RFID TECHNOLOGY FOR LIBRARIES
By Richard W. Boss

RFID (Radio Frequency IDentification) is the ldatechnology to be used in library theft
detection systems. Unlike EM (Electro-Mechanieal)) RF (Radio Frequency) systems, which
have been used in libraries for decades, the Riek&d systems that libraries began to install in
the late 1990s not only detect the unauthorizecvahof library materials, but speed staff
charge and discharge, speed and simplify patrdrcsatge and self-discharge, support
electronic inventorying, and integrate with matisrizandling systems. The descriptive term
“tracking systems” has been applied to RFID systdiusit is not yet in widespread use. As of

mid-2007, an estimated 600 libraries with as man8%0 facilities were using RFID systems.

RFID is a combination of radio-frequency-based tetbgy and microchip technology.
The information contained on microchips in the taffsxed to library materials is read using
radio frequency technology. A reader (aka serssamner or interrogator) looks for antennae on

the tags and retrieves information from the micipshhrough them.

The tags used in RFID systems can replace both EHRFdheft detection barcodes and
targets although the hybrid system that 3M intredLicn 2000 replaced only barcodes and
retained the EM strips in the belief that EM isetigr to RFID for security. 3M did introduce a
comprehensive RFID product that replaces both EMbarcodes in 2004.

Advantages of RFID systems
Rapid charging/discharging

The use of RFID reduces the amount of time requwquerform circulation operations.
The most significant time savings are attributdbléhe fact that information can be read from

RFID tags much faster than from barcodes. Thdtiésto the fact that the tags can be read



regardless of item orientation or alignment (itlee, technology does not require line-of-sight or

a fixed plane to read tags as do older technolpgied that several items in a stack can be read at
the same time. While initially unreliable, theiactllision algorithm that allows an entire stack

to be charged or discharged now appears to be mgpwkell. Finally, RFID tags can be read

from distances of up to 24 inches—distances faatgrehan the use of lightpens and barcode
wands used with EM technology. That is what mdaREKD systems not only faster, but able to

support electronic inventorying with handheld desgic

Simplified patron self-charging/discharging

For patrons using self-charging, there is a mamgaovement because they do not have
to carefully place materials within a designatedpkate and they can charge several items at the
same time. Patron self-discharging, which candéeaed by installing readers in bookdrops or

with self-discharge stations, shifts work from &tafpatrons.

High reliability
The readers are highly reliable. Several vendbRHID library systems claim an almost
100 percent detection rate using RFID tags. Anetdwidence suggests that is the case

whenever a reader is within 18 inches of the tagsthere appears to be no statistical data to

support the claims.

There are fewer false alarms than with older tetdgies once an RFID system is
properly tuned. The libraries contacted by théauthat have experience with both EM and

RFID security systems; report a 50 to 75 percesicgon in false alarms with RFID.

Some RFID systems have an interface between theensors (a term often used to
describe readers that are used at exits) andwatian system to identify the items moving out

of the library. Were a patron to run out of tHediry and not be intercepted, the library would at
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least know what had been stolen. If the patrod aedso has an RFID tag, the library will also be
able to determine who removed the items withouperly charging them. However, the author

has not been able to identify a library that hagl@mented this security feature.

Other RFID systems encode the circulation statuherRFID tag. This is done by
designating a bit as the “theft” bit and turningfit at time of charge and on at time of discharge.
If the material that has not been properly chaigadken past the exit sensors, an immediate

alarm is triggered. Another option is to use kb “theft” bit and the online interface to an

integrated library system, the first to signal mmmediate alarm and the second to identify what

has been taken.

High-speed electronic inventorying

A unique advantage of RFID systems is their abibtgcan books on the shelves without
tipping them out or removing them to access theds®@s. A hand-held inventory reader can be
moved rapidly across a shelf of books at a distahegproximately six inches to read all of the
unique identification information. Using wirelegxhnology, it is possible not only to update

the inventory, but also to identify items which arté of proper order.

| nterfaces with materials handling systems

Another application of RFID technology is an ingaé with a materials handling system,
a system that consists of conveyors and sortingpeegnt that can move library materials and
sort them mechanically by category into separate br onto separate carts. This significantly
reduces the amount of staff time required to readierials for reshelving. Given the high cost
of the equipment, this application has not beerelyidsed. There were approximately 100

systems in use in North America as of the secordtguof 2007.



