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EFFECT OF EVAPORATIVE DEPOSITION ANGLE ON ANISOTROPY IN Co-MgFl 
NANOCOMPOSITE SOFT MAGNETIC MATIERIALS 

Yu Lin'. Charles K. S u l l i v d .  Christopher C. Levey'. Ursula J. Gib0.m 

111 'lhayer Schml 01 Cqineering. Uarrmauth College. X(HXI Cummingr Hall. H a m ~ e r ,  NH USA 

Granular nielal-nonmelsl nanocomposite niaterials Call exhihit excellent so8 magnetic 
properties. Particularly notable i s  their high resistivity of hundreds ofmicro-ohm centimeters 
which. when cnmhined with strong anisotropy. i l l low them tn maintain permeahiliry up to vc'y 
high lrcqucrtcicr (soniclimcs o w  I GHL). High rcsislivily also idlows cxtrcmcly low luss in 
lower frequency applications such 3s power conveners, even if a large film thickness of several 
microns or more is used. Space liinits preclude iiicluding in this digest references to the large b d )  
of excellent recent work on these materials. 

spuucring a composite targcl. Anisotropy is uauiilly induccd by applying B magnclic ficld during 
depositon. Eviporative deposition can also be used. For example. co-evaporating CO and XIgFz  
has ken used to produce Liiinilar iniiteriitls I I I. 'This iilferniitiw could allow increasing the 
thickness of the film, because of reduced stress and high deposition rates: thicker films arc 
particularly attractive for applications to integrated high-frequency power converter?. 

In this paper wc rcpon slroitg anisotropy found in f i l i t is  dcposilcd by co-cvepuration ofCo 
and MgFz with no magnetic field applied during deposition. Anisotropy is important for both RI; 
and power application.;: to raise tlie ferromagnetic rewnance frequency iii RF applications. and to 
ensure very low coercivity in the hard-axis direction for low losses in power applications. 

Fig. I@) shows two M-H loops measured in perpendicular directions on the Same sample, 
dcpositcd without a magnclic field applicd during dcposilion. Thc directions of the hard and casy 
axes consistently appear in the same orientation relative to  the configuration of the deposition 
apparatus, as shown in Fig. I(h). In the plane of the lilm. the axis parallel to the line hetwccn the 
two sources exhibits hard-axis behavior while the axis perpendicular to that exhibits easy-axis 
hhavior. This magnetic anisotropy is believed to result fiom shape anisotropy of the 3 to  5 nm 
CO particles in these granular films. I1 represents a practical application of the shape-anisolropy 
behavior observed in co-evaporated CO-Cu films in [Z]. TEM (transmission electron microscopy) 
does not show uniform particle shapes and alignment. hut anisotropy can he visually cnnfirined hy 
comparing the two images in Fig. 2, which are the same image. but rotaled 90 degrees. To 
quantitatively assess the anisotropy visible in TEM images, image data has also been examined by 
fast fourier transform (FIT) analysis. which confirms indicates B small difference in the two axes. 
Resistivity measurements in two perpendicular axes also show slight anisotropy. consistent with 
the hypothesis that CO particle shspe CIIUSCS the magnetic anisntl-npy. 

Most soft granual ietal-nonmetal materials are deposited hy renctive sputtering or hy 

Fig. 2. TEM iinnge of 20 Co~MgF2 wrple depmired b i i f l i  110 nugnetic field applied. The image is  presented iwice: 
owe roimed by YO degrees. Ihe aiiisolropy c m  k seeii by comparing  lie two inioges. 

l h e  shape effecl is strongel- than the effect of an applied field during deposition. A field 
pcrpcndicular to thc long axis ofthc CO particlcs typically cannot ovcrridc thc shape misotnrpy, 
bul a field applied in the parallel direction enhances magnetic anisotropy and can result in low 
coercii,ity along tlie hard axis of Co-MgF2 granular thin films. 

Further investigtliuns o f  thc relotionship between Ihe shape anisotropy and thc incident 
angle of Co flux, to be included in  the full paper. are used to develop a suggested geometry to 
imitxiniizc tlic induccd anisutiopy. 
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