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1
Introduction

There are classes of application where the ability to rapidly access large amounts of data directly from a Memory-Spot device creates real benefits for the user. This content, typically multi-media in nature, needs to be accessed near instantly for there to be an excellent user experience. Applications can be either read-only in nature – indeed many of the high-volume applications are read-only - or require the user to be able to write as well as read content. 

This technology supports rapid access of several Mbytes of data in a ‘tap and go’ experience, substantially less than a second.

This document describes a solution suited to these new multi-media applications. The document starts by describing typical use cases and then goes on to discuss the major characteristics of the solution and how it integrates with and compares to the existing NFC technologies available today.

2
Use Cases

Memory-Spot makes it possible to ‘instantly’ exchange digital information between any surface, object or document.

Imagine:

· A photograph that contains its digital original in the photo paper itself 

· An electronic user manual on the Video/DVD/PC/washing machine … 

· A wedding photo with audio excerpts of the big day 

· Maintenance records for high-value electronic or engineering parts

· Collectable cards containing digital games

· Leaving a blog on everyday objects

· A complete electronic version of a document embedded in its cover sheet 

This is just a tiny sample of the types of multi-media application that can be implemented using this technology.

Consider image sharing between devices:
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In this example someone has used their mobile phone’s camera to take some pictures and they want to share them with a friend. Each image is 5 megapixels and occupies nearly 1.5 Mbytes of memory. The exchange of photos takes place just by touching the phones together – the transfer at high-speed takes place directly without the need to configure and use any other wireless technology.

Consider multi-media material. These can be on many types of object, for many different markets and applications. 

For example, music samplers on CD jewel cases: A user can walk the aisle of a store picking samples of tunes with his mobile phone reader to help him decide which CD to purchase.
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Movie trailers and other promotional material could be added to consumer goods to enhance the buying experience and provide information to the consumer in any multi-media form including audio, video, animation, still image and any document style. 
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These types of high-volume consumer applications would typically use read-only tags, where the full content of the tag is retrieved and rendered; Memory-Spot direct memory access mode of operation is designed for this style of application
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Consider also an audio photograph: 
In this case a small passive Memory-Spot tag containing audio data associated with the photograph is attached to the photo media or embeded in it.

In this case the tag may be writeable by the user. 

The audio is stored and retrieved by touching a reader/writer such as a mobile phone on top of the tag in the photo. On retrieving the data from the tag, the audio is immediately played through the phone’s speaker.
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Memory-Spot is not just confined to consumer applications. For example, adding user manuals, maintenance records or manufacturing provenance to equipment adds significant value for many businesses. This value is often enhanced when the need for connection to a backend infrastructure is not required or essential, i.e. the ability to extract valuable content directly from the object without reference back to a remote store often provides a level of system reliability not possible with reference-based systems. 
3
Unique Features

Critical to the success of this technology is its ease of use – the user’s interaction must be rapid and unambiguous – it must be a ‘touch-and-go’ experience.

To achieve this ‘Touch-and-go’ experience requires a high-speed data exchange.

Consider for example imaging applications. Most camera-phone images in 2009 are forecast to be 1 – 1.5 Mbytes after compression. To transfer a single image in less than a second will require data rates of at least 10 Mb/s. 

Image sizes will only increase, and it seems reasonable to conclude that any new technology must be extensible to support the higher data rates which will surely be required as the need to transfer ever-larger data-sets continues. Thus in 2009 we must have a technology capable of at least 10 Mb/s, and with the potential to easily and cheaply go faster.
To support 10 Mb/s economically it is desirable to use a large operating bandwidth and simple modulation techniques that do not require expensive digital signal processing techniques.

Availability of a large available bandwidth will ensure that higher data rates can easily be implemented as future demand requires.

In addition to supporting high speed content delivery, the other important attribute to ensure ease-of-use is the ability to unambiguously and easily select the device being read. Furthermore, for many of the applications considered here, the ability to accommodate physically large antennas is limited. Both these aspects lead to the need for the use of small footprint antennas with short well-defined interaction zones.

To accommodate the need for high transfer speeds and small foot print antennas, the Memory-Spot system has selected the 2.4 GHz ISM band for its operating frequency. 

The large bandwidth of the 2.4 GHz ISM band will enable systems up to 100Mb/s to be created with only simple modulation schemes being required - this will keep the cost of implementation down. 
Co-existence with existing 2.4 GHz systems is ensured through the use appropriate protocols and a listen-before-talk strategy, and is further helped by the ‘momentary’ nature of operation of the system to exchange data.
It will also be possible to leverage large parts of existing 2.4 GHz radio devices e.g. WiFi, and Bluetooth for use in a 2.4 GHz Memory-Spot reader/writer - this will keep development and implementation costs down.
Additionally, the high operating frequency enables very small-size antennas to be created, even on-chip antennas, to facilitate unambiguous device access.
Memory-spot features reader-to-reader and reader-to-passive tag architectures unlike NFCIP‑1 which only supports symmetrical device-to-device communication.

4
The protocol

The protocol is closely based on the NFCIP-1 protocol for the data link and transport layers, re-using large parts of the ECMA-340 specification. 

It does however use a new physical layer operating in the unlicensed ISM band of 2.4 GHz. Even though the 2.4 GHz band is unlicensed, countries do typically impose certain limitations on electromagnetic emissions. These limitations mean that in practice the distance at which the devices can connect to each other is restricted although this distance may vary from country to country. Generally speaking, for Memory-Spot we consider operating distances of ~20mm for devices connecting together in active mode and distances of ~5 mm for communicating with a passive tag.
Similar to NFCIP-1, Manchester encoding and ASK are used for communication to a passive target. To meet the regulatory requirements for the ISM band, spread-spectrum techniques are added to the ASK modulation to limit the power spectral density while at the same time transmitting sufficient power for effective communication; this technique is used in both active and passive modes, as discussed below.

