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Electrodeposited Magnetostrictive CoFe
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Hunter, D., et al., Giant magnetostriction in annealed Co,_,Fe, thin-
films. Nat Commun, 2011. 2: p. 518.
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Need a method for measuring A to obtain
fundamental performance metrics A and
ds; , for magnetostrictive materials.

2




Motivation — Existing Measurement Techiques Insufficient
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Hunter, D., et al., Giant magnetostriction in annealed
Col-xFex thin-films. Nat Commun, 2011. 2: p. 518.
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Simulation — Geometry and Materials

CoFe/Au Bimorph Cantilever

’ Contact Pads Capacitor Top Plate (Movable)
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Electrostatic Actuator Capacitor Bottom Plate (Fixed)

*Model courtesy of Adam Thorpe, Sandia National Laboratories

Device Feature

Electrostatic
Actuator

Bimorph Cantilever:

Top Film

Bimorph Cantilever:

Bottom Film

Top Capacitor Plate

Bottom Capacitor
Plate

Air Volume

Both magnetoelastic and electrostatic models were

Geometry

Width: 300 pm
Depth: 80 um
Height: 50 nm

Width: 400 pm
Depth: 40 um
Height: 2um

Width: 400 um
Depth: 40 um
Height: 9um
Area: 0.135 mm?
Height: 9um

Area: ~0.16 mm?
Height: 9um

Sphere: R=1.2
mm

Sandia
National
Laboratories



Design Features )
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Advantages 2
* Chip-scale (5mm (W) X 10mm (L)) s
* Orthogonal (patterned by photolithography) v
* Parallel sensors possible (boosts signal) w
. . U1
* Less prone to torsional effects (improves accuracy) S
(Sandiais good at this!) || =i e A ¢
v

Single orthogonal pair Custom PCB

Agilent 4284A 20Hz-1MHz
Precision LCR Meter

Triple orthogonal pair
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Simulation — Physics Interfaces and Mesh

Solid Mechanics (solid) Magnetic Fields (mf)

1)0=V-S+F,

F, = body force per volume 1.Cs: A=(0,0,0)

A
2) Eme = %dev(M@M) B.C's: nxA =0 (mag insulation)
S

A = saturation magnetostriction Magnetostriction (pzm1)

2) B=Vx (4, +A4,)

S = stress tensor A, = B-y = vector potential

M, = saturation magnetization
I.C)s: u=(0,0,0) m
du/dt = (0, 0,0) m/s
B.C.s: cantilever anchor
1.4

1.2}
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User controlled mesh with free tetrahedrals
of size “Normal”.
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Simulation — Study and Results Capacitance and gap spacing as a

function of applied magnetic flux ramp
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Sensitivity and Range
MEMS Cap 1 sensitivity plot
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Conclusions

* New method for measuring magnetostriction in electroplated CoFe alloy films
needed — MEMS variable capacitors.

* Sensitivity of 0.48 um/pF was achieved with the MEMS Cap 1 design.

» Capacitor was designed to measure films with saturation magnetostriction
values ranging from A = 1 to 100 ppm.

* Alternative designs under consideration.
* 15t pass capacitors under development.
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Independent verification of magnetostriction
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Measurement Apparatus: (MPMS-7) superconducting
quantum interference device (SQUID) magnetometer.

Quantum Design Magnetic
Property Measurement System > Mmm
(MPMS) probe assembly

Agilent 4284A 20Hz-1MHz
Precision LCR Meter

d
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Plating Bath

H,80, Co(H,S0,), TMAB Sorbitol 2 Szgftha"" As::i;b'c Fe(NH,),(SO,), - 6H,0

CoFe c
one. 0.4 0.1 0.01 0.05 0.05 0.08
(mol/ L)

n Neutronex 309i Gold — 2.4 troy oz gold/gal, 40 ppm thallium

Conditions 700 Hz pulse 25% duty cycle 2 mA/cm2

Chemlcals

*CoFe: Bath ph=2.0; Bath temperature=50°C
Au: : Bath ph=9.5; Bath temperature=50°C

Sandia
12 National
Laboratories




13

Contact Pads
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Capacitor Top Plate (Movable)

CoFe/Au Bimorph Cantilever
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