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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 réceive 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 animalrlor 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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SUMMARY

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%
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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
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Radi o- Frequency ldentification (RFID) system FIG 2 is a block diagram
illustrating an exanple RFID reader. FIG 3 is a schematic diagram
illustrating an exanple a LE el e IR ¥ ID reader. FIG4 is
a graph illustrating an ewgﬁys Iﬂﬁg)é\gﬁr%%ﬁr&g?gg eg::gnal FIG5 is a
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signal . FI %%S chematic diagramillustrating an exenplary anplifier in
accordance W the present invention. DETAILED DESCRIPTION FIG 1 is a
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14, and receives information from tag 14, by
FIG 4 is a graph illustrating an exemplary amplitude modulated signal.

FIG. 5 is a schematic diagram illustrating another example amplifier for use within
the RFID reader.

FIG6isa greph illustrating another amplitude-modulated signal.

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
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conform to RFID standards requiring a wider 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 amplih;de—modulate& 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 prt:;vides 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



Communi cation interface 22 receives progranmm ng i nformation frolr[P S ti' ﬁ)ﬁn 4
via link 13, and forwards the information to controller 24. Du i7rm 0
transm ssion, controller 24 directs anplifier 28 via control lines 25 to
efficiently WP8HME%n anpl it ude- nodul ated signal 27 in accdtdAFREBHPh a
nmodul ati on scheme, such as 100% anplitude nodul ation. Anplifier 28

i ncorporates many elenents of a Cass-E anplifier, yet overcones the

modul at i oRxtrRanSkisltifornalibR oG ghd) bgr@&almﬁaslho@ﬂm@mefﬁgfax, afi@upl er 30
receives signal 27 and provides signal to antenna 15 for  transm ssion as
an RF comforwards the mforduationds canireller d4fposomimenieadion toStatigp 4¥ith a signal 29
representative of .an. itng%% RF communi cation received via antenna 15.

Recei ver S9TBIHHCANRBEIICK 03/ 034316 PCT/ US02/ 32170 extracts digital

i nformation frqmesd gnalchdfatid SHRbkead {iMsPMing @Redbhald Aeplife 23 tHndficiany

forwards the information to controller 24 for comunication to station 4 via

comuni catirediceha E04% emplipidemmagidated signal fortransmissipaly anierna Lkl 3)gg| an |
| i £ ) i Ci % i t
o onal f or Spplf@ s 3ehdie Alpite o Sbmbondif Gl 68 affarkB A A bt SlE, B 21 €

number of gl ®Ntlhel RRFIGrELRastEsIIatEs 3S. B paritdlar, ifduass 4D acaimla dutrest,
outlined in FIG 3 by dotted lines 55. In particular, inductor 40 acts as a

current sewicedoramplifieplBsangis ogupledite a sipplyvioitege 34 Ampliisr rapeistonsk 34.

Anplifier transi.stor 50 . connects,indyctor 40 t I a et al
o de. semeeBnaTEafor Al o BPREE pid pfsetelsFec i Sl helREplT

connect ed (MOS$FETD)Gta@8istd havidlg a diaitrcofindctedds Midudtor Gonhd @l soarcedd gtamdonnect ed
to a gate of anplifier transistor 50, which is operated as . a .switch in
response to a Ber 24 igeannected to4 gateof amplifigp rnwster 60, wrich igensratedas bi as
vol tage tO.4:h&; ek 1k ansl St Q.. 50 ¢ - 081G to
flowf roma%%%ﬁyﬂ%ﬁ?%%éégggh&?ﬁ%ﬁ% h@]%@g%’r%fgﬁ?%&g?ﬁk%ﬁg%h}%{ %2% %.Ci tor
52 hol ds tthéhevgité aftyenpiifier rensstar 60 ofusesarfargef duerent toafiew Stom siyiplylvokayg 34,

on-to-off switch transjtion, thereby avoidin wi.t chin | gsses, Resistor 53
repr esent gh%igatogﬁb M"l“??&'eg{"%,cap@étf’f ggaﬁ‘?laﬁﬂ'& vedtage-prstherain®fnaci t or

