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Passive UHF RFID systems have drawn considerable attention because these can provide a long reading range, high data rate and 

small antenna size. However, a passive UHF RFID system has challenges in tagging a metallic object due to the effects of conducting 

materials on the tag antenna performance. This paper proposes two widely used label-type antennas: folded dipole antenna and 

meandered dipole antenna to optimise design parameters such as impedance matching, feeding techniques, size-reduction, bandwidth 

etc. The proposed low profile antennas can operate at 866 MHz which is suitable for the UK and Europe UHF RFID frequency band. 

The paper also presents an investigation and analysis of the effects of a metallic surface on the performance of the proposed dipole tag 

antennas. It studies the effects of distance between the metal and the tag, thicknesses of the metallic plate and antenna substrate. The 

performance is evaluated in terms of return loss, shift in resonance frequency and bandwidth. The simulation results show that when 

the tag antennas are mounted closer to a metallic surface, the return loss of the tag antennas is significantly increased and the 

resonance frequency is also shifted from the desired operating frequency. Although the size is reduced, these antennas might not be 

good choices for tagging metallic objects. An antenna that uses metallic surface as the ground plane e.g. Micro-strip patch antenna and 

planar inverted-F antenna (PIFA) might be a possible solution in this case. 

 
Index Terms—folded dipole antenna, meandered dipole antenna, tag antenna performance, effect of metal. 

 

I. INTRODUCTION 

he rapid increase in requirements of automatic 

identification in various areas such as item-level tracking, 

access control, electronic toll collection, vehicle security [1] 

etc. accelerates the demand for the radio frequency 

identification (RFID).  

RFID is a pervasive computing technology [2]. It consists 

of a reader, tags and an application computer. The basic 

configuration of a passive RFID system is shown in Fig. 1. 

Based on the method of powering, an RFID system is 

classified as passive (without battery), active (with battery) 

and semi-active. An RFID system is also classified as the 

near-field and far-field system based on the method of 

coupling between the reader and tag. The near-field system 

works on the electromagnetic induction and operates at low 

frequency (LF) around 125-134 kHz or high frequency (HF) at 

13.8 MHz [3]. On the other hand, the far-field system works 

on the backscattering propagation and operates at ultra-high 

frequency (UHF) around 860-960 MHz or microwave 

frequency (MWF) at 2.5 GHz [3].  

 

Fig. 1. Configuration of a passive RFID system. 

In recent years, the passive UHF RFID system is getting 

considerable attention because it can provide a long reading 

range, high data rate and small antenna size. Many 

applications require the tag antenna to be of low profile and 

easy to be mounted or embedded on any objects. A low-cost 

label-type dipole antenna printed on a very thin film is 

commonly used as the tag antenna in passive UHF RFID 

applications [4, 5]. However, when mounted on a metallic 

object, the antenna parameters such as radiation pattern, 

bandwidth, gain, input impedance etc. change and the overall 

efficiency seriously degrades due to the change of the 

reactance of the antenna impedance [6, 7]. This results in 

degradation of the UHF RFID tag performance. In the worst 

case, the tag may not be detected by the reader within its 

normal reading range. 

In this paper, two variants of dipole antenna: folded dipole 

and meandered dipole antenna are proposed to optimise design 

parameters e.g. size, bandwidth, impedance matching, feeding 

technique and to study the effect of metallic surface. First the 

proposed tag antennas are designed and analysed in free space. 

Then, the effects of a metallic surface on the proposed 

antennas in terms of return loss, shift in resonance frequency 

and bandwidth are analysed. The rest of the paper is organised 

as follows. Section II addresses the related works. Section III 

discusses the proposed tag antenna design requirements and 

approach. Section IV presents the proposed tag antennas 

designs. Section V discusses the simulation set-up and 

simulation results. Section VI addresses the performance of 

the proposed tag antennas near or on metallic surface. Finally, 

section VII draws some conclusions.  

II. RELATED WORKS 

In [8], the authors have investigated the ordinary dipole 

antenna and modified to reduce its length, broaden its 

bandwidth and the antenna is designed at 900 MHz resonance 

frequency.  

