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Abstract

In this paper we demonstrate the use of inkjet printing as a
facile digital fabrication tool for the cost effective manufacture of
radio frequency (RF) features on low-cost flexible and porous
substrates. The design presented in this work is a thin, substrate
tolerant UHF RFID tag that can be mounted directly onto the skin
surface in the form of a transfer patch in much the same way that a
temporary tattoo could be applied.
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Introduction

With the emergence of distributed and wireless sensor
technology readable tags will be able to collect a vast set of data
that can be processed to provide new information. Such
information could be extremely important for security, health care
and location applications. Some examples include mission critical
environments such as power plants, airports, military bases and
depots, refineries, and access restricted areas to provide the highest
quality of security to record trends and provide immediate required
actions. In these environments as well as health care, identifying,
tracking and monitoring people is vital to interface different
services to create a more resilient system.

The widespread adoption of passive RFID tag in asset tagging
is well documented and its use is also emerging as particularly
useful for monitoring, identifying and tracking people particularly
in work environments [1-5]. More established RFID systems such
as LF and HF RFID can be used for the monitoring of people but
the person to be identified must be close to, or even touch, the
reader. This is not particularly attractive for many applications
where fast access or continuous monitoring is required. UHF RFID
systems on the other hand can provide identification distance (read
range) of up to 10 m. It is this identification distance, compare to
other RFID systems, along with low cost tags and relatively high
data rate what makes UHF RFID systems suitable for human
monitoring [6].

Current human tagging and monitoring technology, external
to the body, typically requires wrist bands or ID badges, electrodes
to be mounted on the skin via adhesive tapes, straps, or penetrating
needles, often aided by a conductive gel, with terminal connections
to separate boxes hosting circuit boards, power supplies and
communication components. Solutions which compromise security
(bands and badges could be remove and given to another person)
and are poorly suited for practical applications outside of research
labs or clinical setting [7,8].
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Long and short-term skin mounted electronics, such as UHF
RFID tags, could provide an effective solution to many of the
issues described above. However, in order to make on-skin
electronics a technology wide spread and commercially viable
electronics must be cheap, flexible, reliable and small in size to
appeal to the end user.

To date the electronics industry largely relies on PBC
fabrication methods such as photolithography and screen printing.
However, these methods are time-consuming, expensive and
environmentally detrimental. In addition, the corrosive nature of
solvents used in the etching processes makes this technology
challenging and cost-inefficient to apply to substrates such as
paper. Inkjet printing provides a more versatile, eco-friendly,
highly scalable technology to prototype and mass produce
electronics on plastics, paper and textiles. Direct additive printing
has a number of benefits including, low material usage, additive
rather than subtractive processing and in principle eliminates the
need for other expensive technologies such as lithography, etching
and vacuum processing. Moreover, in inkjet printing there is no
need for masks and therefore, pattern designs can be altered almost
instantaneously which makes inkjet printing a powerful rapid
prototyping technology, especially when antenna and tag design is
yet to be optimized. These advantages are expected to result in a
substantial reduced production costs making inkjet printing
technology suitable for the fabrication of low-cost disposable
electronics products.

To date, very little work has been reported in the field of
electronics mounted directly on skin. To this end, and in response
to the growing interest in non-intrusive human tagging and inkjet
printing of conductive features on porous, temperature sensitive,
flexible and stretchable substrates, here we introduce an
investigation to determine the feasibility of drop-on-demand
(DOD) technology to fabricate thin passive UHF RFID tags onto
tattoo paper transferable and functional onto skin. The choice of
substrate, paper instead of expensive silicon, combined with the
inexpensive fabrication method, inkjet printing, will provide a step
towards the commercialization of low-cost on-skin electronics for
human tagging. This technology could also be applied to other
areas such as tags on fabrics and in building communication.

