
DYNAMIC MAGNETIZATION OF METALLIC GLASSES 

C. H. Smith and L. Barberi 
Metals and Ceramics Laboratory 

Corporate Research 
Allied Corporation 

Morristown, NJ 07960 

Dynamic magnetization measurements have been made 
on toroids of several commercially available ferro ­
magnetic metallic glasses Constant dB/dt excitat ion 
was used for times-to-saturation as short as 300 ns. 
Magnetic losses and maximum pulse permeabilities 
calculated f rom these measurements are reported. The 
effects of ribbon thickness and insulation on these 
properties are discussed . 

Introduction 

The response of ferromagnetic metallic glasses to 
fast pul se magnetization has resulted in their use as 
ferromagnetic core materials, both in saturable induc ­
tors for pulse compression, and in inductors to couple 
energy into charged particle beams. Performance of' 
devices using metall ic glasses has been reported at 
this conference in previous years f. l -3) and has been 
summarized elsewhere f.4l . The important magnetic pro­
per ties for designing such devices are the achievable 
change in induction, unsaturated and saturated per­
meabilities, and magnetic losses at the desired magne­
tization rates . The change in induction determines 
the amount of material required in a device. The 
ratio of unsatu rated to saturated permeabilities 
determines the maximum pulse compression per stage and 
the efficiency . The magnetic losses also affect the 
efficiency and the maximum repetition rate. 

Magnetic losses in ferromagnetic ribbons under 
fast magnetization are often desc ri bed in terms of a 
simple saturation wave model of magnetization. In 
this model eddy currents circulate around a collapsing 
domain magnetized in the original direction. The 
calc ulated magnetic losses depend on ly on the ribbon 
thickness, resistivity, saturation induction, and the 
rate of magnetization. In thin metal l i c glasses, 
however, t his simpl e behavior is not observed at 
magnetization rates up to 3 T/~s (5] . Also , the 
losses do not increase as predicted with the square of 
the thicknes s . 

The experiments described in this paper were 
intended to extend the data base of dynamic magnetiza­
tion characteristics for a variety of commercially 
avai l able metallic glasses. Magnetization rates have 
been extended to approximately 10 T/ps. Results are 
reported for a variety of thi cknesses between 14 and 
30 ~m and for unannea 1 ed as well as anne a 1 ed ribbons . 
Measurements on uni nsulated ribbon demonstrate the 
importance of insulat ion in measurement of dynamic 
magnetization of metal l i c glasses . 

Theory 

Models of domain wal l motion in ferromagnet ic 
meta l l ic glass ribbons have been described elsewhere 
[5-9], They are very si mila r to those developed 
earlier for crystall ine magneti c al loys. However, 
most attention has been paid to the simple saturation 
wave model which is tractable to easy cal culations. 
The H-field required to magnet i ze a ri bbon of 
thickness d, resistiv i ty p , and saturation induction 
Bs is: 

Hsw • He+ (d2/4p) (6B/2Bs) (dB/dt) . (A/m) (1) 
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The de coercive force is He and AB is the change in 
induction, usually measured from negative remanence. 
This equation is integrated to give the saturation 
wave losses to any value of AB. This value cor­
responds to the area between the dynamic magnetiza­
tion curve and the B axis. 

These equations predict that the drive fie ld wi l l 
increase linearly with aB until saturation. Thi s 
behavior represents a constant permeabi lity . The per­
~abi lity can be calculated by ignoring the coercive 
force and taking the ratio of AB/H . 

0-l/m) (3) 

The MKS unit for permeability , henries per meter, can 
be converted to dimensionless rel ative permeability by 
di vi ding by the MKS permeability of free space. 

At lower magnetization rates, a much different 
behavior is seen . At extremely l ow magnetization 
rates, widely spaced, ribbon- spanning bar domains 
resul t in a rlrive fie l d which is constant with aR . 
While the dependence on dB/dt is the same as that for 
the saturation wave model , the required H increases 
linearly with thickness i nstead of as thickness 
squared . In addition the domain wall spacing 2L 
appears in the equati on flO ]. 