The tag antenna problems for RFID systems are first 
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reported by Foster and Burberry [9]. Only limited work on the 

effect of metal near the antenna has been published. The effect 

of a metallic reflector on the folded dipole antenna is 

simulated by Raumonen et al [10] and it has been reported that 

the signal strength decreases in radiation pattern when the 

antenna is taken closer to the metallic reflector.  

Dobkin and Weigand [6] have shown the experimental set-

up to measure the reading distance of a tag near metal plate 

and water filled container. They have reported that there is a 

decrease in reading distance when the tag is close to the metal 

surface. They have also reported changes in the tag antenna 

impedance when the tag is taken near a metallic surface. 

 In [7], the power and backscatter communication radio link 

budgets that allow the tag designer to quantify the effects of 

tag material attachment is studied. And they have reported a 

decrease in the tag antenna gain when it is placed near the 

metallic surface.  

The effects on the antenna parameters when placed on paper 

and plastic is studied by Rida et al [11] and it has been 

reported that there are shifts in resonance frequency when the 

antenna substrate is changed.  

Mittra and Hoenschel [12] have designed a tag antenna that 

employs Electromagnetic Bandgap (EBG) surfaces substrate 

to have less sensitivity to the environment. However, their tag 

antenna parameters e.g. radiation pattern and impedance 

characteristics change little when placed on metal or glass.  

The effect of the substrate, metal-line and surface material 

on the performance of RFID tag antennas is investigated in 

[13]. It reports that the readability of the tag drastically 

decreases when the tag is attached to a high permittivity and 

high loss target object.  

Paper [14] has studied performance of the RFID tag antenna 

based on the antenna trace materials e.g. Copper, Aluminium 

and Sliver. It has been observed that Copper deposit and Silver 

inks are competitive materials compared to Aluminium when 

1 mm antenna trace width is used. However, deposited Copper 

has superior conductivity and can work with much less 

deposited material than Silver and with narrow line widths. 

III. THE PROPOSED TAG ANTENNA DESIGN REQUIREMENTS 

AND APPROACH 

A. The Proposed Tag Antenna Performance Criteria 

The return loss determines the impedance mismatch 

between the tag antenna and chip given by (1) which is taken 

from [15].  
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Here ZC = RC + jXC is chip impedance and ZA = RA + jXA is 

tag antenna impedance, RC and XC are chip input resistance 

and input reactance, respectively and RA and XA are tag 

antenna input resistance and input reactance, respectively. If 

the return loss is high, the power delivered to the chip will be 

less and it reduces the overall performance of the tag. The 

perfect impedance match will transfer maximum power from 

the antenna to the chip. 

The bandwidth requirement of the tag antenna is at least 

500 KHz as per the ISO/IEC 18000-7 standard [16] and it is 

measured at < -10dB return loss. The bandwidth of the 

proposed antenna [17] is determined by (2).  
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Here fH and fL are the upper and lower cut-off frequencies, 

respectively at -10 dB return loss and f0 is the centre operating 

frequency. 

The shift in the resonance frequency of the proposed 

antenna should be close to the operating frequency. If the 

resonance frequency response is widely diverted from the 

desired operating frequency, the antenna will not work at the 

target frequency band. 

B. Design Requirements of the RFID Tag Antenna 

A passive tag consists of an antenna and a chip. The chip is 

quantified by the integrated circuit (IC) manufacturers [18] 

and cannot be modified by the user. For a specific application 

with the prior selected chip and reader, the tag antenna has to 

be designed to get the maximum reading distance. The 

antenna must have the following features: 

1. It should be very small and flexible to attach or fix on 

the required object like cardboard, smart card, airline 

baggage strips etc.  

2. It should provide maximum power to the tag chip to 

have the maximised reading range. 

3. It should be very cheap to achieve a low cost tag. 

4. It should be mechanically robust to sustain very harsh 

environment e.g. temperature, humidity and stress from 

other physical objects coming in contact with the tag. 

