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Abstract 

 
In this paper, the performance of Near-Field UHF RFID systems is investigated by means of electromagnetic 

analyses.  A novel antenna is presented for ultra high frequency (UHF) near-field radio frequency identification 
(RFID) applications. The reactance component of tag antenna considered chip impedance (-193j) is conjugated and 
matched for maximum power transmission. The antenna is fabricated by using Polyester (PET) dielectric substrate 
with permittivity 3.2. The size of antenna is 38 × 18 × 0.5 mm. The HFSS simulator is used for optimizing the 
proposed antenna. The antenna Return Loss is of 14.0 dB for the worst case in the middle of UHF range, better than 
31.4 dB at 900 MHz.  
 

1. Introduction 
 

The RFID (Radio Frequency Identification) is a non-contact method for data transfer to object identification 
[1]. Two major characteristics that distinguish different types of RFID systems are the power source of the tag and 
the frequency of operation [2]. RFID can be categorized into two types: an active RFID capable of transmitting an 
electromagnetic wave containing information of the RFID, and a passive RFID which drives utilizing power of an 
electromagnetic wave externally received. A strictly passive RFID system uses the energy from the field radiated by 
the reader to completely power the tags. The tag then uses this energy to identify itself and communicate with the 
reader. The basic near field UHF RFID concept is to make UHF RFID system work at short distances and on 
different objects as reliably as LF/HF RFID [3]. Near-field UHF technology is capable of transmitting in the near-
field, similar to HF, but is faster and works well around metals and liquids [4]. The aim of this work is to investigate 
the electromagnetic characteristics of UHF near field RFID Tag Antenna. 
 

2.Near-field UHF RFID Tag 
 

Near field RFID are based on inductive coupling between the reader and the Tag. UHF near-field RFID is 
increasingly popular for item-level tagging because the tag can be detected more consistently on various objects 
such as bottles of water, CD/DVD, and small items [5]. Since the major part of reactive energy is stored in the 
magnetic field, the system of inductive coupling is preferred for the communication between the antenna of reader 
and the antenna of Tag. Most of the near field UHF RFID Tags antennas are rectangular or circular loops, as these 
electrically small loop antennas are able to produce a strong and uniform magnetic field in the region around the 
antenna. Finally, to have a good magnetic coupling in near field UHF RFID Tag antenna, it is necessary to use T-
match configuration with a circular or rectangular for tags antennas [6]. 
 

3. ANTENNA DESIGN 
 

Fig. 1 shows the proposed tag antenna structure. The antenna is fabricated with a flexible polyester (PET) 
substrate (thickness m50H µ= , relative dielectric constant 3.2ε r = , and loss tangent 0.003tanδ = ) with an 

overall size of 38 × 18 mm2. The detailed dimensions of the antenna prototype are: L1 = 13.9 mm, L2 = 6.95 mm,  
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W1 = 1 mm, W2=1.08 mm  and W3 = 2 mm. The operation frequency of the tag is in the UHF band. For the purpose 
of design calculations, the frequency of 900 MHz has been chosen. 

 
Figure 1. Antenna structure 
(a) Top view (b) Side view 

 
Integrated chip ASIC Philips (NXP UCODE) enclosed in TSSOP8 body was used for the tag [7]. For 

maximum power transfer between the tag antenna and the RFID IC, the tag antenna impedance must be the complex 
conjugate of the RFID IC impedance. The RFID IC impedance is highly capacitive in nature the conjugate match in 
predominantly inductive. In this paper the antenna is designed for a tag chip with j193)Ω(22Zc −=  at a resonant 

frequency of 900 MHz. The load antenna impedance should be j193)Ω(22Za +=  for conjugate matching and to 

transmit the maximum power between the antenna and the microchip.  
 

4. Results 
 

4.1 Antenna Performance 
 
The antenna was designed using electromagnetic simulation tool Ansoft HFSS which allowed us to calculate 

antenna gain, impedance, and proper matching to the RFID chip. The return loss -31.4 dB is obtained at the 
frequency 900 MHz is shown in Fig.2. 

0.50 0.75 1.00 1.25 1.50
Freq [GHz]

-35.00

-30.00

-25.00

-20.00

-15.00

-10.00

-5.00

dB
(S
(L
um

p
P
o
rt1

,L
u
m
p
P
or
t1
))

Ansoft Corporation HFSSDesign1XY Plot 1

m1

Curve Info

dB(S(LumpPort1,LumpPort1))
Setup1 : Sw eep1

Name X Y

m1 0.9000 -31.4280

 
Figure 2. Simulated Antenna Return Loss 

Fig.3 shows the predicted VSWR performance of the antenna vs frequency (at 900 MHz). 
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Figure 3. Antenna impedance against frequency: Resistance component Ra, Reactance component Xa 

 
The Voltage Standing Wave Ratio (VSWR) of antenna is another characteristic parameter used to measure 

the impedance matching of an antenna to its connected load. It is defined as the ratio of the reflected voltage over 
the incident voltage. Fig.4 shows that for a VSWR of 0.46dB. 
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Figure 4. Antenna VSWR vs. frequency 

 

4.2 Field Analysis of Tag antenna 
 

In order to analyze the performance in the near zone, the electric field distribution is simulated in horizontal 
plane. Electric fields are created by differences in voltage: the higher the voltage, the stronger will be the resultant 
field.  Fig. 5 illustrates electric field distribution in the near-field RFID Tag antenna shown in Fig. 1. The electric 
fields are strongest close to their origin (chip) and rapidly decrease at greater distances from the chip NXP (source). 

 
 

 
Figure 5. Electric field plot of the UHF near field RFID Tag Antenna 

Fig. 6 shows the simulated magnetic field distribution in the near-field RFID Tag antenna. 

 
 

Figure 6. Magnetic field plot of the UHF near field RFID Tag Antenna 

The current on a side of the rectangular feed loop is not same magnitude as that on other side of the radiating 
body but it is reduced progressively. The current fluctuation generates a variation of magnetic field. Then the 
strength of the magnetic field decreases with the diminution of the current. The reduction in the magnetic field 
produces a distribution of this field which is not uniform for near-field RFID applications. 
 

 

Rectangular feed loop 
Radiating body 



4.3 Placing antenna Tag RFID in metal environment 
 

It is expected that the thin metal foil will reduce the performance of the RFID tag [8]. Metal introduces 
difficulties for antennas in systems using radio communication in the far field as well as for antennas in inductively 
coupled systems working in the near field. Fig.7 illustrates the influence of a metal plate on the radiation pattern of 
antenna Tag RFID. 
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Figure7. Simulated directivity pattern of the tag antenna structure located in free space 
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Figure 8 . Simulated directivity pattern of the tag antenna structure located in metallic environments 

 
A magnetic field cannot penetrate metal or other magnetically conductive materials. The course of the lines 

of electric flux is changed and has therefore a considerable influence on the radiation pattern. 
 

5. Conclusion 
 

In this paper, the performance of Near-Field UHF RFID systems is investigated by means of electromagnetic 
analyses. We presented a novel planar RFID Tag antenna for near-zone UHF communication. Besides the space 
limitation, we verified that the thin metal foil will reduce the performance of the RFID tag. 
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