garnet films. The typical mcasured HA(T) and Hcw(T) dependences 

for these samples are shown in Fig. 4. 
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Figure 4 cw vs_ temperature for stress 

. Uniaxial anisotropy field, HA' and coercivity, H 

annealed amorphous ribbon. 

In alnorphous ribbons cc, d and ~(T) are not strong functions of 

tempel~ature, this is also valid t~or HA(T) (rig. 4). A~ a con~.'equcncc, Hcw(T) 

also changes only very slightly with tempel~atul~e (Fig. 4). In the casc of these 

rrLaterials a linear relationship was' al~. o tbund bctween coercivity and 

anisotropy [1 3]. 

The presence ofrare earth ions.' in thc amorphous ribbons also increases 

the anisotropy substantially - at low tcmpcraturcs in particular. Both the 

anisotropy and the coercivity increase s'teeply with decreasing temperature in 

amorphous ribbons containing rare earth ions [ 14]. 

4. Conclusions 

The temperature dependence of anisotropy and coercivity was compared for 

two types of characteristic soft magnetic materials . However, even within one 

group of materials the temperature dependence of these parameters may 

substantially differ (e.g. the content of rare earth ions significantly modifies the 

value and temperatute dependence of HA); thc character of temperature 

dependence of coercivity can be well described by thc temperature dependence
r Effect 
Reseach discussed by concept of new phenomena of photoinduced disaccommodation which we observed previously  in yttrium iron garnets.
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II. A large number of theories exist (for a review  see [1] or [2])

III.  attempt to calculate then coercivity in fairly well described both in the garnets and in the ribbons by a simple formula[2], 

IV. Hcw=Ha  f(  /d)

V. bw whichnetic materials witt~rom the matcl~ia] and \vall paramcters and an 

VI. as~.'umedlor cstimated modcl dis'tribution ot' defcct~.'_ Thc domain \vall cocrci\'e 

VII. field is fairly wel1 described both in thc garnets and in the ribhons by a sirr]plc 
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X. \vhich is vcry close to that introduced as early as 1944 by Kcrstcn [3]. Herc HA is the anisotropy field,   is thc anisotropy field, (x i~ thc amplitude of the phcnomenological parametcr 

XI. charactcrizing thc strength of' the dcfects~ (e.g. fluctuation of thclocal anisotropy constant value, thc local sample thickness), and f  is a function of the 6 domain wall thickncss and of the d defect chalacteristic period, and   it      describes the effectiveness of the domain wall pinning.

XII. 2. Garnets 

XIII. ~1~he tcmpcraturc dcpcndencc of HA and ot' Fic~\' was mcasurcd in {.=':il~l~L~1 ?lilll~ 

XIV. \\'ith the nominal colnposition (YSmCa)3(FeGc)5O12 gro\vn b~ 1]L]LllLi l~l,i~~c 

XV. cpit~ixy on (1 1 1) ol~icnted gadolinium-gal]ium gal~nct sub~tl~}itL] j~-~t I i~~~c 

XVI. t~lm~ ll~l\'c no compcnsation tempcrature. Thc tl]ickness ()i' ihc t~ll~~. ~~;i~ typicall\' ~ ~m, the room tcmpcrature ~.aturation ani~. otropy t~lcld \vcl~c 20O G and 75() Oe. rcspectively- The tyl~lcLll H~(~1~) 2lnLl 

XVII. l~c\v(T) cur\'c~;. . \vhich werc measurcd u~. ing one ot' thc abovc t~lll~~. Ilrc ~. h()\\"n 

XVIII. in Fig~. . I dnd 2, rc~.'pcctivcly. 
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XXII. Figlu'e l_ Uniaxiai anisotropy fleld, H~, vs_ temperatul~e for garnet films. 

XXIII. In the garncts thc abovc introduced paramctcr\, dcpcnd on thc 

XXIV. tcmpcl~aturc a~ t~o]lows: HA('1~) is exponential (scc Fi*~:. I ). Oc and d arc not 

XXV. strong f~unctions of tcmpcl~ature, 6(T) change~. up to I :5 \\'ithin thc tcmpcratllrc 

XXVI. bct\;veen 4K and the N6el tempcrature. A~_' a I~csult, t~,~/d) ih' a s'trong hill-likc
XXVII. Introduction                                        When a magnetic material is given a disturbance, which may be magnetic, thermal or mechanical, the initial permeability observed immediately after the begining of disturbance is normally found to be raised to an unstable state , from which it returns to unstable value, as a function of time,　it returns to its    undisturbed or stable state. This phenomenon is referred to as disaccommodation. it is different from aging, which is permanent change with time and is not generally observable in ferrites at ordinary temperatures. There are many relaxation mechanisms of migratory processes within the lattice 
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