State-of-the-art

RFID antennas and tags mounted directly onto skin are
particularly challenging owed to the intrinsic electrical
characteristics of the human body which can interfere with RF
components. Recent published work from Dae-Hyeong Kim et a/
[9] demonstrated the possibility to attach high-performance
electronic functionalities to the surface of the skin. A collection of
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sensors, circuit elements and radiofrequency (RF) communication
components was patterned by a combination of spin-coating,
photolithography, dry etching and transfer printing onto the
surface of a carefully engineered thin, lightweight, stretchable
“skin-like” conformal silicone and Polyvinyl alcohol (PVA)
substrates. Transfer of the electronic components onto the surface
of the skin was then achieved by soft contact in a similar manner
to a temporary transfer tattoo.

Very recently J. C. Batchelor ef al. successfully engineered a
substrate insensitive thin antenna and demonstrated the first
temporary on-skin passive UHF RFID transfer tag fabricated
employing commercially available tattoo paper and screen printing
means [10,11]. Our earlier work in the field of Frequency
Selective Surfaces (FSS) demonstrated that inkjet printing can be
used to produce dipoles (antennas) of similar performance to those
obtained by conventional etch processing [12]. Very recently,
driven by the interest in “green” and wireless technologies, work
in the field of design and fabrication of RFID antennas and tags
exploiting paper substrates and inkjet printing technology has
recently been published by G. Orcchini et al [13].
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Figure 1. a) Model of RFID transfer tag mounted on multilayer human body,
b) Inkjet printed RFID tattoo tag transferred on volunteer arm, c) Inkjet printed
frequency selected surfaces using array of simple linear silver dipoles on
PEN, and d) comparison of measured and simulated transmission curves for
inkjet printed and etched frequency selective surfaces [10-12].

However, although some developments in the field of
on-skin electronics and inkjet printing of RFID tags on paper have
recently emerged, to date no research has been reported combining
both fields. The work here presented is particularly challenging
since it touches on many different fields: ink formulation, inkjet
printing, porous and temperature sensitive  substrates,
flexible/stretchable electronics [14,15], antenna technology, on-
skin electronics and wireless communication. Unpublished work
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carried out in our group has demonstrated that it is feasible to
inkjet print a silver-based ink onto commercially available tattoo
paper and obtain electrically conductive RFID tags transferable
onto another substrate. The question remains if upon transfer onto
the surface of the skin these inkjet printed RFID tags will be have
the appropriate morphological, mechanical and electrical
properties to satisfy UHF RFID criteria to make this technology
viable and cost-effective for non-intrusive human tagging
applications. If the mass production of digitally fabricated UHF
RFID transfer tattoos tags is to be realized it is essential to
understand, first of all, how fluid properties, printing parameters,
substrate properties and pre/post-printing processing (chemical
and/or physical treatment) affect morphology, topology and
electrical properties of printed features on tattoo paper and upon
transfer onto the surface of the skin.

Methodology

In this paper we focus on inkjet printing conductive features to
produce thin UHF RFID tags onto temporary tattoo paper, which
can be transferred onto the surface of the skin by soft contact. Here
we address various key points to consider for the deployment of
this technology. First of all, the suitability of a range of
commercial and non-commercially available silver-based inks to
produce RFID tattoo paper tags of sufficient electrical and
mechanical robustness to be used in real life applications (on-body
RFID tattoo) has been investigated. The effect of fluid properties
(formulation), printing parameters, substrate properties, substrate
treatment (chemical and non-chemical) and ink pre/post-printing
processing (chemical and/or physical treatment) on the
morphology, electrical and mechanical properties of printed
features on tattoo paper and upon transfer onto the surface of the
skin have been investigated in detail. In addition to this, a tag price
comparison based the ink type, volume of ink and ASIC type
employed to obtain on-body RFID tattoo tags which yielded
industry accepted read ranges has been established. Moreover,
aspects of UHF RFID tag design and its suitability for human
tagging has been address.

References

[1] V. Daniel Hunt, Albert Puglia and Mike Puglia., RFID: a guide to
radio frequency identification (Wiley-Blackwell, 2007), pg. 39.

