RF DEVI CES Field of the Invention This invention rel ates
to radi o frequency devices and nore specifically to 5radio frequency
I dentifjcation (RFID) devices. Backaround of the Invention

| nf or mati on managenent systens are bei ng devel oped to track the

| ocation and/or status of a large variety of nobile entities such as

products, 10 vehicles, people, ani A widely used tracking
t echnol ogy uses so-called RFID tagsrﬁ%k’ﬁﬁg?§ pl aced physically on the

items being tracked. Reference herein to "itens" being tracked is
intended to include the variety of entities just nentioned as well

as, nore commonly, product inventories. RFID tags nay be active or
passi ve. A@ﬂdﬁ{ﬂﬁdﬂ!&m&m |y have associated 15 power systens and
can transmt data over nodest distances. Passive systens |ack

i nternal power Bihis ieenticn telates to tadiofjequancyidepices antl moneapetifically tog
RE signal. However, transmtting distances wth passive RFID tags are
i mteds5 Toateftequenay ientification (RFIRAdYidesgs, spread over a wide
physi cal area, requires either a | arge nunber of RFID readers, or a

reliable system of noving RFID 20 readers. One proposed solution to
this problemis to use active RFID tags on the products. However,

active tagsBﬁtE!fgrBﬁhﬂtdf\fﬁLYanry' Al t hough they | end nore

Information management systems are being developed to track the
location and/or status of a large variety of mobile entities such as products,
10 vehicles, people, énimals, etc. A widely used tracking technology uses so-called
RFID tags that are placed physically on the items being tracked. Reference
herein to “items” being tracked is intended to include the variety of entities just

mentioned as well as, more commonly, product inventories.

RFID tags may be active or passive. Active tags typically have associated

15 power systems and can transmit data over modest distances. Passive systems
lack internal power but derive transmitting signal power from an incoming RF
signal. However, transmitting distances with passive RFID tags are limited. To
read a large number of RFID tags, spread over a wide physical area, requires
either a large number of RFID readers, or a reliable system of moving RFID

20 readers. One proposed solution to this problem is to use active RFID tags on the
products. However, active tags are relatively costly. Although they lend more
function to a tracking system, and transmit more effectively, passive tags are
typically more cost effective where inventories being tracked are large.
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function to a tracking system and transmt nore effectively, passive
tags are typically nore cost effective where inventories being
tracked, are | arge. In practical conmmercial applications,

passi ve RFID devices should be inexpensive and easily applied to
items being tracked. A comon approach is to formthe RF conponents
on a small RF I1C deyjce. The RF |C deuice and t antenpa are
Tount e on a subMTASIGT cpyierial aPpiklions pagtive RFD shites FBSulte
manuf acture of inexpensive RFID tags, |ike that just described, .
fabri cat | nieXRENBNA 25 haRAleg)ta ikims beingfrackedts A pemmen-ARRERAGh i8 10 a
sui tabl e i nexpensi ve substrate, and attaching the substrate to the

i t em bei ngfarrbibRRF compreeriges a snall FfslEsdeviean nl ke RFdRddesicsnand the RF
chal l enges. An attractive solution to these challenges is described
and cl ai nedntenng.a® maunited enta ibstrateatyipicallp papeoaigiastic. The RF ant enna
Is formed as a serpentine netal runner on a substrate. The RFIC
device is bonded to a ceramc chip carrier and the ceramc chip
carrierSis capaliitheveanufaelnrret ingxpensivecR bl tagadiketthatjusiiascribed,i s
effective but adds another el enment, and additional cost, to the RFID
tag. 15 St fatwicating tife edmebihatiemof the RRANC bbipanddiie [Ripanteana ongr suitable
passive RFID tag that uses capacitive or inductive coupling between
the RF | C iiexpenside sulesteaié cantbattadhingstheisubbieateato dharitem beisg tracked to
effective. Coupling elenments are fornmed directly on the RF I C chip,

the substrate poses technical and economic challenges.

An attracﬁve solution to these challenges is described and claimed in U.S.
10  Patent Publication 20080061983. The RF antenna is formed as a serpentine
metal runner on a substrate. The RFIC device is bonded to a ceramic chip
carrier and the ceramic chip carrier is capacitively connected to the antenna.
This solution is effective but adds another element, and additional cost, to the

RFID tag.

15

Statement of the Invention

We have developed an improved passive RFID tag that uses capacitive or
inductive coupling between the RF IC chip and the antenna but is simpler and
more cost effective. Coupling elements are formed directly on the RF |C chip,

20 thus eliminating the ceramic chip carrier of the prior art, and substantially

reducing the cost of the RFID tag.



