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1. Introduction

This product data sheet describes PN547/C2, NXP Semiconductors third-generation NFC
controller in VFBGA package. This data sheet requires additional documents for
functional chip description and design in. Refer to the references listed in this document
for full list of documentation provided by NXP.

2. General description

PN547/C2 is a full feature NFC controller designed for integration in mobile devices and
devices compliant with NFC standards (NFC Forum, NCI, EMVCo, ETSI/SCP).

PN547/C2 is designed based on learnings from previous NXP NFC device generation to
ease the integration of NFC technology in mobile devices by providing:

* A low PCB footprint and a reduced external Bill of Material by enabling as unique
feature the capability to achieve RF standards (NFC Forum, EMVCo card) with small
form factor antenna

* An optimized architecture for low-power consumption in different modes (Standby,
low-power polling loop)

* A highly efficient integrated power management unit allowing direct supply from a
mobile battery for extended battery supply range (2.3 V to 5.5 V) can be achieved.
Moreover, this power management provides full flexibility to support the different
configurations in the mobile devices (phone ON, phone OFF)

PN547/C2 embeds a new generation RF contactless front-end supporting various
transmission modes according to NFCIP-1 and NFCIP-2, ISO/IEC 14443, ISO/IEC 15693,
ISO/IEC 18000-3, MIFARE and FeliCa specifications. This new contactless front-end
design brings a major performance step-up with on one hand a higher sensitivity and on
the other hand the capability to work in active load modulation communication enabling
the support of small antenna form factor.

Supported transmission modes are listed in Figure 1. For contactless card functionality,
the PN547/C2 can act autonomously if previously configured by the host in such a
manner. PICC functionality can be supported without phone being turned on or even with
phone battery removed.

PN547/C2 provides a versatile architecture supporting several Secure Element interfaces
(2 SWP) allowing a full flexibility for the support of UICC based, microSD based or
integrated Secure Element. On top, it enables dynamic multiple Secure Element
management (AID routing table).
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3. Features and benefits

B ARM Cortex MO microcontroller core

€ Code memory: 96 kB ROM, 28 kB EEPROM
# Data memory: 7 kB SRAM, 4 kB EEPROM

® Highly integrated demodulator and decoder

B Buffered output drivers to connect an antenna with minimum number of external

components

B |[ntegrated RF level detector
B |ntegrated configurable polling loop for automatic device discovery
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B RF protocols supported

@ ISO/IEC 14443A, ISO/IEC 14443B PCD designed according to NFC Forum digital
protocol T4T platform and ISO-DEP

@ FeliCa PCD mode

¥ MIFARE PCD encryption mechanism (MIFARE 1K and 4K)

# NFC Forum tag (MIFARE Ultralight, Jewel, Open FeliCa tag, DESFire)
% ISO/IEC 15693/ICODE VCD mode

€ NFCIP-1, NFCIP-2 protocol

@ [SO/IEC 14443A, ISO/IEC 14443B PICC mode designed according to EMVco
PICC

% FeliCa PICC mode
4 MIFARE PICC mode

B Supported host interfaces

€ NCI protocol interface according to NFC Forum NCI 1.0 standardization
@ SPI-bus
# 12C-bus High-speed mode

B Supported Secure Element interfaces
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4. Applications

Near Field Communication (NFC) controller

# HCI protocol interfaces according to ETSI/SCP standardization Release 9

# 1 Single Wire Protocol (SWP) interface according to ETSI/SCP standardization
Release 9 for UICC connection

# 1 Single Wire Protocol (SWP) interface for additional Secure Element connection
{embedded SE or microSD)

Flexible clock supply concept to facilitate PN547/C2 integration
@ Internal oscillator for 27.12 MHz crystal connection

® Integrated PLL unit to make use of mobile device reference clock and facilitate
PN547/C2 integration

Integrated power management unit

¥ Direct connection to a mobile battery (2.3 V to 5.5 V voltage supply range)
@ 2 power regulators for secure companion chips

4 Support different Hard Power-Down/Standby states activated by firmware
€ Autonomous mode when host is shut down

Automatic wake-up via RF field, internal timer, SWP and host control interfaces

Integrated low-power polling loop to allow enabling all technologies in parallel without
host interaction

Integrated non-volatile memory to store data and executable code for customization
Integrated SWP self tests for production tests

Standards compliancy

4 EMVCo 2.0.1 for PICC and PCD mode

€ NFC Forum Wave 1 and Wave 2

@ ETSI/SCP 102 613 and 102 622 for SWP/HCI (see Ref. 1 and Ref. 2)

PN547_C2 VFBGA
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Mobile devices
Portable equipment (Personal Digital Assistants, tablet, notebooks)
Consumer devices

All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reserved
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5. Quick reference data

PN547/C2 VFBGA

Near Field Communication (NFC) controller

Table 1.  Quick reference data
Symbol Parameter Conditions Min Typ Max Unit
Vpar battery supply voltage Card Emulation and 23 - 55 V
Passive Target
Vpar battery supply voltage Reader, Initiator and 25 - 55 V
Active target (including
400 mV voltage drop due
to the GSM burst)
PVpp pad power supply (for host 1.8 V host supply 165 1.8 195 V
interface)
PVpp pad power supply (for host 3V host supply 27 3 33 V
interface)
SVpp supply voltage for secure 165 1.8 195 V
chip interface
SIMVge  UICC supply output no input signal on 162 1.8 198 V
voltage PMUVCC pin
lheD Hard Power Down current  Vgar=3.6 V,; T=25°C - 105 12 UA
consumption on VBAT pin
lsTBY Standby state current Vear=3.6V, T=25°C - - 20 UA
consumption on VBAT pin
IMON Monitor state current Vear =2.75V; T=25°C - - 12 UA
consumption on VBAT pin
I pPoL low-power polling loop Vear = 3.6V, T=25°C; - 150 - UA
consumption on VBAT pin loop time = 500 ms
lveaT continuous total current PCD mode at typical 3V [ - - 170 mA
consumption
lsvDD max mMaximum current in - - 20 mA
Secure Element supply
ltvoboim ~ current limitation due to TVpp =31V - 180 - mA
embedded limiter in 2
transmitter path
Pimax maximum power Reader (antenna - - 550 mw
dissipation connected), Vgar =55V
Fanis operating ambient JEDEC PCB-0.5 -30 - +85 °C

temperature

[1] The antenna shall be tuned not to exceed the maximum of lygar.

[2] This is the threshold of a built-in protection done to limit the current out of TVDD in case of any issue at
antenna pins to avoid burning the device. It is not allowed in operational mode to have Iy pp such that lygat
maximum value is exceeded.
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6. Ordering information

Table 2.  Ordering information
Type number Package
‘Name | Description |Version
PN5472A2EV/C20803[121  VFBGA49 plastic very thin fine-pitch ball grid array ~ SOT1320-1
package; 49 balls (12C-bus interface)
PN5472A2EV/C20804L02]  VFBGA49 plastic very thin fine-pitch ball grid array  SOT1320-1
package; 49 balls (SPI-bus interface)

[1] Refer to chapter “Licenses”.

[2] 0803 and 0804 refer to the EEPROM code version.
The ROM and EEPROM codes functionalities are described in the User Manual document.

7. Marking

aaa-007526

Fig2. PN547/C2 VFBGA package marking

PN547_C2 VFBGA F _ Allinformation provided in this document is subject to legal disclaimers <1 NXP B.V. 2013. All rights reseﬂ
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Table 3.

PN547/C2 VFBGA

Near Field Communication (NFC) controller

Marking code

Line number Marking code

Line 1 product version identification

Line 2 diffusion batch sequence number

Line 3 manufacturing code including:

diffusion center code:

- Z:SSMC

- N:TSMC

assembly center code:

- T APK

RoHS compliancy indicator:

— D: Dark Green; fully compliant RoHS and no halogen and antimony
manufacturing year and week, 3 digits:
- Y:year

- WW: week code

product life cycle status code:

— X: means not qualified product

— Y- means pre-released product

— nothing means released product

_ Allinformation provided in this document is subject to legal disclaimers & NXP B.V. 2013. All rights reserved
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Near Field Communication (NFC) controller

8. Block diagram

SWP ANALOG HOST INTERFACE
INTER;FACE INTEF;FACE e nin et
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Fig 3. PN547/C2 block diagram
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9. Pinning information

9.1 Pinning
|
sl OOO0OOOO0O
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aaa-007528
Figd4. PN547/C2 VFBGA pinning (bottom view)
Table 4. PN547/C2 VFBGA pin description
Symbol ~ Pin Typelll Refer Description
DWL_REQ Al | PVpp firmware download control pin
CLK_REQ A2 O PVpp clock request pin
XTALA A3 O Vbp PLL clock input. Oscillator input
SWIO_UICC A4 11O Vpp or SWP data connection to UICC
SIMV¢e
SIMVCC A5 P n/a power output to supply the UICC
SIGOUTI)WP_TX A6 O SVDD_ NFC Controller eSE digital transmit signal of
SWP
'SIGIN_DWP_RX AT SVpp  NFC Controller eSE digital receive signal of
SWP
12CSCL_SPISCK B1 | PVpp  I2C-bus serial clock input/SPI-bus clock input
I2CADRO_SPINSS B2 | PVpp I2C-bus address bit0 input/SPI-bus slave
select input
PWR_REQ B3 O PVpp power request pin
EXT_SW_CTRL B4 O SIMVcc  control output signal for external UICC power
switch
PMUVCC B P n/a UICC power input from external PMU
vss1 - B6 G nla supply ground
SVDD B7 P n/a Secure Element
[2CSDA_SPIMISO c1 /O PVbp I2C-bus serial data/SPI-bus data slave output
PVSS C2 G n/a pad ground VSS
XTAL2 C3 | Vbp oscillator output
VSS C4 G n/a supply ground
RFU2 C5 reserved for future use

PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers
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Near Field Communication (NFC) controller

Table 4. PN547/C2 VFBGA pin description ...continued

Symbol Pin Typelll Refer Description

VDD ce P n/a LDO voltage output

VBAT c7 P n/a battery voltage

IRQ D1 O PVpp interrupt request output

I2CADR1_SPIMOSI D2 | PVbp I2C-bus address hit1 input/SPI-bus slave data
input

PVDD D3 P n/a pad supply voltage

VSS2 D4 G n/a supply ground

SWIO_SE D5 10  SVpp  PN547/C2 SWP master connection to Secure
Element

VSS3 D6 G n/a supply ground \

VDHF D7 P n/a monitor rectifier output voltage

VEN E1 | VAT reset pin. Set the device in Hard Power Down

DCDC_VSS E2 G n/a supply ground

RFU3 E3 reserved for future use

RFU4 E4 reserved for future use

RFUA1 ES reserved for future use

RFU5 EG reserved for future use

TVDD E7 P n/a contactless transmitter supply voltage output
for decoupling

SAP_DCDC F1 P n/a reserved for future use

SAM_DCDC F2 P n/a reserved for future use

VS&4 F3 G n/a supply ground

SMX_7816 F4 O SVpp optional connection to SE to indicate if
communication is from RF or host interface

RXN F5 | Vpp negative receiver Input

RXP F6 | Voo positive receiver Input

VMID F7 P n/a receiver reference voltage input

VBAT2 Gl P n/a DC DC connection

VUP G2 P n/a DC DC connection. Supply of TXLDO

TX1 G3 O TVbop antenna driver output

TVSS \. G4 G n/a contactless transmitter ground

TX2 G5 O TVop antenna driver output

ANT2 G6 P n/a antenna connection for card emulation

R n/a antenna connection for card emulation

ANT1 G7

[1] P = power supply; G = ground; | = input, O = output; /O = input/output.

PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reserved
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Near Field Communication (NFC) controller

9.2 Pin description

In addition to the general pinning list, the pins of PN547/C2 VFBGA can be divided in
groups according to the device they are connected to.

Table 5. Host connection pins

Symbol Pin Description

VEN E1 reset pin. Set the device in Hard Power Down

IRQ D1 interrupt request output

PVDD D3 pad supply voltage

XTALA1 C3 PLL clock input. Oscillator input

XTAL2 A3 oscillator output

I2CSDA_SPIMISO C1 12C-bus serial data/SPI-bus data slave output
I2CADRO_SPINSS B2 [2C-bus address bit0 input/SPI-bus slave select input
I2CADR1_SPIMOSI D2 I2C-bus serial clock input/SPI-bus clock input
I2CSCL_SPISCK B1 I2C-bus address bit1 input/SPI-bus slave data input
PMUVCC B5 UICC power input from external PMU

DWL_REQ A1 firmware download control pin

CLK_REQ A2 clock request pin

PWR_REQ B3 power request pin

Table 6. UICC connection pins

Symbol Pin  Description -

SIMVCC A5 power output to supply the UICC

SWIO_UICC A4 SWP data connection to UICC

EXT_SW_CTRL B4 control output signal for external UICC power switch

Table 7.  SE connection pins

Symbol Pin Description
SvDD B7 SE power; fixed to SVpp = 1.8V
SWIO_SE D5 SWP data connection to Secure Element

Table 8. Antenna connection pins

Symbol Pin Description

X1 G3 antenna driver output

TX2 G5 antenna driver output

RXP F6 contactless receiver input

RXN F5 contactless receiver input

VMID " F7  contactless receiver voltage reference

ANT1 G7 antenna connection for Card Emulation

ANT2 G6 antenna connection for Card Emulation
PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers ©NXP B.V. 2013. All rights reserved
Product data sheet Rev. 3.0 — 1 July 2013 il
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Near Field Communication (NFC) controller

10. Functional description

PN547/C2 can be connected on a host controller through different physical interfaces
(12C-bus, SPI-bus). The logical interface towards the host baseband is NCl-compliant
Ref. 3 with additional command set for NXP-specific product features. This IC is fully user
controllable by the firmware interface described in Ref. 9.

PN547/C2 can be connected to a UICC through an SWP interface. Additionally, it
provides a second SWP interface towards Secure Element connected via this interface
{microSD, embedded Secure Element). Thus, PN547/C2 can provide full Secure Element
functionality also without UICC present in the system. The 2 SWP physical interfaces are
compliant with ETSI/SCP SWP and HCI, see Ref. 1 and Ref. 2.

Moreover, PN547/C2 provides flexible and integrated power management unit in order to
preserve energy supporting Power Off mode. It also allows various power schemes for the
UICC.

BATTERY/PMU

, m| uicc |
host interface

HOST control e '
CONTROLLER [ PN347 | USD, oSE |
1
we L)
@ Lo 4
ANTENNA
MATCHING
lAAAJ aaa-007529

Fig5. PN547/C2 connection in mobile system

10.1 System modes

10.1.1 System power modes

PN547/C2 is designed in order to enable the different power modes from the system.

3 power modes are specified: Full power mode, Low-power mode and Power Off mode.

Table 9. System power modes description

System power mode Description

Full power mode the battery supply (VBAT) as well as the pad supply (PVDD) is
available, all use cases can be executed

Low-power mode the pad supply (PVDD) is not available. Only the Card Emulation

mode use cases via SWP are allowed

Power Off mode the system is not supplied from any source or the system is kept Hard
Power Down (HPD)

PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers 1 NXP B.V. 2013. All rights reserved
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Near Field Communication (NFC) controller

—[ Full power mode ]
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Vgar = Off || VEN = O
[VBaT [l VEN ff] [PVpp = Off]
[VaT = On && PVpp = On
VEN = On] Low-power mode

[VgaT = On && PVDD/; Off |
VEN=O0N) ygar = Off || Ven = Off)

‘{ Power Off mode ]o—‘

[VeEn = Off] aaa-007530

Fig6. Power mode diagram

Table 10 summarizes the system power mode of the PN547/C2 depending on the status
of the external supplies available in the system:

Table 10. Power modes configuration

Veat PVpp VEn Power mode

Off Off X Power Off mode
Off Oon X Power Off modell
On Off On Low-power mode
On X off Power Off mode
On On On Full power mode

[1] Forbidden mode, if Vgat < PVpp.
Depending on power modes, some application states are limited:

Table 11. Power modes description

Power mode Allowed application states

Power Off mode not applicable

Low-power mode Card Emulation only

Full power mode Reader/Writer, Card Emulation, P2P modes

On top of above power modes described, a last power mode «monitor mode» is existing
in case of Vgy > 1.1 V and battery supply reaching the monitor threshold.

PN547/C2 will autonomously detach internal PMU from battery supply to protect the
battery from deep discharge. In monitor mode, PN547/C2 will exit it only if the battery
voltage recovers over the critical level. Battery voltage monitor thresholds show hysteresis
behavior as defined in Table 31.

PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers 1 NXP B.V. 2013. All rights reserved
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Near Field Communication (NFC) controller

10.1.2 PN547/C2 power states

Next to system power modes defined by the status of the power supplies, the power
states include the logical status of the system thus extend the power modes.

Four PN547/C2 power states are specified: Monitor, Hard Power Down (HPD), Standby,
Active Idle, Active Initiator and Active Target.

Table 12. PN547/C2 power states

Power state Name Description

Monitor The PN547/C2 is supplied by VBAT which voltage is below its programmable
critical level and the monitor mode is enabled. The system mode is Power
Off mode.

Hard Power Down  The PN547/C2 is supplied by VBAT which voltage is above its programmable
critical level when monitor mode is enabled and PN547/C2 is kept in Hard
Power Down (VEN is kept low by host or SW programming) to have the
minimum power consumption. The system mode is in Power Off.

Standby The PN547/C2 is supplied by VBAT which voltage is above its programmable
critical level when the monitor mode is enabled, VEN is high (by host or SW
programming) and minimum part of PN547/C2 is kept supplied to enable
configured wake-up sources which allow to switch to Active state; RF field,
Host interface (if Pypp is high), and SWP. The system mode is Low-power
mode or Full power mode.

Active The PN547/C2 is supplied by VBAT which voltage is above its programmable
critical level when monitor mode is enabled, VEN is high (by host or SW
programming), PVDD is high and the PN547/C2 internal blocks are supplied.
3 submodes are defined: Idle, Target and Initiator. The system mode is Full
power mode.

At application level, the PN547/C2 will continuously switch between different states to
optimize the current consumption (polling loop mode). Refer to Table 1 for targeted
current consumption in here described states.

The PN547/C2 is designed to allow the host controller to have full control over its
functional states, thus of the power consumption of the PN547/C2 based NFC solution
and possibility to restrict parts of the PN547/C2 functionality.

10.1.2.1 Monitor state

In monitor mode, the PN547/C2 will exit it only if the battery voltage recovers over the
critical level. Battery voltage monitor thresholds show hysteresis behavior as defined in
Table 31.

10.1.2.2 Hard Power Down (HPD) state

The Hard Power Down state is entered when PVDD and VBAT are high by setting
Ven < 0.4 V. As these signals are under host control, the PN547/C2 has no influence on
entering or exiting this state.

PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reserved
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Near Field Communication (NFC) controller

10.1.2.3 Standby state

Active state is PN547/C2's default state after boot sequence in order to allow a quick
configuration of PN547/C2. It is recommended to change the default state to Standby after
first boot in order to save power. PN547/C2 can switch to Standby state autonomously (if
configured by host). This state is independent of the PVDD value (meaning whatever the
state of the mobile device baseband: ON or OFF).

In this state PN547/C2 most blocks including CPU are disconnected from power supply.
Number of wake-up sources exist to put PN547/C2 into Active state (all host-related

wake-up events imply that PVp is available):
* Host interface wake-up event (I12C-bus, SPI-bus)
¢ Antenna RF level detector

* |nternal timer event when using polling loop (380 kHz low-power oscillator is enabled)
* SWP interface

If wake-up event occurs, PN547/C2 will switch to Active state. Any further operation
depends on software configuration and/or wake-up source.

10.1.2.4 Active state

Within the Active state, the system is acting as an NFC device. The device can be in 3
different power states: Idle, Initiator and Target.

Table 13. Active power states

Power state name Description

Idle the PN547/C2 is active and allows host interface communication as well as
SWP communication. The RF interface is not activated.
Target the PN547/C2 is active and is configured in Target state. The target

application can be on a Secure Element or on the host controller.

Initiator the PN547/C2 is active and is configured in Initiator state. The Initiator state
can communicate with a device on the RF interface or with a Secure Element
physically connected to the PN547/C2.

Active Initiator state: In this state, PN547/C2 is acting as Reader/Writer or NFC Initiator,
searching for or communicating with passive tags or NFC Target. Once RF
communication has ended, PN547/C2 will switch to active battery mode (that is, switch off
RF transmitter) to save energy. Active Initiator state shall be used with

2.7V <Vgar <5.5V and Vgy > 1.1 V. Active Initiator shall not be used with Vgar < 2.7 V.
PVpp is within its operational range (see Table 1).

Active Target state: In this state, PN547/C2 is acting as a card or as an NFC Target.
Active Target state shall be used with 2.3V < Vgar <5.5Vand Vgy > 1.1 V.

PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reserved

Product data sheet Rev. 3.0 — 1 July 2013
COMPANY CONFIDENTIAL 235830 14 of 58



NXP Semiconductors PN547’ CZ VFBGA

Near Field Communication (NFC) controller

10.1.2.5 Polling loop

The polling loop will sequentially set PN547/C2 in different power states (Active or
Standby). All RF technologies withstand by PN547/C2 can be independently enabled
within this polling loop.

e T

o
| Emulation Phase | _,/ - S \“\
- = = E

3 ) = Reader / Initiator
\ F Phase
“\\.‘\“‘——/j’//

aaa-007531

Fig7. Polling loop: all phases enabled

Emulation phase uses Standby state (when no RF field) and PN547/C2 goes to Target
power state when RF field is detected. When in Reader/Initiator phase, PN547/C2 goes to
Initiator power state.

