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Abstract High-frequency soft magnetic Ni, Fe, and Co-based thin films have been developed, typically as nanocrystals and
amorphous alloys. These Ni, Fe, and Co-based thin films exhibit remarkably good frequency dependence up to high frequencies
of several tens of MHz. These properties arise from the moderate magnetic anisotropy and fairly high electrical resistivity that
result from the microstructural characteristics of the nanocrystalline and amorphous states. In this paper, Al-Co/AIN-Co and
AI-N/AIN-Co multilayer films were deposited using two-facing-target type sputtering (TFTS). Their microstructures, magnetic
and electrical properties were studied with the expectation that inserting Al-Co or Al-N as an interlayer could effectively reduce
the coercive force and produce films with relatively high resistivity. A new approach is presented for the fabrication of Al-Co
(AI-N)/AIN-Co multilayer films, prepared with the TFTS system. The deposited films were isothermally annealed at different
temperatures and investigated for microstructure, magnetic properties and resistivity. The TFTS method used in this experiment
is suitable for fabricating Al-Co(Al-N)/AIN-Co multilayer films with different layer thickness ratio (LTR). The annealing
conditions, thickness of the multilayer film, and LTR can control the physical properties as well as the microstructure of the
manufactured film. Magnetization and resistance increased and coercivity decreased as LTR decreased. The thin film with LTR
=0.175 exhibited high resistivity values of 2,500 pQ-cm, magnetization of 360 emu/cm’, and coercivity of 5 Oe. Results
suggests that thin films with such good resistivity and magnetization would be useful as high-density recording materials.
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Fig. 1. Schematic representation of a TFTS system.
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Table 1. Deposition conditions for the fabrication of Al-Co/AIN-Co films.

Target (purity: %)
Composite target
Substrate
Substrate temperature
Target voltage
Sputtering current
Composite gas
Initial pressure

Total gas pressure

Al (99.99), Co (99.98)

Area ratio of Co (TAF), Co/(Al+Co) = 0.087
Corning glass (20 x 25 mm?)

Lower than 310 K
DC -300 V to -500 V
400 mA

N, partial gas pressure of 0.52 during deposition of AIN-Co layers and 0 during deposition of Al-Co layer

Lower than 2 x 10 Pa
0.4 Pa
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Fig. 2. Typical XRD profile results of films deposited by different
LTR’s.
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Fig. 4. Cross-sectional TEM micrographs of an as-deposited film
with LTR = 0.175; (a) BF image, (b) DF image taken from 100
AlCo ring and (c) ED pattern.

Fig. 3. Cross-sectional TEM micrographs of as-deposited film with LTR = 2.7; (a) immediately after ion thinning, (b) aged for 15 days.
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Table 2. Structural Information from electron diffraction results for lower LTR films (LTR = 0.175).
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Plane spacing (A )

Kind of the film  State of the film  Ring No. Ring pattern Measured JCPDS Structure hkl

1 Strong 2.862 2.862 AlCo 100

2 Strong 2.480 2.490 AIN hep 002

3 Broad 2.138 2.130 Co,Als hep 301

(AL-CO)1.50m as-deposited 4 Broad 1.825 1.829 AIN hep 102

(AIN-Co0)10nm

5 Weak, Broad 1.582 1.556 AIN hep 110

6 Weak, Broad 1.478 1.413 AIN hep 103

7 Weak, Broad 1.334 1.319 AIN hep 112
TEM ou]x|o|t}. o] oju|x|of| A F FA 7} 714 @R ¥ AoK(bright field) o]w|A| o 4] Al-Co-& B2 ZEHLE
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Fig. 5. Typical XRD profile results of films with different LTR’s,
annealed at different temperatures for 118.8 ks.
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Fig. 6. Cross-sectional TEM micrographs of a film with LTR =
0.175 annealed at 773 K for 118.8 ks; (a) bright field image, (b)
high-resolution image, (c) dark field image taken from Co,Aly 301
ring (d) dark field image taken from AIN 002 ring and (e) electron
diffraction pattern.
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Fig. 13. Schematic illustration of a random anisotropy model. The
arrows show the randomly varying anisotropies.
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