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Radi o- Frequency ldentification (RFID) technol ogy has becone w dely used in
virtually every industry, including transportation, manufacturing, waste
managenent, postal trackin 1l I conciliation, and hi ghway
toll managenent. One co Eﬁﬁlﬁnﬁﬁf@%@ﬁﬂ ogy is in an Electronic
Article Surveillance (EAS) system that is to protect against shoplifting
or otherw se unaut horized remppgQfcA& @ELDFl e. I'n particular, an EAS
system may be used to detect the presence of EAS narkers (tags) that pass
t hrough an emengieatiog rdlates . rafet faequennytdysiems, dndonercipesicwarye® st ores and
the |li ke nake use of, K RFLD 1;rechnol 0 in conjunction with EAS systens to
assi st Fuplifiesmodpation imadio- eoé‘Fﬁ@’nﬁygéﬁson, and tracking of inventory. A
typical RFID systemincludes RFID tags, an RFID reader, and a conputi ng
device. The RFID reader includes a transmtter that may transmt energy or
information to the tags, and aBK?ﬁ&i;#@UNﬂ receive identity and other
information fromthe tags. The conputing device processes the information

obtained by the RFID reader..In | ,.the |nfornati ived fromthe
tags is spepRWdFQfF’Ee&u?IFF_é{aIg%IMﬁC@H?’gﬁg@PSﬁcglé?qf’%%lasbbuetcg%fet“glﬁelggl?e(e;dvll}{des

i dent i fJ;aali0R ofyAhdddhyl iR Mdih tWhHispéHdios, hatifhauling ebsterhitigement, be a

manuf act ure item a‘vehicle, an animal_ or individual, or virtually any

ot her tamstil bhekisg, pirGhebaggdee raconciliationatnsd halpvay ol managewetla st or t he

article. The ta e.used durin u i exanpl e,
to indi %@O%usﬁgif%&?wog%gyéﬁma% olgr%@%elgﬂgﬁgﬁllhg&g 3’%6%%?3 %?gct uring or
ot her uggfidko prdfeet ARinseBhopTifignd srasiefvist hanbonuedseRadilofbn edisendy  ( RF)

signals that create an energizin field, fromwhjch the tags receive
power , Rdriiowiman EAS sygge may ‘?%‘ﬁ?grﬁo deteqREnesTgIeare Egﬁﬁirﬂﬁkﬁt@ gtggq)ﬁtr rmati on.
The tags..c ni 1S] = j-ne : : | tR8 likdgakF! D
reader 5 PURURE Y ErihapoR. MFLFRLRPHORAR, koot @l Rejos:

essent i adel of REiIMDwéchaokay $h yonjuidtiencdthdtA$ systahes/focassisteinveset gynagenient, or mat i on
managenent syst eg{c{)y receiving the information fromthe RFID reader, and
per f or nPiEgNEdIng. ad FakinefdAVaLOYpdat i ng a

A typical RFID system includes RFID tags, an RFID reader, and a computing

device. The RFID reader includes a transmitter that may transmit energy or information to
the tags, and a receiver to receive identity and other information from the tags. The
computing device processes the information obtained by the RFID reader. In general, the
information received from the tags is specific to the particular application, but often
provides identification for an item to which the tag is fixed, which may be a manufactured
item, a vehicle, an animal or individual, or virtually any other tangible article. Additional
data may also be provided for the article. The tag may be used during a manufacturing
process, for example, to indicate a paint color of an automobile chassis during
manufacturing or other useful information.

The transmitter outputs Radio-Frequency (RF) signals that create an energizing
field, from which the tags receive power, allowing the tags to return an RF signal carrying
the information. The tags communicate using a pre-defined protocol, allowing the RFID
reader to receive information from multiple tags in parallel, or essentially simultaneously.
The computing device serves as an information management system by receiving the

information from the RFID reader, and performing some action, such as updating a
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the conputing device serves as a nechanism for programmng data into the
tags via wbhaswssnenm tter. To transfer data, the transm tt @CTarsd2/shieot ags

nodul ate a carrier wave according to various nodul ati on techni ques,

i ncl udi ng anplitude nodul ati on (AM, phase nodul ation (PM, frequency

modul atjon (FM, frequency shift keying (FS ul s Si.L pdul ati on
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modul at foPProghdhiRidafaUh@ the t436 vid BB SAhdubiger. makes use of an anplifier,
typically a Cass-A or a Cass-AB anplifier, to drive an antenna with a
nodul at ed oulqimansgi gata) the trapsrwitten apd theitags snadalate & GUTIEEVAYYRACPTHBHP power to
conmuni cate w th t.he t . i fi ' 10 watts
o ponetpds Plonabir kiRt R bl AR (6o, sibs S AIn 12 12T
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applications. In parficular, the invention provides a highly efficient
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enbodi ment, the invention is directed to an, apparatus, fo qro uci an
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par al | el0d miltihetts, ibushave limnsddstonmunitegionuangen tnd sintilar powpertineffmienties. | i m t ed
by a series resistor or other neans. A controller selectively controls the
first and second transistors to achieve 100% anplitude nodul ation at a

hi gh nodul ati on bandwi dth. | n ano§p®fvapedi nent, the invention is directed

to an apparatus for produci ng an _ ) . )
In general, the invention is related to an efficient amplifier for use in radio-

frequency identification (RFID) applications. In particular, the invention provides a
highly efficient amplifier that requires little power, yet has significant modulation
bandwidth to achieve high data communication rates. The amplifier incorporates many
elements of a Class-E amplifier, yet overcomes bandwidth and other limitations typically
inherent in such an amplifier.

