RF DEVICES Field of the Invention This invention relates to radi o frequency
devices and nore specifically to 5 radio frequency identification (RFID)
devi ces. Background of the Invention Information nanagenent systens are

bei ng devel oped to track the |ocation and/or status of a |arge variety of
nobile entities such as products, 10 vehicles, people, animals, etc. A

w dely used tracking technol ogy usegrpeWidEsd RFID tags that are placed
physically on the itenms being tracked. Reference herein to "itens" being
tracked is intended to include the variety of entities just nentioned as
wel | as, nore comonly, product inventories. RFID tags may be active or
passive. Active tags typically have associated 15 power systens and can
transmit dield efthe lnveRtioni st ances. Passive systens |ack internal power
but derive transmtting signal power froman incomng RF signal. However,
transmtting diEtismentiontrelatest radicfrequercysdeviees and neste specificaligta | ar ge
nunber of RFID tags, spread over a wi de physical area, requires either a

| ar ge gunhgéicfrediidrieyigentfication(REIDeHedAbee system of noving RFID 20
readers. One proposed solution to this problemis to use active RFID tags on
the products. However, active tags are relatively costly. Al though they

| end nore function to a tracking system and transmt nore effectively,

F?Ziik\elg ;eir gs arre nt ég} t(i\qel Iln>\llerrr|lt)iro?| cost effective where inventories being
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, ahimals, 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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In practical conmercial applications, passive RFID devices should be

| nexpensive and easily applied to itens being tracked. A commobn approach is
tto formthe RF conponents on a small RF I C device. The RF | C device and the
RF antenna are nmounted on a substrate, typically paper or plastic. 5 In the
manuf acture of inexpensive RFID tags, |ike that just described, fabricating

the conbi nat i o pfactibsl dmeraill SprRatibAS JARsARe! RPIRdBicas SHbLRLE

i nexpensi ve substrate, and attaching the substrate to the item being tracked

to the s : : ks ) alal . ctive
sol uti on 5XpRakiGe BRAasiF ABRIE 1o REMISING ReCIpU A PR 4PbrBhf Bl
Publ i catign 200 61983. The RE ant |s_f.or serpentine t al
runner on %{"E&'Sgtgg&f’mpoﬂ%‘tﬁﬁpé %‘Q@ﬁ%ﬁ lé%&'ﬁﬁ%ﬁe@ﬁeﬁﬁ%a%mf EEar rier
and the ceramc chip carrier is capacitively connected to the antenna. This
sol uti on RBteANBaAreimeunted aniasubatiatees typicallysnaperanplasligi t i onal cost, to the
RFID tag. 15 Statenent of the Invention W have devel oped an i nproved
passive RFID tag that uses capacitive or__inductive coupling between the RF
| C chid and t hin the:manufasture; of isexpensiveaREID tags: like dhatdtistedesoribedCoupl i ng
el ements are fornmed directly on the RF I C chip, 20 thus elimnating the
ceram c chalpicating itlee combiratiopr ofthe RF IC 2hip sndtHeaRFi itblina bAdISuitglé he cost
of the RFID tag. 2

inexpensive substrate, and attaching the substrate to the item being tracked to

the substrate poses technical and economic challenges.

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

reducing the cost of the RFID tag.



Brief Description of the Drawing The invention may be better understood when
considered in conjunction wth the drawing in which: Fig. 1 is a schematic
view of an RFID tag showi ng one arrangenent for 5 the conbination of RF
antenna and RF IC chip; Fig. 2 is a schematic view of an RFID tag show ng an
alternative arrangenent for the conbination of RF antenna and RF | C chip,

to illust Bt Dettription OF theDrawdhy! Physical configurations for this

conbi nat i ﬁﬁ—oﬁr?n%m—ﬂ#ust rates one nmethod for attaching the RF
IC chip to the . t - £l i ve nethod. faqr
attaching the @EI"&J%HFOE’ @gqﬁ?egé%r lﬁ'ﬁ%@%‘ﬁéd%ﬂtéiﬁs@@&ga g C@h“ﬁ’c&'g rier,

and couplin he, RF. IC chi.p to the antenna by capacitive coupling; Figs. 5A
and 5B ilmﬁtg'ttbﬁtdéa‘ﬁﬁgépd’}’hh'ght he approach of the invention where 15
capacitive coupling elenments are fornmed directly on the RF IC chip;, Fig. 6

i || ustrates gefig.dlisya sehematic view olkan Rl 4ag showingenearmangen®at fdtere  t he

RF I C chip and the antenna are inductively coupled; Figs. 7-9 are schematic
i || ust § at teeombirtation dfiRFraptemesand ®FsiC¢lsipf or  form ng the enbodi ment of

Fig. 5, and 20 Fig. 10 is a viewsimlar to that of Fig. 5A showing a

preferred enbogigrent 5 9éndMstit VikANbf &7 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. 5A 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.



