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 This paper describes the development of four different ultra-high frequency 
(UHF) radio frequency identification (RFID) tag antenna using polycarbonate 
material or transparent paper as the substrate and aluminum tape as the 
radiating element. The main advantage of the method is that the materials are 
easy to obtain where it can be found in any hardware stores or in any general 
online shop. Plus, the antennas are designed in such a way that a meander line 
is traced along the shape of a bowtie antenna so that the antenna would operate 
at UHF band. The results of all four of the tag antenna designs are discussed 
and compared using graph obtained from Computer Simulation Technology 
(CST) simulation results and measurement results obtained from a portable 
Vector Network Analyzer (VNA) for the reflection coefficient, S11, and 
measurement results taken from VNA in chamber room for the radiation 
pattern. Finally, the results show that the measured results are in agreement 
with the simulated result and that the UHF RFID tag antennas are able to 
operate at UHF RFID band.
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1. INTRODUCTION  

The history goes way back to the early of 20th century where radar were first introduced as to be used 
in the military. The first active Identify Friend or Foe (IFF) system were developed where every British plane 
was equipped with a transmitter so when they are within the range of the radar stations in the ground, the 
transmitter would send a signal back to identify themselves as a friendly craft. The concept of RFID is similar 
to that of this system. It was then still considered a secret technology used by the military to restrict the access 
to sensitive areas such as nuclear plants or buildings. However, RFID cannot be defined as a single technology. 
RFID are applied in several band of frequencies and different types of tags are developed for various 
communication methods and different power sources. After that, technological advancements lead to the 
development of passive tags [1-3]. 

On that note, for a passive system, a signal would be broadcasted by the reader, and the tag would be 
powered up by the signal when the transponder or tag is within the range of the reader and a signal would be 
sent back to the reader. For an active system, the transponder would continuously broadcast its own signal to 
be read by the reader.  

The use of passive UHF RFID systems are still scarce even though it holds better benefits compared 
to the more commonly used low frequency (LF) and high frequency (HF) RFID systems. Some of the benefits 
in replacing LF and HF RFID with UHF RFID are the latter have tags that are smaller in size. UHF RFID tags 
can be as small as a barcode and thinner than paper as the antenna can be printed using conductive ink or 
conductive tapes. Plus, the production cost of the UHF RFID tags is cheaper compared to the LF and HF RFID 
tags due to the materials needed to materialise the tags. Moreover, UHF RFID reader can detect the tag up to 
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5 meters away meanwhile LF and HF RFID readers can only detect the tags if it is 0 to 0.6 cm away from the 
reader [4-7]. 

The research done in developing compact size UHF RFID tag antennas [8-11] prove to be challenging. 
For example, authors in [9] designed and developed a quadrate bowtie antenna using printed paper with the 
size of 9.2 cm x 3.2 cm for UHF RFID tag. The size of the tag could be further reduced to be applicable in 
areas such as wearable applications and asset management. Next, the tag developed in [12] is specifically made 
for wearable application as it is proven to work even when directly attached to human skin. However, the tag 
is not suitable for long and repeated use as the tag is developed using conductive paint. The material faces the 
possibility of chipping off or crack with a slight bending. Paper [13] discusses the development of a UHF RFID 
tag to be placed on shirt collars using copper tape. However, the paper specifically designed the tag to match a 
complex impedance, the Alien H3 strap. Thus, it could not be applied to tags that does not apply the Alien H3 
strap. Nevertheless, the use and application of UHF RFID systems are gaining some popularity this past years 
[12-20], most of the tags are still considered too big and further studies can be done to make it even smaller so 
that it could be applied to more situations and uses.  
 
 
2. RESEARCH METHOD  

Figure 1 shows the different bowtie-based tag antenna shapes developed for this paper. Figure 1 (a) 
displays a meander line traced in a general shape of a dipole bowtie antenna. Next, Figure 1 (b) shows a more 
elongated shape of bowtie antenna with thinner wings. Figure 1 (c) presents a shorter bowtie antenna, but larger 
wings compared to the general shape shown in Figure 1 (a). Finally, Figure 1 (d) exhibits a meander line traced 
over a bowtie shape tapered with a circle with radius, r = 100 mm on the top and the bottom part of the antenna. 
Figure 2 shows the materials used in developing the UHF RFID tag.  

All of the structures are designed and developed on a polycarbonate material or transparency paper 
with a thickness, h = 0.21 mm, permittivity, εr = 2.9, and tangential loss, tan δ = 0.008. The radiating element 
used is copper tape. Transparency paper is chosen because of its durability and flexibility so that it could be 
employed in various application such as wearable application. Copper tape is used mainly because it is easy to 
apply to the substrate, easy to shape, and finally it does not crack or tear when the substrate is bent inside or 
outside. The materials are placed on the Silhouette Cameo cutting machine where the design of the antenna are 
loaded and ready to be sent over for cutting process. Since UHF RFID chips have different input impedance, 
this paper will follow the standard RF antenna design with 50 Ω input impedance. 
 
 

(a) Meander 1 (b) Meander 2 
 

(c) Meander 3 (d) Meander 4 
 

Figure 1. Four shapes of tag antenna chosen to be cut and measured. 
 