To further decrease the power consumption when running the polling loop, PN547/C2
features a low-power RF polling. When at least one of the Initiator states or Reader/Writer
modes is enabled, instead of sending regularly RF command PN547/C2 senses with a
short RF field duration if there is any target or card/tag present. If yes, then it goes back to
standard polling loop. With 500 ms emulation phase duration, the average power
consumption is around 150 pA.

PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers & NXP B.V. 2013. All rights reserved
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Near Field Communication (NFC) controller

I Emulation Phase I

l Polling Phase

aaa-007533

Fig 8. Polling loop: low-power RF polling

~ Detailed description of polling loop configuration options is given in Ref. 9.

10.2 Microcontroller
- PN547/C2 is controlled via an embedded ARM Cortex MO microcontroller core.
The memory organization of PN547/C2 is based on the standard ARM Cortex MO

microcontroller core:
¢ Code memory: 96 kB ROM, 28 kB EEPROM
* Data memory: 7 kB ROM, 4 kB EEPROM

PN547/C2 features integrated in firmware are referenced in Ref. 9.

PN547_C2 VFBGA ~ Allinformation provided in this document is subject to legal disclaimers & NXP B.V. 2013. All rights reserved.
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Near Field Communication (NFC) controller

10.3 Host interfaces

10.3.1

10.3.1.1

Product data sheet
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PN547/C2 provides the support of the following host interfaces:
¢ SPI-bus Slave Interface, up to 7 MBaud
* |2C-bus Slave Interface, up to 3.4 MBaud

Only one host interface can be active at same time as pins are shared for all interfaces.

The selection between interfaces is fused during IC manufacturing so that different
ordering numbers for the 12C-bus, SPi-bus version.
The host interfaces are waken-up in the following way:
¢ SPI-bus: transition of NSS serial
* |2C-bus: wake-up on [2C-bus address
To enable and ensure data flow control between PN547/C2 and host controller

additionally a dedicated interrupt line IRQ is provided which Active state is programmable.
See Ref. 9 for more information.

I2C-bus interface
The I2C-bus interface implements a slave 12C-bus interface with integrated shift register,
shift timing generation and slave address recognition.

I2C-bus Standard mode (100 kHz SCLK), Fast mode (400 kHz SCLK) and High-speed
mode (3.4 MHz SCLK) are supported.

The mains hardware characteristics of the 12C-bus module are:

* Support slave 12C-bus
¢ Standard, Fast and High-speed modes supported
* Wake-up of PN547/C2 on its address only

¢ Serial clock synchronization can be used by PN547/C2 as a handshake mechanism
fo suspend and resume serial transfer (clock stretching)

The 12C-bus interface module meets the 12C-bus specification v03 except General call,
10-bit addressing and Fast mode Plus (Fm+).
I2C-bus configuration

* The |12C-bus interface shares four pins with 12C-bus interface also supported by
PN547/C2. When |12C-bus is configured in EEPROM settings, functionality of interface
pins changes to one described in Table 14,

Table 14. Functionality for 12C-bus interface

Pin name Functionality
[2CADRO_SPINSS [2C-bus address 0
I2CADR1_SPIMOSI [2C-bus address 1
[2CSCL_SPISCK 12C-bus clock line
[2CSDA_SPIMISO [2C-bus data line

PN547/C2 supports 7-bit addressing mode. Selection of the 12C-bus address is done by
2-pin configurations on top of a fixed binary header: 0, 1, 0, 1, 0, 12C_ADR1, 12C_ADRO,
R/W.

All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reserved
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Table 15. I2C-bus interface addressing

12C_ADR1 12C_ADRO 12C-bus address I12C-bus address
(R/W = 0, write) (R/W =1, read)

0 0 0x50 0x51

0 1 ~ 0x52 0x53

1 0 0x54 0x55

1 1 0x56 0x57

10.3.2 Serial Peripheral Interface bus (SPl-bus)

10.3.2.1

Features

¢ Synchronous, Serial, Full-Duplex communication, 7 MHz max
¢ Slave mode

* Programmable clock polarity and phase

10.3.2.2 SPIl-bus configuration options

PN547_C2 VFBGA

Product data sheet

In order to select SPI-bus interface for host communication, some EEPROM settings are
fused during production.

Four versions can be configured depending on CPOL/CPHA EEPROM setting.

The selection between interfaces is fused during IC manufacturing so that different
ordering numbers for the SPI-bus version.

Table 16. SPi-bus configuration
Connection
CPHA switch: Clock PHAse: defines the sampling edge of MOSI data
® CPHA = 1: data are sampled on MOSI on the even clock edges of SCK after NSS goes low
®* CPHA = 0: data are sampled on MOSI on the odd clock edges of SCK after NSS goes low
CPOL switch: Clock POLarity
* |FSEL1 = 0: the clock is idle low and the first valid edge of SCK will be a rising one
¢ |FSEL1 = 1: the clock is idle high and the first valid edge of SCK will be a falling one

The SPI-bus interface shares 4 pins with 12C-bus interface also supported by PN547/C2.
When SPI-bus is configured in EEPROM settings, functionality of interface pins changes
to one described in Table 17.

Table 17. Functionality for SPi-bus interface

Pin name Functionality
I2CADRO_SPINSS NSS (Not Slave Select)
I2CADR1_SPIMOSI MOSI (Master Out Slave In)
|2CSCL_SPISCK SCK (Serial Clock)
12CSDA_SPIMISO o MISO (Master In Slave Out)

All information provided in this document is subject to legal disclaimers 1 NXP B.V. 2013. All rights reserved
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PN547_C2 VFBGA

Product data sheet

Near Field Communication (NFC) controller

SPI-bus functional description

When a master device transmits data to PN547/C2 (slave device) via the MOSI line,
PN547/C2 responds by sending data to the master device via the masters MISO line. This
implies full-duplex transmission with both data out and data in synchronized with the same
clock signal.

PN547/C2 starts logic when receiving a logic low at pin NSS and the clock at input pin
SCK. Thus, PN547/C2 is synchronized with the master. Data from the master is received
serially at the slave MOSI line and loads the 8-bit shift register. After the 8-bit shift register
is loaded, its data is transferred to the read buffer. During a write cycle, data is written into
the shift register, then PN547/C2 waits for a clock train from the master to shift the data
out on the slaves MISO line.

* Master In Slave Out (MISO)

The MISO line is configured as an input in a master device and as an output in a slave
device. It is used to transfer data from the slave to the master, with the most
significant bit sent first. The MISO line of a slave device should be placed in the high
impedance state if the slave is not selected.

* Master Out Slave In (MOSI)

The MOSI line is configured as an output in a master device and as an input in a slave
device. It is used to transfer data from the master to a slave, with the Most Significant
Bit (MSB) sent first.

¢ Serial Clock (SCK)

The serial clock is used to synchronize data movement both in and out of the device
through its MOSI and MISO lines. The master and slave devices are capable of
exchanging a byte of information during a sequence of eight clock cycles. Since the
master device generates SCK, this line becomes an input on a slave device and an
output at the master device.

* Not Slave Select (NSS)

The slave select input line is used to select a slave device. It has to be low prior to
data transactions and must stay low of the duration of the transaction. The NSS line
on master side must be tied high.

Both master and slave devices must operate with the same timing. The master device
always places data on the MOSI line a half cycle before the clock edge SCK, in order for
the slave device to latch the data.

For more information about the SPI-bus functionality see Ref. 8.

Secure Element interfaces

PN547/C2 supports 2 Single Wire Protocol (SWP) interfaces to be connected to Secure
Element.

All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reserved
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PN547_C2 VFBGA

Product data sheet

Near Field Communication (NFC) controller

SWP interface
PN547/C2 features ETSI-compliant SWP interface towards UICC (see Ref. 1).

PN547/C2 supports the ETSI optional CLT mode for MIFARE as well as for FeliCa (see
Ref. 1).

The SWP interface is a bit oriented, point-to-point communication protocol between a
UICC and the contactless front end, like PN547/C2. PN547/C2 is the master and the
UICC is the slave. This interface is based on the transmission of digital information in
full-duplex mode. The master sends information on the wire in the voltage domain, while
the slave sends information back in the current domain.

PN547/C2 SWP interface implementation features 4 different baud rates:

* 910 kbit/s (activated by embedded FW by default)
* 1.25 Mbit/s (activated by embedded FW if the UICC supports it, otherwise stays at
910 kbit/s)

PN547/C2 also allows configuration of SWIO pin in high impedance state. The application
can choose to have PN547/C2 configuring this high impedance automatically when UICC
class B is detected, or on demand via host. For the configuration, refer to Ref. 9.

PN547/C2 allows configuration of an external pin PWR_REQ to request the application to
provide supply to the UICC. For the configuration, refer to Ref. 8.

Only one SWP HW interface can be active at a time. The switch between the 2 hardware
SWP interfaces is managed by the PN547/C2 firmware in a sequential way.

PN547/C2 clock concept
There are 4 different clock sources in PN547/C2:

27.12 MHz clock coming either/or from:

— Internal oscillator for 27.12 MHz crystal connection
— Integrated PLL unit which includes a 1 GHz VCO
13.56 MHz RF clock recovered from RF field

* |Low-power oscillator 10 MHz/20 MHz

* | ow-power oscillator 380 kHz

All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reserved
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10.5.1 27.12 MHz quartz oscillator

When enabled, the 27.12 MHz quartz oscillator applied to PN547/C2 is the time reference
for the RF front end when PN547/C2 is behaving in Reader mode or NFC-DEP Initiator.

Therefore stability of the clock frequency is an important factor for reliable operation. It is
recommended to adopt the circuit shown in Figure 9.

PN547

XTAL1 XTAL2

IL

crystal =

27.12 MHz I

aaa-007534

——

]

Fig9. 27.12 MHz crystal oscillator connection

The Table 18 describes the levels of accuracy and stability required on the crystal.

Table 18, Crystal requirements

Symbol Parameter Conditions Min Typ Max Unit
folk CLK frequency ISO/IEC and FCC - 2712 - MHz
compliancy
fcuk_acc  CLK frequency accuracy full operating range [ —-100 - +100 ppm
all Vgat range r -50 - +50 ppm
Temp = 20°C
all temperature range [l -50 - +50  ppm
VBAT =36V
ESR equivalent series resistance - 50 100 Q
CL load capacitance - 10 - pF
PcLk drive level - - 100 uw

[1] This requirement is according to FCC regulations requirements. To meet only ISO/IEC 14443 and
ISO/IEC 18092 then * 14 kHz apply.