20 thus elimnating the ceramc chip carrier of the prior art, and
substantially reducing the cost of the RFID tag. Brief Description

of the Draw ng The i nvention nay be better understood when
considered in conjunction with the drawing in which: Fig. 1
is a schematic view of an RFID tag showi ng one arrangenent for 5 the

conbi nati o, of RFICchlp, Fig. 2 is a schematic
view of anBgiefBes A 89 hati ve arrangenent for the

conbi nati on of RF antenna and RF |C chip, toillustrate the variety
of useful physi &b¢ 'W@ﬁi'?@madtIi’%ﬁ@“?rdmdﬁfﬁt@mw/hﬁn ansidaregin copivaption
Fig. 3 illustrates one nmethod for attaching the RF 1C chip to the RF
10 ant ennaWwith the drawigg imwdigeivs an al t ernative nethod for attaching
the RF IC chip to the RF antenna using a ceramc chip carrier, and
coupl i ng t he RFFigC1dhaschematic view ehmREjD-tmmmwimgeneauphgagenﬁogs.
5A and 5B illustrate generally the approach of the invention where 15
capaci t pve tieocgrmbingtion efiRRFtantermrea fiod REJCdihigct |y on the RF 1 C chi p;
Fig. 6 illustrates generally an alternative approach to that of Fig.

S5A where Fig. 2 is a schematic view of an RFID tag showing an alternative

arrangement for the combination of RF antenna and RF IC chip, to illustrate the
variety of useful physical configurations for this combination of elements;

Fig. 3 illustrates one method for attaching the RF IC chip to the RF

10 antenna;

Fig. 4 shows an alternative method for attaching the RF IC chip to the RF
antenna using a ceramic chip carrier, and coupling the RF IC chip to the antenna
by capacitive coupling;

Figs. SA and 5B illustrate generally the approach of the invention where

15 capacitive coupling elements are formed directly on the RF IC chip;

Fig. 6 illustrates generally an alternative approach to that of Fig. 5A where
the RF IC chip and the antenna are inductively coupled;

Figs. 7-9 are schematic illustrations of thin film processing steps for
forming the embodiment of Fig. 5; and

20 Fig. 10 is a view similar to that of Fig. 5A showing a preferred embodiment

of the invention.



the RF 1 C chip and the antenna are inductively coupl ed; Fi gs.
7-9 are schematic illustrations of thin film processing steps for
form ng the enbodi nent of Fig. 5; and 20Fig. 10 is a viewsimlar to
that of Fig. 5A showing a preferred enbodi mrent of the invention.

Det ai | ed Description of the Invention Fig. 1 is a schematic
representation of _a passive RFID tag with substrate 11, antenna
sections 1Detalled Begcrigfion of the-lnvantiony R D tags are niniaturized

as nmuch as practical to allow for the essential elenents of a 5

sem conduct or | BigeRiipaszhemalic sepresentatinosf Rpassiven REW tag witk substrate
chip, and an antenna. The antenna in this design has sections 13a and
13b, each dHesantennalkegtionsntiscand 18 andeRRIC ichipct?. pRFIDhtagerare C
transcei ver/ menory chip contains a read-only nenory encoded with item

data. The afihiaturized asangehr psptadtiealntotaibwdonthecseentidielemesteiofas snal |
amounts of power fromthe RFID reader by 10i nductive coupling. Wen

T £ SATFRERELY B P 121AIEAE DS RO gncshe It <2, G o
RFID tag depidhma. aife atéhnal tis dedigi Mas sé&ion8A8aHrdl S each electrically
connected to the RF IC chip. The RF IC transceiver/memory chip contains a
read-only memory encoded with item data. The antenna is a serpentine metal
conductor that receives small amounts of power from the RFID reader by
10 inductive coupling. When the RF IC chip receives an interrogation signal, it is
powered to transmit item data back to the RFID reader via the antenna.
Passive RFID tag designs are available in many sizes and designs.
Common characteristics are a platform, an IC chip, and an antenna. | Depending
on the application the platform may be glass, ceramié, epoxy, paper, cardboard,
15 epoxy, or any suitable plastic. For low cost, the substrate may be heavy paper or
plastic. The RF antenna sections 13a and 13b are typically printed on the
substrate by screen printing or other low cost pracess adapted for depositing
metal patterns. The metal for the antenna is typically aluminum or copper. An
onboard power source is not included in a passive RFID tag. Power for the tag
20 s derived from RF signals in the vicinity of the tag. The tag responds to the

reader using RF backscatter, which basically reflects the carrier wave from the

reader after encoding data on the carrier wave.



