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Abstract- In this paper, inkjet-printed RFID-enabled sensor
modules are investigated for the first time on paper-based
substrates for UHIF sensing/monitoring applications. An
inkjet-printed antenna using silver nano particles on paper
substrate is presented and utilized for the compact
implementation of the wireless part of the node. The
efficiency of the modulation scheme of the sensor signal is
characterized at the UHIF RFID Band operating around the
center frequency of 433.9 MHz, verifying the feasibility of
the sensor/rfid integration. Such low-cost integrated sensing
nodes would enable the deployment of large ad-hoc wireless
sensor networks that would mark a revolution in wireless
automatic identification and real-time monitoring for
medical, inventory and security applications.

I Introduction

The growing demand for economic, low power,
conformal and durable wireless nodes with sensing
capabilities is driven by applications such as: item-level
(e.g. storage and handling of food/agricultural products)
tracking of temperature and humidity, pharmaceutical
logistics, transport and storage of medical products and bio-
sensing among others. The major challenges in today's
wireless sensor network applications is the need for low-
cost eco-friendly wireless sensor nodes that can be easily
implemented out in different environments [1]. RFID is a
compact low-power wireless technology regarded as one of
the best solutions for the realization of ubiquitous sensor
networks [1]. In addition to operating in the unoccupied
UHF bands around 433.92 and 910 MHz in the US, RFID
tags, at a few cents, cost a fraction of most commonly used
wireless sensor nodes. Plus, RFIDs already have an
established protocol in UHF (EPC Gen-2) that allow for
multi-tag tracking from a single RFID reader station.
Furthermore, the inkjet printing on organic substrates, such
as paper, makes them inexpensive candidates as packaging
and integration platform materials for RFID-enabled
wireless sensor nodes in Wireless Sensor Networks (WSN)
applications.

II Inkjet Printed UHF Antenna on Paper

One of the main limiting factors of the RFID wireless part
is the size of the antenna. For the RFID sensor module
introduced in this paper a low cost flexible UHF antenna
was printed on paper using silver ink. The dielectric
constant (er) and loss tangent (tan 6) of paper that had been
previously determined by the authors was used [2]. With
Inkjet-printing, single ink droplet from the nozzle is sprayed
to the desired position, thereby minimizing waste of
chemicals yielding a cheap and eco-friendly solution.

The design of choice was a half-wavelength tapered-
width U-shaped antenna [2], shown in figure 1. This
antenna was printed on paper using silver paste. The tapered
width of the two arms offers increased bandwidth and a
smaller size for 433.9 MHz. The dimensions of this antenna
are 8 cm x 15 cm, although more narrowband
implementations would allow for much more compact
designs, while requiring higher printing accuracies. The
Return Loss (RL) plot is shown in figure 2 below. The
VSWR of 2 or RL of -9.6dB defines the bandwidth of
operation. This antenna operates from 427.14 MHz to
455.27 MHz, centred around 440 MHz and matched to a 50
Ohm load. Since this antenna belongs to the half-
wavelength dipole family, it exhibits a quasi-
omnidirectional radiation pattern.

Figure 1. Silver based half-wavelength tapered-width U-
shaped antenna
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