10.5.2 Integrated PLL to make use of external clock

When enabled, the PLL is designed to generate a low noise 27.12 MHz for an input clock
13 MHz, 19.2 MHz, 24 MHz, 26 MHz, 38,4 MHz and 52 MHz

The 27.12 MHz output of the PLL is used as the time reference for the RF front end when
PN547/C2 is behaving in Reader mode or ISO/IEC 18092 Initiator as well as in Target
when configured in Active Communication mode.

The input clock on XTAL1 shall comply with the following phase noise requirements for
the following input frequency: 13 MHz, 19.2 MHz, 24 MHz, 26 MHz, 38,4 MHz and
52 MHz:

PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers 1 NXP B.V. 2013. All rights reserved
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dBc/Hz

-20dBc/Hz

Input reference
noise floor
-140 dBc/Hz

Input reference noise corner Hz
50 kHz aaa-007232

Fig 10. Input reference phase noise characteristics

This phase noise is equivalent to an RMS jitter of 6.23 ps from 10 Hz to 1 MHz. For
configuration of input frequency, refer to Ref. 9. There are 6 pre programmed and
validated frequency for the PLL: 13 MHz, 19.2 MHz, 24 MHz, 26 MHz, 38.4 MHz and
52 MHz.

Table 19. PLL input requirements
Coupling: single-ended, AC coupling;

Parameter Conditions Min Typ Max Unit
input frequency ISO/IEC and FCC compliancy - 13 - MHz
- 19.2 - MHz
- 24 - MHz
- 26 - MHz
- 38.4 - MHz
- 52 - MHz
frequency accuracy full operating range; frequencies typical M -25 - +25 ppm
values: 13 MHz, 26 MHz and 52 MHz
full operating range; frequencies typical M -50 - +50 ppm
values: 19.2 MHz, 24 MHz and 38.4 MHz
phase noise requirement  input noise floor at 50 kHz -140 - - dB/Hz

Sinusoidal shape

amplitude peak to peak 0.2 - 18 \%
voltage 0 - 18 \%
Square shape
voltage 0 - 18+10% V
[1] This requirement is according to FCC regulations requirements. To meet only ISO/IEC 14443 and ISO/IEC 18092 then = 400 ppm limits
apply.
For detailed description of clock request mechanisms refer to Ref. 9 and Ref. 10.
10.5.3 Low-power 20 MHz oscillator

Low-power 20 MHz oscillator is used as system clock of the system.
PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers < NXP B.V. 2013. All rights reseﬂ
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10.5.4 Low-power 380 kHz oscillator

A Low Frequency Oscillator (LFO) is implemented to drive a counter (WUC) waking-up
PN547/C2 from Standby state. This allows implementation of low-power reader polling
loop at application level. Moreover, this 380 kHz is used as the reference clock for write
access to EEPROM memory.

10.6 Power concept

10.6.1 PMU functional description
The Power Management Unit of PN547/C2 generates internal supplies required by
PN547/C2 out of Vgat or Vppmuvce inputs supplies:
* Vpp: analog supply
* DVpp: digital supply
* TVpp: supply for RF transmitter
* SVpp: supply of the Secure Element connected
¢ SIMVcc: supply of the UICC when its power input is not directly connected to the
mobile PMU

Figure 11 describes the main blocks available in PMU:

oo |
VBAT ! : VBAT_DCDC
1 VDD DVDD |
L SAP_DCDC
DSLDO — SAM_DCDC
BANDGAP — VuP
TXLDO
l TVDD
L | eSE SUPPLY UICC SUPPLY
PN547
aaa-007536
SVDD PMUVCC  SIMVCC
Fig 11. PMU functional diagram

10.6.2 Dual supply LDO (DSLDO)
The input pin of the DSLDO is VBAT.

The low drop-out regulator provides Vpp (analog supply) required in PN547/C2.

Vpp (analog supply) shall be connected externally to DVpp (digital core supply).

PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers 1 NXP B.V. 2013. All rights reserved
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10.6.3 TXLDO

This is the LDO which generates the transmitter voltage.
The value of TVpp is configured at 3.1 V £ 0.2 V.

TVpp value is given according to the minimum targeted Vgar value for which Reader
mode shall work.

For Vgar above 3.1V, TVpp = 3.1 V.
Ver231 =TV, = 3.1V

3AV> Vg p223V=TVp, = Vur

In Standby state, TVpp is around 2.5 V with some ripples; it toggles between 2.35V to
2.65 V with a period which depends on the capacitance and load on TVDD.

Figure 12 shows TVpp behavior for3.1 V:

TVppsetlo 3.1V
3.1V

27y TVppsetto 27V \

time

2aa-007537

Fig 12. TVpp offset disabled behavior

Figure 13 shows the case where the PN547/C2 is in Standby state:
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Vear

2.65V
25V 15 SN N
235V

time

aaa-007538

Fig 13. TVpp behavior when PN547/C2 is in Standby state

10.6.3.1 TXLDO limiter

The TXLDO includes a current limiter to avoid too high current within TX1, TX2 when in
Reader or Initiator states.

The current limiter block compares an image of the TXLDO output current to a reference.
Once the reference is reached the output current gets limited which is equivalent to a
typical output current of 220 mA for Vgar = 2.7 V and 180 mA for Vgar= 3.1 V.

10.6.4 Secure Element supply

A dedicated regulator is used to generate SVpp.
This supply is used to supply a Secure Element connected on SWP.

References of SVpp supply are in Table 1.

10.6.5 UICC supply

The UICC supply block is in charge to deliver the proper supply for the external UICC and
also to provide SWIO data signal.

At the mobile device level, the UICC supply (UICC C1 pin = V¢ as described in the
ETSI/SCP 102 221) might be connected to either PN547/C2 SIMVCC pin or directly to a
PMU/LDO of the mobile device platform.

To allow the Card Emulation functionality when the mobile device is switched OFF then
the UICC shall be powered via SIMVCC and PMUVCC shall be connected to the
PMU/LDO output which is used as reference for the ETSI/SCP 102 221 interface of the
UICC. SIMV¢ voltage is present as soon as the PMU/LDO voltage is present and it is of
the same class. PN547/C2 withstands 1.8 V (class C) or 3 V (class B).

The design is done such a way that SIMVCC can be low when the PN547/C2 is in
Standby state. This is not the default configuration but it can be enabled by a firmware
configuration (refer to Ref. 9).
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When using PMU/LDO to directly supply the UICC, PMUVCC shall also be connected to
the same supply in order to guarantee the compatibility of the SWIO S1 signal with the
Ref. 1 specification for both 1.8 V (class C) or 3 V (class B). When in class C, the SWIO
signal is directly generated from PMUV¢ voltage, whereas in class B it is derived from
DVpp  internal 1.8 V reference.

When using SIMVCC to supply the UICC, then PMUVCC is connected to the PMU/LDO
which gives the power supply used by the ETSI/SCP 102 221 interface. If the PMU/LDO is
disabled, then a switch has been added to derive from DVDD, 1.8 V supply for SIMVCC,
so that the PN547/C2 can still supply the UICC. As for DVpp, SIMVc is either generated
from the remaining battery voltage. When PMUVCC supply is OFF, SIMV¢c is only high
when activity is required on SWIO.

In whatever mode the PN547/C2 is, including Hard Power Down (Vgn < 1.1 V), when
PMUVcc rises, SIMVc will follow PMUVcc.

PMUVcc

tsimvce

aaa-007236

SIMVcc

Fig 14. SIMV¢ versus PMUVgg

The PN547/C2 UICC circuitry is able to detect if PMUV ¢ is ON or OFF and from which
class it is.

The On resistance of the internal switch between PMUVCC and SIMVCC is designed to
be below 1 Q in class B and below 1.2 Q in class C. If this is too high for a given
application, meaning that the voltage drop introduced by the switch is too high to keep the
SIMVCC above the ETSI limits (that is, 2.7 V in class B and 1.62 V in class C), an external
switch can be used to reduce the overall resistance of both switches in parallel. A signal is
available on pin EXT_SW_CTRL to drive the gate of the external switch which has to be
made of 2 transistors connected in series in order to cancel the parasitic diodes.

In case PMUVCC is present EXT_SW_CTRL pin is driven low otherwise it is driven high.
In case SIMVCC is connected to PMUVCC, then EXT_SW_CTRL pin is driven low.

Remark: A possible reference is PMDPB65UP from NXP. The switch made with both
transistors in series would have then the following max RdsOn: 210 mQ x 2 = 420 mQ at
VGS = 1.8 V. assuming that the internal switch On resistance is 1500 mQ, the overall On
resistance would be ~330 mQ.

Battery voitage monitor

The PN547/C2 features low-power Vgar Voltage monitor which protects mobile device
battery from being discharged below critical levels. When Vgar voltage goes below
VaTeritical threshold then the PN547/C2 goes in monitor mode. Refer to Figure 15 for
principle schematic of the battery monitor.

The battery voltage monitor is enabled via an EEPROM setting.

The Vgarteritical threshold can be configured to 2.3 V or 2.75 V by an EEPROM setting.

All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reserved

Rev. 3.0 — 1 July 2013



NXP Semiconductors PN547102 VFBGA

Near Field Communication (NFC) controller

At the first start-up, Vgat voltage monitor functionality is OFF and then enabled if properly
configured in EEPROM. The PN547/C2 monitors battery voltage continuously.

VBAT
enable
VBAT
EEPROM |—| REGISTERS e
threshold
selection
SYSTEM
VDD POWER Low-power MANAGEMENT
MANAGEMENT
DVDD——l
| POWER SWITCHES }- Power Off
DVDD_CPU DIGITAL
= (memories, cpu,
etc..l)
aaa-007539
Fig 15. Battery voltage monitor principle

The value of the critical level can be configured to 2.3 V or 2.75 V by an EEPROM setting.
This value has a typical hysteresis around 150 mV.

10.6.7 Thermal protection

In case of failure (short of TX1, TX2 or TVDD) the current consumption can increase up to
the limiters value. The TXLDO can sink continuously up to around 180 mA for

TVpp = 3.1 V which are the thresholds of an internal limiter. Nevertheless the antenna
shall be tuned so that the current within VBAT pin does not exceed 170 mA (see Table 1).
The PN547/C2 will be heating, therefore a thermal protection is included.

The thermal protection is triggered at a threshold of 125 °C typical. In case over
temperature is detected the embedded FW executes the following sequence:

* shuts down the TXLDO

* notifies host

¢ waits 50 ms to get host answer

* enters the Standby state, then no wake-up possible until over temperature
disappears. In this mode, the PN547/C2 will consume around 100 pA as the
temperature sensor remains active

After over temperature disappears the FW:

* wakes-up and goes to Active battery mode (ActiveBAT)

* notifies host
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Contactless Interface Unit

PN547/C2 supports various communication modes at different transfer speeds and
modulation schemes. The following chapters give more detailed overview of selected
communication modes.

Remark: all indicated modulation index and modes in this chapter are system
parameters. This means that beside the IC settings a suitable antenna tuning is required
to achieve the optimum performance.