Long tag life

Finally, RFID tags last longer than barcodes besaathing comes into contact with
them. Most RFID vendors claim a minimum of 100,B@Mhsactions before a tag may need to be

replaced.

Disadvantages of RFID Systems
High cost

The major disadvantage of RFID technology is itstcdVhile the readers used to read
the information are comparable in cost to the camepts of a typical EM or RF theft detection
system, typically $2,500 to $7,500 each, the taggaa more expensive than barcodes, EM
strips, or RF targets. As of mid-2007, RFID tagsevstill approximately $.50 each—a price
which random polling of librarians by the authoslietermined is the key to their serious

consideration of the technology.

Vulnerability to compromise

It is possible to compromise an RFID system by wrag the protected material in two to
three layers of ordinary household foil to bloc& thdio signal. Clearly, bringing household foibi
a library using RFID would represent premeditateeftt just as bringing a magnet into a library

using EM technology would be.

Itis also possible to compromise an RFID systgpléicing two items against one another so
that one tag exactly overlays another. That naagel out the signals. This requires knowledge of

the technology and careful alignment.



Removal of exposed tags

3M, which recommends EM for security and RFID facking, argues that EM strips are
concealed in the spines (30 percent of custometseagutters (70 percent of customers) of
books and are, therefore, difficult to find and cem; while RFID tags are typically affixed to the
inside back cover and are exposed for removal. alitieor found no evidence of removal in the
libraries he visited, nor did any of the librarynadistrators contacted by telephone report a
problem. That does not mean that there won'’t bblpms when patrons become more familiar
with the role of the tags. Recently, the techgyplof tags has been improved to make them
much thinner and more difficult to detect. Thaditional manufacturing method, known as
“solder and bond” created a detectable bump bedaessarcuit on the chip attached to the
antenna was raised; a latter method known as lipectiip,” fuses the chip onto the antenna,
thus reducing the bump so that the tag is thin ghaa conceal with a bookplate with a much
less noticeable bump. A library can also impring RFID tags with its logo and make them

appear to be bookplates.

Exit sensor problems

While the short-range readers used for circulatizerge and discharge and inventorying
appear to read the tags 100 percent of the tinegpehformance of the exit sensors is more
problematic. They must read tags at up to twieedlilstance of the other readers. The author
knows of no library that has done a before and afteentory to determine the loss rate when
RFID is used for security. Lacking data, one caly aonjecture that the performance of exist
sensors is better when the antennae on the ta¢grgee or when the exit lanes are 36 to 42

inches, rather than the 48 inches some librariesifgp

Perceived I nvasion of Patron Privacy

There is a perception among some that RFID iseatho patron privacy. It is argued that

the tags contain patron information and/or titlormation; and that the tags can be read from a
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distance after someone has taken the materialsne lor office.

The vast majority of the tags installed in libramgterials contain only the item ID, usually
the same number that previously has been storacbancode. The link between borrower and the
borrowed material is maintained in the circulatiadule of the automated library system, and—
unless a library takes the unusual step of retgipatron borrowing histories—is broken when the
material is returned. When additional informatisnstored on the RFID tag, it is limited to

information about the item, typically holding lomat and call number, but rarely author and/or.title

The RFID tags can only be read from a distand¢eofeet or less because the tags reflect a
signal that comes from a reader or sensor ancetuers that are available for the frequency range
used in library tags are limited in their poweitté¢a watts by law. It is, therefore, not possilde f
someone to read tags from the street or an offidelibg hallway. In order to read tags from a
distance of more than two feet, it would be neagdsegreatly enlarge the tags or greatly increase
the power of the readers. A library has no reas@urchase larger, more costly tags. An eledtrica
engineer at N.V. Philips in the Netherlands toleldlthor that it would require a high-wattage truck
mounted reader to read the tags used by librames & distance of more than ten feet. Such a
reader would violate the maximum wattage permiitedeaders on the bandwidth used for library

tags.

One public library director has suggested thabitld be easier to look at the book jackets on
the materials a patron was carrying out of thealpor down the street than to hack the automated
library system to tie a patron and a book togetted; very much less expensive than constructing a

high-powered reader to ascertain what library pettoad borrowed.

