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NFCLink Firmware User’s Guide

NFCLink is a complete Near Field Communications (NFC) Firmware and Software solution that Texas
Instruments has developed in conjunction with a third party. The hardware used is either a combination of
MSP-EXP430F5529 and TRF7970ATB, or a combination of the MSP-EXP430F5529LP and DLP-
7970ABP. The total solution is intended to be used for developing applications that require any or all of
the possible NFC modes, with a variety of operating systems such as Windows, Android, and Ubuntu.

Integration of NFC into end equipment is growing rapidly (on a worldwide scale) and spanning across
consumer, medical, retail, industrial, automotive and smart grid application spaces. This solution is a
modular platform (firmware and hardware) designed to not only make it easier for the field to promote the
TRF7970A and Texas Instruments microcontrollers in these mentioned areas, but also to serve as a
powerful development tool for customers to use immediately for integration into their product. The
firmware is provided as a project library with API Stack examples for all three modes of NFC operations.
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1 Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data
(as defined by the U.S., EU, and other Export Administration Regulations) including software, or any
controlled product restricted by other applicable national regulations, received from Disclosing party under
this Agreement, or any direct product of such technology, to any destination to which such export or re-
export is restricted or prohibited by U.S. or other applicable laws, without obtaining prior authorization from
U.S. Department of Commerce and other competent Government authorities to the extent required by
those laws.
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2 Description

NFCLink is the market name for a Tl based hardware; firmware library and software stack solution for
Near Field Communications (NFC). Integration of NFC into end equipment is growing rapidly (on a
worldwide scale) and spanning across Consumer, Medical, Retail, Industrial, Automotive and Smart Grid
application spaces.

This solution is a modular platform (firmware and hardware) designed to not only make it easier for the
field to promote the TRF7970A and Tl microcontrollers in these mentioned areas, but also serve as a
powerful development tool for customers to use immediately for integration into their product.

The firmware is provided as a project library with APl Stack examples for all three modes of NFC
operations. The hardware required to demonstrate the capabilities of the solution consists of the following:

MSP-EXP430F5529 Experimenters board and a TRF7970ATB (plugged onto MSP-EXP430F5529 RF1
& RF2 headers)

* An easy to use GUI running on Windows PC for demonstrating the NFC/RFID reader/writer, peer to
peer and card emulation modes.

» The OS stack (NFCStack +Eva, from our partner Stollmann) current offerings are running on Win6.5,
WinXP, Win7 and Win8.
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Figure 1. Kit Contents and Target Applications
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3 Hardware Requirements

The hardware required to demonstrate the capabilities of the solution consists of the following:
* MSP-EXP430F5529 Experimenters board
* TRF7970ATB (plugged onto MSP-EXP430F5529 RF1 & RF2 headers)
» CCS Project including nfclinklib.lib (for developers)
Or
» a Tl provided binary file (loaded onto the MSP430F5529, for initial demo purposes)
» Instructions for downloading firmware
* link to end section of this document
e USB cable (USB-A to Mini-B)
* NFCLink (downloaded from http://www.ti.com/tool/nfclink)

4 Stack Definition and Function

The Stollmann NFaCe+SPA Evaluation Application demonstrates the functionality of the Stollmann NFC
stack (NFaCe+SPA) on an application user interface. It supports Intel, ARM, Cortex and other CPUs.
NFCLink uses NFCStack + Eva (Evaluation Application).

The package contains the graphical user interface (GUI) and currently supports the following:
* NFC Modes
— NFC Read/Write Operations
— Peer to Peer Operations, including SNEP
— Host-based Card Emulation
* NFC Tag Platform Types:
Type 2 (MIFARE Ultralight, Ultralight C, Infineon my-d™ move, my-d™ move NFC)
Type 3 (Sony FeliCa Lite (RC-S965), FeliCa Lite-S (RC-S966))
Types 4A & 4B (1ISO14443A/B)
Type V (ISO15693)
* NFC Controller Interface (NCI), with extensions

NFaCe+ MPA (op
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Figure 2. NFCStack + Eva Architecture
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5 Integrating the NFCLink Stack

In an actual application, the NFCStack+ would be compiled as:

» adriver component into the OS using applicable compiler and the supplied source code. (host
integration / integrated host) NFC module — Run full or parts of the protocol stack on a dedicated CPU
w/memory (commonly used for high volume/lower cost, automotive or POS applications)

* OS to NFC Controller (embedded MCU + TRF7970A) — same as first example, but running the stack
on the OS.

— This is basically what the NFCLink solution is currently.

The simplified block diagram of the NFCLink Architecture is shown in Figure 3, where the host could be
A8/A9, ARM or other MPU, the embedded MCU could be ARM, MSP430 and the TRF7970A is the NFC
transceiver. NFC or RFID devices could be passive tags, other NFC devices (speakers) or NFC enabled

handsets/tablets.
HOST (MCU/MPU)
LINUX, ANDROID, WINDOWS

EMBEDDED MCU
FIRMWARE

NFC or RFID DEVICE
Peer, Reader/Writer or Tag

Figure 3. Simplified Block Diagram of NFCLink Architecture
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There are MSP430 object code and source code components, with the source code components being
the necessary ones needed by the developer to modify for different MSP430 MCUs, while the object code
portions are specific to NFC and RFID functions that are completed, thus making it simple for the
customer developing a solution just to use it and not have to research and learn all about the low level
details of how NFC or RFID works.
Other components of the release are:
» NFCStack+Eva _r6.0.47.5_RC.exe — Windows GUI installer
» NFCLink compiled library (nfclinklib.lib)
e CCS Projects

— RW_P2P_CE1_Example — for USB CDC applications

— RW_P2P_CE2_Example — for UART applications

HOST MPU
(Windows, Android, Linux, QNX)

SOURCE
CODE
NCI
PROTOCOL INTERFACE

(

( PrROTOCO

4

ONS DRIVER |

L HANDLING & COMMUNICATI

LIBRARY
> FORMAT
(*.LB)

General MCU Drivers (System Clock, Timer, WDT) SOURCE

NFC or RFID DEVICE
(PEER, READER/WRITER, TAG)

Figure 4. Delivery Format of Available Code
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6 Hardware Configuration
Shown in Figure 5 is the NFCLink hardware configuration using the MSP-EXP430F559 and the

TRF7970ATB.
TRF7970ATB ~—_|
Jumper between P2.0 & P4.0
(this is for connecting IRQ line to
rruptible GPIO on MSP430)
USB Connection
Power Switch in toPC
LDO position \
e E
Figure 5. NFCLink Hardware
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7 Loading the Code Project

7.1

Download the Flash Programming Tool

Users can download, unzip and install one of two tools to load the binary file into the hardware.
» http://processors.wiki.ti.com/index.php/Category:CCS UniFlash

Or

e http://'www.elprotronic.com/files/FET-Pro430-Lite-Setup.zip

7.2

Download and Install the NFCLink Package

First, download the NFCLink Installer Package. Then, follow the installer instructions.

= = x
<
Setup - NFCLink.
Created with an evaluation version of BitRock InstaliBuilder
‘ = Welcome to the NFCLink Setup Wizard.
[ Nea> ][ cancel
|‘J, - x

Ready to Install

[ <Back

Setup is now ready to begin installing NFCLink on your computer.

[ Net> |

Cancel |

*»

x4

\ 4

= 3

™

&

License Agreement

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

* Redistribucicns of source code musST retain the above
nots

© laccept the agreement
Do you accept this license? pethe ag
Ido not accept the agreement

[ <Back |[ Net> ][ Concel |

I lnstating X

Please wait while Setup installs NFCLink on your computer.

Installing
Unpacking files

Sopestan)

=
w

4

Figure 6. NFCLink Installation Process

= = x

Installation Directory

Please specify the directory where NFCLink will be installed.

Installation Directory  C:\timspd30\NFCLink 1.0

(5

Completing the NFCLink Setup Wizard

Setup has finished installing NFCLink on your computes

' W ] ViewReadme File

After NFCLink package has finished installation, NFCPlayer GUI installation will begin in a new window,
as seen in Figure 7.

Wizard

This wizard vl guide you thr
Stolmann

st@nn

Click Next to continue.

Weicome lo the Stollmann
NFCStack+Eva Tl R5.1.42.5 Setup

the mstalation of
NFCStack 4Eva TI RS, 1.42.5,

It is recommended that you dose 3l other applcatons.

before starting Setup. This vill make it possbie to uodate
relevant system fles without having to reboot your
computer.

