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Abstract—In this paper, recent progresses in inkjet-printed 
sensors on paper substrate is introduced. The advantages of 
inkjet-printing technology and paper substrate for agricultural 
applications are discussed. Inkjet-printed RFID-enabled sensor, 
inkjet-printed retro-directive dual band transponder and inkjet-
printed sensor platform are presented as design examples.  
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I.  INTRODUCTION 
Famine is one of the most serious problem in the world. 

There are many reasons for the world wide famine such as crop 
failure and population unbalance. Among them, damage from 
crop failure can be relieved by advanced agricultural 
technology [1]. Water monitoring and control like irrigation 
plays very important role on modern agriculture. Pervasive 
computing and wireless technology have brought brilliant 
agricultural advances but it is challenging to implement 
wireless system over vast agricultural areas such as cost and 
environmental issues [1, 2].  

Introduction of inkjet printing technology has reduced the 
fabrication cost and enabled large scale produce due to inkjet-
printing technology's advantages over other conventional 
fabrication methods [3]. Utilizing paper substrate has enhanced 
these advantages of inkjet printing technology because paper 
substrate is eco-friendly and extremely low-cost material. The 
inkjet-printed electronics on paper has great potential for 
agricultural applications due to these reasons. 

This paper presents state-of-the-art results of inkjet-printed 
wireless sensors on paper such as capacitive, retro-directive, 
and sensor platform. Inkjet-printed wireless sensor systems for 
future agriculture applications are introduced in terms of 
environmentally friendly and sustainable technology. 

II. INKJET PRINTING AND PAPER SUBSTRATE 
Inkjet printing technology has a lot of advantages in sensors 

especially for the agricultural applications. First of all, inkjet 
printing technology is environmentally friendly technology and 
cost effective method. It is because inkjet printing technology 
does not use any hazardous chemicals to wash away unwanted 
metals on the substrate surface. It drops nano-particle ink on 
the desired position so that there are no by-products because it 
is an additive fabrication method. The advantages of the inkjet 
printing technology such as fast fabrication and ease of mass 
produce also help to lower the cost of the inkjet-printed 
electronics. The electrical properties of inkjet-printed silver 
nano-particle were thoroughly studied in [4], and lots of 
microwave applications were proposed by utilizing the silver 
nano-particles [5-7]. The conductivity value of the inkjet-
printed silver nano-particle is about 7101.1 �  S/m which is high 
enough to be utilized in microwave area. 

Inkjet printing technology can print various electronics on 
many kinds of substrates so that it is possible to utilize an 
environmentally friendly substrate such as a paper. The paper 
substrate is a very attractive substrate for inkjet-printed 
electronics for agricultural applications. A paper is a low cost, 
renewable, and inkjet printable material. It is also one of the 
cheapest material in the world as well as decomposes 
completely in nature. Plus, there are many kinds of papers such 
as hydrophobic, porous, and almost transparent papers. The 
hydrophilic property of normal papers is very useful to 
implement sensors for humidity or rainfall because water is one 
of the most important factor in agriculture. The properties of 
paper for inkjet-printing were reported in many papers utilizing 
different characterization methods such as ring resonator or T-
resonator methods [3, 4]. The reported dielectric constant (εr) 
of paper is about 3.0 and its loss tangent (tan δ) is about 0.05 ~ The work of S. Kim, H. Lee, and M. M. Tentzeris was supported by NSF, 

NEDO, and IFC/SRC. The work of A. Georgiadis and A. Collado was 
supported by EU Marie Curie FP7-PEOPLE-2009-IAPP 251557 and by the 
Spanish Ministry of Economy and Competitiveness project TEC 2012-39143. 
The work of Y. Kawahara was supported by New Energy and Industrial 
Technology Development Organization (NEDO).  

978-2-87487-031-6 © 2013 EuMA 7-10 Oct 2013, Nuremberg, Germany

Proceedings of the 43rd European Microwave Conference

866



0.06. The relatively high loss of the paper is not a critical issue 
for RFID or planar structures which have low Q-factor because 
the thickness of the paper is very thin which results in small 
interaction between E-field and the paper substrate. 