 

 
 

Figure 2. Copper and aluminum tape plastered on transparency on Silhouette Cameo cutting machine. 
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After the cutting process, the tape excess on the substrate is removed. Then, a flat surface is placed 
on top of the substrate and pressure is applied. This is to ensure that there would be no lifting or wrinkles on 
the antenna. A 50 Ω cable is then attached to the antenna and the measurement process ensued. This tag is not 
matched towards RFID chips thus, testing it with any RFID chip will not yield its true result. Figure 3 shows 
the final product of the tag antenna that are ready to be measured for its reflection coefficient and  
radiation pattern. 

Figure 4 shows the reflection coefficient, S11 measurement process using a portable Vector Network 
Analyzer (VNA). The VNA is calibrated and set to measure the S11 from 0.5 GHz to 1.5 GHz. 
 
 

 
 

Figure 3. The final UHF RFID tag antenna. 
 
 

 
 

Figure 4. UHF RFID tag antenna are measured using a portable VNA 
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3. RESULTS AND ANALYSIS 
The comparison between simulation results run on CST software and measurement done using the 

portable VNA for all of the shapes shown in Figure 4 for aluminium as the radiating element are shown below. 
In figure 5, there are 4 different images of the reflection coefficient. Figure 5 (a) shows the graph of simulated 
S11 vs the measured S11 of Meander 1 tag antenna. Over all, the measured results shown are in a good agreement 
with the simulated result. Next, Figure 5 (b) shows the results for Meander 2 tag which also shows similar 
results of simulated S11 and measured S11 result. On the other hand, Figure 5 (c) shows a noticeable difference 
between the simulated and measured S11 results of Meander 3 tag. The measured results shows wider frequency 
range compared to the simulated result. This is could be due to the interference during measurement or one of 
many challenges during the fabrication process. Finally, Figure 5 (d) shows a slight frequency shift happening 
on the measured S11 result. This could also happen due to background noise in the lab happening during the 
measurement process. 
 
 

(a) Meander 1 (b) Meander 2 
 

(c) Meander 3 (d) Meander 4 
 

Figure 5. Comparison between simulated and measured S11 for Meander 1 tag antenna 
 
 

Next, in Figure 6 below shows 8 different images of the radiation pattern measured using VNA in the 
chamber room. Figure 6 (a) shows the radiation pattern of E and H field of Meander 1 tag antenna. The 
measured result shows a good agreement with the simulated result. Next, Figure 6 (b) shows the radiation 
pattern for Meander 2 tag antenna. The E-field shows a slight difference in the centre between the simulated 
and measured result. However, measurement result conforms to the simulated result. The slight difference 
displayed is due to the scaling of the graph. This is a common issue that could be fixed with minor adjustment 
to the graph, however, the graphs are left as is until the measurement result of antenna using different material 
are available. After that, Figure 6 (c) shows a good agreement between the comparison of simulated and 
measured radiation pattern of Meander 3 tag antenna. Finally, Figure 6 (d) shows the result obtained for 
Meander 4 tag antenna.  
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(a) Meander 1 tag antenna 
 
 

 
(b) Meander 2 tag antenna 
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(c) Meander 3 tag antenna 

 
 

  
(d) Meander 4 tag antenna 

 
Figure 6. Tag antenna radiation pattern 

 
 
 Table 1 shows the simplified comparison of the frequency range obtained of the simulated and the 
measured result of reflection coefficient, S11. The results exhibit slight difference if not similar results of 
simulated and measured frequency range. Out of the four tags antenna, Meander 3 shows the largest contrast 
between simulated and measured result of almost 0.03 GHz difference and Meander 3 exhibits a slight 
frequency shift. This is most probably due to the fabrication process where indentation of the radiating element, 
an aluminium tape, would cause a slight frequency shift during measurement process. 
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Table 1. Comparison between simulated and measured S11 of UHF RFID tag antenna 
UHF RFID tag antenna Frequency range from 

simulated S11 (GHz) 
Frequency range from 
measured S11 (GHz) 

Meander 1 0.908 – 0.971 0.908 – 0.96 
Meander 2 0.912 – 0.993 0.9 – 1  
Meander 3 0.956 – 0.998 0.928 – 1  
Meander 4 0.919 – 1 0.936 - 1.04  

 
 
 Finally, taking every aspect of the tag characteristics and results, Meander 1 is chosen as the best UHF 
RFID tag antenna as the overall performance including the size, radiation pattern, and S11 results shows the 
best parameters compared to the other tag antennas. The summary of Meander 1 tag antenna is presented in 
Table 2 below. 

 
Table 2. Summary of Meander 1 tag antenna 

Parameter Value 
Width, w (mm) 83.25 
Length, l (mm) 22 

Frequency range 
simulated (GHz) 

0.908 – 0.971 

Frequency range 
measured (GHz) 

0.912 – 0.96 

 
 
4. CONCLUSION 

The development of a UHF RFID tag antenna using transparency paper as the substrate and aluminium 
and copper tape as the radiating elements are presented and discussed. The radiation pattern of the tag antennas 
is shown and the simulation result of the reflection coefficient are compared to the measured result and it can 
be concluded that only slight difference are noticeable on tag Meander 3 and Meander 4 most probably due to 
challenges during fabrication process. Finally, a thorough and precise fabrication process would increase the 
quality of the tags. 
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