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Outline: What’s in a battery? How

I. Motivation does 1t operate?
I1. 3D Microbattery - Primary vs. Secondary

L -Cathodes, anodes, electrolytes
Fabrication

III.Electrodeposition Results
and Discussion

-Power vs. energy density

o o i Discharge
IV. Side Projects, Summary, Charger A
and Future Work e / [ N -
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Spinel Electrolyte Graphite

M. Park, et al., J. Power Sources
(2010)



Problem: Current Batteries sacrifice Energy
Density w/ Increased Power Density

Thin

Protective Coating\

Cathode
Current  :
Collector .-

Chem. Soc. Rev., 2014, 43, 185-204
Materials Sci. and Engi., 2005, 116, 245-249



https://doi.org/10.1039/1460-4744/1972

Nanostructure Fabrication

o 6/26/2017 HV HFW mag FH wD curr — 300 pm ——
° | 9:45:31 AM | 5.00 kv | 981 pm | 211x | 12.6 mm | 12 pA Caltech

-Nanoscribe two-photon lithography used to create trusses,
with cubic unit cells with 30 ggm unit cells, arrays of 4x4x4
trusses

-Cubic geometry: open structures and fast to write

- Geometry increases surface area with about 1 order of
magnitude



Fabrication Process

Nanolattice Fabrication, Ni deposition, Au deposition, via
via Two-Photon via sputtering sputtering
Lithography

Maruo, S. and Fourkas, J. (2008), Recent progress in multiphoton microfabrication. Laser & Photonics Reviews, 2: 100—111.
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Hlectroplating i anode

Containment: beaker cell and El-
CELL

Less electrolyte = less impurities—>

©

Electrolyte: Propylene carbonate,
CsPFs, LiClO4
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Minimizing Dendrite Formation o e

e Cesium additive, forms Self- BT
Healing Electrostatic Shield ] ———"
(SHES) e -

* Low currents Vi f,f ,,,,;,i

* Increased temperature
Q Nonithium \Protuberanl ip [ Lithium
J. Am. Chem. Soc. 2013,

135, 4450—4456
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Thin Film |

EL-CELL
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Plating Potential vs. Li (V)

Plating Potential vs. Li (V)

A

flectrodeposition

Plating Curve, Li/Au Thin Film in EL-CELL
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Beaker Cell

EL-CELL

mag B
990 x

H
209 ym

Nanotruss

) .‘.‘Di B
10.8 mm

WD
37.0 mm

curr

27 pA

Hlectrodeposition

Plating Curve, Truss in Beaker Cell
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Future and Ongoing Steps...

» Electroplate Li onto

truss w/ coin cell 2Li(s) T I2(3) — 2Ll (s)
» Fabricate a full cell
» Implement design in Ni/Au/Li Coated Truss
secondary battery
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Ni Substrate

Courtesy of Mike Citrin
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Understanding Ga™ interactions with Nanoscale Li,
via ab-initio Methods

Materials Sci. and Engi., 2007, 32, 389-399

’
Hypothesis: Rough surface = higher surface energy. ‘ [—VQ 4 ‘A/,] | \If> B 6‘ \IJ> + |

Increased / =2 Increased Ga surface concentration

Increasing /= Smoother sutface

A .
Esu'r'face — <\If ’ H’\If> computed for varied Ga ., comamsmy s rorsuss sy ossomconmtenn s

configurations at surfacc .|

Hypothesis verified! But, is thisa
valid hypothesis??
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