Perceptions, even when mistaken, may have reakqoesces. The Intellectual Freedom
Committee of the American Library Association hasponded to concerns about RFID raised by

privacy advocates by drafting a set of principles:



2005.

Implement and enforce an up-to-date organizatipnahcy policy that gives notice
and full disclosure as to the use, terms of usg aay change in the terms of use for

data collection via new technologies and processelsiding RFID.

Ensure that no personal information is recorde®BID tags which, however,

may contain a variety of transactional data.

Protect data by reasonable security safeguardasigaierpretation by any

unauthorized third party.

Comply with relevant federal, state, and local lasswvell as industry best

practices and policies.

Ensure that the four principles outlined above nbesterifiable by an independent

audit.

The Council of the American Library Association pted these principles on January 19,

The Intellectual Freedom Committee has naatl its work and introduced a set of guidelines

for RFID use for discussion at the 2006 ALA Mid-tenMeeting in San Antonio. Among them, the

following are the most significant:

Libraries should not use RFID systems to trackvidial library users. Libraries
should remove any personally identiaibformation from statistical data collected

by RFID systems.

Due to the potential for eavesdropping, libragbsuld use hardwire connections
and not wireless connections for all communicatiogisveen RFID systems and the

ILS involving personally identifiable information.



. Libraries should encrypt information on RFID tags.

. Libraries using “smart cards” should use an “ofitsystem that allows library users to

choose between “smart cards” and barcode-enabltdd.ca

What problem is being addressed? Libraries havesed RFID systems to track
individual library users. Patron information isrgd only in the integrated library system. Thaufo
should be on the breaking of the link that exisithiw the integrated library system as soon as an
item is returned. Most libraries’ RFPs for intagilibrary systems contain that requirement. Many

also specify other security requirements to praagetinst hacking.

Why limit the concern about wireless to RFID? Arpa’s need for privacy is far greater
when searching the patron access catalog or thmbtt A library that uses a local area network
should require that the network in its entiretydsesecure as possible. That can be done using a

combination of encryption and fiber optic cable.

The area in which RFID represents the greatesnpatéhreat to patron privacy is the use of
the “smart card” as a patron ID card. A “smartd€as an RFID card with encryption. That
would make it possible to have the ID card alscfiom as a “debit” card, with value added upon
pre-payment to the library and value subtractednadnpatron used a photocopier, printer, or
other fee-based device, or wished to pay fineges.f Almost none of the score of RFPs the
author has examined include a mandatory requirefoerdmart cards.” The few that do, ask for
that as an option. All stipulate encryption totpad patron privacy. The quality of the

encryption is the key to patron privacy.

Because of the attention that has been focusediacp issues, it is important to educate
library staff and patrons about the RFID technolaggd in libraries before implementing a program.
The best way to do that is to emphasize that RE&tBnology is not one technology, but several. E-

Z pass is RFID that is meant to be read from adcs. It would be impractical to affix tags ofttha
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size and cost to library materials. The sameuis ¢f the tags used on pallets in warehouses.

The tag type and frequency of tags used in libsaz@nnot be read from a distance.

Further, a library should stress that it doesstarte patron information on the tags in library
materials, that it protects patron privacy by bregkhe link between borrower and material after th
material is returned, and it subscribes to the gmyvguidelines in the American Library

Association’s Code of Ethics.

Several states are considering legislation thatdvpose restrictions on the use of RFID by
retailers and libraries. Itis, therefore, impattep monitor legislative activity and to be pregato
inform legislators about the differences betweeailrand library applications, and how libraries
protect the privacy of their patrons. Library adsirators should be sure to keep their boards

informed.

Components of an RFID System

A comprehensive RFID system has two major companéh) RFID tags that are

electronically programmed with unique informatiamd (2) readers or sensors to interrogate the

tags.

Tags

Each paper-thin tag contains an etched antenna aridrochip with a capacity of at least 64
bits. There are three types: “read only”, “WORNMyid “read/write.” Tags are “read only” if the
identification is encoded at the time of manufaetand not rewritable. This type of tag contains
nothing more than item identification. It can lsed for items acquired after the initial
implementation of RFID and by libraries that haw#lections without barcodes. Such tags need

not contain any more than 96 bits.