Next > |

Figure 7.

Choose Install Location

Choose the folder in which to install Stolimann NECStack +£Eva T1
RS.L42.5,

st@aﬂn
. Toinstalina
different folder, cick Browse and select another folder. Clck instal to start the instaliation.

TIRS,1.42.5n the

Destinaton Folder
Spoce requred: 14,34
Space avalable: 11,768
<Bock |t ] [ Cancel

NFCPlayer GUI Installation Process

Installation Complete
Setup was completed successfully.

Completed

Show detais
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7.3 Download the Code Project onto the MSP-EXP430F5529

After retrieving and installing one of the Flash Programming tools, connect the USB-A end of provided

USB cable to PC and mini-USB end of cable to the ezUSB connector on MSP-EXP430F5529 board. (see
Figure 8 below).

Switch the POWER SEL switch on MSP-EXP430F559 board to the eZ position (middle position, see
Figure 8)

POWER_SEL switch in
eZ position (middle)

38,

L L]
e24
ar_qu g

o
e
NT
o

= :
i

Tpia_ 913 TR
®®ede

e TP12 TPit

.....

USB connection to
MSP-EXP430F5529
emulator section

Figure 8. Connection and Configuration for Programming MSP430 Flash
Open Flash Programming tool of choice (both tools will be covered here)

7.3.1 Using Uniflash
1. Open Uniflash tool
2. Click File, choose New Target Configuration

’51:.—

'+ CCS UniFlash
|File| Program Session Window Help
> New Target Configuration(*.ccxml) File

Open Target Configuration(*.caxml) File

Save Target Configuration(*.caxml) File

Figure 9.
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3. Select Connection (USB1) and select MSP430F5529 Device

,
&5 Create CCXML File [

Target Setup
Connection: [Tl MSP430 USBl< v]

Board or Device: [~

MSP430F5528 2
MSP430F5630
MSP430F5631
MSP430F5632
MSP430F5633

Figure 10.

4. Load the Target Binary by clicking Program and choosing Load Program

File [Program | Session Window Help

Load Program

Load Binary Program
Erase Cores...

Save Memory...
Verify Program
Verify Binary Program

Figure 11.

5. Select path to:
C:\ti\msp430\NFCLink_1.0.0.1\examples\al IModes\RW_P2P_CE_1\ccs\Debug\RW_P2P

CE_1.hex

++ Dpen Target Binary S ——

Path to Target Binary file:

T\t msp430\NFCLink 1.0.0.1\examplestallModes\RW_P2P_CE 1\ces\Debug\RW_P2P_CE 1 EXP_Board.hex %
Target core:

T1MSP430 USB1/MSP430 ~|

[ oK | | Concel
Figure 12.
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6. Hit OK and board will program

7.3.2

Using Elprotronic
Open Elprotronic too

Progress Informaticn = I\
&
Writing flash memory
I ———
Flash write progress: 35%
Figure 13.

In upper left corner of the GUI, press Open Code File Button and navigate to where provided FW

image is stored on P
 Pathis:

C and select it.

C:\ti\msp430\NFCLink_1.0.0.1\examples\al IModes\RW_P2P_ CE_1\ccs\Debug\RW_P2

P_CE_1.hex

Choose Microcontroller Type Group: (using dropdown) MSP430F5xx
Choose (using dropdown) MSP430F5529

File View Setup Seralization Tools About/Help
OpenCodeFile o 430F5529Ma  path:  CATI Stuff\HF\TRF797:\TRF7970¢  Blow Securlty Fuse

Microcontroller Type

Power Device from Adapter

(3sv -]

Device

Growp WSPUGFER <)

MSP430F5529 M)

Total:
Target: Balance:
BSL:
Selected Device Information
Ra&M - 10240 bytes;  FLASH - 128 kB;

Feport

Reading Cod

- Code size

de Files ......coconiiiiionsiiiins done
= 0x1682€ ( 92206 ) bytes

Port: USB HIDO170:COM107
Spy-Bi-wWire (2-wires)

Voltage
POWERON/OFF ] [
[ RESET

Check Sum

Source:  0x25BE3CD4

Memory: D

Device Senalization

Erase / Write memory option:
* Al Memory *

| Enable
O BLOW FUSE
Device Action
Reload Code File

V| Enable Blank Check

O [ avtopae. |
00 [ verty Secunty Fuse |
O [ eraseriasn |
O [ suskoseck |
O [ wanerusn |
[ | WRITE SN / Mode

O [ vemrvrase |

Figure 14.
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5. Press the AUTO PROG. button in the Elprotronic tool and allow the tool to complete the steps.

NOTE: If more than one board is to be programmed at this time, the NEXT (or F5) button can be
used to program additional units instead repeating all the steps.

File View Setup Serialization Tools About/Help

Open Code File > | TIMSP430F5529-Ma path: CATI Stf\HF\TRF797:\TRF7970¢  Blow Secuity Fuse

SN File

Microcontroller Type Status

Group: MSP430F " 4
foup: MSP430FSxx less

(MSP430F5523 v

bl e B Total:
Target:  MSP430F5529 Balance:
BSL:

Selected Device Information
RaM - 10240 bytes;  FLASH - 128 kB;
Report

Reading CodeFile ..o
- Code size = Ox16756 [ 91990 ) bytes

JTAG communication initialization....
Verifying Security Fuse ...

Erasing memory ..

JTAG communicati

All memary Blank checking

Flash programming .........

Verifying check sum

Port: USB COM103
JTAG (4-wires)

("] Enable
Power Device from Adapter O BLOW FUSE

v | D‘ i
m ks Device Action

Voltage
POWER ON/OFF

0 [ Reload Code File
[V] Enable Blank Check
RESET N

— M | AuTOPROG.
@
@

Check Sum
Source:  0x23E0DOCI

Memory:  0x23E0D0C3 [

Device Senalization

&
M
B | WRITE SN / Model

Y
0

Erase / Wiite memory option:

= All Memony *

\AUTU PROGRAM

Figure 15.

After flashing the MSP430F5529 (with either tool), disconnect the mini-USB cable connector from the
eZ USB board connector, move the POWER SEL switch to the LDO position (topmost), and then
connect the mini-USB cable connector to 5529 USB board connector as shown in Figure 16.

POWER_SEL switch in
LDO position (top)

5529 USB
connection

Figure 16. Connecting Mini-USB Cable to 5529 USB Board
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8 Installing USB Driver

If the USB driver is not automatically detected and used when the 5529 USB connection is made, then PC
can be pointed to USB driver .inf file (1CDC_descTool.inf) which will be located in this directory (after

NFCLink is installed):
C:\ti\msp430\NFCLink_1.0.0.1\usblib430\Source\USB_config

9 COM Port Settings

1. Proceed to the Device Manager from the PC Control Panel to determine which COM Port the board
has enumerated; that port information is needed to configure the COM port correctly. This step will only

need to be done the first time the board is enumerated on a given PC system. The board will
enumerate as a virtual COM port (USB CDC). in the example shown in Figure 17 the virtual COM port
is shown as COM61.

&= Device Manager

File

Action View Help

s @ E HE GBS

b+ Disk drives
B Display adapters
> i DVD/CD-ROM drives
- A% Human Interface Devices

> -l Mice and other pointing devices
- Il Monitors
¥ Network adapters

i -% Sound, video and game controllers
» 45 Storage controllers
. 8 System devices

€% WD Drive Management devices

= LTADBETTA9

>33 Batteries

» 1% Computer

=5t Imaging devices
<2 Keyboards

- Wy, Cisco Systems VPN Adapter for 64-bit Windows
¥ Dell Wireless 1540 802.11a/g/n (24GHz/5GHz)
& Intel(R) 82579LM Gigabit Network Connection
&5 Microsoft Virtual WiFi Miniport Adapter
YT Ports (COM & LPT)
73" ECP Printer Port (LPT1}

Virtual COM Port (CDC) (COME1) Properties

‘Gener:ll_i Port Settings | Driver | Details |

Parity: | None

Bits per second: 11529074
Data bits: |8 X

Stop bits w
Flow control: | None '|

=

| Advanced.

‘ | Restors Defautts |

Y3 Virtual COM Port (CDC) (COMs1) <
Processors

§ Universal Serial Bus controllers

[ ok ) [ oo |

Figure 17.

2. Double click on the port in the Device Manager menu window

3. Navigate to Port Settings tab and ensure the baud rate is set for 115200, 8 data bits, no parity and 1

stop bit (8N1)
4. Click OK.

