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 In this paper, we have modeled and designed a metal mountable tag antenna that is applied 

to cover two major UHF RFID bands, i.e., European (EU) (865-867 MHz) and U.S. bands 

(902-928 MHz). It is applied for many applications, especially in the transport and logistics 

fields.  The tag antenna configuration utilizes microstrip configuration with open bent stub 

feed network to attain conjugate matching w.r.t. Monza R6 chip impedance. The proposed 

microstrip patch-based tag antenna structure is simple without using any shorting pin/holes, 

thus making it easy and inexpensive to manufacture. Additionally, the proposed tag’s 

impedance has been easily tuned in order to achieve conjugate matching in regard to the 

employed chip impedance. The presented tag antenna has been fabricated and 

experimentally characterized to measure its read-range performance in the desired bands. 

Further, the differential probe set up is used to measure the designed tag’s impedance. Also, 

the designed tag read-range is measured using a reader setup and is observed to exhibit 

read-range up to 11 m and 9 m in European and U.S. UHF RFID bands, respectively. The 

tag exhibits an impedance of 9.7 – j 130 ohms at 866 MHz and 8.7 – j 124 ohms at 915 MHz. 

The proposed tag antenna design’s performance is verified, analyzed, and optimized by CST 

Studio Suite software.  The performances of the designed tag are evaluated and analyzed in 

terms of conjugate matching, reflection coefficient, and read range measurement. From the 

results, it is noticed that the designed tag exhibit dual-band behavior with good impedance 

matching, Reflection coefficient, and high read range. 
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1. Introduction  

Ultra-High Radio Frequency Identification (UHF-RFID) 

technology has emerged as an efficient technique to track the 

objects/items/products without needing to be in the line of sight. 

The major RFID applications are in access control, logistics, 

healthcare, asset tracking owing to its advantage of long read range 

and compact size in comparison to Low (L.F.) and High Frequency 

(H.F.) bands [1]. The UHF RFID band is further divided between 

two major regions, i.e., European and North America/U.S. 

covering  (865-867 MHz) and (902-928 MHz) bandwidth with a 

maximum allowed transmitted power of 3.28 W and 4 W, 

respectively [2], [3]. To operate the tag reliably in both the regions, 

it is required that the designed tag must exhibit dual-band operation 

covering European and U.S. UHF RFID bandwidth. 

The RFID tag has to be affixed on a different type of 

conductive and non-conductive object to be tracked. Further, the 

performance of the tag deteriorates significantly especially when 

placed on conductive items such as metals. This is attributed to the 

cancellation of radiations resulting from phase electromagnetic 
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wave reflections from the underlying metal surfaces [4-6]. To track 

the metallic objects efficiently, some of the recent work utilizes a 

microstrip patch antenna with a full ground beneath to overcome 

the influence of conductive objects such as metal, liquids, etc. as 

depicted in ref [7] and [8]. Further, the planar inverted-F antenna 

(PIFA) incorporating vias/ holes for the compact-sized tag is 

presented in [9], [10]. However, the employed vias/holes 

contribute to increased fabrication cost and complexity to the tag 

structure.  

In this article, the work presented in [11] is extended further. 

Here, a dual-band metal mountable tag antenna having a planar 

structure covering European and North American UHF RFID 

bands is designed. The proposed tag antenna utilizes a microstrip 

patch antenna having a bent open stub feed. This bent feed 

structure offers the benefit of easy impedance tuning of the 

designed tag considering the complex chip impedance.  

In this paper, we propose an RFID tag antenna to be integrated 

to track items in fundamental applications such as in the supply 

chain for the transport and logistics field. Effective management of 

this chain leads to very concrete results. To increase this efficiency, 

the implementation of an RFID based container-tracking system is 

necessary. This will contribute to real-time identification and 

reaching new levels of traceability and control.  

To that end, and to test the performances of the UHF RFID 

tag developed, a real test is planned on the metal containers in 

airports; this test requires the deployment of a chain of readers and 

tags attached to the objects.  

The container is the basic loading unit, usually made of 

aluminum alloys, with different sizes, the largest, exclusively on 

cargo aircraft, and the means are loaded in the holds of passenger 

aircraft.  

