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Abstract: In this paper, an inkjet-printed flexible Radio-Frequency Identification (RFID) tag antenna is
proposed for an ultra-high frequency (UHF) sensor application. The proposed tag antenna facilitates
a system-level solution for low-cost and faster mass production of RFID passive tag antenna. The tag
antenna consists of a modified meander line radiator with a semi-circular shaped feed network.
The structure is printed on photo paper using silver nanoparticle conductive ink. The generic design
outline, as well as tag antenna performances for several practical application aspects are investigated.
The simulated and measured results verify the coverage of universal UHF RFID band with an
omnidirectional radiation pattern and a long-read range of 15 ft. In addition, the read range for
different bending angles and lifetimes of the tag antenna are also demonstrated.
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1. Introduction

Nowadays, Radio Frequency Identification (RFID) technology is playing a promising role for
new generation non-invasive RFID sensor applications. The tag antenna is a key element of the
RFID system. The read range is highly dependent on the tag antenna itself. A flexible tag antenna
with an omnidirectional radiation pattern is essential for smooth RFID sensor application in various
fields, like child tracking in childcare centers, patient tracking in hospital management systems,
internet of things (IoT) RFID sensors, epidermal sensors, etc. [1–5]. The major challenges that could
potentially hinder the practical implementation of RFID are cost-effectiveness, reliability, and flexibility
of materials. Several studies have been performed to address these challenges [6–9]. Inkjet printing
technology is a promising technique for the low-cost fabrication of electronics and radio frequency
(RF) circuit. Refs. [10–13] using engineered conductive inks made from silver nanoparticles, carbon
nanotubes, or organometallic particles [14]. At the beginning this technology required thermal sintering
at a high temperature, but now, due to developments in material science, new types of conductive ink
have been developed which dry instantly at room temperature [11].

A temporary tattoo type flexible RFID antenna was presented for epidermal sensor application
in [5], where the tag antenna was fabricated by profiling a silver painting technique. A maximum read
range of 1.2 m was measured at 918 MHz. Besides this, a loop tag antenna was designed on Styrofoam
to achieve a frequency range of 902–928 MHz (North America) [15]. Nonetheless, the antenna has a
large size of 90 × 90 mm2 and the use of a near-air dielectric constant substrate may cause a change in
antenna performance. A graphene-nanoflake-printed meandered line tag antenna is reported in [16],
which achieved a maximum gain of −4 dBi and a radiation efficiency of 32%. The antenna was printed
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on flexible photo paper. In [17], a graphene-based flexible tag antenna is proposed for humidity-sensing
applications. The tag antenna achieved a maximum read range of about 2 m with a size of 100 × 20 mm2.

A multi-layered tag antenna with a parasitic radiator was developed in [7] to achieve stable
performance at the near field of the metallic object. Although the developed tag is quite a lot
smaller in size, the structure is not flexible. Flexible polymeric substrates have been used to fabricate
UHF RFID tag antenna in [8], but the maximum read range is below 3 m. Moreover, a double-T
feeding-technique-based RFID tag antenna with an alphabetical pattern was proposed for long read
range RFID application in [18]. The tag antenna was fabricated on hard FR4 substrate material and
flexible polycarbonate substrate material with a size of 89.5 mm × 25 mm.

Besides this, a new approach of 3D printed wearable RFID tag antenna has been developed,
which achieved a maximum working distance of about 4.30 m [19]. Another approach that combines
three-dimensional and inkjet printing technologies has been developed to reduce the tag antenna
size (radius 15 mm, height 7.5 mm), and can cover a maximum reading range of 2.1 m [20]. In [21],
a 3D-printed flexible RFID tag antenna is presented, the tag achieved a 10.6 m read range, although
the read range decreased with increasing the number of stretching. The overall dimension of the tag
antenna is 140 mm × 30 mm × 1.2 mm.

In this paper, a passive printed tag antenna with an omnidirectional radiation pattern and a 15 ft
(4.57 m) long measured read range is presented. The antenna encompasses the universal UHF RFID
band (860–960 MHz). It exhibits a low-profile, compact, and flexible structure that makes it appropriate
for RFID sensor applications.

2. Design Methodology

The design layout of the proposed RFID tag antenna is presented in Figure 1. The modified
meander technique has been utilized to minimize the size of the tag antenna structure. The low-cost
biodegradable paper substrate with a dimension of 44 × 59 × 0.54 mm3, a dielectric constant of
3.2, and a loss tangent of 0.05 is used to fabricate the RFID tag antenna. The use of a paper
substrate makes the tag antenna flexible and opens a wide avenue for bending tag applications.
The commercially available NXP SL3S1213 UCODE G2iL chip [22] is used to communicate with the
reader end. A semi-circular loop with feed lines has been optimized to match with a chip impedance
of 23-j224 Ω. Moreover, the meander line radiator is optimized in such a way that both arms keep
balance, which helps to accomplish the donut-shaped radiation pattern and compliance with the
dipole-type radiation pattern. The radiating element of the presented tag antenna is printed using
silver nanoparticle ink. The commercially available DCP-T500W Inkjet printer has been utilized to print
the tag antenna. The Refill Tanks of the DCP-T500W printer were filled by Ag-nanoparticle ink [23]
using disposable syringe filters. The chip was connected to the antenna through the silver-based
conductive glue. The optimized design parameter is listed in Table 1.
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Table 1. Optimized tag antenna design parameters.

