
Multiscale additive manufacturing of active electronics



Additive manufacturing

Additive manufacturing (AM),

n—process of joining materials to make parts from 3D

model data, usually layer upon layer, as opposed to

subtractive manufacturing and formative manufacturing.

• Subtractive shaping: The desired shape is

acquired by selective removal of material, examples:

milling, turning, drilling, EDM etc, micromachining

(lithography)

• Formative shaping: The desired shape is acquired

by application of pressure to a body of raw material,

examples: forging, bending, casting, injection

molding, the compaction of green bodies in

conventional powder metallurgy or ceramic

processing etc.



The integration of devices with a 3D construct is inherently challenging:

• Tailored for mass production

• Top-down process

• Require assembly - limited 

functionality

• Waste of materials (e.g., subtractive 

manufacturing)

• Limited control of properties

• 2D , planar, rigid(e.g., electronics)

• 3D, multifunctional complex system

• Uniquely grown

• Bottom-up processes

• Physiological conditions

• Materials are sourced from the

environment.

• Exceptional control of local

properties

• 3D, property gradient

Geometrical, mechanical and material dichotomies

Conventional device manufacturing Naturally grown biological system
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Incorporation of electronics with a 3D constructs is challenging

The conformal integration of electronics onto the 3D 
surfaces requires various complicated device design as 
well as a meticulously performed transfer procedure.

The integration of electronics into a 3D constructs is 
achieved through a separate assembly process of a 
prefabricated electronics into the structure.
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Smart Pills
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Kalantar-Zadeh, Kourosh, et al. "Ingestible 
sensors." ACS sensors 2.4 (2017): 468-483.

Kalantar-Zadeh, K., Berean, K.J., Ha, N. et al. A 
human pilot trial of ingestible electronic 
capsules capable of sensing different gases in 
the gut. Nat Electron 1, 79–87 (2018). 
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Creating 3D biomedical electronics

Prefabricated 
Electronics in 2D

Device design

3D Song, Young Min, and Rogers, John 
A., et al. "Digital cameras with 
designs inspired by the arthropod 
eye." Nature 497.7447 (2013): 95-
99.

The conformal integration of electronics onto the 3D 
surfaces requires various complicated device design as 
well as a meticulously performed transfer procedure.

Morin, Stephen A., and 
Whitesides, George M., et al. 
"Using “Click‐e‐Bricks” to Make 3D 
Elastomeric Structures." Advanced 
Materials 26.34 (2014): 5991-
5999.

The integration of electronics into a 3D constructs 
is achieved through a separate assembly process 
of a prefabricated electronics into the structure.

Direct 3D fabrication of electronics 

[1] on a 3D surfaces 

[2] in a 3D construct
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Advantages of entirely 3D printed electronics
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Additive manufacturing (a.k.a 3D printing) is a broad class of manufacturing technology 

Overview of University of Utah AM capabilities

Focus of our group

B. Elder, R. Neupane, E. Tokita, U. Ghosh, S. Hales, Y. L. Kong* Advanced Materials 1907142 (2020)

https://doi.org/10.1002/adma.201907142
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Extrusion-based 3D printer
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Compatibility with a wide range of materials Multi-component printing capability

(64x real time) (64x real time)
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Multi-scale 3D printing of bioelectronics
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Nanomaterials Inks Microscale Patterning Macroscale Device Fabrication

Functional nanomaterials can be dispersed in solvents to form solution-processable inks,
which can be integrated into coating or printing processes to create functional
electronics that can better interface with the 3D construct.

Y. L. Kong*, M. K. Gupta, B. N. Johnson, and M. C. McAlpine*. "3D printed bionic nanodevices." Nano Today 11, no. 3 (2016): 
330-350.

Our research focus
Impart

tunable +
functional properties 
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Previous work: extrusion printing of nanomaterials as conductors

Ahn, Bok Y., and Lewis, Jennifer .A.  et al. 
"Omnidirectional printing of flexible, 
stretchable, and spanning silver 
microelectrodes." Science 323.5921 (2009): 
1590-1593.

Adams, Jacob J., and Lewis, Jennifer .A et al. 
"Conformal Printing of Electrically Small 
Antennas on Three‐Dimensional 
Surfaces." Advanced Materials 23.11 (2011): 
1335-1340.
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3D printing of an active electronics?

•

•

•
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3D printing a Quantum Dots LED?

Qian, Lei, et al. "Stable and efficient quantum-dot light-
emitting diodes based on solution-processed multilayer 
structures." Nature Photonics 5.9 (2011): 543-548.

