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Abstract — A study on the magnetic properties of NiFe/glass, NiFe/Si, NiFe/Al/Si and NiFe/Ti/Si
thin films has been performed. Aluminum and Titanum underlayers were deposited by using rf
sputtering system, and permalloy (NiFe) films of 60, 80 and 90 wt% Ni were deposited by an e-
beam evaporation system. The saturation magnetization (M,), coercive force (H,), and squareness
ratio (F) of permalloy thin films were characterized by a vibrating sample magnetometer (VSM)
and the values of anisotropy constant (K,) were evaluated by utilizing a torque magnetometer.
The surface roughness was also observed by using a scanning electron microscope (SEM) and
a roughness tester. It was found that 80 wt% Ni permalloy films had the squareness ratio of 1
and their coercive forces were decreased after annealing at 350°C under a magnetic field of 35 Qe.
The magnetic anisotropies of 80 wt% Ni permalloy films with Al underlayer showed the most proper
value of K,= —9.60X10% emu/cm® after magnetic annealing at 350°C and 35 Oe.
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Fig. 1. Hysteresis loop of NiFe (60 wt% Ni) as a func-
tion of substrate. (a) before annealing, (b) after
annealing.
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Fig. 2. Hysteresis loop of NiFe (80 wt% Ni) as a func-
tion of substrate. (a) before annealing, (b) after
annealing.
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Fig. 3. Hysteresis loop of NiFe (90 wt% Ni) as a func-
tion of substrate. (a) before annealing, (b) after
annealing.
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Table 1. Squareness ratio with sample

T+ 3719

NiFe (60 wt% Ni)

NiFe (80 wt% Ni) NiFe (90 wt% Ni)

Magnetic annealing No Yes No Yes No Yes
Squareness ratio NiFe/Glass 0.497 0.562 0.505 1.023 0.494 0.438
NiFe/Si 0.552 0.947 0.618 1.000 0.482 0.731
NiFe/Al/Si 0.595 0.644 0.763 1.011 0.255 0.381
NiFe/Ti/Si 0.600 0.720 0.627 1.000 0.250 0.485
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Fig. 4. M, of NiFe (60 wt% Ni) with magnetic annea-
ling.
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(a) before

(b) after

Photo 2. Surface of NiFe/Al/Si, before and after an-
nealing.
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Table 2. A, B and K, with NiFe (80 wt% Ni) sample. [K,,: {3/1 i - “%*'

Sample Magnetic annealing A B K.[emu/cm®]
NiFe/Glass No - 449%x10 © 4.50x10 ° —2.78X10"
NiFe/Si No -1.92x10 " 340x10 ° - 3.25 X 10°
NiFe/Al/Si No -538x10 * L00x10 * —7.92x10°
NiFe/Ti/Si No —4.50X 10 " 9.87x10 ° - 741 X100
NiFe/Glass Yes -~ 116X10 * 2.36x10 ° —2.82X10°
NiFe/Si Yes 71010 7 —-220x10 ° —8.20x10°
NiFe/Al/Si Yes —449X10 - 4.49%10 *° -9.60X 10°
NiFe/Ti/Si Yes ~2.59x10 ¢ 6.40X10 —5.56 X 10°
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