42, 1 nductgipite BRAGHESBineh AL EORSRIRHC ther iR avoling kaitthiti! t age of
anplifier 2 tpr anglﬂ'g%é}‘i?o %@h S acﬁﬁ?%ﬁzero bﬁ#é?itéﬂ%eﬂg?g-ﬁ)- olﬁgswi tch
transi ti ogssagaResigudiddieprgsengsittedhadof dnydifes 28, ire. .centkiona dd (F8G1 2)e Laapacitor
component 5472, fanrg?xl':tloi Allf 511(? reés{s o(%lSl’.JudaFf‘g dgsligansedtsac nt Ltst g rdra?ﬁ? v(o:l(;t)ala.J eloefd antquiﬁer

~ transistor 50 falls back to zero prior to the off-to-on switch transition, again avoiding

switching losses.

In.addit_ion to these components, amplifier 28 includes bias transistor 39 coupled to
resistor 41, and connected in paralle] 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 partiéular, 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.
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si gnal lﬁé%&lgﬁ(%ns%}l% ‘%ﬁ?%ﬁﬁ?ﬁ? ﬁ(}té’f ‘%r(g% I”Ill gﬁ %gg"lrll??roe I {}%}ﬁ %ﬁlﬁd%@lﬁ{ g?’ns current
fl ow tdmaeuth storadienergy idGndueiot 40rveasansistairned, thnealiywimgdoral shertenirise timduct or 40

from decayi ng. n controller 24 jnitiates sw.tchi of transistor 50
duri nﬁw&/egw@ﬁ\?u %ﬁ@é@mﬁﬂ&fﬁm SeqUR Béﬁfnpﬂlhfebégﬂaff ACEIPCEE s not
neededyf trhfr&1eled Eﬁoﬂélﬂﬂﬁécﬁfheﬁ@sugpﬁ} %l?ag% be pﬁiﬁd@%ctw@ QYitd, fypjRduct or 40

was mai ntai ned, thus allow ng for short rise tine fom 0% anpl i tude to
100% amwistorsiffeandChinsaguresistinces afip? afid 24 ol8s,cespecicviley €apamiosnthd2 dat a
transfer rates. In e L rent, .supply. vpltage 34 proyides five (5)

Vol t 5, Paygiepeseipast of D Sab G piroRradS FDrlise S e Bgiciers 40 iy ohns.

r espeGhii&hice J£28a0H BAhRrotfenrits, re§R¥EvVARPRCAIUATGE Bial trahSdior R0 anf Pi COFar ads,
respectively, and inductors 40, 48 have inductance of 25 and 3

m cr oHenpliede transtyberct0 may Ye metal suifietsemicondicier figldneffesttoansdtorand anpl i t ude
t rans@@ Fﬁﬁ’%ﬂy be metal oxide sem conductor field-effect transistors

( MOSF s?. I 4 is a graph illustrating an output signal 72 produced by

anpl i fier 2BIG @ngla graph illustrating an output signal 72 produced by amplifier 28, and
~ 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 (Vax) 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 us, 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.



whi ch has an envel ope that achi eves 100% anplitude nodul ati on. @
particul ar, output signal 72 represents the voltage across resi Z(AIPngB
(FIG 3). T e of signal 72 switches between a maxi | t age
(VWnhx) and h&’r%qﬁ%{)rgfju%gjvol tage (VMM for a first tinme period 'ﬁij&ﬁw:‘ﬁ
second time period T2, output signal 72 has a voltage of approxi mately 0

volts. The sinmulation illustrated in FIG 4 assunes that anplifier transistor
50 and bias tranghfd@hatel.6. A%, wed hit@defdyiYl r ¥ Ghieg@eiod A2, aowtralier Réal |y of f.
At 0.1 s, controller 24 begins a first cycle of anplitude_ nodul ating out put

