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1. Introduction 

1.1 Scope 
This document describes the functionality of the demonstration reader based on the 
PN51x. It includes the functional and electrical specifications and gives the needed 
details to use this reader as a reference design.  

This reader implementation is based on the HVQFN32 package of the PN51x device. 
 
The PN51x itself is described in the corresponding data sheet (see reference [1]). 
 
The application note “NFC Transmission Module antenna and RF Design Guide”, 
describes the antenna tuning procedure (see reference [2]). 

 

1.2 Features 
• Single 5 V up to 12 V unregulated external power supply 
• RS232 DSUB9 connector for easy connection to a host PC  
• Regulated voltage supply for all supply voltages 
• PN51x Variable Supply Voltage  
− TVDD = AVDD = DVDD: adjustable, 3.3V or 2.8 V 
− PVDD: adjustable, 1.8V or equal to DVDD 
− SVDD: adjustable, 1.8V, 2.8V or 3.3V 

• NRESET, IRQ signals externally accessible  
• Support of S2C interface  
• Analog test signal pins AUX1 and AUX2  
• Digital test signal pins D6, D5, D4, D3, D2 and D1 depending on the interface 
• Breakable line between serial RS232 and PN51x section  
• Breakable line between serial PN51x and antenna matching section  
• Breakable line between antenna matching and antenna section 
• PN51x reader section can be connected via: 
− Serial UART 
− I2C 
− SPI 

• Antenna size: 33.5 mm x 51.0 mm 
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2. Functional Description 
The PN51x demonstration reader is a complete NFC reader based on the PN51x. The 
reader PCB itself is divided in 4 parts: 

Table 1. PCB sections 
Measure Reason 

Interface section Enables the direct connection to an RS 232 interface via a 
DSUB9 socket connector. 

Reader section NFC reader module. This module is the basic PCB including the 
PN51X NFC IC and all required components for a NFC reader plus 
the filter circuitry. 

Antenna matching section Matching circuit for single ended or complementary driver 
operation 

Antenna section Antenna coil PCB including the resistor RQ for quality factor 
adjustment. 

 
Three areas to break the PCB are foreseen for easy adaptation of the demonstration 
reader: 
 
• Between the interface section and PN51x section  
• Between the PN51x section and the antenna matching section 
• Between the antenna matching section and the antenna section   
 
The default configuration uses pins and jumpers to connect the PCB sections. It is also 
possible to use 0 Ohm resistors instead of the pin and jumper connection. 
 
The PN51x demonstration reader PCB offers the possibility to be directly connected to 
microcontroller with serial UART, SPI or I2C interface. 
 
Note: In case of a direct connection to a microcontroller, the input and output voltage 
levels must be observed. 
 
For a detailed view of all different layers of the PN51x evaluation reader PCB, refer to 
section 5.  
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3. PCB Marking 
Depending on the reader IC version and some external modifications, the PCB is labeled 
on the reader and antenna section (see Fig 1). 
 

 

Fig 1. Laser Marking 

 

4. Schematic Description 

4.1 Schematic Overview 
The following parts describe the PN51x evaluation reader schematic, the part list and the 
layout of the PCB completely in order to give the user the possibility to take the 
evaluation reader as a reference design for an own NFC integration 
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Fig 2. Schematic Overview 
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Note: The Antenna part and the antenna matching section shows the basic schematics 
ues used circuit and the relevant parts are described in following 

4.2 Interface Section 
4.2.1 Power Supply 

 

only. The actual val
chapters. 

 

 

Fig 3. Power Supply 

 

T
config

he power supply can be connected with a 2.5 mm dc plug. According default 
uration the resistors R04, R05 and R06 are not assembled. With these resistors 

s. The polarity of the plug is managed 
automatically on the PCB, therefore it's not relevant. The d be in a 
range of 5.0V up to 12.0V and can be unregulated. The p  able to 

ide at lea A. 

The main supply voltage on the interface section is 3.3 V regulated. 

A r p  su , 

Even in case of a PC/SC reader connection, the power is provided by this external 
supply. The supply from the PC  r nly used to generate a cold reset. Please 
see ther rface ction.

 

the PCB can be adjusted to customer need
supplied voltage shoul
ower supply should be

prov st 200 m

fte lugging in the voltage pply the LED on the PCB should light up. 

/SC eader is o
efore the Card Inte se  
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4.2.2 Host Interface 
 

 

Fig 4. DSUB-9 Conne tor Pinning c

 

The DSUB-9 socket is used on one side for a standard RS232 connection to the PC or 
other host controller and on the other side for as a connection to a PC/SC smart card 
reader. Therefore each pin has several use cases depending on the application. 