C. Selection of the Applications for the Proposed Tag 

Antennas 

The proposed tag antennas are designed for a passive UHF 

RFID tag which is considered to use in a smart label for 

cardboard box tagging in the UK and Europe warehouse 

environment [19].  

D.  Selection of the Operating Frequency for the Proposed 

Tag Antennas 

The proposed tag antennas should be easily tuneable from 

865 MHz to 867 MHz range for the UK and Europe UHF 

RFID frequency band. The operating frequency (f0) of the 

proposed tag antennas is selected as 866 MHz and the tag 

antenna parameters are designed based on the selected 

operating frequency. 

E. Identification of the Type of Tag Antennas 

In UHF RFID applications, the half wavelength (λ/2) dipole 

antenna is commonly used for the tag. But the size of the λ/2 

dipole antenna will be bigger for the lower operating 

frequency and will be smaller for the higher operating 
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frequency. This is because the wavelength is inversely 

proportional to the frequency. For example, at the 866 MHz 

operating frequency the wavelength is 346 mm. Hence, the 

length of antenna is equal to 173 mm which is too big for 

RFID tags. However, to reduce the size of antenna, the dipole 

antenna is modified as follows: folding the ends of dipole, 

capacitive loading of the dipole ends and folding the dipole 

into a meandered pattern. The folded dipole antenna and 

meandered dipole antenna are chosen for this study as these 

offer small antenna size for the RFID tag. 

F. Selection of the Substrate Material for the Proposed Tag 

Antennas 

A tag antenna is made up of conductors (radiation elements) 

and dielectric (substrate) [20, 21]. The materials used for 

conducting wires are Copper, Aluminium and Silver ink. The 

Silver and Copper are good conductors but they are very 

expensive. On other hand, Aluminium is cheap; however, it is 

a poor conductor.  

The dielectric material such as paper, plastic or polymers 

can be used as substrate to reduce the tag cost. Commonly 

used substrates are polyethylene terephthalate (PET) and rigid 

printed circuit board (PCB) such as FR-4 (Flame Retardant 

type-4). The selection of a radiation element and substrate is a 

trade-off between cost and performance.  

The conductor is etched, printed, coiled (wounded), or 

stamped on the substrate and then chip is attached on it. This 

assembly is called as an inlay [20]. The inlay is called a tag 

when it is attached to a cardboard box, airline baggage strip, 

smart card, printed label etc. 

The commonly used thin polyimide substrate [4] with a 

dielectric constant (εr) of 3.5, loss tangent (δ) of 0.003 and 

thickness (ts) of 0.05 mm is selected for the proposed 

antennas. This substrate is cheap and can be easily mounted to 

the cardboard box. The top antenna trace is printed on the 

polyimide and is made of Copper with a thickness (ta) of 0.018 

mm. 

G. Selection of the Tag Chip and Impedance Matching for 

the Proposed Tag Antennas 

The RFID tag antennas are designed based on the input 

impedance of the tag chip. For the proposed designs, the Alien 

Higgs-3 [22] chip is selected as it is widely used in the 

industry and is available in the lab during the design process.  

The Alien Higgs-3 is an integrated single chip for EPC 

(Electronic Product Code) Class 1 Generation 2 RFID tag 

manufactured by the Alien Technology. The Alien Higgs-3 

exhibits an input impedance of ZC = (31- j212) Ω at 866 MHz 

resonance frequency and requires a minimum of -14 dBm 

power to turn-on the chip. In order to deliver the maximum 

power from the antenna to the chip, the input impedance of the 

antenna, ZA should be complex conjugately matched to the 

chip impedance, ZC (i.e. ZC = ZA
*
). Therefore, the proposed 

antenna design should have an input impedance of ZA = (31 + 

j212) Ω.  

The impedance mismatch between the tag antenna and chip 

is determined by the power transmission coefficient (τ) [4] 

given by (3). 
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Here RC is input resistance of a chip and RA is input 

resistance of an antenna. 

IV. THE PROPOSED TAG ANTENNA DESIGN 

The proposed folded dipole and meandered dipole antenna 

designs are presented in the following sections.  

