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Introduction 
Radio frequency identification (RFID) systems use electromagnetic waves to 
transfer identification data at radio frequencies. A typical passive UHF RFID 
system consists of a reader system and microchip-controlled tag attached to the 
object to be identified. The identification data of an object is stored in the chip. If 
the tag is located inside the reader's interrogation zone it gets enough energy from 
the reader's electromagnetic fields to activate the chip, which then modulates the 
identification data to the carrier signal and backscatters it to the reader. [1],[2] 
 In applications small tag size is desirable for low fabrication costs and also 
the small size is suitable for tag placement because free space on product 
packages may be very limited. Moreover, wide operating frequency range is 
preferable so that the identification of objects is not restricted to a specific 
geographical area by the local RFID frequency range.  
 The aim of this study is to design and compare two electrically small 
radiators with fundamentally different geometries. The performance of the 
designed antenna structures is studied by measuring threshold power and 
backscattered power. Measurement results are also compared with two 
commercial short dipole tags. 

Studied antenna structures 
Wavelengths in UHF frequency range are typically large compared to the 
desirable tag size. Therefore RFID tags are often electrically small dipoles, which 
are inherently inefficient radiators [4] and therefore have short readable range. 
One can try to tackle this problem by careful design of the tag geometry. 

In this study two short dipole type tag antennas with relatively simple, but 
diverse geometries were developed. Proposed antenna structures and their key-
dimensions are show in Figures 1 and 2. The tag in Fig. 1 is a modification of a 
bowtie antenna and the second one (Fig. 2) is modified from a traditional 
rectangular dipole tag. 

Bowtie is a cross section of a shell biconical antenna which has almost 
frequency independent impedance characteristics, i.e. very wide operating band 
[5]. In many cases this is a desired property for an antenna, but the massive three-
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dimensional structure should somehow be miniatyrized to be able to take 
advantage of this property in applications like RFID.  

Approximating the structure by just a cross section of the biconical shape 
is one way to do this and even though it is a somewhat crude approximation along 
which the frequency independency is lost to great extent, bowtie tag still proved 
to possesses rather wide band characteristics.   
 For the other tag (Fig. 2) an extra structure was added in order to achieve 
better impedance matching for a wider operating frequency band without 
considerably increasing the maximum length of the tag compared to the bowtie 
design. 
 

 
Figure 1: Bowtie tag, dimensions in 

millimetres. 

 
Figure 2: X-tag, dimensions in 

millimetres.

Modelling and simulation results 
Both tags were implemented using copper with thickness of 0.1 mm on a plastic 
substrate, which was modelled as 0.15 mm polyethylene sheet. Tags utilize the 
Alien Gen2 UHF RFID integrated circuit (known as the Higgs Chip), whose 
impedance was approximated to be (17-j145) Ω. Modelling was done with a 
FEM-based simulator and results were used to study the gain and impedance 
matching. 
 In the bowtie model the most crucial parameter for matching was 
expectedly the length and height of the triangular gap in the middle. The 
rectangular gap above it was utilized to fine-tune the impedance. The width of the 
trace in triangular parts, at both the ends of the tag (thickness of the biconical 
shell), was deciding factor to the antenna gain. 

A similar idea for matching was utilized also in the other tag design, but to 
achieve more symmetric structure two triangular gaps were placed at both sides of 
the chip. Simulations showed that the resonant frequency was readily adjustable 
by the parameter L in Fig. 2 and minor adjustments could be done varying the 
parameter d in Fig. 2.   

Simulated impedances versus frequency for both tags are shown in Fig 3 
and power reflection coefficient [6],[7] calculated from these impedances is 
plotted in Fig. 4. Gain patterns for both tags are omnidirectional, doughnut-shaped 
patterns (typical dipole radiation pattern), with peak gains listed in Table 1. 
 
      Table 1: Simulated maximum gains. 

 865 MHz 915 MHz 965 MHz 
Bowtie 2.1 dBi 2.3 dBi 2.3 dBi 
X-tag  2.0 dBi 2.0 dBi 2.0 dBi 



 
Figure 3: Antenna impedances. 

 
 
Figure 4: power reflection coefficient

 

Measurements 
The quality of the impedance matching was verified by measuring the minimum 
power level (threshold power) needed to power up the chip at a certain frequency. 
Tag’s response to reader, i.e. the modulated backscattered signal is realized by 
switching the impedance RFID IC chip between mismatched reflective state and 
matched non-reflective states. The power of the backscattered signal can therefore 
be characterised also by the change in tag’s Radar Cross Section. This is the other 
measured quantity. 

In backscattering measurements that have been carried out for this article 
the impedance matching was assumed to be ideal so that all the backscattering 
would occur in the mismatched reflective state of the tag. In practice, due to non-
idealities in the impedance matching between the tag and the IC chip, small 
amount of backscattering takes also place in the matched non-reflective state. 

All the measurements were carried out with Voyantic RFID 
‘Tagformance’ measurement system [8]. It provides an automated power-
frequency –sweep to find the threshold power and backscattered signal strength at 
frequencies of interest. Reader/receiver antenna had 9.5 dBi gain and distance 
between the reader and the tag was 1.0 m.  

Measurement result for the threshold power versus frequency is presented 
in Fig. 5 and backscattered power versus frequency is plotted in Fig. 6. Table 2 
shows ∆RCS values for the measured tags. For comparison measurements were 
also done for two commercial, short dipole -type, Gen2 tags for global UHF RFID 
frequency range. Outer dimensions of the comparison tags are 95 x 8.2 mm and 
95 x 7 for Tag1 and Tag2, respectively. 
 
      Table 2: Measured ∆RCS values.  

 865 MHz 915 MHz 965 MHz 
Bowtie -25 dBsm -27 dBsm -29 dBsm 
X-tag -32 dBsm -33 dBsm -36 dBsm 
Tag1 -25 dBsm -25 dBsm -25 dBsm 
Tag2 -32 dBsm -27 dBsm -26 dBsm 



 
Figure 5: Transmitted (threshold) 

power versus frequency. 

 
 

Figure 6: Received (backscattered) 
power versus frequency. 

Conclusions 
Two short-dipole type RFID tags with diverse geometries have been developed to 
compare their performance with each other and with two commercial short-dipole 
type tags. Antenna structures were modelled with FEM-simulator to find a 
suitable geometries for matching and radiation properties. Based on simulation 
and measurement results bowtie design proved to be more apt geometry for an 
electrically small radiator and showed better performance compared to the other 
more traditional dipole type design. Comparison with two commercial tags 
showed that bowtie design has good impedance matching and also its 
backscattering properties were comparable with the commercial designs. 
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