For better optimization of airfreight, goods are transported in 

containers designed for safety reasons and to facilitate loading and 

unloading operations. These goods can be easily tracked using a 

metal mountable RFID tag. Thus, in this article, a UHF RFID tag 

is proposed, designed and tested for metallic objects. The designed 

tag is able to operate on two frequency bands EU and US to ensure 

interoperability of the system. This work is an extension of the 

work presented in [11], In this paper, the designed tag antenna’s 

working performance on the basis of circuit analysis is represented. 

Further the simulated results of the tag presented in [11] are 

verified experimentally in terms of differential impedance and read 

range. Also, the designed tag’s read range performance is 

compared for two different heights of the substrate. It is observed 

from a comparison table (Table II) that the designed tag has better 

performance with respect to other recently designed tags covering 

two major RFID bands at UHF range i.e., ETSI and U.S. Further, 

the tag is specifically designed for metal mountable applications. 

Also, the designed tag covers a better-measured read range of 11 

m and 9.7 m in ETSI and U.S. band when mounted on metal 

objects.      

The paper is organized as follows. The proposed tag antenna 

structure is introduced in Section 2. The section 3 discusses the 

equivalent circuit of the patch antenna. The parametric study to 

show its tuning capability for conjugate impedance matching is 

shown in Section 4. Further, the simulation performance of the 

designed tag antenna is shown in Section 5.  The impedance 

measurements for the employed RFID chip i.e. Monza R6, and the 

designed tag antenna is carried out in Section 6. Also, Section 7, 

presents the designed tag’s measured read range performance. 

Finally, Section 8 concludes the work. 

2. Proposed design 

2.1. Antenna structure 

The tag antenna proposed here has been designed using a 

microstrip patch antenna. The proposed tag antenna geometry and 

its dimensions are illustrated in Fig.1 and Table 1, respectively as 

described in [11]. It consists of two simple microstrips, a patch, 

and a bent feed line [8].  

 

 
Figure 1: The proposed tag antenna design (Top View and Side view). 

Table 1: The proposed antenna dimensions (units in mm) 

Par. L W Lp Wp Lr1 Li Lr2 Wr2 

Value 85 40 42 30 30 25 36 11 

The tag structure is designed with a full ground plane beneath 

to be mountable on metallic objects. It is fabricated using FR4 

substrate having εr = 4.69, tan δ = 0.02, and a thickness h=3.2 mm, 

with a total dimension of W*L (40 mm * 85 mm). As the size is a 

critical factor in designing RFID tags, and in order to reduce tag 

size, the bent feed line structure has been adopted for feeding the 

patch. The antenna size can also be reduced by opting for higher 

permittivity substrates. However, they lead to higher costs. Also, 

the open stub feed line inserted into the patch decreases the input 

impedance of the patch. The RFID chip is connected to the feed 

line and its position is optimized to obtain conjugate impedance 

matching. The parameters L1 and Lr1 are optimized to obtain 

conjugate matching. 

3. Equivalent Circuit Model 

Figure 2 illustrates the transmission line model of the designed 

antenna. From the figure, the global structure of the antenna model 

has been modeled as two transmission lines connected in series 

configuration [12] comprising of microstrip patch and the feed line 

of lengths 𝑙1  and 𝑙2 respectively. The antenna input impedance at 

the feed port can be calculated as: 

http://www.astesj.com/
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𝑍𝑖𝑛 = 𝑍𝑖𝑛
1 (𝑙1) + 𝑍𝑖𝑛

2 (𝑙2)                     (1) 

where 𝑍𝑖𝑛
1  represents the input impedance of the radiation patch, 

and 𝑍𝑖𝑛
2  represents the input impedance of the bent open stub line. 

Further, the microstrip patch input impedance is given as in [13]:  

𝑍𝑖𝑛
1 (𝑙1) = 𝑍0

1 𝑅𝑟+𝑗𝑍0
1 tan (𝛽𝑙1)

𝑍0
1+𝑗𝑅𝑟tan (𝛽𝑙1)

               (2) 

where 𝑅𝑟  , 𝑍0
1  and 𝛽  are the resistance and characteristic 

impedance and the propagation constant of the radiation patch.  

