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Abstract— Near Field Communication is based on inductive 

coupling, where loosely coupled inductive circuits share power 

and data over a distance of a few centimeters. An NFC-enabled 

device can operate in three different modes. They are 

reader/writer mode, peer-to-peer mode, and card emulation mode. 

NFC allows two way interactions between electronic gadgets with 

more security and simplicity. 

 
Index Terms—Card emulation mode, Inductive coupling, 

NFC, Peer to peer mode, Reader/writer mode  

 

I. INTRODUCTION 

  There are three operating modes, reader/writer, 

peer-to-peer, and card emulation, as already mentioned. 

The reader/writer mode enables one NFC mobile to 

exchange data with one NFC tag. The peer-to-peer mode 

enables two NFC enabled mobiles to exchange data with 

each other. In card emulation mode, a mobile phone can be 

used as a smart card to interact with an NFC reader. Each 

operating mode has a different technical infrastructure as 

well as advantages for the users. 

II. INDUCTIVE COUPLING 

 

Fig.1 Working principle of NFC 

Near Field Communication is based on inductive 

coupling, where loosely coupled inductive circuits share 

power and data over a distance of a few centimeters. NFC 

devices share the basic technology with proximity 
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(13.56MHz) RFID tags and contactless smartcards, but have 

a number of key additional features. 

III. OPERATING MODES 

 
Fig.2 Three operating modes as defined by NFC forum 

a. Reader/Writer Mode 

The NFC device behaves as a reader for NFC tags, such as 

the contactless smart cards and RFID tags. It detects a tag 

immediately in close proximity by using the collision 

avoidance mechanism. An application on an NFC device 

can read data from and write data to the detected tag 

using the read/write mode operations. 

The reader/writer mode is about the communication of 

an NFC enabled mobile phone with an NFC tag for the 

purpose of either reading or writing data from or to those 

tags. It internally defines two different modes: reader mode 

and writer mode. 

 

 
                  

Fig.3 Reader/Writer mode of communication 
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In reader mode, the initiator reads data from an NFC tag 

which already consists of the requested data. In addition to 

the requirement that the NFC tag already consists of the 

requested data, it also consists of the program which 

performs returning the requested data to the initiator. 

 

 
Fig.4 Generic usage model of reader mode 

 

In writer mode, the mobile phone acts as the initiator and 

writes data to the tag. If the tag already consists of any data prior 

to the writing process, it will be overwritten. The algorithm 

may even be designed so that the initiator will update by 

modifying the previously existing data as well. 

 
Fig.5 Generic usage model of writer mode 

 

Applications Of  Reader/Writer Mode: 

 

i) Smart Poster 

The smart poster term refers to advertising materials or 

posters that are equipped with NFC tags. Those tags may 

contain different types of data such as a URL address, a 

couponing service, an SMS service, and so on. 

 
Fig.6 Smart poster exchanges information 

Smart posters are the most common usage area of the             

reader/writer mode. 

ii) Remote marketing 

iii) Remote shopping 

iv) Mobile social such as social networking and location 

based services. 

b. Peer To Peer Mode 

Peer-to-peer mode enables two NFC enabled mobile 

devices to exchange information such as a contact record, a 

text message, or any other kind of data. This mode has two 

standardized options; NFCIP-1 and LLCP. NFCIP-1 takes 

advantage of the initiator–target paradigm in which the 

initiator and the target devices are defined prior to starting 

the communication. However, the devices are identical in 

LLCP communication. After the initial handshake, the 

decision is made by the application that is running in the 

application layer. On account of the embedded power to 

mobile phones, both devices are in active mode during the 

communication in peer-to-peer mode. Data are sent over a 

bidirectional half duplex channel, meaning that when one 

device is transmitting, the other one has to listen and should 

start to transmit data after the first one finishes. 

 
Fig.8 Mobile peer to peer mode with NFC 

 

Applications Of  Peer  To Peer Mode: 
 

i) Exchanging Data 
Critical information can be stored in a mobile device 

securely and can further be exchanged with other authorized 
people using peer-to-peer mode. Since the communication is 
performed over a few centimeters, users will feel confident 
to share private and important data using NFC technology. 
When higher level of security requirements is set additional 
security measures need to be provided as well. 

 

ii) Money Transfer 
Two users can exchange money between wallets that are 

stored on their NFC mobiles. Gifts, coupons, and tickets can 
be implemented as exchangeable objects as well. 
 
iii) Social Networking 

 
Fig.7 Peer to peer communication 

The number of applications developed using peer-to-peer 

mode is less than for other operating modes so far. 