“WORM” (Write-Once-Read-Many)” tags are programnimdthe using organization, but
without the ability of rewriting them later. Thegn be used when a retrospective conversion of
a collection that is already barcoded is undertakéme main advantage over read only tags is
that information in addition to the identificatiommber can be added. However, it must be
information that won’t need to be changed. Thaidde an author and/or truncated title if the
tag has enough capacity, but not library locatipniculation status. The tags usually have a

capacity of at least 256 bits.

“Read/write tags,” which are chosen by most ligrican have information changed or
added. For example, a library might add an idesatiion code for each branch. That
information could be changed were the holding llocesubsequently changed. When a vendor
includes a “theft” bit that can be turned on anfd thie RFID tag can function much like an EM
or RF tag. Inlibrary RFID, it is common to havarpof the read/write tag secured against
rewriting, e.g.,. the identification number of tilem. The tags usually have a capacity of at
least 1024 bits.

A minimum capacity of 1024 bits is essential if thgs are to be used in electronic inventorying

and/or with a materials handling system.

All of the tags used in RFID technology for libesiare “passive.” The power to read the
tags comes from the reader or exit sensor, rallaerfrom a battery within the tag. “Active”
tags, which have their own power supply, are sulbistidy larger and more expensive than the
tags used in library RFID applications. It is thegtive tags that can be read at distances af up t

ten feet.

The tags used by most vendors of library RFID atecompatible even when they conform
to the same standards because the current starmdydseek electronic compatibility between

tags and readers. The pattern of encoding infoomaind the software that processes the
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information differs from vendor to vendor; therefpa change from one vendor’s system to

another would require modifying all of the software

In mid-2007, RFID tags cost an average of $.50) wéry large quantities reducing the price
by 10 to 15 percent.

Tagging materials--A library planning on doing its own tagging shoutzhsider using
volunteers in addition to its regular staff. Thath reduces the time and cost of tagging. Only
limited training is required, typically 15 to 20 moites. While there is little choice with regard to
the placement of tags on CD/DVDs and videotap&sethre many options for tagging books. It
is important to select a consistent location foskotags. The inside of the back cover is the
recommended location because it is the fastesigor-handed tag installers to reach. One
vendor recommends near the spine approximatelg thohes above the bottom. That avoids

possible interference from metal shelves when itorgimg.

However, a library should consider placing the taggle the front cover under a bookplate
or with a bookplate printed on the tag. That makenthe tag less apparent and, therefore,

improve security.

There is an argument about uniform placement ofdfys. 3M suggests that three locations
should be selected to reduce the possibility thetags of two or more books will alight exactly
on top of one another and cancel one another@tlter vendors and several librarians who are

using RFID say that they have not encountered prosl

Most libraries are not able to tag their entirdexdlons at one time. They must, therefore,
plan a phased implementation. A common approatthaéenvert materials not already tagged
when they are being discharged from circulatiorhil&/it might seem desirable to do the
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conversion at the time of charging, that may cradtettleneck during busy periods. Regardless
of whether it is done after discharge or as pathefcharging process, it will only be a few
months before the large majority of circulatingntewill have RFID tags. If this approach is

used, the equipment at the circulation points neeho read both barcodes and RFID tags.

Retrospective conversion requires a “programmefttonversion station.” The purchase
price is $2,500 or more; rental approximately $350eek. The conversion of existing barcoded
items, including affixing the tags to library masds, takes 15-30 seconds per item depending on

the amount of information added to the tag andsHilé of the person doing the tagging.

Pre-programmed tags, which are used for new aciquisiin libraries that want only
identification numbers on the tags, take eventiess because they do not involve scanning

existing barcodes.

The speed of conversion can be increased by diyidisponsibility for removing and

replacing library materials, converting the bardend inserting the tags among at least three

people. Itis essential that the tasks be rotatethat no one repeats the same motions over an

extended period of time.

Almost all libraries tag new acquisitions as pdrthe cataloging process, however, libraries
that have experienced losses of unprocessed libratgrials from technical services, might
consider doing the tagging at the time of receigadquisitions. While inadvertent duplicates
cannot then be returned, it should significantijuee losses and facilitate tracking of items in

technical services.
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Readers

A typical system includes several different kindseaders, also known as sensors when
installed at library exits. These are radio fregtyedevices designed to detect and read tags to
obtain the information stored thereon. The repdevers an antenna to generate an RF field.
When a tag passes through the field, the informagtored on the chip in the tag is decoded by
the reader and stored, sent to a server, or conuaigoi to an integrated library system when the
RFID system is interfaced with it. When theredsserver, most of the software is on the

readers, although some may be on a docking station.