SLOU386—-May 2014
Submit Documentation Feedback

Copyright © 2014, Texas Instruments Incorporated

NFCLink Firmware User’'s Guide

13


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOU386

PC GUI

13 TEXAS
INSTRUMENTS

www.ti.com

10 PC GUI

10.1 Installation

Installation of the PC GUI should have occurred in Section 7.2 of this document. If for some reason the
installation was declined or stopped or cancelled during that step, the following steps should be followed

to complete the installation of the GUI.

1. Navigate to NFCLink directory named ‘utils’, double click the executable highlighted in Figure 18.

Organize [ Open = Burn New folder

' Favorites
B Deskiop e [ NECStack_Eva RE.0575-Setupexe
B Downloats ) Relsseores K
%% Dropbox & Stolimann_Manifest.html

%] Recent Places

i Libraries
[ Documents
@ Music
& Pictures

B videos

% Computer
&, 05Disk (C:)

Name Date modified Type
013208 AM  Application

Text Document
Chrome HTML Da..

Size
6,738 KB|

5 KB

95 KB

Figure 18.

2. Follow the instructions of the installer, as shown in Figure 19.

Choose Install Location

Welcome lo the Stolimann Croose the foder n which to nstal Stolmann NECStack 4Eva T1 sté//mann
NFCStack+Eva Tl R5.1.42.5 Selup RS.1.42.5,
Wizard
Setup vl instal Stolmann NECStack 4Eva TIRS. 1.42.5 n the folowing folder. To instal i a
This wizard wil uade you through the mstalabon of dfferent folder, cck Browse ond select another foder, Clck Instal to start the Fstalton.
Stolmann NECStack $Eva T1 RS, 1.42.5.
Itis recommended that you dose 3 other appicatons
S [ R i e
relevant system fes wthout havg to reboot your
o i=
Cick Next to continue. | 4
Spsce requred: 14.38
Space avalable: 11,768
Next > Cancel | | <Back Instal Cancel

Figure 19.

Installation Complete
Setup was compieted successfull. st@ann

Completed

[Co ]

3. Execute the NFCPlayer by navigating to the "Stollmann NFCStack + EVA Tl R6.0.57.5" folder (should
be in the "Program Files" directory), and double click the NFCPlayer Icon as shown in Figure 20.

. Stollmann MFCStack+Eva TI RG.0.57.5
= NFCPlaygr
'@ NFCStac&Eva User Guide

{# Uninstall

Figure 20.
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10.2 GUI Configuration
1. When the GUI opens, navigate to the Configure button.
2. Provide a Description in the Description field
3. Type in the enumerated COM port values.
4. Click save.
NOTE: The configuration steps only need to be done once for a given set of hardware on a PC if
step 3 (saving the configuration) is done. Henceforth, if multiple platforms have been set up
and saved on the same PC, the description field will be a dropdown menu with all previous
selections available to choose from; these steps are illustrated in Figure 21.
» —_ 1 =
Tg)s(;'?EUMENTS Configuration: l'l'[ 61 ] Trace ‘ Co te “’T Start NFC Stop NFC 5?@&"“
Device detection Technology | RAW:NDEF | RW:legaey | Raw:Mifarestd | P2p | cE:NDEF IS0 14443A/B/Feica | Log |
Readfwrite Peer to pear Host-based card emulation
Mode Made Mode
[ 150 14443A [l Initiator @ IS0 149438 . Y
i = Controller Configuration | = |8 i&]

Description: T[ISI *—- 2—j—

Configuration: READERTYPE=NCI (TRF7970) IOTYPE=5ERIAL PORT=COMG1 ‘—— 3

- |Trar.e flags
4 i . Save,

X ‘ Delete

Controller: |NCI (TRF7370) % | Bus: ISERI.AL = | Port: [Nune
Close

e S T

7l gy

r__ Read NDEF on indication CC-Configuration (advanced)
Bit rate: [#] suppress NDEF RTDAction

|71 Enabled Configure

DEF size:

StartRW Stop R Start P2F Stop P2P Start CE Stop CE
Status:

Figure 21. Steps for Configuring the GUI
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User will now have the window below presented to them.

| Start-up Stollmann MFC stack with the chosen NFC controller configuration

Status:

I3 TEXAS Configuration: [T1 51 - ‘ Trace | ‘ Canfigure StartNFC
INSTRUMENTS e )
Device detection Technology | RMW:NDEF | RW:legacy | R/w:Mfarestd | PoP | CE:NDEF IS0 14443AB/Feica | Log |
Read write Peer to peer Host-based card emulation
Mode Mode Mode
[#] 150 144434 [¥] Initiator @ IS0 144434
[¥] 150 149438 [¥] Target 150 144438
@ 106 212 & 424 @ 848 5 FeliCa
) Service
Innovision Jewel, 106 kbit/s Configuration
FeliCa, 212 kbitfs
Insertempty
FeliCa, 424 kbit/s
2 Insert WCard
Current local role: [7] 150 15653 [ 6.7kbitfs Configuration
i _ ) InsertURL
7 [¥] Suppress NDEF RTDAction
. Configuration @ Inserttext
Detected device type: " ransmit SNEP on indication E
|| Poll removal Insert Smart Poster
Sl R [#] Check NDEF Insertlarge text
Read NDEF dicati
= == en indieaten CC-Configuration (advanced)
Bt fates [¥] suppress NDEF RTDAction

[] Enabled

| Configure

Figure 22.

When NFCPlayer is started, the status (NFC: Start OK) will be indicated as shown in Figure 23.

i3 Texas

Configuration: |'I'I (38

INSTRUMENTS

‘” Trace | Configure

Device detection

Technology | RM:NDEF | RMW:legecy | RMG:MifareStd | P2 | CE:NDEFISO 14443AMB/Felica | Log |

sté//m

‘ Stop NFC |

Readwrite
Mode

IS0 144434
[¥] 150 144438

212

9 106

[@] Felica, 212 khit/s
FeliCa, 424 kbit/s
[T] 6.7 khitjs

Current local role: [ 150 15693

Confi ti
Detected device type: g

[¥] Pall removal
[¥] Check NDEF

Read NDEF on indication

Detected device ID:

|7] Suppress NDEF RTDAction

Bit rate:

| StartRW

Peer to peer Host-based card emulation
Mode Made
Initiator @ 150 144434
Target 150 144438

Service

[] SMEP server Configuration

Insert empty

Configuration Insert VCard
_! Insert URI

Suppress NDEF RTDAction
‘@ Insert text
Transmit SNEP on indication

Insert Smart Poster

Insert large text

CC-Configuration {advanced)

Configure

|| Enabled

Start CE |

Start P2P

-—

Figure 23.
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11 NFC or RFID Reader and Writer Mode Overview

To use the Reader/Writer Mode, press the Start RW button. RW: Start OK will appear in the NFCPlayer
status window and the Current local role window will show RW, as shown in Figure 24.

Unregister | Start NFC
‘ stg//mann

I$ TEXAS Configuration: [TI 61 '] [ Trace I [ Configure [
INSTRUMENTS
Device detection Technology | RAw:NDEF | RM:legscy | R Mifarestd | p2e | cE:nDEF 150 19443afE/Felica | Log |
Read/write Peer to peer Host-based card emulation
Mode Mode Mode
[F]150 144434 [¥] 1nitiator @ 150 144434
| 150 194438 [¥] Target (71 150 149438
@ 108 212 424 948 . FeliCa
% Service
Innovision Jewel, 106 kbitfs
: nnovision Jewel, 106 kbit/s [ T —— Confiiatior
FeliCa, 212 kbitfs 5
e N [7] NPP server () Insert empty
/| FeliCa, 424 kbit/s ™ Irsert YCard
Corventioe s [Fls0 15693 [6.7kbitss Configuration A
* = @) Insert URI
R i [¥] Suppress NDEF RTDAction
Configuration @ Insert text
Detected device type: i [] Transmit SNEP on indication -
il [¥] Pall remaval ) Insert Smart Poster
Detacted device ID: [¥] Check nDEF (71 Insert large text
Read MDEF on indication CC-Configuration (sdvanced)
Bit rate: @ Suppress NDEF RTDAcCton

NOEF size: (

StartRW Stop RW Start P2P Stop P2P Start CE | stopce

Figure 24.

When hardware is in reader/writer mode LED1 will be flashing and then go solid, as shown in Figure 25)
when an NFC/RFID transponder is presented.

