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Broad Context

• There is a pent-up demand for safe and non-toxic batteries with
immediately impact on the modern life, including applications in
implantable medical devices, wireless communication devices,
wearable’s devices, digestible electronic pills, quantum computers and
microelectronics system-on-chip.

• Lithium based batteries are technologically established, but they show
serious chemical safety issues, associated with the use of their toxic
chemical components.

• Organic redox-active compounds, such as quinones derivatives, can be
composed of entirely by Earth-abundant elements, sustainable,
nontoxic, nonflammable, and safe for use in microelectronics and
medical microdevices.



Motivation





• Design and Fabricate Micro- and Nano Patterned Electrodes to Research 
Batteries on Chip Using Organic Electrolytes

Si/SiO2 wafer
Au
Insulator layer

1 um

15 um

Exposed area (electrode):
1 um x 1 um = 1 um2

1.5 um

Objective
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LOR3A and Shipley 1818 Bi-Layer Photoresist
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Exposure Tool and Metal Deposition

Expose MJB4

Developer MF-319

Lift-Off w/ Remover PG

Metal Deposition

Solvent Clean

©Courtesy of Harvard CNS



Software Design via AutoCad

Electrode width Distance between the 
electrodes (gap)

1 10 um x 10 um 20 um 

2 100 µm x 100 µm 200 µm 

3 1 µm x 1 µm 2 µm 

4 500 nm x 500 nm 1 µm 

5 50 nm x 50 nm 100 nm

6 10 nm x 10 nm 20 nm



Results



Electrochemistry

Discharging:     molecule will be oxidized molecule will be reduced

Molecule is reduced
(Discharging)Molecule is oxidized

(Discharging)



References and Acknowledgments

• Jason Tresback
• Aziz Lab
• CNS Staff
• NSF National Nanotechnology Coordinate Infrastructure, Grant #: NSF ECCS-

1541959
• Animations and machine pictures are courtesy of Christine Wang/ Guixiong

Zhong “Basic Principles of Photolithography.” 
• © 2018 HARVARD CNS. 


	Organic Batteries on Chip
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12