Conmon characteristics are a platform an I1C chip, and an antenna.
Dependi ng on the application the platformmy be glass, ceramc,
epoxy, paper, cardboard, 15 epoxy, or any suitable plastic. For |ow
cost, the substrate may be heavy paper or plastic. The RF antenna
sections 13a and 13b are typically printed on the substrate by screen

printing or other |ow cost process adapted. for depositing netal

bat terns. The myePbIEsin he.CommuRicalion Seerificaipn jnoldminedFaciency ghthe
An onboard power source is not included in a passive RFID tag. Power
for the tagapieribedhifdatafate; the methedpfgnsoding end apy atherparametare thaig.
The tag responds to the reader usi nggRF backscatter, which basically

refl ects tmeayxhe neededd$O 18000 ankEPe&irhal are the dardarts fprdbisantsrfaceie
carrier wave. Vari abl es in the conmunication specification

i ncl ude t h&Herintpofane ynaf alsb inchade areanti-colfisibn pratatal thatt adlowsheonethaond
of encodi ng and any ot her paraneters that may be needed. | SO 18000

and EPCE olyple tag & theaah @@ﬂﬂf&@aﬁ@ﬁdﬂ?mlbﬁh@iﬁm@: Thete afY pahpce may
al so include an anti-collision protocol that allows nore than one

tag in the $,apie ifplehMARFLT this, éﬂcﬂlﬁébe?&ﬁfh‘é b&RIdf Yhe ihVEHtRMAT € many
specific inplenentations of this, and these tormno part of the

I nventi on. n a tng_jcaI RFI D s&stem the RFID tag is read by an
RFI D reader (notn akyiggl RHBE systen theoRRR tagds readbyan RitiDaeader (hg

informati on store. As mentioned, the RFID tag shown in Fig. 1 is a
passi ve dewhown) aadpheinfarmationisecertded ahadenisakintormation biorerg t r acked.
However, the RFID tag may be provided with on-board power to extend
t he range and f Wsahestioaled; theoRFtDhiag shown in Fig. 1 is a passive device, adapted
10 to be attached to the item being tracked. However, the RFID tag may be
provided with on-board power to extend the range and functionality of the
system. The reader is an active RFID device that communicates with large
numbers of passive RFiD tags, and typically stores data in the reader, and/or
relays data to a central database. The central database keeps data for all items
15 inthe system. In many applications, for example, large retail outlets, the RFID
readers are mobile devices that are moved around the vicinity of the RFID tags
to record the RFID tag data. Mobility in this application is necessary since the
transmission distance between the RFID tags and the RFID readers is very
limited, for example, tens of meters maximum, and typically less than 10 meters.
20 The RFID readers are powered to extend the range of transmission between the
RFID readers and a remotely located receiver. That aflows the option of using a

RFID reader to simply relay RFID tags to a central database. More typically, the

reader reads the passive RFID and stores the information locally. This data may



system The reader is an active RFID device that communicates with

| ar ge nunbers of passive RFID tags, and typically stores data in the
reader, and/or relays data to a central database. The central

dat abase keeps data for all itens 15in the system |n many
applications, for exanple, large retail outlets, the RFID readers are
nmobi | e devices that are poved around the vicinity of the RFID tags to
record t he berdawnleafeskiothe pgpiral stre periodically iy placing Hie repdgeinedsar y
since the transm ssion distance between the RFID tags and the RFID
readers i s dogkingldenicedhat is spnesciad by wireless arfhandwisedlinielei the eentiald
typically less than 10 neters. 20 The RFID readers are powered to

ext end t he datagseofin thealadlar sasem @ Wiselesslink beiwBEh the BRU2 readenand a
renotely |ocated receiver. That allows the option of using a RFID
reader to senpte/recelvey nidyldp hagneot e asexknDetdilsddisaitalsie RAYDreader, and
typically, the reader reads the passive RFID and stores the

i nf or matsi onhé eeérall $ystéhi, Taf PeFolRY eldewhdrvah® Ased nb adtiRnaESplaation
store periodically, by placing the reader in a docking device that is
connect ed rqi rel ess or hardwired link to the central database. In
the latter case, a wireless |link between the RFID reader and a renote
receiver may or may not be used. Details of suitable RFID reader, and
5 the overal |l syig @ifiusiegtentherariety of foswp presive RFH2 tapswapagsumenig.
expl anati on here. Fig. 2 illustrates the variety of forns

passi ve RFIZshawgssuisiratess2URE |Gichip 22, simdvemrgedimerRi antebna3. 1 C chi p
22, and serpentine RF antenna 23. In both of the arrangenents shown,
i.e. Fig. 1 and Fig. 2, the 1/0O 10 interconnections for the RF IC
chip strap the dmbethasf théxarrangemeats shovey, se. Figet and Fig. 2, the 1/0