Hbd =He+ 0,54 (d2/4p)(2L/d)(dB/dt) (A/m) (4) 

Terms have been arranged for easy comparison to (1) . 
Note that the drive fie ld does not depend on AB . 
Since 2L/d is large for widely spaced wal ls, the 
drive field will be l arger than for sat urat i on wave 
behav ior. The losses are again obtained by integrat­
ing equation [4]. The bar domain losses depend 
1 inearly on dB/dt as did the saturation wave losses . 
However , the thickness dependence is first rather than 
second power. 

Ebd = Hc6B + 0.54(d2/4p)(2L6B/d)(dB/dt) (A/m) (5} 

In the transition region between these l imiting 
cases, the d~~a in wal l confi guration is the result of 
a bal ance between magneti zing pressure, domain wal l 
energy, and bowing of the domain walls [11,12). The 
bowi ng of domain wal ls causes increased domain wal l 
area . Therefore. the eddy currents around the domain 
wal ls are dist r i buted over a wider vol ume. The drive 
field i s l ower than that for bar domains but higher 
than that for a saturation wave domain. Experimental 
evidence shows a dependence of the dri ve f ield on the 
square root of dB/dt [13]. 

Experimental Procedures 

Melt- spun ribbons of several commercially 
available metallic gl ass all oys were obtained from 
Metglas Products in Parsippany , NJ . The composit ions 
and nomi nal propert ies of the r i bbons are given in 
Table I . Thei r mean thicknesses were cal cu lat ed from 
sample weights of one meter l engths. Ribbons were 
coated by passi ng t hem through a bath containing 
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Table I. PROPERTIES OF ALLOYS USED IN TH IS EXPERIMENT 

A 11 oy Nomina 1 Curie Saturation Field Anneal 
Designation Comeosition Densi~t Resistivit.}: Temgerature Induction Conditions 

(At . %) g/cm IJQm c T 

METGLAS&* Alloy Fe67co18B1 4Si 1 7. 56 1.30 415 1.80 325 •c, 2hrs . 
2605CO 1600 Aim 

MET GLAS Alloy FeR1R13.5Si3. 5C2 7. 32 1.25 370 1.61 365°C, 2hrs. 
2605SC 800 A/m 

METGLAS Alloy Fe78a13Sig 7. 18 1. 30 415 1.56 38o•c . 2hrs . 
2605$-2 800 A/m 

METGLAS Alloy Fe4oNi38Mo4Bl8 8.02 1.60 355 0.88 355 •c , 2hrs . 
2826MB 800 A/m 

METGLAS Al loy Co6gFe4Ni1Mo2B12Si12 7. 8 1.0 330 0. 7 38o•c , o.5hrs. 
2705M 800 A/m 

METGLAS® is Allied Corporation's registered trademark for amorphous alloys of metal . 

colloidial si l ica particles (average size 15 nm) in 
i sopropanol and dry ing the coating wi th hot air . This 
procedure resulted in the formation of tenacious films 
approximately 200-600 nm th i ck , as measured by Auger 
spectroscopy , on top and bottom surfaces . Toroids of 
13 em mean l ength containing 10 g of 25 mm or 50 mm 
wi dth ribbon were wound on ceramic bobbins and 
annealed in an i nert atmosphere . Annealing conditions 
are given in Table I where field condition refers t o a 
circumferentia l field . DC B-H loops were measured to 
80 A/m using a Magnos hysteresigraph . For dynamic 
magnetization measurements , the toroids were driven by 
discharging a low inductance capacitor bank tnrough 3 
or 10 t urns of 18 gage wi re wounrl through the toroid . 
The cu rrent in the primary coil was measured using a 
Tektronix P6021 current probe . A one turn secondary 
provided a voltage proportional to dB/dt . The secon­
dary winding encircled only core material to minimize 
its area and pick-up of d8/dt in air . A separate 
winding was used to supply a reset field before magne ­
tization to allow maximum 68 from negative remanence 
to saturation . Voltage and current waveforms were 
digitized at 20 nsec/pt and recorded by a Nicolet 4094 
oscilloscope . A microprocessor in the oscilloscope 
allowed post-processing of the data including 
integrating, scaling, and multiplication pr~vide 
direct readings of 68, H, and energy in J/m • 
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Figure 1. Magnetic losses as a function of d8/dt fo r 
several al l oys of nominal thickness . 
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Results 