‘NS 010 i
voze a1 (S
Jisuy sousy

= ;,,5529 UsB 39

TRF7970A is in one
or more of the

Reader/Initiator three modes

Mode

2p

Diezuss

Figure 25.
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12  NFC or RFID Peer-to-Peer (P2P) Mode Overview

To use the Peer-to-Peer Mode, press the Start P2P button. P2P: Start OK will appear in the NFCPlayer
status window and Current local role window will show P2P, as shown in Figure 26.

Q’TﬁérAsUMENTs Do [ o[ e || cotore | | umveoser | | e S@nn

Device detection Technology | RMW:NDEF | RMWilegacy | RAW:MfareStd | P2P | CE:NDEF ISO 14443ABFeiCa | Log |
Read/write Peer to peer Host-based card emulation
Mode Mode Mode
[V] 150 144434 Initiator (©) 150 144434
V| 1SO 144438 Target @ 150 144438
o ) FeiCa
106 212 424 848 —— e
PR e e [¥] SNEP server <€ Config
[V] FeliCa, 212 kbit/s "
|__| NPP server ) Insert empty
] Feica, 4241its @ InsertVCard
ar
Curventiocal role: 150 15693 [F] 6.7kbit/s Configuration
PP - " Insert URI
Detected device type: o ; = ) Insert text
| Poll removal @) Insert Smart Poster
Detected device ID: V| Check NDEF () Insertlarge text
i Read NDEF on indication CC-Configuration (adv )
Bitrate: [¥] Suppress NDEF RTDAction

|¥] Enabled Configure

P
Start RW Stop RW SEtPR | Cmtbepiin StartCE | Stop CE

Figure 26.

When the hardware is in P2P Mode, LED1 & LED2 will be alternately flashing. When Peer NFC Device is
presented, the mode being used by the hardware (Initiator or Target) will go solid. After transfer of data is
complete and the peer is removed, the LEDs will go back to alternately flashing. See Figure 27)

Reader/Initiator
Mode

Mode
Figure 27.
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13 NFC or RFID Card Emulation (CE) Mode Overview

To use the Card Emulation Mode, press the Start CE button. CE: Start OK will appear in the NFCPlayer
status window and Current local role window will show CE, as shown in Figure 28.

q’ﬁ)s(‘rAlS{UMENTS Configuration: [T1 -] [ Trace } [ Configre ] [ C it ] okl S@B’m

P o Technoogy | RM:NOEF | RV Legacy | Ri:Mfarestd | P> | ce:NDEF 150 14443aBFeica | Log |
Read/write Peer to peer Host-based card emulation
Mode Mode
V] 150 14443A [¥] Initiator
[¥] 150 144438 [V] Target
@ 106 ©) 212 © 424 © 848
s P
- SO Choose Aor B
i [7] SNEP server o
[V] Felica, 212 kbit/s =
= I | NPP server
[¥] Felica, 424 kbit/s
Current local role; [@]150 15693 [ 6.7kbits Configuration
CE — [¥] suppress NDEF RTDAction
) onfigura e
Detected device type: || Transmit SNEP on indication
(V] Poll removal
Detected device ID: 9] Check NOEF
[¥] Read NDEF on indication
Bit rate: [¥] suppress NDEF RTDAction B
ﬁ (,/ Enabled
JEF size:
Stop RW Stop PP Start CE Stop CE
sk 7
Figure 28.

When the hardware is in CE mode, LED3 will be on solid.

Card Emulation
Mode

Figure 29.
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14  NFC or RFID Reader and Writer (RW) Mode Details

Reader and Writer modes demonstrated and explained by showing the Tag Types and the different types
of common data stored.

RTD types:

e Text

 URI

e Smart Poster
e Vcard

« MIME

Tag Platforms Types supported are:

* NFC-5 (TI 1ISO15693)

* NFC-2 (MF UL)

* NFC-3 (Sony FeliCa)

* NFC 4A (DESFire EV1)

* NFC 4B (Tl Dynamic Tag, the RF430CL330H)

14.1 NFC Type 2 Tag Platform

Figure 30 shows an NFC Type 2 Tag Platform which has been formatted with the tool and then
programmed as RTD Smart Poster. If Suppress NDEF RTD Action (in front panel) box is unchecked,
presenting this tag will open browser up and will be routed to http://www.ti.com/tool/nfclink web page.

{ip TEXAS : :
Configuration: |TT - Trace Configure Unregister Stop NFC
INSTRUMENTS sto//mann
Device detection Technology | RMW:NDEF | RMW:legacy | RMW:Mfarestd | P2 | CE:NOEFISO 14443ABfFeiCa | CE:EmbeddedsE | Log
\¥ 4 Read
" Contral
—_— Level Index TNF Type Code Content -
iy Mifare UL [0 0 RTDWelknown
Vellknown Sp Read
1 0 RTDWellKnown T en Check this out - NFC powered by Texas Instruments!
-~ = 11 RTOWellKnown U http://www. ti.com/nfc Check Tag
ﬁ n" .h | 2 RTDWellKnown act start application
V| Suporess
Forum
] 7| Auto read
Current local role:
RW
Detected device type: Baid
T R P | ontr
4 ereuraommea RiDText | RIDURL | RTDSmartPoster | VCard | MIME
Y oetected device 10: Lang. code: [Engish ] RE: httos . 8.compnfc winte
—p  O4D0:9E:1A:43:28:80 Check this out - NFC powered by Texas Instruments! "
E ormat
Bit rate:
: 106 Text: Erase
NOEF size: -
840f 137
J
—— FRWiReadNOFF OK
Figure 30.
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14.2 NFC Type 3 Tag Platform

Figure 31 shows an NFC Type 3 Tag Platform which has been formatted with the tool and then
programmed with an RTD URI.

Configuration: |TT v Trace Configure | | Unregister art NI Stop NFC
INSTRUMENTS [ Il | J | J | sté//mann
Device detection Tecnology | RAV:NDEF | R/W:legacy | RW:Mifarestd | P | CE:NDEFISO 14443ABfFeiCa | CE:EmbeddedSE | Log
== Read
—_—a Felica | [Level Index THF Type Code Content | control |
0o 0 RTDWellknown U hitp://www. ti.com/product/trf7970A ‘ = ‘
rl:'-"- | checkTag ‘
L V! Suppress
FOorum
_ V! Autoresd
Current local role:
RW
Wirite
Detected device type: -
| | e | [Rmtext ] RO [RDSmert Poster | vard | mmve ‘ ontr
Detected device ID: | | prefix: [nttps/iwms. »] WL t.comfproduct/irf7970A | [ Virite \
01:2:30:C8:51:52:62: 77 | 1t |
[ ] || Format ‘ |
Bit rate: L ,
12 [ ] ' Sose J
NOEF size:
28 of 208
RW:Read NDEF OK
L |

Figure 31.

14.3 NFC Type 4A Tag Platform

Figure 32 shows an NFC Type 4A Tag Platform which has been formatted with the tool and then
programmed as a VCard.

@& -3 x
i TEXAS Configuration: TI 2 [ Trace | Configure ][ Unr ] [ startrec L J
{P i egister Start NFC Stop NFC
INSTRUMENTS - - ) st (e ‘ o S // nn
Device detection | Technology | RM:NDEF | RW:legacy | RAW:MifereStd | P2P | CE:NDEFISO 14443ABfFeica | CE: st | Log |
},‘{ Read
—_— T
1 Level Index TNF Type Code Content Coriieol
0 ) MIME text/x-vCard BEGIN:VCARD Read
VERSION:3.0 L
N:Wyatt;Josh;;;Applications Manager (
FN:Josh Wyatt Check Tag J
ORG:Texas Instruments = -
TITLE:NFC Expert | Suppress
URL:www.ti.com ] Auto read
EMAIL; TYPE=INTERNET:josh.wyatt@ti.com
TEL; TYPE=voice,work,pref:214-567-5124
Current local role: TEL:TYPE=cell214-567-5124
g Write
Detected device type: il
" on
¥forc OEF e (ype A [ RDText | RIDURL | RTDSmartposter | VCard | MME [
Detected device ID: Title: Applications Manager Firstname: Josh Write ]
3 OUSBLZIAEF:2250 Job titie:  NFC Expert Lastname: Wyatt f -
Bitrate: Phone:  214-567-5124 Mobile: 214-567-5124 E-Mail:  josh.wyatt@t.com
84 - - " | Erase
Company: Texas Instruments Country:  USA Gity:  Dallas |
NDEF size:
URL: www, ti.com Code: 75243 Street: 13532 N. Central Expressway
339 of 2046
RW:Read NDEF OK
Figure 32.
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14.4 NFC Type 4B Tag Platform

