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Strain Sensor Element with High Sensitivity
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A strain sensor element utilizing the inverse
magnetostrictive effect and magneto-impedance effect was
developed, and the strain-impedance properties of the element
wereinvestigated. The Strain-Impedance (SI) element
constructed from a CoSiB/Cu/CoSiB layered film was
prepared on a Corning No. 0313 glass substrate by magnetron
sputtering under amagnetic field. The Co,3Si;,B45 negative
magnetostriction film (A = -6x 10°) was selected as
magnetostrictive layers, and magnetic anisotropy was induced
parallel or perpendicular to applied strain direction. Inthe S|
element, the applied strain € was detected as a changein
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impedance Z, inductance L or resistance R in the range from

1 MHz to 15 MHz. By applying strain (e = + 2x 10°), the
impedance dramatically changed due to the changein
permeability of the magnetostrictive layers. The maximum
gauge factor, Gmax, which was defined as the maximum
fractional change in impedance to strain, (AZ/Z)/¢, was 1500-
2000 at 1-15 MHz. These values are much larger than those of
the single-layer CoSIB element. Thislayered SI element will
be very useful for sensing small amounts of strain.

Sensor, Element, Sensitivity, Strain, Impedance, Soft magnetic, Thin film, Permeability, Skin effect, Gauge factor
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Fig. 1  Schematic view of layered Strain-Impedance (SI)
element: (a) plane view and (b) cross-sectional view.

Impedance analyser|
(HP:4194A)

1,5,15MHz

Strain-Impedance element
Cu electrode pads

Substrate
Compressive(-)
() ()
A stain gauge: v
Sample holder Strain meter Tensile(+)

Micrometer rod

Fig. 2  Schematic of the exprimental setup for evaluating
strain-impedance properties.



oobooboobooboooooooobooboooogoo
ooboooo
gboobooodobooobooooboobooobooono
(HPO 4194A) OO OO0OOO04000000C0000O00O0
ob0zooooOoOooOooLwLbOboooOrOoOOOOOOO
oobDos5mA00DOODOOIMHz, 5SMHz, 15SMHzO O
od
gooooboooM-HODOvVsMOOO4OOOoOoOOOXx
oobooooooo

3poooo

301 ODOoOooooon
oosiggoopooooogcesiBOOOODODOO0.30e
0000000000000 540emu/cc0OOO
gbooooodoboobooooobooobooooono

oobooooboooboooonceobooooooon

xXoooooooooooooooboooooooooo
302 OD0OOOOOODOOOO

Fig. 30 000Q00OooOoooooooooooon
CoSiB/Cu/CoSBUOOOOOOOOOO1MHzZOOOOO
uobodooodozoboooooooLwoooorogoo
OO0O0OO0OFg 3000O000O0O0O0O0O0O0O0O0O0OOOC
oobooboooooboooboobooboobooogoon
ooooboobooboooboobooobooboobooooon
ooboobooobooobooboobooboobobooooo
Do0oooooboaAz/izo4owuOoOoOOooOooOooooOoO
AL/LO40%0000000ARRO WO OO0OO0O0O
ooooOoOooboobocesBOOOOOOOOOODO
OO0O0000000OFRg. 3OO OOOOO0DOOOOO
oobooboooboobooboobooboobooobooon
OO0000O0OFg 30000000 OOODOOnO
ooooboooobooooboooooooogo
oobooobooboooobcoooooooogo
oobooboooooboooooboooooboobooooon
obOoooobOobobooooobooooboooon
ooooboooboobooboobooboobooobogoon
oooopooorPgooooooooooogoooo
OOo0o0O0O00OO0oo00ooOo0oOobDoOoOooOocoesiBOO
uobooboooooboooobooooboboooao
ooboobooooboobooboobooboobooooon
ooboooboooooboooooboooooboooogoon
ooooboooooboooooboooboboooobon
oobooboobooboobooboobooobooooo
oobooboooobooboobooooooooogo
oooovrOb00o0oooO0ooooOobOoOoooOonwn
DDDDDDDDDDKuDDDDuDl/Ku”ZDDDDD
Oo0o0oOpOvykuOOOOOOOOOOO0OOO0O00DOO
OO00000O00Rrg. 300000000000 0O00OO
ooooooobog

Fig. 40000 CoSiB/Cu/CoSBO O OO OOOODODO

53

IMHzZOOOOOOOoOOooooozoooooooooLo
ODOORODODOOOOOFRE 4000Fg. 3000000
obooboobooboobocoboooboooboooooon
ooboooboooooooboooboOoooooobo
oobOoobooobooomsvMHzOODOOOOOOOOO
oooobooobooboooboobooooboooboobooooo
oobooboobooobooboooboobooboooooo
oobooboooobooooboooobooogn
ubobobooooimMHzOOOOOOOOOOOOOO
oobooooooboooooboooo

Fig. 500000000C0C0000000000CosiB
oboobooooooboamMHzODODOOOOODOOOO
000000000 LOO0OO00OROOODOO0OFg. 5

Impedance: Z (Q)
o 8

»

o
T
L

4-20 -15 -10 -5 0

Strain: g (x 10
(3

60

Inductance: L (nH)
al (61}
o al

&

2 = a—T) 5
Strain; & (x 104
(b)

B

o

Resistance: R (Q)
= L
SR -

[

o
®

-20 15 -10 -5
Strain: € (x 10%)
©

Fig. 3  Dependence of (@) impedance Z, (b) inductance L, and
(c) resistance R on strain € at 15 MHz in the layered Sl
element (magnetic anisotropy was induced
perpendicular to the applied strain).

0000000 R&D O OO OO Vol. 36 No.2 (2001.6)



54

ooooO0oo0ooOoOoo0o0oO0drg 40000
obodoobbooooooboboooboooooooo
oboobooobooboooboobooboobooobooon
ooooboooooboooooboooooboooogoon
oOooooOoOob0OO0cesBOOOOODIMHZOOODO
OCoSBOOOOODOOODOOODOODOOODDO
O00000000ddOrFg 3 Fg. 40 00D00O0O0ODO
oboooobooboooooboooobooooon
gobbocuwooooboooobooooooooogo
oboooooocoobooooooooooooio
IsMHzOOOOOOOOCuOOOOOOooOOoooOoo
oobooooooobogoo

0.72 ¢

)
© o
L~

066 F

Impedance: Z (Q
o
R

062

o
5 o
8 o

05625~ 15 -10 5
Strain: £ (x 109
(@

70 T T T

3

Inductance: L (nH)
&

8

-15 -10 -5 0
Strain: ¢ (x 10%)
(b)

N

0.5

0.48f

0.465

£

0.42}

Resistance: R (Q)

o
N
T

0.38F

0.36L L L N
-20 -15 -10 -5 0
Strain: € (x 1074
(©)

Fig. 4  Dependence of (a) impedance Z, (b) inductance L, and
(c) resistance R on strain € at 1 MHz in the layered Sl
element (magnetic anisotropy was induced
perpendicular to the applied strain).
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