In one embodiment, the invention is directed to an apparatus for producing an
amplitude modulated RF signal to communicate with an RFID tag. The apparatus makes
use of a class E amplifier that includes a first transistor. A second transistor is used to
connect a current path in parallel to the first transistor. The current in this path may be
limited by a series resistor or other means. A controller selectively controls the first and
second transistors to achieve 100% amplitude modulation at a high modulation bandwidth.

In another embodiment, the invention is directed to an apparatus for producing an

amplitude modulated RF signal having less than 100% amplitude modulation, such as 10%



anplitude nodul ated RF signal having | ess than 100% anplitude nodul ati on,
such as 10% 2 WO 03/034316 PCT/US02/32170 anplitude nodul ati on. The
appar at uswoaaps4dses a class E anplifier having a first tmremgissr/s7and an
i nductor coupling the first transistor to a supply voltage via a first
resistor. A second transistor is connected in parallel to the first

resisto ont .0 t O r nsistors. By
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i nduct or oup ing a |rst ransi st or Rint capaci tor to a power
suppl y tramistorf thesiontreliérsiaries thésgpipndidge and catses amplithdeniodelatopdf theer i s
used to connect a current path in parallel to the first transistor. A
third tPRALGSRY siglalconnected in parallel to the first resistor. A
controll er sg| gfhief ehiboRnt, heSinbBRiohiis ﬁmct&?t%%dﬁ%q?@héﬁdeﬁtf@ﬁﬁbﬁt ors.
The RFID reader includes an antenna to receive the a i tude nodul at ed

si gnal ERIIDY uequlet thahcdRFpresesraarnplfi¢rdhat prwdlamth@npletnﬂﬁmpdﬂmed stgnel. i nventi on

is directed t t hod af ner at.n ul at ed nal . A
first tﬁﬁ @PB&%?I 1g<$luge sAnAad r&ﬂﬁﬁ’lll%gae st ga Sa?ﬂaé’g&fﬁoq Capagiiog gu%ncy for a
first pgsw@duphlytvid's firdthesteo Mibeabhd Gartsiorf witlsih the @Sl fiek & used t¢econd

transi stor connected in parallel to the first transistor is deact.i vated.

The fi r eanneptanesireemppath ipareiel te edhef trangistrs Adghird fransigieissppracicdrigous| y
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i nvention provides nmany advan conven i‘ona ass-E amplifiers

t hat ar&aﬂsllsnbrtse(ThECRFrIEIreadevmchdesaaﬂ avermado redeivenhdanphivudé modtlaedi nvent i ve
anplifier _described herein is able to achieve substantially increased data
t r ansni $8nnd spipwt ap RE oogmunassfigR. ¢ he | arge i nduct ance of a conventi onal

O ass-E anpl if J Jﬁﬁf th%ﬁLb%Hﬁné’n@Rhéjln@Qimdn iy Qﬁect&PQ)Lﬂ Rbhes opgeﬁepﬁln‘gl&w ent

passi ng t hroug us ra anpl i tude nodul ation of ener gy
pr oducednpmwhmadum@meaA fiobtaemsigtoanph clasel aimplifierss stasldlat@atati | i zing a
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the second transistor are then simultaneously deactivated and activated, respectively, for a

second period of time.

The invention provides many advantages. Unlike conventional Class-E amplifiers
that are limited to relatively narrow modulation bandwidth, the inventive amplifier
described herein is able to achieve substantially increased data transmission rates. In
particular, the large inductance of a conventional Class-E amplifier resists rapid amplitude
modulation of the current passing through it, thus rapid amplitude modulation of the RF
energy produced by the conventional Class-E amplifier is resisted. By utilizing a second
transistor in parallel with the first transistor, and selectively activating and deactivating the
transistors, the current of the inventive amplifier does not decay and rebuild during
modulation, as with conventional Class-E amplifiers, but rather, the current level remains .
relatively constant. In addition, the inventive amplifier requires less power than other
amplifiers typically used to achieve higher bandwidth. Accordingly, the invention

provides reduced heat dissipation requirements, thereby reducing the need for costly heat



nodul ation, as with conventional C ass-E anplifiers, but rather, the
current level remains relatively constant. In addition, the inventive

anpl i fi erwoaqos43es | ess power than other anplifiers typi @arigsousadoto

achi eve hi gher bandw dth. Accordingly, the invention provides reduced heat
di ssi pation requirenents, thereby reducing the need for costly heat 3 WO
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or nore enbodi ments of the invention are _set forth in trge acconpanyi ng
dr awi ngs andTherdetailsdong o Bwreenadimentsaf the dayentian aresgf Lghdn then g

advant d i t g )L 2 gption and

i ani ngcomAipsp e HeR SRRl Mosb it R Dl TR SRS F G 1 is a
bl ock didagtitagesidflthusinyedtiongwidlrbeepparphtefrdra dhcod dscragtiveray draeingd, find &ohon

(RFI D) ﬁystem FIG2 is a block diagramillustrating an exanple RFID

reader .EFI@1ESi s a schematic diagramillustrating an exanple anplifier for
use within the RFID reader. FIG 4 is a graph illustrating an exenplary
anplitude nodul ated signal. FIG5 is a schematic diagramillustrating

anot her exanpl e anpl i f iIBRIEBPESERIRTIONOFDPBRAMANGS cader. FIG 6 is a graph
illustrating another anplitude-nodul ated signal. FIG 7 is a schenmatic

di agram i | | uBlG. atis ablah daeamplilarsiratmgin éxdaatplé Radiodueqganceldemifidativhe present
invention. DETAILED DESCRIPTION FIG 1 is a block diagramillustrating an
exanpl e(REAR) gYsequency ldentification (RFID) system 2. RFID system 2
includes an B Bist BidoRWidersth AhisRRing 4h idRkId REES Ak, With tag 14 via
radio frequency signals 16. In particular, station 4 includes RFID reader
("reader") 1PIG Bas a pehewiatie sliagreen Jlpstratintgeey ekampiaamplefe farase mthor at i on from
tag 14, Fﬁ%oduci ng and receiving RF communi cations 16 via antenna 15.
Reader tYag 14 communi cate using RF communications 16 that are

anpl i tude nogid atied oAHHANENHAENS M Semplary amplitude modulated signal.
FIG. 5 is a schematic diagram illustrating another example amplifier for use within

the RFID reader.