The types of readers include conversion statidaf, workstations for circulation desk
charging and discharging, patron self-charging@aedharging stations, book drop readers, and
longer-range walk-through exit sensors to detedtraad an RFID tag passage for purposes of
determining whether it is a charged (authorize@flaom) or discharged (non-authorized/alarm)
event. The exit sensors are sometimes calledriaats” but that is not correct because an
antenna is only one component of an exit sensmiallf, there is a portable device that consists
of a scanning gun attachment to read a group wisiten the shelves for purposes of locating

missing and misplaced items.

Conversion stations range in price from as litdeéba,500 to as much as $3,500. Readers
for use at the circulation desk typically cost 8 %®r more each. They can be placed on the
circulation counter or built-in. Discharging cam tbone on the same units, or on one or more
dedicated units away from the service counter. c&fire is particularly rapid because the
materials can be moved over the unit without regautie orientation of the material and no

conversation with patrons is involved.

Patron self-charging stations are similar to thebgeh have been available for years and
are similar in cost, approximately $18,000-22,080number of models can support not only
conventional barcoded library cards, but also retigrstrip cards and smart cards. Some
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models can also be used for patron self-dischargiiat increases the cost of the unit by at least
$3,500.

A patron self-charging station can handle a mininair0,000 transactions per month.

RFID exit sensors at exits look much like thoséalhsd in libraries for the last several
decades, however, the insides are very differ@me type reads the information on the tag(s)
going by and stores that information, communicdtesa server or docking station, or to the
integrated library system. If there is a “thett’ban alarm will be activated and a turnstile gate
locked if one or more items have not been propgrarged. If a server is used, the server, after
checking against the circulation database, actvatealarm if the material is not properly
checked-out. The units cost $3,500-7,000 each.

A bookdrop reader can automatically discharge fibraaterials and reactivate security.
Since they have already been checked-in, they calirgctly back onto the shelves. These units
can also be used with a materials handling systetuding conveyors and sorters. Bookdrop
readers usually are similar to circulation deskleza and cost no more than $3,000 plus the cost

of installation into a desk or wall.

ATM-type patron charge/discharge stations cotamt $30,000. When combined with
a conveyor and sorter with five or more bins intoaerials handling system, the cost rises to a
minimum of $75,000. Some large libraries have spetl in excess of $1 million for a

materials handling system.

The portable scanner or inventory wand, which isgar at $2,500 or more, can be moved
along the items on the shelves without touchingith@he data goes to a storage unit ($2,000 or
more) which can be downloaded at a docking staifanserver later on, or it can go to a unit

which will transmit it to the server using wirelegsshnology ($3,000 or more).
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Server/Docking Station

A server or docking station may be configured vaithRFID system. It is the
communications gateway among the various componéintsceives the information from one
or more of the readers and checks the informatjainat is own database or exchanges
information with the circulation database. If th#er, its software includes the APIs
(Applications Programming Interface) necessamnterface it with the integrated library system.
The server typically includes a transaction dadalso that reports can be produced. A server
costs a minimum of $5,000, plus software. A venday choose not to use a server by

substituting a less expensive docking station anceasing the amount of software in the
readers.

Budgeting for RFID

A small library of 40,000 items should plan on aammum budget of $46,000 for an

RFID system without bookdrop readers, or patrohcd®rge/discharge. The shopping list
would consist of:

40,000 tags @.$.55 $22,000
1 programmer/converter rental (3 weeks) 750
2 staff stations @ $2,500 5,000
2 exit sensors @ $4,000 8,000
1 wireless portable scanner 4,500
222 hours of labor @ $8.00 1,775
Carpentry and electrical 975
Installation and training 3,000

The labor cost assumes a conversion rate of tagseper minute.

A library with 100,000 items interested in patr@tf-s£harging and a book drop unit

should plan on a minimum budget of $121,310 foR&tD system. The shopping list would
consist of:
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100,000 tags @ $.50 $50,000

2 programmer/converter rentals (2 months) 0@&,0

4 staff stations @ $2,500 10,000
1 patron self-charging unit 20,000
2 book drop units @$3,000 6,000
3 exit readers @ $4,000 12,000
2 wireless portable scanners @ $4,500 9,000
556 hours of labor @ $8.00 4,450
Carpentry and electrical 1,360
Installation and training 4,500

The labor cost assumes a conversion rate of thgsepter minute.