[2] Intelleflex RFID, Personnel Monitoring [Online]. Available:

http://www.intelleflex.com/Solutions.PM.asp

[3] Motorola RFID, “Motorola’s healthcare mobility solutions,”
Improving Patient Safety at the Point of Care in Theatre and in
Hospitals [Online]. Available
http://www.motorola.com/web/Business
Solutions/Federal%20Government/ _Documents/Static%20files/Fed_
Healthcare AB_FINAL.pdf?localeld=33

[4] Harvey Lehpamer, RFID Design Principles. (Artech House Inc.,
Norwood, MA, 2007), pg. 293.

[5] C. Chao et al., “Improving patient safety with RFID and mobile
technology,” Int. J. Electron. Healthcare, 3, pg. 175 (2007).

[6] Zhi Ning Chen, Antennas for Portable Devices. (Wiley, New York,
2007), pg. 197.

[7]1 J. G. Webster, Medical Instrumentation: Application and Design
(Wiley, New York, 2009) pg. 189.

[8] A. Searle and L. Kirkup, “A direct comparison of wet, dry and
insulating bioelectric recording electrodes”, Physiol. Meas., 21, pg.
271 (2000).

569



[91 D- H.Kim, N. Lu, R. Ma, Y-S kim, S. Wang, J. Wu, S. M. Won, H.
Tao, A. Islam, K. J. Yu, T-I. Kim, R. Chowdhury, M. Ying, L. Xu, M. Li,
H-J. Chung, H. Keum, M. McCormick, P. Liu, Y-W. Zhang, F. G.
Omenetto, Y. Huang, T. Coleman, J. A. Rogers , “ Epidermal Electronics”,
Science, 333, pg. 838 (2011).

[10] M. Ziai and J. Batchelor, “Thin ultra high-frequency platform
insensitive radio frequency identification tags”, IET Microw.
Antennas Propag., 4, pg. 390 (2010).

[11] M. Ziai and J. Batchelor, “Temporary On-Skin passive UHF RFID
Transfer Tag”, IEEE Transactions on Antennas and Propag., 59(10),
pg. 3565 (2011).

[12] J. C. Batchelor, E.A. Parker, J. A. Miller, V. Sanchez-Romaguera and
S. G. Yeates, “Inkjet printing of frequency selective surfaces”,
Eletron. Lett., 45(1), pg. 7 (2009).

[13] G. Orecchini, ,F. Alimenti, V. Palazzari, A. Rida, M. M. Tentzeris
and L. Roselli, ““ Design and fabrication of ultra-low cost radio
frequency identification antennas and tags exploiting paper substrates
and inkjet printing technology”, IET Microw. Antennas Propag.,
5(8), pg. 993 (2011).

[14] V. Sanchez-Romaguera, M.B. Madec and S.G. Yeates, “Ink-jet
printing of conductive polymers for smart textiles and flexible
electronics”. Materials Research Society Symposium Proceedings,

570

Paper : 1192-PP14-04 (2009).

[15] V. Sanchez-Romaguera, M.B Madec and S.G. Yeates, “Inkjet
printing of 3D metal-insulator-metal crossovers”. Reactive &
Functional Polymers, 68(6), pg. 1052 (2008).

Author Biography

Veronica Sanchez received her BSc in Chemistry from the University
of Valencia in Spain (2000), her MSc in Bio-Inorganic Chemistry from
Leiden Institute of Chemistry in The Netherlands (2001) and her PhD in
Chemistry from The University of Manchester, UK (2005). After 4 years
post-doctoral experience at the Organic Materials Innovation Centre
(OMIC)based in Manchester, she joined Nanoco Technologies Ltd, a
university spin-out world-leader manufacturer of quantum dots, After 3
years in industry, she recently returned to the OMIC as Senior Researcher.
During her career, her work has focused on inkjet printing a wide range of
organic and inorganic functional materials for various applications such
as plastic electronics, smart textiles and more recently, wearable and paper
electronics.

