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Multi-purpose NFC transceiver
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VFQFPN32 (5x5 mm)

Features

e Operating modes
— Reader/writer
— Card emulation
— Passive peer to peer

o RF communication
— NFC-A/1S014443A up to 848 kbit/s
— NFC-B /1S014443B up to 848 kbit/s
— NFC-V /18015693 up to 53 kb/s

— NFC-A/1S014443A and NFC-F / FeliCa™
card emulation

— Low level modes to implement MIFARE
Classic® compliant or other custom
protocols

o Key features
— Dynamic power output (DPO) controls the
field strength to stay within given limits
— Active wave shaping (AWS) reduces over-
and under-shoots
— Noise suppression receiver (NSR) allows
reception in noisy environment

— Automatic gain control and squelch feature

to maximize SNR
— Low power inductive card detection
— Low power NFC passive target modes

— Adjustable ASK modulation depth, from 5
to 40%

— Integrated regulators to boost system
PSRR
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— AM/PM and I/Q demodulator with
baseband channel summation or automatic
channel selection

— Possibility to drive two independent single
ended antennas

— Measurement of antenna voltage amplitude
and phase, RSSI, on-chip supply and
regulated voltages

External communication interfaces

— 512-byte FIFO

— Serial peripheral interface (SPI) up to
10 Mbit/s

— 12C with up to 400 kbit/s in Fast-mode,
1 Mbit/s in Fast-mode Plus, and 3.4 Mbit/s
in High-speed mode

Electrical characteristics

— Wide supply voltage and ambient
temperature range (2.6 to 5.5V from -40 °C
to +105°C, 2.4 t0 5.5V from -20 °C to
+105 °C)

— Wide peripheral communication supply
range, from 1.65t0 5.5V

— Quartz oscillator capable of operating with
27.12 MHz crystal with fast start-up
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ST25R3918 Applications

1 Applications

The ST25R3918 device is suitable for a wide range of NFC and HF RFID applications,
among them

e  General consumer electronics, 10T as well as NFC applications e.g. accessory
recognition and parameter setting

e Brand protection, access control, customer interaction and consumer engagement
e Healthcare, gaming, beauty, power tools

e Enhanced user experience starting Apple® App Clips and Android™ Instant App via CE
mode

e 1S014443 and ISO15693 compliant general purpose NFC device

e Contactless interface for programming and firmware updates

e  Support of NFC Forum Tag types 1, 2, 4 and 5 in reader mode

e  Support of common proprietary protocols, such as MIFARE®, Kovio, CTS, B

3

DS13490 Rev 1 11/142




Description ST25R3918

2 Description

The ST25R3918 is a multipurpose NFC transceiver supporting NFC reader, passive peer to
peer functionality and NFC card emulation mode.

This IC is optimized for IOT and other consumer or industrial applications where excellent
analog performance is required.

The ST25R3918 is also optimized to achieve good read ranges with low output power, even
under noisy and harsh environments, using noise reduction receiver technology.

This IC offers an advanced analog front end (AFE) and a highly integrated data framing
system for NFC-A/B (ISO 14443A/B) reader including higher bit rates. NFC-V (ISO 15693)
reader is supported up to 53 kbps via streaming mode to read cards.

ISO 18092 passive initiator and target and NFC-A/ NFC-F card emulation are also available
to ensure communication between end products. ThTiMs enables device programming or
simple NDEF data transfers to interact with Android ~ phones or to use Apple® App Clips.

Special stream and transparent modes of the AFE and framing system can be used to
implement other custom protocols in reader or card emulation mode.

The ST25R3918 includes a low power wakeup mode to scan for the presence of a card by
performing a measurement of the amplitude or phase of the antenna signal. It also contains
a low power RC oscillator and wake-up timer to automatically trigger the device after the
configured time period and check for a presence of a tag.

The ST25R3918 is designed to operate from a wide power supply range (2.6 to 5.5 V from
-40 °C to +105 °C, 2.4 to 5.5 V from -20 °C to +105 °C), and a wide peripheral IO voltage
range (from 1.65 to 5.5 V).

3
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ST25R3918 Description

2.1 System diagram

Figure 1 and Figure 2 show the minimum system configuration for, respectively, single
ended and differential antenna configurations. Both include the EMC filter.

Figure 1. Minimum system configuration - Single sided antenna driving
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Figure 2. Minimum system configuration - Differential antenna driving
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ST25R3918 Description

2.2 Block diagram

The ST25R3918 block diagram is shown in Figure 3, the main functions are described in the
following subsections.

Figure 3. ST25R3918 block diagram
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In reader mode the transmitter drives an external antenna through pins RFO1 and RFO2 to
generate the RF field. Single sided and differential antenna configurations are supported.
The transmitter block also generates the OOK or AM modulation of the transmitted RF
signal.

The transmitter can either operate RFO1 and RFO2 independently to drive up to two
antennas in single ended configuration or operate RFO1 and RFO2 combined to drive one
antenna in differential configuration. The drivers are designed to directly drive antenna(s)
integrated on the PCB as well as antennas connected with 50 Q cables. Some of the
advanced features are not fully usable if the antenna is connected with a 50 Q cable.

In card emulation mode the transmitter generates the load modulation signal by changing
the resistance of the internal antenna driver connected to the antenna via RFO1 and RFO2.
The transmitter can also drive an external MOS transistor via the EXT_LM pin to generate
the load modulation signal.

3
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2.2.2

2.2.3

224

2.2.5

2.2.6
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Receiver

The receiver detects card modulation superimposed on the 13.56 MHz carrier signal. The
receiver consists of two receive chains that are built from a set of demodulators, followed by
two gain and filtering stages and a final digitizer stage. The demodulators can operate as
AM/PM demodulator or as 1/Q demodulator. The filter characteristics can be adjusted to
match the selected RF mode and bit rate to optimize performance (subcarrier frequencies
from 212 to 848 kHz are supported). Apart from the filter stage the receiver incorporates
several other features (AGC, squelch) that enable reliable operation in noisy conditions.

The receiver is connected to the antenna via the pins RFI1 and RFI2. The output of the
receiver is connected to the framing block that decodes the demodulated and digitized
subcarrier signal.

Phase and amplitude detector

The phase detector measures the phase difference between the transmitter output signals
(RFO1 and RFO2) and the receiver input signals (RFI1 and RFI2).

The amplitude detector measures the amplitude of the differential RF carrier signal between
the receiver inputs RFI1 and RFI2. This differential amplitude signal is directly proportional
to the amplitude of the RF signal on the antenna LC tank.

The phase- and amplitude detectors are used for several purposes:

e PM demodulation, by observing RFI1 and RFI2 phase variations (LF signal is fed to the
receiver)

e Average phase difference between RFOXx pins and RFIx pins, to check antenna tuning

e  Measure amplitude of signal present on pins RFI1 and RFI2, proportional to the
antenna voltage

A/D converter

The ST25R3918 features a built in A/D converter. Its input can be multiplexed from different
sources and it is used for the diagnostic functions and the low power card detection. The
result of the A/D conversion is stored in a register that can be read through the host
interface.

External field detector

This is a low power block used in the passive target mode to detect the presence of an
external RF field. It supports two different external field detection thresholds, namely Peer
detection and Collision avoidance threshold.

The Peer detection threshold is used in the passive peer to peer modes to detect when the
peer device turns on its RF field.

The Collision avoidance threshold is used to detect the presence of an external RF field
during the RF collision avoidance procedure.

Quartz crystal oscillator

The quartz crystal oscillator operates with 27.12 MHz crystals. At start-up the
transconductance of the oscillator is increased to achieve a fast start-up. Since the start-up
time varies with crystal type, temperature and other parameters, the oscillator amplitude is
observed and an interrupt is generated when stable oscillator operation is reached.
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The oscillator block also provides a clock signal to the external microcontroller (MCU_CLK),
according to the settings in the /O configuration register 1.

2.2.7 Power supply regulators

The integrated power supply regulators ensures a high power supply rejection ratio (PSRR)
for the complete system.

Three voltage regulators, one for the analog block, one for the digital block, and one for the
RF output drivers, are available to decouple noise sources from the ST25R3918. A fourth
voltage regulator generates the reference voltage for the analog receivers (AGDC, analog
ground).

The RF output driver voltage regulator can be configured automatically by the ST25R3918
based on the systems power supply stability and RF output power (see Section 4.4.10:
Adjust regulators for more details).

2.2.8 POR and bias

This block provides bias currents and reference voltages to all other blocks. It also
incorporates a Power on Reset (POR) circuit that provides a reset at power-up and at low
supply levels.

229 RC oscillator and Wake-up timer

The ST25R3918 include several possibilities for low power detection of a card presence
(phase measurement, amplitude measurement). The RC oscillator and the register
configurable Wake-up timer are used to periodically trigger the card presence detection in
the low power card detection modes.

2.2.10 TX encoding

This block encodes the transmit frames according to the selected RF mode and bit rate. The
SOF (start of frame), EOF (end of frame), CRC and parity bits are generated automatically.
The data to transmit are taken from the FIFO.

In Stream mode the framing is bypassed. The FIFO data directly defines the modulation
data sent to the transmitter.

In Transparent mode, the framing and FIFO are bypassed, and the MOSI pin directly drives
the modulation of the transmitter.

2.2.11 RX decoding

This block decodes received frames according to the selected RF mode and bitrate. The
SOF (start of frame), EOF (end of frame), CRC and parity bits are automatically checked, all
of them (except the CRC bit) are removed by this block. The received data is written to the
FIFO.

In Stream mode the framing is bypassed. The digitized subcarrier signal is directly stored in
the FIFO.

In Transparent mode the framing and FIFO are bypassed. The digitized subcarrier signal
directly drives the MISO pin.

3
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2.2.12 FIFO

The ST25R3918 contains a 512-byte FIFO. Depending on the direction of the data transfer,
it contains either data which has been received or data which is to be transmitted.

In reader mode the ST25R3918 can transmit frames of up to 8191 bytes length and receive
frames of arbitrary length.

2213 Control logic

The control logic contains 1/O registers that define the operation of device.

2.2.14 Host interface

A 4-wire serial peripheral interface (SPI) and a 2-wire 12C interface are available to
communicate with an external microcontroller. The pins for the SPI and the 12C interface are
shared, and pin I2C_EN is used to select the active interface.

2.2.15 Passive target memory

The device contains a 48-byte RAM to store configuration data for the passive target and
card emulation mode.

2.2.16 P2RAM

The P2RAM stores information on wafer number, die position, device subversion, and 12C
address. The P2RAM is programmed during production.

3
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3 Pin and signal description
Figure 4. ST25R3918 QFN32 pinout (top view)
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Table 1. ST25R3918 - VFQFPN32 pin assignment
VFQFPN32 Name Type(® Description
1 VDD_IO P Positive supply for peripheral communication
2 NC - Do not connect
3 VDD_D AO Digital supply regulator output
4 XTO AO X'tal oscillator output
5 XTI Al/DI | X'tal oscillator input, in test mode used as digital input (clock)
6 GND_D P Digital ground
7 VDD_A AO Analog supply regulator output
8 VDD P External positive supply
9 VDD_RF AO Regulated driver supply for antenna drivers
10 VDD_TX P External positive supply for the TX part
11 VDD_AM AO Regulated driver supply for AM modulation
12 GND_DR P Antenna driver ground, including driver Vgg
13 RFO1 AO Antenna driver output
14 VDD_DR P Antenna driver positive supply input
15 RFO2 AO Antenna driver output
16 GND_DR P Antenna driver ground, including driver Vgg

3
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Table 1. ST25R3918 - VFQFPN32 pin assignment (continued)

VFQFPN32 Name Type(® Description
17 EXT_LM AO External load modulation MOS gate driver
18 NC - Do not connect
19 NC - Do not connect
20 12C_EN DI 12C interface enable
21 VSS P Ground, die substrate potential
22 RFI1 Al Receiver input
23 RFI2 Al Receiver input
24 AGDC AIO | Analog reference voltage
25 NC - Do not connect
26 GND_A P Analog ground
27 IRQ DO Interrupt request output
28 MCU_CLK DO Clock output for MCU
29 BSS DI SPI enable (active low)
30 SCLK DI SPI clock / 12C clock
31 MOSI DI SPI data input
32 MISO DO_T |Serial peripheral interface data output / 12C data line
33 NA P Thermal pad

1. P: Power supply pin

AlO: analog I/O, Al: analog input, AO: analog output
DI: digital input, DIPD: digital input with pull-down, DO: digital output, DO_T: digital output/tri-state, DIO:

digital bidirectional.
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4 Application information

4.1 Power-on sequence

Once powered, the device enters the Power-down mode where the content of all registers is
set to its default state.

To prevent the internal overheat protection to trigger below the junction temperature, the
3-byte frame FCh / 04h / 10h (register access / address / value) has to be sent after
power-on and Set default command.

The next steps are basic configurations of the IC:

1. The IO configuration register 1 and IO configuration register 2 must be properly
configured.

2. The internal voltage regulators have to be configured. It is recommended to use direct
command Adjust regulators to improve the system PSRR.

After the sequence of events mentioned above the devices are ready to operate.

4.2 Operating modes

The ST25R3918 operating mode is defined by the contents of the Operation control
register. At power-on all its bits are set to 0, the ST25R3918 is in Power-down mode. In this
mode, the AFE static power consumption is minimized, as only the POR and part of the bias
are active. The regulator itself is disabled.

The SPI/12C is still functional in this mode and all required settings on the configuration
registers can be done. The PT_memory and FIFO are not accessible in this mode.

Bit en (bit 7 of the Operation control register) is controlling the quartz crystal oscillator and
regulators. When this bit is set, the device enters in Ready mode and the quartz crystal
oscillator and regulators are enabled. An interrupt is sent to inform the microcontroller when
the oscillator amplitude and frequency is stable. The PT_memory and FIFO are accessible
in this mode.

The enable of the receiver and the transmitter block are separated, it is possible to operate
one without switching on the other (control bits rx_en and tx_en). This feature can be used
when the reader field has to be maintained while no response from a tag is expected.

Asserting the Operation control register bit wu while the other bits are set to 0 puts the
ST25R3918 into the Wake-up mode that is used to perform low power detection of card
presence. In this mode the low power RC oscillator and register configurable wake-up timer
are used to schedule periodic measurement(s). When a difference to the predefined
reference is detected an interrupt is sent to wake-up the MCU. Phase and amplitude
measurement are available to trigger the wake-up.

421 Transmitter

The transmitter contains two identical push-pull driver blocks connected to pins RFO1 and
RFO2. These drivers are differentially driving the external antenna LC tank. It is also
possible to operate only one of the two drivers by setting the /O configuration register 1 bit
single and selecting which RFO/RFI to be use on bit rfo2.