III. INKJET-PRINTED SENSORS FOR AGRICULTURAL APLICATIONS 

A. RFID-enabled Sensor 
RFID-enable sensor has lots of advantages over 

conventional sensor system in terms of cost and 
implementation. Usually, the cost of RFID tag is very low and 
the system is relatively simple (reader and sensor tag). 
Therefore it is possible to realize the RFID-enabled sensor 
system over the vast agricultural field with low cost. RFID 
standards are also compatible with existing wireless sensor 
networks (WSN) which results in ease of implementation [8].  
    In [9], inkjet-printed RFID-enabled sensor for haptic and 
water level detection was introduced. It consists of two 
identical RFID tags for UHF band (915 MHz) but a sensor is 
integrated with one of the RFID tags. The sensor is a 
meandered line which has self-resonant frequency around 
915 MHz. Once a material which has the different dielectric 
constant and loss tangent from the air meets the meandered 
line, the capacitance of the sensor changes which results in 
shifting of the resonant frequency of the tag. The two tags 
return their unique IDs at the same frequency when they are 
illuminated by a reader because their resonant frequencies are 
the same. However the resonant frequency of the antenna with 
the sensor (Fig 1) is shifted  to the low frequency when the 
sensor is loaded by human finger or water. Using a tag without 
the sensor as a reference, the presence of the sensing target can 

be easily detected. In the same way, water level can be detected 
because the capacitance variation of the sensor affects on the 
resonant frequency of the RFID-enabled sensor. The meta-
material inspired resonator cell is integrated to the tags in order 
to suppress the cross talk of the two tags.  

 

B. Retro-directive transponders for sensing 
    Retro-directive antenna arrays can re-transmit interrogation 
signal back to its source without any complicated 
computations [10]. The Van Atta topology is one of the most 
popular topology for the retro-directive antenna array topology 
due to its simple structure and passive implementation [11]. 
The concept of integrating micro-fluidic sensor and retro-
directive antenna array was proposed in [12][13]. It is purely 
passive and has self-steering capability. Its self-steering 
capability leads to strong system performance because of its 

 
(a) 

 

 
(b) 

 
Fig 2. (a) Inkjet-printed dual-band SIW retro-directive array on paper 
and (b) proposed micro-fluidic sensor [12][13]. 

 
 
Fig 1. Inkjet-printed capacitive sensor [9]. 
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wide readable angle of the passive transponder or the sensor. 
Especially, this property is very critical in RCS-based back-
scattering communication applications such as passive 
wireless sensor system. For example, the back-scattered power 
level of most RCS-based passive wireless sensors depends on 
the illumination angle but the retro-directive antenna arrays 
can improve the performance of the sensor because the retro-
directive antenna array can reflect almost the same power 
level to the interrogation direction over the broad angle. The 
proposed inkjet-printed dual-band substrate integrated 
waveguide (SIW) retro-directive array and micro-fluidic 
sensor are shown in Fig 2 [12]. It suggests that the potential 
applications for a chipless RFID-enabled sensor tag at two 
different frequencies for temperature or water quality sensing. 
The variation of RCS from micro-fluidic sensor can be read in 
broad range due to retro-directive transponder and dual-band 
property of the retro-directive transponder lead to the 
capability of sensing two targets at two different frequencies. 
 

C. Inkjet-printed Sensor Platform:SenSprout 
Recently, a low cost inkjet-printed sensor platform for 

agricultural application was proposed in [14]. The proposed 
sensor platform optimized to detect humidity of ambient 
environment, water content in the soil and the rain fall because 
the moisture monitoring is one of the most important factor in 
the agriculture. Its system level block diagram is shown in Fig 

3(a). It consists of a leaf sensor, a soil moisture sensor, a 
microcontroller unit and an antenna. The capacitances of the 
leaf sensor and soil moisture sensor vary depending on the 
humidity and water contents of the soil or near environment of 
the sensor platform. The microcontroller detects the 
capacitance variations of the leaf sensor as well as the soil 
moisture sensor. The microcontroller processes the collected 
data from the sensor, and broadcasts the information through 
the antenna. The antenna and microcontroller also can be 
utilized to collect ambient power in order to reduce the battery 
usage or power up the microcontroller [15]. Unlike the 
conventional sensors, whole passive components are inkjet 
printed on environmentally friendly paper substrate. Plus, 
dense monitoring of soil moisture and rainfall over the vast 
agricultural field are possible due to the advantages of inkjet 
printing technology on paper such as low fabrication cost, and 
ease of mass produce. Fig 3(b) shows the implementation of 
the proposed sensor platform. The soil moisture sensor is 
buried in the ground to detect surface soil moisture. The leaf 
sensor, the microcontroller and the antenna are exposed to 
exterior environment. The exposed components can be 
chemically coated such as a silicon or a Parylene in order to 
protect and extend the lifetime of the sensor platform. 

IV. CONCLUSION 
This paper has presented the recent progresses of inkjet-

printed sensors on paper substrate for agricultural applications. 
The RFID-enabled capacitive sensor for water level detection 
and haptic sensor application is presented. Furthermore, a 
concept of retro-directive SIW dual band transponder for 
sensor application and inkjet-printed sensor platform for 
agricultural application have been introduced. Inkjet-printed 
wireless sensors on paper substrate are very promising 
technology since it is low cost, eco-friendly, and sustainable 
wireless system.   
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Fig 3. Inkjet-printed sensor platform for agriculture application: SenSprout 
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