FIG. 6 is a graph illustrating another amplitude-modulated sigﬂal.
FIG. 7 is a schematic diagram illustrating an exemplary amplifier in accordance

with the present invention.

DETAILED DESCRIPTION

FIG. 1 is a block diagram illustrating an example Radio-Frequency Identification
| (RFID) system 2. RFID system 2 includes an RFID station (“station”) 4 that interacts with

tag 14 via radio frequency signals 16. In particular, station 4 includes RFID reader
(“reader”) 12 that provides energy to tag 14, and receives information from tag 14, by
producing and receiving RF communications 16 via antenna 15. Reader 12 and tag 14
communicate using RF communications 16 that are amplitude modulated according to a
defined protocol, such as the ISO/IEC 14443 and ISO/IEC 15693 standards specify.

Station 4 provides a workstation or other computing environment for processing
the information received from tag 14, and for providing tag programming information to

reader 12. Station 4 includes, for example, processor 8 that communicates with reader 12



defined protocol, such as the 1SQO | EC 14443 and | SO'| EC 15693 st andar ds
specify. Station 4 provides a workstation or other conputing environnment
for proceweoimg34dthe i nformati on received fromtag 14, andPicaruspr/aaradi ng tag
programming information to reader 12. Station 4 includes, for exanple,
processor 8 that comunicates with reader 12 4 WD 03/034316 PCT/ USOZ/ 32170
via conpunic
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i nter ac@%&ﬁng{l@tﬂg%ﬁ via input device 10 and display 6. Processor 8
recei ves t hePiongssor § namtbine datpéi dtabrepeasents iamom’slpm«efthapdmuesrtth a 11.

The oper at or for exanple tity o her. for ma
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exanpl eqn@Agifshy 6088 AahARRSRIE Blel iRt BRin AR etaidrUndBhiredpoh] updifesar t i cl es.
Processor 8 conmuni cates the infornmation to reader 12 via |ink 13, which
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descri beglabaie gotiag balb@:ld@\ﬁhfohﬁﬁdﬁxrfoﬂﬂleIaﬁf@éspﬂradﬁﬁla doinghimicadsfthei ent
anplifier that requires little power, yet achieves significant data rate.
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such an rrpll Ier rea can conformtd RFID
st andar mdomqaucesss ngam‘orw(HAM)rmduWiamle mndmaorglvd Wb gneti€ meedidrh and elmcykeand

reduced pome u ment s, of the lLi.fier allow. reader.12 ta.achieve
oduced o zeladaetbes i tBriouaalt Ny injcsbaies $3HY Blsis Carntig

i ncor pogat Fequirékt #t18 pg@/%f‘ SePacHRiKSEalifiotht dHa rive POE %)@fﬁl:lﬂalh ifdy conput i ng
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Conmuni on,i.nt rface 22 receives a n om station 4
opa ey RS et RESE R pRBERES RS JTES 15 150 o

transm g&ifein tCRALD Hah@rd2rbqdiring @tveider modulation bandwidth. The efficiency and

reduced power requirements of the amplifier allow reader 12 to achieve reduced size and

weight. Consequently, reader 12 may be readily incorporated into a desktop workstation
or a portable hand-held computing device, such as personal data assistant (PDA) or the
like. |

FIG. 2 is a block diagram illustrating an example embodiment for reader 12.
Communication interface 22 receives programming information from station 4 via link 13,
and forwards the information to controller 24. During transmission, controller 24 directs
amplifier 28 via control lines 25 to efficiently produce an amplitude-modulated signal 27
in accordance with a modulation scheme, such as 100% amplitude modulation. Amplifier
28 incorporates many elements of a Class-E amplifier, yet overcomes the modulation
bandwidth limitations inherent in such an amplifier,

Coupler 30 receives signal 27 and provides signal 27 to antenna 15 for
transmission as an RF communication. Coupler 30 also provides receiver 32 with a signal

29 representative of an inbound RF communication received via antenna 15. Receiver 32



anplifier 28 via control lines 25 to efficiently produce an

anpl i tude- nodul ated signal 27 in accordance with a nodul ati on schene, such
as 100% awplosisudes nodul ati on. Anplifier 28 incorporates mampuset/sarents of a
Class-E anplifier, yet overcones the nodul ation bandwidth Iimtations

i nherent in such an anplifier. Coupl er 30 receives signal 27 and provides
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oper at e{M@SFE@) &Mistsedt Haﬂmg%&ﬁ@i&h&%nﬁ&téﬂ t6 R 491a8d alsouded tPglouhd ul ar,
application of a positive bias voltage to the gate of anplifier tranS|stor
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~ transistor 50 falls back to zero prior to the off-to-on switch transition, again avoiding
switching losses.

In addition to these components, amplifier 28 includes bias transistor 39 coupled to
resistor 41, and connected in parallel to amplifier transistor 50 and shunt capacitor 52. As
described in detail below, bias transistor 39 provides a second path for supply current from
inductor 40 when amplifier transistor 50 is open. In particular, a drain of bias transistor 39
is coupled to inductor 40 via resistor 41. A source of bias transistor 39 is connected
directly to ground.