A. The Proposed Folded Dipole Antenna Design 

The geometry of the proposed folded dipole antenna is 

shown in Fig. 2. The proposed folded dipole antenna has two 

layers. The top layer is the radiating element (i.e. antenna 

trace) and the bottom layer is the antenna substrate. The 

radiating element has two elements: main radiating element 

and parasitic element. The main radiating element is used to 

radiate the electromagnetic field while the parasitic element is 

used to match the proposed folded dipole antenna input 

impedance to the tag chip input impedance. The key antenna 

parameters of the radiating element are: antenna length L, 

antenna breath B, antenna trace width w, folded arm length a, 

parallel distance d between the main element and the parasitic 

element and the separation gap between folded arm and 

parasitic element s. The bottom layer (i.e. antenna substrate) is 

used for holding the radiating element.  

 

Fig. 2. Geometry of the proposed folded dipole antenna. 

 

Fig. 3. Geometry of the proposed meandered dipole antenna. 

B. The Proposed Meandered Dipole Antenna Design 

The geometry of the proposed meandered dipole antenna is 

shown in Fig. 3. The proposed meandered dipole antenna also 



 4 

has two layers. The top layer is the radiating element is used to 

radiate the electromagnetic field. The bottom layer is the 

antenna substrate which is used for holding the radiating 

element. The radiating element has several key parameters: 

length of antenna L, meander step height h, meander step 

width w, conductor spacing s, length of last meandered 

conductor B and the separation distance between the feed 

element and main radiating element d. Here, the T-match 

feeding technique is used to feed the proposed antenna to 

match the antenna impedance to the chip impedance. By 

varying the geometry of the T-match feeding, the proposed 

meandered dipole antenna input impedance is matched to the 

tag chip input impedance.  

V. SIMULATION SET-UP AND RESULTS 

A. Simulation Set-up 

The proposed dipole antennas are simulated in the Sonnet 

Lite electromagnetic (EM) simulator [23] which simulates 

based on the method of moments (MoM). The Sonnet Lite is a 

3D planar EM design software for circuits and antennas 

developed by the Sonnet Company. 

The Sonnet EM simulation analysis is performed inside a 

four-sided lossless metal box. This box is divided into the 

three layers as shown in Fig. 4. The top and bottom layers are 

set as the free space layer and the middle layer is set as the 

substrate layer. The antenna radiating element is placed on the 

substrate layer at the centre of the box. While the four 

sidewalls provide a perfect ground reference as well as to use 

Fast Fourier Transform (FFT) to compute all circuit cross-

coupling.  

 

Fig. 4. Front view of the simulation set-up for the proposed tag antennas. 

The sidewalls are set at 1.5 wavelengths (the Sonnet 

recommended to set one to three wavelengths) from the 

antenna trace to avoid the effects from the sidewalls. The 

wavelength of an 866 MHz signal is 346 mm and the proposed 

antenna is simulated for half wavelength which is 173 mm. 

This gives the box size of 1200 mm x 1200 mm. The top layer 

and bottom layer are set at 200 mm (the Sonnet recommended 

to set not less than or equal to the half wavelength) which is 

slightly more than half wavelength (i.e. 173 mm) to avoid the 

effect of fringing fields (i.e. near field). The middle layer is set 

at the height 0.05 mm with dielectric constant (εr) of 3.5 and 

loss tangent (δ) of 0.003. The antenna radiating element 

material is selected as a Copper (i.e. same as design) and set as 

Copper thickness (ta) of 0.018 mm and conductivity of 

58000000 siemens per meter. Finally, all the simulations are 

performed in the frequency sweep from 800 MHz to 980 

MHz. The simulation results of the proposed folded dipole and 

meandered dipole antenna are presented in the following 

sections. 