10  interconnections for the RF {C chip strap the ends of the antenna runners. The
antenna sections each have a bonding area at the ends of each section. A
typical interconnection is shown in Fig. 3, where the RF IC chip 34 is solder
bumped to the bonding area of the antenna runners 32, using solder bumps 35.
The RFID tag substrate is indicated at 31. Other conductive attachments may be

15 used, for example, conductive epoxy. Combinations of solder bumps and
conductive epoxy layers are also useful. In some cases it may be preferred to
use gold solder bumps on the RF IC chip, and conductive epoxy on the

substrate.

In a typical use environment, RFID tags may experience rough handling
20 while in storage and during attachment to the items heing fracked. Thus, while
inexpensive to produce, they should be robust in use. As already indicated, cost
considerations favor paper or plastic for the substrate material. It is also useful,

in some applications, for the tag substrates to be somewhat flexible, That allows
6



antenna sections each have a bonding area at the ends of each
section. A typical interconnection is shown in Fig. 3, where the RF
| C chip 34 is solder bunped to the bonding area of the antenna
runners 32, using solder bunps 35. The RFID tag substrate is
indicated at 31. O her conductive attachnents nmay be 15 used, for

exanpl e, conductive epoxy. Conbj.nations of sol de unps _an

conduct | ve 1556 of BpeRiothoe A isanseLryetermS AiecEIEs aiachagens of the
preferred to use gold solder bunps on the RF I C chip, and conductive
epoxy on t hegsstosyanigty of swrfaces\andshapgse Ibisupluiivaiyividest thatithe physigal
experience rough handling 20 while in storage and during attachnent
to the itemnttapimant efithe iRiulC shipdo thehsubstrateeslements/ip Rig. $magunat betwally
shoul d be robust in use. As already indicated, cost considerations
favor papemdaptedl fassomefod thédecussudrainoaimentsat Morealver, Irécoghizihgthat thef ul |
in some applications, for the tag substrates to be sonewhat fl exible.

That al kowsagd &e preferably sz, tHeQit@y Qséd th MbADRBRRE t&uBacHThe RINIC chip
facilitates attachment of the tags to a variety of surfaces and

shapes. It 1) thd dlisdiale/ Rlquirsy ftRBlalbhilent BetviaBl the RF 1Rldrslirgnt of the
RF IC chip to the substrate elenents in Fig. 3 may not be well

adapt ed fOrinté%ﬁngatiémﬁ&rgﬁzﬁlﬁwsfr?@mmS' Mor eover, recogni zi ng

that the 5 tags are prefe y snmall, the step used in manufacture to
attach the RF IC chip to the substrate requires close alignnment

between the RE h fftirésP@tdeastiRntPoNnaesd RBuSRAHal bebAProptiedtdife a

To address at | east sone of these issues it has been proposed to use

a capaciti ‘é%ggéi{i?é;?gﬁhlllﬁﬁzé iH{e‘?é&d?{E&ﬁ '658&&?1%}4@. eﬁd;g?ﬁ@e !aﬁ% yice

and the 10 s Is 1S descri I'n consi e detai in

oubi i ol o UPETReE oo iR eTRe L ey Eedtis BREH T EqrolBhicaRbs ™

descri bed i blication is.illustrated in. Fi.g..4. t he
erbodi mont D0BADS1S8S, referncamastiar Jhakpateer pubialiohisdheermoried Bee
the RF I C device 34 and substrate 31. The antenna | eads on the
substrat e dwdeimensmwiheapgmachideseibeddn deatipiblicationds diustiateddn Fig. vhe
ceramic chip carrier with solder bunps 54. The sol der bunps connect
wi th bond pads 52 and 53 on the _ceram c chip carrier.,K The ceramc

chip carrier cof tienembodigiant of big. Aad ceramic shingarder 3 his insgriedsheiwesn
Fig. 4, and represented by capacitor 57 and capacitor plate 55, an
i nduct or pdbe &mIC dendem34andisabsiratat3disi The anterma)leads carthie supsteatered
15 shown at 32. The RF IC device 34 is attached to the ceramic chip carrier with
solder bumps 54. The solder bumps connect with bond pads 52 and 53 on the
ceramic chip carrier. The ceramic chip carrier contains a capacitor pattern,
shown on the left side of Fig. 4, and represented by capacitor 57 and capacitor
plate 55, an inductor pattern, shown on the right side of Fig. 4, and represented
20 by inductor elements 58 and 56. The elements that couple to antenna strips 32