 

Table 2. DSUB-9 Pinning Assignment 
RS232 (DCE) PC/SC Card Interface 

Pin Signal D Voltage 
[V] 

Signal D Voltage
[V] 

1 DCD (Data Carrier 
Detect) 

O ± 3 - 12 IO3/DM (ISO IO3, USB D-) IO 0 - 5 

2 RD (Receive Data) O ± 3 - 12 -   

3 TD (Transmit Data) I ± 3 - 12 VCC (ISO VCC) Pwr 0 - 5 

4 DTR (Data Terminal 
Ready) 

I ± 3 - 12 RST (ISO RST) I 0 - 5 

5 GND Pwr  GND Pwr  

6 DSR (Data Set Ready) O ± 3 - 12 IO1 (ISO IO1) IO 0 - 5 

7 RTS (Ready To Send) I ± 3 - 12 IO2/DP (ISO IO2, USB D+) IO 0 - 5 

8 CTS (Clear To Send) O ± 3 - 12 CLK (ISO CLK) I 0 - 5 

9 RI (IRQ) O ± 3 - 12 -   

In
the behavio

 case, that a card reader is connected and the configuration is in card reader mode - 
r is like expected.  
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4.2.2.1 PC connection in secure card reader mode 

The PC expects voltage levels of ± 5-12 V, whereas the output voltage levels are 0 - 
2.8V and the expected Input voltage levels are in a range of 0 - 5 V. The output voltage 

erface. On the other side the higher PC voltage levels 
w luence the VCC p e this voltage level is only used t  the onboard 
voltage regulator - the influence is not critical. Another pin would be RST. Also this pin is 
pr d by a m in secure card read e. Signal RTS 
is not connected e - therefore there is no ce. 

4.2.2.2 Card reader conn eader mode 

In this case the expected voltage levels on card reader side are 0-5 V. whereas the 
output voltage levels are ± 5-12 V. The input voltage levels will not harm the contactless 
re mode device. Outp ls are only available on pin RD / RI, but in this case 
there is no signal connecti reader device - so in any combination, a 
m  should not harm a  involved devices. For sure, a fu l combination 
is not given. 

4.2.3 RS232 Transceiver IC 
 

levels should not harm the PC int
ould inf in. Sinc o switch

otecte diode - therefore it will not har er mod
 in secure card reader mod  influen

ection in contactless r

ader ut signa
on to the PC/SC 

isuse ny of the nctiona

 

Fig 5. RS232 Transceiver IC 

 

Resistor C09 and C07 are assembled, dependent on the type of IC3. 
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4.2.4 Configuration Settings RS232 vs. PC/SC 
 

Table 3. Configuration Setting 
Device RS232 PC/SC 

JP1 Solder bridge between 1 – 2 Open 

JP2 Solder bridge between 2 – 3 Open 

R02 Optional - Not assembled Not assembled 

R03 Not assembled 100R 

SJ1 Closed Open 

SJ2 Closed Open 

SJ3 Open Open 

SJ4 Closed Open 

SJ5 Closed Open 

SJ6 Closed Open 

SJ7 Closed Open 

SJ8 Closed Open 

SJ9 Closed Open 

SJ10 Closed Open 

JP  …  Solder Jumper 

SJ umper 

 

R  …  Resistor – value given 

  …  Solder J

 

Fig 6. Jumper Settings 
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4.2.5 onnector to reader section 

imple solder 
ridges. The wire holes are on a 2.54 mm grid. Between these wire holes there is a 

aces. 

C
 

This connector can be assembled either with pin heads, sockets or s
b
milling line. If you remove the solder bridges, you can easily break the PCB along the 
milling line. In this case you can operate the reader section with a microcontroller with 
various interf

 

 

Fig 7. Connector to Reader Section 

 

 

Table 4. Connector to reader section pin description 
Interface Section Reader Section 

Description Description Pin 

UART I2C SPI PC/SC 

HC00 1 IRQ IRQ IRQ - 

HC01 3 RXD SDA NSS IO1 

HC02 5 TXD SCL MISO CLK 

GND_IO 7 GND GND GND GND 

HC04 9 D6 D6 MOSI IO2 / DP 

HC05 11 D5 D5 SCK IO3 / DM 

HC06 13 NReset NReset NReset RST 

TD 15 VDD_PP VDD_PP VDD_PP VCC 

VDD_IO 17 VDD_J VDD_J VDD_J VDD_J 
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Please pay attention to the valid supply range of VDD_J (main power supply for the 
reader section) and VDD_PP (pad power supply for the reader IC). 