B. Simulation Results of the Proposed Folded Dipole 

Antenna 

To achieve small tag size, the width B of the proposed 

folded dipole antenna is kept constant to 28 mm and a 

parameter sweep operation is performed in Sonnet for length L 

from 80 mm to 160 mm with the step size of 2 mm. In each 

step, the Sonnet Adaptive Band Synthesis (ABS) analyses the 

L for frequency ranging from 800 MHz to 980 MHz which is 

wider than the UHF frequency band i.e. 860 MHz to 960 

MHz. It ensures that the whole UHF RFID frequency response 

can be plotted inside the simulation output for analysis. Once 

parameter sweep is completed, the Sonnet plots return loss vs. 

frequency for each step of L.  

Generally, the return loss bandwidth is either measured at -3 

dB or -10 dB [16]. In order to have wider return loss 

bandwidth and less reflection power between the chip and the 

antenna, the maximum return loss is chosen to be less than or 

equal to -18 dB at the desired resonance frequency i.e. 866 

MHz. After performing several parameter sweep simulations 

and examining each result, the final optimised parameters of 

the proposed folded dipole antenna are given in Table I. To 

match the proposed folded dipole antenna impedance ZA to the 

chip impedance ZC, the separation gap, s between the folded 

arm and the parasitic element is varied from 1 mm to 10 mm 

with the simulation step size of 1 mm.  

Table I  

Parameters of the proposed folded dipole antenna (Dimension in mm) 

Parameters L B s w a d 

Values 108 28 4 2 6 12 

 

Fig. 5 and Fig. 6 show the input resistance and reactance, 

respectively against UHF frequency of the proposed folded 

dipole antenna with various separation gaps, s. It is clear that 

the input resistance and reactance can be increased or 

decreased by varying s. After examining the simulation results 

it is found that when s = 4 mm, the antenna input resistance, 

RA is 30 Ω and antenna input reactance, XA is 210 Ω. This 

shows that the proposed folded dipole antenna input 

impedance is complex conjugately matched to the input 

impedance of the chip i.e. RC is 31 Ω and XC is 212 Ω. 

Fig. 7 presents the return loss of the proposed folded dipole 

antenna at 866 MHz resonance frequency. The minimum 

value of the simulated return loss (S11) at resonance frequency 

is -21.59 dB. At half-power return loss (i.e. < -3 dB), the 

proposed folded dipole antenna covers entire UHF RFID 

frequency range (i.e. 860 MHz to 960 MHz) and the proposed 

antenna can be used in the world wide UHF RFID system. The 

simulated < -10 dB bandwidth of the proposed antenna is 67.5 

MHz (7.79%), from 836 MHz to 903.5 MHz which can easily 

operate in the UK and Europe UHF RFID system. Both -3 dB 
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and -10 dB bandwidths meet the requirement (500 kHz) of the 

ISO/IEC 18000-7 standard [16].  

 

Fig. 5. Simulated input resistance against UHF frequency of the proposed 

folded dipole antenna with various separation gaps, s. 

 

Fig. 6. Simulated input reactance against UHF frequency of the proposed 

folded dipole antenna with various separation gaps, s. 

 

Fig. 7. Simulated return loss of the proposed folded dipole antenna at 866 

MHz resonance frequency. 

C. Simulation Results of the Proposed Meandered Dipole 

Antenna 

The length L and width B of the proposed meandered dipole 

antenna are determined by performing numerous parameter 

sweeps. Keeping meander step height h, width w and 

conductor spacing s constant, a parameter sweep is performed 

for L from 40 mm to 120 mm and B from 10 mm to 40 mm 

with the simulation step size of 2 mm in both cases.  

Table II presents the final optimised parameters of the 

proposed meandered dipole antenna. To match the proposed 

meandered dipole antenna impedance ZA to the chip 

impedance ZC, T-match feeding is used. The impedance is 

matched by varying the separation distance d between the 

radiating element and feed element from 1 mm to 10 mm with 

simulation step size of 1 mm.  