on substrate 31 are the capacitive plate 55 and the inductor pattern represented

by 56. Fig. 4 additionally shows matching elements 57 and 58 for matching



20 by inductor elenents 58 and 56. The elenents that couple to
antenna strips 32 on substrate 31 are the capacitive plate 55 and the
i nductor pattern represented by 56. Fig. 4 additionally shows

mat chi ng el enents 57 and 58 for matching inpedance and capacitance
of the interconnections. These are nmade by known techni ques in the
multi-level chip carrjer 5]1. ,Fig. BA jllustrates an enbodi nment
of the i nvERRSHHCRIAULAPRERGRC thEﬁi"Be'i%gnP‘?ﬁt@Péo 8¢ & Madey known
antenna 32 via_integrated passive device (IPD) elenments 5 63 and 64.
El ements 6%cniAues inthe myplevelshimeaniesSt-hat el ectrically connect the
RF IC chip 34 to the antenna 32 by capacitive coupling. The |PD

elenments are forned djrectly on the RF | C chip. The portions 32a, of,
each of the ant dihAksiralRt agemborimest ofdhe givantion where ineBE E chip is

capacitors, These are shown in nore detail in Fig. 5B. T&E)ically t he
capaci t or prefrcennested ip the anteana 3divia integratgd pgssive deuise (D) alemants
runners 32. Fig. 6 shows an alternative enbodi nent of the

i nvent i Hn BBandi64. t BlenRBtd 63 ahid B4Areicapaditer platenttal etavinivally ednnect the
antenna leads 32 via IPD elenments 75 and 76. Elenents 75 and 76

represent WM clgp 3dfto shes phtenhai32dwcdapacitias iceuplingT HRse|RIPBlepiam® Al
I nductively couple to correspondi ng i nductor patterns 72 and 73 on

15subst r at gorgied directly oAh@ RFEFO&Hip Y Tha poRiSRBIA ofddchaltltite Aftenna
i mpl enenting the invention is to use capacitive elenents for

L SOEREiRg B A BT ML R op e U B

I nduct or el enents I nt erconnecti ng

chip to LheSUbRIiAh Fig. BY $picky e dapBbhic flateS B3AUA Rhvé' 3ititn ' "

t he manuf acture
" 10 greater than the antenna runners 32.

Fig. 6 shows an alternative embodiment of the invention wherein the RF
IC chip 34 is electrically connected to antenna leads 32 via IPD elements 75 and
76. Elements 75 and 76 represent windings of a spiral inductor pattern. These
IPD elements inductively couple to corresponding inductor patterns 72 and 73 on

15 substrate 31.

An alternative arrangement suitable for implementing the invention is to
use capacitive elements for interconnecting one lead of the RF IC chip to the
substrate, and inductor elements for interconnecting the other lead of the RF IC

chip to the substrate.

20 Figs. 7-9 illustrate technology useful in the manufacture of the

embodiment of Fig. A,



enbodi nent of Fig. 5A Fig. 7 shows the RF IC chip with the
final passivating |ayer 81. Layer 81 is typically silicon nitride or
silicon dioxide, but may be any suitable choice. This layer-is
typically the final layer, and thus the surface | ayer, of a typical
IC chip. It perfornms a passivating function that protects the IC chip
elenents. Vias 82 are 5 forned in |ayer 81 for the I/O

i nt er connect i onf.‘g-%/%oﬁﬁdgeﬁg&: ghipyvithethe;final passivasing dayes §dwd-avar &1 g
8. These steps resenble the conventional steps for form ng solder
bond pads fi®#ypicaily siieepniidriongjlicaredipride dOwingy be any suitatde cbeisec iThisn
substrate. However, the pads 83 in this enbodi nent serve not as

sol der bondayendstypisaliyitieeiina iayer rarchlhus the surfacedayeraof a iypaeal 1@ chip. 1t
pl ates for capacitively 10 coupling the RF IC chip to the antenna

| eads on t ipEridrhs brpsssivatiog fulictigh Yhattproieciarthé ¢C rchip ¢lbmentshe Vidsz 82 are
the plates be relatively large and flat. For exanple, the w dth of

capaci t gr [bmhe HIayerd1dfob ehedl/@ahFcdrinablidny. A bhas BB &rd fatned in viad
The capacitor plates 83 may be fornmed by sputtering a blanket |ayer

of al uni num2, @s 3hbRnn PFigt BOMhesB stdi<CiclBmble hBGoRIESIRINA Qﬁgéh&forming
al um num | ayer using 15dry etching. The dielectric layer for the