Figure 33 is an NFC Type 4B

Tag Platform (RF430CL330H) which has been formatted with the tool and

then programmed for NFC Forum Bluetooth Connection Handover.

i3 TExas w ‘ || l = || ‘
Configuration: |TI - Trace | Configure Unregister art NF Stop NFC
INSTRUMENTS ‘ d ‘ ‘ I sté//mann
Device detection Technology | R/W:NDEF | RW:legacy | RMW:MfareStd | P2P | CE:NDEFISO 14443ABfFeiCa | CE:Embedded SE | Log
Read
B Level Index TNF Type Code Content Contral
1S0 144438 0o o0 MIME application/vnd.bluetooth.ep.cob 21000605 04 03 02 01 0D 09 48 65 61 64 53 65 T ‘
e 74 20 4E61 6D 6504 0D 04 04 20 05 03 1E 11 08
1
= | CheckTeg |
Forum 9 sppres
V| Auto read
Current local role:
RW
Write
Detected device type: i
RTD T on
L owummmes TOText | RIDURI | RTD Smartposter | veard | e : )
[ Detected device ID: Lang, code: (Engish =) wite |
24B5:A3CE NFC powered by Texas Instruments PR
Bit rate: _j
106 Text:
INDEF size:
680f 3072
RW:Read NDEF OK

Figure 33.

Figure 34 shows the same Tag Type 4B (RF430CL330H) which has been formatted with the tool and then
IME). This demonstrates a larger file being stored, which could then be
ther NFC device or via the host over I12C or SPI (wired connection).

programmed with an image (M
extracted out of the tag by ano

T | [Lomtae | | | [
Configuration: |TI . Trace Configure Unregister Stop NFC |
INSTRUMENTS [ | ‘ J stdl/ n
Device detection [ Technology | RM:NDEF | RWilegacy | RMW:MfareStd | P22 | CE:NDEFISO 14443ABFeiCa | CE:E st [ Log
Read
e
—_—
Level Index TNF Type Code Content Control
1SO 14443-B 0 0 MIME image/jpg W r — ]
_ )
P —
M'F Eched(Tag }
- V| Suppress
Forum
V| Auto read
Current local role:
RW
wte
Detected device type: Control
on!
rcppe e c—— RIDText | RIDURI | RTDSmartPoster | vCard | MIME 5 :
Detected device ID: URI: C:/Users/a0867749 Pictures/EAWS_Wings.jog Selectimage Wite, |
AA:FIF68F —J %
| Format |
Bitrate: € J
108 ‘ se
INDEF size:
2879 0f 3072
RS |
Figure 34.
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145 NFC Type 5 Tag Platform

After pressing the R/W button, present a NFC tag (doesn't have to be formatted). in this example we are
presenting an unformatted NFC Type 5 (ISO15693, Tl HF-I) tag. Note that the tab automatically flips to
R/W: Legacy and the type of card is displayed graphically along with the Unique ID (in this case,
E007000017F4EOQOE4). Press the Format NDEF button to make the tag NFC-V type. This puts a Capability
Container with empty NDEF in the user memory.

*ip Texas Contoentn: [ e | e | e
§ : - egister | Stop NEC
INSTRUMENTS L sto//mann
Device detection Tecwology | RAW:NDEF | RMW:legacy | R/W:MfareStd | P2 | CE:NDEFISO 144434BFeiCa | Log
(vicintty card) APOU transfer /log Contral
—p Comman
= Command: b4 Exch. POU |
1SO 166983 POU:
Save POU 1
Description: w |
Delete POU |
Check Tag }
Current local role: Erase ‘
RW .
Daachad dovin tpmt Format NDEF 6 re—
—_— 50 15585 Vet T s gt
Detected device ID:
ﬁ | E0:07:00:00: 17:F:E0:€4
Bitrate:

7

Figure 35.

After the tag is formatted, the GUI status window will quickly flip to Format NDEF OK, then present the
R/W NDEF with the status changing to RW: Read NDEF OK. Figure 36shows the results (formatted, but
with an empty tag)

{i’ Texas o =
figuration: | TL - Trace Configure Urregister Stop NFC
INSTRUMENTS ) (S sté//mann
Device detecton Technology | RMW:NDEF | RpW:ilegacy | RAw:Mifarestd | P2 | CE:nOEFISO 14443aBfFeica | Log
(vickty card) e
—_— e e e e e = Lo romie e Contral
Levei index TiF Type Code Conient
I1SO 156883 S
- Check Tag
g r‘-l' -
V! Suppress
FOrum
V| Auto read
Current local role:
el Write
Detected device type:
RTDText | RTDURI | RTD SmartPoster | vCard | MivE —

—l 150 15693 Tag-it HF-1Plus
Detected device ID: Lang. code: |English - Wite

— E£0:07:00:00:17:F4E0ES NFC powered by Texas Instruments T
Bitrate:

7 Text:
NDEF size:
00f250

— R

Erase

Figure 36.
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User can now enter data into the bottom ‘Write’ window and press the Write button to write a NDEF
message into the tag. When this occurs, the screen will quickly flip to Write NDEF. You can then either
press the Read button, or remove the tag from the reader/writer antenna and re-present the tag to get the

NDEF message read back.

w3 Texas —
INSTRUMENTS

\" Trace “Cnnﬁg.re ‘Unugstch Start NFC

Device detection

,,TM! R/W: NDEF
(vicinlty card) Read
| Level Index TNF

RMWilegacy | RMW:MfereStd | P2 | CE:NDEFISO 14443AB/Feica | Log |

Type Code Content

1 ISO 15693
~——

MFC
FOrum

~e—

(i

Current local role:

RW
Write

Detected device type:

RTD Text |
1SO 15693 Tag-t HF-I Plus
Detected device ID: Lang. code:

E0:07:00:00: 17:F4:E0:E4
Bitrate:
7 Text:

INDEF size:

236 of 250
OW Weise NDEE QK
RWrwneMER OC

1
—

RIOURI | RTD SmartPoster | vcard | MmvE
[Engish -]

Welcome Texas Instruments Field Appiications Engineers!

NFC powered by Texas Instruments - NFCLink Rocks!!!

NFC is a growth engine for Texas Instruments across all business units!
We value your skills - thanks for your attention!

€~ Enter data here, then

press Write button

- B X
| swpiec J st@ann

Control
[ e } &

‘rdn:dﬂag‘

¥| Suppress
V| Auto read

Control
e

{an‘

Figure 37.

To stop the R/W mode, remove the tag from the field and press the Stop RW button.

*I?TEXAS : "
Configuration; |TL = Trace Configure Unregistes Stop NFC
INSTRUMENTS ] S ” n
Device detection Technology | RMW:NDEF | R/W:legacy | R/W:MifareStd | P2 | CE:NDEFISO 14443AfB[FeiCa | Log |
Read fwrite Peer to peer Host-based card emulation
Mode Mode Mode
V] 150 144438 V| Initiator 9 IS0 144434
V] IS0 144438 V] Target 1S0 144438
@ 106 424 O FeiiCa
106 212 2: 848 Service
ST [7] sNeP server Configuration
V| FeliCa, 212 kbit/s ¥
| NPP server Insert empty
V| FeiiCa, 424 kbit/s Theert ¥Card
Insert VCar
Current local role: 7] 150 15693 | 6.7 kbit/s Configuration
" Insert URT
- " ¥| Suppress NDEF RTDAction
onfiguration . © Insert text
Detected device type: | Transmit SNEP on indication
| Poll removal Insert Smart Poster
Detected device ID: ¥] Ched: NDEF Insertlarge text
v
“ Rend NOEY: onindication CC-Configuration (advanced)
Bitrate: 7] Suppress NDEF RTDAction )
Enabled Configure
EF size:
StartRW | Stop RW { Start PP b Start CE Stop CE
AwiSmo oK A
[
7
/
7
7
Figure 38.
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15 NFC or RFID Peer-to-Peer (P2P) Mode Details

The TRF7970A is capable of being a Type-A or Type-F peer (target or initiator) @ 106kbps, 212kbps or
424kbps. This section will show how to accomplish this with the use of the host stack and the embedded
MCU library. This NFC mode can be used for a variety of applications where a data transport system is
needed for data exchange, firmware updates, simplified setup of alternative radios (Bluetooth, Wi-Fi,
RFACE, etc.). This differs from card emulation, because once the connection is established, data can be
passed either way. Also, multiple channels can be set up to provide for high-speed full-duplex data
transmission schemes over the magnetic link. Early versions of the NFC devices used the NDEF Push
Protocol (called NPP), but now the NFC Forum has a newer specification called Simple NDEF (NFC Data
Exchange Format) Protocol or “SNEP”. Both are supported with the embedded firmware and the host
stack being offered here by Texas Instruments.