Controller 24 selectively activates transistors 39 and 50 to cause amplifier 28 to
produce an output signal in which an envelope for the signal is 100% amplitude
modulated. In particular, controller 24 switches the amplifier transistor 50 at a high-
frequency, such as 13.56 MHz, while holding open bias transistor 39. Switching amplifier
transistor 50 causes energy to be stored within inductor 40, and current to periodically
flow through amplifier transistor 50. As a result, amplifier 28 produces an output signal

having an envelope of 100% amplitude.



i nductor 40 when anplifier transistor 50 is open. In particular, a drain of
bias transistor 39 is coupled to inductor 40 via resistor 41. A source of
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selectively activates transistors 39 and 50 to cause anplifier 28 to
produce an output signal in which an envelope for the signal is 100%
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After swtching anp er transi st a period of time, controller 24
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manner, controller 24 maintains current flow through inductor 40 and

pr event modhletiemeycigs, etreang throwghhindudterdtiis et meded orredaetgjinigducivret?,
troll. 4 initiat it chi f 1. ' duri
roaut ac 10y B stolit SRS hn TR A EmAbANS T RV ORI, e

i nduct ofrodi0% afiplifide td B0 @fplitielRe ivsdquenthd e@plifiedls ymsaciivaiRidasel, t hus
allowing for a shorter rise tinme from 0% anplitude to 100% anp] | tude.

Consequédit frpnstanipies nepnexanbodimerthswply Yolege st ppvideadiye® hydeevhilat es. I1n
one enbggj . b i - \Whichesy resi stors
55° ana FHORED S aRlPRhNc Ol ARRS SF LBRAYLH Gl hokBeliny Rodihintisoua 1E0 S0
42 havkeaweappadithaces ©f 1 60 addb 0 picdFaddy raspéaivalysand mdpaotsi40eh§ havend i nduct or s
40, 48 have indyctance of 25 and 3 nmi.croHenries, respectively. In

Adi £ offaeats SA G STBRTOHTEE oshSEN LA R BESFastRt ey B et al

oxi de S%Hﬁﬁgﬁﬁﬁs@ﬁotf Jehdy 6t frﬁ%ﬁ okl REmRLAdR tor (IBEEdCt Sansifo@ 4 1S a graph

illustrating an output signal 72 produced by anplifier 28, and which has
an enve(MPSFERZ). achi eves 100% anplitude nodul ation. In particul ar, output

SLonal 2GS SRl R 5 B8P R ) B uc B Bl 25Ty evel ope
which has an envelope that achieves 100% amplitude modulation. In particular, output
signal 72 represents the voltage across resistor 53 (FIG. 3). The envelope of signal 72
switches between a maximum voltage (Vmax) and a minimum voltage (V) for a first
time period T;. During a second time period T,, output signal 72 has a voltage of
approximately 0 volts.

The simulation illustrated in FIG. 4 assumes that amplifier transistor 50 and bias
transistor 39, as well as supply voltage 34, are initially off. At 0.1 ps, controller 24 begins
a first cycle of amplitude modulating output signal 72 by switching amplifier transistor 50
at a high frequency', such as 13.56 MHz, e.g., with a 50% duty cycle. In addition,
controller 24 maintains bias transistor 39 in an off state. At approximately 4.2 ps, and
after switching amplifier transistor 50 for a time period T1, controller 24 simultaneously
activates bias transistor 39 and deactivates amplifier transistor 50. During this period,
current flows through inductor 40 to ground via resistor 41 and transistor 39, causing

output signal 72 to have an amplitude of substantially zero volts.



swi tches between a maxi num vol tage (VMAX) and a m ni mrum vol tage (VM N) for
a first tine period Ti. During a second tinme period T2, output signal 72

has a volwaga/af3ilte approxi mately 0 volts. The sinulation ilPcogatozasadoin FIG
4 assunes that anplifier transistor 50 and bias transistor 39, as well as
supply voltage 34, are initially off. At 0.1 s, controller 24 begins a

first cycle of anplitude dul atin ut S]. | .7 i j [ifi
transi ot or 99 paroxmiy b Retncig SeGiih gt e Yo IGRAR AR

duty c ! WE98. TR prés, Boritfollet aM8égtioates39 in an
of f st?t%%ﬁls/%\tsgcad%g%il:eggtogF@l@gﬁ%eg%ﬁg}%ﬂngﬂ er switching anpli filere

transi $iasrtraasisfoo39 and beginpeyitahihgranplifion transister SR Andhigwranagle lewrentact i vat es

bi as transi stor 39 and deactivates,a iLfier transi j this
per i od,fﬁ"“@ﬁg frepie llng\}éort r%&b"‘lﬁf“ﬂﬁ%é@tmﬂﬁs’ Pf)evﬁ@%n@nczl vﬁ%éér%gg &ﬂ%dgg 941 and
transi ${Qka1BPexpeAbitdedBy cOMkcRHbnA ICIARIE fdpliferfave an anplitude of

substantiall'y zero volts. 7 WD 03/034316 PCT/ US02/ 32170 _At appr.oxi mately
6.2s, and afhsesredelt.dbe enyetope of outprbsigeal i/ anore quigklyrrnhee 04 a@@gf“ﬁ]g a
second cycl e 76 of | 4 i ref , roller 24
deacti \fg%gg%heb?eﬁ%n% ?ygges?%%{ %@f@%ﬂ%’éﬁgﬁ%@g?fﬂéﬁéﬁﬁt@ ‘?ﬁg@%" FL?P it4°er transi stor
50. | n tdiissquentinemmplifiee 28 iy dbdifo achieowhippet dutoratgs thavconventiopd! CrssrBi nt ai ned
at all times, preventing current decay which is é}éﬁi.call eégeri enced by
conventamaniiers gdditionmitopterprise tiag durmeapplituds madgain ﬁﬁé"?ﬂ‘ &tbut. si gnal
72 nor i . i & LA liRSatRaRAvEMEe 76, and for
subseq(l?‘(]aﬂ?]ﬁ‘tf1 c%yc %I{sl,gﬁ-tﬁ.%gﬁthf]@?f{%)ﬁéy%% %ﬂgl?lﬁg@églugy%g’ ' ggnsequer‘{t I y,gearrpl ifier 28
i s abl eollisiashiceventoghemicéibas framdbe virans tapsy ¥at dnother adyamtagee! anplifiers.