I nt erconnegyy | : : ' ' 9, Vi L
it do denie e BaLS for 1 R bAidiE R It o 3t iedtinsfia]
pl asma enhanced .CVD, An i tabl e al ternative deposition nmethod nma
be oed. " ARLBSaS, Hiavsr e Bl B Rt e sedie nola S
di oxi de, or conbinations of materials, such as silican .
ni tri de/ si IRAASnOIKNSIEr BEMmRetalizadion uptias: GaraaitorMates fos capstivelyol y of
Fig. 9 is preferably bonded to the antenna | eads 32 and substrate 31
(see Fil§. 3pupinththeRn coipiadbe iantermareads/en thecsuibsiate, odgcorsingly ihés
sui tabl e adhesive. Layer 87 in Fig. 9 represents a non-

preferred that the size of the plates be relatively large and flat. For example, the

width of capacitor plate 83 would be greater than twice the width of via 82.

The capacitor plates 83 may be formed by sputtering a blanket layer of
aluminum, 0.5 to 2 microns in thickness, and patterning the aluminum layer using
15 dryetching. The dielectric layer for the interconnection capacitor, shown at 85 in
Fig. 8, may be silicon nitride deposited to a thickness of 1000 to 5000 angstroms
using plasma enhanced CVD. Any suitable alternative deposition method may
be used. Also, a variety of dielectric materials, such as silicon dioxide, or
combinations of materials, such as silicon nitride/silicon dioxide, may be

20 substituted.

The IPD subassembly of Fig. 9 is preferably bonded to the antenna leads
32 and substrate 31 (see Fig. 5) using a non-conductive adhesive such as

epoxy, or other suitable adhesive. Layer 87 in Fig. 9 represents a non-

9



conductive adhesive layer. Alternatively the adhesive nay be applied
to the substrate, or to both the substrate and the RF IC

chi p/ capaci tor subassenbly. An approach simlar to that
described in connection with Figs. 7-9 may be used to construct the
enbodi ment of Fig. 6, nmerely substituting inductor spirals 5 for the
capacitor plates. Simlarly, conbinations of capacitive and inductive
coupl i ng ekenduyntiye agpepivedayar Adematively the adhersive BryMeapriisg dathent

of the invention is the use of capacitors for coupling the RF IC chip
to the substbsitate, dittiodatls thiisubstrateand the RR4C abipdcapactdor subassembly.

al i gnment between the RF | C chip/capacitor subassenbly and the 10
substrate, thus elimnating a critical tolerance in the manufacturing
process. As shodn@ppeoach siewer toothahdescribri in eennestion withrkigs.t7,8 may be.

i nductor spirals in the enbodinent of Fig. 6, or in device assenblies
usi ng a combedin comstufct thepambodiment @f Figd Gomerely babstituting inHocbrispieals
precisely aligned. It is also easily seen that the alignnent

t ol er ange ffarthe vapaeaimagiates.eSymitarlyy cemberations okcdpacitiverenid ihdscdive
15restrictive. The RF ICis referred to above as a chip. As

nment i oned Q@QE{[ elemﬁt@hﬁglbeﬁﬁbﬁbétw. has an RF transceiver chip and
a CMOS (or ot eng menory chip. In sone enbodi nents these nay be

separate chips, or conbined as a mutli-chip nodule. However, for |ow

cost RFID tags FheiprgieereBrerhodimept oftherifestiond thellse dfrvapasitorgifarent
described in Figs. 5A, 5B and 7-9, the dielectric layer for the

coupl i ng capaslidthe REF fY @hiptd the shibstrate AThaNS d8e in Paftitd thePabsdnge of
formed on the RF I C chip/capacitor plate subassenbly. Alternatively,

the top sulhiacd aabnmBAt Ee&m)egnﬁﬁée RFERPAibleapadioR SGhasaRTHF BRY the Y

have a bare netal “plate, an
10 substrate, thus eliminating a critical tolerance in the manufacturing process. As

should be evident to those skilled in the art, the inductor spirals in the
embodiment of Fig. 6, or in device assemblies using a combination of capacitor
and inductor elements, should be precisely aligned. It is also easily seen that the
alignment tolerance for the capacitively coupled embodiment is much less

15 restrictive.