 

The voltage levels for pins 2, 4, 6, 10, 12, and 14 are related to the selected VDD_P (Pad 
VDD). 

On pin 16 an additional pad VDD for the PN51x IC can be provided. An input voltage on 
this pin is not mandatory, if another pad voltage is selected. In this case the pin can be 
left open. 

4.2.6 Parameter Selection on PCB 
 

 

Fig 8. Parameter Selection Top Layer 
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Fig 9. Parameter Selection Placement Top Layer 
 

 

Fig 10. Parameter Selection Bottom Layer 
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Fig 11. Parameter Selection Placement Bottom Layer 
 

4.3 eader Section 
4.3.1 

R
Interface Selection 
 

 

Fig 1 e Selection 2. Interfac

 

The in lection of the r ction is made  solder jumpers. eans 
GND potential at the input pin and HIGH means PVDD at the input pin. The factory 

efault value is indicated by a “*”. 

terface se eader se by two  Low m

d
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Table 5. Interface Options 
 Pin UART* (default) SPI I2C 

A0 LOW HIGH LOW 

A1 LOW LOW HIGH 

4.3.2 I²C Slave Address Configuration 
 

 

Fig 13. Slave Address Configuration 

 

In order to use the I2C bus, the bus slave address has to be selected. The slave address 
consists of 7 bits, where 4 bits (slave address bit 6, 5, 4, 3) are fixed to 0101. The 
remaining 3 bits (slave address bit 2, 1, 0) can be selected externally. Please p y 
attention, by default these jumpers are not configured at all. 

able 6. I2C slave address selection 

a

T
Slave Address D4 (S2) D5 (S1) D6 (S0) 

0101 XXX (default) NC NC NC 

0101 000 LOW LOW LOW 

0101 001 LOW LOW HIGH 

0101 010 LOW HIGH LOW 

0101 011 LOW HIGH HIGH 

0101 100 HIGH LOW LOW 

0101 101 HIGH LOW HIGH 

0101 110 HIGH HIGH LOW 

0101 111 HIGH HIGH HIGH 
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4.3.3 Supply Voltage Generation 
 

 

Fig 14. Generation of 2.8V and 1.8V supply voltages 
 

The main section supply (VDD_J) is used to generate two additional supply voltages, 
hich can be selected for various purposes. 

If you are using these voltage regulators, the supply range of VDD_J should be between 
3.0 V and 6.0 V.  

If the voltage on VDD_J is directly used to supply the reader IC, the supplied voltage on 
the VDD_J interface pin should be in a range of 2.5 V to 3.6 V. 

As default option VEN should be connected directly to VDD_J by means of solder jumper 
SJ10. Only in combination with add on boards this voltage enable is controlled differently. 

 

 

 

w
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4.3.4 Voltage selection 
 

 

Fig 15. Voltage selection JP7 

 

The supply VDD for driver, analog and digital part can be selected en the direct pin 
voltage VDD_J and the output of the onboard voltage regulator of 2.8 V. 

r supply line are for current measurement. By default zero 
hm resistors are used. 

 betwe

The serial resistors in the powe
o

Table 7. Reader IC supply voltages 
TVDD, AVDD, DVDD On board voltage (default) External voltage 

XVDD 2V8 VDD_J 

 

4.3.5 Pad Supply Voltage selection 
 

 

Fig 16. Voltage selection 
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The pad supply voltage has to be selected according the interface voltage of the external 
icrocontroller or level shifters.  

Table 8. Pad supply voltage selection JP13 

m

Pad VDD Reader supply 
voltage XVDD  

(default) 

External voltage On board voltage 

PVDD XVDD VDD_PP 1V8 

 

4.3.6 SVDD voltage selection 
 

 

Fig 17. S2C voltage selection 

 

The S2C supply voltage depends on the selected supply voltage for the external S2C 
ternal controller is available, this voltage should be selected. 

able 9. S2C supply voltage selection JP15 

controller. Even if no ex

T
S2C VDD External voltage  On board voltage 

(default) 
On board 
voltage 

switched pin 
voltage 

SVDD VDD_J 2V8 1V8 VDD_P 
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4.3.7 Switched Supply Voltage 
 

 

Fig 18. Switched supply voltage JP14 

 

For low power applications the output ports of the reader IC can be used as supply pins. 
ach pin is able to provide up to 4 mA. Please encounter the resulting voltage drop at the 
ins. For applications, where only a small voltage drop compared to PVDD is acceptable, 
ore than one pin can be used in parallel. As a consequence these pins are no longer 
vailable as debug pins. The selection can be made by means of jumper JP14. 
ccording to the default configuration, this jumper is not assembled, that means, this 

so not valid during SVDD selection. 