Parameters Value (mm) Parameters Value (mm)

L 44 L8 4.83
W 59 R1 16
L1 32.5 R2 11.75
L2 15.5 g 0.65
L3 11.75 W1 3.25
L4 22.5 W2 2.28
L5 15 W3 1.5
L6 6 W4 0.3
L7 6.82 W5 0.7

3. Results and Discussion

The reflection coefficient of the fabricated tag antenna has been measured using a performance
network analyzer (PNA) Agilent N5227A (Keysight Technologies, Santa Rosa, CA, United States),
shown in Figure 2. The tag antenna is fed using a balun, which is λ/4 in length. The tag antenna shows
a fractional impedance bandwidth (S11 < −10 dB) of 34.156% (0.855–1.155 GHz), which can operate
within the Universal UHF RFID band as well as Malaysia RFID band (919 to 923 MHz). The measured
and simulated results in Figure 3a show good agreement. However, a little mismatch is observed.
This mismatch is possibly due to a printing error or a balun soldering error. The input impedance of
the proposed tag antenna has been investigated to verify that it matches with the chip impedance,
shown in Figure 3b.
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Figure 3. (a) Reflection coefficient and (b) input impedance of the proposed RFID tag.

The far-field radiation characteristics of the proposed tag antenna have been measured using the
Satimo near-field measurement system, shown in Figure 4. The radiation patterns for both phi 0 and
90◦ planes are demonstrated in Figure 5. The proposed tag antenna shows an omnidirectional radiation
pattern at phi 0◦ plane and a donut-shaped pattern at the phi 90◦ plane. The balanced meander line
radiator helps to accomplish the donut-shaped radiation pattern, which complies with the dipole-type
radiation pattern. In addition, the 3D radiation pattern is depicted in Figure 5b to realize the real field
scenario of the antenna radiation pattern.
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Read range of the tag antenna is a very important parameter for RFID application. The measured
read range pattern presents a fundamental criterion of the real scenario antenna radiation. The read
range measurement setup is depicted in Figure 6. The measurement setup has been arranged using an
Impinj Speedway revolution R420 UHF RFID reader module and a circularly polarized patch antenna
with a gain of 3.4 dBi. The NXP IC chip comprising a sensitivity of −18 dBm. The developed RFID tag
depicts a long-read range of approximately 15 ft (4.57 m). Although Circular Polarization (CP) has
less read range compared to Linear Polarization (LP) for the same amount of gain and power, if an
LP reader antenna is used to read the developed antenna, the tag antenna can read a longer distance.
In addition, the antenna life performance has been investigated and is depicted in Figure 7. The test
has been conducted for 120 days. The resistivity and read range have been measured every 15 days
during this period. It is observed from Figure 7 that the resistivity increases with respect to time and
the read range decreases accordingly. Besides this, the read range performance has been investigated
for different bending conditions, as illustrated in Figure 8. The proposed tag antenna shows a stable
performance for a bending condition of 0 to 60◦. Comparisons of tag antenna performance with recent
works have been depicted in Table 2, which shows that the proposed tag antenna achieves a good read
range with respect to tabulated works.
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Table 2. Comparison with some existing works.

Ref.
Tag Antenna
Dimension

(mm)

Antenna
Type

Antenna
Gain (dB)

Antenna
Materials

Fabrication
Technique

Read Range
(m)

[5] 65 × 20 flexible −15.5 inkjet paper tattoo transfer 1.2
[8] 135.7 × 22.2 Not flexible 1.021 FR4 screen printing 2.8

[24] 96 × 50 × 2 not flexible - FR4 etching 4
[25] 100 × 20 flexible −2.18 cardboard doctor-blading 4.5

[26] 30 × 30 × 3 flexible −3 polyethylene
terephthalate deposition 3.5

Proposed 44 × 59 flexible 2.12 photo paper inkjet printing 4.57
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4. Conclusions

This paper presents a paper-based flexible UHF RFID tag antenna for sensor applications.
The design used a semi-circular shaped feed network with a meander line radiating element, printed
using inkjet printing technology. The antenna is printed on photo paper using silver nanoparticle
conductive ink. The proposed tag antenna offers eco-friendly low-cost RFID tag service for sensor
modules. The read range of the proposed antenna has been validated using an RFID reader module
and a read range of about 4.57 m is found when 2.0 W Effective radiated power (ERP) power is applied
to the reader antenna. Moreover, the flexibility and antenna lifetime performance have also been
studied and displayed a stable performance.