Detail ed Description of the Invention Fig. 1 is a schematic representation
of a passive RFID tag with substrate 11, antenna sections 13a and 13b, and
RF ICchip 12. RFID tags are mniaturized as nuch as practical to allow for
the essential elenents of a 5 sem conductor 1C chip 12, typically a CMOS RF
transcei ver/ menory chip, and an antenna. The antenna in this design has

sections %eri%ﬁoﬂlﬂ:fg\)ﬂdn\’ connected to the RF IC chip. The RF

| C transc read-only rrem)ry encoded with item

data. The ante uc rec | 1

anount s of pomgllgaﬂr%rﬁa ?ﬁi&ﬁg{%}%&sg%ﬁtgh?n%g %r?@ﬁg’ |I\£) %ﬁgﬁ the RF

| C chip receives an interrqgation_signal power ed to transmt I tem
K den

dat a back 1 o20ieENRSEstippy an%@%%BEHQaphlp Bas KK tags@reag designs are

avai l abl e in many sizes and desi gns. Comon characteristics are a platform
an | C chi minaturized ammaichzas prastioalitagllowrfor the epgeritichelesnentsef@ at f or m may

be gl ass, ceram c, epoxy, paper, cardboard, 15 epoxy, or any suitable

plastis. BemitenduztstiC EHip 1y basicallyea mosqamaamcmeﬂme@rﬁorplom,im die RF
antenna sections 13a and 13b are typically printed on the substrate by

screen prig HLéd?% OThé’?@féan Wtﬁ%%esi?ér?ﬁ%%eé‘@ﬁ?@'a lfaHH 138085th 'er&tné“@ﬁfa'

patterns. e net al the antenna 1s typl umi num or copper.

oo e BB R U PR OB B 4o,

responds to the reader using RE backscatter whi ch basically reflects the
carrier wa%d-pnb'nmeﬁ@wie@&eeedwmter@ml he @antennshisihsemantingmetal e

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, ceramie, 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 process 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 is 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.



4 Variables in the conmuni cation specification include the frequency of the
carrier, the bit data rate, the nethod of encoding and any other paraneters
that nmay be needed. | SO 18000 and EPCA obal are the standards for this
interface. The interface may al so include an anti-collision protocol that
allows nore than 5 one tag in the range of the reader to signal

concurrently. Thgiadleyifl tﬁéfl:bmrﬁﬁﬁrébflbﬁ spasifieafidt mcludesthef frddliehcydTthé hese
formno part of the invention. In a typical RFID systemthe RFID tag is read

by an RFI d [ﬁgﬁi] ral

I nf or mat i c?ra\‘F bfrﬂee lggéta I§[twone t i %r%%t eﬁﬁk\dg\%ﬂp%ﬁ%d&?a% %Sgﬁgltasm ve
devi ce, adapt che e ite ng, tra ver, the
RFI D ¢ ag- fagy B8 neprighi 523 bR S ERGtianas The Sl et fordhis nfpaR,
functionality of the system The reader is an active RFID device that
communi catld§ ipterfacedngy alsmwsb&dg ¥ apticssllisionrmotecol that allewstppretiany st or es
data in the reader, and/or relays data to a central database. The central

dat abaSe kmeriagciatrae fanmgeadd thetreaderd t signalleoneysteatly. Theraaye ayaplyi cat i ons,
for exanple, large retail outlets, the RFID readers are nobile devices that

are noved speeiig GmplmentatiBhs bf s L1 fRicksB foRETo part bEfHY MvehoRF! D tag data.
Mobility in this application is necessary since the transm ssion distance

between the RFID tags and the RFID readers is very linmted, for exanple,
tens of neters Iadypiga] RENA sysiene the RFIR ¢ag tﬂf@ﬁdlby aeRID.reademtnotRFI D
readers are powered to extend the range of transm ssion between the RFID
reader s arsthowni) amdtthé ynfoomatien recarded @t a cBmital ifoonatidrnstopet i on of using a