©2012 Society for Imaging Science and Technology



	Introductory Materials
	TECHNICAL PROGRAM AND PROCEEDINGS
	Copyright 2012
	ISBN: 978-0-89208-302-2
	Welcome to NIP28 and Digital Fabrication 2012
	Conference Committees
	IS&T Board of Directors
	Table of Contents
	2012Week At-a-Glance
	Quebec City Convention Center
	Conference Exhibitors
	Conference Sponsors
	Corporate Member Conference Sponsors
	IS&T Corporate Members

	Technical Papers Program: Schedule and Contents
	Keynote Talks
	Frey, 21st Century Libraries -- from Print to Bits
	Rolland, Paper Microfluidics as an Enabling…pg.1
	Shinada, Single-pass Inkjet Digital Printing…pg.2
	Tzori, The Nanographic Printing™ Process…pg.6
	Stasiak, Digital Fabrication: Enabling Ambient…pg.7

	NIP 28
	Actionable, Security & Forensic Printing
	Ulichney, Combined Covert Data Embedding…pg.364
	Vans, Progressive Barcodes…pg.368
	Gaubatz, Mobile Capture of High-resolution…pg.371
	Simske, Incremental Information Objects…pg.375

	Advanced & Novel Printing and Applications
	Chatow, Custom Cloud Printing Solutions…pg.266
	Ilmonen, Biofabrication of Cancer Microenvironment…pg.269
	Yanaka, Integral Photography Using 2D Printer…pg.273
	Henry, A Multi-pixel LED Print-head for Novel…pg.277
	Sekizawa, New High-resolution Technique of Image…pg.280
	Pu, An In-situ Formed Cross-linked Coating…pg.284

	Color Science/Image Processing
	Recker, Challenges for 3D High-Fidelity Soft…pg.124
	Zhao, A Printer Point Set Gamut Model based…pg.128
	Koh, Custom Fan Deck for Multi-primary Visual…pg.132
	Kitakubo, Experimental Results on Brain…pg.137
	Liu, Color Difference Evaluation…pg.140
	Yamanouchi, Automatic Color Reproduction Using…pg.144

	Commericial & Industrial Printing
	Ujiie, State of Art of Inkjet Textile Printing:…pg.17
	Ishikura, Design Studies on Ink Jet Printhead…pg.20
	Matsumae, Development of Digital Quasi-embossing…pg.24
	Xu, Preparation of a Novel Dispersant…pg.28

	Digital Print Fulfillment and Finishing
	Moore, Cloud Computing for Graphic Arts…pg.106
	Karni, Seamless Publication Using 3D Proofing…pg.109
	Mizen, Revolutionizing Photo Books through…pg.113
	Hoarau, Intuitive and Scalable Operational…pg.116
	Song, Understanding Post Finishing Performance…pg.120

	Electronic Paper and Paper-Like Displays
	Zhou, Development of Bistable Electronic Inks …pg.32
	Hsieh, Advertising Efficacy Research…pg.36
	Kobayashi, Organic Electrochromic Materials…pg.39
	Shibata, Comparing Paper Books and Electronic…pg.43
	Zhang, Study on the Photo-alignment Performance…pg.47
	Inada, Analysis of General Rashness of Reading …pg.51

	Environmental Sustainability
	Voss, Deinking of Recovered Paper Mixtures…pg.522
	Bhattacharyya, Effects of Paper on LEP Digital…pg.526
	Mittelstadt, Deinking of Thermal Inkjet Newsprint…pg.530
	Simske, Sustainability through Variable Data…pg.533
	Black, Imaging Devices, Sustainable Design…pg.537
	Fischer, New Deinkable Water based Inkjet Inks…pg.541
	Gong, Application of Wet Image Analysis…pg.543
	Sobotka, Explaining the Present Parameters…pg.547

	Fusing, Curing, and Drying
	Maza, HP Designjet L65500 Drying and Curing…pg.463
	Bae, A Numerical Study for Fusing Process…pg.467
	Eguchi, Analysis of Electrostatic Offset…pg.471
	Onishi, Toner Fix Analysis Using Numerical…pg.475

	Image Permanence
	Salesin, The Light Induced Deterioration…pg.378
	Bugner, Factors to Consider in the Design…pg.381
	Gordeladze, Colorant Fade and Page Yellowing…pg.387
	Hodgson, Test Methods for the Water Sensitivity…pg.392