si gnal 72b§gmswscmdmgclaﬁﬁ|quhmdemtéatm mpmapular,wpgtﬁomqr%@ﬁw g3§uch as

13.56 MHz 0% dut. cI e....n additi t nt ai ns
bi as tran?ﬁasstt%nb'@@r %’ﬁ aﬁ‘?‘lg‘fﬁlﬁ“ %‘Y‘g %Pp %W?‘Fﬁ&f g?y 48% ﬁ’l,gll]ﬂ&(}th gé}‘fl?&lt
swi t chi ng fRyRhg &g ihamsbr400E ni@nthided at All e ) prévestilg curtan deedy wiiicR
si mul t aneousl y activates bias transistor 39 and deacti vates anplifier

transi stoﬂmgallmmgmﬁbycp@remgnalCH@ﬁSr%wpphﬁ@ms t hrough inductor 40 to

ground vi a reS| t or nd t an5|st usin [ have
an anpl i tude of Ss"(ﬁ?é@ %ﬂ"%?%’f BF Flgnﬂﬁdﬂqeﬁﬂﬁﬁwd%&kﬁ%lgg?%’f@&
PCTI US02/ IRHAY tHY seddtit] S)6ldTHY, ehd fdr-sdBseqaétdl catles ihdaefopshe st @icle74.i me peri od
T2, controller 24 begins a second cycle 76 of anplitude nodul ation. In

parti cul atCODé@imeﬂﬁ}’,laé&P@ﬁ A& iscabils tax ashievp higher datp Eﬁ@ttb?n cunvgaton Glas E
sw t chi ng a%l[]r}f fiei ah&?iﬂ n{h%ﬁe? se tﬁrﬂe ?Pﬁﬁg magﬂﬁﬁe aﬁHﬁ Eseﬁvantfa%&ygcay

through in I'S Nl ntal ne |ng curren

which is vhapi d@ﬁinhum@ﬁmgml&m&mPWtag@ﬂmﬂﬁammelw aﬁﬂ,am:paﬁlommj avoiding. As a
result, the_envel ope of output signal 72 nmpre quickly reaches 100% anplitude
during t h&ol @m&egwpéom@mawaowﬁowb%émféﬁttaa«sy&eb%noﬂméﬁvwﬂgq e first

cycle 74. ?ggggs,g f. ?W\rﬂllﬁ a rates
t han COﬂVgrlltl naﬁe%qglggmga%%l?ﬁ é%?dl?ﬂ?egi t#lgg%%ﬁg& rter ri etttl me
duri ng amsigoali@zthabotihketiseois 1m1mre1dmﬁiﬂag-ﬁnmphﬁdn&e®mtoﬁhmﬁl€adam@mnm.h

mul tiple tags tane usl nd, in particul avoi din Si ons

bet ween conmuni 3&% Py "t‘%ég'i?an&ﬁga tah?éf’ H‘%’g’hgﬂﬂ&#"é&e of

bi asi ng t REAGHERBL 13, hlilczﬁétﬂﬁggﬁ,%rhﬂﬁ%t%r r&ﬂlcb gﬁﬁ-{)ﬁtsﬁﬁﬂ ﬁ&hﬁgléﬁs tl{ahng' ng

wi thin output signal herw se i s |n ass fiers
due to tthR&’&mplupdmmoﬂslatiﬁi Guéh asle%satrlphtrdlelnmochiilaxgnaﬁnmilhnjmanqﬂnfmgzanot her

exanpl e a I W glrﬂpggq,f o 1Hﬂ§§ﬂ Wafu{&'ggg{lgﬁ Wof compone sgi |69lut|’>gl r68 %‘H'm't ];rleer 80

produces

arranged as a typical Class-E amplifier, outlined by dotted lines 75.

In addition to thes,je 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 ontput 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 (Vmax)) and a second maximum voltage (Vmaxz). Vmaxe may be, for example,
approximately 90% of Viaxi.

