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Major advances in the three-dimensional (3D) printing technologies have enabled the creation of 

a wide array of 3D-printed products, such as prosthetics, medical implants, airplane parts, building 

materials and food.  While 3D printing technologies can make possible arbitrary-shaped structures, 

one challenging is the integration of microelectronic components and circuitry for various 

applications.  Specifically, customizing the layer-by-layer 3D manufacturing process with the 

combination of both polymeric and metallic materials is an attractive proposition.  However, the 

state-of-art 3D printers can only produce either polymer structures with poor conductivity or fully 

connected metal structures - making them unsuitable for microelectronic device applications.  We 

have been working to address this problem by printing 3D-shaped resistor, capacitor, and inductor 

devices composed of hollow polymer tubes. By injecting silver paste into the tubes and curing the 

metal, they are able to generate intricate yet functional 3D circuits.  One demonstration example 

is a “smart cap”—a working wireless sensing system incorporated into a milk carton lid without 

the need of battery power.  The sensor detects the changes in the liquid dielectric constant due to 

the possible spoilage via the mechanism of a varying capacitor.  By monitoring the resonant 

frequency shifts of a 3D microelectronics made of a resistor-inductor-capacitor circuitry, the in 

situ monitoring of milk quality can be achieved wirelessly.  I will also discuss our efforts on 3D-

printed metal conductors toward the fully integrated production of 3D microelectronics as a new 

class of manufacturing methodology for a variety of potential applications. 
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