As is often the case with devices sharing a single RF band, the communication is half-duplex. The devices implement a “listen before talk” policy – any device must first listen on the carrier and start transmitting a signal only if no other device can be detected transmitting.

The protocol distinguishes between the Initiator and the Target of the communication. Any active device may be either an Initiator or a Target. The Initiator, as follows from the name, is the device that initiates and controls the exchange of data. The Target is the device that answers the request from the Initiator.

The Memory-Spot protocol distinguishes between two modes of operation: Active mode and Passive mode. All active devices support both communication modes. The distinction is as follows:

In the Active mode of communication both devices generate their own RF field to carry the data.

In the Passive mode of communication only one device generates the RF field while the other device uses load modulation to transfer the data. The protocol specifies that the Initiator is the device responsible for generating the RF field.

The application sets the initial communication speed at 10Mbits/s. Further increases in speed up to 100 Mb/s may be possible by negotiation between the Initiator and the Target.
The protocol uses different modulation and bit encoding schemes depending on the speed. While establishing the communication, the Initiator starts the communication in a particular mode at a particular speed. The Target determines the current speed and the associated low-level protocol automatically answers accordingly.

Memory-Spot defines data link and transport layer protocols for reliable message exchange between Initiator and Target. It also defines a Direct Memory Access scheme for the efficient exchange of large data sets between the initiator and target, which is particularly suited for applications involving passive tags. 

5
Related Technologies

Memory-Spot leverages two established technologies:
· NFCIP-1  - Near Field Communications Interface Protocol operating at 13.56 MHz

· 2.4 GHz WLAN technologies such as WiFi and Bluetooth 
The table below compares the key characteristics of Memory-Spot with NFCIP-1. Also compared is ISO/IEC 18000-4, a 2.45 GHz RFID technology

	
	Memory-Spot
	NFCIP-1
	ISO/IEC 18000.4

	Frequency
	2.4 GHz
	13.56 MHz
	2.4 GHz

	Data rate
	10 Mb/s 
	106-424 kbps
	30-40 kbps passive

384/76.8 kbps Active

	Protocol
	Data link and Transport protocols closely based on NFCIP-1, ISO/IEC 18092
	NFCIP-1
	ISO/IEC 18000.4

	Modulation
	Initiator-Target – Manchester encoded ASK with Spectrum Spreading
Target-Initiator – Load modulation
	Initiator-Target – Manchester encoded ASK
Target-Initiator – Load modulation
	Initiator-Target – Manchester encoded ASK

Target-Initiator – Load modulation

	Antenna size and type
	Typically 5x5mm or can be integral on chip, dependant on application
	Typically 30x30mm and larger, dependant on application
	Various depending on application

	Operating range Passive-mode
	0-10 mm dependant on application 
	0-20cm dependant on application
	Typically 0-1m dependant on application

	Operating range Active-mode
	0-20 mm dependant on application
	0-20cm dependant on application
	Not applicable

	Transmitted Power
	0.1 W
	H = 1.5 to 7.5 A/m rms
	4W EIRP

	Availability
	10 Mb/s prototype silicon now

Specification proposal  - 2007
	Now
	Now


Comparisons of technologies are always difficult, particularly when each technology itself has a potentially large variation in capability that is implementation dependent. It is however possible to draw from these comparisons several key points:

· Memory-Spot uses the data link and transport protocols of NFCIP-1. 

· Memory-Spot technology is fundamentally high-speed and primarily focussed at larger memory devices and large data transfers. 

· The size of the Memory-Spot antenna is typically smaller than the other technologies. 

· Operating range is typically lower for Memory-Spot, primarily driven in the case of passive operation by the need to induce significant power in the passive device to operate the high speed memory. However, for the applications being considered, short range is usually an advantage when selecting targets.
2.4 GHz Technologies
Memory-Spot uses signal generation techniques and transmitted power levels which are very similar to established WLAN technologies e.g. IEEE 802.11b. Indeed a functional block diagram for a Memory-Spot device looks remarkably similar to a WLAN device.

The diagram below illustrates how many of the functional blocks can be re-used in a WLAN device. 

Thus integration of Memory-Spot into devices already incorporating WLAN technology should incur only minimal additional costs.

6
Related standards and references

The Memory-Spot protocol requires standardization in order to be accepted fully by the industry and provide for compatibility between the devices produced by different manufacturers. The standardization also means keeping the specification open and accessible for everybody, facilitating the analysis of the protocol and adaptation of the devices for various needs.

The work on standardization is done within Ecma International, a standards organisation with a long history of successful projects. The standards are published by Ecma International and, consequently, become also ISO/IEC standards. The group working on the standards within Ecma is growing constantly; more companies are joining the effort to enhance the NFC standards. Ecma invites all interested parties to join the working group.

Standards published as of March 2008:

1) ECMA-340 “Near Field Communication – Interface and Protocol (NFCIP-1)”

2) ECMA-352 “Near Field Communication Interface and Protocol – 2 (NFCIP-2)”

3) ECMA-356 “NFCIP-1 - RF Interface Test Methods”
4) ECMA-362 “NFCIP-1 - Protocol Test Methods”
5) ECMA-373 “Near Field Communication Wired Interface (NFC-WI)”

6.1
Other references

Ecma International: http://www.ecma-international.org
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