The RF IC is referred to above as a chip. As mentioned earlier, a fypical
RFID tag has an RF transceiver chip and a CMOS (or other) memory chip. In
some embodiments these may be separate chips, or combined as a mutli-chip
module. However, for low cost RFID tags a single RF IC chip is preferred.
| 20 In the embodiment described in Figs. 5A, 5B and 7-8, the dielectric layer
for the coupling capacitors (layer 61 in Fig. 5A, and 85 in Fig. 9), is formed on the
RF IC chip/capacitor plate subassembly. Alternatively, the top surface of the RF

IC chip/capacitor plate subassembly may have a bare metal plate, and the
10



dielectric layer for the coupling capacitors nay be fornmed on the

I nterconnection areas of the antenna sections, or as a bl anket |ayer
over the substrate 31, 34. When the RF IC chip is attached to
the substrate 31 using, for exanple, an adhesive attachnent |ayer as
shown at 87 in Fig. 9, there may be a 5 substantial variation in
capaci tance of the coupling between RF I C chip and the substrate from
one at t achrrielectrio layesferdhe ceuplingtapasiorsimayrbg fernfeduemthe intescarulegtionf
this capacitance, for exanple, the material of the adhesive, the

t hi ckness dreasef thetamdenre sddliensleyrasea blanketdageriovier the suibstriate 31,34,
adhesive, etc. To reduce the effect of this variable it may be

preferred to addvaesthepRENEhip iskltashed kstheajubeirdter3elisingfor erarhple,
connection. If the capacitance of the supplenental capacitors is

| ar ge conpajresdimsive dthRhArpAfdyeRBS 8hBWhWRET it PRy, B! fhb%rr@% beb4 and the
capacitor plates associated with the antenna, which may be referred

var ?Et | Bns SUbRIEcRa ARG iPoasa gg%ﬁ%%em%hég“@'ﬁEf‘ﬁfeﬁﬁfﬁf’lﬁsﬁﬁﬁr‘?&ﬁ
S n 1
capacttor - AESHRSHREEIAELY b iR S KRB EFERI,

and the caalta e of the suppl emen apaci t or 50%
Var i at Lon el B APRR SRS S ST MateRal o teadhdeyies b,

variation in the overall circuit capacitance. Wthout the

suppl enent dhickagwcofithe adhagivedhe deptae oficrospiinking of thenadhesite. ete Tr1 D

tag circuit 20 would be 50% The addition of suppl enental

capaci t or s reduehthareffast Bf this variable & man ke piefercedhioradd a Bupplgmedtalcarry
the sane reference nunbers. The added capacitor plates are 93 and 94.

They nel) besdries capatitasielamearst tpltie esniétiand ifdHe capacidintéef e . Recal | |
that there is an advantage, in terns of aligning the coupling

capaci tor pduplphsindrtal dipadieterié ldrge compartiowithacddpatitaad sstwekh the
maki ng the coupling capacitor plates large. However, that notive is

absent Wi t b IE@S A ba LAHE AHRRICE BRI ShsdcRRAGH Wit 1R Bh@ANISWARH rody

so these plates nay be snal
be referred to. as the coupling capacitance; this-has the effect of overwhelming

variations in the coupling capacitance. The overall RFID tag circuit is then
15 designed based largely on the value of the supplemental capacitor.

For example, if the coupling capacitance is 0.5 pf, and the capacitance of
the supplemental capacitor is 5 pf, a 50% variation in the coupling capacitance
will resuit in only a 5% variation in the overall circuit capacitance. Without the
supplemental capacitor, the variation in the capacitance of the RFID tag circuit

20 would be 50%.

The addition of supplemental capacitors is shown in Fig. 10. Elements in

common with Fig. 5A carry the same reference numbers. The added capacitor

plates are 93 and 94. They may be the same size as plates 63 and 64, or

11



5 suggested in Fig. 10. The suppl enental capacitor plates nay be
formed 'in the same manner as plates 63 and 64, i.e., inathin film
nmet hod as shown in Figs. 7- 9. The thickness of the |layers shown in
Fig. 10 is exaggerated for clarity. Using a typical thin filmnethod
for form ng the supplenental capacitor plates, the values of the
capaci tance of the supplenental capacitors can be t[ghtl¥ 10
cont r ol | ed diffgfent tReqallithgldhete isiaa adviantagentimierss ofalighingthescaupling e
two plates for the supplenental capacitors, and connect the bottom
pl at es to tchpacitanpladtes tatheadidedlyingl antenna-capacior, plaleis| i makingdhe he
scope of the invention, this adds nore capacitor plates. In