The simulation illustrated in FIG. 6 assumes that at 0.0 ps (not shown), controller
24 begins a first modulation cycle by switching amplifier transistor 64 at a high ﬁ'equeﬁcy,
such as 13,56 MHz, with a 50% duty cycle. In addition, controller 24 deactjvates



100% anpl i t ude nodul ati on, such as 10% anplitude nodul ati on. nﬂiar to
anplifier 28 described above, anplifier 80 includes a nunber of éﬂ,ﬂ)&iﬂ&nt S
62, 64, 660 0GH3431 that are arranged as a typical O ass-Bappkidieh
outlined by dotted lines 75. In addltlon to these conponents, anplifier 80
I ncl udes a nodul ati on transistor connected in parallel to resistor 58,

whi ch connects i nduct 62 to suppl vol t age, 54, artic nodul ati on
t ransi E'{OB Rlagign Ly siprer g{) l\?@BﬁEﬂ‘c‘FF%g QQB,ﬂH}Qggﬁi ﬁﬁlséorg&u Slﬁ’ﬁg’ ‘éf)lt dF ai n

connec t i Q44 [ tion
transi g%gor%%’%%égﬁ%ﬁ% rFS(;Sr %o S%e?gis’ a:tfag gg%pl y ev t%gé éleggg}avegjé%% I nduct or

62, andoltesdd \aipl i tude nodul ation of the output signal produced by
anpllfler 80. FIG6 is a graph illustrating a.portion of an envel ope of

out put si gnd\t approyimaetalych® ueyand afer switshupnamplificyiranpision 64 &T\PetPlﬁﬁe ach| eves
10% agpéﬁ&d;%n@&%f'ﬁt cﬁgatra% Hmaaaﬁaxﬁfm{ tor éoh‘é‘axfs g:.vgféu%ﬁt &b a&r}eél 182

nodul et ween it udes of st maxi m vol tage

( VMAX 158 aimd lﬂcﬁ@ﬁ@gldle@%mfpﬂbf/@kﬂaﬁlgﬂ ﬁ(oHWm@g)to WMAY2Irmhys fasnnek,0r  exanpl e,
appr oxi maltqiiﬁatr 80% f VMhxi. The sinul aL n il Iust ted.ip FIG sunes t hat
2t 0. 00 e SBAIEET GHPUAEBLE S SRl TR o EIETE: o by

switch 6 Mz,

i th a*@%&ﬁ?%f AR By ReRL s ipi reletdt IF erﬁ%%e%%ﬁ%%ﬁ“ﬁt 2 B%as 034316
0 7 APRa2fB6conpOhtniSo? afplifier 86 Howetdrprantheaaketdo adieveadberidegiralir rent to
flow thr h, re5|stor 58, and supply voltage 54 to drop across resistor 58.
Conseqmé’r%f‘?@mnéf‘ B%¥s the envel ope of signal 82 has a peak voltage of
VMAXZ. At agiGO¥idBédkihatic GiaBrandStarPdxefipl&Yahpiifief oG At suppBfts hfuddjsik st or 64
for a time period, controller 24 actlvates nodul ati on transistor 60,

causi ngodulatntschamdsy Jhepresest mrtpoularedbodndent wombinss n};ntem ferméﬂla)pe of

ot aPRE GRS G T A PGS tompBuRane ang o8B Pe Bt S8 ot on 1 <

achi evelniamtssab eBhildy %Wreﬁ resistor 58 to have a resistance of 2 ohms. The
various conponents, of anplifier 80, however, can be selected to_achieve

other desir deie 2mpdifiendp SAMBERS RSt trangistoy 6psanyindueionéd rupling hefwsbf an
exenpl g5« &8Pt 4 élﬁﬁal)%)oltra%%tﬂsv'i‘aofﬁfsi lses{&hlrtS'SPL Shunt capacitor 68 connected in

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.