3
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Output resistance

Each driver is composed of eight segments having binary weighted output resistance. When
all segments are turned on, the output resistance is typically 8 Q. Usually all segments are
turned on to define the normal transmission (non-modulated) level. It is also possible to
switch off certain MSB segments when driving the non-modulated level to drive the circuitry
with a higher impedance driver.

The bits d_res<3:0> in the TX driver register define the resistance during the normal
transmission. The default setting is minimum available resistance.

When using the single driver mode, the number and therefore the cost of the antenna LC
tank components is halved, but also the output power is reduced. In single mode it is
possible to connect two antenna LC tanks to the two RFO outputs and multiplex between
them by controlling the /O configuration register 1 bit rfo2.

To transmit data, the transmitter output level needs to be modulated. AM and OOK
modulation principles are supported. The type of modulation is defined by setting bit tr_am
in the Mode definition register.

Driver TX modulation

During the OOK modulation (e.g. for ISO14443A) the transmitter drivers stop driving the
carrier frequency. As a consequence the amplitude of the antenna LC tank oscillation
decays, the time constant of the decay is defined with the LC tank Q factor.

AM modulation (for example ISO14443B) is done via an additional regulator providing the
supply voltage Vpp au, used as the driver supply voltage during the modulation state.

The AM modulation level is set by am_mod3:0 bits in the TX driver register.

AM modulation has to be manually enabled and the level to be set correctly for the following
protocols:

e 1S0O14443B

e ISO15693 (if not OOK)

Depending on the applicable standard the modulation index can be set in a range between
5 and 30% in the TX driver register.

Passive load modulation

The ST25R3918 enables passive load modulation using two different methods
o Internal driver load modulation

e Load modulation with an external MOS transistor and a diode that directly loads the
antenna circuit

The driver load modulation is selected by bit Im_dri and the external MOS modulation is
selected by Im_ext option bits.

Normally, the internal driver or the external load modulation should be used exclusively, but
the device also allows simultaneous modulation.

The driver load modulation is based on the change of driver impedance. Typically, a high
impedance during non-modulated state and a lower impedance for the modulated state is
used. This yields modulation phase equal to passive tag modulation. It is also possible to
reverse the polarity of the driver load modulation by using low impedance during
non-modulated state and higher impedance for the modulated state.
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4.2.2
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During the non-modulated state the output impedance is defined by pt_res3:0 option bits.
During modulation the output impedance is defined by ptm_res3:0 option bits.

Load modulation through an external MOS transistor and a diode is selected by the Im_ext
option bit. In this case the EXT_LM pin is driven by the digital representation of the load
modulation signal (848 kHz subcarrier or 424 / 212 kHz modulation signal). The EXT_LM is
used to drive a gate of the external modulation MOS. The bit Im_ext_pol sets inverse
polarity for the external load modulation.

The pt_res3:0 and ptm_res3:0 bits must be set prior entering passive target mode (reg 03h),
because in passive target mode the resistance value propagates through the TX driver only
when the extracted clock is available.

Driver load modulation is based on change of the driver impedance. Typically high
impedance is used during non-modulated state, and decreased for modulated state,
resulting in modulation phase equal to Passive tag modulation.

It is also possible to set inverse polarity driver load modulation by using low impedance
during non-modulated state and higher impedance for the modulated state.

During non-modulated / modulated state the output impedance is defined, respectively, by
pt res3:0 / ptm_res3:0 option bits.

An external MOS transistor and a diode modulation is selected by Im_ext option bit. In this
case the EXT_LM pin is driven by digital representation of the load modulation signal

(848 kHz subcarrier or 424 / 212 kHz modulation signal). The EXT_LM is used to drive a
gate of the external modulation MOS.

Bit Im_ext_pol sets inverse polarity for the External load modulation.

Bits pt_res<3:0> and ptm_res<3:0> must be set before entering Passive target mode (reg
03h), as in Passive target mode the resistance value propagates through the TX driver only
when extracted clock is available (during PT data transmission, including FDT).

Slow transmitter ramping

When the transmitter is enabled it starts to drive the antenna LC tank with full power, the
ramping of field emitted by antenna is defined by antenna LC tank Q factor.

However there are some reader systems where the reader field has to ramp up with a
longer transition time when it is enabled. The STIF (Syndicat des transports d'lle de France)
specification requires a transition time from 10 to 90% of field longer than or equal to 10 ps.

The ST25R3918 supports slow transmitter ramping by collapsing VDD_RF regulated
voltage when transmitter is disabled and ramping it when transmitter is enabled. Typical
transition time is 15 ys at 3 V supply and 20 uys at 5 V supply.

Procedure to implement the slow transition:

1. When transmitter is disabled set /O configuration register 2 bit slow_up to 1. Keep this
state at least 2ms to allow discharge of Vpp gr.

2. Enable transmitter, its output will ramp slowly
3. Before sending any command set the bit slow_up back to 0.

Receiver

The receiver performs demodulation of the tag subcarrier modulation that is superimposed
on the 13.56 MHz carrier frequency. It performs AM/PM or I/Q demodulation, amplification,
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band-pass filtering and digitalization of subcarrier signals. It also performs RSSI
measurement, automatic gain control (AGC) and Squelch function.

The reception chain has two separate channels for AM and PM demodulation. When both
channels are active the selection for reception framing is done automatically by the receiver
logic. The receiver is switched on when Operation control register bit rx_en is set to 1.

The Operation control register contains bits rx_chn and rx_man, which define whether only
one or both demodulation channels are active:

e  bit rx_man defines the channel selection mode when both channels are active
(automatic or manual)

e  Dbit ch_sel defines which channel is used for decoding.

Table 2. RX channel selection

rx_chn rx_man ch_sel Selected reception channel
0 0 X Automatic selection
0 1 0 AM or | channel
0 1 1 PM or Q channel
1 X 0 AM or | channel
1 X 1 PM or Q channel
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Figure 5. Receiver block diagram

Reader reception chain

A corr_s<7.0=
ch_sel amd_sel, If_en, If ap, demod_mode ‘7
AM I i i q Digital
AC coupling low - pass high - pass ol Correlator | \’
demodulator . v R ™ dat
mixer + 1% gain stage + 2" gain stage +3%gain stage 848kHz > ata
> A A
® r rg2_am<3:0>
—> —
rg1_am<2:0> L 4
M | AGC rssi_am<3:0>
» U » Squelch —
X RSSI
Peak detector > »
— — T _ Digital
I -D- sub-carrier
- | 1L |
_on —
sq_on rg2_pm<3:.0>
PM rg1_pm<2:0> Y
AGC .
demodulator | .| Squeleh rssi_pm<3:0>
mixer RSSI
| .
@ —» — — T T . Digital
> > sub-carrier
M I <7
» 70>
u v corr_s
X Correlator h’ Digital
a P osaekiz [T /S data
—
demodulator 2600k, 212k p<2:0> 1200, h80
mixer —
M ® —
ook fd digitizing
ook_re<1:.0> ook_thd<1.0> stage
asl_re<1.0= ask_thd
AC Gain Tag
—— » OOK pulse data

» demodulator 00K /ASK
® Digiizer | ASK pulse data
AGC

?

v
Active initiatoritarget and Passive target reception chain

Demodulation stage

The first stage performs demodulation of the tag subcarrier response signal, superimposed
on the HF field carrier. Two different blocks are implemented for the AM demodulation:

e  peak detector
e  AM/I or PM/Q demodulator mixer.

The choice of the used demodulator is made by the Receiver configuration register 2 bit
amd_sel.

The peak detector performs AM demodulation using a peak follower. Both the positive and
negative peaks are tracked to suppress any common mode signals. Its demodulation gain is
G = 0.7 and the input is taken from RFI1 demodulator input only.

The AM demodulator mixer uses synchronous rectification of both receiver inputs (RFI1 and
RFI2). Its gain is G = 0.55. The PM demodulation is also done by a mixer. The PM
demodulator mixer has differential outputs with 60 mV differential signal for 1% phase
change (16.67 mV / °).

The 1/Q demodulation is composed of two mixer circuits, driven with a 90° shifted local
oscillator (LO) signals derived from the crystal oscillator. The outputs of the two mixers are
connected to two equal base band reception chains and to the decoding logic.

3
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Filtering and gain stages

The receiver chain has band pass filtering characteristics. The filtering is optimized to pass
subcarrier frequencies while rejecting carrier frequency, low frequency noise and DC
component. Filtering and gain is implemented in three stages, the first and the last stage
have first order high pass characteristics while the mid stage has second order low-pass
characteristic.

The gain and filtering characteristics can be optimized depending on the application by
writing the Receiver configuration register 1 (filtering), Receiver configuration register 3
(primarily gain in first stage) and Receiver configuration register 4 (gain in second and third
stage).

The gain of first stage is around 20 dB and can be reduced in six 2.5 dB steps. There is also
a special boost mode available, which increases the max gain by additional 5.5 dB. The first
stage gain can only be modified by writing Receiver configuration register 3. The default
setting of this register is the minimum gain. Default first stage zero is located at 60 kHz, it
can also be lowered to 40 or 12 kHz by writing option bits in the Receiver configuration
register 1. The first stage can be reconfigured to second order high-pass at 600 kHz by
option bit z600k. The control of the first and third stage zeros is done with common control
bits (see Table 4).

Table 3. Low-pass control

rec1<5>Ip2 rec1<4>Ip1 rec1<3>Ip0 -1 dB point
0 0 0 1200 kHz
0 0 1 600 kHz
0 1 0 300 kHz
1 0 0 2 MHz
1 0 1 7 MHz
Others Not used

Table 4. First and third zero setting

rec1<3>z600k | rec1<2>h200 | rec1<1>h80 | rec1<0>z12k | First stage zero | Third stage zero

0 0 0 0 400 kHz
60 kHz

0 1 0 0 200 kHz

0 0 1 0 40 kHz 80 kHz

0 0 0 1 200 kHz

0 0 1 1 12 kHz 80 kHz

0 1 0 1 200 kHz

1 0 0 0 400 kHz
600 kHz

1 1 0 0 200 kHz

Others Not used

The gain in the second and third stage is 23 dB and can be reduced in six 3 dB steps. Gain
of these two stages is included in AGC and Squelch loops or can be manually set in
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Receiver configuration register 4. Sending of direct command Reset RX Gain is necessary
to initialize the AGC, Squelch and RSSI block. Sending this command clears the current
Squelch setting and loads the manual gain reduction from Receiver configuration register 4.
Second stage has a second order low-pass filtering characteristic, the pass band is adjusted
according to subcarrier frequency using the bits Ip2 to Ip0 of the Receiver configuration
register 1. See Table 3 for -1 dB cut-off frequency for different settings.

Digitizing stage

The digitizing stage produces a digital representation of the sub-carrier signal coming from
the receiver. This digital signal is then processed by the receiver framing logic. The digitizing
stage consists of a window comparator with adjustable digitizing window (five possible
settings, 3 dB steps, adjustment range from £33 to £120 mV). The adjustment of the
digitizing window is included in the AGC and Squelch loops. The digitizing window can also
be set manually in the Receiver configuration register 4.

AGC, Squelch and RSSI

As mentioned above, the second and third gain stage gain and the digitizing stage window
are included in the AGC and Squelch loops. Eleven settings are available. The default state
features minimum digitizer window and maximum gain. The first four steps increase the
digitizer window in 3 dB steps, the next six steps reduce the gain in the second and third
gain stage, again in 3 dB steps. The initial start setting for Squelch and AGC is defined in
Receiver configuration register 4. The Gain reduction state register displays the actual state
of gain resulting from Squelch, AGC and initial settings in Receiver configuration register 4.

Squelch

This feature is designed for operation in noisy environments. The noise may be
misinterpreted as the start of tag response, resulting in decoding errors.

Automatic squelch is enabled by option bit sgqm_dyn in the Receiver configuration register 2.
It is activated automatically 18.88 us after end of TX and is terminated at the moment the
Mask receive timer (MRT) reaches the value defined in the Squelch timer register. This
mode is primarily intended to suppress noise generated by tag processing during the time
when the tag response is not expected (covered by MRT).

Squelch can operate in two modes, namely with ratios 1 and 6, selectable by pulz_61 bit in
the Receiver configuration register 2.

Squelch ratio 1 means that system observes the subcarrier signal from the main digitizer
and decrease the system gain to decrease the frequency of transitions. If there are more
than two transitions on this output in a 50 ps time period, gain is reduced by 3 dB and output
is observed during the following 50 ps. This procedure is repeated until number of
transitions in 50 ys is lower or equal to 2 or until the maximum gain reduction is reached.
This mode is intended for protocols where digitized subcarrier outputs are used.

Squelch ratio 6 means the system similarly observes and decreases the frequency seen at
the window comparator set to 6 times the digitizing window. This mode is intended for
protocols where output from correlators are used (ISO-A, ISO-B correlated reception).

The gain setting acquired by squelch is cleared by sending direct command Reset RX gain.
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AGC

The AGC (automatic gain control) can reduce the gain to keep the receiver chain and input
to the digitizing stage out of saturation. The demodulation process is also less influenced by
system noise when the gain is properly adjusted.

The AGC logic starts operating when the signal rx_on is asserted to high and is reset when
it is reset to low. The state of the receiver gain is stored in the Gain reduction state register
during a high to low transition of bit rx_on. Reading this register later on gives information of
the gain setting used during the last reception.

The AGC system comprises a window comparator and an AGC ratio that can be set to 3 or
to 6. As an example, when the AGC ratio is set to 6 the window is six times larger than the
data digitalization window comparator. When the AGC function is enabled the gain is
reduced until there are no transitions on its output. Such procedure assures that the input to
digitalization window comparator is up to 6 times larger than its window.

If the AGC ratio is set to three, the input to the digitalization window comparator is set to be
up to 3 times larger than its window.

The AGC operation is controlled by the control bits agc_en, agc_m, agc_alg, and agc6_3 in
Receiver configuration register 2.

The bit agc_m defines the AGC mode when two AGC modes are available. The AGC can
operate during the complete RX process as long as the signal rx_on is high and it can be
enabled only during first eight subcarrier pulses.

There are two AGC algorithms to choose from bit agc_alg. The AGC can start either by
pre-setting (maximum digitizer window and maximum gain) or by resetting (minimum
digitizer window and maximum gain) it. The algorithm with preset is faster and therefore
recommended for protocols with short SOF (like ISO14443A at 106 kbps).

Correlator

The correlators correlate the incoming filtered subcarrier with 848 kHz. The aim of the
correlation is to maximize the system sensitivity at 848 kHz, while rejecting other
frequencies. There are two correlators in the system for AM (or |) channel and PM (or Q)
channel.

Correlator settings are defined in Correlator configuration register 1 and Correlator
configuration register 2.