 

Figure 2: Open stub patch antenna transmission line model representation 

Also, the employed open stub feed’s input impedance is 

represented by: 

𝑍𝑖𝑛 
2 (𝑙2) = −𝑗𝑍0

2 1

tan (𝛽𝑙2)
                       (3) 

where the characteristic impedance of the open stub line is 

represented by 𝑍0
2 . 

For a preliminary design of the radiating patch antenna, and before 

proceeding with the optimization, the dimensions were calculated 

using the classic rectangular patch equations expressed bellow: 

𝐿 = 𝐿𝑒𝑓𝑓 – Δ𝐿                                (4) 

where L is the physical length, Δ𝐿 is the extended length due to 

fringing field effects and 𝐿𝑒𝑓𝑓 is its effective length. The extended 

length, Δ𝐿 is given by [14] as shown in equation (5). 

∆𝐿

ℎ
= 0.412

( 𝜀𝑒𝑓𝑓+0.3)(
𝑤

ℎ
+0.264)

(𝜀𝑒𝑓𝑓−0.258)(
𝑤

ℎ
+0.8)

                     (5) 

where 𝑤 is the width of the patch, ℎ is the substrate height, and 

𝜀𝑒𝑓𝑓 is the effective dielectric constant.  

Also, the effective dielectric constant of the patch is represented as 

follows:  

𝜀𝑒𝑓𝑓 =
(𝜀𝑟+1)

2
+

(𝜀𝑟−1)

2
(1 +

12ℎ

𝑤
)−1/2           (6) 

where, 𝜀𝑟 is the relative dielectric constant of the substrate. 

4. Parametric Study 

The conjugate impedance matching is optimized by tuning the 

lengths of the stub, i.e., Li and Lr1, respectively as explained in 

[11].   

Further, the parametric study to investigate the influence of 

varying the antenna dimensions, i.e., Lr2 and Wr2 in order to tune 

the second resonant frequency, i.e., 915 MHz, is shown in Fig. 3. 

It has been observed that the resonance shifts towards the right 

by varying these parameters simultaneously and keeping the other 

parameters constant. 

 
Figure 3: Simulated reflection coefficient versus frequency of the for different 

values of Lr2 and Wr2. 

5. Simulation results 

In this context, we have designed, analyzed, simulated, and 

optimized the proposed tag antenna using CST Studio Suite 

software.  

The tag antenna must exhibit conjugate impedance that 

matches the employed chip impedance, i.e., Impinj Monza R6 

[15]. The simulated and measured S11 results for the designed tag 

antenna are shown in Fig. 4.  

 

Figure 4: Antenna measured reflection coefficient comparison 

6. Impedance Measurement of Designed Tag Antenna and 

Chip 

The Monza R6 chip is employed here at the feeding port of 

the designed tag antenna and its equivalent circuit is shown in Fig. 

3. The chip has a resistance, Rp, of 1200 Ω in parallel to the 

capacitance, Cp, of 1.43 pF and a chip sensitivity of -20 dBm. The 

equivalent circuit values for the chip are provided in the datasheet 

http://www.astesj.com/
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for the die chip and do not take into account the parasitic 

impedance that includes substrate, packaging, and input power 

dependence. The packaged chip, i.e., LXMS21ACMF-183 from 

Murata is used in the designed tag prototypes. Thus, it is important 

to consider the chip impedance dependence with respect to 

frequency. 

 

Figure. 5: Tag Chip Linearized R.F. Model 

The measurements of the tag antenna and the chip impedances 

are obtained using vector network analyzer E5062A from Agilent. 

The tag antenna impedance cannot be directly measured using a 50 

Ohms port directly. Therefore, to measure the differential 

impedance, the tag antenna has been considered as a two-port 

network and to measure its reflection coefficient, its differential 

impedance input impedance, Zin, has been calculated represented 

as: 

𝑍𝑖𝑛 =
2𝑍0 (1−𝑆11𝑆22+𝑆12𝑆21−𝑆12−𝑆21)

(1−𝑆11)(1−𝑆22)−𝑆21𝑆12
                     (7) 

here, Z0   represents the coaxial cable’s characteristic impedance. 