Strategies to overcome printing 
challenges:
1. Printing materials:  e.g. printing of 

cathode with liquid metal
2. Soft matter physics:  printing of 

emissive nanoparticles with co-
solvent

Functionality

PrintabilityCompatibility
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3D printing a Quantum Dots LED?
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How to generate film without spin coating?
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Printing of quantum dots 

https://rdcu.be/b9tIE

Inverted fluorescence microscope

https://rdcu.be/b9tIE
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Single solvent and binary solvents

100% Toluene
80% Toluene 

20% Dichlorobenzene

49 x real time 24 x real time

Initial print area



Introduction Additive manufacturing Ingestible biomedical devices DiscussionsNanomaterials

Device design and performances
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Printing on polyimide substrate 
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Conformal printing on a contact lens
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3D Printed Quantum Dots LED

Y. L. Kong, I. A. Tamargo, H. Kim, B. N. Johnson, M. K. Gupta, T.-W. Koh, H.-A. Chin, D. A. Steingart, B. P. Rand, M. C. McAlpine. “3D Printed 
Quantum Dot Light-Emitting Diodes.” Nano Lett. 14, 7017-7023 (2014).

o Featured: “Materials: Diodes printed in three dimensions.” Nature 515, 468 (2014).
o Highlighted: “Device fabrication: Three-dimensional printed electronics.” Nature 518, 42-43 (2015).

“3-D-Printing Bio-Electronic Parts.” 
Technology Review, December 2014

“Materials: Diodes printed in three 
dimensions.” Nature 515, 468 (2014).“Extending the reach of 3-D Printing”, C&EN News
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Review paper: “Nanomaterial Patterning in 3D Printing”
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B. Elder, R. Neupane, E. Tokita, U. 
Ghosh, S. Hales, Y. L. Kong*.
Advanced Materials 1907142 
(2020).

https://rdcu.be/b9tIE

Brian Elder

https://doi.org/10.1002/adma.201907142
https://rdcu.be/b9tIE
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Automated mixing printing system

50Samannoy Ghosh



Evaporative driven printing is a highly sensitive process
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Evaporative driven printing is a highly sensitive process

500 μm.
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Features from evaporative driven assembly
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Machine Learning-enabled Feature Classification of
Evaporation-driven Multi-scale 3D Printing
S. Ghosh, M. V. Johnson, R. Neupane, J. Hardin, J. D.
Berrigan, S. R. Kalidindi, Y. L. Kong*.
Flexible and Printed Electronics 7, 014011 (2022).ç

https://iopscience.iop.org/article/10.1088/2058-8585/ac518a
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Machine learning-enabled feature classification 
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Machine Learning-enabled Feature Classification of Evaporation-driven Multi-scale 3D Printing
S. Ghosh, M. V. Johnson, R. Neupane, J. Hardin, J. D. Berrigan, S. R. Kalidindi, Y. L. Kong*.
Flexible and Printed Electronics 7, 014011 (2022).ç

Marshall Johnson

Samannoy Ghosh

https://iopscience.iop.org/article/10.1088/2058-8585/ac518a
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Machine learning-enabled feature classification 
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Confidential – not to be copied, distributed or reproduced

Overview of Gastric Resident Electronics

64
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Confidential – not to be copied, distributed or reproduced

Gastric Resident Electronics

75
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Confidential – not to be copied, distributed or reproduced

In vivo electronics study

82
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Confidential – not to be copied, distributed or reproduced

Multi-materials 3D printing of ingestible gastric resident electronics

92
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NSF EFRI C3 SoRo: Magneto-electroactive Soft, Continuum, Compliant, Configurable (MESo-C3) Robots for 
Medical Applications Across Scales, $2,015,910, 4 years

On Shun Pak (Co-PI)
Santa Clara University

The vision is to enable minimally invasive access to locations in the
human body that are currently difficult or impossible to reach, using a
new class of magneto-electroactive soft, continuum, compliant, and
configurable (MESo-C3) mesoscale robotic devices that will travel
along the natural pathways of the human body for a wide range of
diagnostic and therapeutic applications.

Our goal is to understand the kinematics, dynamics, sensing, control,
and fabrication of MESo-C3, which will enable bio-inspired propulsion
reminiscent of concertina locomotion of a snake in a tube, with a
simplicity that enables application across scales.

MESo-C3 will explore four integrated thrusts:
1.compliant cylindrical structures with wireless high-bandwidth
propulsion using rotating magnetic dipole fields,
2.low-bandwidth large-deformation electroactive polymer (EAP)
actuators for morphology control,
3.ultra-sensitive soft super-capacitance-based strain, force, and
moduli-of-elasticity sensors,
4.additive manufacturing techniques to fabricate integrated robots
across scales.

Jake J. Abbott (PI), 
Yong Lin Kong (Co-PI), 
Kam K. Leang (Co-PI), 

University of Utah

Rajesh Rajamani (Co-PI)
University of Minnesota 

Prof. On 
Shun Pak 

Prof. Rajesh 
Rajamani
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Adaptive gait in a complex & dynamic confined system

97

Elder, B. Zonghao, Z., Ghosh, S., Silverberg, O., Greenwood, T., Demir, E., Su, V.S-E., Pak, O.S., & Kong, Y.L.*,
A 3D printed self-learning three-linked sphere robot for autonomous confined space navigation. Advanced Intelligent Systems 2170064 (2021).

20x speed

In collaboration with 
Prof. On Shun Pak, 

Santa Clara University

Brian Elder
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Advantages of entirely 3D printed electronics
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Thank you so much – please keep in touch! ☺
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