I n addition, a shorter rise.ti dur.i | it ude .modul at.i.on
advant atﬁ%%%the\ﬁﬂgﬁntémﬁ’@d?‘a%r létlﬁ H%lﬁ%gﬁ‘ba\ugntoiagglﬁgrmhlréﬂ%tgﬁgI y and, in
partic Uéigr[a,l 7010k DitRBvisS Bl ihheé R RS CRALIWSAR I TRATEIY 16 diid RDE dohpohéte vari ous

tags. Yet another advantage of biasing the current through the inductor 40
i s the attenkit bona sthemiatigiliagran lstmatingtapather exagipde amplifior30 f8f Ber wi se i s

i nherent.j.n CasssE anplifier C : IS a
schemat‘f‘”(’ffll irgﬁgﬁi&ﬁq é%?cfu&fri %}éplgﬁn%tgpg)rr 3@)‘% ghp %ﬁgﬁ%%q}??féé:w%%feg o@alllljse within
reader 1Y% hipRAKE ntoduRkion,aueh hd 16 aBPliprdedusiantian. Sithitartto aimptifibr 28avi ng

| ess than 100% anplitude nodul ation, such as 10% anpl.iiud ul ati on.
Si mi | ardeseribadmbore.ampligier Yeuehidsey nupbeet C&W@Pﬁfﬂ%&a% igfzcﬁ%ug@%ahafﬁunber of

compon eeﬂ{‘a%g@g as & fl‘ypic@l@ClagéE azrﬁnlfﬂ%ﬂtouﬁirﬁ:d by dotted lines 75.

In addition to these components, amplifier 80 includes a modulation transistor 60

connected in parallel to resistor 58, which connects inductor 62 to supply voltage 54. In
particular, modulation transistor 60 may be a MOSFET transistor having a source and a
drain connected across resistor 58. By activating and deactivating modulation transistor
60, controller 24 varies the supply voltage received by inductor 62, and causes amplitude
modulation of the output signal produced by amplifier 80.

FIG. 6 is a graph illustrating a portion of an envelope of output signal 82 produced
by amplifier 80, in which the envelope achieves 10% amplitude modulation. In particular,
the envelope of signal 82 modulates between peak voltage amplitudes of a first maximum
voltage (Viax1) and a second maximum voltage (Vmaxz). Vmaxz may be, for example,
approximately 90% of Vyaxi.

The simulation illustrated in FIG. 6 assumes that at 0.0 us (not shown), controller
24 begins a first modulation cycle by switching amplifier transistor 64 at a high frequency,

such as 13.56 MHz, with a 50% duty cycle. In addition, controller 24 deactivates



arranged as a typical Cass-E anplifier, outlined by dotted lines 75. In
addition to these conponents, anplifier 80 includes a nodul ation transistor
60 connewDad/oB431paral lel to resistor 58, which connects PodUIsSVDS216R t o
supply voltage 54. In particular, nodulation transistor 60 may be a MOSFET
transi stor having a source and a drain connected across resistor 58. By

ti ti d.d ti ti I i | S 24 i
The supitslefBn FEasbLEE s g BR RSl By B0, ilor 58 Ima AR Boltle 24 vart es
modul atsi e aRfp dchds sk 585 | @RBdquehidd ue 8 Subheasmptiopt of sigil 8Eh@ Hpéak a gr aph

illustrating a portion of an envel ope of output signal 82 produced by
anpl i f ivetag®®f Vnmxahi ch t he envel ope achi eves 10% anplitude nodul ation. In

particul ar, ,.the envel of si,gpal e ES) - Mol t age

anpl i t udes d¥ aBp’folx?rg?te&g‘%; H‘ffr?ind\%@ ﬁsﬁéh%@@g%ﬁg&a seco@ggﬁaﬁﬁ num vol t age
( VVAX2 )oeri YAVRGRr Y Jaeactilftbs Myt tra3i3r 6R] cabink culeito bypasrekistothe
simulation’illustrated in FIG 6 assunes that at 0.0 %ot shown) ,

cont r ol58eand ipgrepsing the eavelope of sign BAGOBNY my i@ sz\/ﬁltt Ol i fi er

transi stor .64 ,at g hi : . iob, Bade duty

cycl e. ol |2?|a@51@:‘%%{’%‘ﬁ%§$ fut SighdPE2, O ot b Mont 0 A Y 32170
nmodul atmheiuldticans katieveda, seleatiig suyplyuesiaint 58 o Hdvew redistansglof 2Zedinst dihes58, and
supply valtage 54 to drop.. crosE resi st or, 581. nse uentI?/ g8k .8s the
envel op@ngs cqmgrements o1 grplifier 80, Roweysry cagde SelediRAISIRVE L Psiistel y 4.8 s,
and af terq sWdnGhhdgeanplifier transistor 64 for a tinme period, controller
24 activates nodulation transistor 60, causing current to bypass, {esi st or
58, and i ncridfs7 g sthemativ diagpsen of arsexgmplary amplifgs YMBRLEUPBO Hiple n this