As mentioned, the RFID tag 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 allows 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



RFID reader to sinply relay RFID tags to a central database. More typically,
the reader reads the passive RFID and stores the information |locally. This
data may 5 be downl oaded to the central store periodically, by placing the
reader in a docking device that is connected by wireless or hardwired |ink
to the central database. In the latter case, a wireless |ink between the

Cui tabl o B8 SISO CARP Kre Ay y?”“@éﬁﬁo‘é‘%?%ﬁﬁ? M2 cuncr e and
Pﬁ?ﬂs”ga@%ﬁh&&%ﬁsﬁ%ﬁ%&&ﬁ% tﬁiﬁﬁw'gé'&sz 'h%@é‘ﬁf‘sreﬁtﬁsfgitﬁgf%ﬁﬂéﬁt 'S enip
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ends of the antenna runners. The antenna sections each have a bondi ng area
at the endemote eegsivessaay onmay nethe ysed.i Retaitvahsuitable RADgkader,iandFi g. 3,
where the RF IC chip 34 is solder bunped to the bonding area of the antenna
runner s 3Zhe overad systeter cdnibpgoGid elsEvhent bhdir@dsndatiditibaal explanation ed at
31. O her conductive attachnents may be 15 used, for exanple, conductive
epoxy. CoiHgrgations of sol der bunps and conductlve epoxy layers are al so
useful. In sone cases it nmay be preferred to use gold sol der bunps on the
RF | C chip, and conductive epoxy on the substrate. In a typical use

envi ronnent, RIFIP 2 #lystrates the pariebnokforms graskivedRFilytags may assume. Fig.

2 shows substrate 21, RF IC chip 22, and serpentine RF antenna 23.

In both of the arrangements shown, i.e. Fig. 1 and Fig. 2, the I/O

10 interconnections for the RF IC 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 being tracked. 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



20 while in storage and during attachnment to the itens being tracked. Thus,
whil e inexpensive to produce, they should be robust in use. As already
i'ndi cat ed, cost considerations favor paper or plastic for the substrate
material. It is also useful, in sone applications, for the tag substrates
to be sonewhat flexible. That allows 6 the use of tape storage and

di spenser tr%’ﬁéé*ﬁﬁta;iﬁ”'ﬁoféy‘é ahd Aispendbf 8yS1emRL afd fadiRtatdPafadHmentVeithet y of
surfaces and shapes. is intuitively evident that the physical attachment

of the RFtégg o QaFléiytc;?‘asu?I‘ét‘lég raﬂhesh‘aalﬁ‘ép Nt 55 1(}2\11{: v@g evidEY tHRhE ?8‘9?%5 the 5

adapted for” sone use environments reov recogni zi

tags are ef erab t he st nuf act 0 att th RF IC
(20 are ghelenabt b PRk 1ot T STt eBRRET S 4 RSiail BF,
i nterconnection pads on the substrate. To address at | east _sorre of these

i ssues it aﬁlaptewetgn spmspeklibgse yisernvironmgidsi Moreovsr, reapgnizingthat the

I nt erconnection between the RF I C device and the 10 substrate. This is

descri bedtags arensreferably smdibtthelstep usbdin Praintifictirelol attddhothe RP IS @HipL 983,
referenced earlier. That patent publication is incorporated herein by

ref erenceg Tﬂ@swmraéqeq@h?éé:abbe%ngﬁmbh%eméad HRIRPICichjp bhistrated in Fig.

4. In the enbodi nent of 4, a Ceramc Ip carrier 51 Is inserted
bet ween I trate 31 The antenna | eads on the
substr at eﬂrﬁgrégnfg&ﬁrg\khﬁgt %é?@"#ﬁ%ﬂg ‘IC device 34 is attached to the
ceramic chip carrier with sol der burrps 54. The sol der bunps connect with

bond pads 52 agg) ?ci(;rggsd%aﬁer%?%m i tﬁeéé) skt '|ter§as B_an f)%;%ge% t% s% §ar’ I er

contalns a cap

capacitive or inductive interconnection between the RF IC device and the
10 substrate. This is described in considerable detail in U.S. Patent Publication
20080061983, referenced earlier. That patent publication is incorporated herein

by reference. The approach described in that publication is illustrated in Fig. 4.

