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Magnetostriction measurement system of magnetic thin films with
Michelson interference
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We developed a sensitive magnetostriction measurement system of magnetic thin film specimens using a Michelson
interference. When magnetic field is applied parallel to the film plane of the cantilevered specimen, the
magnetostriction of the film makes the specimen slightly bend, and the movement of the interference patterns is

observed depending on the deflection dof the specimen. Variation of d can be detected with the precision of about one
hundredth of wavelength of laser beam. The magnetostriction constant Aiio of Fe(001) single crystal thin film deposited on
MgO(001) single crystal substrate with film thickness of 61 nm was estimated to be (1. 4+0.27)x10- from the deflection of 2.6+0.5 nm.
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Fig. 2 Picture of the magnetostriction measurement
system.

Sample

Fig. 3 Piéture of sample holder.
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Fig. 4 (a) Picture of interference patterns. (b)
Averaged intensity of interference fringes as a
function of pattern.
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Tig. 5 Variation of deflection for the Ni (001) single
crystal thin film specimen on magnetic field
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Table 1 Parameter in optical lever method

Film thickness & 254 nm

Film Young’s module £® 200 GPa
Substrate thickness & .0.16 mm
Substrate Young’s module £ 245 GPa
Displacement s 23 um

Laser spot position L .9.0 mm
Distance from sample to detector p 575 mm

Table 2 Parameter in optical interference method

Table 3 Parameter of Fe single crystal sample

Film thickness # 61 nm
Film Young’s module F1? 208 GPa
Substrate Poisson’s ratio v¢'® 0.291
Substrate thickness & 0.18 mm
Laser spot position L 7.9 mm

Film Poisson’s ratio v¢'® 0.31

Substrate Poisson’s ratio vs? 0.19

Laser spot position L 13.0 mm

4.2 Fe HiFmEERAM

b B BEO/NSOREHZ W CliNE & il 5 7=
HEHED Ni EHI N THREEERAN/NE L, FEEOHE
Fe Hifh S sspl 2 e L7, - oReh T, AiEoR
BLo BT 25 Fe[110] & 72> T\ 5. T ZiETIRAH
HREHEEH D L= 10.6 [mm] D& L —P—Y %Y
TUERN S p =540 [mm]Bfn 7-Ar @l iR lg s T2 Bl L
THEZIT o7, TOREE, WA % -319<H<319
[kA/m](—4.00 < H < 4.00 [kOe]) D#iPH TEAL SHTH K
FHEONLEIZENE T, mbhbihmEiRETE o7z,

T i CIERCEHE E i > L= 7.9 [mm]DOfz#E I
— P =AY THIEEIT, FHUNER CoOTHmEg e
D lzbAEzRD T, AR L Teb A &R % Fig.
6 (27”7, —80.0<H <80.0 [kA/ml(—-1.00<H < 1.00
kOe) Ll EDOfEI T dIZIZIE—E & o7z, WIEEDIE S
T, ARY 7 MROWERNOR e EDBELEZ LI
%. —80.0 < H <80.0 [kA/m](—1.00 < H < 1.00 kOe)LL
Lo dIiZ oW TS5 L, d=2.620.5[nm]E 7o
7=, Boniz- b L Table 3 1T &EA 5 R(3), (4)
Z AT Fe ik o[1101 7 MO EER A RN Lz & 2
5, M10=(=144027)x 1073 L 7p o 7. /L7 Fe Hiffidh
(11017 M1 DREE EER T 10 = —1.0X 1075 THDH I LD
8, A TSIV SCER L ST VVE & 2o TN S,

ZORERI Y, ETHIETHEREOBIBS X E 1/100 DR
BrOTz oA BRI T, HTUENFETIIELY b &
BEZREERNEEE L CRIHARETH 5.

R
— | [ ]
[ R A S S LI
E 4 F d=-—2.6nm é
.S
2
g s | ®319kA/m — — 319 kA/m

® —319 kA/m — 319 kKA/m
-10 L L L
-400 -200 0 200 400

Applied field H (kA/m)

Fig. 6 Variation of deflection for the Fe(001) single
crystal thin film specimen on magnetic field
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