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Near Field UHF RFID Reader Antenna based on Composite Right/Left Handed Structure Compatible with Configurable Reading

A near field UHF RFID reader antenna based on composite right/left handed is proposed. The ability to generate a steady current when the structure is balanced is used to maximize the read range of UHF RFID tag. A read range of 550 mm over a surface 240x180 mm² is obtained with near-field UHF RFID tags (1×1 cm²). The structure is also configurable as the current remains constant whatever the length of the antenna.

Introduction

Ultra High Frequency (UHF) radio frequency identification (RFID) technology has been widely deployed in recent years in the areas of traceability and localization. However, some applications require low ranges and a controlled and scalable reading area. In this case, High Frequency RFID technology where reader and tag antennas operate in the near field is often used. However, the size of the tags at these frequencies, the bit rate, as well as the cost may limit its deployment. To overcome these problems, the use of UHF RFID in the near-field domain has recently emerged [START_REF] Nikitin | An Overview of Near Field UHF RFID[END_REF]. It allows to have more compact tags (of the order of a 1×1 cm²), a high speed and to use the most complete communication protocol of the UHF technology. One of the major problems of UHF RFID near field is to guarantee a large volume of reading, homogeneous and easily controllable. Indeed, in UHF, conventionally used loop antennas are larger than the wavelength. The current vanishes and changes direction along the loop inducing a weak and inhomogeneous magnetic field and thus a reduced reading volume [START_REF] Daiki | Antenna Design Method for UHF RFID near field Applications[END_REF]. Two families of antennas are used to solve this problem [START_REF] Michel | Considering High-Performance Near-Field Reader Antennas: Comparisons of Proposed Antenna Layouts for Ultrahigh-Frequency Near-Field Radio-Frequency Identification[END_REF]: segmented resonant loops and nonresonant antennas (TWA). The first solution is to segment the loop antenna to obtain an almost constant current [START_REF] Daiki | Antenna Design Method for UHF RFID near field Applications[END_REF]. The design is however complex because of the number of parameters to be optimized and the absence of analytical model. In addition, the playback volume is difficult to reconfigure. The second solution is to use a structure of type transmission line to confine the magnetic field in a given area [START_REF] Michel | Meandered TWAS array for near-field UHF RFID applications[END_REF]. The main advantage of this solution is to allow a reconfigurability of the reading area because the operating frequency of the antenna is independent of its length. On the other hand, the reading range is limited to about ten centimeters [START_REF] Michel | Meandered TWAS array for near-field UHF RFID applications[END_REF]. In this article, we propose to use for the first time a right hand / left composite (CRLH) antenna [START_REF] Caloz | Electromagnetic Metamaterials : Transmission Line Theory and microwave Applications[END_REF] with a very particular arrangement, as near field UHF RFID reader antenna UHF. In section 2, we will present this metamaterial-type structure, which has the particularity to have a uniform current. In section 3, we will show how to exploit this particularity to increase the range and reading surface by using a meander configuration. Finally, the performance of the proposed antenna will be compared to a commercial antenna, Impinj CS-778, and a segmented loop in term of read range.

Composite Right/Left Handed near field antenna

The CRLH transmission lines (TL) are periodic structures usually composed of interdigital capacitances connected to grounded stubs (Figure 1 (a)). The equivalent circuit diagram of the cell is shown in Figure 1 (b). This type of structure has the particularity to exhibit a phase constant β equal to zero while having a positive group velocity under the balanced condition L R .C L = L L .C R . This condition makes it possible to obtain a constant current along the line because the guided wavelength is then infinite [START_REF] Caloz | Electromagnetic Metamaterials : Transmission Line Theory and microwave Applications[END_REF]. We can clearly see that the current is constant along the line while its electrical length is greater than the guided wavelength. Figure 3 shows the magnetic field Hy in absolute value in the XZ cutting plane. With the constant current along the line, the magnetic field is homogeneous. It remains greater than -20 dBA/m up to z = 40 mm. This specificity of having a steady current makes it possible to use this structure as an elementary brick to generate any form of constant current sheets as we will present in the next section. 

Configurable CRLH Near Field antenna

Theory and simulations

The balanced CRLH TL has a constant current whatever its length. So it is possible to easily modify the length of the reading zone by increasing the number of cells. To cover a wider surface, it is also possible to juxtapose the lines next to each other. To prove the concept of the configurability of the NF CRLH antenna, we chose to put 6 lines side by side. The elementary line used is the one shown in Figure 2. In practice, it is not possible to have a reader antenna with several power ports. Indeed, the majority of the readers of the trade have only two or four outputs. To overcome this problem, the solution is to connect the 6 CRLH lines by sections of microstrip lines as shown on Figure 4(a). The objective is to obtain a larger reading surface (and so volume) by guaranteeing a constant current oriented in the same direction all along the structure. As the CRLH TL induces no phase shift at the transition frequency (β = 0), it is necessary to design the sections of microstrip lines to have a phase shift of π allowing the current to be oriented in the same direction on the 6 lines. Figure 4(b) shows the current on the meander antenna. We can see that the current is constant on each of the lines and that it is always oriented from left to right thus making it possible to maximize the magnetic field above the structure. Figure 5(a) shows the magnetic field Hy above the structure simulated with CST MWS. The field is homogeneous and it remains greater than -20 dBA/m up to z = 165 mm. Compare to the structure with one TL, the field strength is higher and may provide a better read range of RFID tag. This ability is mainly due to the fact that the current is constant and in the same direction on the whole structure. Figure 5(b) shows the field when the lines are out of phase. We can clearly see that the field is strongly degraded. The limit of -20 dBA/m drop to 45 mm.