In the embodiment of Fig. 4, a ceramic chip carrier 51 is inserted between
the RF IC device 34 and substrate 31. The antenna leads on the substrate are
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



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 elenents 58 and 56. The el enents 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 nmatching

el erent s ifpéithcefr®eapBiitincar thé MERBARECANSS. cPRESS RFRCRIbY Rown

i nt erconnections. These are nmade by known techniques In the milti-Ievel

chip carrj hn?bjuesl:lhiqh?%Iii—llé\}atcﬁg)t?%ri?ﬂﬁ.nbom ment of the invention where

the RF ICThip'1Ts nt erconnhecte € antenna 32 via integrated passive
device (IPD) elenents 5 63 and 64. Elenents 63 and 64 are capacitor plates

t hat el ectricald. : 8 i . Y, acitive
coupl i ng. - he- 1 SRANBHELEFn hodimeht By 66 fedith ABRETRREECHARE
portions 32a of each .of the anteppa, sections are the bottom plates of the
coupl i ng Eﬁ?)’é’@f‘f‘ﬁ?@ﬁ toi{he @ngnnasde Nia infearaiadaoagsive deyige ﬁitpé) éﬁ“ef‘%‘pl cally
the capacitor plates 32a will have a width 10 greater than the antenna
runners 383 andfi4.cElgments£3 and 64 aieicapacittrqulatesithabélectricallyconnedtheher ei n
the RF ICchip 34 is electrically connected to antenna | eads 32 via |IPD

el ement s RF @ohip 3 toftheramiéand 32dydcapfacitiver coplihg WThe IPT> eleiments @iré al
i nductor pattern. These |PD elenents inductively couple to corresponding

i nduct or Y | rrangemnent
sui tabl e F%ﬁ@n@f%%&nﬁﬂ’ge I?Egﬁi %h\&é'ntsrﬁ g?q@ért%ogéa of@ah oF i bhiehnd

sections are the bottom plates of the coupling capacitors. These are shown in

more detail in Fig. 5B. Typically the capacitor plates 32a will have a width

- 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. 5A.



use capacitive elenents for interconnecting one lead of the RF 1C chip to
the substrate, and inductor elenents for interconnecting the other |ead of
the RF 1C chip to the substrate. 20 Figs. 7-9 illustrate technol ogy usef ul
in the manufacture of the enbodinent of Fig. 5A. 8 Fig. 7 shows the RF IC
chip wth the final passivating |ayer 81. Layer 81 1is typically silicon

nitride or sili S ; ! Thi yer is
typically the fméin] g?%éé?% met ﬁmsé v?ﬁ\e%fgrfﬂgta@?igéteuﬁ@%ﬁ?g% ;Lﬁi'ce&bﬂ C chip.

52 are 5 (ORI 3Hichf oie'dhildcibRle, RECHE kR A atetie BofeidHi . o
convent | oYSrde B’;S’écqﬁbfrth?gf‘m]'ﬁge’ it imadiane Aar, ¢4 BRACEIN Ko t he

RF 1 C chip to an interconnection substrate. However the pads 83 in this
enbodi nentpestorms apassiating fuaction tnt pratests the IGhchip elempntset Mias B aren, but

as capacitor plates for capacitively 10 coupling the RF IC chip to the
antennd | dansedin lager 8Ulfiot thatlfO iMtercorhentibns.i /0 padP83 e farthddniatviadie si ze
of the plates be relatively large and flat. For exanple, the wdth of

capaci t or gy akahdwn'AWi§. @emegefs?épé RABMBIE B &aﬁ% SHtidnB| 95% ¥ifgr fg%mlr-ﬁ‘e

capacitor plates 83 may be forned by sputteri ng | anket yer

ising 15 %J%féq%aﬁé%&ﬁﬂi"pd%b@e?@ﬁﬁ%?q? ¢ RS iekctinbtthon

capacitor, shown at 85 in may be silicon nitride deposited to a
t hi ckness Ssibstratey Hewewen t%gggs &3dn th|s embodiment serve not as solder bond

pads, or under bump metallization, but as capacitor plates for capacitively
10  coupling the RF IC chip to the antenna leads on the substrate. Accordingly it is
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. 9, 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