Author Contributions: T.A. and M.T.I. conceptualized the proposed antenna, participated in revising the article
critically for important intellectual contents and M.T.I. supervised the whole study. I.Y. made significant
contribution in addressing reviewer response and participated in revising the manuscript. M.C. participated in
revising the article critically for important intellectual contents.

Funding: This research was funded by the research university grant of Universiti Kebangsaan Malaysia
no. GUP-2018-049

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Finkenzeller, K. RFID Handbook: Fundamentals and Applications in Contactless Smart Cards, Radio Frequency
Identification and Near-Field Communication; John Wiley & Sons: Hoboken, NJ, USA, 2010.

2. Zhu, X.; Mukhopadhyay, S.K.; Kurata, H. A review of RFID technology and its managerial applications in
different industries. J. Eng. Technol. Manag. 2012, 29, 152–167. [CrossRef]

3. Atzori, L.; Iera, A.; Morabito, G. The internet of things: A survey. Comput. Netw. 2010, 54, 2787–2805.
[CrossRef]

4. Amendola, S.; Bovesecchi, G.; Palombi, A.; Coppa, P.; Marrocco, G. Design, Calibration and experimentation
of an epidermal RFID sensor for remote temperature monitoring. IEEE Sens. J. 2016, 16, 7250–7257. [CrossRef]

5. Ziai, M.A.; Batchelor, J.C. Temporary on-skin passive UHF RFID transfer tag. IEEE Trans. Antennas Propag.
2011, 59, 3565–3571. [CrossRef]

6. Liu, Q.; Yu, Y.; He, S. Capacitively loaded, inductively coupled fed loop antenna with an omnidirectional
radiation pattern for UHF RFID tags. IEEE Antennas Wirel. Propag. Lett. 2013, 12, 1161–1164. [CrossRef]

7. Zhang, J.; Long, Y. A miniaturized via-patch loaded dual-layer RFID tag antenna for metallic object
applications. IEEE Antennas Wirel. Propag. Lett. 2013, 12, 1184–1187. [CrossRef]

8. Salmerón, J.F.; Molina-Lopez, F.; Rivadeneyra, A.; Quintero, A.V.; Capitán-Vallvey, L.F.; de Rooij, N.F.;
Ozáez, J.B.; Briand, D.; Palma, A.J. Design and development of sensing RFID Tags on flexible foil compatible
with EPC Gen 2. IEEE Sens. J. 2014, 14, 4361–4371. [CrossRef]

9. Rizwan, M.; Kutty, A.A.; Kgwadi, M.; Drysdale, T.D.; Ukkonen, L.; Virkki, J. Reliability study of flexible
inkjet-and thermal-printed RFID antennas in high humidity conditions. In Proceedings of the Antennas and
Propagation (EuCAP), 2016 10th European Conference on, Davos, Switzerland, 10–15 April 2016; pp. 1–5.

10. Ashraf, F.B.; Alam, T.; Islam, M.T. A Printed Xi-Shaped Left-Handed Metamaterial on Low-Cost Flexible
Photo Paper. Materials 2017, 10, 752. [CrossRef] [PubMed]

11. Amendola, S.; Palombi, A.; Marrocco, G. Inkjet Printing of Epidermal RFID Antennas by Self-Sintering
Conductive Ink. IEEE Trans. Microw. Theory Tech. 2018, 66, 1561–1569. [CrossRef]

12. Sidén, J.; Fein, M.; Koptyug, A.; Nilsson, H.-E. Printed antennas with variable conductive ink layer thickness.
IET Microw. Antennas Propag. 2007, 1, 401–407. [CrossRef]

13. Matyas, J.; Munster, L.; Olejník, R.; Vlcek, K.; Slobodian, P.; Krcmar, P.; Urbánek, P.; Kuritka, I. Antenna
of silver nanoparticles mounted on a flexible polymer substrate constructed using inkjet print technology.
Jpn. J. Appl. Phys. 2016, 55, 02BB13. [CrossRef]

14. Singh, M.; Haverinen, H.M.; Dhagat, P.; Jabbour, G.E. Inkjet printing—Process and its applications. Adv. Mater.
2010, 22, 673–685. [CrossRef] [PubMed]