Reader/Writer modes

Generally 5 Reader/Writer modes are supported:

* PCD Reader/Writer for ISO/IEC 14443A/MIFARE
PCD Reader/Writer for Jewel/Topaz tags

PCD Reader/Writer for FeliCa cards

PCD Reader/Writer for ISO/IEC 14443B

VCD Reader/Writer for ISO/IEC 15693/ICODE

ISO/IEC 14443A/MIFARE and Jewel/Topaz PCD mode

The ISO/IEC 14443A/MIFARE PCD mode is the general reader to card communication
scheme according to the ISO/IEC 1444 3A specification. This modulation scheme is as
well used for communications with Jewel/Topaz cards.

Figure 16 describes the communication on a physical level, the communication table
describes the physical parameters (the numbers take the antenna effect on modulation
depth for higher data rates).

PN547 PCD to PICC PICC (Card)
100 % ASK at 106 kbit/s

> 25 % ASK at 212, 424 or 848 kbit/s
Modified Miller coded

ISO/IEC 14443A - MIFARE ISO/IEC 14443A - MIFARE
PCD mode
PICC to PCD,
subcarrier load modulation
Manchester coded at 106 kbit/s aaa-007540

BPSK coded at 212, 424 or 848 kbit/s

Fig 16. ISO/IEC 14443A/MIFARE Reader/Writer mode communication diagram

Table 20. Communication overview for ISO/IEC 14443A/MIFARE Reader/Writer

Communication

' ISO/IEC 14443A/ ISO/IEC 14443A higher transfer speeds

direction MIFARE/Jewel/T
opaz

‘Transfer speed | 106 kbit/s 212 kbit/s 424 kbit/s 848 kbit/s

'Bit length (128/13.56) us  (64/13.56)us  |(32/13.56)us (16/13.56) us
PN547/C2 — PICC
(data sent by PN547/C2  modulationon 100 % ASK > 25 % ASK > 25 % ASK > 25 % ASK
to a card) PN547/C2 side

bitcoding ~ Modified Miller  Modified Miller  Modified Miller  Modified Miller

PICC — PN547/C2

PN547_C2 VFBGA
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Table 20. Communication overview for ISO/IEC 14443A/MIFARE Reader/Writer ...continued

Communication
direction

(data received by
PN547/C2 from a card)

10.7.1.2

ISO/IEC 14443A/ ISO/IEC 14443A higher transfer speeds
MIFARE/Jewel/T

opaz

Transfer speed 106 kbit/s 212 kbit/s 424 kbit/s 848 kbit/s

Bit length (128/13.56) us (64/13.56) us (32/13.56) us (16/13.56) us
modulation on subcarrier load subcarrier load subcarrier load subcarrier load
PICC side modulation modulation modulation modulation
subcarrier 13.56 MHz/16 13.56 MHz/16 13.56 MHz/16 13.56 MHz/16
frequency

bit coding Manchester BPSK BPSK BPSK

The contactless coprocessor and the on-chip CPU of PN547/C2 handle the complete
ISO/IEC 14443A/MIFARE RF-protocol, nevertheless a dedicated external host has to
handle the application layer communication.

FeliCa PCD mode

The FeliCa mode is the general Reader/Writer to card communication scheme according
to the FeliCa specification. Figure 17 describes the communication on a physical level, the
communication overview describes the physical parameters.

PN547 PCD to PICC, PICC (Card)
8- 12 % ASK al 212 or 424 khits/s
Manchester coded

ISO/IEC 18092 - FeliCa FeliCa card
PCD mode
PICC to PCD,
load modulation
Manchester coded at 212 or 424 kbils/s aaa-007541

Fig 17. FeliCa Reader/Writer communication diagram

Table 21. Communication overview for FeliCa Reader/Writer

Communication direction | FeliCa FeliCa higher transfer speeds
Transfer speed 212 kbit/s 424 kbit/s
Bit length | (64/13.56) s (32/13.56) us
PN547/C2 — PICC
(data sent by PN547/C2 to a card) modulation on 8 % - 12 % ASK 8% — 12 % ASK
PN547/C2 side
bit coding Manchester Manchester
'PICC — PN547/C2 -~ —
Et_aﬁaceivm b_y PN547/C2 from a card)_ modulation on PICC  load modulation load modulation
side
subcarrier frequency no subcarrier no subcarrier
bit coding Manchester Manchester

PN547_C2 VFBGA

Product data sheet

The contactless coprocessor of PN547/C2 and the on-chip CPU handle the FeliCa
protocol. Nevertheless a dedicated external host has to handle the application layer
communication.
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ISO/IEC 14443B PCD mode

The ISO/IEC 14443-B PCD mode is the general reader to card communication scheme
according to the ISO/IEC 14443-B specification.Figure 18 describes the communication
on a physical level, the communication table describes the physical parameters.

PN547 PCD to PICC, PICC (Card)
8- 14 % ASK at 106, 212, 424 or 848 kbits/s
NRZ coded
ISO/IEC 14443 Type B ISO/IEC 14443 Type B
PCD mode
PICC to PCD,
subcarrier load modulation
BPSK coded at 106, 212, 424 or 848 kbits/s aaa-007544
Fig 18. ISO/IEC 14443B reader/writer communication diagram

Table 22. Communication overview for ISO/IEC 14443B Reader/Writer

Communication
direction

PN547/C2 — PICC

(data sent by PN547/C2
to a card)

ISO/IEC 14443B |ISO/IEC 14443B higher transfer speeds
Transfer speed | 106 kbit/s 212 kbit/s 424 kbitls 848 kbit/s

PICC — PN547/C2

(data received by
PN547/C2 from a card)

10.7.1.4

PN547_C2 VFBGA

Product data sheet

Bit length [(128/13.56) us | (64/13.56) us  |(32/13.56) us (16/13.56) ps
modulation on 8% -14%ASK 8% -14%ASK 8% -14%ASK 8 % - 14 % ASK
PN547/C2 side

bit coding NRZ NRZ NRZ NRZ

modulation on subcarrier load subcarrier load subcarrier load subcarrier load
PICC side modulation modulation modulation modulation
'subcarrier 13.56 MHz/16  13.56 MHz/16  13.56 MHz/16  13.56 MHz/16
frequency

bit coding BPSK BPSK BPSK BPSK

The contactless coprocessor and the on-chip CPU of PN547/C2 handles the complete
ISO/IEC 14443-B RF-protocol, nevertheless a dedicated external host has to handle the
application layer communication.

ISO/IEC 15693 VCD mode

The ISO/IEC 15693 VCD Reader/Writer mode is the general reader to card
communication scheme according to the ISO/IEC 15693 specification. PN547/C2 will
communicate with VICC using only the higher data rates of the VICC (26.48 kbit/s with
single subcarrier and 26.69 kbit/s with dual subcarrier).

PN547/C2 supports the commands as defined by the ETS| HCI (see Ref. 2), and on top
offers the inventory of the tags (anticollision sequence) on its own.

All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reserved
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PN547

ISO/IEC 15693
VCD mode

VCD to VICC,

pulse position coded

10 - 30 % or 100 % ASK at 1.65 or 26.48 kbifs

Card
(VICCITAG)

ISO/IEC 15693

VICC to VCD,

Fig 19.

subcarrier load modulation

Manchester coded at 26.48 or 26 .69 khit/s

ISO/IEC 15693 VCD mode communication diagram

Figure 19 shows the communication schemes used.

aaa-007549

2 communication schemes can be used from card to PN547/C2 and 2 communication
schemes can be used from PN547/C2 to card.

Thus, 4 communication schemes are possible.

Table 23.
Communication direction
PN547/C2 — VICC

(data sent by PN547/C2 to
atag)

transfer speed
bit length

modulation on
PN547/C2 side

bit coding

VICC — PN547/C2
(data received by

transfer speed

Communication overview for ISO/IEC 15693 VCD

1.65 Kbit/s
(8192/13.56) ps
10 % — 30 % or 100 % ASK

pulse position modulation 1 out of
256 mode

26.48 kbit/s

26.48 kbit/s
(512/13.56) s
10 % — 30 % or 100 % ASK

pulse position modulation 1 out of
4 mode

26.69 kbit/s

PN547/C2 from a tag)

bit length

(512/13.56) us

(508/13.56) s

‘modulation on VICC

side

subcarrner load modulation

subcarrier load modulation

‘subcarrier frequency
bit coding

10.7.2

single subcarrier
Manchester

dual subcarrier
Manchester

ISO/IEC 18092, Ecma 340 NFCIP-1 operating mode

An NFCIP-1 communication takes place between 2 devices:

* |nitiator: generates RF field at 13.56 MHz and starts the NFCIP-1 communication

* Target: responds to Initiator command either in a load modulation scheme in Passive
Communication mode or using a self generated and self modulated RF field for Active
Communication mode

The NFCIP-1 communication differentiates between Active and Passive Communication

modes.

* Active Communication mode means both the Initiator and the Target are using their
own RF field to transmit data

* Passive Communication mode means that the Target answers to an Initiator
command in a load modulation scheme. The Initiator is active in terms of generating
the RF field

PN547_C2 VFBGA

Product data sheet
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In order to fully support the NFCIP-1 standard PN547/C2 supports the Active and Passive
Communications mode at the transfer speeds 106 kbit/s, 212 kbit/s and 424 kbit/s as
defined in the NFCIP-1 standard.

| =
BATTERY BATTERY
[oarrer

PN547 — PN547

HOST HOST

Initiator: Active Target: Passive or Active

aaa-007554

Fig 20. NFCIP-1 mode

The contactless coprocessor of PN547/C2 and the on-chip CPU handle NFCIP-1
protocol, for all communication modes and data rates, for both Initiator and Target.

Nevertheless a dedicated external host has to handle the application layer
communication.
Passive Communication mode

Passive Communication mode means that the Target answers to an Initiator command in
a load modulation scheme.

host PN547 PN547 host
NFC Initiator 1. Initiator starts the communication at selected transfer speed NFC Target
power power
to generate for digital
the field processing
host PN547 PN547 host
NFG Igltigtor 2. Target answers using load modulation at the same transfer speed NFC Target
power power
to generate for digital
the field processing
aaa-007559
Fig 21. Passive NFC mode
Table 24 gives an overview of the Passive NFC mode:
All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reseﬂ
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Table 24. Communication overview for Passive NFC mode

Communication direction ISO/IEC 18092, Ecma 340, NFCIP-1

Baud rate 1106 kbit/s 212 kbit/s 424 kbit/s

Bit length 1(128/13.56) us (64/13.56) ps 1(32/13.56) ps
Initiator to Target

modulation 100 % ASK 8 % — 30 % ASKIl 8 % — 30 % ASKL

bit coding Modified Miller Manchester Manchester
Target to Initiator

modulation subcarrier load load modulation load modulation

modulation
subcarrier frequency 13.56 MHz/16 no subcarrier no subcarrier
bit coding Manchester Manchester Manchester

[1] This modulation index range is according NFCIP-1 standard. It might be that some NFC forum type 3 cards does not withstand the full
range as based on FeliCa range which is narrow (8 % to 14 % ASK). To adjust the index look to Ref. 11.