usi ng plasma enhanced CVD. Any suitable alternative deposition nmethod may

be used. Also, a variety of dielectric materials, such as silicon dioxide,

or conbinations of materials, such as silicon nitride/silicon dioxide, may
be 20 substituted. The |IPD subassenbly of Fig. 9 is preferably bonded to the
antenna | eads 32 and substrate 31 (see Fig. 5) using a non-conductive

adhesi ve ggRudfve &dHESIve RiyeP! Aﬂérrfa‘t'wéﬁtihé a%ﬁ@@ﬁé\fﬁay badiplied thihd1 9. 9
represents a non 9 conductive adhesive'layer. Alternatively the adhesive nmay

chi pf bapactPRySEEar REBRRH! 6 Subtiral? Rk REACploaPREN St ilabSatib.

connection with Fi gs 7-9 may be wused to construct the enbodi nent of Fig.

6, nerely subs it

Simlarly, n%‘l % s %ﬂ“%’g@&ﬁﬁ @%@'ﬁ&ﬁ nbgaé&?‘g@ﬁpl é eﬁgﬁ?s may
be fabricated, The ef erred enbodi f the inyention the use of
capacitorySParto cBBafhchiferraosmant o Fig. BomarehtiStiufg mdurier sedise i n
part to the absence of critical alignment between the RF | C chip/capacitor
subassénbifgr thecapasitaoplatesst Bimilarly: sombinations £f icagaaitive ianddaductiveer ance i n
t he manufacturing process. As should be evident to those skilled in the
art, the icodplingelemmentsinsay betfbbricatebbodi nent of Fig. 6, or in device
assenbl i es using a conbination of capacitor and inductor elenents, should
be precisely aligned. It is also easily seen that the alignnent tol erance

for the capaci tThegpreferee batbadifpest oFthe ihderntioMis |t ©ise of capacitors for

coupling the RF IC chip to the substrate. This is due in part to the absence of
critical alignment between the RF IC chip/capacitor subassembly and the

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 typical
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 7-9, 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



15 restrictive. The RFI1Cis referred to above as a chip. As nentioned
earlier, a typical RFID tag has an RF transceiver chip and a CMOS (or
other) menmory chip. In some enbodi nents these nay be separate chips, or
conbined as a nmutli-chip nodule. However, for |Iow cost RFID tags a single
RF ICchipis preferred. 20 In the enbodi nent described in Figs. 5A 5B and

7-9, the Cﬂiébéﬁgl"éﬁeﬂ f8y tHe cé&ﬁlinb{!ﬁaéfa@%@% @gxmﬁhbﬂrﬁ Meaiﬁfe;rggﬂgé'u%ioﬁi g. SA

and 85 in Fig. I's formed on capacitor p assenbl y.

Al ternativel e rf f_the I ' ci.t,or pl

subassenbl e%%?*ﬁﬁ%&%nﬁgﬁg%ﬁé?glor 3 E!;ngﬁ@qgﬁt%%raﬁl e?@&trﬁ?%%hgver for the
coupling capacitors formed on the interconnection areas of the
antenna secti oa&ﬂeaﬁﬂg?éﬁbpawwg@fﬁa&%g tothg substrale $d ysing. 91 eXamplghen t he
RFE ICchip is attached to the substrate 31 using, for exanple, an adhesive
at t achnentan aghesive atachment lager as shpwn a8 87tindrig. fdheteemaydeaabst ant i al
variation in capacitance of the coupling between RF IC chip and the

subst r gt e substarmiaévariatiorhinesdpacitanc® bhitie caepling Petveeh W |Tekip aid tence t he
val ue of this capacitance, for exanple, the material of the adhesive, the

s S N AR SIS S

To reduce t I's variable e prefterr

suppl enental 10 .series capacijor ele to the connection. |Lf the

capaci t anctiy of C@Qﬁfﬂ%ﬁ@n{%ex@mpﬁ'%wgaﬁeé'a' %&6‘@ Q‘{ﬂ?p*é‘feeahw th the
capaci tance_ between the plates 63, 64 and the capacitor plates associ ated
with the dhicknass ofithecadhasjve, the degree of crosslinking of the adhesive, etc. To