Peer-to-peer mode is generally used for device pairing, 

networking, and file transfer operations. Pairing Bluetooth 

devices, exchanging business cards, and making new friends 

on online networks are possible implementations of this 

mode. Peer-to-peer mode provides easy data exchange 

between two devices. 

Easy data exchange between two NFC compatible devices 

provides the possibility for secure exchange of private data. 

NFC devices can transfer data in a few centimeters, so 

exchanging private and important data may be one of the key 

future applications of this mode. 
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The peer to peer mode adds quality functionality to NFC 

Phones. In this mode, two NFC phones can exchange data 

with each other when brought to close proximity. For an 

example, two business partners can transfer their virtual 

business cards with each other by bringing their 

NFC-enabled phones close to each other. Another popular 

usage is for connection handoff to other standard technology; 

NFC connection can be used to set-up Bluetooth pairing or 

Wi-Fi setup. After successful setup, the handset can use the 

Bluetooth or Wi-Fi connections. 

c. Card Emulation Mode: 

Card emulation mode provides the opportunity for an NFC 

enabled mobile device to function as a contactless smart 

card. Mobile devices can even store multiple contactless 

smart card applications in the smart card. The leading 

examples of emulated contactless smart cards are credit card, 

debit card, loyalty card, transport cards, identity or access 

cards. Card emulation mode only removes the need for 

carrying the cards. People carry mobile phones with them 

most of the time so coupling mobile phones with the human 

body fits with their use. One can expect that in the near future 

people will carry NFC enabled mobile phones not just to gain 

mobility but also to perform daily functions as well. All 

credit cards, keys, tickets, and so on will be possibly 

embedded into mobile phones. Hence, there will be more 

opportunities to integrate daily objects into NFC enabled 

mobile phones in the future. 

 

 
Fig. 9 Card emulation mode 

 

In this operating mode an NFC enabled mobile phone does 

not generate its own RF field; the NFC reader creates this 

field instead. Currently supported communication interfaces 

for the card emulation mode are ISO/IEC 14443 Type A and 

Type B, and FeliCa. Card emulation mode is an important 

mode since it enables payment and ticketing applications and 

is compatible with existing smart card infrastructure. 

 

Fig.10 Generic model of card emulation mode 

 

Applications of Card Emulation Mode: 

 

i) Payment 

There can be different types of NFC payment 

applications. There is no doubt that the most important 

payment applications are credit and debit card usage which 

can be triggered by NFC readers. There are also other 

opportunities for NFC payment such as storing and using 

vouchers, using gift cards, and so on. 

 

ii) Loyalty 

Loyalty points can be gained at payment points and can 

later be used to carry out free shopping or to obtain a gift. 

Also, coupons that are downloaded via smart posters using 

reader/writer mode can further be used by NFC readers 

using this operating mode. 

 

iii) Ticketing 

Ticketing use cases can be implemented in different 

forms. Users can store different types of tickets such as 

theater, bus, and flight tickets that have been previously 

downloaded via smart posters or by some other method. 

These tickets then can be used in turnstiles or validation 

points via card emulation mode. Prepaid or monthly 

ticketing cards can also be stored and used. 

iv) Access control 

Access control use cases enable users to store their access 

control objects in their mobile devices. Examples of these 

cases include electronic keys for cars, buildings, secure 

areas, and hotel rooms. Hotel check-in is an interesting use 

case that enables the room key to be received via OTA 

technology prior to arriving at the hotel and directly 

checking into the room. Thus there is no reason to spend 

time at the reception on arrival in this instance. 

v) Identity Services 

Another interesting use case of this mode is storing 

identity based information on mobile devices and enabling 

authorized personnel to access it. 

IV. CONCLUSION 

Three different operating modes are defined in NFC 

technology; reader/writer mode, peer-to-peer mode, and 

card emulation mode. Each mode’s usage can be defined 

with generic usage models. Moreover each mode provides 

different benefits to users.  Reader/writer mode applications 

can increase the user’s mobility and decrease the physical 

effort. On the other hand, card emulation mode applications 

do not promote the mobility property of mobile phones; 

however, they tightly link users with mobile phones. This 

mode’s benefits include eliminating physical objects and 

providing access control. Peer-to-peer mode applications 

are useful for easy data exchange between users and 

provide easy device pairing. 
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