nodul ati on schenes. The present particul ar enbodi ment conbi nes el enents from
the anplifiers illustrated in FIG 3 and FIG 5 to support 100% afd APRY%006
nodul ation. Simlar elenents are simlarly nunbered. The anmplifier 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 capacitor
68 connected in parallel to the first transistor; a second transistor 39
connected to the inductor by a second resistor 41, wherein the second
transi st or &4l s a current path in parallel to the first transistor and
t he capaci tor; gnthird transistor 60 connected in parallel to the first
resistor; ‘and G%WFPS?F@?WEWQ%OUpIed to the first, second and third

transi stors. VakichissEanptflértes)tbaviof 20 reluctnv@0) cavpled 4w @ e gansisdardpPbed,

i ncluding enbodinments.tor pr Ci [ éﬁf' d ed RF signals to
communi cate wit A& °T§SI3%JE?°F@"§.% %H\%ﬁ%&?g{sﬁ n‘éﬁggtﬂgse’ of many of the
conponent s of aasetndmahgnel (6@ casectEd impphlid lathe rasistagdnd,  advant ages may be
achi eved by incor L P gQﬁfﬁ L ds j i.ngl e

RFI D reader. Thgcfg’g%%%éf%&f&gg i u’gﬁygﬁ e ?%&%:%%%@B?%%é%%%@h readily
support nulstadplagedrmighal.at i on schenes, such as 100% and 10% anpl it ude

nmodul ation, by incorporating the enbodi nents descri bed above. Accordingly,
the reader <could readily selectively use the enbodi nen to sypport a
variety of 2tag Tipepargtys °f&1!él-'|1t1i@ﬁ},’ﬂtq‘?@mé‘aﬁléﬁhm@éﬁi@Wmﬁ%aas
transistor cw%v_éhdt@a@cth;rgmagmam el tﬁﬁﬁﬂbﬂﬂdmhuwﬁhihdt&aomwﬂ%@ on

transi stor. This y be, advanfageous i.n r.educin e rjise tine ring a
nodul at i on %Héﬁ%&g%ﬂﬁaﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ‘ﬁ sﬁ%ﬂ Iﬁf’f’kﬁ“l‘ﬁé@%naglﬁd ot her
enbodi nent somkt Ghrirdtit flotvhierosghopeindicrohehdnahd finst mansistoniindeactdva®d7 APR 2006
CLALMS: 1. An apparatus conprising: a class E amplifier (55) having an

i nductor (40) coupled to a first transistor (50); a resistor (58) coupling
the induct 8r toThe spyapitys of olaimgewlfcsein thefirstesroomt andakicd tramsistqrsmmpoametaled i n
paral l el tq_i i I I fEg49. to control the first and
second tr aﬁgﬁ??%#?%%%ﬁ@g‘ﬂ%?ﬁﬁﬁ%ﬁﬁ%ﬁ rm%'ul ated signal. 2. The
apparatus of claim1, further conprising a third transistor (39) controlling
a current gpat hThdaparSuddteRich 8] wiréih thehi@pdratss prolificds SeSdniPlinia gho¥ufalfednt

capacitor of the class E
P signal in response to the controller by:

for a first period of time, simultancously switching the first transistor at a frequency
and deactivating the third transistor; and

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

sctivating the third transistor.

5. The apparatus of claim 3, wherein the frequency is at least 13.56 megahertz.

6. The apparatus of claim 2, wherein the controller alternatively activates the first and
third transistors to maintain the current flow through the inductor.

7. The apparatus of claim 2, wherein the controller activates and deactivates the first

10



anplifier, wherein the controller controls the third transistor t7o @&t{ai n
a substantially constant current flow through the inductor Wnerq tA 0 st
transistor is deactivated. 3. The apparatus of claim 2, wherein the fast,
second and third transistors conprise netal oxide sem conductor field-effect
transi stors (MOSFET' s). 4. The apparatus of claim2, wherein the apparatus
produces the anplitude nodulated signal in response to the controller by:
for a fir strapdstom adfequdnng ang aetivhten prebdeattivatpgithechird gansisdori j r st transi st or at
a frequency and deactivating the third transistor, and for a second period
of time, simultaneously deactivating the first transistor and activating
the third @ransiTket eppara@s of plairs pyrakeacin thediequemey is 8 1eaghby:- 2 megsh&F r equency i s
at |east 13.56 negahertz. 6. The apparatus of claim2, wherein the :
controller alternatively activates the first_and third transistors to

