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ABSTRACT 

DYNAM I C  MAGNET I C  HYSTERS I S  OF AMORPHOUS FERROMAGNETS 

* **J . Horvat , � . Marohn i c  and K . Zadro 
E l ectrotehn i ca l  I ns t i tute "Rade Koncar" , Zag reb 

* I ns t i tute of Phys i cs of the Un i ve rs i ty ,  Zagreb
**Depa rtment .of Phys i cs ,  Facu l ty of Sc i ence ,  Zagreb

S i mp l e  and accurate set-up for the measu rements of dynami c magnet i c  propert i es 
of amorphous ferromagnet i c  r i bbons i s  constructed. Measurements conf i rm the i r 
ve ry good p ropert i es at frequenc i es l OOkHz and reveal the or i g i n  of the l oss 
Jn that range of f requenc i es .  Convent i ona l  perma l l oy i s  a l so measured for the 
sake of compar i son . 

Because of the i r good soft magnet i c  p ropert'i es ( such as the l ow core l osses 
h i gh satura t i on magnet i zat i on and permeab t I i ty)  the amorphous f.e rromagnets are 
stead i l y  rep l ac t ng fe rr i tes and. other conven t i onal  mate r i a l s  I n  the h i gh f requency 
app l i cat i ons . S i nce the prope rt i es of amorphous ferromagnets depend sens i t i ve l y  
on compos i t i on ,  p reparat i on cond i t i ons and on subsequent t reatmen t ( s ) , an accurate 
and s i mp l e  techn i que for the measurements of magnet i c  propert i es at h i gh frequenc i es 
i s  requ i red i n  order to obta i n  the bes t  mater t a l  for a g i ven app l i cat i on .  

Th� exper i menta l  set-up descrj bed i n  th i s  pape r enab l es the accurate 
determ i nat i on of the saturat i on magnet i zat i on ,  coe rc i t i ve f i e l d ,  magnet i c  
permeab i l i ty ,  remanent magnet i zat i on ,  magnet i c  hys te res i s  curve and l osses of 
magnet i c  r i bbons ( amorphous or crysta l l i ne )  in the frequency range up to 1 00 kHz . 
The res u l ts of the measuremen ts on the amorphous Fe80e 1 8s i 2 and co

70 . 2Fe7 • 8e 1 2S i 1 0
a l l oys a re compared to those for perma l l oy .  

The set-up i s  des i gnated for the measu rements by the i nduct ion method on the 
samp l es wi th open shape ( l ong s t ra i ght  r i bbon) . Th i s  geomet ry avoi ds the prob l ems 
due to s t ra i ns I nduced upon coi l i ng the r i bbons i n  c l osed shape and i t  a l so 
enab l es s i mp l e  change of the samp l e .  Furthemore the same coi l s  a re used for a l l 
samp l es wh i ch fac i l l ates the compar i son and d i m i n i shes the errors .  The i nf l uence 
of the demagnet i z i ng f i e l d  i s  avo i ded by us i ng l ong , narrow samp l es ( 1 50x2x0 . 03 

mn3 ) I n  the homogenous magnet i c  f i e l d  and a very short secondary co l l (5 mm) . 
The arrangemen t ( F i g . 1 )  bas i ca l l y  cons i st of two equa l mutua l l y  perpend i cu l a r 

pr i mary coi l s  and of the i nter i or secondary co l l s .  I n  the cen ter of one p r imary 
l s  p l aced secondary I n  wh i ch the samp l e ,  f i xed to a f l be r  g l ass ho l de r  i s  i n t ro­
duced. The other secondary can be moved i n  the reg i on of the lowe r  f i e l d  i n  the 
other p r imary and i s  connected i n  ser i es w i th the f i rs t seconda ry .  In th i s  way 
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F i g .  1 ,  B l ock d i ag ram of the exper imen tal set-up. 