RSSI

The receiver also performs the RSSI (received signal strength indicator) measurement for
both channels. The RSSI measurement is started after the rising edge of rx_on. It stays
active while the signal rx_on is high and frozen while rx_on is low. It is a peak hold system
where the value can only increase from initial 0 value. Every time the AGC reduces the gain
the RSSI measurement is reset and starts from 0. The result of RSSI measurements is a
4-bit value that can be observed by reading the RSS/ display register. The LSB step is

2.8 dB, the maximum value is Dh (13d).

Since the RSSI measurement is of peak hold type, the result does not follow any variations
in the signal strength (the highest value will be kept). To follow RSSI variation it is possible
to reset RSSI bits and restart the measurement by sending direct command Clear RSSI.
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Clock extractor

The clock extractor observes the RFI1 and RFI2 differential signal and provides a clock
signal synchronous with the incoming RF field. The extracted clock is used for synchronous
demodulation, for correct frame delay time and for correct data timing during passive
transmission. The clock extractor is active down to 60 mVpp input signal.

4.2.3 Wake-up mode

Asserting the Operation control register bit wu while the other bits are set to 0 puts the
ST25R3918 into the Wake-up mode, used to perform low power detection of card presence.
The ST25R3918 features phase and amplitude measurement for the Wake-up mode. An
integrated low power 32 kHz RC oscillator and register configurable Wake-up timer are used
to schedule periodic detection.

Usually the presence of a card is detected by a so-called polling. In this process the reader
field is periodically turned on and the controller checks whether a card is present using RF
commands. This procedure consumes a lot of energy since reader field has to be turned on
for 5 ms before a command can be issued.

Low power detection of card presence is performed by detecting a change in the reader
environment, produced by a card. When a change is detected, an interrupt is sent to the
controller. As a result, the controller can perform a regular polling loop.

In Wake-up mode the ST25R3918 periodically performs the configured reader environment
measurements and sends an IRQ to the controller when a difference to the configured
reference value is detected.

Card detection

The presence of a card close to the reader antenna coil produces a change of the antenna
LC tank signal phase and amplitude. The reader field activation time needed to perform the
phase or the amplitude measurement is extremely short (~20 us) compared to the activation
time needed to send a protocol activation command.

The power level during the measurement can be lower than that during normal operation as
the card does not have to be powered to produce a coupling effect. The emitted power can
be reduced by changing the RFO driver resistance.

Registers from 32h to 3Ah are dedicated to Wake-up configuration and display. The Wake-
up timer control register is the main Wake-up mode configuration register. The timeout
period between the successive detections and the measurements which are going to be
used are selected in this register. Timeouts in the range from 10 to 800 ms are available,
100 ms being the default value.

Registers from 33h to 3Ah configure the possible detection measurements and store the
results, four registers are used for each method.

An IRQ is sent when the difference between a measured value and reference value is larger

than configured threshold value. There are two possibilities how to define the reference

value:

e the ST25R3918 can calculate the reference based on previous measurements
(auto-averaging)

e the controller determines the reference and stores it in a register.

The first register in the series of four is the Amplitude measurement configuration register.
The difference to reference which triggers the IRQ, the method of reference value definition
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and the weight of last measurement result in case of auto-averaging are defined in this
register. The next register is storing the reference value in case the reference is defined by
the controller. The following two registers are display registers. The first one stores the
auto-averaging reference, the second one stores the result of the last measurement.

Wake-up mode configuration registers have to be configured before Wake-up mode is
actually entered. Any modification of Wake-up mode configuration while it is active may
result in unpredictable behavior.

Auto-averaging

In case of auto-averaging the reference value is recalculated after every measurement. The
last measurement value, the old reference value and the weight are used in this calculation.
The following formula is used to calculate the new reference value:

new_reference = old_reference - (old_reference - measured_value) / weight
The calculation is done on 10 bits to have sufficient precision.

The auto-averaging process is initialized when Wake-up mode is first time entered after
initialization (power-up or using Set default command). The initial value is taken from the
measurement reference register (for example Amplitude measurement reference register) if
the content of this register is not 0. If content of this register is 0, the result of first
measurement is taken as initial value.

Every measurement configuration register contains a bit defining whether the measurement
that causes an interrupt is taken in account for the average value calculation (for example
bit am_aam of Amplitude measurement reference register).

Quartz crystal oscillator

The quartz crystal oscillator operates with 27.12 MHz crystals; its operation is enabled when
the Operation control register bit en is set to 1. An interrupt is sent to inform the
microcontroller when the oscillator amplitude is sufficiently high, meaning the frequency is
stable (see Main interrupt register).

The status of oscillator can be observed by checking the Auxiliary display register bit
osc_ok. This bit is set to 1 when oscillator frequency is stable.

The oscillator is based on an inverter stage supplied by a controlled current source. A
feedback loop is controlling the bias current in order to regulate amplitude on XTI pin to
1 Vpp. To enable a fast reader start-up an interrupt is sent when oscillator amplitude
exceeds 750 mVpp.

Division by two assures that 13.56 MHz signal has a duty cycle of 50%, which is better for
the transmitter performance (no PW distortion).

The oscillator output is also used to drive a clock signal output pin MCU_CLK, which can be
used by the external microcontroller. The MCU_CLK pin is configured in the /O configuration
register 2.

Timers

The ST25R3918 contains several timers, which eliminate the need to run counters in the
controller, thus reducing the effort of the controller code implementation and improve
portability of code to different controllers.
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Every timer has one or more associated configuration registers in which the timeout
duration and different operating modes are defined. These configuration registers have to
be set while the corresponding timer is not running. Any modification of timer configuration
while the timer is active may result in unpredictable behavior.

All timers are stopped by the direct command Stop all activities.

Mask receive timer (MRT)

In Reader mode this timer is blocking the receiver and reception process in framing logic by
keeping the rx_on signal low after the end of TX during the time the tag reply is not
expected. While Mask Receive timer is running the Squelch is automatically turned on when
enabled. The MRT does not produce an IRQ.

The MRT timeout is configured in the Mask receive timer register and is automatically
started at the end of data transmission (at the end of EOF).

The MRT can be triggered by direct command Start Mask-receive timer. In this case the
squelch is enabled, according to the Squelch timer register.

In the NFCIP-1 Passive Target communication mode the MRT is started when the other
device turns on its field and the external field detector signals |_eon.

MRT supports a longer timing needed for NFCIP1 by setting option bit mrt_step. The bit
switches between fc/64 and fc/512 step size.

The MRT starts also in the low power Initial NFC target mode. After the initiator field has
been detected the controller turns on the 27 kHz RC oscillator, regulator, crystal oscillator,
receiver and MRT. After the MRT expires the receiver output starts to be observed to detect
start of the initiator message.

For correct operation in the low power Initial NFC target mode the mrt_step = 1 must be
used. The 27 kHz RC oscillator is used as a MRT clock source for the time before the crystal
oscillator stabilises. This enables that the actual MRT time is a good approximation to the
targeted time, also in case the crystal oscillator is not running yet.

No-response timer (NRT)

The purpose of this timer is intended to observe whether a response is detected during a
configured time started by end of transmission. The |_nre flag in the Timer and NFC
interrupt register is signaling interrupt events resulting from this timer timeout.

The NRT is configured by writing No-response timer register 1 and No-response timer
register 2). Operation options are defined by setting bits nrt_emv and nrt_step in the Timer
and EMV control register.

The NRT is automatically started at the end of transmission.

Bit nrt_step configures the time step of the No-response timer. Two steps are available,
64/fc (4.72 ys) and 4096/fc, covering, respectively, the range up to 309 ms and up to 19.8 s.

Bit nrt_emv controls the timer operation mode.

e  When this bit is set to 0 (default mode) the IRQ is produced if the NRT expires before a
start of a response is detected. The rx_on is set low to disable the receiver. In the
opposite case, when the start of a tag reply is detected before timeout, the timer is
stopped, and no IRQ is produced.

e  When this bit is set to 1 the timer unconditionally produces an IRQ when it expires, it is
also not stopped by direct command Stop all activities. This means that the IRQ is
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independent from whether or not a tag reply was detected. When a tag reply is being
processed during a timeout, no other action is taken and the reply is normally received.
In the opposite case, when no tag response is being processed, the receiver is
disabled.

The NRT can also be started using direct command Start No-response timer. The intention
of this command is to extend the No-response timer timeout beyond the range defined in the
No-response timer control registers. If this command is sent while the timer is running, it is
reset and restarted.

The NRT can be terminated using direct command Stop No-response Timer or Stop all
activities. The timer is terminated and no IRQ is sent. It is expected to be used in the
nrt_emv mode, when the incoming reception does not stop the No-response timer.

In the Passive target mode the No-response timer has no task and is not automatically
started.

General purpose (GP) timer

The triggering of the this timer is configured by setting the Timer and EMV control register. It
can be used to survey the duration of reception process (triggering by start of reception,
after SOF) or to time out the PCD to PICC response time (triggered by end of reception,
after EOF).

The GP timer can also be started by sending the direct command Start General purpose
timer. If this command is sent while the timer is running, it is reset and restarted.

Wake-up (WU) timer

This timer is primarily used in the Wake-up mode, it can be used by sending the direct
command Start Wake-up Timer. This command is accepted in any operation mode except
Wake-up mode. When this command is sent the RC oscillator, which is used as clock
source for wake-up timer is started, timeout is defined by setting the Wake-up timer control
register. When the timer expires, an IRQ with the |_wt flag in the Error and wake-up interrupt
register is sent.

The WU timer is used in the Power-down mode, in which other timers cannot be used
because the crystal oscillator, which is the clock source for the other timers, is not running.
Note that the tolerance of wake-up timer timeout is defined by tolerance of the RC oscillator.

In low-power bit-rate detection mode the WU timer is used for time out the temporary device
enable after the initial peer field on was detected.

A/D converter

The ST25R3918 contains an 8-bit successive approximation A/D converter. Inputs can be
multiplexed from different sources to be used in several direct commands and adjustment
procedures. The result of the last conversion is stored in the A/D converter output register.
Typical conversion time is 224/fc (16.5 ps).

The A/D converter has two operating modes, absolute and relative.

¢ In absolute mode the low reference is 0 V and the high reference is 2 V. This means
that A/D converter input range is from 0 to 2V, 00h code means input is 0 V or lower,
FFh means that inputis 2 V - 1 LSB or higher, LSB being 7.8125 mV.

¢ Inrelative mode low reference is 1/11 of Vpp A and high reference is 10/11 of Vpp a,
so the input range is from 1/11 Vpp a to 10/11 Vpp a. B
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Relative mode is only used in phase measurement (phase detector output is proportional to
power supply). In all other cases absolute mode is used.

4.2.7 Phase and amplitude detector

This block is used to provide inputs to the A/D converter to perform measurements of
amplitude and phase, expected by direct commands Measure amplitude and Measure
phase.

Phase detector

The phase detector observes phase difference between the transmitter output signals
(RFO1 and RFO2) and the receiver input signals RFI1 and RFI2, proportional to the signal
on the antenna LC tank. These signals are first passed by digitizing comparators. Digitized
signals are processed by a phase detector with a strong low-pass filter characteristics to get
the average phase difference. The phase detector output is inversely proportional to the
phase difference between the two inputs. The 90° phase shift results in Vpp a/2 output
voltage, if both inputs are in phase the output voltage is Vpp a, if they are in opposite phase
the output voltage is 0 V. During execution of direct command Measure phase this output is
multiplexed to the A/D converter input (A/D converter is in relative mode during the
execution of this command). Since the A/D converter range is from 1/11 Vpp A to 10/11
Vpp a the actual phase detector range is from 17° to 163°. Figure 6 and Figure 7 show the
two inputs and output of phase detector in case of 90° and 135° phase shift, respectively.

Figure 6. Phase detector inputs and output in case of 90° phase shift
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Figure 7. Phase detector inputs and output in case of 135° phase shift
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Amplitude detector

Signals from pins RFI1 and RFI2 are used as inputs to the self-mixing stage. The output of
this stage is a DC voltage proportional to the amplitude of signals on pins RFI1 and RFI2.
During execution of direct command Measure amplitude this output is multiplexed to the A/D
converter input.

External field detector

This block is used to detect the presence of an external device generating an RF field. It is
used in Passive target modes. It is enabled by en_fd_c<1:0> option bits. The external field
detector supports two different detection thresholds, namely Peer detection and Collision
avoidance. The two thresholds can be independently set by writing the External field
detector activation threshold register. The actual state of the detector output can be
checked by reading the Auxiliary display register. Input to this block is the signal from the
RFI1 pin.

For both thresholds there is a possibility to separately set the activation and deactivation
levels.

If the External field level is not detected yet, the Activation threshold is used. If the External
field level is detected, the Deactivation threshold is used.

The Activation threshold must be set higher than or equal to the Deactivation threshold.

If the Activation is higher than the Deactivation, the hysteresis is given by the difference
between the two levels.

If the Activation and Deactivation levels are equal, there is no the hysteresis in the system
and multiple field-on/off events can verify if the actual field level persists in proximity of the
selected threshold.

Peer detection threshold

This threshold is used to detect the field emitted by peer NFC device with whom NFC
communication is going on. It can be selected in the range from 75 to 800 mVpp. When this
threshold is enabled the detector is in low power mode. An interrupt is generated when an
external field is detected and also when it is switched off. With such implementation it can
also be used to detect the moment when the external field disappears. This can be used to
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detect the moment when the peer NFC device (either an initiator or a target) has stopped
emitting an RF field.

The External Field Detector is enabled in low power Peer Detection mode by setting bits
en_fd_c,1:0> in the Operation control register.

Collision avoidance threshold

This threshold is used during the RF collision avoidance sequence, which is executed by
sending NFC Field ON commands (see Section 4.4.5: NFC field ON commands). It can be
selected in the range from 25 to 800 mVpp.

4.2.9 Power supply system

The ST25R3918 features three positive supply pins, VDD, VDD_TX and VDD_IO:

e VDD is the main power supply pin. It supplies the ST25R3918 blocks through two
regulators (VDD_A’ VDD_D)

e VDD_TX s the transmitter supply pin. It supplies the transmitter via two regulators
(Vobb rrs Vbp am)- Vpp range from 2.4 to 5.5 V is supported. VDD and VDD_TX must
be connected to the same power supply.

e Vpp (o is used to define supply level for digital communication pins (BSS, MISO,
MOSI, SCLK, IRQ, MCU_CLK). Digital communication pins interface to the
ST25R3918 logic through level shifters, therefore the internal supply voltage can be
either higher or lower than Vpp 0. Vpp |0 range from 1.65 to 5.5 V is supported.