mai ntai n t Be culThempatarsof claim bigrbersin thefaaerisy activateyped despryess dze Bt ¢l aim 2,
wher ei n t he.,6onts 0k lpRh.R6), i:HRL 8RR hIRAGHMBURS LA ahisibr hGrQiue ARR 2006

transistor at_a frequency, and activates and deactivates the third

transi st or .mmlmﬂh@ogﬁﬁf&#am@ of claim7; wherein the frequency is at |east
13. 56 negahertz. 9. The apparatus of claim1l, wherein the controller
activates and deactivates the fira_t .transistor_ at a frequency, and

activates afd débgtapemfusof figim LG 3 {bg feaupay isag legstddrldng npl i t ude

nodul at ed signal. 10. The apparatus of claim 10, wherein the frequency is at
| east 13.56,negahertz. 11. Ladio-frequency (RP) reader (12) conprising: an
anplifier ?58) GJP%&@WW@%@‘@&WF{{S% r‘ﬁfﬁ’ﬁ%&t ed signal, wherein the

anmplifier incl ataspiifer (28) votpotting dD3mplitudd modplated sigsdl, whearis itetaoplified)) and a
shunt capacitor (52 0 P [ Ly .(34 aresistor (. jmtin
current to"fcﬁh%ef %\"d‘ﬁc ctct)?r,(g%rfg\é\@]%éz%% ?le%tﬁrsesg%%nr a(%ﬁécég?\é\%g%%}j{ﬁ i 06%1 al | el
to the reseply (348 aceidtordFi)dimitiggiyurtcot wdha indictorhand 4 secondAragsistor (590

transistorg el ddéﬁﬁl igbdde nodul ated signal; and an antenna (15)
m&% a 9\ [ tugg‘rarmgu%

to receive t np ated signal and output an RF conmunication.
12. The R F r eagefnughe@4) peenrtrol fiediraisad secandppsistore fo prodich 2t amplityfé ses:

modulated signal; and
an anteona (15) to receive the amplitude modulated signal and output an RF

communication.

12. The RF reader of claim 11, wherein the amplifier further comprises:
a third transistor (39) controlling a cutrent path in parallel to the first transistor,
wherein the controller controls the first and third transistors to maintain a substantially

constant current flow through the inductor.

13.  The RF reader of claim 11, further comprising a receiver (32) coupled to the antenna

to receive an RF communication from an RFID tag,
14. The RF reader of claim 12, wherein the controller:

for a first period of time, simultanecusly switching the first transistor at a frequency
and deactivating the third transistor; and

1



athird transistor (39) controlling a current path in parallel t téﬁgﬁ'rst
transistor, wherein the controller controls the first and third J ors
to maintain a substantially constant current Dow t hrough the inductor. 13.
The RF reader of claim 11, further conprising a receiver (32) coupled to the
antenna to receive an RF communication froman RFID tag. 14. The RF reader
of claim12, wherein the controller: for a first period of tlne

si mul t aneously gw t chi irst. transi r a f £
deacti vati ng thz rt"ﬁF‘F"d‘g%F iogt{rﬁ?‘s?n% ué’% :K% kﬁ'@d‘é ﬁgﬁ second period of

time, sinulatanesysyhitdemeisisteat i ng the first transistor and activating the
third transistor. )5. The RF reader of claim 14, wherein the frequency is at
| east 13.56 negahertz. 16. The RF reader of claim 11, wherein the controller
activates afid d@heRFverdenoftchmmflidy whereinthanfequrmy inst least Ia3fimpeahertand
activates and deactivates the second transistor to produce the anplitude
nodul at ed signal 17. The RF reader of claim1l, further conprising a .
communi cat it6n i TheRF aedef aficlaimdinwhéreinthawpomplidr agtiatnypod flergtidasithefirs g, A
system co nt enna
(15) “and ad i s B Eue el BRREtod Bab e e e e A e e
modul at ed gighitide faodwletetieigaalpl i fi er and outputs an RF conmuni cation, and
further wherein the anplifier includes a first transistor (50) coupled to a
power suppl¥ (34) via an indyctor_(40) connected in series %_resistor
(58), and a7sec®ReRF reedprafsiaim ICGW‘E'd’HH‘@EE‘QE’Fﬁ“W&?‘?"é‘ImW“P & resistor, a
Processor (8hmufichffpAiivta eabpuing@viad) RFUA tag via the RF reader, and a
display (6) coupled to the processor to display the data to a user. 19. The
system of claim 18, further conprising an input device to receive input from
the user. 28. Theyswatcenipfifing:| ai m 18, mherein t he RF reader, the processor
and the display_ are .inteqgr d i,nt or1ap|e eV| 2 m of