When NFC Enabled device is presented (ho app open in this case), the GUI screen flips over to P2P
mode. Message can now be sent from a GUI to the NFC-enabled device using the Transmit button. This
will open either the native app on the phone or a default one (the NFC TagReader from KDDI shown in
Figure 39).

@ 1 v | I
$I§§¢]§UMENTS C m v|‘ Trace H Canfigure H Unregister ‘ StartNFC ‘ Stop NFC ‘ S@nn

Device detection | Technology | R/W:NDEF | RjW:legscy | R/W:MifreStd | P2 | CE:NDEFISO 14443A/B/Feica | log |

INFC powered by Texas Instruments

i
[E

Current local role:

P2 Transmit (Client)

Detected device type: RTDText | RTIDURL | RTD SmertPoster | veard | MIME |
P2P; Initiator

Lang. code; |Engiish =
Detected device ID: ———

P R NFC pawered by Texas Instruments ] Auto

Bit rate: Text:
212

| svep [ Stolmann APT |

Figure 39.

When NFC-enabled device has application open for doing P2P, the GUI screen flips over to P2P mode, as
before. Messages can now be sent from the NFC-enabled device to the GUI.
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In Figure 40 the device is “Beaming” a URL to a Texas Instruments website. Other message types can be
sent as well, such as Alternative Radio Handovers, text content, SmartPoster, Phone Numbers,

Applications, Images, etc.

nd by Beam
over to the NFC device

((a

—,

{I’ TEXAS Configuration: [TL
INSTRUMENTS

[ echnology. | RAW:NOE" | RiWskegeey | RpWstrestd | P2 | CEinDEF 150 rtcABireice | o mbeddease | tog |

Device detecton
Receive (Server)
[Lewe ndec THE Type Code Content
oo U bt/ focusti MP=WT.
= Tanemit (Cient)
Detected device type: | R Text | RTDURL | RTDSmartPoster | Veard | MIME | Eadl
P2P: Target — ——
> Lang. code: [Engleh =] [ s |
Detected device ID: e —
e NFC poered by Texas Tnstruments [Fauo
Bitrate: Text:
e
S suep [ Stolmam P1 |

Figure 40.

You can also set up two of the hardware sets and run two instances of the GUI on the same PC, then
demonstrate the P2P functionality without using a NFC handset. In Figure 41 we have sent an RTD MIME
message (in the form of an image) from one hardware set to another using SNEP)

=0 X

S@ann

‘i} TEXAS P —
INsTRUMENTS "

Toce | | confipure | | umepster swpIeC S@i rin

kg Texas Confuratr: [TL <[ wace || confiore | [ urvegster SwpheC
INSTRUMENTS o com
Devee deecten Tedmoogy | RICE | R Lepecy o> = Devindateckon ectmoagy. | lwioe | AsLessy | R mies | P | ceinoer 0 amamreca. | CesEmbesiesse | 120
Recebe Server) Recev fsever)
Level Index THF Type Code Content Level Indec TNF Type Code Content =
0 0 RIDWelKnown T an  INFCpowered by Teas Instruments Message received
[
FOrCUM
[r—— Gurent s
> Tt (et v Toramt (Gen)
Detectaddevee RO Tert | KIDURL | KT Snart sty | vard | b0 St Deteced devie tyoe: wote | amue | Amsnatree | vord | soe ol
Eopees P Taget =
N—— — [ . code: ol [
Detected device I s Detected device ID:
orFE00102030405 [ r— P e T e — oo
m
— sep [ Eban i — e [ Sobmen it

Hardware set in P2P mode

Figure

41.
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User can also send over and receive all the other types with this hardware setup described. Here we have
sent a RTD URI, SmartPoster, VCard from one hardware set to another (also using SNEP). It's important

to realize here that once connection and symmetry are established, the device on either side can send a
message to the other device, without changing any settings.

{i’ Texas
INSTRUMENTS

Device detection

]

Current local role:

P

Detected device type:
P2P: Initiator

Detectad device ID:
01:FE:00:01:02:03:04:05
Bitrate:

212

Configuraton: [T1

i irESrs s[@m

Technology | RM:NDEF | RMWilegacy | RM:Mfarestd | P2 | CE:NDEFISO 14443ABfFeiCa | CE:EmbeddedSE | Log

Receive (Server)

Level Index TNF
0 0

Type Code
RTD u http:/
RTDWellKnown U http://www. ti.com/nfc
RTDWellKnown Sp

0 0
0 0
1 0 RTDWellKnown T en
1 1
1 2

Content

Multiple Types of P2P

messages received
Check this out - NFC powered by Texas Instruments!
RTDWellKnown U
RTDWellKnown act

hitp://www. ti.com
start application

Transmit (Clent)

RTDText | RIDURL | RTDSmartPoster | VCard | MIME Control
Lang, code: [English - Transmit
NFC powered by Stolmann Auto
Text:
snep | Stolimann APT

Figure 42.

Demonstrating the advanced features that NFC Peer-to-Peer offers, Figure 43 shows that you can see
(once P2P connection is established) that a two-channel, bi-directional communication link can be
arranged between two kits. This is useful for firmware updates or large data transfers where a user can
set the device down for at least a few seconds (NFC Landing Pads...). Figure 43 shows two devices that
are set up (one as the target the other as the initiator) and that have communication symmetry.

= Stollmann NECPiayer (version 105751 FW: 61038

& Tews Cantgraor [ o=
INSTRUMENTS

Oevce gesecton

Comecton 1 (540 = 15

St st

Comect Netcomectns v

Technoiogy | AMIOE | R iepy | RNiMwesss | PP | chicer 0 santecs | g

Potstmed  Mas, wndsw s

P | e swprec s@am @mmm P o | roreey | e

Oevece datecton

5]

Curentioon o

Techmoogy | Aw:r0E || Rj egsey
Correcton 1 (49 = 15)

Rxbres: St

Tebyes Comect

etected devie tyoe:

Oetectnd devee 0

INITIATOR

Figure 43.

R iwes | PP | cenos 50 smoaskecs | g
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We have chosen the Stollman API tab and started the listeners. The next step is to do a connect, on
either side. Then, on either side channel — choose continuous under a TRANSMIT button and depress the
TRANSMIT button. This will start a continuous stream of data to begin flowing over the NFCLink in two
directions, using a NFC magnetic field based on the TRF7970A + MCU device, on either side.

{i; Texas cone
gration: (11 v | e Confiquee | | Urvegister | SopNFC
INSTRUMENTS P9 i ! | stfl/mann
Device datection Technology | RiW:NOEF | RiW:legacy | Rjw:MfareStd | PP | CE:NDEFISO 14443AB/FeiCa | Log
Connetion 1 (549 = 15)
Stoplstener|  Lstenerieady  Max.windowszet | RXbytes: 0
— Soed Nokcomected. 7 Stolimann NFCPiayer (version 10.57.5) FW: 8.1.038
.
FOrum Qy Texas 3
Configuration: [T1 vl wee || coofigwe | | unegster Stap NEC
INSTRUMENTS " stg//mann
Conmection 2 (5P = 14)

Current local role: Device detection Technology | Rfw: NOEF | Rjw:ilegacy | Rfw:mfarestd | PP | CE:NDEFISO 14443A7[Felica | Log

= Stoplatener | Listener ready

o ’ Connection 1 (549 = 15)

Dot e trve Connect Mok connected

il 4 Stoplstener | Listenerready  Max. windowsize: 1 RXbytes: 0

Detected device ID:

[Emeey Connect Notconnected MU 28 2 Continuous Thbytes: 0

Bit rate:

22 Echa server

Connection 2 (SAP = 14)

S— = : Currentlocal roe:

PP Starttener OK | Sy - Soplstener | Ustererready  Max wadowsze: 1 RXbytes: 0
siiubuikadi ss) Connect Notcornected  MIU: 2z B Continuaus TXbytes: 0
P29 Intistor —
Detected device 1D
01:FE:00:01:02:03:04:05 P vy
B rate:
a2
I | 7| Soem Pl