Figure 8 details the building blocks of the ST25R3918 power supply system. It contains
three regulators, a power-down support block, a block generating analogue reference
voltage (AGDC) and a block performing automatic power supply adjustment procedure. The
three regulators are providing supply to analogue blocks (Vpp a), logic (Vpp p) and
transmitter (Vpp rg)- The use of Vpp A and Vpp p regulators is mandatory at 5 V power
supply to provide regulated voltage to analogue and logic blocks, which only use 3.3 V. The
use of Vpp A and Vpp p regulators at 3 V supply and Vpp rr regulator at any supply
voltage is recommended to improve system PSRR. -

Regulated voltage can be adjusted automatically to have maximum possible regulated
voltage while still having good PSRR. All regulator pins also have corresponding negative
supply pins externally connected to ground potential (Vgg). Figure 1 and Figure 2 show
typical application schematics with all regulators used. For regulators recommended
blocking capacitors are 2.2 pF in parallel with 10 nF, for pin AGDC 1 uF in parallel with 10 nF
is suggested.
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Figure 8. ST25R3918 power supply system
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Regulators have two basic operation modes depending on supply voltage, 3.3 V supply
mode (max. 3.6 V) and 5 V supply mode (max 5.5 V). The supply mode is set by writing bit
sup3V in the/O configuration register 2. Default setting is 5 V so this bit has to be set to 1
after power-up in case of 3.3 V supply.

In 3.3 V mode all regulators are set to the same regulated voltage in range from 2.4 t0 3.4 V,
while in 5 V only the Vpp rg can be set in range from 3.6 to 5.1 V, while Vpp A and Vpp p
are fixed to 3.4 V. - B -

Figure 8 also shows the signals controlling the power supply system. The regulators are
operating when signal en is high (en is configuration bit in Operation control register). When
signal en is low the ST25R3918 is in low power Power-down mode. In this mode
consumption of the power supply system is also minimized.

Vpp rf regulator

The purpose of this regulator is to improve the PSRR of the transmitter (the noise of the
transmitter power supply is emitted and fed back to the receiver). The Vpp gf regulator
operation is controlled and observed by writing and reading two regulator registers:

e  Regulator voltage control register controls the regulator mode and regulated voltage.
Bit reg_s controls regulator mode. If it is set to 0 (default state) the regulated voltage is
set using direct command Adjust regulators. When bit reg_s is asserted to 1 regulated
voltage is defined by bits rege_3 to rege_0 of the same register. The regulated voltage
adjustment range depends on the power supply mode. In case of 5 V supply mode the
adjustment range is between 3.6 and 5.1 V in steps of 120 mV, in case of 3.3 V supply
mode the adjustment range is from 2.4 to 3.6 V with 100 mV steps.

e  Regulator display register is a read only register that displays actual regulated voltage
when regulator is operating. It is especially useful in case of automatic mode, since the
actual regulated voltage, which is result of direct command Adjust regulators, can be
observed.

3
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If a transmitter output current higher than 85 mArms is required the Vpp grr regulator cannot
be used to supply the transmitter. VDD_RF and VDD_DR have to be externally connected
to VDD_TX (connection of VDD_RF to supply voltage higher than Vpp Tx is not allowed).

The voltage drop of the transmitter current is the main source of the ST25R3918 power
dissipation. This voltage drop is composed of a drop in the transmitter driver and of a drop in
the Vpp Rrr regulator. Due to this it is recommended to set the regulated voltage using direct
command Adjust Regulators. It results in good power supply rejection ratio with relatively
low dissipated power due to regulator voltage drop.

In Power-down mode the Vpp rf regulator is not operating. VDD_REF pin is connected to
VDD_TX through a 1 kQ resistor. Connection through resistors assures smooth power-up of
the system and a smooth transition from Power-down mode to other operating modes.

Vpp am regulator

This regulator is used to support the transmitter AM modulation. Its output voltage is used as
transmitter supply during modulation phase. The output is internally connected to the
transmitter. It requires decoupling capacitors (2.2 yF + 1 nF) at VDD_AM pin.

Vpp_pr is used as reference voltage, resulting in correct Vpp an voltage and modulation
index at supply voltage between 2.4 and 5.5 V.

The output voltage and thus modulation setting is controlled by am_mod<3:0> option bits
from 5 to 30% in 16 steps.

In Power-down mode the Vpp apm regulator is not operating. VDD_AM pin is connected to
VDD_TX through 1 kQ resistor, as in the Vpp_Rr regulator.

Vpp A and Vpp p regulators

Vpp a and Vpp p regulators are used to supply the ST25R3918 analog and digital blocks
respectively. In 3.3 V mode Vpp a and Vpp p regulator are set to the same regulated
voltage as the Vpp g regulator, in 5V mode Vpp A and Vpp p regulated voltage is fixed to
3.4 V. - - -

The use of Vpp a and Vpp p regulators is mandatory in 5 V mode since analog and digital
blocks supplied with these two pins contain low voltage transistors which support maximum
supply voltage of 3.6 V. In 3.3 V supply mode the use of regulators is strongly recommended
to improve PSRR of analog processing.

For low cost applications it is possible to disable the Vpp p regulator and to supply digital
blocks through external short between Vpp A and Vpp p (configuration bit vspd_off in the
10 configuration register 2). B

Power-down support block

In the Power-down mode the regulators are disabled to save current. In this mode a low
power Power-down support block that keeps Vpp p and Vpp A below 3.6 V is enabled.
Typical regulated voltage in this mode is 3.1 V at 5 V supply and 2.2 V at 3 V supply. When
3.3 V supply mode is set this block is disabled, its output is connected to VDD through a

1 kQ resistor.

Typical consumption of Power-down support block is 600 nA at 5 V supply.
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Measurement of supply voltages

Using direct command Measure power supply it is possible to measure Vpp and regulated
VOltageS VDD_A! VDD_D and VDD_RF'

Overshoot / undershoot protection

The overshoot / undershoot protection mechanism makes it possible to control the
transmitting waveform during challenging test conditions. This is accomplished by setting bit
patterns in the corresponding registers that produce additional signals during the transition
phase from modulated to unmodulated state or vice versa.

The operation of this protection is explained by using the overshoot registers. The overshoot
mechanism is only effective when bits are written in ov_pattern<13:0>. Setting
ov_pattern<13:0> to 0 implicitly disables the overshoot protection, as the configuration from
Mode definition register and TX driver register is applied for all clock cycles after the
transition.

The overshoot mode has to be set in control bits ov_tx_mode<1:0> and defines the drive
level for the complete bit pattern. Three modes are available.

e ov_tx_mode<1:0> = 00b: the transmitter outputs are driven with Vpp pr when the
respective ov_pattern bit is 1.

e ov_tx_mode<1:0> = 01b: the transmitter outputs are driven with Vpp s when the
respective ov_pattern bit is 1.

e ov_tx_mode<1:0> = 10b: the transmitter outputs are stopped (like Type A pause) when
the respective ov_pattern bit is 1.

The overshoot protection pattern ov_pattern<13:0> is applied LSB first. For the first 14 clock
cycles after the transition from modulated to unmodulated state, each of the 14 bits of the
overshoot protection pattern specifies the driver configuration to apply. So ov_pattern<0>
defines which driver configuration to apply for the first clock cycle after the transition from
modulated to unmodulated state, and ov_pattern<9> defines which driver configuration to
apply for the tenth clock cycle after the transition from modulated to unmodulated state.
From the 15th clock cycle on the settings from TX driver register are used.

The undershoot protection works in a similar manner for transitions from unmodulated state
of the carrier to modulated state of the carrier.

Reader operation

The Ready mode has to be entered by setting the bit en of the Operation control register. In
this mode the oscillator is started and the regulators are enabled. When the oscillator
operation is stable an interrupt is sent and bit osc_ok indicates it.

The operation mode and data rate must be then configured by writing the Mode definition
register and Bit rate definition register. The receiver and transmitter operation options
related to operation mode have to be defined too. If the selected operation mode uses AM
modulation for communication reader to tag the modulation depth must be configured.

Before sending any command to a transponder the transmitter and receiver have to be
enabled by setting the bits rx_en and tx_en. Several NFC standards define a guard time
(5 ms for ISO14443) requiring that the reader field must be turned on for some time before
first command is sent. General purpose timer can be used to count this time or NFC Field
On command with a defined time by the NFC field on guard timer register.
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Preparation and execution of a transceive sequence:
e  Execute the direct command Stop all activities
e  Execute the direct command Reset RX gain

e  Configure the timers accordingly

e Define the number of transmitted bytes in the Number of transmitted bytes register 1
and Number of transmitted bytes register 2

e  Write the bytes to be transmitted in the FIFO (not in the case of direct commands
REQA and WUPA)

° Send one of the commands Transmit with CRC, Transmit without CRC, Transmit
REQA or Transmit WUPA

e  When all the data is transmitted an interrupt is sent to inform the microcontroller that
the transmission is finished (IRQ due to end of transmission)

After the transmission is executed, the ST25R3918 receiver automatically starts to observe
the RFI inputs to detect a transponder response. The RSSI and AGC (in case it is enabled)
are started. The framing block processes the subcarrier signal from receiver and fills the
FIFO with data. When the reception is finished and all the data is in the FIFO an interrupt is
sent to the microcontroller (IRQ due to end of receive), and the FIFO status register 1 and
FIFO status register 1 display the number of bytes in the FIFO so the microcontroller can
proceed with data download.

If an error or bit collision are detected during reception, an interrupt with appropriate flag is
sent, and the microcontroller must take appropriate action.

When data packets longer than FIFO have to be transmitted the sequence detailed above
changes.

The FIFO is prepared with data before the transmission starts. An interrupt is sent during the
transmission to signal when the remaining number of bytes is lower than the water level
(IRQ due to FIFO water level). The microcontroller then adds more data in the FIFO. When
all the data are transmitted an interrupt is sent to inform the microcontroller that the
transmission is finished.

The situation during reception time is similar. When the FIFO is loaded with more data than
the receive water level, an interrupt is sent and the microcontroller reads the data from the
FIFO. When the reception is finished an interrupt is sent to the microcontroller (IRQ due to
end of receive) the FIFO status register 1 and FIFO status register 1 display the number of
bytes in the FIFO still to be read.

4.2.12 Listen mode

The ST25R3918 listen/target mode is activated by setting to 1 bit targ in the Mode definition
register. There are various target or listening modes implemented depending on setting of
the om<3:0> bits, refer to Table 20: Target operation modes.

The main modes are

e ISO14443A passive target mode

e Felica™ passive target mode

Fixed listen communication mode

Fixed communication mode is active when one of the target modes with om3=0 is selected.
The other om bits control the type of communication.
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Passive target

Communication can be performed by the host (through FIFO) or also by using automatic
responses as referred in Passive target definition register.

These automatic responses include for NFC-A the complete anti-collision including SAK.
Handling of RATS and HLTA is up to the host. For NFC-F only the SENSF_REQ is handled
by sending SENSF_RES.

States of NFC-A can be handled by observing Passive target display register and Passive
target interrupt register bits |_wu_a, |_wu_a*. Direct commands Go to sense and Go to
sleep let the host influence the passive target states.

Responses to SENSF_REQ can be observed by thanks to bit |_wu_f.

The content of the automatic responses is defined by content of PT_Memory.

Bit rate detection mode

The Listen mode can also be started from the so-called Bit rate detection mode. In this
mode the communication mode is not fixed. This mode is activated in case of Target mode
together with bit om3 set to 1.

The other om bits define the technologies to be recognized. It is an extension of the Fixed
listen communication mode.

Once the reception of the first frame starts, the Bit rate detection mode signals an IRQ I_nfct
indicating that the bit rate has been identified and the host can retrieve the related
information by reading nfc_rate on Bit rate definition register.

When the first frame has been fully received, the host can exit the Bit rate detection mode
by setting the corresponding mode on om<3:0> bits in the Mode definition register to the
corresponding fixed listen communication mode.

Bit d_ac_ap2p allows filtering of NFCIP-1 active frames.

Low power field detection

The Fixed listen communication and Bit rate detection modes can be enhanced in terms of
power consumption by using the field detector in Low-power mode, putting the ST25R3918
in power-down mode (en = 0) while waiting for an external field from a peer/reader.

For this mode the Bit rate detection mode or the Fixed listen communication mode have to
be selected, and bits en, rx_en and tx_en in the Operation control register need to be
cleared to O.

In this mode the field detector has to be configured to automatic or manual peer detection
threshold.

On detection of external field (I_eon) the ST25R3918 temporarily enable the oscillator and
the receiver. The host needs to confirm it by setting en and rx_en option bits in the
Operation control register within 10 ms.

From this point on normal bit rate detection or normal target communication can be
performed.

PT memory

The PT_Memory is used to store data for NFCIP-1 passive target and NFC-A card/listen
mode. It is loaded via the host interface as described in Section 4.3.
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Table 5. PT_Memory address space
Location Description Data usage
4 bytes: locations 0-3
0-9 NFCID1 (4/7/RFU bytes) 7 bytes: locations 0-6
10,11 | SENS_RES2:1 SENS_REQ response
12 [SELR_L1 SEL Level 1 response. NFC-A anticollision
13 SELR_L2 SEL Level 2 response
14 SELR_L3 RFU
15,16 |NFCF_SC System code (SC) in SENSF_REQ(")
- i )
17-35 |212/424 polling response | SENSF_RES format NFEC-F anticollision
36-47 | TSN - Random numbers Slot selection, 24 4-(t§|)t(zz?ndom
numbers are stored

SENSF_RES is transmitted in case received SC=NFCF_SC or SC=0xFFFF.

2. NFC-212/424k SENS_RES format, see Table 6. The last two bytes in SENSF_RES are transmitted based
on the RC bytes in the SENSF_REQ.

3. The 4-bit slot numbers are sequentially used in the NFC212/424 Polling response. When only four TSN
numbers remain unused, an IRQ with |_s|_wil bit is sent.

4. Depending on the number of slots in the Polling request, appropriate number of the MSB bits in the slot
number is used.

Table 6. NFC-212/424k SENS_RES format

Byte 1 | Bytes 2-9 | Bytes 10-11 | Bytes 12-14 Byte 15 Byte 16 Byte 17 | Bytes 18-19
01h NFCID2 PADO PAD1 MRTICHECK | MRTIUPDATE PAD2 [RD]
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Communication with an external microcontroller

The ST25R3918 communicates with a microcontroller either via an SPI interface or via an
I12C interface. On both interfaces the ST25R3918 acts as a slave device, relying on the
microcontroller to initiate all communication. To notify the microcontroller of completed
commands or external events (e.g. peer device field on) the ST25R3918 signals an interrupt
on the IRQ pin. The ST25R3918 can also provide a configurable clock signal to the
microcontroller on the MCU_CLK pin.