The toroids prepared frorn various thickness 
samples of several alloys are summari zed in Table II . 
Annealing, insulation, and thickness are listed as 
well as the de properti es and typical 68 under pulsed 
magneti zation. Insulated and annealed toroids were 
made from all available ribbon thicknesses . 
Uninsu lated toroids and insulated but unannealed 
toro1ds were made from the ribbons closest to 25 11m 
for each alloy. 

The losses measured for ribbons closest to nomi­
nal 25 11m thickness are shown in Figure 1 as a func­
ti on of magnetizat ion rate. Average li.B is given for 
each toroid . The losses increase as dB/dt to the 0.85 
power. These magnetizati on rates are apparently below 
the onset of saturation wave behavior . It i s clear 
that the alloys have not only differing 68's , but also 
differing losses in t his range of dB/dt . METGLAS 
Al loy 2605CO with the l argest liB had the highest 
losses while METGLAS Alloy 2705M with the smallest liB 
had the lowest losses . To compensate for differing 
values of 68, the measured value~ of average excess 
drive field are shown i n figure 2 for the same 
toroids. Excess H has been cal culated by dividing by 
68 and subtracting the de coercive fi el d. The al l oys 
show the same ordering with METGLAS Alloy 2605CO exhi­
biting the hi ghest dr ive f i eld and METGLAS Alloy 2705M 
the lowest. The difference in losses, the refore , are 
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Figure 2. Average excess drive fields as a function 
of dA/dt for several alloys of nominal thickness . 





Loss vs dB/dt 
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Figure 6. Losses as a funct ion of dB/dt for annealed 
METGLAS Alloy 2605SC, both insulated and uninsulated . 

The di fference between insulated and uni nsulated 
ribbon is shown in Figure 6 for METGLAS al l oy 2605SC. 
The losses for uninsulated ribbon were 5 times those 
for the insulated ribbon. Large interlaminar eddy 
currents cause the extra losses • . The interl aminar 
losses , of course, depend upon the surface of the rib­
bon. Insulation is often not necessary on metallic 
gl ass ribbon at low frequencies due to surface rough­
ness and a slight naturally occuring surface coating. 
However, magnetizing 50 mm by 25 vm ribbon at 10 T/vs 
will induce over 10 volts between adjacent layers. It 
was often noticed that for uninsulated ribbon, losses 
at lower dB/dt rates would increase when remeasured 
after measuring the toroid at the highest dB/dt. 
Whatever insulation had been present was permanently 
degraded. 

Maxi mum pulse permeabilities are shown in Figure 7 
for the ribbons of various alloys approximately 25 vm 
thick. The permeabilities were measured by ca l cu­
lating the maximum ratios of 68/H from dynamic magne­
tization ~urves. The permeabilities have been divided 
by 4~x1o- to result in relative permeabilities. 
Despite the scatter in data for some of the alloys. 
The slope is approximately the reciprocal of the 
slopes in Fi gures 1 or 2. 
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Figure 7. Maximum relative pulse permeability as a 
function of dB/dt for several alloys. 
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Conclusions 

Measurements of los ses and average drive field 
derrived from dynamic magnetization measurements on 
several metallic glass alloys to 10 T/~s have been 
reported. The exponent of the dB/dt dependence of these 
quantities is less than the value of one expected for 
saturation wave behavior. The thickness dependence of 
these quant ities al so has an exponent less than that 
for saturat i on wave behavior. However, with the 
exception of the thinnest ribbons, the dB/dt exponents 
are larger than the value of 1f2 expected for bowed bar 
domains . Therefore , this regime is probably near the 
transition to saturation wave behavior. Measurements 
at higher dB/dt are necessary to resolve the issue. 
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