A library with a collection of 250,000 items inésted in patron self-charging and a book
drop unit should plan on a minimum budget of $20@,fbr an RFID system. The shopping list

would consist of;

250,000 tags @ $.50 $137,500
5 programmer/converter rentals (2 months)  1®,00
8 staff stations @ $2,500 20,000
2 patron self-charging unit 40,000

3 book drop units 9,000

4 exit readers @ $4,000 16,000
5 wireless portable scanners @ $4,500 22,500
1375 hours of labor @ $8.00 11,000
Carpentry and electrical 5,000
Installation and training 6,000

The labor cost assumes a conversion rate of thgseper minute.
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I nstallations

While there are over 500,000 RFID systems instalaslarehouses and retail
establishments worldwide, RFID systems are stiifitneely new in libraries. Approximately 600
contracts had been signed by the middle of 200ere were approximately 850 facilities using
RFID.

Most installations are small, primarily in brandbraries. The University of Connecticut
Library; University of Nevada/Las Vegas LibrargetVienna Public Library in Austria, the
Catholic University of Leuven in Belgium, and thatdbnal University of Singapore Library are

among the few sites that that appear to have tagged than 500,000 items each.

The most ambitious RFID program is that of the étthdse Bibliothek Dienst
(Netherlands Library Service). It envisions imptarting RFID in all of the public libraries of
the country, with an item able to travel amongdiies that are equipped to read the tags of all of
the books, not just their own. A pilot system wastalled at the public library in the city of
Eindhoven in 2002, and the first operational systemyears later in the public library in the
city of Heimlo. The vendor, Nedap N.V. of the Nerlands, uses Tagsys tags, but the equipment
is also able to read the tags produced by PhihgsTe&xas Instruments when the appropriate
software is used. The deployment of RFID throughbe country is expected to take a
minimum of five years. Major Dutch jobbers are nowluding RFID tags in all library
materials purchased from them. Approximately 8@@et of recent acquisitions by Dutch

public libraries arrived with RFID tags.

Vendors

There were eight major vendors of RFID systemis@aah the North American market as
of mid-2007: Bibliotheca vfww.bibliotheca-rfid.corp Checkpoint
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(www.checkpointlibrary.com Information Technology Groupvivw.integratedtek.coim

Libramation www.libramation.con Sentry Technology Corporation

(www.sentrytechnology.comTech Logic www.Tech-Logic.con,

3M (www.3M.com/usl/library, and VTLS (vww.vtls.com).

There are several other companies that provideugtedhat work with RFID, including
patron self-charging stations and materials hagdisuipment. A major supplier of patron self-

charging stations used by some of the RFID venda@ptical Solutionswyww.opti-sol.con) ; a

major supplier of book drops used by some of thibRiendors is Birchardwww.birchard.biy;

and a major supplier of materials handling prodtizas work with the systems of all of the RFID

vendors is Tech Logianww.tech-logic.con, a company that also sells complete RFID systems

Differentiation Among RFID Systems

While library RFID systems have a great deal imown with one another, including the
use of high-frequency (13.56 MHz), passive, reailewags, there are some significant

differences:

1. An RFID system may be a comprehensive system titheases both the
security and materials tracking needs of a libkaryeplacing both EM strips
and barcodes or it may be a part of a hybrid systenuses EM strips for
security and RFID for materials tracking. All dktsystems currently
available are comprehensive RFID systems exceph&hybrid system
offered by 3M.

2. An RFID system may manage security by using a tthef on the tag that can

be turned on or off, or it may interface with atcamated library system and
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guery that system to determine the security status.

The RFID system tags may contain only an identiicanumber or they may
contain considerable additional information, sorhe/lich may be permanent
and some capable of being rewritten. A 74 or ®%dg can accommodate only
identification, a 256 bit tag can accommodate allsanaount of additional
information such as location, and a 1024 or 2048ilgi can accommodate

limited bibliographic information for an item.

Some tags have a noticeable bump because theykaungroduced using
“solder and bond” technology, while others haveadtmo bump because they

use the “flip chip” technology that fuses the ctoghe antenna.

Prepared August 18, 2007
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