Table II 

Parameters of the proposed meandered dipole antenna (Dimension in mm) 

Parameters L B h w s d 

Values 68 22 18 2 4 5 

 

Fig. 8 and Fig. 9 show the simulated input resistance and 

reactance, respectively against UHF frequency of the proposed 

meandered dipole antenna with various separation distances, 

d. It is clear that the input resistance and reactance can be 

increased or decreased by varying d. After examining 

parameter sweep results it is observed that when d = 5 mm, the 

antenna input resistance, RA is 35 Ω and input reactance, XA is 

215 Ω. This shows that the proposed meandered dipole 

antenna input impedance is complex conjugately matched to 

the input impedance of the chip i.e. RC is 31 Ω and XC is 212 

Ω.  

Fig. 10 presents the return loss of the proposed meandered 

dipole antenna at 866 MHz resonance frequency. The 

minimum value of the simulated return loss (S11) at the 

resonance frequency is -22.76 dB. The half-power bandwidth 

(i.e. < -3 dB) is 77 MHz (8.89%), from 829.5 MHz to 906.5 

MHz. The simulated < -10 dB bandwidth of the proposed 

antenna is 25 MHz (2.89%), from 855 MHz to 880 MHz. Both 

at -3 dB and -10 dB return losses, the proposed tag antenna 

can be used in the UK and Europe UHF RFID system. Also -3 

dB and -10 dB bandwidths of the proposed antenna meet the 

requirement (500 KHz) of the ISO/IEC 18000-7 standard [16].  

 

Fig. 8. Simulated input resistance against UHF frequency of the proposed 

meandered dipole antenna with various separation distances, d. 
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Fig. 9. Simulated input reactance against UHF frequency of the proposed 

meandered dipole antenna with various separation distances, d. 

 

Fig. 10. Simulated return loss of the proposed meandered dipole antenna at 

866 MHz resonance frequency. 

D. Comparison of the Proposed Folded and Meandered 

Dipole Antenna 

The proposed folded dipole and the meandered dipole 

antennas in this paper are designed to operate at 866 MHz 

resonance frequency and have been compared to [8] in terms 

of size (area) and bandwidth. This is because the motive in [8] 

and the proposed design is to reduce the size of the dipole 

antenna. 

Fig. 11 shows the area comparison of the proposed folded 

and the meandered dipole antenna with the modified dipole 

antenna in [8]. The proposed folded dipole antenna and the 

meandered dipole antenna exhibit area reductions of 11.32% 

and 56.13%, respectively. It is clearly shown that the 

meandered dipole antenna would offer a compact and robust 

passive tag than the folded dipole antenna and modified dipole 

antenna which is demanded by most of the RFID applications. 

However, the proposed meandered dipole antenna has a 

narrower bandwidth than the modified dipole antenna in [8] as 

shown in Fig. 12. It is because the modified dipole antenna in 

[8] is designed to operate in the entire UHF RFID frequency 

band (i.e. 860 MHz to 960 MHz). On the other hand, the 

proposed meandered dipole antenna is designed to operate in 

the UK and Europe UHF RFID frequency band (i.e. 865 to 

867 MHz and has narrower bandwidth).  

Therefore, a trade-off among the area, bandwidth and 

performance parameters is needed based on the type of tag 

antenna and the RFID applications. For example, if the size of 

tag requirement for RFID is a crucial factor, then the 

meandered dipole antenna can be used. 

 

 

Fig. 11. The area comparison of the proposed tag antennas. 

 

Fig. 12. The bandwidth comparison for the proposed tag antennas at < -10 dB 

return loss. 

VI. PERFORMANCE OF THE TAG ANTENNA WHEN PLACED 

NEAR A METALLIC SURFACE 

The simulation environment to investigate the performance 

of tag antenna when mounted on a metallic surface is set-up in 

the Sonnet Lite EM simulator.  

Fig. 13 shows how a tag antenna is mounted on a metallic 

surface in the EM simulator to evaluate the effect of a metallic 

surface. The tag antenna is placed above the metallic surface 

keeping air as the medium between them. The separation gap 

between the tag antenna and metal is D. The infinite ground 

plane of the EM simulator is used as a metallic surface which 

is 0.2 mm thick. The type of the metallic surface is considered 

as Copper for this analysis. The metallic surface is taken 

closer to the tag antenna by a step of 10 mm. At every step, 

the return loss value, bandwidth and resonance frequency are 

examined. 

