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Fig. 1. Surface morphologies and TED of as-deposited
CogZ1,Nb, thin films deposited at (a) 0V and (b)
~60 V substrate biases.

Fig. 2. Surface morphologies and TED of annealed
CogZr,Nb, thin films deposited at (a) 0V and
(by =60V substrate biases.
The films annealed at 390 C for 20min. in

vacuum with 1.8 kOe rotating in-plane field.
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Table 1. The results of compositional analysis of
CoZ:iNb films deposited with substrate bias

of =60 V.
. Co,ZrtNb#4 (at%) Co,ZtNb,O-E4 (at%)
Analysis
method Co Zr Nb | Co 7 Nb 0
ICP-AES 87.22 3.7 9.01 -
EDS Area ‘A’ 87.53 3.8 8.65|72.97 315 7.13 1675
Area ‘B’ 84.63 510 10.27 | 51.40 3.07 6.40 39.13
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Fig. 3. B-H hysteresis loop of RFA annealed 300 nm
thick CogZr,Nb, films.
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Table 2. Typical magnetic parameters of as-deposited
and RFA annealed 300 nm thick CogZr, Nby

films.
Hc(Oe) H(Oe) M,/M,
As-deposited 0.235 13.19 0.95
After RFA* 0.179 0.55 0.75

* RFA at 390C for 20 min, in vacuum {IX10™¢ Torr) with
1.8kOe rotating in-plane field.
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Fig. 4. Geometry of various field directions for suscepti-
bility measurement. (a) 47 X (7 /2)=47 X(=x
/2,0, 0) (b) 47 X(0)=47 X (0, 7 /2, T /2)
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Fig. 5. Typical susceptivility spectra 47 X (7 /2 and 0)
showing the real and imaginary parts above and
below the reference line respectively for a
Cog;Z1, Nby amorphous film (t=300nm).
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Fig. 7. Typical susceptibility spectra with DC bias field
at 10 MHz of soft magnetic film. Curves A and
C for increasing H,y, and curves B and D for
decreasing Hyg,.
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Fig. 8. Two-dimensional array of spins in a vortex at
various DC bias fields.
(a) Hd.=H,, saturation state (b) O< Hy <Hy, buckled
state
(c) Hae=0, remanent state (d) —H<— Hy<O0, buck-
led state

(€) —Hye=~H, saturation state after switching
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Fig. 9. Proposed two-dimensional array of non-uniform
magnetization distributions at remament state in

the film with heterogeneous structures,
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Structural and compositional heterogeneities of sputter deposited, amorphous Cos7ZraNBs thin films were investigated
using TEM and EDS with windowless detector. The films deposited with substrate bias and annealed in rotating
magnetc field showed two amorphous phases of Co-rich region and {ZrNb)oxide-ich region, and revealed ‘ultra-soft’
magnetic properties. Revesible bias-responses and overdamped frequency responses, along with small He, Hk and
Mr/Ms ratio, give the possibility of ultra-soft magnetic behavior fo CoZiNb thin films.

We proposed the vortex type magnetization distribution in remanent state which was correlated with the thin film
heterogeneity. Then, the ultrasoft characteristics of the compositionally heterogeneous films were explained by the spin
vortices that minimized the total magnetostatic and exchange coupling energies.



