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Table I. Sample parameters

substrate film total mass
sample  width  length thickness Young's Mod. = (m+my)
b(mm) IL(mm)  a(um) E/(GPa) (mg)
Ni 7.0 18 0.75 192 464
Nis Fey 7.0 17.5 1.0 213 47.0
Niy Fey 5.3 15,5 1.0 210 2.7

All thickness of the substrates are the same as 0.15mm,
E: is measured by the mechanical resonance method [6]
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Fig. 2. The gravitational deflection J¢ as the func-
tion of the rotation angle g of Nis3 Fey; sample,

Table II. Young's moduli of the substrates

film Co{pF)  mum) Ve(mV) Va(mV) é&:(um) E.(GPa)

N 7.10 148 670 255 2.19 78.2
Nis Feq 4.94 208 286 244 1.96 79.2
Niy Few 4.60 147 335 275 1.56 60.2

Vs and V. : output of the capacitance bridge due to
selfweight and calibration with 0.02 pF of equivalent
capacitance adding. For other parameters see the
text.
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Fig. 3. The electrical deflection Jg as the function of
the applied voltage V of Nig Fejs sample.

Table II. effect and related parameters

fim %O &H) o) E(GPa) E(GPa) (%)
{um) (um)

Ni 0.977 0.962 0.75 78.2 192 43

Nix Fey 0.460 0.452 1.0 79.1 213 34

Niy Feys 0.723 0.718 1.0 60.2 210 10

d:(0) : deflection under electric field and no magnetic
field. Jd=(H) : deflection under electric and magnetic
field. All applied bias voltage is 92V.

4. Xt2he| EH

Aol = 2] Foll 2 A Ni % Nig Feyg 2hubA] g2 =14
o] Ak oy o A poH U A|5.9] whakat g o) &
A& Fig. 4 % 50 3A3kek, 24 341 9] peak to peak
% ASM& om(8=0°)— S (=90°) %} R} Adu S
27 wo H ol t3lod ehA] )9l Fig, 60] Sz, Z3}e]
o] A2 9Atste] H=00l49 Adu & I+ = Adu
(H=0)% 73td 23 1. =

g=2=}7)8+8] 2] Volume 4, Number 2, June 1994

i

ol o5t AlatElc) 7 A g 1,2 A4 A

Table IV o) 3 4]3%ct,

lr

HHImT)

64
19
165

225
285

lum

g

80 ~%0 o 90 i
azymuthal angle © (deg)

L
80

Fig. 4. The magnetical deflection du as the functions
of the applied field xoH and azymuthal angle @ of
Ni sample
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Fig. 5. The magnetical deflection du as the function
of the applied field xoH and azymuthal angle ¢ of
Nig Fes sample
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Fig. 6. Replotted graph of Fig. 4 to calculate the mag-
netostriction of Ni sample
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Table V. Magnetostriction data

AR - AT WA - AT - o2

ilm Adu{H=0) 4,(107°)
(pm) =1 n=(0+v)/(1-v) n=0(+1) Bozorth [9]
Ni 243 18.6 3.3 26.6 25.5{Nisa2 Feqs)
25.0(Nis Fexs)
Nig Feq 1.80 16.4 21.6 2.0 .
o P (Nigs Fess)
Niy Few 0.13 0.81 1.36 0.89 2.5(Nin, Feas)
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Abstract —This paper reports a method measuring magnetostriction, Young’s moduli of a substrate and film and
AFE-effect with one apparatus, A substrate deposited with a thin magnetic film is parallely cantilevered paralled to
a metal plate electrode, forming a capacitive cell. The cantilever deflects due to own weight, applied electric and
magnetic filed. The small change of the capacitance caused by this deflection is measured by a sensitive capaci-
tance bridge. Young’s modulus, magnetostriction and AFE effect can be calculated by theoretical analysis with the
weight, applied field and deflection data.