	Ink Jet Printing: Materials
	Wakabayashi, The Study of the Relation Image…pg.54
	Yu, Synthesis of Aqueous Blocked Polyurethan…pg.61
	Zhang, Study on Droplets Formation Process…pg.65
	Bai, Modification of SMA Using Epoxypropyl…pg.66
	Suzuki, Application of Color-changeable Ag Films…pg.70
	Hall, UV Inkjet Inks with Improved Stray Light…pg.74
	Li, Preparation of a Cross-linkable Emulsion…pg.78

	Ink Jet Printing: Processes
	McConville, Waterless Inkjet Process for High…pg.95
	Nishi, Development of Novel Bend-mode Piezo Ink…pg.99
	Jia, Research on Droplet Spreading…pg.103

	Ink Jet Printing: Processes continues
	Tada, Stability Analysis of a Drop Generation…pg.396
	Grace, Jet Fluctuations and Drop Velocity…pg.400
	Mace, Digital Printing of Packaging…pg.404
	Hoath, Regimes of Polymer Behaviour…pg.408
	Hsiao, Aerodynamic Effects in Ink-jet Printing …pg.412
	Snyder, Dot and Line Formation Analysis…pg.416
	Talbot, Drying and Deposition of Picolitre…pg.420

	Mathematical Modeling
	Wang, Plasma Dynamics and Charging…pg.479
	Kitazawa, Heat Transfer Simulation for Thermal…pg.483
	Kemp, Semi-analytical Model of Charge Image…pg.487
	Wang, Charging of Surfaces with a Wire Corona …pg.490
	Takahashi, Simulation Technology to Predict Paper…pg.494

	Media for Digital Printing
	Wu, Color Reproduction Consistency…pg.8
	Le Galudec, Inkjet Wallpaper and Decor on Demand…pg.12
	Chen, Research on the Printability of Coated…pg.14

	Print & Image Quality
	Zhao, Analyzing Print Quality of Large Printed…pg.230
	Simske, Use of Face Detection to Qualify Image…pg.234
	Whitney, Laser Spot Size Measurements…pg.236
	Pykönen, Experimental Comparison of Wettability…pg.239
	Shi, Tone Reproduction Characteristic…pg.242
	Lei, Hybrid Target for Camera-based Document…pg.245
	Kumagai, Observation of Electrostatic Latent…pg.250
	Kasuga, Relationship Between the Readability…pg.253
	Boley, Performace of Print Masks Using Image…pg.256
	Park, Implementation of Halftone Blending…pg.262

	Printing Systems Engineering/Optimization
	Ecer, Simulation of Toner Mixing and Delivery …pg.219
	Beltman, Improved Ink Registration through…pg.222
	Kuo, An Adaptive Model-based Approach…pg.226

	Printing Systems Engineering/Optimization Applications
	Kahatabi, Dielectric Properties Study of Thin…pg.287
	Oohara, Analysis of the Paper Curl Amount…pg.289
	Suhara, Potential Profile Measurement…pg.294
	Nauka, Sensing Volatile Hydrocarbons…pg.298
	Inenaga, Technology of Media Capability for Color…pg.301

	Thermal Printing
	Yasuo, A New UV Curable Inkjet Ink…pg.58
	Fujiwara, Development of the High Durability…pg.81
	Taniguchi, Novel Approach to Plastic Card…pg.84
	Toyosawa, Study of Thick Film Thermal Head…pg.88
	Terao, On-demand Transcript Foil Print…pg.92

	Toner-Based Printing: Materials
	Kakiuchi, Crystalline Polyester for Chemically…pg.171
	Hoshino, Powder and Film Charging Characteristic …pg.175
	Naito, New Submicron Silica Produced…pg.179
	Nelli, The Effects of Fumed Silica Structure…pg.183
	Lai, Latex Optimization for Emulsion…pg.187
	Chun, Materials Compatibility Assessment…pg.190
	Tan, Palm Oil-based Bio-Resin for Toner…pg.194
	Mizuhata, Advanced Process for Polyester…pg.198
	Zhang, The Research on  Recovery…pg.202
	Shi, Effects of Toners on Photothermographic …pg.206
	Kambara, External Additives for Toners: Character…pg.209
	Birecki, Temperature Effects on Liquid…pg.213
	Nozaki, A Method for Measuring Electrical Proper…pg.215