After performing a numerous number of simulations, it is 

observed that when the tag antenna is placed above the 

metallic surface more than the quarter wavelength of the 

antenna’s resonance frequency, there is not much effect by the 

metallic surface. Therefore, the performance evaluation 

emphasises when the distance between the tag antenna and a 

metallic surface is less than quarter of the wavelength. 

Fig. 14 and Fig. 15 show the simulation results of the 

proposed folded dipole and meandered dipole antenna, 

respectively for various separation gaps D. In both cases, 

when the tag is taken closer to a metallic surface by a step of 

10 mm, there is a significant increase in the return loss and 
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shift in the resonance frequency from the desired frequency. 

For example, for the separation gap of 20 mm and 50 mm, the 

resonance frequency is 845 MHz and 855 MHz, respectively 

as shown in Fig. 15. When D is less than 40 mm, the return 

losses of the proposed antennas are greater than -3 dB and the 

tag antenna may not work at all since it is short circuited by 

the metallic surface and suffers from a high return loss. The 

increase in the return loss is due to the change in the antenna 

impedance according to (1). 

 

 

Fig. 13. The isometric view of the simulation model set-up to investigate the 

performance of a tag antenna on metallic surface. 

 

Fig. 14. The return loss of the proposed folded dipole antenna for various 

separation gaps, D between the antenna and metallic surface.  

 

Fig. 15. The return loss of the proposed meandered dipole antenna for various 
separation gaps, D between the antenna and metallic surface. 

Fig. 16 and Fig. 17 show the simulated results of UHF 

frequency vs. return loss of the proposed meandered dipole 

antenna at D = 50 and D = 30 mm, respectively for various 

metallic plate thickness, tm. All other parameters are kept 

constant. Both figures show that the thickness of the metallic 

plate does not affect the performance of the tag antenna. 

Similar simulations are also performed for the proposed folded 

dipole antenna and similar results are found. 

 

Fig. 16. The UHF frequency vs. return loss of the proposed meandered dipole 

antenna at D = 50 mm for various metal plate thickness, tm.  

 

Fig. 17. The UHF frequency vs. return loss of the proposed meandered dipole 

antenna at D = 30 mm for various metal plate thickness, tm. 

Fig. 18 and Fig. 19 show the simulated results of UHF 

frequency vs. return loss of the proposed folded dipole and 

meanderd dipole antenna, respectively for various the 

substrate thickness, ts. These results present the performances 

without the ground plane or a metal near to the antenna and 

keeping other antenna parameters constant. Both figures show 

that when the antenna substate thickness increases, the 

resonance frequency decreases and the return loss increases 

slightly. Thus, the variation of the thickness of the antenna 

substrate also affects the performance of the tag antenna.  

 

Fig. 18. The substrate thickness, ts vs. the return loss of the proposed folded 

dipole antenna. 
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Fig. 19. The substrate thickness, ts vs. the return loss of the proposed 

meandered dipole antenna. 

VII. CONCLUSION 

In this paper, a folded dipole and a meandered dipole 

antenna are proposed on a very low profile for a passive UHF 

RFID tag. The simulation results show that the meandered 

dipole antenna structure offers a compact and small tag size. 

However, it suffers from the narrower bandwidth. The 

performances of the proposed tag antennas on a metallic 

surface are studied and analysed. The study shows that when 

the tag antenna is taken closer to a metallic surface, the 

antenna return loss increases and thus degrades the 

performance of the tag antenna. The investigation also reveals 

that when the antenna substrate thickness increases, the 

resonance frequency decreases and the return loss increases 

slightly. Thus, the variation of the thickness of the antenna 

substrate also affects the performance of the tag antenna. 

Therefore, the possible solution to improve the performance 

may be by designing an antenna which uses metallic surface 

as the ground plane e.g. Micro-strip patch antenna and planar 

inverted-F antenna (PIFA). The research team has already 

done some investigations on designing a micro-strip patch 

antenna prototype for passive UHF RFID tag which has been 

published in another paper. 
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