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Fig. 1. Snoek's limit for Co-rich alloy thin films (CogrZrs
Nbs, CosgFesy, CogF €10)-
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Fig. 2. Complex permeability (u)-frequency (f) spectra
computed from Eq. (6) for CogFe,, alloy films with M, =
19.3 kG and H,, = 10, 30, 125 OQersteds in the 0.8 GHz-5.0
GHz range.
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Fig. 3. Skin depth (8)-frequency (f) characteristic com-
puted from Eqgs. (6) and (7) for CogFe,, alloy films with
M,=193 kG and H,, =10, 30, 125 Oersteds in the 0.8
GHz-5.0 GHz range.
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Table 1. Comparison of the magnetic properties obtained
from Fig. 4. for two types of CogFe;q thin films

A A A CoyFe,, Alloy Target Co%} Fe targets
M, (Gauss) 19,003.3 19,660
H. (O¢) 24 2
H,, (O¢) 32 23
Estimated f. (GHz) 2.18 1.88
estimated 4, 594 855
Resistivity (UM-cm) 14.5 184
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(@ (b)
Fig. 4. Typical B-H loops of nominal 1000 A thick CogFe,, films: (a) obtained from CogFe,, alloy target, (b) obtained
from elemental targets of Co and Fe. Here, x=20 Oe/div, y=5 nW/div.
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Parameters Zt
Table IL. Properties of the CogFe,, thin from Fig. 4(a) RF Power 1 kW
compared with bulk M, H,, H,,, and resistivity values 71% Ak 0 y
. Base ¢ 5x107" Torr
Parameters -é—?j% %}: _%18‘:(]:9/] ﬂ']%l-' Pre-sputtcr 35
(Fred Wa] Magnetic bias field 150 Oe
M, (Gauss) 19,003.3 19,300 [4] Ar 819 10 mTorr
H, (Oe) 24 20~30 [6] Deposition rate 275 A/
H,, (Oe) 32 30~35 [6] whel £ 1100 A
Resistivity (uM-cm) 14.5 19 [4] 7% L e

(a) (b)
43 (@948 (bt A &
My(Gauss) 19,003.3 18,346
H:(Oe) 24 22
H(Oe) 32 35
Resistivity (« 2-cm) 145 15.8
(c)

Fig. 5. B-H characteristic of CogFe,, films deposited on (a) glass substrates and (b) polyimide substrates; (c) Comparison
of the magnetic properties obtained from (a) and (b). x = 20 Oe/div, y = 5 nW /div in (a) and (b).
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Fig. 6. Complex permeability (u)-frequency (f) characteristic
of the Cogle,, single layer in the 0 Hz-200 MHz range,
showing u, = '=131 in the entire range.
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Fig. 7. Complex permeability (u)-frequency (f) characteristic
of various magnetic multilayers obtained from the com-
puter simulation.
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Fig. 8. Typical B-H loops of nominal 10x[100 nm
CogFe /100 nm SiO,] multilayer films, indicating that the
effect magnetization M, = 9480 Gauss, H,=24 Oe, and
H,, =124 Oe. Here, x=20 Oc/div, y=23.6 nW/div.
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Fig. 9. Schematic of permeability measurement system.
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Fig. 10. Complex permeability (u, = & - ju,")-frequency
(H characteristic of nominal 10X [100 nm CogFe,/100
nm SiO,] multilayer films.
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Table IV. Static relative permeability (i1,'(0)) and ferroma-
gnetic resonance frequency (f;) of the CogFe,, thin films
obtained from Fig. 10 compared with those calculated from
eqs. (17) and (18)
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High Frequency Magnetic Characteristics of CogFe,y Thin Films and
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The CogxFe,, single layer films were deposited on various substrates (glass, Si, polyimide) using high vacuum RF
magnetron sputtering system and nominal 1000 A thick CosFey, alloy films had a good high frequency characteristic.
M, and H,, values obtained from the B-H characteristic of the 10X [100 nm CogFe/100 nm $i0;] multilayers
agreed well with those obtained by calculation. Complex relative permeability (=t =’ -ju,") at frequency f was
measured from the transmission characteristics (S;;, S, parameters) of the microstrip line which has a stacked
structure consisting of sample magnetic films and a conductor and is connected to a network analyzer. The ,"-f
characteristic was obtained from the magnetic absorption, which was analyzed from the S-parameter characteristics of
the microstrip line. The 4, - f characteristic was also calculated from the p."-f characteristic using the Kramers-Kronig
relation. The measurement results were confirmed to agree well with those obtained by calculation.