reduce the effect of this variable it may be preferred to add a supplemental

10 series capacitor element to the connection. If the capacitance of the
supplemental capacitors is large compared with the capacitance between the
plates 63, 64 and the capacitor plétes associated with the antenna, which may
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 result 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



be referred to as the coupling capacitance, this has the effect of
overwhel mng variations in the coupling capacitance. The overall RFID tag
circuit is then 15 designed based |argely on the val ue of the suppl enental
capacitor. For exanple, if the coupling capacitance is 0.5 pf, and the
capaci tance of the supplenental capacitor is 5 pf, a 50%variation in the

coupling effRReht AREEal Mt 'thér@ﬁﬁ'eah édwa?.m%éﬁ? gﬁ‘lﬁﬁg& Aldnity {ritéhé6l§>|m erall

circuit capacitance. Wthout t suppl € pacitor’, e Variation in

Suppl onenaP gty iptae e HoBflFblaibina Eebator hatBs Hihaliffl i 1 el

5A carry the sane reference nunbers. The added capacitor ates are 93 and
00 “They FRUPHE ERRACPIAIES TGS (HONRTs DAl RPIE 1 Gbsent WRh Tesieatt (6 rocal |

that there is an advantage, in terns of aligning the coupling capacitor
pl at es t o théxsupplemeanjalcapacitenplatesfaa@nd@4, siothese piatesataype smallec.@aspl i ng
capacitor plates |arge. However, that notive is absent with respect to the

suppl esentsaggesteddn tFig. 10.aThe sﬁﬁrwmler&él capaditor pratesd aigsbertyrniz iprthel er, as
5 suggested in Fig. 10. The suppl enental capacitor plates nay be fornmed in

e, 2 W ARS8 AR08 i i VB g

in Figs. e layers s I's exdgger at ed

for clarity. ' a tvni thin fil.myoethod for form the, s | enent al
capact tor i TEtTekneds' IhERyest b b5 85 ¥ger g drAlnG 78hs
capacitors can be_ti_PhtIy 10 controlled. An alternative to the arrangenent
of Fig. 1@ typicabthin film meethpdfacfaraying 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 coupling
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 maodifications 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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t he suppl enental capacitors, and connect the bottom plates to the coupling
capacitor plate. However, while within the scope of the invention, this adds
nore capacitor plates. In concluding the detailed description it is evident
that various additional 15 nodifications of this invention may occur to
those skilled in the art. Al deviations fromthe specific teachings of
this speciduAsimsS:on that basically rely on the principles and their
equi val ents through which the art has been advanced are properly considered
within th sipdention as described and clained. 12 CLAIMS: 1.
RFI D tag ?b?{)ﬂ?’éﬁ%‘?&ﬁ?"gngbbstrate, b) an antenna formed on the substrate,
5¢) an RF IC (‘aglplﬁ)%ﬂ%%g to the substrate and the antenna, the RF IC chip
conprising at | A oupling capacitor plate forned on the surface of
the RF IC chip,so as .to el ectricall]y couple RF signals between the RF IC
chip and the a @Hrﬂ?teﬂﬂa@rmoﬁﬂ%syﬁﬁt@ﬁvcl aim 1 wherein the antenna
conprises at | east one antenna capacitor plate and the coupling capacitor
pl ate 6n the swg)farcRFAC chip tikfhded tolthe substeatei ard thecartenbanthedRp 4Cichip
plate. 3. The RFID tag of claim2 including a dielectric |layer forned

between the 1gopfpHRingdt RABREHE ebuplii] Sapatifol pldte Fomeed eh thésufflace ef chi p
and t he ant enna

the RF IC chip so as to electrically couple RF signals between the RF IC

chip and the antenna.

10 2. The RFID tag of claim 1 wherein the antenna comprises at least one antenna
capacitor plate and the coupling capacitor plate on the surface of the RF IC chip

overlies the antenna capacitor plate.

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

capacitor plate.

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

antenna capacitor plates.