Interrupt interface

There are four interrupt registers implemented in the ST25R3918:

e  Main interrupt register

o Timer and NFC interrupt register

e  Error and wake-up interrupt register

e  Passive target interrupt register

When an interrupt condition is met the source of interrupt bit is set and the IRQ pin
transitions to high. The microcontroller then reads the Main interrupt register to distinguish

between different interrupt sources. After a particular interrupt register is read, its content is
reset to 0.

The IRQ pin transitions to low after the interrupt bit(s) that caused its transition to high has
(have) been read.

There may be more than one interrupt bit set if the microcontroller does not immediately
read the interrupt registers after the IRQ signal is set and another event causing an interrupt
occurs. In this case the IRQ pin transitions to low after the last bit causing interrupt is read.

It is recommended to set a safety timer on the host to cover the transceive window.

If an interrupt from a certain source is not required it can be disabled by setting the
corresponding bit in the Mask interrupt registers. In case of masking a certain interrupt
source the IRQ line is not set high, but the interrupt status bit is still set in IRQ status
registers.

Reading the IRQ status registers presents and clears also the masked interrupt bits.

If some interrupts are masked, and set to 1 because of an IRQ event, and later on one of
them unmasks the IRQ status bit that is already set, the IRQ line is immediately set to high.
This notifies the host system that there are some interrupt events not yet read out.

Table 7. IRQ output

Name Signal Level Description

IRQ Digital output CMOS Interrupt output pin

IRQ line and IRQ status bits are cleared at:
e  Set default

e Reading the IRQ status

e  Stop all activities

e Clear FIFO.

3
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FIFO water level and FIFO status registers, FIFO reset

The ST25R3918 features a 512 byte FIFO. The control logic shifts the data during
transmission, which was previously loaded by the external microcontroller to the framing
block and further to the transmitter. During reception, the demodulated data is stored in the
FIFO and the external microcontroller can receive data at a later moment.

The FIFO status register 2 also contains two bits that indicate that the FIFO was not
correctly served during TX/RX process (FIFO overflow and FIFO underflow).

A FIFO overflow is set when too many data are written into the FIFO. When this bit is set
during RX the external controller did not react on time on the water level IRQ and more than
512 bytes were written into the FIFO (including received CRC bytes). Consequently, the
received data is corrupted. When an overflow happens during TX, it means that the
controller has written more data than the FIFO size. The data to be transmitted is corrupted.

A FIFO underflow is set when data were read from an empty FIFO. When this bit is set
during RX the external controller read more data than was actually received. When an
underflow happens during TX, it means that the controller has failed to provide the quantity
of data defined in the number of transmitted bytes registers on time.

FIFO pointers and FIFO status are reset at the start of each data reception (at |_rxs). They
are also reset at Power-up and at commands Set Default and Clear FIFO. Reading out data
from empty/cleared fifo shows data = 0.

MCU_CLK

The pin MCU_CLK may be used as clock source for the external microcontroller. Depending
on the operation mode either a low frequency clock (32 kHz) from the RC oscillator or the
clock signal derived from crystal oscillator is available on pin MCU_CLK. The MCU_CLK
output pin is controlled by bits out_c<1:0> and If_clk_off in the /O configuration register 1.
Bits out_c<1:0> enable the use of pin MCU_CLK as clock source and define the division
when the crystal oscillator is running (13.56, 6.78 and 3.39 MHz are available). Bit If_clk_off
controls the use of low frequency clock (32 kHz) when the crystal oscillator is not running.
By default configuration, which is defined at power-up, the 3.39 MHz clock is selected and
the low frequency clock is enabled.

If the Transparent mode (see Section 4.4.13) is used the use of MCU_CLK is mandatory
since a clock synchronous with the field carrier frequency is needed to implement receive
and transmit framing in the external controller. The use of MCU_CLK is recommended also
when the internal framing is used. Using MCU_CLK as the microcontroller clock source
generates noise, synchronous with the reader carrier frequency and therefore filtered out by
the receiver, while using some other incoherent clock source may produce noise that
perturbs the reception. Use of MCU_CLK is also better for EMC compliance.

4.3.2 Communication interface selection

The active communication interface is selected via the 12C_EN pin. If this pin is pulled to
GND, the ST25R3918 operates in SPI mode. If this pin is pulled to Vpp p, the ST25R3918
operate in 12C mode.

43.3 Serial peripheral interface (SPI)

The ST25R3918 has a standard serial peripheral interface with clock polarity of 0, a clock
phase of 1, and an active low slave select signal. Communication starts with the MCU
pulling BSS low. The MOSI pin is samples on the falling edge of SCLK, and the state of the

3
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MISO pin is updated on the rising edge of the SCLK signal. Data is transferred byte-wise,
most significant bit first. Read and Write commands support an address auto increment to
reduce communication time. Table 8 provides an overview of the SPI signals.

Table 8. Serial data interface (4-wire interface) signal lines

Name Signal Signal level Description
I2C_EN Digital input Pull to GND for SPI operation
BSS Digital input with pull-up Active low - Slave select
MOSI Digital input Master out - Slave in (MCU — ST25R3918)
MISO | Digital output with tristate cMos Master in - Slave out (ST25R3918 — MCU)
SCLK Digital input Serial clock
IRQ Digital output Active high - Interrupt output pin

The MISO output is in tristate as long as no output data is available. Due to this the MOSI
and the MISO can be externally shorted to create a three-wire SPI. During the time the
MISO output is in tristate, it is also possible to switch on a 10 kQ pull down by activating
option bits miso_pd1 and miso_pd?2 in the /O configuration register 2.

Figure 9. Exchange of signals with a microcontroller

ST25R3918

Separate SPI input and Bidirectional data
output signals to MCU IO signal to MCU
MOSI MOSI g MOSI
-] ™ .
(@) 4 mw O
= c“\,’ =
MISO MISO c'T) MISO
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The first two bits of the first byte transmitted after the BSS high to low transition define the
SPI operation mode. All Read and Write modes support address auto incrementing, which
means that if, after the address and first data byte some additional data bytes are sent (or
read), they are written to (or read from) addresses incremented by 1.

Table 9 shows available SPI operation modes. Register read and write operations are
possible in all ST25R3918 operation modes. FIFO and PT_memory operations are possible
in case en (bit 7 of the Operation control register) is set and the crystal oscillator is stable.

Some direct commands are accepted in all operation modes, others require en (bit 7 of the
Operation control register) to be set and the crystal oscillator to be stable (see Table 11).
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Table 9. SPI operation modes
Pattern (communication bits)
Mode Mode Trailer Related data
M1 MO|C5|C4|C3|C2|C1]|CO

Register write 0| 0 |AS| A4 A3 | A2 | A1 | AD | Data byte (or more bytes in case of

Register read 0| 1 |A5|A4]|A3|A2]|A1]| A0 |auto-incrementing)

FIFO load 1 0 0 0 0 0 0 0 | One or more bytes of FIFO data

PT_mc—.,\mory load 1 0 1 0 0 0 0 0 |Passive target memory, locations from 0 on.

A-config

PT_memory load . .

) 1 0 1 0 1 0 0 0 |Passive target memory, locations from 15 on.

F-config
Passive target memory, locations from 36 on.

PT_memory load 1 0 1 0 1 1 ol o The additional address allows reload of the

TSN data TSN random numbers without rewriting the
whole PT_memory
Passive target memory, locations from 0 on.

PT_memory read 1 0 1 1 1 1 1 1 [AO byte is presented to the passive target
memory to support reading at all SPI speeds.

FIFO read 1 0 1 1 1 1 1 | One or more bytes of FIFO data

Direct command 1 1 |C5|C4|(C3|C2|C1|CO -

Writing data to addressable registers (Write mode)

Figure 10 and Figure 11 show cases of writing, respectively, a single byte and multiple bytes
with auto-incrementing address. After the SPI operation mode bits, the address of register to
be written is provided. Then one or more data bytes are transferred from the SPI, always
MSB to LSB. The data byte is written in register on falling edge of its last clock. If the register
on the defined address does not exist or it is a read only register no write is performed.

3
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Figure 10. SPI communication: writing a single byte
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Figure 11. SPI communication: writing multiple bytes
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Reading data from addressable registers (Read register mode)

The SPI operation mode bits are followed by the address of the register to be read. Then
one or more data bytes are transferred to MISO output (MSB first) for as long as SCLK is
present. This mode also supports address auto-incrementing. If there is no register at a
certain address, then all 0 data is sent to MISO.

Figure 12 is an example of reading a single byte.

3
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Figure 12. SPI communication: reading a single byte
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Read or write access to register space-B

To access the register space-B the register read or write SPI sequence has to be prefixed
with the byte FBh. Access to register space-B remains active until the rising edge of BSS.

Loading transmitting data into FIFO

Loading the transmitting data into the FIFO is similar to writing data into an addressable
registers. The SPI sequence starts with SPI operation mode bits ‘10’ to indicate a FIFO
operation followed by bits <C5:C0> set to 000000b. After the FIFO mode byte at least one
and up to 512 data bytes must be sent.

Figure 13 shows how to load the transmitting data into the FIFO.

Figure 13. SPI communication: FIFO loading

BSS ~ BSS

- — raising edge

indicates end

o D0000D00 e 3

;|_/

10 pattern Start of

indicates paylod data
FIFO mode ;
SCLK rising edge SCLK falling edge

Data transferred from MCU  Data is sampled
MS51647V1

3

DS13490 Rev 1 47142




Application information ST25R3918

Reading received data from FIFO

Reading received data from the FIFO is similar to reading data from an addressable
registers. The SPI sequence starts with SPI operation mode bits ‘10’ to indicate a FIFO
operation followed by <C5:C0> set to 011111b. After the mode byte the ST25R3918 will
output the data from the FIFO as long as SCLK is present and BSS is kept low.

Figure 14. SPI communication: FIFO reading
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Direct command mode

Direct command mode has no arguments, so a single byte is sent. The byte starts with the
SPI operation mode bits ‘11’ to indicate Direct Command Mode followed by the direct
command code (see Table 11) in <C5:C0>, MSB first. Execution of the direct command
starts with the rising edge of BSS (see Figure 15).

While the execution of some direct commands is immediate, there are others that start a
process of certain duration (e.g. calibration, measurements). During the execution of such
commands it is not allowed to start another activity over the SPI interface, an IRQ is sent.
when the execution is terminated.

3
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Figure 15. SPI communication: direct command
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Direct command chaining

As shown in Figure 16, direct commands with immediate execution can be followed by
another SPI mode (Read, Write or FIFO) without deactivating the BSS signal in between.

Figure 16. SPI communication: direct command chaining

BSS~\ /—
4< Direct command X Read, Write or FIFO mode >7
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Loading data in the PT_Memory (PT_Memory load)

Loading data into the PT_Memory is similar to loading data into the FIFO. There are three
mode patterns available to load data into three different parts of the PT_memory, as
indicated in Table 9. The first byte following the mode/address pattern is stored in the
location detailed in Table 9, for consecutive bytes the address is automatically incremented
and data are stored to consecutive addresses.

The user must take care that the number of loaded bytes fits the size of the selected
PT_memory area, not to overwrite data in the following PT_memory areas.

12C interface

The 12C address is 50h.This interface supports:
e  Standard mode (100 kHz)

e Fast mode (400 kHz)

e Fast mode Plus (1 MHz)

e High speed mode (3.4 MHz).

Table 10 summarizes the 12C interface signals.
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Table 10. 12C interface and interrupt signal lines

Name Signal Signal level Description
12C_EN Digital input Pull to Vpp for 12C operation
MISO (SDA) Digital output 12C data line
CMOS
SCLK (SCL) Digital input 12C clock
IRQ Digital output Active high - Interrupt output pin

Writing data to addressable registers (Register Write mode)

After the 12C slave address the address of the register to be written is sent using the same
Register Write mode byte as for SPI register write access. The Register Write mode byte is
then followed by one or more data bytes. If more than one data byte is sent, the data is
stored in subsequent registers starting form the initial register address by incrementing the
target address by one for each new data byte.

Figure 17 and Figure 18 show, respectively, how to write a single byte into a register and
how to write multiple bytes into subsequent registers using address auto-incrementing.

Figure 17. Writing a single register

= (AR AR
A A A
AlAJAIAJAIATA RIR|R|R|R D D|D|DjD
o .ﬂ : HE 7 Eﬂﬁ i (

Slave address Register address Data

Figure 18. Writing register data with auto-incrementing address
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Data moved to address Data moved to address
<R5-R0> + 0 <R5-R0> +n

Slave address Register address
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Reading data from addressable registers (Register Read mode)

After the 12C slave address the address of the register to be read is sent using the same
Register Read mode byte of the SPI register read access. After the Register Read mode
byte the ST25R3918 sends data bytes to the SDA output as long as the MCU keeps SCL.
The Register Read mode also supports address auto-incrementing. If the addressed
register does not exist, all 0 data is sent to SDA.
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Figure 19 shows how to read a single byte from a register.

Figure 19. Reading a single byte from a register
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Loading data into FIFO or PT_Memory (FIFO/PT_Memory load)

Loading data into FIFO or PT_Memory is similar to writing data into addressable registers.
After the 12C slave address the mode byte to trigger a load of the FIFO or selected
PT_Memory area is sent (see Table 9) followed by the data bytes to be loaded.

Figure 20 shows how to load data into the FIFO.

Figure 20. FIFO load

scL MW
6| 51432/ 1]0 K

Slave address

A
1 C
K

FIFO load

D D| D| D| D| D é
7 5/4|3]2 1 K

Data

b D| D/ D[ D 'é
7 4)3)2/ 1|0 ¢

Data

MS51656V1

LAY

L
i

Reading data from the FIFO

Reading data from the FIFO is similar to reading data from addressable registers. After the
I12C slave address the mode byte to trigger a read of the FIFO is sent. After receiving the
FIFO read mode byte the ST25R3918 sends data bytes from the FIFO for as long as the
MCU keeps reading the bus.

Figure 21. FIFO read
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Direct command mode

After the 12C slave address the mode byte to trigger a direct command is sent. As for SPI
some direct commands take some time to execute and no 12C access to the ST25R3918
must be performed until the execution of the direct command is completed. All such direct
commands send an interrupt upon completion to notify the MCU that the 12C bus can be
used again.

Figure 22. Sending a direct command

SDA

Slave address Direct command byte

MS51658V1

12C access to register space-B

To access the register space-B, byte FBh has to be inserted between the 12C slave address
and the register read or write mode byte. Access to register space-B remains active until an
I12C Stop Condition is received.