4.3.8 Test Signal Output 

E
p
m
a
A
option is al

 

 

                

Fig 19. Test Signal Output JP16, JP6 

 

In order to qualify the performance of the reader and detect a potential weakness, 
several test signals are available.  

For digital test signals the digital test bus is available on the separate debug connector.  

Two analog test signals are available on solder pads at the bottom side of the PCB. For 
measurements directly on the RX pin a separate solder pad is available. Please pay 
attention that measurements at the RX pad should be preferred done with a differential 
probe. 
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4.3.9 Extension Board Connector 
 

 

Fig 20. Extension Connector X2D 

 

Depending on the application, a more powerful extension connector is necessary.  
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4.3.10 Parameter Selection on PCB 
 

 

Fig 21. Parameter Selection Top Layer 
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Fig 22. Parameter Selection Placement Top Layer 
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Fig 23. Parameter Sel tion Bottom Layer ec
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Fig 24. Parameter Selection Placement Bottom Layer 
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4.4 Antenna Matching Section 
 

 

Fig 25. Antenna matching and antenna section 

 

the antenna matching section as well as 
e connector between the antenna matching section and the antenna itself can be 
ssembled either with pin heads, sockets or simple solder bridges. The wire holes are on 

a 2.54 mm grid. Between these wire holes there is a milling line. If you remove the solder 
. 

The driver s ne  the signa d TX2. Th ver 
input is connected to nal RX. All th sary extern uitry is 
read section. The filter is dimensioned for a resonance freq  of abo
and o locate ction. 

 

 

 

 

 

 

 

 

 

 

The connector between the reader section and 
th
a

bridges, you can easily break the PCB along the milling line

tage of the reader IC is con cted to ls TX1 an e recei
 the sig e neces al circ

uency
located at the 
ut 14.3 MHz er 

 als d on the reader se
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4.4.1 Complementary Output Stage 

PN51x demonstration reader uses a complementary antenna.  
The following schematic drawing shows all the necessary devices and their values. 
 

 

PN511
L0

TX2

TX1

TVSS

L0

C0

C0

C1

C1

C2a

C2a

RQ

RQ

RX
R2

CRX

R1

Cvmid
VMID

C2b

C2b

Fig 26. Complementary antenna circuit 
 
 

Table 10. Assembly list for complementary antenna circuit 
Part Part No. in schematics Value Package Type 

L0 L1, L2 560 nH 0603 TDK MLF1608J 

C0 C50/C51, C54/C55 220 pF 0603 COG, 1%, 25V 

C1 C60, C61 18 pF 0603 COG, 1%, 25V 

C2a C58, C59 47 pF 0603 COG, 1%, 25V 

C2b C56, C57 6p8 0603 COG, 1%, 25V 

CRx C53 1 nF 0603 X7R, 5%, 25V 

Cvmid C52 100 nF 0603 X7R, 5%, 6V 

R1 R30 1 kOhm 0603 5% 

R2 R31 + R32 2.7 kOhm 0603 5% 

RQ R35, R36 3.3 Ohm 0805 5%,  100mW 
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4.4.2 Parameter Selection on PCB 
 

                      

Fig 27. Antenna matching and antenna layout Top Layer 
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5. Layout  

    
      Top Layer / Signal                    Layer2 / GND                   Layer3 / Supply                    Bottom / Signal 

 

Fig 28. Layout 
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Top                                                 Bottom 

Fig 29. Component 
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6. References 
 

[1] Product Data Sheet; PN512 – NFC Transmission Module (Doc.Nr.:1113**) 

 Antenna and RF Design Guide (Doc. Nr.: 1007**) [2] NFC Transmission Module
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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. 

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 national authorities. 

Evaluation products — This product is provided on an “as is” and “with all 
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates 
and their suppliers expressly disclaim all warranties, whether express, 
implied or statutory, including but not limited to the implied warranties of non-
infringement, merchantability and fitness for a particular purpose. The entire 
risk as to the quality, or arising out of the use or performance, of this product 
remains with customer. 

In no event shall NXP Semiconductors, its affiliates or their suppliers be 
liable to customer for any special, indirect, consequential, punitive or 
incidental damages (including without limitation damages for loss of 
business, business interruption, loss of use, loss of data or information, and 
the like) arising out the use of or inability to use the product, whether or not 
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