concl udi ng cobplintptapacitar platesriamgel dlowdver sthaimadtivg ist dbsient with eespect to
addi ti onal 15nodifications of this invention may occur to those

skil'l ed in théreupgplementdl capadivr PM@S 93 e t9acs6 peselpigiet eadhbé 8manér, as
this specification that basically rely on the principles and their

equi val gnt | éﬂ%&% w |5
consi de?ed%vﬂbgﬁé%ﬁgphg@éggbg}hgfﬁ{pkle i n\}ent i gE as ﬁlgggﬁ‘@%%fda}ﬁ%ﬁ i the

antenna {orSL 08 TS SHELAT B BT S BB el

antenna forne _ stra the ahtenna conprising an an
capaci tor @ aﬁ?e 91? (rjlglsg Sfj th%qa)tlé}g sﬁg\%tirﬁ i—"‘fg(?’w is exaggerated for clarity. Using

a typical thin film method for forming the supplemental capacitor plates, the
values of the capacitance of the supplemental capacitors can be tightly
10 controlled. An alternative to the arrangement of Fig. 10 is to use two plates for
the supplemental capacitors, and connect the bottom plates to the coupliné
capacitor plate. However, while within the scope of the invention, this adds more
capacitor plates.
In concluding the detailed description it is evident that various additional
15 modifications of this invention may occur to those skilled in the art. All deviations
from the specific teachings of this specification that basically rely on the
principles and their equivalents through which the art has been advanced are

properly considered within the scope of the invention as described and claimed.
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c) an RF IC chip, the RF IC chip conprising at |east one coupling
capacitor plate deposited on a surface of the RF IC chip, the said
surface of the RF I C chip bonded to the substrate and to the antenna
so that the coupling capacitor overlies the antenna capacitor plate
so as t@amgctrically couple RF signals between the RF I C chip and
the antenna, the RFID tag further including at |east one suppl enental
capaci tor pHatRFiDetageempdriseng?F | C chip and the coupling capacitor
plate. 2. The RFID tag of claim11 including a dielectric |ayer forned
bet ween t he coupbgg@ugamﬂgltor plate on the surface of the RF IC chip
and the antenna capacitor plate. 3. The RFID tag of claim1l wherein
the R IC chip hgahuhidiiebimad SARAE shotabaRsarleRsLoRignq he

surface of the RF 1 C chip, and the antenna has two antenna capaC|tor

plates, with the Cou%@q&g%gsg&. R AUERAUPE WG bl gnt enna

capaci tor pl ates. erein the antenna

sections are serpenti t al r s of cI aiml
wherein the RE 1 B AR IGEhp &é’%ﬁ:ﬁ%&%g?w'ﬁwg sy o gl

coupl i ng capacitor Iate S gsited on the rface_passi vatl

layer. 6. The REPRAG f&gp@fteépa%ﬂeﬁ Wh@ sErAce Ret ?@ﬁglnzéfp%@' glurface
pl ate on the surface passivating |layer is connected to the RF IC chip
t hrough a via |n0ftﬁ@l§léé§|chmb¢rgﬂadatyéhe substratreanditpthe agtesnadodhat e

wherein the width of the coupling capacitor plate is greater than
twi ce the wi dt h obupling czpacitorgyveriias tREIaDierap cdpacitar plale sdes & alechaily
substrate conprises paper or plastic.
couple RF signals between the RF IC chip and the antenna,
the RFID tag further including at least one supplemental capacitor plate between

the RF IC chip and the coupling capacitor plate.

2. The RFID tag of claim 1 including a dielectric layer formed between the
coupling capacitor plate on the surface of the RF IC chip and the antenna

capacitor plate.

3. The RFID tag of claim 1 wherein the RF IC chip has two coupling capacitor
plates deposited on the surface of the RF IC chip, and the antenna has two
antenna capacitor plates, with the coupling capacitor plates overlying the

antenna capacitor plates.

4. The RFID tag of claim 1 wherein the antenna sections are

serpentined metal patterns.
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5. The RFID tag of claim 1 wherein the RF IC chip has a surface passivating
layer, and the coupling capacitor plate is deposited on the surface passivating

layer.

6. The RFID tag of claim 5 wherein the coupling capacitor plate on the surface
passivating layer is connected to the RF IC chip through a via in the passivating

layer.

7. The RFID tag of claim 8 wherein the width of the coupling capacitor plate is

greater than twice the width of the via.

8. The RFID tag of claim 1 wherein the substrate comprises paper or plastic.
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