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Smart Computational Skins



• Antennas

• Capacitors 

• Inductors

• Micro-fluidics

• Sensors

AM Flexible components

Fully inkjet-printed 25 GHz patch 
antenna array [1]

Fully inkjet-printed inductor 
[3]

Fully inkjet-printed capacitors [2]



AM Inductors on Paper (Actives?)





High-Directivity Printable Antenna Arrays





Inkjet-Printed On-Chip & On-Package sub-
THz Antennas & Passives



On-Package Inkjet-Printed 30 GHz 
Antenna



On-Package Inkjet-Printed 3D-
Interconnects for mmW



Printable EMI/EMC Isolation Structures





RF Components on Cellulose? 
(Q,SRF)



All Inkjet-Printed Microfluidics Chipless RFID 





• High surface area

– Interaction with gases 

• Semiconducting/cond
uctive properties

– Properties to track

• Graphene and carbon 
nanotubes (CNTs)

Carbon nanomaterials for gas sensing

SEM image of an inkjet printed CNT film



• Printing of 5 to 30 layers 
of CNT ink

• Drying at 100°C for 10 
hours, under vacuum 

• Chemical 
functionalization of film 

• Printing of electrodes 
with silver nanoparticle 
ink (SNP)

• Drying and sintering at 
110°C for 3 hours

CNT sensor fabrication process

Picture of inkjet-printed silver 
electrodes



• High-frequency operable
• Smaller than a credit card
• Chipless
• Fully inkjet-printed
• Flexible
• Low cost
• Completely isolated from 

support
• Cross-polarized response

– Clutter isolation

Inkjet-Printed Van-Atta Reflectarray



Van-Atta reflect-array: Data 
processing

 Resonance 
frequency 
extraction scheme
 Combination of 

two 
measurements 
(with and without 
tag)

 Low complexity, 
fast algorithm 
(FFT, IFFT)



• Very good 
linearity 

• Extremely high 
sensitivity (6.3x 
higher than state-
of-the-art passive 
RFID)

Printed Van-Atta data sensitivity 
results



Van-Atta reflect-array: Advantages

• Unique combination of 
properties
– Arbitrarily high RCS (fully 

scalable) 
– Largely angle independent 

monostatic response
– Cross-polarized response

• Reader system consequences
– High frequency operable 

(unused bands)
– High gain, compact, reader 

antennas (long range)
– Narrow beamwidth reader 

antennas (clutter isolation)

 Operational advantages
 Unprecedented (angle independent) reading range (10m+)
 Extremely high clutter-induced-interference isolation
 Compactness



“Zero-Power” Wireless Sensing/RFID 
Platform

• Sensor
– Low-power oscillator Fosc = f(Rsense)

– Autonomous harvester operation (no battery)

– No high-directivity antennas needed for harvesting or communication

• Reader
– Commodity software-defined radio



Tag/Sensor Backscatter 
Communication

• Challenge
– Communicate with low-power

• Solution
– Reflect. Not radiate.
– Load antenna with single transistor switch



Reader System

• Software-defined reader (Ettus USRP)

• Hardware RF front-end (800-1000MHz)

• DSP in software - Sensor frequency detection



Origami reconfigurable antennas

• Reconfigurable origami antennas
• Fold to different 2D/3D configurations

– RF Harvesting from multiple sources
– Communication diversity

• 3D-printed substrate
– Shape-memory hinges

• Inkjet-printed patch antennas
• First all-additively-manufactured origami RF structures



AM (sub-THz)



Optimized Non-Periodic Sensor 
Topology? WPT?







3D-Printed Antenna with Arbitrary 
Embedded Cavity



3D-Printed Conductors: Stretchable 
Electrically Conductive Adhesives (ECA’s)



ECA’s under Strain



Printing Technique 
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PolyJet 3-D Printing Material Inkjet Printing

Ref: http://phys.org/news/2015-05-inkjet-kesterite-
solar-cells.html

Ref: http://proto3000.com/polyjet-matrix-3d-
printing-services-process.php

Dimatix Material Inkjet Printer
• Micro-precision Jetting

• 10 pl Size of droplet used

• 500 nm thin conductive layer

• Smallest feature size of 20 μm

Objet260 Connex 3-D Printer

• Create smooth detailed 

prototypes

• Min. layer thickness of 16 μm

• Up to 200 μm accuracy 



Fabrication of a 3-layer aperture-
coupled antenna on-package
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• Metallization of Verowhite by DSA

• Objet Inkjet 3D Printer

• Ground Plane 

• Feedline

• Patch



3D-Printed on-Package 
Microfluidic Channel w/ NinjaFlex



3D-Printed Stretchable Conductive 
Adhesives (ECA’s) 



3D-Printed “Origami”/Shape-
Changing RF Modules



3D-Printed Shape-Changing 
Passives/Absorbers