10.7.2.2 NFCIP-1 framing and coding
The NFCIP-1 framing and coding in Active and Passive Communication modes are
defined in the NFCIP-1 standard: ISO/IEC 18092 or Ecma 340.

10.7.2.3 NFCIP-1 protocol support

The NFCIP-1 protocol is not completely described in this document. For detailed
explanation of the protocol, refer to the ISO/IEC 18092 or Ecma 340 NFCIP-1 standard.
However the datalink layer is according to the following policy:

* Transaction includes initialization, anticollision methods and data transfer. This
sequence must not be interrupted by another transaction

¢ PSL shall be used to change the speed between the target selection and the data
transfer, but the speed should not be changed during a data transfer

10.7.3 Card operation modes

PN547/C2 can be addressed as a ISO/IEC 14443A, MIFARE, ISO/IEC 14443B cards.
This means that PN547/C2 can generate an answer in a load modulation scheme
according to the ISO/IEC 14443A, ISO/IEC 14443B interface description.

MIFARE is supported via SWP CLT.
FeliCa is supported via SWP CLT.

Remark: PN547/C2 does not support a complete card protocol. This has to be handled
either by a connected companion Secure Element or the host controller.

Table 25 and Table 26 describe the physical parameters.

PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers ' NXP B.V. 2013. All rights reserved
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10.7.3.1 ISO/IEC 14443A/MIFARE card operation mode
Table 25. Communication overview for ISO/IEC 14443A/MIFARE card operation mode
Communication ISO/IEC 14443A/MIFARE  ISO/IEC 14443A higher transfer speeds
direction Transfer speed | 106 kbit/s 212 kbit/s 424 kbit/s
Bit length (128/13.56) ps (64/13.56) s (32/13.56) s
PCD — PN547/C2
(data received by modulationon PCD 100 % ASK > 25 % ASK > 25 % ASK
PN547/C2 from a card) side
bit coding Modified Miller Modified Miller Modified Miller

PN547/C2 — PCD
(data sent by PN547/C2 to

modulation on

subcarrier load modulation

subcarrier load

subcarrier load

a card) PN547/C2 side modulation modulation
subcarrier 13.56 MHz/16 13.56 MHz/16 13.56 MHz/16
frequency
bit coding Manchester BPSK BPSK

10.7.3.2 ISOJ/IEC 14443B card operation mode

Table 26. Communication overview for ISO/IEC 14443B card operation mode

Communication ISO/IEC 14443B ISO/IEC 14443B higher transfer speeds

. . ¢ _— | ——

direction Transfer speed 106 kbit/s 212 kbit/s 424 kbit/s

'Bit length '(128/13.56) us |(64/13.56) ps (32/13.56) ps

PCD — PN547/C2

(data received by modulationon PCD 8 % — 14 % ASK
PN547/C2 from a Reader) side

bit coding

8 % — 14 % ASK 8 % — 14 % ASK

NRZ NRZ NRZ

PN547/C2 — PCD

(data sent by PN547/C2 to modulation on subcarrier load subcarrier load subcarrier load

a Reader) PN547/C2 side modulation modulation modulation
subcarrier 13.56 MHz/16 13.56 MHz/16 13.56 MHz/16
frequency
bit coding BPSK BPSK BPSK

10.7.4 Frequency interoperability

When in communication, PN547/C2 is generating some RF frequencies. PN547/C2 is
also sensitive to some RF signals as it is looking from data in the field.

In order to avoid interference with others RF communication it is required to tune the
antenna and design the board according to Ref. 10.

Although ISO/IEC 14443 and ISO/IEC 18092/Ecma 340 allows an RF frequency of
13.56 MHz £ 7 kHz, FCC regulation does not allow this wide spread and limits the
dispersion to £ 50 ppm, which is in line with PN547/C2 capability.
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10.8 Support for production test and implementation

PN547/C2 supports several tests functions which ease test in final application production
environment.
¢ Antenna self test:

If the antenna tuning is done according to recommendations given in Ref. 11, this test
can detect that all tuning components are present with the right value. This process
requires a calibration process.

Refer to Ref, 9 to know how to use the associated commands.
* SWP self test:

This function checks the connection of SWIO and PMUVCC lines.

Refer to Ref. 9 to know how to use the associated commands.
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12. Limiting values

Table 27. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min Max Unit

PVbp pad supply voltage - 36 V

Vpar power supply voltage ~~ - 6 Vv

Veatocpe  power supply voltage - 6 \%

VESDH ESD susceptibility (Human Body 1500 Q, 100 pF; - 15 kv
Model) EIA/JJESD22-A114-D

VEspe ESD susceptibility (Charge Device field induced model; - 500 V
Model) EIA/JESC22-C101-C

Tstg storage temperature -55 +150 °C

Prot total power dissipation all modes - - 055 W

[1] The design of the solution shall be done so that for the different use cases targeted the power to be
dissipated from the field or generated by PN547/C2 does not exceed this value.

13. Recommended operating conditions

Table 28. Operating conditions

Symbol _ Parameter Conditions Min Typ Max Unit
Tamo operating ambient JEDEC PCB-0.5 -30 +25 +85 °C
temperature
Vpat battery supply voltage battery monitor enabled 23 - 55 WV
VSS =0V
Viat power supply voltage Card Emulation and e 23 - 55 W
Passive Target
VSS =0V
ViaT power supply voltage Reader, Active Initiator 121 27 - 55 WV
and Active Target
VSS =0V
PVbp supply voltage for host 1.8 V host supply 0165 1.8 195 V
interface Vgs =0V
PVpp supply voltage for host 3 V host supply 27 30 33 V
interface Vg =0V
Piot total power dissipation Reader - - 0.5 w
lTVDD =100 mA
VBAT =55V
lTvDD maximum current in TVDD 2l 100 - - mA
lsvbp maximum current in SVDD  Vgar > 2.3V 20 - - mA
switch

[1] VSS represents PVSS, DVss, TVss1, TVssz.

[2] The antenna should be tuned not to exceed this current limit (the detuning effect when coupling with
another device must be taken into account).
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Table 29. Thermal characteristics

Symbol Parameter Conditions Min

Rthj-a thermal resistance from in free air with exposed pad -
junction to ambient soldered on a 4 layer

JEDEC PCB

Typ

Max Unit

<tbd> -

KW

15. Characteristics

15.1 Current consumption characteristics

Table 30. Current consumption characteristics for operating ambient temperature range

Symbol Parameter Conditions Min Typ Max Unit

lpD Hard Power Down Vgar =36V, Vgny=0V - 10 18 LA
current on VBAT

IsTBY Standby state currenton Vgar =36V m - 20 35 A
VBAT (including
emulation phase of
polling loop)

lacT Active state currenton  Vgar=3.6V 12 - 6 - mA
VBAT in Idle and Target
power modes

IRFON Active state currenton  Vgay=3 .6V 2 - 13 - mA
VBAT in Initiator power
mode

Imon monitor mode currenton Vgar =2.75V [ - 10 18 A
VBAT

Itvop transmitter supply continuous wave, 48] - 30 100 mA
current TVpp=31V

Ipmuvee PMUVCC supply current  class B - 1.5 LA
consumes by PN547/C2 " oo ¢ T - 1 LA

VFBGA in Standby and
HPD states

(1]
(2]
(3]
4
5]

PN547_C2 VFBGA

Product data sheet
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Refer to Section 10.1.2.4 for the description of the power modes.
Refer to Section 10.1.2.5 for the description of the polling loop.
This is the same value for Vgar = 2.3 V when the monitor threshold is set to 2.3 V.

ltvop depends on TVpp and on the external circuitry connected to Tx1 and Tx2.

During operation with a typical circuitry as recommended by NXP in Ref. 11, the overall current is below

100 mA even when loaded by target/card/tag.
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15.2 Functional block electrical characteristics

15.2.1 Battery voltage monitor characteristics

Table 31. Battery voltage monitor characteristics

Symbol Parameter Conditions Min Typ Max Unit
Viures threshold voltage setto23V 2.2 2.3 2.4 Vv
Vtures threshold voltage setto2.75V 2.65 2.75 285 V
VHysT hysteresis voltage 100 150 200  mV

15.2.2 Reset via VEN

Table 32. Reset timing

Symbol Parameter ‘Conditions Min Typ ‘ ‘Max Unit
treserven VEN pulse width to reset 3 - . us
teooT boot time - - 25 ms

15.2.3 Power-up timings

Table 33. Power-up timing

Symbol Parameter Conditions Min - Typ Max Unit

tygarven  mMinimum time from Vpgag 0 : - ms
high to Vg high

tpvbpven  Minimum time from PVpp 0 - B ms

high to Vg high

15.2.4 Download mode timings

Table 34. Download mode timing

Symbol  Parameter Conditions Min Typ Max  Unit
tepioaven  Minimum time from 0 - - ms
DWL_REQ voltage high to
VEN high

15.2.5 Thermal protection

Table 35. Thermal threshold

Symbol Parameter " Conditions Min Typ Max  Unit

Tovertemp  high temperature at which the 120 125 130 °C
thermal protection is triggered

15.2.6 12C-bus timings

Here below are timings and frequency specifications.

PN547_C2 VFBGA
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A trDA tHD;DAT
—

f

=—tSU;DAT
tLow

aaa-007573

Fig 23. 12C-bus timings

Table 36. High-speed mode I2C-bus timings specification

Symbol Parameter Conditions Min Max Unit
fscLH SCLH clock frequency Cp <100 pF 0 3.4 MHz
tsu.sta set-up time for a (repeated) START Cp <100 pF 160 - ns
condition
tip.sta hold time (repeated) START condition Cy < 100 pF 160 - ns
tlow  LOW period of the SCL clock Cp, < 100 pF 160 ] ns
twen  HIGH period of the SCL clock C,<100pF 60 ] ns
tsupar data set-up time Cp <100 pF 10 - ns
tuppar data hold time Cp <100 pF 0 - ns
tioa rise time of SDA Cp <100 pF 10 80 ns
tpa  fall time of SDA > ~ Cp < 100 pF. 10 80 ns
Vhys hysteresis of Schmitt trigger inputs Cp <100 pF 0.1PVpp - \%

Table 37. Fast mode I2C-bus timings specification

Symbol Parameter Conditions Min Max Unit
fscLH SCLH clock frequency Cp <400 pF 0 400 kHz
-tSU;STA set-up time for aFepeated) START C;< 400 pF 600 - ns
condition
tup:sta  hold time (repeated) START condition Cy, <400 pF 600 - ns
tLow LOW period of the SCL clock Cp <400 pF i3 - us
thigH HIGH period of the SCL clock Cp, <400 pF 600 - ns
tsupar data set-up time Cp <400 pF 100 - ns
tppar dataholdtime ™ Cp, < 400 pF 0 900 ns
Vhys hysteresis of Schmitt trigger inputs Cp <400 pF 0.1PVpp - \%
PN547_C2 VFBGA All information provided in this document is subject to legal disclaimers © NXP B.V. 2013. Al rights reserved
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15.2.7 SPl-bus timings
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fsck

SCK

tsumosl —1= tHpmos|

MOSI MSB ><

<—tHDMISO

MISO MSB

NSS

Fig 24. SPi-bus timing diagram

aaa-007574

Table 38. SPIl-bus timings specification
Symbol Parameter Conditions
tsck clock period of SCK

tsumos)  set-up time of the MOSI line before the
sampling edge of SCK

tubmosi  hold time of the MOSI line after the sampling
edge of SCK

thomiso  hold time of the MOSI line before the changing
edge of SCK

tHDnss hold time of the NSS line changing to high after
the last changing edge of SCK

tsunss set-up time of the NSS line changing to low
before the first change of SCK

[1] Controlled by host.