nmanner, trol]ler 24 anplitude.mdul at . S| I one
enbodi %ﬁuﬁaﬂ?o%cg%ﬁ?ﬂbeg}%e {E:Qlallté{{l?%rnenlﬁ)f ﬁg%%#tg&éhn%%/glggelé%t%{orﬁ%ﬂ? uppl y
resi st o ABickillgyRedin FIE!. Stand 8G of toXuppere 100 and ¢ a4 modulaomp Ghedes  of

anplifier 80, however, can be selected to achieve other desired nodulation
schemeselermngs arg simgilerlselBbgaed-c di agram of an exenplary anplifier 90 that

supports mul fﬁ&%r@pl%ﬁ@@@lc@%ﬁges%]%%sisﬁ%495@&%&&0}‘@1 é&%ﬁh%fheqmdi ment

conbi nes el enen romthe” anplifiers illustrated in Fl and FIG 5 to
suppor ttraheBR8eramnd sdfifly noliageaidivoma fisit nesistor 53¢ h el capagiter &S eannegted/icnunber ed.

parallel to the first transistor; a second transistor 39 connected to the inductor by a second

resistor 41, wherein the second transistor controls a current path in parallel to the first
transistor and the capacitor; a third transistor 60 connected in parallel to the first resistor;
and a controller 24 coupled to the first, second and third transistors.

Various embodiments of the invention have been described, including
embodiments for producing amplitude modulated RF signals to communicate with an
RFID tag. The apparatus makes use of many of the components of a conventional class E
amplifier. Notably, advantages may be achieved by incorporating the embodiments
described above into a single RFID reader. The reader may, as illustrated in FIG. 7, for
example, readily support multiple modulation schemes, such as 100% and 10% amplitude
modulation, by incorporating the embodiments described above. Accordingly, the reader
could readily selectively use the embodiments to support a variety of tag types. In
addition, the reader may also use the bias transistor while achieving amplitude modulation
with the modulation transistor. This may be advantageous in reducing the rise time during
a modulation scheme of less than 100% amplitude modulation. These and other

embodiments are within the scope of the following claims.



The anplifier 90 conprises a first transistor 64; an inductor 62 coupling
the first transistor to a supply voltage 54 via a first resistor 58; a
shunt capaoiBo8436@ connected in parallel to the first tr&IESODB217@ second
transi stor 39 connected to the inductor by a second resistor 41, wherein
the second transistor controls a current path in parallel to the first
transi stor and the capacitor; a third transistor 60 connected in parallel
to the firsClAIMItor; and a controller 24 coupled to the first, second
and third transistors. Various enbodi nents of the invention have been
described, including enbodinments for producing anplitude nodul ated RF
signhals to ¢onnuﬁmaq@enWWﬂdmnamHﬂﬁﬁq D tag. The apparatus nmakes use of many

of the conponents cO ier. Notably, advantages
may be achi eved Bﬁﬂiﬁ§6Wﬁng¥ %ﬁﬂ' nghggaééﬁénts ﬂﬁescrlbed above into a
singl e RFI D r eadglsecoba@rangide (39yeyutrdlling b busémnt puthdniparaHblGo the fifsbr  exanpl e,
readily support multiple nodulation schenes, such as 100% and 10% anpl it ude
nodul attiansistobyniincor porati ng t he enbodi nents descri bed above. Accordingly,
the reader could fg&g 1&3’(2@388%8{1&6’1‘%1'1%’%&%%1&é&%ﬁ{f@%ﬁ%@lS to support a

variety of tag type e reader may al so use the bias
transistor while achl eving anplitude nodul ation wth the nodul ation

transi stor. This my be adv ageou in educing the.ri ng a
modul ati on Sehemd h§PPEEHISO ﬁﬁigg tﬁ?ﬁﬂ% wgﬁﬁPgﬁﬁ%%%W¥%e§£9§%% ot her
enbodi cloP B e RIGERE! @atnsisﬂﬁs MUSSWING, &lddfuftBer veheYidn B8/ 034316
PCT/ Usgge%}lﬂ(%e CH\/% . eAn appar at us E:orrprl sing: a class E agﬁltl fier

(55) haxtond t&nﬁmfoshaﬂamce;ﬁ;@me(tm graungbangradremnaaeaneqtest toeFIn O Me ol 1i ng a
current_path jn Barallel to the first transistor; and a controller (24) to
cont r ol firpHEADEISIE OY 3485188 E ond transi stors. 2. The apparatus of claim 1,
wherein the first and second transistors conprise nmet al oxi de

sem conductor field-effect transistors, (MOSFET s Ogﬁd furt h(llar wherein the
second transd.st orThreapparatisunfsteimdnvbertcifhe GPI@"’F%‘HFIHT ges AR Eonnect ed to
a drain of the . first tran | 9 sistor. 3. The apparatus of claim
1, V\/ner‘B?‘ﬁPthﬁ‘gS%i}épé?sﬁgnsest uc@ggél%&arﬁl i tude

for a first period of time, simultaneously switching the first transistor at a

frequency and deactivating the second transistor; and

for a second period of time, simultaneously deactivating the first transistor

and activating the second transistor.

4. The apparatus of claim 3, wherein the frequency is at least 13.5 6
megahertz.
5. The apparatus of claim 1, wherein the class E amplifier includes an

inductor (40) supplying current to the first transistor, and a shunt capacitor (52) connected

in parallel to the first transistor.

