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Can be
electrofilled
Micromolding or
cast w/ PDMS
Accommodates
topography
Polymer or glass

2.5D structures
Precision coatings
Magnetic materials
Insulating materials
Conductive polymers
>10:1 aspect ratio
Multi-layer

R, as low as 50nm
Wafer/die thinning
Provide flat/parallel
surface for processing
Beveled edges
Vacuum, pad, wax
mount
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- PR Magnetostrictive sensors background
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L _ r M. Arndt and L. Kiesewetter, "Coded labels with amorphous magnetoelastic
such as METGLAS™ (Nijg_5oF€49.50M05.19B1.5), with low resonators," Magnetics, IEEE Transactions on, vol. 38, pp. 3374-3376, 2002.
magnetostriction (As = 12 ppm)
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— i - Magnetostrictive sensors function
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— DA Electrodeposition to Realize CoFe devices

- Sputtered Co, ,Fe, 5 ratio as identified as ‘giant magnetostriction’ of >250 ppm by Hunter et al (Nature 2011)
= Electroplate CoFe for high magnetostrictive films

= Increase magnetostriction performance for MEMS applications and sensors

Magnetostriction (p.p.m.)

. S4800 3.0kV x120 SE(M)
Co Atomic percent cobalt Fe (

Hunter, D., et al. (2011). "Giant magnetostriction in annealed
Co,Fe, thin-films." Nature Communications 2.
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S win ) Scaling up to wafer-level chemistry

Volume =450 mL Volume =25L

Surface Area = 57 cm? Surface Area = 236 cm?

Heat Addedy o, = 47 kJ Heat Added, i, = 262 kJ
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— PP Experimental Setup

Actual thickness , ; MW * 1 *t
= Film thickness/

Current Ef ficiency =

Theoretical thickness n*xFxpxA
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2.5-liter bath magnetostriction results

Current Oxygen ., . Current efficiency of films
EfflClency Atomic% ;

/8% 2%
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61% 5%
49% 3%
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EDS Monte Carlo Simulation
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Electrodeposition of iron alloy metals is problematic due to
the undesired oxidation of Fe*?2 to Fe*3

Side Reactions:

Fe?* > Fed*+e




Current effiency as a function of overpotential
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’ CoFe Bath aging results

Compare current efficiency and amp-hour
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Chemical Additions

Bath Age
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All together

Bath Age




= Agingresults

Majority Storage | Useful Life (Days) m

| Beaker | 68 | 025




- PR, Magnetostriction testing

Pt Mesh Cu Working
Electrode Electrode

m  CoFe plated material is silver color below

¥11| Sandia National Laboratories




2.5-liter bath magnetostriction results

_ 2+ (D +0167+D )+ Es «t,%+ (1 +v)) D, = Parallel displacement
9* Ef x L2 xtf * (1 +v)) E = Young’s modulus

Modified du Tremolet de Lacheisserie and Peuzin equation from Hunter et al v = Poisson’s ratio
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SJC3 Calculations on young's modulus/poisson?
St John, Christopher, 9/21/2016



Conclusions

Wafer-scale chemistry has an average lifespan of approximately one month, compared to
beaker scale which lasts approximately two months

At this point, the current efficiency drops below 30% and oxygen content of the film increases above 10%

This has an unknown effect on magnetostriction and piezoelectric coefficient
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Future Work

Blanket head-space with
nitrogen during plating
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What questions do you have?
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Beaker Comparison
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Comparison between bh nd baker
overpotential