5. The RFID tag of claim 1 wherein the antenna sections are serpentined metal

13



capacitor plate. 4. The RFID tag of claim1l wherein the RF I C chip has two
coupling capacitor plates forned on the surface of the RF IC chip, and the
antenna has two 20 antenna capacitor plates, with the coupling capacitor

pl ates overlying the antenna capacitor plates. 5. The RFID tag of claiml
wherein the antenna sections are serpentined netal 13 patterns. 6. The
RFID tag §5ﬁ8h§_nll wherein the RF I C chip has a surface passivating |ayer
and the coupling capacitor plate is formed on the surface passivating |ayer.
5 7. The RFID tag of claim®6 wherein the coupling capacitor plate on the
surface passivating |layer is connected to the RF IC chip through a via in

t he passi yatin |l ayer. 10.8., The RFILD of .claim?7 erein the wdth of
t he coupl %ngfhéﬁgysﬁ%g offlaim tw eEﬁl%gfeePiﬁﬁa?h'P\Maéea pWiack pass¥atinthe via. o.
The RFID tag of claim1 wherein the substrate conprises paper or plastic.
15 10. Théayer and the epupling capacitar plaée is fesmedianthersurtace: passivatingdayerent al
capacitor plate between the RF I C chip and the coupling capacitor plate. 11.
RFID tag conprising: a) a substrate, 20 b) an antenna formed on the
substrat e,
7. The RFID tag of claim 6 wherein the coupling capacitor plate on the surface
passivating layer is connected to the RF IC chip through a via in the passivating

layer.

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

greater than twice the width of the via.
9. The RFID tag of claim 1 wherein the substrate comprises paper or plastic.

15 10. The RFID tag of claim 1 further including at least one supplemental

capacitor plate between the RF IC chip and the coupling capacitor plate.

11. RFID tag comprising:
a) a substrate,
20 b) an antenna formed on the substrate,
¢) an RF IC chip bonded to the substrate and the antenna, the RF IC chip
comprising at least one inductor element formed on the surface of the RF

IC chip so as to electrically couple RF signals between the RF IC chip and
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c) an RF I C chip bonded to the substrate and the antenna, the RF IC chip
conprising at |east one inductor elenent forned on the surface of the RF IC
chip so as to electrically couple RF signals between the RF IC chip and 14
the antenna. 12. The RFID tag of claim 11 wherein the antenna conprises at

| east one antenna inductor elenment and the inductor elenent on the surface
of the RF IC #hehBhterpwer!ies the antenna inductor elenent. 13. The RFID tag
of claim12 including a dielectric layer formed between the inductor

el enent on the surface of the RF IC chip and the antenna inductor elenent.
10 14. The RFID tag of claim 13 wherein the RF I C chip conprises two

i nduct or I n r me n the surface of the RF I C chip, and the antenna
conpri ses 192t &ﬁ\eeahf‘gﬁg%g PE&@H{'O{H Wﬁ@?ﬁé’hf@e ﬁﬂ@“f‘ﬁé:W'qeﬁd?fgﬁﬁgt U%enents on
the RF IC chip overly the two inductor elenments. 15 15. The RFID tag of

cl ai m 13 \anemiainduetorelergeshapd tsmindustas elervaphen the sufdaee of thelRFHE ant enna
conprises a capacitor plate and the capacitor plate on the RF IC chip
overli &s tdhip avértiestheaptennadndpdtet elen?éhtl6. The RFID tag of claim 13
wherein the RF I C chip has a surface passivating |ayer, and the inductor
element is formed on the surface passivating |ayer.

13. The RFID tag of claim 12 including a dielectric layer formed between the

inductor element on the surface of the RF IC chip and the antenna inductor

element.

10
14. The RFID tag of claim 13 wherein the RF IC chip comprises two inductor
elements formed on the surface of the RF IC chip, and the antenna comprises
two antenna inductor elements and the two inductor elements on the RF IC chip
overly the two inductor elements.

15

15. The RFID tag of claim 13 wherein the RF IC chip comprises a capacitor
plate and the antenna comprises a capacitor plate and the capacitor plate on the

RF IC chip overlies the antenna capacitor plate.

20 16. The RFID tag of claim 13 wherein the RF IC chip has a surface passivating

layer, and the inductor element is formed on the surface passivating layer.

17. The RFID tag of claim 16 wherein the inductor element on the surface
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17. The RFID tag of claim 16 wherein the inductor elenent on the surface 15
3 passivating layer is connected to the RF IC through a via in the
passivating layer. 18. The RFID tag of claim 13 wherein the substrate

conprises paper or plastic. 16 1

passivating layer is connected to the RF IC through a via in the passivating layer.

18. The RFID tag of claim 13 wherein the substrate comprises paper or plastic.
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