{i‘ Texas |
Configuration: | T1 - Trace Configure | | Unregister Stop NFC
INSTRUMENTS J std/) n
Device detection " o . N |
Technology | R/W:NDEF | Riw:legacy | Rjw:Mfarestd | PZP | CE:NDEF IS0 14443AfB(FelCa | Log
Connection 1 (SAP = 15)
Stop kstener Ustener ready  Max. window size: 1 Transait RXbytes: 0
. Discornest | Connected ‘ MIU: 128 [l Contiuous ______ Tbytes: 0 »
i *l’ TEXAS ot [
fiquration: | TL - Trace Configure Unregester Stop NFC
Connection (54 = 14) INSTRUMENTS e g stg//mann
Current local role: e ) )
e Stop listener Listener ready Device detection Technology | RIW:NDEF | Riw:legacy | Rjw:MfareStd = P2P | CE:NDEF 15O L4443afBjFeliCa | Log
Ptactedt devics bypes Disconnect  Connected J Connection 1 (S4P = 15)
P2P: Target —
Detacted devics ID: Stop kstener Ustener ready  Max. window size: 1 Transmit RX bytes: 0
114:44:34 ara |
S Disconnect Connected MIU: 128 Contiruous TH bytes: 0
Bt rate: il
212
Echo server
Connection 2 (SAP = 14)
SRR SNEP | seolmann 471 Current local role:
— B \er | |Stop kistener Listener ready Max, window size: 1 Transit RX bytes: 0
devic : N 7 1l
BT TR | Disconnect Comected N 1IL: 128 Continuous Txbytes: 0
P2P: Intitar |
Detected device ID: Uighiinnbert
01:FE:00:01:02:03:04:05 Echo sarver
Bit rate:
212
mm*, " SNEP Stolimann APT B
. . ) Ny
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Then the user can see data amounts streaming and in what direction.

Device detection Technology | Rjw:NOEF | Rjw:legacy | Rjw:Mifarestd | P2P | CE:NDEF ISO 144434/B/FeliCa | Log

Connection 1 (SAP = 15)

it kstener | | Stop listener Listener ready Max. window size: 1 £ Transmit ‘ RX bytes: 41600 /

ct Disconnect Connected MIU: 128 £ | Continuous TX bytes: 0
m Echoserver
Connection 2 (SAP = 14)

Current local role: —_— R
o Start kstener | |Stop listener Listener ready Max. window size: 1 s Transmit RX bytes: 0
Detected device type: Connect Disconnect Connected MIU: 128 = 7| Continuous TX bytes: 26544
P2P: Target —
Detected device ID:
08:14:144:34 Echo server
Bit rate:
212

Start NFC Stop NFC
P2P; Transmit OK SNEP | Stalmann APT

T CONNETON TSR =TS T

Start kstener | |Stop listener Listerier ready M. window size: 1 : Transmit RX bytes: 0

Connect Disconnect Connected MIU: 128 G | Continuous TX bytes: 41600

S@ann
~

Connection 2 (SAP = 14)
Current local role:

o Start istener | |Stop listener Listener ready M. window size: 1 : Transmit RX bytes: 28544
Detected device type: ct Disconnect Connected MIU: 128 : 9] Continuous TH bytes: 0
P2P Initiator —

Detected device ID: :

01:FE:00:01:02:03:04:05 Echo server

Figure 45.
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16 NFC or RFID Card Emulation (CE) Mode Details

The TRF7970A is capable of emulating (or being) a Type A or Type B card @ 106kbps. This section will
show how to accomplish this with the use of the host stack and the embedded MCU library. This NFC
mode is being used for a variety of applications where larger tag sizes are needed or more advanced
applications need to pass data sizes or methods which exceed the capabilities of passive tags. In a
previous section, we showed the RF430CL330H, which is a dynamic tag with 3kB of memory space
available, here we are showing something similar, but with 8kB of space. (the size of the emulated card is
really limited only by the settings in the system, meaning, the card could be indicated to be much larger)

When hardware is in card emulation mode, and a NFC-enabled device acting as reader or writer is
presented, the LED in the center of PAD1 will illuminate. The PAD1 LED will flash as the device
approaches, then, when the field strength is sufficient it will stay on solid.

Card Emulation
Mode

Figure 46.

When an NFC handset (or other NFC enabled reader or writer) is presented, the hardware will be read out
just like a passive NFC or RFID tag. Figure 47 shows various screen captures from handset application
called NFC TagReader (from KDDI)

Card emulation by Sto//mann

URI text Smart Poster Large text

Figure 47.
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When an NFC handset (or other NFC-enabled reader or writer) is presented, the hardware will be read out
like a passive NFC or RFID tag. Figure 48 shows the GUI screen, as appears when showing the packet
activity between the NFC handset (or other reader/writer) and the hardware.

{’-Irxﬁ)sf'?ﬁumems s i T | wee || cotowe || uvepser || oo [ sumrec | S@Bnn

Device detection Technology | RMW:NDEF | RW:legacy | RAW:MifareStd | P2p | CE:NDEF ISO 14443ABfFeiCa | CE:EmbeddedSE | Log
Log

1D 0x0000E 104 selected -
TX (hex):
90 00

RX (hex):
00B0 0000 20
15014443-4 command: READ BINARY

TX (hex):

0044D1023F 53709101 1E5402656E 4361
7264206560 756C 61 74696F 6E 206279 20
S0 00

Currentlocalrole: = | e
RX e Log of NDEF Message
Ce 008000 20 20 ———— x
Detected device type: 15014443-4 command: READ BINARY being read out
CE: IS0 144434 T (hex):
53 74 6F 2F 2F 6D 61 6E 6€ 1101 125500 77 77
Detected device ID: 77 2E 73 74 6F 6C 6C 6D 61 6 6E 2F 63 6F 6D 51
AAIFIFEIBF e
Bit rate: RX (hex): .
0080 00 40 06
106 15014443-4 command: READ BINARY
TX (hex):
03016163 74005000

Figure 48.

You can also use a handset application, like the KDDI application, to write an image (or other message
type) to the hardware.

@ - O X

= € i ) —
N I3 TEXAS E = —
_ R | 45 s e 0 v (o) [ ] o (] e
~ Writing Device detection 2 bedde
Technology | RM:NOEF | RMW:legacy | RMW:Miferestd | p2p | CE:NDEFISO 14443aBfFeiCa | CE:EmbeddedSE | Log

Log
IS0 14443-4 command: UPDATE BINARY -

TX (hex): -

9000
RX (hex):
y to write the content 00 D6 18 60 20 01 A2 55 43 8E 7D 3F 2A EF FE DD
v C 69E2AB 4E 97 7F A36A 12DA 3749 DA 16 25 &
o e AF 4C823D 47
150 14443-4 command: UPDATE BINARY

Currentlocal role: au

e RX (hex):

. 00D6 18 80 18 E20D 47 68 D2 OF A9 A5 B9 FF 00 -b
Detected devie type: 67 0B 4 F7E8 36 AC AC 38 F54C FF D9 Log Of NDEF Message
CE: 1SO 144438 IS0 14443-4 command: UPDATE BINARY . . .
being written over the air
Detected device ID: X (hex):
i from handset
Bitrate: RX (hex):
00D6 000002 18 96
106 1SO14443-4 command: UPDATE BINARY
DE TX (hex):
Make Read-Only 9000 - -
NFC: Technology detected
Figure 49.

Then, the application can read back the image (or other data) from the hardware.
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You can also set up two of the hardware sets and run two instances of the GUI on the same PC (with one
as the reader and writer and the other in card emulation mode) then read and write data without using a
NFC handset. (Figure 50 we have written ~5.7kB image and have read it back)

{J}Ttms Confurations [T1 = | |
INSTRUMENTS o =

Device detection

Rend
Levd inder TNF Type Code Cortert
150 144438 0 0 MIME imegeips

MFC
m

FOru

Cumentlocal ele:
Rt

Configre | | Urepster | | < StophFC

Temotgy | Rvi10E | npusiegecy | pwimnesis | p2p | ce: e 150 19w peica | o Erbeatease | imp

i3 Texas .
s‘@ann i B INsTRUMENTS <7

Device detecton

Technoogy | Ra:10EF | Raw: Leomcy. |

=) [Cwee | [Lcontgue | [iregenr | [mmtec | s@a«n

RpW:Mfwe st | P | CE:NDEFISO Ie+ABFEICS | CE:EmbeccedSE | Log

tog
Corrat
X e
Rend om0t

150182434 commard: READ BIVARY
CreckTag T e

#5000
7] Suppress -
) st 1238 0080100 00 01

150144434 command: READ BINARY

Current ocalrle: T e

| | Co— e
50 14543 (e 8 RIDText | RIDURL | AT Smatosier_| VCud | ME corral e i QRN souar

= - R Ci 5. & Irmages for Select msge. L L I Desected device 1Dz T;S-:;é
e - w
RO x| ey

Hardware set in R/W mode Hardware set in CE mode
Figure 50.
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17  Project File Structure

The NFCLink installation places the following folders at this location:
C:\ti\msp430\NFCLink_1.0.0.1

doc —User Guide\Quick Start Presentation. (similar to this document)

examples\allModes —Reader/Writer, Peer to Peer, and Card Emulation projects.
RW_P2P_CE_1: USB (CDC) interface to the host.
RW_P2P_CE_2: UART Module interface to the host.