Figure 23. Read and Write mode for register space-B access

Write to register space B

Slave Register
S address W A|FBh address A|DataO |A| Data1 |A]| .. DataN| A [P
Read from register space B
Slave Register Slave
S address W A|FBh address Al Sr address R A|Data0 A Data1|A| .. DataN|N|P

Legend: S: Start, Sr: repeated Start, A: ACK, N: NAK, P: Stop.
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I12C: transition to and termination of the Transparent mode

When the transparent mode command is received via 12C, the chip interface lines are
switched to the Analogue front end as described in Section 4.4.13: Transparent mode.

Once in transparent mode the BSS signal is used to distinguish between 12C
communication and transparent mode data as follows:

1. the BSS line must be set high before entering the transparent mode, and then kept high
during the Transparent mode

2. the Transparent mode is terminated when the BSS line is set to low, followed by at
least one SCL clock pulse

3. after the termination of the transparent mode the 12C interface can be used again.
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I2C: master reads slave immediately after the first byte

If the 12C master omits the mode byte and reads the ST25R3918 immediately after the slave
address, then, as shown in Figure 24, it will first output the byte FFh, followed by a register

dump starting at addres 01h.

Figure 24. 12C master reads slave immediately after the first byte

‘ S ‘ Slave address R |A| Data FFh ‘A‘ Data register 01h ‘A‘ | Data register n ‘ N ‘ P ‘

Legend: S: Start, A: ACK, N: NAK, P: Stop.

This mode is incorporated for an easier the detection of I12C devices, but is not intended to
be used in normal operation.

3
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4.4 Direct commands
Table 11. List of direct commands
Code - Interrupt after | Operation
(hex) Name Comments Chaining termination mode(
C0, C1 | Set default Puts the ST25R3918 into power-up No No Al
state
Stops all activities: transmission,
C2, C3 | Stop all activities reception, direct command Yes No en
execution, timers
C4 | Transmit with CRC Starts a .transmlt sequence with Yes No en
automatic CRC generation
C5 | Transmit without CRC Starts a 'transmlt sequence without Yes No en
automatic CRC generation
. Transmits REQA command
C6 | Transmit REQA (ISO14443A mode only) Yes No en, tx_en
. Transmits WUPA command
C7 | Transmit WUPA (ISO14443A mode only) Yes No en, tx_en
C8 |NFC initial field ON Performs Initial RF Collision Yes Yes en
avoidance and switches on the field
C9 | NFC response field ON Performs Respon§e RF COH'S'or.' Yes Yes en
avoidance and switches on the field
CD | Go to sense (Idle) Puts the passive target logic into Yes No en, rx_en
Sense (Idle) state
Puts the passive target logic into
CE | Go to sleep (Halt) Sleep (Halt) state Yes No en, rx_en
DO | Mask receive data Stops receivers and RX decoders Yes No All
D1 |Unmask receive data Starts receivers and RX decoders Yes No All
D2 sCtZ?enge AM modulation Changes AM modulation state Yes No en, tx_en
Measures the amplitude of the
. signal present on RFI inputs and @)
D3 | Measure amplitude stores the result in the A/D No Yes All
converter output register
D5 |Reset RX gain Resets receiver gain to 'the valye in No No en
the Receiver configuration register 4
D6 | Adjust regulators Adjusts supply regulators according No Yes en
to the current supply voltage level
Starts the driver timing calibration
D8 | Calibrate driver timing according to the setting in the TX No No en
driver timing display register
Measures the phase difference @)
D9 | Measure phase between the signal on RFO and RFI No Yes Al
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Table 11. List of direct commands (continued)

Code . Interrupt after | Operation
(hex) Name Comments Chaining termination mode(?
Clears the RSSI bits in the RSS/
DA |Clear RSSI display register and restarts the Yes No en
measurement
DB |Clear FIFO Clears FIFO Yes No en
DC |Enter Transparent mode | Enters in Transparent mode No No en
DF | Measure power supply - No Yes en
EO Start General purpose ) Yes No en
timer
. All
E1 | Start Wake-up timer - Yes No
except wu
E2 | Start Mask-receive timer Starts the maslf-recelve timer and Yes No en
squelch operation
E3 | Start No-response timer - Yes No en
E8 | Stop No-response timer - Yes No en
FA |RFU Not used - - -
FB | Register space-B access Enables R/W access to register Yes No all
Space-B
FC |Testaccess Enable R/W access to Test register Yes No All
other | gy Not used . . .
codes

1. Defines which Operation control register bits have to be set in order to accept a particular command.

2. Measure amplitude and Measure phase can be used directly from power down mode. In this case the command

temporarily enables the oscillator.

441

44.2

3

Set default

This direct command puts the ST25R3918 in the same state as power-up initialization:
e performs Stop all activities command

e resets all registers to their default state
e clears all collision bits

Results of previous calibration and adjust commands are lost. No IRQ due to termination of
direct command is produced.

Stop all activities

This direct command stops any ongoing activities:
e performs Clear FIFO command

e stops data transmission and reception

e stops all timers, including FDT timer

e clears IRQ line an IRQ status bits

e stops Field ON commands
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443

44.4

445
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If Stop All Activities is received during RF collision avoidance the field detection is
terminated and field is not set, consequently no interrupts are sent

e stops automatic field ON (same as above)

e stops automatic field OFF

If Stop All Activities is received during waiting for automatic field off via GPT, the field
remains on

e nfc_aris setto 01b, then it clears the awareness that there was a previous reception

e stops Temporary Enable

This command does not update any register apart from the FIFO status registers. Therefore

it does not disable the field detector in CE mode (if it was enabled), and it does not switch off
the field (if it was enabled).

Clear FIFO

This direct command clears the FIFO and the FIFO status registers. It does not clear the
IRQ line or IRQ status bits.

To prepare a transmission send this command first before writing data into the FIFO. If a
Clear FIFO command is sent during an ongoing data transmission, then the data
transmission is aborted and FIFO and FIFO status registers are cleared.

Transmit commands

The transmit direct commands are used to start a data transmission from the ST25R3918.
They switch the device to reception mode after the transmission is completed.

Before sending commands Transmit with CRC and Transmit without CRC, direct command
Clear FIFO has to be sent, followed by the definition of the number of transmitted bytes and
writing data to be transmitted in FIFO.

Use the direct commands Transmit REQA and Transmit WUPA to transmit ISO14443A
short frame commands REQA and WUPA respectively. It is not necessary to send the direct
command Clear FIFO before these two commands.

If the antcl bit is set, then the number of valid bits in the last byte must be set to 0 (nbtx<2:0>
in the Number of transmitted bytes register 2) prior to the direct command Transmit REQA
or Transmit WUPA.

The direct commands Transmit REQA and Transmit WUPA automatically disable the CRC
check of the response frame. The CRC check is enabled again after any of the below
conditions:

e  Transmit with CRC direct command
. Mask receive data direct command
e No Response timer expires

NFC field ON commands

The NFC field ON direct commands are used to perform RF Collision Avoidance. The
external field detector must be enabled for these commands to work correctly.

To determine whether an external field is present the ST25R3918 compares the RF voltage
level on the RFI1 pin with the collision avoidance threshold defined in the External field
detector activation threshold register.
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If no external field is detected, then the ST25R3918 transmitter is switched on automatically
(bit tx_en in the Operation control register is set) and an |_apon IRQ is signaled. After the
RF guard time defined in the NFC field on guard timer register has passed an |_cat IRQ is
signaled. At this point the controller can initiate a data transmission using a transmit
command.

If an external field is detected a |_cac IRQ is signaled, and the ST25R3918 transmitter stays
off.

The direct command NFC initial field ON performs an Initial collision avoidance according to
NFCIP-1 standard, and the direct command NFC response field ON performs a Response
collision avoidance according to NFCIP-1 standard. See Figure 25, Figure 26 and Table 12
for details on the timing of these commands.

Figure 25. Direct command NFC initial field ON
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Figure 26. Direct command NFC response field ON
RF on
Teew
Start

Taot N X Trrw TarrFa

—_—

MS42451V1

Table 12. Timing parameters of NFC field ON commands

Parameter Symbol Value Unit Notes
Initial delay time ToT 4096 /fc  |NFC initial field ON
RF waiting time TrREW 512 /fc |n=0...3 based on nfc_n<1:0>
75 us + NFC field on guard time defined in the NFC field
Initial guard time TIrRFG NFC field O#Zuard time s |on guard timer register.
NFCIP-1 T\rgg requirement: 5 ...35 ms
Active delay time TapT 768 /fc |NFC response field ON
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Table 12. Timing parameters of NFC field ON commands (continued)

Parameter Symbol Value Unit Notes

n = 0...3 based on nfc_n<1:0> in Auxiliary

Active guard time TARFG

RF waiting time TrREW 512 /fc definition register
NFC Field ON guard time defined in the NFC
75 us + S field on guard timer register.
NFC field on guard time NFCPIP-1 Targg requirement:

> 75 ps + NFC field ON guard times (1024 / fc)

4.4.6

4.4.7

448

Note:

58/142

Mask receive data and Unmask receive data

The direct command Mask receive data disables processing of the receiver output by the
RX decoders, RSSI measurement, and AGC operation.

The direct command Unmask receive data enables processing of the received data by the
RX decoders, RSSI measurement and AGC operation. A common use of this command is
to re-enable the receiver operation after it was masked by the command Mask receive data.
If the Mask receive timer is still running while the direct command Unmask receive data is
received, reception is enabled, and the Mask receive timer is reset.

In passive target (card emulation) mode, the Unmask receive data command prepares the
RX decoders for a new data reception and clears the internal FDT timer. In passive target
mode, this direct command must be used only if no further transmission from the
ST25R3918 is planned and the device has to wait for the next command to be received.

Change AM modulation state

This command changes the AM modulation state from unmodulated to modulated, and vice
versa. This can be used to measure the AM modulation index with the direct command
Measure amplitude. The command only affects the regulator state and not the resistive
modulation state.

Measure amplitude

This command measures the amplitude of the RF signal on the RFI inputs and stores the
result in the A/D converter output register.

This command enables the transmitter and amplitude detector. The transmitter drives the
antenna, and the amplitude detector converts the differential RF signal received back
between RFI1 and RFI2 into a proportional DC voltage. This DC voltage is converted with
the A/D converter in absolute conversion mode into an 8-bit value and stored in the A/D
converter output register.

The amplitude detector conversion gain is 0.6 Vi,pp / Vo referenced to the RF signal on a
single RFI pin. Thus, one LSB of the A/D converter output represents 13.02 mVpp on either
of the RFl inputs.

The maximum allowed voltage level on an RFI pin is 3 Vpp. This results in 1.8 V output DC
voltage of the amplitude detector and produces a value of E6h after A/D conversion.

Duration time: 25 pys max.
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449 Reset RX gain

This command initializes the AGC, Squelch and RSSI block and resets the gain reduction to
the value set in Receiver configuration register 4. Sending this command also stops any
ongoing squelch process.

4410 Adjust regulators

When this command is sent, then the transmitter and receiver are enabled to ensure a high
current draw and the regulated voltage Vpp Rg is set 250 mV below the power supply level
of Vpp Tx. Before sending the adjust regulator command it is required to toggle the bit reg_s
by setting it first to 1 and then reset it to 0. After the adjustment is completed the state of the
transmitter and receiver prior to the command execution is restored (either enabled or
disabled).

Duration time: 5 ms max.

This command is not accepted if external definition of the regulated voltage is selected in
the Regulator voltage control register (bit reg_s is set to 1).

4.4.11 Measure phase

This command measures the phase difference between the signals on the RFO outputs and
the signals on the RFI inputs and stores the result in the A/D converter output register.

This command enables the transmitter and phase detector, and performs an A/D conversion
of the output of the phase detector with the A/D converter in relative mode. The phase
measurement results can be calculated using the following formulas:

° 0<®d <17 result = 255
. 17 <P < 163° angle [°] = 17 + (1 -result / 255) * 146
. 163 =2 ® = 180° result =0

Duration time: 25 pys max.

4.412 Clear RSSI

The receiver automatically clears the RSSI bits in the RSS/ display register and starts a new
measurement of the RSSI when a new reception is started (e.g. after a Transmit direct
command). Since the RSSI bits store the peak value (peak-hold type) eventual variation of
the receiver input signal will not be followed (this may happen in case of a long message or
test procedure).

The direct command Clear RSSI clears the RSSI bits in the RSS/ display register, and
restarts the RSSI measurement. This allows to obtain multiple RSSI measurements during a
single reception.

4413 Transparent mode

This command sets the receiver and transmitter into the transparent mode. The device
enters the transparent mode on the rising edge of the BSS signal of the SPI frame used to
send the direct command. The transparent mode is maintained as long as signal BSS is
kept high, that is, the following SPI command sent from the microcontroller will automatically
stop the transparent mode.

3

DS13490 Rev 1 59/142




Application information ST25R3918

4.4.14

60/142

Measure power supply

This command measures the power supply. The bits mpsv<2:0> in the Regulator voltage
control register select which signal is measured. The result of the measurement is stored in
the A/D converter output register.

For power supply measurements the selected supply input voltage is divided by three and
measured with the A/D converter in absolute mode. This leads to a resolution of 23.4 mV
per LSB for all power supply measurements.

Duration time: 25 pys max.

3
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4.5 Registers

The ST25R3918 has two register spaces, each of them consists of up to 64 registers with
address ranging from 00h to 3Fh:

1. register space A (Rs-A), see Table 13
2. register space B (Rs-B), see Table 14.

There are two types of registers implemented in the ST25R3918:

1. configuration registers: used to configure the device, can be written and read through
the SPI or 12C interfaces

2. display registers: read only (RO), contain information about the state of the device.