[2] Controlled by PN547/C2.

PN547_C2 VFBGA L _ Allinformation provided in this document is subject to legal disclaimers
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- 142 ns
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15.2.8 UICC supply characteristics

See Table 39 for the parameters of the UICC supply functionality.

Near Field Communication (NFC) controller

Table 39. Electrical characteristics of UICC supply

Symbol Parameter Conditions Min Typ Max Unit

PMUVcc thresh  threshold for PMUVc at which 0.7 - 1.1V
SIMV ¢ is supplied from PMUV¢c

ClassB_thresh  Class B detection threshold for 21 24 26 V
PMUVcc

SIMVce SIMVCC voltage PMUVcctoground — 1.62 - 1908 V

Isimvee = 5 MA

Ron_B resistance between PMUVCC and PMUVcc =275V, - - 1.0 Q
SIMVCC Isimvee = 50 mA

Ron_C resistance between PMUVCC and PMUV¢c = 1.67 V - - 12 Q
SIMVCC Isimvee = 30 mA

Ron_PD resistance between SIMVCC and DVpp=1.65V - - 04 kQ
VSS when UICC is not powered

15.3 Pin characteristics
15.3.1 XTAL pin characteristics (XTAL1, XTAL2)

Table 40. Input clock characteristics on XTAL1 when using PLL

Parameter Conditions Typ Max Unit

peak-to-peak input voltage - 165 V

duty cycle 35 - 65 %

Table 41. Pin characteristics for XTAL1 when PLL input

Symbol Parameter Conditions Min Typ Max Unit

IiH HIGH-level input current V\=Vpp - - 1 A

I LOW-level input current ~ V, =0V . 4 - - LA

V| input voltage - - Vbobp \%

VaL input voltage amplitude 200 - - mV

Cin input capacitance all power modes - 2 - pF

Table 42. Pin characteristics for 27.12 MHz crystal oscillator

VSymbo-I Parameter Conditions Min Typ Max Unit

CinxtaL1  XTAL1 input capacitance Vpp =18V, - 2 - pF

Vpc = 0.65V,
Vac = 0.9 V(p-p)
CinxtaLz  XTALZ2 input capacitance - 2 - pF

[11 See the Figure 22 for example of appropriate connected components. The layout should ensure minimum
distance between the pins and the components.
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Table 43. PLL accuracy

PN547/C2 VFBGA

Near Field Communication (NFC) controller

Symbol Parameter

Facc

deviation added to XTAL1
frequency on RF frequency
generated

15.3.2 VEN input pin characteristics

Table 44. VEN input pin characteristics

Conditions Min Typ Max Unit

worst case whatever -50 - +50 ppm
input frequency

Symbol Parameter Conditions Min Typ Max Unit
ViH HIGH-level input voltage 11 - VBaAT \
ViL LOW-level input voltage 0 - 0.4 \%
IiH HIGH-level input current VEN = VBaT - - 1 LA
I LOW-level input current Ven=0V -1 - - uA
Cin input capacitance - 5 - pF

15.3.3 Output pin characteristics for IRQ, CLK_REQ and PWR_REQ

Table 45. Output pin characteristics for IRQ, CLK_REQ and PWR_REQ

Symbol Parameter Conditions Min Typ Max Unit
Von HIGH-level output lon <3 mA PVpp-04 - PVpp \
voltage
VoL  LOW-level output loL < 3 MA 0 - 04 Vv
voltage
CL load capacitance - - 20 pF
ttan fall times CL =12 pF max
high speed 1 - 8 ns
slow speed 3 - 10 ns
_trise rise times CL =12 pF max
high speed 1 - ) ns
slow speed 3 - 10 ns
extra pull-down ' 04 - 0.75 MQ
[1] Extra pull-down is activated in HPD state and monitor mode.
15.3.4 Output pin characteristics for DWL_REQ
Table 46. Output pin characteristics for DWL_REQ
Symbol Parameter Conditions Min Typ Max Unit
Vi HIGH-level input voltage PVpp =18V 0.65PVpp - \
Vi LOW-level output PVpp =18V - - 0.35PVpp \
voltage
Vi HIGH-level input voltage PVpp =3V 2 - - \
Vi LOW-level output PVpp =3V - - 0.8 \
voltage
A HIGH-level input current - - 1 mA
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Table 46. Output pin characteristics for DWL_REQ .. continued
Symbol Parameter Conditions Min Typ Max Unit
m LOW-level input current -1 - - mA
Cin input capacitance - - 5 pF
extra pull-down 'l 04 - 0.75 MQ
[1] Extra pull-down is activated in HPD state and monitor mode.
15.3.5 Output pin characteristics for 2CADRO_SPINSS, I2CADR1_SPIMOSI,
12CSCL_SPISCK (used as SPISCK)
Table 47. Output pin characteristics for 2CADRO_SPINSS, 12CADR1_SPIMOSI,
12CSCL_SPISCK (used as SPISCK)
Symbol Parameter Conditions Min Typ Max Unit
ViH HIGH-level input voltage 0.65PVpp - PVpp \
Vi LOW-level input voltage 0 - _0.35PVDD \
IiH HIGH-level input current V| = PVpp; - - 1 LA
T=125°C
m LOW-level input current V=0V, -1 - - LA
T=125°C
CiN input capacitance - 9 - pF
15.3.6 Pin characteristics for I2CSDA_SPIMISO (used as I12CSDA) and

I2CSCL_SPISCK (used as I2CSCL)

Table 48. Pin characteristics I2CSDA_SPIMISO (used as I2CSDA) and I12CSCL_SPISCK

(used as 12CSCL)

Symbol Parameter Conditions Min Typ Max Unit
VoL LOW-level output loL <3 mA 0 - 04 \'%
voltage
CL load capacitance - - 10 pF
tral fall times C_ =100 pF, 30 - 250 ns
Rpull-up = 2 kQ
Standard and Fast mode
tea fall times C_ =100 pF, 110 - 80 ns
Rpull-up = 1 kQ
High-speed mode
tiss rise times C_ =100 pF, 30 - 250 ns
Rpull-up = 2 kQ
Standard and Fast mode
trise rise times C_ =100 pF, 10 - 100 ns
Rpull-up = 1 kQ
High-speed mode
Vi HIGH-level input voltage 0.7PVpp - PVpp \%
Vi LOW-level input voltage 0 - 0.3PVpp V
IiH HIGH-level input current V| = PVpp; - - 1 pA
high impedance
I LOW-level input current  V, =0V, high impedance -1 - - pA
Cin input capacitance - 5 - pF

PN547_C2 VFBGA

Product data sheet
COMPANY CONFIDENTIAL

_ Allinformation provided in this document is subject to legal disclaimers

Rev. 3.0 —
235

1 NXP B.V. 2013. All rights reserved

1 July 2013
830 44 of 58



NXP Semiconductors

15.3.7 Pin characteristics for I2CSDA_SPIMISO

PN547/C2 VFBGA

Near Field Communication (NFC) controller

Table 49. Pin characteristics I22CSDA_SPIMISO
Symbol Parameter Conditions Min Typ Max Unit
Vou HIGH-level output voltage loy <4 mA PVpp-04 - PVpp \%
VoL LOW-level output voltage lp. <4 mA 0 - 0.4 \%
CL load capacitance L - - 20 pF
trall fall times CL =12 pF max
high speed i - 3 ns
slow speed 3 - 10 ns
trise rise times EL =12 pF max
high speed 1 - BN, ns
slow speed 3 - 10 ns
15.3.8 SWIO_UICC pin characteristics
Table 50. Electrical characteristics of SWIO_UICC
Symbol Parameter Conditions Min Typ Max Unit
SWIO_VOH_B  output high voltage; lswio uicc = 1 mA 14 - - \
PMUVcc inclass B Igmvece = 50 mA
PMUVge =275V
SWIO_VOH_C_ output high voltage; Iswio uicc = 1 mA 1l 0.85SIMVce - - \%
ext PMUVcc inclass C  Igimvee = 30 mA
PMUVce =167V
SWIO_VOH_C_ output high voltage; Iswio_uicc =1 mA [l 0.85SIMVce - - A%
int SIMVec = DVpp Isimvee = 5 mA
PMUV¢ec =0V
SWIO_VOL output low voltage 0 pA <lswio_uicc < - - 03 V
20 A
SWIO_IIH current threshold 180 300 420 pA
lieak leakage current high impedance -1 - +1 pA
[1] To allow for overshoot the voltage on SWIO shall remain between -0.3 V and Von max + 0.3 V during
dynamic operation.
15.3.9 Output pin characteristics for EXT_SW_CTRL
Table 51. Output pin characteristics for EXT_SW_CTRL
Symbol _ Parameter Conditions Min Typ Max Unit
VoH HIGH-level output voltage lpy < 100 uA DVgq - 0.1 - Dyq \%
VoL LOW-level output voltage Ig_= 100 pA 0 - 0.1 \%
trise fall rise and fall times C.=1nF - 10 - us
Cout output capacitance - - 2 nF
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15.3.10 SWIO_SE pin characteristics

Table 52. Electrical characteristics of SWIO_SE

Symbol Parameter Conditions Min Typ Max Unit
SWIO_VOH output high voltage Iswio se =1 mA [ 0.85SVpp - - \%
SWIO_VOL  output low voltage 0 LA <lIgwio sg < 20 pA - - 03 V
SWIO_IIH current threshold L 180 300 420 uA
lieak leakage current high impedance -1 - +1 A

[1] To allow for overshoot the voltage on SWIO shall remain between -0.3 V and Von max + 0.3 V during
dynamic operation

15.3.11 ANT1 and ANT2 pin characteristics

Table 53. Electrical characteristics of ANT1 and ANT2

Symbol Parameter Conditions Min Typ Max Unit
Ron impedance between ANT1 and ANT2 low impedance - 10 17 Q
Vim limiter threshold on ANT1 and ANT2 [ =10 mA - 33 - \Y%