Libraries — The libraries used by the CCS projects.
driverlib — UART, GPIO and Timer drivers.
nfclinklib — library for NFC operations
usblib430 — USB drivers for the MSP430F5529.

utils — NFC Player installer — Host executable for Windows OS. The program will be installed in
C:/Program Files(x86)/Stolimann.

Organize = Include in library - Share with = Burn Mew folder
o Favorites = Hamg
Bl Desktop doc
4 Downloads driverlib
%# Dropbox examples
| Recent Places . nfclinklib
usblib430
= Libraries utils
| Documents @ NFCLink_Manifest html
@' Music | | ReadMe bt
[ Pictures || uninstall.dat
B videos B2 ninstall.exe
‘M Computer 3
& 0sDisk (C)
Figure 51.
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18 Porting to other MCUs

The following layers will have to be modified when porting to other MSP430s:

1. Host Interface — Code examples will include USB / UART. Future releases will include SPI and 12C
implementations — i.e. using an Aardvark™ [2C/SP| Host Adapter for testing.

2. MSP430 Hardware —Main application, MSP430 MCLK, Watch Dog Timer(WDT), GPIOs (for LEDs and
debugging purposes), and one timer.

3. TRF7970A transceiver Interface — SPI w/ Slave Select module.

HOST MPU
{Windows, Android, Linux, QNX)

USB or UART

SOURCE
CODE

NCI
PROTOCOL INTERFACE

NFC & RFID API / OP CODE DISPATCHER
(HARDWARE ABSTRACTION LAVER)

( PROTOCOL HANDLING & COMMUNICATIONS DRIVER )

LIBRARY
> FORMAT

(*.LIB)
- General MCU Drivers (System Clock, Timer, WDT) SOURCE
CODE
NFC or RFID DEVICE
(PEER, READER/WRITER, TAG)
Figure 52.
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18.1 Host Interface Modifications
There are three functions that must be modified to interface with the host.

Host_Interface::Init() — Initialization for the module and RX ISR. For RW_P2P_CEL1 the function
initializes and configures the USB module.

Host_Interface::Write() — Function that transmits to the host. For RW_P2P_CE2 the function writes to
the UART_TX buffer with len bytes.

The RX ISR for the host interface— Store incoming bytes into Host_Interface::recbuf.

HOST MPU
{Windows, Android, Linux, QNX)

SOURCE
CODE

LIBRARY
FORMAT
{*.L8)

SOURCE
CODE

NFC or RFID DEVICE
(PEER, READER/WRITER, TAG)

Figure 53.
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18.2 General MSP430 Modifications
There are five functions that must be reviewed:
HW_Config::Init() —Disables the WDT. Sets up the Frequency of the MCLK — the current implementation
uses the 32.768 kHz crystal (ACLK) , MCLK = DCO = 25MHz.

HW_Config::MCU_Reset() —Reset the MSP430 by setting the BOR flag (this can be modified to a
software power on reset depending on the MCU). When a host reset command is received, this
function is used to reset the MCU.

HWTimer::Init() —Initialize Timer A using reference of ACLK (32.768kHz) running continuously.

HWTimer::ticks32() —Returns and stores the value of the timer’s counter into timervalue.f[0].
Furthermore TICKS_PER_MSEC (inside MSP430_hardware.h) needs to be updated based on the
CLK being used as reference. (i.e. For a 2MHz Clock -> TICKS_PER_MSEC = Ref. CLK / 1000 = 2
x 10”6 / 1000 = 2000)

GPIO::Init() —Initializes the External Field LED (P1.1), External Field debug pin (P4.1), Any Mode LED
(P1.3), RW/lInitiator Mode LED (1.0), P2P LED (P8.1), CE (8.2), Serial TX debug pin(4.3) and Serial
RX debug pin (4.2). These GPIOs will be helpful to provide feedback to our team.

HOST MPU
(Windows, Android, Linux, QNX)

i) L SOURCE
conE

’-‘-l b ki St e 3
PROTOCOL HANDLING & COMMUNICATIONS DRIVER )

LIBRARY
FORMAT
(*.uB)
SOURCE
CODE
NFC or RFID DEVICE
(PEER, READER/WRITER, TAG)
Figure 54.
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18.3 TRF7970A SPI Driver Modifications

There are five functions that must be reviewed:

TRF797x_setup() —Initializes the interface to the TRF7970A (SPI / Parallel). Initializes the TRF7970 EN
pin, then sets up the IRQ pin with a rising edge interrupt. Afterwards, it writes to the TRF7970 to
ensure it has been initialized properly. (RFID.cpp/.h)

Note:At this time, only SPI w/ SS is supported.
RFSPI::init() —Initializes the SPI module as 3 pin SPI, 8 bit Master, MSB, Clock Pol/ Phase = 0, SPI

Clock ~ 4MHz using the SMCLK = 25MHz as reference. The Slave Select will be manually set —
ensure that SLAVESELECT _OUTPUT is using the correct GPIO (SPIl.cpp/.h)

Note: Please see the datasheet to match

TRF797x_IRQ_ISR() —Ensure that the interrupt service routine for the IRQ pin (rising edge interrupt) is
setup correctly. (RFID.cpp)

RFSPI::waitBus() —Waits for the SPI module to be idle. (Needs to be modified depending on the USCI)
(SPl.cpp)

RFSPI::transfer() —Writes to the SPI TX register, and returns the value of the SPI RX register. (Ensure
USPITXBUF and USPIRXBUF are defined appropriately). (SPI.h)

HOST MPU
(Windows, Android, Linux, QNX)

|

SOURCE
. CODE
mCl

PROTOCOL INTERFACE
[ NFC B RFID API / OP CODE DISPATCHER l

[ fPRﬂ?OCDl HANDLING & COMMUNICATIONS DRIVER

LIBRARY
> FORMAT
(*.uB)

SOURCE
CODE
NFC or RFID DEVICE
(PEER, READER/WRITER, TAG) ‘
Figure 55.
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19 Memory Footprints
19.1 CCS Optimization Options
There are two knobs available for optimizing the application:
1. Optimization Level (range 0 - 4)
2. Control speed vs. size (range 0 — 5)
Note: For smallest memory footprint the control speed vs. size must be set to 0.
The following section will provide a memory footprint for the examples in the release and the internal
development version — by only modifying the optimization level. Since both the library and the CCS project
can be optimized independently, the table for the USB will have the best and worst cases scenarios.
type fifter text Optimization ST
Resource
CCS General N +
4 CCSBuild Configuration: |Debug [ Active ] ~ | | Manage Configurations.. |
4 MSP430 Compiler
Processor Options
Optimization .
Debug Options Optimization level (--opt_level, -0) \0 M|
Include Options Control speed vs. size trade-offs (0=size, 5=speed) (--opt_for_speed, -mf) |0 =
ULP Advisor
Advanced Options
MSP430 Linker
Builders
C/C++ Build
C/C++ General
Debug
Project References
Run/Debug Settings
Task Tags
? Hide advanced settings [ Cancel
Figure 56.
Table 1. CCS Memory Footprint
Mode + USB CDC® Optimization Level (0-4) Flash (kB) RAM (kB)
Card Emulation 0 84.3 6.2
4 62.3 6.2
Peer-to-Peer 0 71.2 6.2
4 51.3 6.2
Reader/Writer 0 78.4 6.2
4 57.2 6.2
All Modes 0 91.5 6.2
4 68.1 6.2
@ CCS Project stand alone w/e library
Note: The control speed vs. size tradeoffs (0 = size, 5 = speed) for all the memory footprints was set to
0 — optimized for smallest footprint (size).
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IMPORTANT NOTICE

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

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

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

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

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

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

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

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

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

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

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