Registers are set to their default value at power-up and after sending the direct command

Set default.
Table 13. List of registers - Space A
Type Address (hex) Register space A (Rs-A)
00 10 configuration register 1
10 configuration
01 10 configuration register 2
02 Operation control register
Operatlor! cgntrol and 03 Mode definition register
mode definition
04 Bit rate definition register
05 1SO14443A and NFC 106kb/s settings register
06 1SO14443B settings register 1
07 1SO14443B settings register
Protocol configuration
08 Passive target definition register
09 Stream mode definition register
0A Auxiliary definition register
0B Receiver configuration register 1
0oC Receiver configuration register 2
Receiver configuration
0D Receiver configuration register 3
OE Receiver configuration register 4
OF Mask receive timer register
10 No-response timer register 1
11 No-response timer register 2
Timer definition 12 Timer and EMV control register
13 General purpose timer register 1
14 General purpose timer register 2
15 Reserved register
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Table 13. List of registers - Space A (continued)

Type Address (hex) Register space A (Rs-A)
16 Mask main interrupt register
17 Mask timer and NFC interrupt register
18 Mask error and wake-up interrupt register
19 Mask passive target interrupt register
1A Main interrupt register
Interrupt and 1B Timer and NFC interrupt register
associated reporting 1C Error and wake-up interrupt register
1D Passive target interrupt register
1E FIFO status register 1
1F FIFO status register 2
20 Collision display register
21 Passive target display register
22 Number of transmitted bytes register 1
5::2::5{; gfbr;,ltjg;ber of 23 Number of transmitted bytes register 2
24 Bit rate detection display register
A/D converter output 25 A/D converter output register
Antenna calibration 20 Reserved register
27 Reserved register
Antenna driver and 28 TX driver register
modulation 29 Passive target modulation register
External field detector 2A External field detector activation threshold register
threshold 2B External field detector deactivation threshold register
Regulator 2C Regulator voltage control register
2D RSSI display register
Receiver state display
2E Gain reduction state register
Auxiliary display 31 Auxiliary display register
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Table 13. List of registers - Space A (continued)

Type Address (hex) Register space A (Rs-A)
32 Wake-up timer control register
33 Amplitude measurement configuration register
34 Amplitude measurement reference register
35 Amplitude measurement auto-averaging display register
Wake-up 36 Amplitude measurement display register
37 Phase measurement configuration register
38 Phase measurement reference register
39 Phase measurement auto-averaging display register
3A Phase measurement display register
IC identity 3F IC identity register

Table 14. List of registers - Space B

Type Address (hex) Register space B (Rs-B)
05 EMD suppression configuration register
Protocol configuration
06 Subcarrier start timer register
0B Passive target receiver configuration register 1
Receiver configuration 0oC Correlator configuration register 1
0D Correlator configuration register 2
OF Squelch timer register
Timer definition
15 NFC field on guard timer register
28 Auxiliary modulation setting register
Antenna driver and modulation
29 TX driver timing register
2A Resistive AM modulation register
External field detector threshold
2B TX driver timing display register
Regulator 2C Regulator display register
30 Overshoot protection configuration register 1
31 Overshoot protection configuration register 2
Protection
32 Undershoot protection configuration register 1
33 Undershoot protection configuration register 2

3

DS13490 Rev 1 63/142




Application information

ST25R3918

4.5.1 10 configuration register 1
Register space: A
Address: 00h
Type: RW
Table 15. 10 configuration register 1
Bit Name Default Function Comments
7 single 0 0: Differential antenna driving Chooses between single and
g 1: Only one RFO driver will be used | differential antenna driving.
. Chooses which output driver and
0: RFO1, RFI1
6 rfo2 0 1 RFOZ’ RFI2 which input will be used in case of
) ’ single driving.
) 12C typ: non hs-modes / hs-modes
5 i2¢_thd1 0 00: 380 ns / 160 ns -
01: 180 ns /160 ns
4 i2c thdo 0 10: 180 ns/ 70 ns .
B 11:100 ns / 70 ns
3 RFU 0 - -
out_cl1 out_cl0 | MCU_CLK
2 out cl1 0 0 0 3.39 MHz | Selection of clock frequency on
- MCU_CLK output in case Xtal
0 1 6.78 MHz | oscillator is running. With “11”
MCU_CLK output is permanently
1 0 13.56 MHz | |ow.
1 out_clO 0
1 1 Disabled
By default the 32 kHz LF clock is
0 If clk off 0 0: LF clock on MCU_CLK present on MCU_CLK output when
- 1: No LF clock on MCU_CLK Xtal oscillator is not running and the
MCU_CLK output is not disabled.
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4.5.2 10 configuration register 2
Register space: A
Address: 01h
Type: RW
Table 16. 10 configuration register 2
Bit Name Default Function Comments
7 sup3V 0 0: 5V supply Setto0for3.6 V<Vpp<55V
1: 3.3 V supply Setto 1for2.4V<Vpp<3.6V
Used for low cost applications. When this
6 vspd_ off 0 0: E.nable Vpp_p regulator bit is set:
1: Disable Vpp p regulator —at3Vor5Vsupply VDD_D and VDD_A
must be shorted externally
5 RFU 0 Not used -
1: Pull-down on MISO, when BSS is
4 miso_pd2 0 low and MISO is not driven by the
ST25R3918. Valid only in SPI mode.
3 miso_pd1 0 1 Pull-down on MISO when BSS is
high
Increases |0 driver strength of MISO,
. 0: Normal 10 driver level MCU_CLK an IRQ.
2 io_drv_Ivi 0 ) . Recommended to set to 1 for all 12C
1: Increase 10 driving level . o
operation, and for SPI operation if
Vbp 10 <3.3 V.
0: Vpp_am regulator reference from
Vbb DR Selects non modulated RF voltage level
1 am_ref _rf 0 -
- - 1: Vpp_am regulator reference from reference of the Vpp am voltage regulator.
Vbbp RF
0 slow_up 0 1: Slow ramp at Tx on =10 ps, 10% to 90%, for B

3
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4.5.3 Operation control register
Address: 02h
Type: RW
Table 17. Operation control register“)
Bit Name | Default Function Comments
7 en 0 1: Enables oscillator and regulator )
(Ready mode)
6 rx_en 0 1: Enables Rx operation -
0: Both, AM and PM, channels If only one Rx channel is enabled, selection is
5 rx_chn 0 enabled done by the Receiver configuration register 1 bit
1: One channel enabled ch_sel.
If both Rx channels are enabled, chooses the
4 X man 0 0: Automatic channel selection method of channel selection, manual selection is
- 1: Manual channel selection done by the Receiver configuration register 1 bit
ch_sel.
This bit is automatically set by NFC Field ON
. . commands and reset in NFC active
3 tx_en 0 1: Enables Tx operation o o
communication modes after transmission is
finished.
2 WU 0 1: Enables Wake-up mode Acqordlng to settings in Wake-up timer control
register.
00: External field detector off.
1 fd o 0 01: Manually enable external field
en_td_c detector with collision avoidance | 11: External field detector with peer
detection threshold. detection/collision avoidance threshold activated
10: Manually enable external field | automatically (used for NFCIP-1 P2P modes).
detector with peer detection en_fdc1:0>0 and other bits in this register are set
0 | en fd cO 0 threshold. to 0 put device in a low power initial NFC mode.
- 11: Enable external field detector
automatically.

1. Default setting takes place at power-up only.
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4.5.4 Mode definition register
Register space: A
Address: 03h

Type: RW
Table 18. Mode definition register“)
Bit Name Default Function Comments
0: Initiator
7 t 0 -
arg 1: Target
6 om3 0
5 om2 0 i i
Refer to Table 19 and Table 20 | oo ccton of operation mode.
4 om1 0 Different for initiator and target modes.
3 om0 1
0: OOK
2 tr_am 0 Selects RF modulation mode.
1: AM
1 RFU 0 - -
0 RFU 0 - -

1. Register can be written only in case crystal clock is present and stable (oscok = 1).

Table 19. Initiator operation modes(?

om3 om2 om1 om0 Comments
0 0 0 1 ISO14443A
0 0 1 0 1ISO14443B
0 1 0 0 NFC Forum Type 1 tag (Topaz)
1 1 1 0 Sub-carrier stream mode
1 1 1 1 BPSK stream mode
Other combinations RFU

1. If a non supported operation mode is selected the Tx/Rx operation is disabled.

Table 20. Target operation modes(!)

om3 om2 om1 om0 Comments
0 0 0 1 ISO14443A passive target mode
0 1 0 0 FeliCa™ passive target mode

Bit rate detection mode
— om2: enable FeliCa™ bit rate detection mode

1 X X X —om1: RFU
— om0: enable 1ISO14443A bit rate detection mode
Other combinations Not allowed
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1. The nfc_fO = 1 must not be set in Bit rate detection mode (see Table 22).

4.5.5 Bit rate definition register
Register space: A
Address: 04h
Type: RW

Table 21. Bit rate definition register

Bit Name Default Function Comments

RFU 0 -
RFU

tx_rate1
Selects bit rate for Tx.

tx_rate0
RFU
RFU

Refer to Table 22

NfWwW| | OO | N

1 rx_rate1
Selects bit rate for Rx.

olo|lo|lo|o|o| oo
1

0 rx_rateO

Table 22. Bit rate coding("

rate3 rate2 rate1 rate0 Bit rate (kbit/s) Comments

0 0 0 0 fc/128 (~106) -
0 0 0 1 fc/64 (~212) -
0 0 1 0 fc/32 (~424) -
0 0 1 1 fc/16 (~848) -

Other combinations - Not used

1. If a non supported bit rate is selected the Tx/Rx operation is disabled.

3
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4.5.6 ISO14443A and NFC 106kb/s settings register
Register space: A
Address: 05h
Type: RW

Table 23. ISO14443A and NFC 106kb/s settings register

Bit Name Default Function Comments
7 no tx par 0 1: No parity bit is generated Data stream is taken from FIFO, transmit to be
—X_P during Tx done using command Transmit Without CRC(").

1: Receive and put in FIFO also When set to 1 received bit stream is put in the

6 no_rx_par 0 o FIFO, no parity and CRC detection is done(").
the parity bit .
Supported only for 106 kbit/s data rate.
. : Adds SB (F0) and LEN bytes during Tx and skip
5 nfc_fo 0 |1=} :r‘;zpf‘c’)frﬁ;t"'FC'P 1Transport | o5 £0) byte during Rx.
Must not be set in bit rate detection mode.
4 p_len3 0
3 p_len2 0 i ; ] ;
_ Refer to Table 24 Modulation pulse w@th, defined in number of
2 p_lent 0 13.56 MHz clock periods.
1 p_len0 0

0: Standard frame Mgst be set 'to 1. fgr receptior? of ISO14443A bit
0 antcl 0 1- 15014443 anticollision f oriented anticollision frames in reader mode.
: anticollision frame | ;s be set to 0 for all other frames and modes.

1. Supported in reader modes only, not supported in card emulation modes.

Table 24. 1ISO14443A modulation pulse width

Pulse width in number of 1 / fc for different bit rates
p_len3 | p_len2 | p_len1 p_len0
fc/128 fc/64 fc/32 fc/16
0 1 1 1 42 - - -
0 1 1 0 41 24 - -
0 1 0 1 40 23 - -
0 1 0 0 39 22 13 -
0 0 1 1 38 21 12 8
0 0 1 0 37 20 11 7
0 0 0 1 36 19 10 6
0 0 0 0 35 18 9 5
1 1 1 1 34 17 8 4
1 1 1 0 33 16 7 3
1 1 0 1 32 15 6 2
1 1 0 0 31 14 5 -
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Table 24. 1ISO14443A modulation pulse width (continued)

Pulse width in number of 1 / fc for different bit rates
p_len3 | p_len2 | p_len1 p_len0
fc/128 fc/64 fc/32 fc/16
1 0 1 1 30 13 - -
1 0 1 0 29 12 - -
1 0 0 1 28 - - -
1 0 0 0 27 - - -
4.5.7 1ISO14443B settings register 1
Register space: A
Address: 06h
Type: RW
Table 25. 1SO14443B settings register 1
Bit Name | Default Function Comments
egt2 egt1 egto Number of etu
7 egt2 0 g g g
0 0 0 0
0 0 1 1
6 egt1 0 EGT defined in number of etu
1 1 0
5 egto 0
1 1 1
4 sof 0 0 O 10 etu SOF, number of etu with logic 0
1: 11 etu
3 | sof 1 o |%2ew SOF, number of etu with logic 1
1:3etu
2 eof 0 O 10 etu EOF, number of etu with logic 0
1: 11 etu
0: SOF and EOF defined by sof 0, sof 1,
1 half 0 and eof bit Sets SOF and EOF settings in middle of
1: SOF 10.5 etu logic 0, 2.5 etu logic 1, specification.
EOF: 10.5 etu logic 0
SOF fixed to 10 low and 2 etu high, EOF
0: Start! b b for R not defined, put in FIFO last full byte.
0 |[rx_st_ om 0 : tart/stop !t mugt 0e present for Rx CRC is not checked in this mode.
1: Start/stop bit omission for Rx i )
Supported only in a coherent reception
mode.
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4.5.8 1ISO14443B settings register
Register space: A
Address: 07h
Type: RW
Table 26. 1ISO14443B and FeliCa settings register
Bit Name Default Function Comments
7 tr1_1 0
Refer to Table 27 -
6 tr1_0 0
5 no._sof 0 1: No SOF PICC to PCD According to 1ISO14443-3 chapter 7.10.3.3.
Support of B'.
4 no._eof 0 1: No EOF PICC to PCD According to IS(?14443-3 chapter.7.10.3.3.
Supported only in coherent reception mode.
3 RFU 0 - -
2 RFU 0 - -
1 RFU 0 - -
0 RFU 0 - -
Table 27. Minimum TR1 codings
Minimum TR1 for a PICC to PCD bit rate
tr1_1 tr1_0
fc/128 >fc/128
0 0 80 /fs
0 1 64 /fs 32/fs
1 0 Not used
1 1 Not used
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4.5.9 Passive target definition register
Register space: A
Address: 08h
Type: RW
Table 28. NFCIP-1 passive target definition register
Bit Name Default Function Comments
7 fdel3 0 Valid for NFC-A CE mode
6 fdel2 0 - fde! = 0: Nominal FDT time in produced in
PCD to PICC FDT compensation. logic.
5 fdel1 0 Frame compensation defined as | — fdel > 0: Shortens the FDT provided by logic.
fdel<3:0>"1 / fc Due to signal processing delays fdel<3:0> = 2
4 fdelO 0 is expected to be a good setting (best value
dependents also on filter and antenna).
3 RFU 0 RFU -
0: Enable automatic SENSF_RES
2 |d.21224 v 0 bicable automatic SENSF_RES
1 RFU 0 RFU Disables the automatic responses in passive
0: Enable automatic anti-collision target mode, and completely operates via
) FIFO.
in NFC-A
0 | d_106_ac_a 0 . . . .
1: Disable automatic anti-collision
in NFC-A
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4.5.10

Stream mode definition register

Register space: A
Address: 09h

Type: RW
Table 29. Stream mode definition register
Bit Name | Default Function Comments
7 0 - -
6 scf1 0 _carri it
Refer to Table 30 Sub-carrier frequency definition for
5 scfo 0 Sub-carrier and BPSK stream mode.
scpi scp0 | Number of pulses
4 scp1 0 0 0 1 (BPSK only)
Number of sub-carrier pulses in report period
0 ! 2 (BPSK only) for Sub-carrier and BPSK stream mode.
1 0 4
3 scp0 0
1 1 8
2 stx2 0 Definition of time period for Tx modulator
1 stx1 0 Refer to Table 31 control (for Sub-carrier and BPSK stream
mode).
0 stx0

3

Table 30. Sub-carrier frequency definition for Sub-Carrier stream mode

scf1 scf0 Sub-Carrier mode BPSK mode
0 0 fc/64 (212 kHz) fc/16 (848 kHz)
0 1 fc/32 (424 kHz)
1 0 fc/16 (848 kHz) RFU
1 1 fc/8 (1695 kHz)

Table 31. Definition of time period for Stream mode Tx modulator control

stx2 stx1 stx0 Time period
0 0 0 fc/128 (106 kHz)
0 0 1 fc/64 (212 kHz)
0 1 0 fc/32 (424 kHz)
0 1 1 fc/16 (848 kHz)
1 X X RFU

DS13490 Rev 1
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4.5.11 Auxiliary definition register
Register space: A
Address: 0Ah
Type: RW
Table 32. Auxiliary definition register
Bit Name Default Function Comments
0: Receive with CRC check Valid for all pro.tocc?ls., for ISQ144{I3A REQA, .
7 no_crc_rx 0 1- Recei ithout CRC check WUPA and anticollision receive without CRC is
- Receive withou chec done automatically“).
6 RFU 0 - -
5 nfc_id1 0 00: 4 bytes NFCID1
. 01: 7 bytes NFCID1 Selects NFCID1 size.
4 nfc_id0 0 1x: RFU
0: 0° shifted clock for phase
measurement Affects also PM demodulation.
3 mfaz_cl90 0 o L .
1: 90° shifted clock for phase Should be set to 0 for PM demodulation.
measurement
2 dis_corr 0 Refer to Table 33 Selects RW receiver operation.
1 nfc_n1 0 i Value of n for direct commands NFC Initial Field
0 nfc no 0 ON and NFC Response Field ON (0...3)(@).