Figure 6 illustrates the setup to measure the impedance. The 

differential balun with short-circuited semi-rigid coaxial cables 

using λ/4 was constructed to measure the impedance. The 

terminals of constructed balun are soldered to the feed terminals of 

the designed tag antenna Further, the port extension technique has 

been applied while measuring differential impedance as detailed in 

[16]. 

 

(a)                                          (b) 

Figure 6: Equipment for chip and antenna characterization. (a) VNA, (b) Balun 

Figure 7 and fig. 8 shows the used chip input impedance 

measurements versus the frequency. The chip impedance is 

measured to be 9.7 – j 130 Ω at 866 MHz and 8.7 – j 124 Ω at 915 

MHz, respectively. In comparison, the input impedances given in 

the datasheet are 13.6-j 127 Ω at 866 MHz and 12.2-j 120 Ω at 915 

MHz [17]. As observed, the packaged chip input impedance is 

slightly different and also depends on the input power. 

Finally, the reflection coefficient (Г) is further calculated 

using measured tag antenna impedance i.e., Zin and chip 

impedance, i.e., Zchip respectively, and is represented as: 

                  𝛤 =
𝑍𝑖𝑛−𝑍𝑐ℎ𝑖𝑝

∗

𝑍𝑖𝑛+𝑍𝑐ℎ𝑖𝑝
                         (8)                                               

 

(a) 

 

(b) 

Figure 7: Chip input impedance for -20 dBm input power 

 

Figure 8: Representation of simulated and measured results of the antenna input 

impedance 

Figure 9 shows a comparison of the simulated and measured 

reflection coefficient results in the 2 required frequency bands i.e. 

ETSI & FCC. 

 
Figure 9: Results of the antenna’s reflection coefficient. 
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It can be seen that a reasonably good value for the reflection 

coefficient is obtained, which validates the existence of a suitable 

conjugate impedance matching between the chip' and the designed 

tag antenna impedance. 

7. Read Range Measurements 

The reading range or the tag range is defined as the maximum 

distance from which the tag can be recognized [18], and is the most 

important parameter for evaluating the RFID tag performance. The 

equation below shows this reading range following the Friis 

formula for free space: 

𝑅 =
𝜆

4𝜋
√

𝑃𝐸𝐼𝑅𝑃×G𝑡𝑎𝑔×(1−|𝛤|2)

𝑃𝑡ℎ
                           (9)                                                                           

where PEIRP is the equivalent isotropic radiated power specified 

as 3.3 W in the E.U. band and 4 W in the U.S. band.  

Further, λ represents the operating free-space wavelength and 

Pth indicates the chip sensitivity at the resonant frequency. The Gtag 

is defined as the antenna tag's gain and Г is the reflection 

coefficient defined above in equation (8). The tag's read range can 

be maximized by achieving a lower-power reflection coefficient 

defined by |Г|2 and a high-gain antenna Gtag.  

Also, the ability of the tag to transfer power to the connected 

chip is represented by (1-|Г|2) which is also known as the power 

transmission coefficient of the tag. 

Figure 10 describes the devices used for experimental 

measurement of the reading range in an anechoic chamber. 

 

Figure 10: The Read range measurement setup 

The measuring setup consists of an RFID reader, i.e., CAEN 

RFID, circularly polarized Reader antenna with a realized gain Gr 

of 8 dBi. The reader is connected to the reader antenna and a host 

computer. The cable losses and attenuator losses were taken into 

consideration. 

From the measurement results, we deduced that the tag has a 

reading range of approximately 11 m and 9.7 m at 866 MHz and 

915 MHz with an EIRP of 3.3 W, respectively, as illustrated in Fig. 

11. 

The gain of the tag antenna, as well as the height of the chosen 

substrate, strongly influences the read range of the tag. a 

comparison of the read range for two different substrate heights 

i.e., 3.2 and 1.6 is shown in Figure 12. The read distance was 

observed to degrade from 11m to 4 m at 866 MHz and 9.7 m to 3.7 

m at 915 MHz. 