6.  The amplifier (90) comprises a first transistor (64);

an inductor (62) coupling the first transistor to a supply voltage (54) via a

first resistor (58);

a shunt capacitor (68) connected in parallel to the first transistor;
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nmodul ated signal in response to the controller by: for a first period of
time, sinultaneously swtching the first transistor at a frequency and
deacti vatwogsibsicecond transi stor; and for a second peri ®@d¢TAfS02/Ba1&)

si mul t aneously deactivating the first transistor and activating the second
transistor. 4. The apparatus of claim3, wherein the frequency is at |east

13.56 negahertz. 5. The apparatus of claim:l, i :
amplifier incl ude?sseﬁﬂnﬁr?ﬂfgsg r0(35)( oPoyiecd taﬁfé% #&“%f?gh{ge‘{ogﬁtr%é&‘?‘ﬁ?gf
transi stytereiffHd sBcsHiUfinsBaR6hir6lE a Chednt pathrie phetlel forth@arsatbsdistérantihe fir st

transistor. 6. The anplifier (90) conprises a first transistor (64); an
i nduct orth¢ @@pcitesupl i ng the first transistor to a supply voltage (54) via a

first i st 58) : i : j llel to th
First transi otor o g WptHRy (ARDE B AR DTIBEERABRRER T, or Ca0)
connected to the i sstieller (24) cousationhk fississdond apd 1Hird thresistors. t he second

transistor controls a current path in parallel to the first transistor and
the capacitor; a third transistor (60) connected in parallel to the first

esistor: a2 SANLEREIorCR) COMBLRONE Boiialef sdiveRRRaTdoang hird

transistors ier clarm 6, wherein the controller

sel ect i fiedt yndbetondetrasistdre first and second transistors. 8 The anmplifier
of claim®6, wherein the controller activates and deactivates the first
transi stor at a frequency, and activates and deactivates the second

transistor. @. Thenapablifid&Ir cRimd, *ihBlel: thebehted ke bixeyvdidsendeleayiviies at | east
13.56 megahertz. 10. The anplifier of claim®6, wherein the controller

act i vat &® fastdragsisior piafreguenthanljagtivatasaash dpaptiyptog thesependdfirasisipr. and
activates and deactivates the third transistor. 11. The anplifier of claim
10, wherein the frequency is at |least 13.56 negahertz. 12. An apparatus
conprising: 9 The amplifier of claim 8, wherein the frequency is at least 13.56 megahertz.

10.  The amplifier of claim 6, wherein the controller activates and deactivates

the first transistor at a frequency, and activates and deactivates the third transistor.

11.  The amplifier of claim 10, wherein the frequency is at least 13.56

megahertz.

12.  An apparatus comprising:
a class E amplifier (75) having a first transistor (64) and an inductor (62)
coupling the first transistor to a supply voltage (54) via a first resistor (58);
a second transistor (60) connected in parallel to the first resistor; and

a controller (24) coupled to the first and second transistors.

13.  The apparatus of claim 12, wherein the controller activates and deactivates

the first transistor at a frequency, and activates and deactivates the second transistor.

14.  The apparatus of claim 13, wherein the frequency is at least 13.56

megahertz.

11



a class E anplifier (75) having a first transistor (64) and an inductor
(62) coupling the first transistor to a supply voltage (54) via a first
resi stor Wwb8pn3micecond transi stor (60) connected in paralecaluson3zine fir st
resistor; and a controller (24) coupled to the first and second
transistors. 13. The apparatus of claim 12, wherein the controller
activates and deactivates th{a.fi rst tr.aE]ii stor.a fre uency, and

1156

.~ at
activates and- deddeiapperaisofglaimddnyherpig s &Py ﬁerfﬁﬁhefhcg ppar atus of claim
13, wherein the fr it i3 pRRlleNBIRO st Frandsto\éhd3/ 034316
PCT/ US02/ 32170 fSSfﬁg %ﬁg%%ozr(g%)uégﬁg?gegﬁig?m 12, wherein the 1?’fl@lpl ifier
further conpri ses thadstausistor egemillinga (et pash teparalelite thelitsl traasisiop t he
first transistor; and a third transistor controlling a current path in
par al | efdithe ¢aR cif9fr st transistor and the capacitor. 16. The apparatus of
claim 15, wherein the controller selectively activates the first and third

transistors. 17. A radi o-frequency (RF), readergq(allZ) corrp{i si.n%: %{g
anplifier (28 oublsuepperagpsad e 15 whereinghe partedles SeReHvelaraV8rHing he
anplifigr, c ri,ses.. (i) a Cass E anplifier (55) having an inductor (40)
coupl i nﬁ‘s ar?lﬁBg@%ra ﬁlﬂtélési stor (50) and a shunt capacitor (52) to a power
supply (34), and (ii) a second transistor (39) controlling a current path
in parallel to the first transistor of the Class E anplifier; a controller
(24) to cont}®l tﬁéa(*lPTf%eﬂu@}??d’@géWéerterlﬂ%g; and an antenna (15) to
receive the anpli ¢ A arBHu @Bt aRE si¥nal, GaRFa{heat i on. 18.
The RF reader of %ﬁu%ﬁ%ﬁ%l&@urt 1girngé(;orrerlnr' slilng a recei \l/%zlr (32) coupled to
the ant gnpifidreompeisisy @) aq 146 Foamplifivr (3) heving ao industaRi4D qozplingofisthe RF

reader of claim:17, wherein the troller: for finst [ of tine,
si mul t af@eisnfSDandasbugt "caﬂ?@qurk(gﬁq? raé?ﬁg’fe%‘?u@??ya(tﬁ%i and i@q%)geﬁé@(gand

deact | Vﬁﬁﬁﬁ‘s@?rt@? SREBNG S ARRNEHAR in FRSId & the fEaaRRsispenE te WisstH e,

si mul t aneousl'y deactivating the first transistor

amplifier;

a controller (24) to control the first and second transistors; and

an antenna (15) to receive the amplitude modulated signal and output an RF
communication.

18.  The RF reader of claim 17, further comprising a receiver (32) coupled to

the antenna to receive an RF communication from an RFID tag.