cl aim 18, vvherefﬁadfchg % er( 8188 rlr a%g]s a g?sdtr &Cé%%?)
control thebeicimstbe agtenrRaewings munsﬁlts@wsdqlneqamm&emahe anplliﬁer atkbortputs hat ed

signal . RF communication, and further wherein the amplifier includes a first transistor {50) coupled

to a power supply (34) via an inductor (40) connected in series to a resistor (58), and a second
transistor (60) connected in parallel to the resistor,
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.

19.  The system of claim 18, further comprising an input device to receive input from the

user.

20. The system of ¢claim 18, wherein the RF reader, the processor and the display are

integrﬁted into a portable device.

21.  The system of claim 18, wherein the RF reader further comprises a controller (24) io
control the first and second transistors to produce an amplitude modulated signal.



12 0 7 APR 2006 22. The system of claim 21, further conprising a b?l &F;k 2006
transistor (39) controlling a current path in parallel to the first

transi stor, wherein the controller alternatively activates the first
transistor and the third transistor to maintain current flow fromthe

i nductor. 23. The systemof claim 22, wherein the controller: . switches the
first transistor at a frequency and deactivates the third transistor

si mul t aneoys! y TRk sated ¢flaiR @] Rehafcotipfiting adrdtemsittor 9P sorrolinlgia citrent
transi stor and actjvates the second tran istorlséyultanFOUﬁl¥'f r.a second
period of PHkeo parallelfohe Sps Famsdan: WherpihterConfRlly S ShE Y ERYF S P& A wi t ches
the first thanGbsindtheabird easistdto midtaGourepafiew tiom 1BSinddctoet hod of
generating an anplitude nodul ated signal with an anplifier having an

i nductor (62) coupling a first transistor to a supply voltage (54) via a
resistor (28), UThespehhddlaimAlpriatingie ewrdltdni ng the first transistor of the
class E anplifier.at frequen 0 fiLrst i f ocbd ee..and swtching
a second transi V8 e%‘%ﬁgrsggmé{sés(r%%sﬂsa?ﬁ%crn%?nsdt%? v%ﬂf)?:g ucde t SIesa)(?mpl i tude
nmodul at ed siogitahzoud)§ forBrfestpetibbdf tohe;@hdi m 25, further conprising naintaining

a substant!al |YEonataMe St @or LY QHORed BE b AP BarkisRBIohdtalousis for o N

nmet hod of claim er conprising activating a activating a third
transi st or sesopdhpericdpfimeparal lel to the first transistor to maintain the
substantially constant current 28. The nethod of claim25, wherein the
frequency is at |east 13.56 negahertz. 13 -

24, The system of claim 23, wherein the controller switches the first transistor at Jeast at

13.56 megahertz.

- 25. A method of generating an amplitude modulated signal with an ampliiﬁcr having an
inductor (62) coupling a first transistor to a supply voltage (54) via a resistor (3R), the method
comprising: ' '

switching the first transistor of the class B amplifier at a frequency for a first period of
time; and
switching a second trapsistor coupled across the resistor to produce the amplitude

modulated signal.

26, The method of claim 25, further coroprising maintaining a substantially constant
current through the class E amplifier.

27. The method of claim 23, further comprising activating and deactivating a third
transistor connected in parallel to the first transistor to maintain the substantially constant

current

28.  The method of claim 25, wherein the frequency is at least 13.56 megahertz.

13