Measurements results

Figure 6 shows the S parameters measured with a PNA N5222A. The antenna is well match over the frequency band [800 MHz ; 1000 MHz] that cover the European and the US RFID frequency band. The S 11 parameter is equal to -14 dB at the transition frequency 915 MHz validating that the CRLH structure is balanced. As the CRLH antenna is a transmission line, it is possible to measure the S 21 parameter. It is equal to -4 dB at 915 MHz. Compared to the design of a CRLH LWA, the goal is not to maximize the radiated field. The maximum gain of the antenna was measured at 0 dBi at 915 MHz. This low gain allows us to maximize the input power while respecting the UHF RFID standard. To validate the simulation, the magnetic field along y axis of the antenna was measured. The antenna is powered by a sinusoidal signal generator with a frequency of 915MHz and a power of 5 dBm. The field is measured using an ETS-7405 magnetic field probe in the form of a loop. Its role is to transcribe the magnetic field into a voltage measurable with an oscilloscope. To increase the signal level, a low noise amplifier is added in reception. In order to be able to map the field, the probe is placed on an automated three-axis table. Figure 7 shows the normalized y component of the H field measured in the XY plane for z = 100 mm. We can see a good homogeneity of the field on the whole surface of the antenna. The maximum measured field is -19 dBA/m. It is close to the value obtained in simulation (-16 dBA/m).

Comparison of the near field antenna performance in term of RFID tag read range

To evaluate the performance of the CRLH antenna, we have compare the read range of AKtag (a near-field UHF RFID tag (1×1 cm²)) using the CRLH antenna, the segmented loop antenna of [START_REF] Daiki | Antenna Design Method for UHF RFID near field Applications[END_REF] and the Impinj near field antenna CS778 Brickyard. The AKtag is made of a small loop connected to a Monza chip that can be used as a UHF near field tag. Each antenna is connected to an Impinj Speedway reader. The read range is evaluated using the 3-axis table as shown in Figure 8.

Figure 9 shows the read range of the AKtag using the CRLH antenna, the Impinj CS778 antenna and the segmented loop respectively. For each antenna, the EIRP power was set to 30 dBm. The maximum read range for 

3-axis table

the Impinj and the proposed antenna is 550 mm. For both antennas, the read range varies from 520 mm to 550 mm.

The reading is more homogeneous for the Impinj antenna but it is important to notice that it is impossible to modify the volume of reading compare to our antenna. In comparison, the segmented loop has a maximum read rang of 540 mm but its reading surface is less homogeneous and fall to 440 mm around the antenna.

Conclusion

The article presents a near field UHF RFID antenna based on a CRLH type structure. With the meander arrangement and the current control along the line, a reading range of about 550 mm is obtained on a large and configurable surface using an AKtag with 30 dBm EIRP. This solution the advantage of being able to configure the reading surface easily by changing the length and the number of CRLH lines. Our proof of concept is polarizing over one axe but it is also possible to control the polarization of the field by changing the orientation of the transmission lines. 

Figure 2 (

 2 Figure 2 (a) shows the balanced 12-cell CRLH line designed with CST Microwave Studio on RT / 5880 substrate of thickness 1.58 mm. The structure has been optimized to have a transition frequency of 915 MHz, which is the mid frequency of the US UHF RFID. Figure 2 (b) shows the current along the line at this frequency.We can clearly see that the current is constant along the line while its electrical length is greater than the guided wavelength. Figure3shows the magnetic field Hy in absolute value in the XZ cutting plane. With the constant current along the line, the magnetic field is homogeneous. It remains greater than -20 dBA/m up to z = 40 mm. This specificity of having a steady current makes it possible to use this structure as an elementary brick to generate any form of constant current sheets as we will present in the next section.

Figure 1 .

 1 Figure 1. (a) Unit cell of a CRLH transmission line, (b) circuit model of the CRLH unit cell.
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 2 Figure 2. (a) 12 Unit cell CRLH transmission line (b) surface current at 915 MHz simulated with CST MWS.
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 3 Figure 3. Simulated Magnetic field Hy of the 12 Unit cell CRLH transmission line of figure 2 in the XZ plan.
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 4 Figure 4. (a) Meandering arrangement of the near field antenna composed of 6 CRLH transmission lines. (b) Current density of the antenna at 915 MHz simulated with CST MWS.
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 5 Figure 5. (a) Hy field of the 6 TL CRLH antenna feed (a) in phase, (b) out of phase simulated with CST MWS.
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 6 Figure 6. Measured S-paremeters of the 6 CRLH Near Field antenna of Figure 4(a).

Figure 7 .

 7 Figure 7. Normalized Hy field of the CRLH antenna measured in the XY plan for z = 100 mm at 915 MHz. The dash line show the position of the antenna.

Figure 8 .

 8 Figure 8. Measurement setup of the read range of the AKtag using an Impinj Speedway reader and the CRLH antenna. The tag is positione using a 3 axes table.

Figure 9 .

 9 Figure 9. Read range of the AKtag using an Impinj Speedway reader with (a) the CRLH antenna of Figure 4, (b) the impinj near field antenna CS778 brickyard, (c) the segmented loop of [2] at 915 MHz.
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