the effect of the magnet i c  f i e l d  i s  e l i m i nated and the output s i gna l i s  p roport i �na l  
t o  t i me  de r i vat i ve o f  magnet i zat i on : V = -Np.SdM/d t , wi th N the number o f  tu rns 
i n the secondary coi l , S the crossect l on of the samp l e  and M magnet i zat i on . 
P r ima ry coi l s  are a l so connected i n se r i es and fed f rom the s i gna l  generator v i a  
an amp l i f i er .  A var i ab l e  condenser is used to adj ust the f requency o f  th i s  c i rcui t 
to that of the s i gnal . Magnet i c  f i e l d  I s  determ i ned from the vo l tage (U )  developed 
on the standa rd non- i nduct i ve res i s tor ( R) : H = nU/R w i th n the number of turns 
per un i t  l ength of the p r i mary .  S i nusoi da l  f i e l d  of cons tan t amp l i tude ( 1 600 A/m)
i s  used at a l l frequenc i es .  Both the output (V) and f i e l d (U )  s i gna l s  a re fed to 
the d i g i ta l  osc i l l oscope connected w i th the persona l computer for the data

ana l ys i s .  Obv i ous l y ,  the magnet i zat i on i s  obta i ned by the i n teg rat i on of V i n 

t i me : M = -JVdt/H,"oS, For the ca l cu l a t i on of hystere t i c  l oss the same method 
of numer i ca l  i n teg rat i on (based on the th i rd order parabo l a )  was emp l oyed : 
E = JH'.'dt/NS . The cross sect i on S i s dete rmi ned from the mass , l engh t and dens i ty 
of the samp le .  

The resu l ts of our i nves t i ga t i on are shown i n  F i gs .  2-5 . Fi g .  2 shows 
hys teres i s  cu rve for Fe80B 1 8s i 2 a l l oy at d i ffe rent frequenc i es ( f) .  B roaden i ng
of th i s  curve wi th i ncreas i ng f I s  apparen t .  The hysteres i s  of co

70 . 2Fe7 . 8e 1 2S i 1 0
and permal l oy at 20 kHz are compa red i n F i g .  3 ,  The i ncrease i n  the w i dth of 
hys te res i s  w i th f is the bes t mon i tored through the var i at i on of the coerc i t i ve 
f i e l d  (H ) w i th f (F i g .  4 ) . /l.t the g i ven f requency the wi dth of hys te res i s  (2H )

C C 
I s  the l a rges t for FeBS f ,  i ntermed i ate for pe rma l l oy and sma l l es t  for near l y  
nonmagnetos t r i ct l ve amorphous CoFeBS i a l l oy .  F i g .  4 shows that  He 's o f  these 
a l l oys decrease i n the same order at a l l f requenc i es .  We note that for the samp l es 
wi th the same saturat i on magnet i zat i on var i at i on of He w i th f wou l d  a l so rep resent 
the correspond i ng var i a t i on of losses . 

F i g .  5 shows the frequency dependence of the l oss per cycl e and the un i t  
vo l ume (E )  for a l l samp l es .  I t  i s  seen that for amorphous a l l oys and f) 20 kHz 
E "" kfn .
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F i g .  2 .  Hys teres i s  curve of Fe80e1 8s r 2 samp l e  at 20 , 50 and 1 00 kHz
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F i g .  3 .  Hys te res i s  curve of CoFeBS i (a) , perma l l oy ( b) and FeBS i (c) 
samp les at  20 kHz 
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The i dent i ca l  va l ue of n = 0 . 58 for both amorphous a l l oys · I nd i cates that the 
mai n  source of the l oss  i n  that  f requency range are the anoma l ous eddy cu rren ts 
/1 /. Perma l l oy shows a more comp l i cated var i at ion wh i ch does not a l low a s i mp l e  
exp l ana t i on o f  h i s  l oss .  We note that a s  obta i ned amorphous a l l oys were used i n  
our measurements and hence the i r p ropert i es can be s i gn i f i cant l y  I mproved by the 
further t reatment .  
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Fi g .  4 .  Coe rc i t i ve f i e l d  vs . frequency for measu red samp l es 
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F i g .  5 .  Frequency dependence of the l oss per cyc l e  and the un i t  vol ume for 
the measured samp l es 

I n  concl us i on , a s i mp l e ,  accura te and re l i ab l e  set-up for the measuremen ts 
of the dynami c magnet i c  propert i es of r i bbon shaped samp l es is const ructed . Our 

meas urements conf i rm ve ry good cha racte r i s t i cs of t he _ amorphous a l l oys in the 
h i gh f requen cy range ( f = l OOkHz ) . Desp i te of h i ghe r  sa tu ra t i on magne t i za t i on 

the i � l osses compare favou rab l y  wi th that of pe rma l l oy.  The ma i n  part  of l oss i n  
these a l l oys appea rs to be due to anoma l ous eddy currents . Add i t i ona l t reatment 
of these a l l oys w i l l  fu rther improve the i r p rope rt i es .  
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