	Toner-Based Printing: Materials continues
	Zhou, Semiconducting Polymer Matrix as Charge …pg.344
	Forgacs, Electro-Rheological Model of HP-Indigo…pg.348
	Kim, Aggregation Behaviors of Colloidal…pg.352
	Nash, The Effect of Carrier Surface Morphology…pg.356
	Veregin, Linking the Chemistry and Physics…pg.360

	Toner-Based Printing: Processes
	Kawamoto, Parametric Investigation on Dynamics…pg.498
	Anthony, ElectroInk Charge Retention in the HP…pg.502
	Leoni, Small Dot Printing with Ion Head…pg.503
	Whitney, Toner/Transfer Member Adhesion Response …pg.507

	Toner-Based Printing: Processes con’t.
	Kadonaga, Three Dimensional Simulation of…pg.510
	Yang, Cartridge Clustering for Improving Tone …pg.514
	Kobayashi, A Model for the Dynamics of Charging…pg.518


	Digital Fabrication 2012
	3D Printing
	Jones, The Influence of Residual Toner Charge…pg.327
	Huson, Solid Free-form Fabrication of Ceramics …pg.332
	Klein, 3D Printing of Transparent Glass…pg.336
	Umezu, Digital Fabrication of 3D Bio Devices…pg.338
	Hoskins, 3D Printing of Self-glazing Ceramics…pg.341

	Devices
	Chen, Direct Etch through SiNx, Selective Dope…pg.148
	Hermans, Inkjet Masking for Industrial Solar Cell…pg.151
	Hakola, Optimizing the Performance of Metal Grid…pg.155
	Shin, Front Side Metallization Issues of a Sol…pg.159
	Platt, Low Cost Metallization Inks…pg.162
	Shen, Intelligent Packaging with Inkjet-Printed…pg.164
	Espig, Central Challenges When Up Scaling…pg.168

	Devices continues
	Zipperer, Touch Sensors based on PolyTC…pg.549
	Ueberfuhr, Inkjet System for Printing Mechanical…pg.550
	Maejima, All-inkjet-printed “lab-on-paper”…pg.554
	Beckert, Inkjet Printing for Applications…pg.557
	Magdassi, Nanomaterials for Printed Electronics…pg.561
	Lorwongtragool, Inkjet Printing of Chemiresistive…pg.564
	Sanchez-Romaguera, Enabling Low Cost UHF RFID…pg.568

	Formulation of Functional Inks
	Deiner, Mechanochemical Approaches to Ceramic…pg.318
	Kanzaki, Method to Synthesize Silver Nano-particles…pg.323

	Metrology, Instrumentation, Design of Print Pattern
	Ellinger, Patterned by Printing—A New Approach…pg.304
	Ramon, Inkjet Geometric Design & Compensation…pg.308
	Reinhold, Measurement of Mass of Single Inkjet…pg.312
	Cahill, Evaluation of Inkjet Technologies…pg.315

	Pre & Post Processing
	Reinhold, Spectrally Enhanced Photonic Sintering…pg.424
	Lim, Inkjet Printing and Sintering of Nano…pg.431
	van Dongen, Digital Printing of µPlasmas…pg.436
	Farnsworth, The Photonic Curing Process…pg.440
	Hammerschmidt, The Influence of Post-Treatment…pg.444
	Wunscher, Inkjet Printing and Low Temperature…pg.448

	Printing of Electrical Connections
	Reichenberger, Low-cost Ink-jet Printing…pg.452
	Rathjen, Feasibility Study: Inkjet Filling…pg.456
	Grouchko, Copper Ink-Jet Inks for Flexible…pg.461


	Author Index



