
Introduction

In the ST25 reader family, ST25R3916/16B and ST25R3920/20B are high performance NFC universal devices, supporting both
NFC reader and NFC card emulation modes.
The NFC universal device must be able to switch between reader and card mode. The antenna tuning is modified depending
on the selecting mode. For instance, the ST25R3916/16B uses voltage-controlled capacitors to switch the tuning between card
and reader mode. Since voltage-controlled capacitors are not available as an automotive grade device, this application note
presents a different approach, which can also be used in automotive applications to switch from reader to card mode applying a
frequency shift circuit without affecting the reader mode.
The loading effect test can be a challenging test during NFC universal device certification. In this test case, the loading ratio of
the listener device is being tested and compared with the loading of the reference listener. The loading caused by the listener
must be equal to or less than the loading caused by the reference listeners when the listener is positioned in the operating
volume of the reference poller.
The DVR (delta VOV ratio) is defined as the ratio between the loading of the listener under test and the loading of the reference
listener, and must be smaller than 1.

Frequency shift circuit for ST25R3916/16B and ST25R3920/20B devices

AN5896

Application note

AN5896 - Rev 1 - March 2023
For further information contact your local STMicroelectronics sales office.

www.st.com



1 Influence of the loading effect

The closer the card is tuned to the reader operating frequency (13.56 MHz), the higher the loading of the reader
is. In order to separate resonance frequencies between reader and card mode, the antenna tuning is shifted. As
an alternative to the voltage‑controlled capacitor, a circuit is required to shift the antenna resonance frequency.
Depending on the antenna geometry, the resonance frequency in card mode must be different from 13.56 MHz. A
delta of +/- 1MHz (< 12.56 MHz or > 14.56MHz) is a good starting point.
Figure 1 shows the resonance frequency of the reader and the card mode. The green line is the reader mode
frequency graph and the red line is the card mode frequency graph.

Figure 1. Resonance frequency of reader and card mode
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1.1 Frequency shift circuit
The frequency shift circuit is an alternative mechanism, which can be used to switch the antenna tuning between
reader and card mode. It is necessary to add a small circuit consisting of a few components to the existing
antenna circuit.
Figure 2 shows the frequency shift circuit and antenna circuit including EMI filter with the matching network.
The right side shows the normal matching topology with:
• EMC filter
• serial capacitor
• parallel capacitor
• the voltage divider capacitors
• and the antenna.
The left side shows the frequency shift circuit, which is composed for each antenna connection by the:
• capacitor
• transistor
• resistor connected to the gate of the transistors

Note: Important components for this circuit are the capacitors Cswitch (C318, C319), which are placed in parallel to the
antenna to change the resonance frequency of the reader mode.

Figure 2. Frequency shift circuit

In this circuit, the Cswitch capacitors are significant for the resonance frequency of the antenna.
As a starting point we have chosen the following value: Cswitch = 56 pF, and compared it in both modes.
Q300 and Q301 are n-channel MOS transistors. Their drain-source voltage should be equal or higher than 30V
and their Rds(on) resistance lower or equal to 1 Ω.
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Table 1. Resonance frequency on card mode and reader mode when Cswitch = 56 pF

Card mode Reader mode

Table 1 shows the comparison of the antenna matching between card and reader mode. As can be seen, the
resonance frequency of the antenna from card mode to reader mode has been changed from 11.7 MHz to 13.56
MHz.

Note: In this example, the loading effect is being measured according to NFC Forum standard.
Table 2 shows the measurement results of the DVR in reader mode and card mode with poller 0.

Table 2. DVR for Cswitch = 56 pF

Position DVR-CE DVR-Reader

000 1.040 1.151

010 1.025 1.144

011 1.015 1.138

012 1.022 1.141

013 1.040 1.149

Figure 3. DVR graph for Cswitch = 56 pF

Table 2 and also on Figure 3 show that this combination it is not compliant with the loading effect requirements.
The DVR measurement value in any position is bigger than 1.
The values show in the column “DVR-reader” of Table 2 outline the impact of Cswitch and the necessity of the
frequency shift circuit. Nevertheless, a Cswitch of 56 pF does not sufficiently change the resonance frequency to
pass the test cases.
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The same measurement process has been executed with the higher value of the Cswitch. Table 3 shows the
measurement results with Cswitch = 100pF.

Table 3. DVR for Cswitch = 100pF

Position DVR-CE DVR-reader

000 0.949 1.151

010 0.897 1.144

011 0.910 1.138

012 0.942 1.141

013 0.928 1.149

Figure 4. DVR graph for Cswitch = 100 pF

The range of the frequency shift depends on the value of Cswitch. With the increased value of Cswitch, the DVR of
the card is reduced. The DVR of the card mode is less than 1, so the test for this value of the Cswitch pass.
The different value of Cswitch has no influence on the reader mode.

1.2 Controlling the frequency shift circuit
To use this alternative circuit, it is necessary to connect the frequency shift circuit to the GPIOs (General purpose
inputs/outputs) pins of the MCU.
To put the device in card mode, the GPIO must be set to high and for reader mode the GPIO must be set to low.
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2 Conclusion

This application note presents an alternative method of switching, between reader and the card mode, using the
frequency shift circuit.
The Cswitch value must be adjusted to a higher or lower value, depending on the antenna geometry and the
coupling factor with the reference poller.
The NFC Forum test has been executed for reader and card mode. The complete NFC Forum test showed that
the frequency shift circuit had no influence on the reader functionality.
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IMPORTANT NOTICE – READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2023 STMicroelectronics – All rights reserved
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