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New Method to Electrodeposit CoF
Previous work:
• Hunter, D., et al., Giant magnetostriction in annealed

Col_lex thin-films. Nat Commun, 2011. 2: p. 518.
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Jamin Pillars, Eric Langlois, Christian Arrington, Todd

Monson, "Electrodeposition Processes for Magnetostrictive

Resonators:' U.S. Patent Application #14876652, October,

2015.
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Expression du Tremolet de Lacheisserie and Peuzin:

2( )Ests2(1 + uf)
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Laser

Motivation Existing Measurement Techiques Infeasible

Optical Lever

Substrata (SiO2(Si)

Hunter, D., et al., Giant magnetostriction in annealed
Col-xFex thin-films. Nat Commun, 2011. 2: p. 518.

111Cost prohibitive (>$150k)
Torsional effects

PSD

Deflection

Triaxial, 0°/90°/45°
Resistance: 120 0
Gage factor: Approx. 2.1

3 Resistive Strain Gauge

• ncompatible with
• Dedicated AFM with

Laser Doppler Vibrometer (L[

Staruch, M., NRL, communications

Not good for thin films
Film adhesion poor



Variable MEMS Capacitive Displacement Sensor
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Contact Pads
3.0 um Au

— Capacitor Top Plate (Movable
20 lam Au

SU nm Au, evaporateu 

CoFe/Au Magnetostrictive 2
Bimorph Cantilever —

0.35 lam CoFe/20 gm Au 1

Au Capacitor Bottom Plate (Fixed)
3.011m Au iii

*Model courtesy of Adam Thorpe, Sandia National Laboratories................................„.vz/



Designs

71;
MEMS Cap 1 MEMS Cap 2 MEMS Cap 3

• Capacitor areas the same, 0.135 mm2
• Parallel plate capacitance = 1.26 pF
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Single orthogonal pair

Triple orthogonal pair

Disadvantag 
• Complex fabricat ( Sandia is good at this!)



Dynamic Range
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(MPMS-7) superconducting quantum
interference device (SQUID) magnetometer.

Agilent 4284A 20hz-1MHz

Precision LCR Meter
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Quantum Design Magnetic

Property Measurement System

(MPMS) probe assembly
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Variable MEMS Capacitors
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Conclusions

• New method for measuring magnetostriction in electroplated CoFeB films
needed.

• MEMS variable capacitors conceived for this purpose.

• 3 different MEMS variable capacitor architectures were designed and
modeled using AutoCAD and COMSOL FEM.

• Dynamic ranges varied from 0 to 0.67 µ,m over 1.7 to 2.0 pF depending on
capacitor architecture.

• Magnetostriction values of X = 0 to 80 µ,e (± 1 lac) were modeled.

• 1st pass capacitors built but more development is needed.
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CoFe

Chemicals

Conc.

(mol/L)

Chemicals

Conditions

Na Saccharin Ascorbic r mu cn cu in
H3B03 Co(H2S03)2 TMAB Sorbitol re(imul4)2(.2...,4)2 • ur-12...,

salt acid

0.5 0.4 0.1 0.01 0.05 0.05 0.08

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

700 Hz pulse 25% duty cycle 2 mA/cm2

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

Au: : Bath ph=9.5; Bath temperature=50°C

*For more details, please see "Optimized CoFeB Alloy Films for Electroformed Resonators" on

Friday, 7 October 2016: 11:40, 305 A (Hawai'i Convention Center)
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