15. Chen, H.D.; Tsai, C.H.; Kuo, C.Y. Circularly polarized loop tag antenna for long reading range RFID
applications. IEEE Antennas Wirel. Propag. Lett. 2013, 12, 1460–1463. [CrossRef]

http://dx.doi.org/10.1016/j.jengtecman.2011.09.011
http://dx.doi.org/10.1016/j.comnet.2010.05.010
http://dx.doi.org/10.1109/JSEN.2016.2594582
http://dx.doi.org/10.1109/TAP.2011.2163789
http://dx.doi.org/10.1109/LAWP.2013.2281070
http://dx.doi.org/10.1109/LAWP.2013.2281842
http://dx.doi.org/10.1109/JSEN.2014.2335417
http://dx.doi.org/10.3390/ma10070752
http://www.ncbi.nlm.nih.gov/pubmed/28773113
http://dx.doi.org/10.1109/TMTT.2017.2767594
http://dx.doi.org/10.1049/iet-map:20060021
http://dx.doi.org/10.7567/JJAP.55.02BB13
http://dx.doi.org/10.1002/adma.200901141
http://www.ncbi.nlm.nih.gov/pubmed/20217769
http://dx.doi.org/10.1109/LAWP.2013.2288138


Sensors 2018, 18, 4212 9 of 9

16. Leng, T.; Huang, X.; Chang, K.; Chen, J.; Abdalla, M.A.; Hu, Z. Graphene nanoflakes printed flexible
meandered-line dipole antenna on paper substrate for low-cost RFID and sensing applications. IEEE Antennas
Wirel. Propag. Lett. 2016, 15, 1565–1568. [CrossRef]

17. Akbari, M.; Virkki, J.; Sydänheimo, L.; Ukkonen, L. Toward graphene-based passive UHF RFID textile tags:
A reliability study. IEEE Trans. Device Mater. Reliab. 2016, 16, 429–431. [CrossRef]

18. Choudhary, A.; Sood, D.; Tripathi, C.C. Wideband Long Range, Radiation Efficient Compact UHF RFID Tag.
IEEE Antennas Wirel. Propag. Lett. 2018. [CrossRef]

19. Colella, R.; Catarinucci, L. Wearable UHF RFID Sensor-Tag based on Customized 3D-Printed Antenna
Substrates. IEEE Sens. J. 2018. [CrossRef]

20. Liu, Q.; Le, T.; He, S.; Tentzeris, M.M. Button-shaped radio-frequency identification tag combining
three-dimensional and inkjet printing technologies. IET Microw. Antennas Propag. 2016, 10, 737–741.
[CrossRef]

21. Rizwan, M.; Khan, M.; He, H.; Virkki, J.; Sydänheimo, L.; Ukkonen, L. Flexible and stretchable 3D printed
passive UHF RFID tag. Electron. Lett. 2017, 53, 1054–1056. [CrossRef]

22. Semiconductor, N. SL3S1203_1213 UCODE G2iL and G2iL+ IC Chip. Available online: http://www.nxp.
com/products/identification_and_security/smart_label_and_tag_ics/ucode/series/SL3S1203_1213.html
(accessed on 22 December 2017).

23. AgIC: Circuit-printer-cartridge-set. Available online: https://shop.agic.cc/products/circuit-printercartridgeset
(accessed on 12 June 2017).

24. Mo, L.; Zhang, H.; Zhou, H. Broadband UHF RFID tag antenna with a pair of U slots mountable on metallic
objects. Electron. Lett. 2008, 44, 1173–1174. [CrossRef]

25. Akbari, M.; Khan, M.W.A.; Hasani, M.; Björninen, T.; Sydänheimo, L.; Ukkonen, L. Fabrication and
characterization of graphene antenna for low-cost and environmentally friendly RFID tags. IEEE Antennas
Wirel. Propag. Lett. 2016, 15, 1569–1572. [CrossRef]

26. Bong, F.L.; Lim, E.H.; Lo, F.L. Flexible folded-patch antenna with serrated edges for metal-mountable UHF
RFID tag. IEEE Trans. Antennas Propag. 2017, 65, 873–877. [CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1109/LAWP.2016.2518746
http://dx.doi.org/10.1109/TDMR.2016.2582261
http://dx.doi.org/10.1109/LAWP.2018.2844249
http://dx.doi.org/10.1109/JSEN.2018.2867597
http://dx.doi.org/10.1049/iet-map.2015.0711
http://dx.doi.org/10.1049/el.2017.0168
http://www.nxp.com/products/identification_and_security/smart_label_and_tag_ics/ucode/series/SL3S1203_1213.html
http://www.nxp.com/products/identification_and_security/smart_label_and_tag_ics/ucode/series/SL3S1203_1213.html
https://shop.agic.cc/products/circuit-printer cartridgeset
http://dx.doi.org/10.1049/el:20089813
http://dx.doi.org/10.1109/LAWP.2015.2498944
http://dx.doi.org/10.1109/TAP.2016.2633903
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Design Methodology 
	Results and Discussion 
	Conclusions 
	References