15.3.12 Input pin characteristics for RXN and RXP

Table 54. Input pin characteristics for RXN and RXP

Symbol Parameter Conditions Min Typ Max Unit
VINRX dynamic input voltage range Mo - Vop V
CiNRX RXN and RXP input - 12 - pF
capacitance
RrxvmiD impedance from RX to VMID Reader, Card and 0 - 15 kQ
P2P modes
VRx MinlvMil  Minimum dynamic input 106 kbit/s - 150 200 mV(p-p)
voltage, Miller coded 212 kbit/s to - 150 200 mV(p-p)
424 kbit/s
VR Minlvman  Minimum dynamic input 106 kbit/s to - 150 200 mV(p-p)
voltage, Manchester, NRZ or 848 kbit/s
BPSK coded
VRx Maxivmill  maximum dynamic input 106 kbit/s to 0l Vpp - - V(p-p)
voltage, all data coding 848 kbit/s
VRFdetect RF input voltage detected Initiator modes - 100 - mV(p-p)

[1] ltis therefore recommended to design the application so that RXN and RXP voltage never exceeds
VDD(min) =165V
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15.3.13 Output pin characteristics for TX1 and TX2
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Table 55. Output pin characteristics for TX1 and TX2

Symbol Parameter Conditions Min Typ Max Unit
VOH, 32,3V HIGH-level output TVDD =31V and TVDD -150 - - mV
voltage ltx =30 mA,
PMOS driver fully
on
VoL, ca2,3v LOW-level output TVpp=3.1Vand - - 200 mV
voltage ltx =30 mA,
NMOS driver fully
on
Table 56. Output resistance for TX1 and TX2
Symbol Parameter Conditions Min Typ Max Unit
RON,01H LOW-level OUtpUt VTX = TVDD - 100 mV, = = 60 Q
resistance CWGsN = 01h
RON,OFH LOW-level OUtpUt VTX = TVDD - 100 mV, = T 4 Q
resistance CWGsN = OFh
Rop HIGH-level output V1x =TVpp — 100 mV - - 4 Q
resistance
_ Allinformation provided in this document is subject to legal disclaimers 9 NXP B.V. 2013. All rights reseﬂ
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16. Package outline

VFBGAA49: plastic very thin fine-pitch ball grid array package; 49 balls SOT1320-1
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Fig 25. Package outline (Draft)
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17. Abbreviations
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Table 57.
Acronym
AID
ASK

Automatic
anticollision

Automatic device
discovery

Autonomous tag
communication

Card Emulation

Initiator

Abbreviations

Description

Application IDentifier

Amplitude Shift keying

Detect and recognize requests from any NFC Initiator or Reader/Writer
device, like NFC-Target, ISO/IEC 14443, Type A PICC (identical to NFC
-Target) or ISO/IEC 14443, Type B PICC

Detect and recognize any NFC peer devices (Initiator or target) like: NFC
Initiator or target, ISO/IEC 14443-3, -4 Type A&B PICC, MIFARE Standard
and Ultralight PICC, ISO/IEC 15693 VICC

Detect and recognize any NFC peer devices (Initiator or target) like: NFC

Initiator or target, ISO/IEC 14443-3, -4 Type A&B PICC, MIFARE Standard
and Ultralight PICC, ISO/IEC 15693 VICC

The IC is capable of handling a PICC emulation on the RF interface including
part of the protocol management. The application handling is done by the host
controller.

Generates RF field at 13.56 MHz and starts the NFCIP-1 communication.

Load modulat?)n
Index

The load modulation index is defined as the card’s valtage ratio
(Vmax - Vmin)/ (Vmax + Vmin) measured at the card’s coil.

MISO
Modulation Index

Master In Slave Out (for SPI interface)

The modulation index is defined as the voltage ratio (Vmax — Vmin)/
(Vmax + Vmin).

MOSI Master Out Slave In (for SPI interface)

NFC-WI Near Field Communication - Wired Interface

NMOS

NSS Not Slave Select (for SPI interface)

PCD Proximity Coupling Device. Definition for a Card reader/writer device
according to the ISO/IEC 14443 specification or MIFARE.

PCD -> PICC Communication flow between a PCD and a PICC according to the ISO/IEC
14443 specification or MIFARE.

PICC Proximity Interface Coupling Card. Definition for a contactless Smart Card
according to the ISO/IEC 14443 specification or MIFARE.

PICC-> PCD Communication flow between a PICC and a PCD according to the
ISO/IEC 14443 specification or MIFARE.

PMOS

SCK Serial Clock (for SPI interface)

SPI Serial Peripheral Interface

Target Responds to Initiator command either using load modulation scheme (RF field
generated by Initiator) or using modulation of self generated RF field (no RF
field generated by Initiator).

VCD Vicinity Coupling Device. Definition for a reader/writer device according to the
ISO/IEC 15693 specification.

VICC

VGS Voltage Gate Source
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ETSI SWP — TS 102 613 V9.2

ETSI HCI — TS 102 622 V9.3

NFC Forum NCI — NFC Controller Interface, version 1.0
NFC Forum DIGITAL — Activity specification 1.0

NFC Forum ACTIVITY — Digital protocol specification 1.0

ISO/IEC 14443 — parts 2: 2001 COR 1 2007 (01/11/2007), part 3: 2001 COR 1
2006 (01/09/2006) and part 4: second edition 2008 (15/07/2008)

I2C Specification — |12C Specification, Version 2.1, January 2000,
http://www.nxp.com/acrobat_download/literature/9398/39340011.pdf

SPI — Motorola de-facto standard described in Motorola 68HC11 data sheet
PN547 User Manual — UM10543 PN547 User Manual

PN547 Hardware Design Guide — AN11163 PN547 Hardware Design Guide
PN547 Antenna Design Guide — AN11164 PN547 Antenna Design Guide
ISO/IEC 18092 (NFC-IP1) — first edition, 01/04/2004. This is similar to Ecma 340.

ISO/IEC15693 — part 2: second edition (15/12/2006), part 3: first edition
{01/04/2001)
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19. Revision history

Table 58. Revision history

Document ID Release date Data sheet status - Change notice Supersedes
235830 20130701 Product data sheet - 229614
Modifications: ¢ following changes are in this updated version:

— pin name DL_REQ changed to DWL_REQ.
— pin name SIM_SWIO changed to SWIO_UICC.
— pin name SIM_VCC changed to SIMVCC.
— pin name ESE_SWIO changed to SWIO_SE.
— pin name HIF4 (12C_SCL-SPI_SCK) changed to I2CSCL_SPISCK.
— pin name HIF1 (12C_ADRO-SPI_NSS changed to I2CADRO_SPINSS.
— pin name HIF3 (I2C_SDA-SPI_MISO) changed to I2CSDA_SPIMISO.
— pin name HIF2 (I12C_ADR1-SPI_MOSI) changed to I2CADR1_SPIMOSI.
— pin name CLK1 changed to XTAL1.
— pin name CLK2 changed to XTALZ2.

¢ Section 2: Powered by the Field removed.

¢ Section 3: Powered by the Field removed.

[} Tab[e 1 raw' |5 VOO i WL TV, 0= 2 7TV remove

¢ Table 2: note 2 updated

¢ Table 3: line 3, mask layout version removed.

¢ Section 10.1.1: Power by the Field removed.

¢ Section 10.5.3: Power by the Field removed.

® Section 10.6.1: PN547/C2 core supply sources removed.

¢ Section 10.6.1: VDHF part removed.

¢ Figure 11: VDHF part removed.

¢ Section 10.6.2: VDHF part removed.

¢ Section 10.6.3: All parts with TV = 27 V remove

* Figure 12:Line TVpp = 2.7 V removed.

® Section 10.6.5: Power by the Field removed.

¢ Section 10.6.6: Power by the Field removed.

® Section 10.6.7: A at TVpp = 2.7 V removed.

® Section 10.6.8: Powered by the Field mode (PbF) removed.

¢ Figure 16: updated.

® Figure 17: updated.

® Figure 18: updated.

® Figure 19: updated.

® Section 10.7.2.1: updated.

* Figure 22: updated.

¢ Table 28: line Isypp, Power by the Field removed.

* Table 39: updated.

¢ Table 45: note 1, Power by the Field removed.

¢ Table 46: note 1, Power by the Field removed.

* Table 55: line Vaiy c42 3v, TVap = 2.7 V removed.

¢ Table 55: line Vg a5 3y, TVap = 2.7 V removed.
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Table 58. Revision history ...continued

Document ID Release date Data sheet status Change notice Supersedes

235814 20130410 Objective data sheet - 229613

235813 20130221 Objective data sheet 235812

235812 20121213 Objective data sheet 235811

235811 20120619 Objective data sheet 235810

235810 20120619 Objective data sheet

Modifications: ¢ |nitial version
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20. Legal information
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20.1 Data sheet status

Document status!ilizl Product statusl3! Definition

Objective [short] data sheet Development
Preliminary [short] data sheet  Qualification

Product [short] data sheet Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

[1] Please consult the most recently issued document before initiating or completing a design.

[2] The term ‘short data sheet' is explained in section “Definitions”.

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status

information is available on the Internet at URL hitp://'www nxp.com.

20.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may resuit in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local NXP Semiconductors sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product is
deemed to offer functions and qualities beyond those described in the
Product data sheet.

20.3 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.
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Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer's third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer's applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given in
the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at hitp:/iwww.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted or
construed as an offer to sell products that is open for acceptance or the grant,
conveyance or implication of any license under any copyrights, patents or
other industrial or intellectual property rights.
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Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific NXP Semiconductors product is automotive qualified,
the product is not suitable for automotive use. It is neither qualified nor tested
in accordance with automotive testing or application requirements. NXP
Semiconductors accepts no liability for inclusion and/or use of
non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards, customer
(a) shall use the product without NXP Semiconductors’ warranty of the
product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer'’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

_21. Contact information _

For more information, please visit: http://www.nxp.com
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20.4 Licenses

Purchase of NXP ICs with ISO/IEC 14443 type B functionality
This NXP Semiconductors IC is ISO/IEC 14443 Type B

. software enabled and is licensed under Innovatron’s
Contactless Card patents license for ISO/IEC 14443 B.
r The license includes the right to use the IC in systems

and/or end-user equipment.

RATP/Innovatron
Technology

Purchase of NXP ICs with NFC technology

Purchase of an NXP Semiconductors IC that complies with one of the Near
Field Communication (NFC) standards ISO/IEC 18092 and ISO/IEC 21481
does not convey an implied license under any patent right infringed by
implementation of any of those standards.

20.5 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

DESFire —is a trademark of NXP B.V.
12C-bus — logo is a trademark of NXP B.V.
MIFARE — is a trademark of NXP B.V.
SmartMX — is a trademark of NXP B.V.

For sales office addresses, please send an email to: salesaddresses@nxp.com
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