19. The RF reader of claim 17, wherein the controller:
for a first period of time, simultaneously switching the first transistor at a

frequency and deactivating the second transistor; and

for a second period of time, simultaneously deactivating the first transistor

and activating the second transistor.

20.  The RF reader of claim 19, wherein the frequency is at least 13.56

megahertz.

21.  The RF reader of claim 17, further comprising a third transistor connected

in parallel to a resistor limiting current to the inductor.
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and activating the second transistor. 20. The RF reader of claim19,
wherein the frequency is at |least 13.56 negahertz. 21. The RF reader of

cl ai m 17, wbwsiobsie conpri sing a third transi stor connect edPCirruspzsaié el to a
resistor limting current to the inductor. 12 WD 03/034316 PCT/ US02/ 32170
22. The RF reader of claim?21, wherein the controller activates and
deactivates the first transistor at a frequency, and activates and
deactivates the third transistor. 23. The RF reader of claim 17, further

conpri sing azgommw RALLR8: bR BC S hefedd the @BIMOIlE atfiigesndhieactivateput i ng
devi ce. 24. system conprising: a_ radi o-frequenc%f1 i R,Fa reader (12)

conpr i sthadirsinraasistensta frddeneyn dndactivaigsland deactiyatey the BEPS¥9fe ant enna
receives an anplitude nodul ated signal fromthe anplifier and outputs an
RF comruni cation, and further wherein the anplifier includes a first

transistor (59) compPRededder 8f dlomel7,Suidr yorfiBdding andmansecing itergassi st or
(39) controlling a current path in parallel to the first transistor, a

pr ocessr coBmupisatieg withe @MMPEIRYIEH RFID tag via the RF reader; and a

di splay (6) coupled to the processor to display the data to a user. 25. The
system of claim 24, further conprising an input device to receive input
fromthe usep4. 26A sylemsoosipeivirgt cl ai m 24, wherein the RF reader, the

processor and the djsplay are_jintegr d into. a portabl kce. 27. The

system of cl ai m 2aradigréiegisncy hﬁa&%gﬁ?grw@@}“?w&ﬁ %%T?glesi%é& glgont rol | er

(24) toa&gﬁh%rﬁg@é B efdid fle 2AR8nS RERALs bif ARSitEEORDIuRR sThel Systteem of claim
ern er:

27, wher ontro swtches the first transistor, at a frequency

and deaamplifitresdtongusseanR comnamidasomrang frther alersirsthy applifigr fichides per i od of
time; dd ti the first t i d i
tr ansi o e Tag T CANBUETY orgoy SEEO G Pl ol (bR (3 SREAA:

a current path in parallel to the first transistor,

a processor (8) to receive data from an RFID tag via the RF reader; and

a display (6) coupled to the processor to display the data to a user.

25.  The system of claim 24, further comprising an input device to receive input

from the user.

26.  The system of claim 24, wherein the RF reader, the processor and the

display are integrated into a portable device.

27.  The system of claim 24, wherein the RF reader further comprises a

controller (24) to control the first and second transistors.

28.  The system of claim 27, wherein the controller:
switches the first transistor at a frequency and deactivates the second

transistor simultaneously for a first period of time; and

deactivates the first transistor and activates the second transistor

simultaneously for a second period of time.
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WO 03/034316 PCT/ US02/ 32170 29. The system of claim 28, wherein the
controller switches the first transistor at |east at 13.56 negahertz. 30.
The syst ewooB/084386é m 24, wherein the RF reader further conpCirass2/aivhirrd
transi stor (60) connected in parallel to the first resistor, and controlled
by the controller. 31. The RF reader of claim30, wherein the controller

activates a deactivates .t flal i : faueR

activates a&g' deg@leis};sa?%s()ftc%emtjﬁf ?’gel{e{ngtﬁglbs %El-e %V?gc.ﬂe% met hg%anggfbgener ating
an anplg tddsent 193 hdplersd. gnal conprising: generating an anplitude

nmodul ation signal with a class E anplifier; and substantially maintaining
an operational bias of the class E anplifier while generating the signal.

33. The met hod OTTh(élsgétg?n%?f’cla‘i‘ﬁ%@g@lm%ﬁ%tg& RIFE G HithePPOMBEERNGhIDI as

conprises nmelntaining a substanti nstant current through the class E
anpl i f itemsisto3460) Tomeoridtin panileodhafiBRresintosranid sonaoitadryi thg comeollghpl i t ude
nmodul ation signal conprises: switching a first transistor of a class E
anplifier at a frequency for a first period of tinme; and when sw tching

the first transi sHRIRE A8A6HINRi T, ¥hSREONE chritesfel SétBratestad deadtioates n
parallel to the first transistor. 35. The nethod of claim 34, wherein

mai nt ai the figst tiassigpest atframancyb pad actiyeiep prd descivaies the HUFdGanskEors j r st

transi stor and activating the second transistor for a second period of
time. 36. The method of claim 34, wherein the frequency is at |east 13.56
megahertz. 494 A method of generating an amplitude modulated signal comprising:

generating an amplitude modulation signal with a class E amplifier; and

substantially maintaining an operational bias of the class E amplifier while

generating the signal.

33.  The method of claim 32, wherein maintaining the operational bias

comprises maintaining a substantially constant current through the class E amplifier.

34.  The method of claim 32, wherein generating the amplitude modulation
signal comprises:
switching a first transistor of a class E amplifier at a frequency for a first

period of time; and

when switching the first transistor, deactivating a second transistor

connected in parallel to the first transistor.

35.  The method of claim 34, wherein maintaining the operational bias
comprises deactivating the first transistor and activating the second transistor for a second

period of time.

36.  The method of claim 34, wherein the frequency is at least 13.56 megahertz.
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