1. Receive without CRC is done automatically when REQA and WUPA commands are sent using direct commands Transmit
REQA and Transmit WUPA, respectively, and in case anticollision is performed setting bit antcl.

2. The value of nfc_n<1:0> must be set prior to the NFC Initial Field ON and NFC Response Field ON operations.

74/142

Table 33. RW receiver operation

Mode

dis_corr=0

dis_corr=1

ISO-A (106 to 848 kHz)

ISO-B (106 to 848 kHz)

NFC Forum Type 1 Tag (Topaz)

Stream modes
(scf<1:0> = 01, scp<1:0> = 11)

Correlator reception

NA

Pulse reception (coherent)

NA

Pulse reception

Stream modes - Others

NA

Pulse reception
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4.5.12

Register space: B
Address: 05h
Type: RW

EMD suppression configuration register

Table 34. EMD suppression configuration register

Bit Name Default Function Comments
0: Disable EMD suppression Bits no_rx_par and no_crc_rx must be set to 0,
7 emd_emv 0 1: Enable EMD suppression and bit nrt_emv must be set to 1 when
according to EMVCo emd_emv is enabled
0: Reception is enabled (I_rxs)
only if the first 4 bits of the frame
are error free Applies to ISO-A 106k only.
6 | rx_start_emv 0 L .
- - 1: Reception is enabled (l_rxs) Must be set to 1 for EMVCo compliance.
also if there is an error in the first
four bits of the frame
5 RFU 0 - -
4 RFU 0 - -
3 emd_thid3 0
5 4 thid2 0 If the received frame is less than
em .
— emd_thld<3.0>. byte§ '°T‘9 then Must be set to 4 for EMVCo compliance.
1 emd_thid1 0 EMD suppression will trigger on
reception errors
0 emd_thld0 0

3
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4513 Subcarrier start timer register
Register space: B
Address: 06h
Type: RW
Table 35. Subcarrier start timer register
Bit Name Default Function Comments
75 RFU 0 - -
Applies to ISO-B, 106 kb/s.
If the time from the end of the MRT timer to the
detection of a subcarrier is shorter than sst<4:0>,
Subcarrier start time then a soft error interrupt is generated.
4:0 sst<4:0> 0 Step: 0.25 etu If emd_emv = 1 the frame will be suppressed as
Range: 0 etu to 7.75 etu EMD and a restart interrupt will be generated.
Note that corr_s3 defines the length of subcarrier
start detection and affects the correct sst<4:0>
setting.
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4.5.14 Receiver configuration register 1
Register space: A
Address: 0Bh
Type: RW
Table 36. Receiver configuration register 1
Bit Name Default Function Comments
If only one Rx channel is enabled in the
Operation control register defines which channel
7 ch sel 0 0: Enable AM channel is enabled.

- 1: Enable PM channel If both channels are enabled and manual
channel selection is active defines which channel
is used for receive framing.

6 Ip2 0

5 Ip1 0 Low-pass control (see Table 3)

4 Ip0 0

3 z600k 0 -
2 h200 0 First and third stage zero setting

1 h80 0 (see Table 4)

0 z12k 0

3
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4.5.15 Receiver configuration register 2
Register space: A
Address: 0Ch
Type: RW
Table 37. Receiver configuration register 2
Bit Name Default Function Comments
7 | demod mode 0 0: AM/PM demodulation Selects demodulator operation mode.
- 1: 1/Q demodulation 1/Q demodulation requires amd_sel = 1.
0: k detect
6 amd_sel 0 peja etector Selects AM demodulator.
- 1: mixer
0: Squelch disabled Squelch is activated 18.88 s after end of TX,
5 sqm_dyn 1 1: Automatic squelch activation |and stops when the Mask receive timer reaches
after end of TX the sqt<7:0> setting.
Select squelch trigger level.
Squelch triggers on signals that are 1 or 6/3 times
larger than the digitizing threshold.
4 pulz_61 o |0 Sauelchratio 1 — Ratio 1: recommended for ISO-A 106k
- 1: Squelch ratio 6/3 correlator, ISO-A HBR/ISO-B pulse decoder
and 1ISO-15693
— Ratio 6/3: recommended for ISO-A HBR/ISO-B
correlator
3 aqc en 1 0: AGC disabled
9c 1: AGC enabled
0: AGC operates on first eight
5 adc m 1 sub-carrier pulses
gc 1: AGC operates during
complete receive period
. ; ; : Algorithm with preset is recommended for
0: Algorith th t d
1 agc_alg 0 gortihm Wi Preset1s USEd | ) stocols with short SOF (like 1SO14443A
1: Algorithm with reset is used
fc/128).
0: AGC ratio 3 Select AGC trlgger level. .
0 age6_3 0 ) i AGC triggers on signals 3 or 6 times above the
1: AGC ratio 6 - .
minimum detectable signal level.
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4.5.16 Receiver configuration register 3
Register space: A
Address: 0Dh
Type: RW
Table 38. Receiver configuration register 3
Bit Name Default Function Comments
7 rg1_am2 1 Gain reduction/boost in first dai 0: Full gain
6 rg1_am1 1 ain reduction/boostin firstgain | 4_g. 4in reduction 2.5 dB per step (15 dB total)
stage of AM channel. .
5 rg1_am0 0 7: Boost + 5.5 dB
4 rg1_pm2 1 Gain reduction/boost in first gai 0: Full gain
ain reduction/boost in first gain | , .~ - .
3 rg1_pm1 1 stage of PM channel. 1.6. Gain reduction 2.5 dB per step (15 dB total)
2 rg1_pm0 0 7: Boost + 5.5 dB
1 If en 0 0: HF s.lgnal on recellverllnput )
- 1: LF signal on receiver input
0: differential LF operation
0 If_op 0 1: LF input split (RFI1 to AM -
channel, RFI2 to PM channel)
4.517 Receiver configuration register 4
Register space: A
Address: OEh
Type: RW
Table 39. Receiver configuration register 4"
Bit Name Default Function Comments
7 rg2_ama3 0 Only values from Oh to Ah are used:
6 rg2_am2 0 AM channel: gain reduction in — s.etFllngs 1h to 4h.reduce gain by increasing the
— : digitizer window in 3 dB steps
second and third stage and -
5 rg2_am1 0 digitizer — values from 5h to Ah additionally reduce the
— gain in second and third gain stage, always in
4 rg2_amO 0 3 dB steps.
3 rg2_pm3 0 Only values from Oh to Ah are used:
5 rg2_pm2 0 PM channel: gain reduction in - S('atju!'lgs 1h to 4h.reduce gain by increasing the
— . digitizer window in 3 dB steps
second and third stage and o
1 rg2_pm1 0 digitizer — values from 5h to Ah additionally reduce the
— gain in second and third gain stage, always in
0 rg2_pmO 0 3 dB steps.

1. Direct command Reset RX gain is necessary to load the value of this register into AGC, Squelch, and RSSI block.
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4.5.18 Passive target receiver configuration register 1
Register space: B
Address: 0Bh
Type: RW
Table 40. P2P receiver configuration register 1
Bit Name Default Function Comments
7 ook_fd 0 OOK fast decay -
6 ook_rc1 0 00=1.4ps
01=10us OOK RC time constant
5 ook_rc0 0 10=0.6 ps
11=02ps
z ::z—:::; :) Refer to Table 41 COOOr]ﬁgtS:;aﬁgr?.ld level, depends on ook_rc<1:0>
2 ask_rc1 1 00=8.4 s
01=6.8ps ASK RC time constant
1 ask_rc0 0 10=4.4ps
1M1=24ups
0 | ask_thd o |%97% ASK threshold level
1: 95%
Table 41. OOK threshold level settings
ook_thd<1:0> ook_rc<1:0>=0 ook_rc<1:0>>0
00 55% 80%
01 45% 75%
10 35% 70%
11 25% 65%
80/142 DS13490 Rev 1 "_l
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4.5.19 Correlator configuration register 1
Register space: B
Address: 0Ch
Type: RW
Table 42. Correlator configuration register 1
Bit | Name | Default Function Comments
7 |corr_s7 1 AGC = max |AM, PM| -
0: Collision detection level defined by Selecting the collision detection level with
ISO-A ccl)rr s<1:0> corr_s<1:0> gives better detection of weak
106k |1: C_II' ,' detection level It collisions. Setting the collision detection
d. ° ||§|on| e ?C lon level equal to level equal to the data slicer gives better
6 |corr s6 0 ata slicer leve noise immunity.
0: Correlator phase correction applied No phase correction after start
during th let ti
B'(DEK 19:\"“9 © (lzotmp (:]e recep |0r; & recommended for ISO-B 424 kb/s and
+ No correlator phase correction after | g4g /e operation.
the first data bytes
0: Vi -50 mV setting,
first squelch step -100 mV
5 |corr_s5 0 -
- 1: Vief -100 mV setting,
first squelch step -200 mV
0: AM and PM correlation signals digitized
4 |corr sa 1 separately Summation mode is recommended for all
- 1: AM and PM correlation signals summed correlator operations
before digitizing (summation mode)
BPSK start length setting (delay from the
0: RX bit rate 106kb/s = 17, RX bit rates 212 | start of a tags subcarrier signal to the
to 848 kb/s = 9 moment when a subcarrier start is
3 |corr_s3 0 1- RX bit rate 106Kkb/s = 33. RX bit rates 212 | detected). Then circuit starts observing for
to 848 Kb/s = 17 ’ the first phase transition (9/17/33 + 2 pilot
pulses). At this moment the sst<4:0> check
for TRO is done.
ISO-A | 0: Normal data slicer
106k | 1: Fast data slicer
2 |corr_s2 0 -
BPSK | 0: Normal ref. time constant
URNEE Long ref. time const. (1.5x normal)
ISO-A - .
106k Collision level setting MSB
1 | corr s1 1 Subcarrier end detection level Collision detection level, compared to data
- BPSK 0 detection level:
Q) 0: 100% i o
1- 66% — 00: 16%
' —01:28%
ISO-A| & lision level setting LSB —10:41%
106k — 11: 53%
0 |corr_s0 1 : °
BPSK | 0: Subcarrier end detector disabled
™11 Subcarrier end detector enabled

1. BPSK options apply to ISO-A HBR and ISO-B (all bit rates).
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4.5.20 Correlator configuration register 2
Register space: B
Address: 0Dh
Type: RW
Table 43. Correlator configuration register 2
Bit | Name | Default Function Comments
7 RFU 0
6 RFU 0
5 RFU 0
4 RFU 0
3 RFU 0
2 RFU 0
Correlator sleep mode option.
0: Sleep mode disable set by timer | Sleep start: 18 us no output pulse.
1 | corr_s9 0 1: Sleep mode disable only on Stop with timer:
rx_on =1 — takes 18 s (ISO-A/B, F424)
— takes 42 s (stream 15693, F212)
0: All other standard
0 | corr_s8 0 omherstan ar. S Must be set to 1 for 424 kHz subcarrier stream mode.
1: 424 kHz subcarrier stream mode
82/142 DS13490 Rev 1 1S7]
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4.5.21 Mask receive timer register
Register space: A
Address: OFh
Type: RW
Table 44. Mask receive timer register
Bit Name Default Function Comments
7 mrt7 0
5 6 0 mrt_step = 0:
m Step: 64 / fc (4.72 ps)
5 mrt5 0 Range: 256 / fc (~18.88 ys) to | Set time after end of TX during which the
4 mrta 0 16320/ fc (~1.2 ms) receiver output is ignored (masked).
The minimum mask receive time of 18.88 ps
3 mrt3 1 mrt_step = 1: covers the transients in receiver after end of
2 mrt2 0 |Step:512/fc (37.78 ps) transmission.
1 mrt1 0 Range: 2048 / fc (151 ps) to
130560 / fc (9.62 ms)
0 mrt0 0
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4.5.22 No-response timer register 1
Register space: A
Address: 10h
Type: RW
Table 45. No-response timer register 1
Bit Name | Default Function Comments
7 nrt15 0 . I
No-response timer definition
6 nrt14 0 MSB bits Defines timeout after end of Tx. If this timeout
5 nrt13 0 expires without detecting a response a No-
nrt_step = 0: response interrupt is sent.
4 nrt12 0 Step: 64/ fc (4.72 ps), In NFC mode the No-response timer is started
3 nrt11 0 Range: 309 ms only when external field is detected.
All 0: No-response timer is not started.
2 nrt10 0 |nrt step=1: No-response timer is reset and restarted with
1 nrt9 0 Step: 4096 / fc (302 ps) Start No-response timer direct command.
Range: 19.8 s.
0 nrt8 0
4.5.23 No-response timer register 2
Register space: A
Address: 11h
Type: RW
Table 46. No-response timer register 2
Bit Name Default Function Comments
7 nrt7 0
6 nrté 0
5 nrt5 0
4 nrt4 0 No-response timer definition
3 nrt3 0 LSB bits
2 nrt2 0
1 nrt1 0
0 nrt0 0
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4.5.24

Timer and EMV control register

Register space: A
Address: 12h

3

Type: RW
Table 47. Timer and EMV control register
Bit Name | Default Function Comments
7 gptc2 0
6 gptct 0 gee%?rz)l ?_:Lpl):s;l%tlmer trigger source. i
5 gptcO 0
4 RFU 0 -