 

Figure 11:  Results of simulated and measured antenna read range 

 

Figure 12: Read-range for two different substrate thickness. 

7.1. 3D-Radiation Pattern 

As already mentioned, impedance matching between antenna 

and chip impedances, is a key design requirement. Therefore, its 

radiation pattern cannot be measured directly using a 50-ohm port. 

Hence, the performance of the tag antenna is also assessed based 

on its simulated 3 D (Dimensional) gain and radiation pattern as 

shown in Figure 13. It has been observed from the figure that the 

tag antenna exhibits a realized gain of -3 dBi. Also, to minimize 

the effect of mounted objects, the tag should exhibit a 

unidirectional radiation pattern. Thus, it is depicted from Fig. 14, 

that the designed tag antenna exhibits a directional radiation 

pattern with a directivity of 4.2 dBi. This feature is mainly 

desirable to design the platform tolerant tag and hence validates its 

application for metal mountable tracking objects. 

A performance comparison of our proposed tag antenna with 

some previous research studies representing metal-mountable 

UHF RFID tags is shown in Table 2. From the table, it has been 

observed that the tags designed in [18-22] are larger as compared 

to the tag proposed in this work. Moreover, our proposed tag is 
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characterized by its operability in the two main frequency bands 

with a better reading range. On the other hand, all the other tags 

shown in the table cover a single UHF RFID band. Further, the tag 

designed in [20] is compact, however, still it covers a lower read 

range in a single UHF RFID band.  

 

Figure 13: 3 D Gain pattern of the designed tag at 866 MHz 

 

Figure 14: 3 D directivity pattern of the designed tag at 866 MHz 

Table 2: A comparison table performances of UHF tags mounted on metallic items 

Ref. Transmitting 

EIRP Power 

Circuit Size 

(mm) 

Backin

g Plate 

Size 

(cm) 

Max. 

Read 

Range 

(m) 

This 

work 

4 W 85×40×3.2 20×20 11 m 

(ETSI) 

9.7 m 

(FCC) 

[19] 4 W 86×41×3.2 20×20 5.6 

 

[20] 3.3 W 88×60×0.76 15×15 5.4 

[21] 4 W 30×30×3 20×20 7.2 

[22] 4 W 120×60×0.4 15 × 30 10 

[23] N/A 84×126×1.28 N/A 2.5 

Thus, better performances in regard to reading range, size and 

also covered bands, characterize our proposed RFID tag. Also, it 

is deduced that the designed tag may be employed for different 

applications such as health monitoring, logistics, and transport 

supply chains, and IoT (Internet of Things) network applications, 

etc. 

8. Conclusion 

In this research paper, a new planar dual-band compact 

platform tolerant UHF RFID tag antenna presented in [11] has 

been simulated, fabricated, and tested for its impedance and read 

range performance experimentally. To measure the real 

performance of metallic objects, the tag is mounted on a metal 

sheet. (20 m x 20 m) while measuring. Our tag antenna is modeled 

and designed using CST Studio Suite software. The designed tag 

is specifically designed to be mountable on metallic items by 

considering a full ground plane. The tag comprises a simple 

structure and does not include any vias, thus facilitating low-cost, 

efficient design for mass production. Further, the simulated and 

measured impedance, reflection coefficient, and read ranges of the 

tag structure have been presented and are observed to be well in 

agreement with each other. From the tag antenna reflection 

coefficient, it is realized that the designed antenna covers both 

major UHF RFID bands i.e., European (E.U., 865-867 MHz) and 

North American (the U.S., 902-928 MHz). The designed tag 

exhibits a read range up to 11 m at 866 MHz and 9 m at 915 MHz.  

Hence, the designed tag antenna is observed to perform better 

in terms of conjugate impedance matching, unidirectional 

radiation pattern, and high read range in both the required resonant 

bands. Thus, it is validated that the designed tag is suitable for use 

in real-time applications such as transport and logistics fields and 

IoT network applications. 
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