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System for measuring magnetostriction of magnetic thin films with
Fizeau Interferometer
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We developed a system for sensitively measureing the magnetostriction of magnetic thin film specimens that uses

Fizeau interference. When a magnetic field is applied parallel to the film plane of a cantilevered specimen, the magne-

tostriction of the film makes the specimen slightly bend, and the movement of the interference patterns is observed depend-

ing on the deflection d of the specimen. The variation in d can be detected with a precision of about one thousandth of the

wavelength of a laser beam. The magnetostriction constant 1,59 of Fe(001) single crystal thin film with a thickness 62 nm

deposited on GaAs(001) single crystal substrate was estimated to be (—=1.0 + 0.6) x 107> from a deflection of 1.2 + 0.6 nm.
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Fig. 1 Schematic picture of measurement

system with Fizeau interferometer.
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Fig. 2 Picture of magnetostriction measurement

system with Fizeau interferometer.
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Table 1 Parameters of single crystal substrate GaAs,MgO and thin film Fe

Single crystal GaAs MgO Fe
Young’s module E | 83GPa” | 245GPa® | 208 GPa®
Poisson’s ratio v 0317 0.23% 0299

Thickness ¢ 0.32mm | 0.26 mm 62 nm
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Fig. 3 Applied magnetic field dependence of deflection for
Fe(001)/GaAs(001) specimen measured by magnetostric-

tion measurement system with Michaelson interference.
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Fig. 4 Applied magnetic field dependence of deflection for
Fe(001)/GaAs(001) specimen measured by magnetostric-

tion measurement system with Fizeau interference.
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Table 2 Magnetostriction measurement conditions and measurement results in Fe [110] direction

Laser spot distance / [mm]

Deflection d [nm]

Magnetostriction A;¢,

73 1.6+ 0.6 (1.6 £ 0.5) x 107
8.0 2.9+0.6 (1.9 +0.4) x 107
9.5 4.1+0.6 (2.1+03)x107°

Average 41101

(1.8+£0.4)x 1073

Table 3 List of magnetostriction constants of Fe single crystal

Samples Aio Arox A100 A
Fe bulk single crystal -1.0x 1073 2.0%x 107 20x 107 12 -2.0x107 12
Fe(001)/GaAs(001) | (=1.0+£0.6) x 107 | (1.8+0.4)x 107 || (1.7+2.1)x 107 | (-=1.9+0.7) x 107>
Fe(001)/MgO(001) | (=13 +0.3)x 107 | (1.7+0.4)x 107 || (0.8 % 1.4)x 1075 | (—2.0+0.5) x 10~
5.0 4.0
4.0 + 30
30T 2,30.=(1.8+0.4)x10°° ; 20r
10}
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_3.0 1 1 1 1 1 1 1
-80 60 -40 -20 O 20 40 60 80

Applied field H (kA/m)

Magnetostriction A x10~5

Fig. 5 Variations in deflection d for Fe(001)/GaAs(001)
specimen with external magnetic field applied perpendic-
ular to Fe[110] direction. The deflections were measured
by the Fizeau interferometric magnetostriction measure-
ment system with different laser positions, /; = 7.3 mm ,

l» = 8.0 mm, and /3 = 9.5 mm.
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Fig. 6 Variations in deflection d for Fe(001)/MgO(001)
specimen with external magnetic field applied parallel to
Fe[110] direction.
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Fig. 7 Variations in deflection d for Fe(001)/MgO(001)
specimen with external magnetic field applied perpendicu-

lar to Fe[110] direction.
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