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Reader Antenna Optimization for Reading the RF37S114

Caitlin Ramsey, Eddie LaCost NFC/RFID Applications

ABSTRACT

This application report provides performance data for the RF37S114 tag with various antenna sizes.
Antenna design for a specific tag is an integral part in the NFC/RFID communication system. By
maximizing antenna read range, potential hindrances, such as size and space limitations or physical
dimensions, can be overcome. For example, the RF37S114 tag has a size of 4 mm x 4 mm, and by
selecting the optimized antenna solution, the designer can be sure that all application requirements can be
met.

All trademarks are the property of their respective owners.
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Test

1 Test

This section summarizes the method used to determine the read range of the RF37S114 tag. It outlines

tuning antennas and measuring the RF37S114 tag read range.

1.1 Equipment, Setup, and Test Method

To simulate various reader antennas encountered in NFC applications, six 3D printed antenna bobbins
with different square sizes were built and copper magnet wire wrapped around them. See Figure 1 for

reference.

See Table 1 for the 3D printed antenna properties. A network analyzer, Agilent Technologies E5070B,

Figure 1. Tuned 3D Printed Antennas

was used to measure the inductance of each antenna.

In order to generate maximum read range of the RF37S5114 tags, the antennas should be tuned for the
RF37S114 tag's protocol: ISO15693. Beginning with complex impedance being measured for each
antenna with a network analyzer, the parallel capacitor, parallel resistor and series capacitor values for

Table 1. Antenna Properties

Dimensions | Wire Thickness Number of Inductance
(mm x mm) (mm) Turns (KUH)
5x5 0.15 10 0.6
10 x 10 0.25 7 1.06
15 x 15 0.25 6 1.32
20 x 20 0.25 5 1.45
25 x 25 0.25 5 1.6
30 x 30 0.25 4 15

each antenna can be calculated.
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See Table 2 for the parallel capacitor, parallel resistor and series capacitor values of the tuned antennas.
For more information on antenna tuning see the Antenna Tuning Details section of the TRF7960ATB,
TRF7970ATB NFC/HF RFID Reader Module User's Guide.

Table 2. Antenna Tuning Values

Series Capacitor Parallel Capacitor
Dimensions (PF) (PF) ;:sriegiilr
(mm x mm) Individ\L}aI Cepeeiion Total Individual Capacitor Values Total (k)
alues
5x5 68 2 70 150 12 4 166 0.825
10 x 10 47 5 52 68 9 77 1.27
15 x 15 33 11 44 56 1 57 1.62
20 x 20 33 11 44 47 7 54 1.69
25 x 25 47 47 68 2 0.8 70.8 1.33
30 x 30 39 | 4 43 47 4 2.7 53.7 1.78

The bandwidth is required to calculate the Q factor of the antenna. The Q factor is an indicator of antenna
performance. See Table 3 for the bandwidth and Q factor of each antenna.

Table 3. Antenna Bandwidth and Q Factor Values

?r:q%egsr;g’ﬁ Ba%_‘?'z')dth Q Factor
5x5 785.95 17.25
10 x 10 767.82 17.66
15x 15 762 17.80
20 x 20 743 18.25
25 x 25 774 17.52
30 x 30 726 18.68

Measuring bandwidth is done using the SWR observed on the network analyzer. Q factor is determined
using Equation 1.
Resonant Frequency (13.56 MHz) / Bandwidth = Q Factor Q)

See Figure 2 for network analyzer to antenna setup.

[ Populated PCB \ ( \

Network Analyzer Series
]
Paraelﬁ
Resistor
S~ J\ y,

SMA Capacitor
Figure 2. Antenna Calibration Setup

Solder Joint Antenna
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Connector
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To measure the range of the tags, the external antennas were connected to a TRF7970AEVM. To
configure the TRF7970AEVM for use with an external antenna, remove R3 to disconnect the onboard
antenna. Connect the external antenna to J3. TRF7970AEVM runs on 5 V and was configured for full
output power (200 mW) to collect this data. See Figure 3 for the tag distance reader setup.
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Figure 3. Tag Distance Measurement Setup

2 Results

This section contains the read distances of the tags and the Smith chart plots and standing wave ratio
(SWR) screen captures of the tuned antennas.

2.1 RF37S114 Read Range
Table 4 contains the RF37S114 read range measured with the tuned antennas.

Table 4. RF37S114 Read Range Values

Dimensions RF37S114 Read Range
(mm x mm) (cm)
5x5 0.95
10 x 10 1.4
15 x 15 1.4
20 x 20 1.65
25 x 25 16
30 x 30 15

These measurements assume a completely parallel orientation between tag and antenna. See Figure 4 for

&
7T
¥y f

g ¥

reference for tag orientation.

Figure 4. Antenna and Tag Parallel Orientation
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2.2 Antenna Tuning Captures

This section contains the screen captures of the Smith chart and standing waveform for each tuned
antenna.

2.2.1 5-mm x 5-mm Antenna
See Figure 5 for the Smith chart of the tuned 5-mm x 5-mm antenna.
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Figure 5. Tuned 5-mm x 5-mm Antenna Smith Chart

See Figure 6 for the standing wave ratio of the tuned 5-mm x 5-mm antenna.

Save State |
10.00

Recal State |

Recall by |
File Mame

Save Channel |

Recall Channel |

Save Type

State & Cal l

Channel{Trace

Disp Only

4,000

Explorer

Return

|1 Start 12 MHz IFEM 701 kHz

Figure 6. Tuned 5-mm x 5-mm Antenna Standing Wave Ratio
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2.2.2 10-mm x 10-mm Antenna

See Figure 7 for the Smith chart of the tuned 10-mm x 10-mm antenna.
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Figure 7. Tuned 10-mm x 10-mm Antenna Smith Chart

See Figure 8 for the standing wave ratio of the tuned 10-mm x 10-mm antenna
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Figure 8. Tuned 10-mm x 10-mm Antenna Standing Wave Ratio
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223 15-mm x 15-mm Antenna
See Figure 9 for the Smith chart of the tuned 15-mm x 15-mm antenna.
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Figure 9. Tuned 15-mm x 15-mm Antenna Smith Chart

See Figure 10 for the standing wave ratio of the tuned 15-mm x 15-mm antenna.
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Figure 10. Tuned 15-mm x 15-mm Antenna Standing Wave Ratio
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2.2.4 20-mm x 20-mm Antenna
See Figure 11 for the Smith chart of the tuned 20-mm x 20-mm antenna.
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Figure 11. Tuned 20-mm x 20-mm Antenna Smith Chart

See Figure 12 for the standing wave ratio of the tuned 20-mm x 20-mm antenna.
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Figure 12. Tuned 20-mm x 20-mm Antenna Standing Wave Ratio
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2.25 25-mm x 25-mm Antenna

See Figure 13 for the Smith chart of the tuned 25-mm x 25-mm antenna.
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Figure 13. Tuned 25-mm x 25-mm Antenna Smith Chart

See Figure 14 for the standing wave ratio of the tuned 25-mm x 25-mm antenna.
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Figure 14. Tuned 25-mm x 25-mm Antenna Standing Wave Ratio
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2.2.6 30-mm x 30-mm Antenna
See Figure 15 for the Smith chart of the tuned 30-mm x 30-mm antenna.
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Figure 15. Tuned 30-mm x 30-mm Antenna Smith Chart

See Figure 16 for the standing wave ratio of the tuned 30-mm x 30-mm antenna.
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Figure 16. Tuned 30-mm x 30-mm Antenna Standing Wave Ratio
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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