1 A Rectifying Antenna Circuit THIS INVENTION rel ates to a rectifying .
antenna circuit for passive RF transponders. - Iazgtol'%)ﬂg -api ennas
(rectennas) for high power signals ([err] 10 dBm are us I'h satelllte and
radio relay systens. A rectifying antenna circuit achieves B'Gﬁ/ﬁg 8‘?"?”% to
DC conversion efficiencies under these conditions. In contrest,”%te I ng
antenna circuits for | ow power signals ([gerr] O dBn), achieve nmuch | ower

ef ficiencies. However, such | ow power signals are useful in passive RF
transponder appRectifyingAntennadsircuitRF i dentifi cati on (RFID) where the
voltage required at the RF transponder is in the region of one volt and the
current is in the order of tens mcroanperes ([err]A). Typically, RFID
systens consi st of a reader which sends an RF interrogation signal to a
transponder, the transponder receiving the signal and transmtting a

response sig C NGTRENL jde if'&q.ﬂs?', f t e ack
to the reade:ﬁgg ?ﬁ?ﬁe regﬁg{regcg)tnal gent'?{gt ﬁ?aﬁ%@gﬁﬁ?hﬁ%{e&@

energy recei yQdsponderpassi ve RF transponder is converted to DC power to
drive the base band circuitry of the transponder to generate the response
si gnal . In conventional |ow power rectenna circuitry designs, to
provi de maxi mum power, rectification, the inpedance of zero hias Schottky
are matched to t h&ectfidngiantenngs {redenops) forabighi popvern signgls (s 19 dBmy e by
an .antenna whi ch ha nce whi.ch .resonates
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i odes (see EorbeaSbaEr BE Rhubisfor sHHER L AgeE Theds iR 2
821). These esﬁ@&&&&ﬁgmg%ﬁamaca?&ﬁfsafdﬁ 1bWepbwee sSignhlsay 6rdBm)2akhieve
Schott ky di odes used. Further,

much lower efficiencies. However, such low power signals are useful in

passive RF transponder applications such as in RF identification (RFID) where
the voltage required at the RF transponder is in the region of one volt and the
current is in the order of tens microamperes (uA). Typically, RFID systems
consist of a reader which sends an RF interrogation signal to a transponder, the
transponder receiving the signal and transmitting a response signal cdntaining
the identification code of the transponder back to the reader so that the reader
can identify the transponder. The RF energy received by a passive RF
transponder is converted to DC power to drive the base band circuitry of the

transponder to generate the response signal.

In conventional low power rectenna circuitry designs, to provide
maximum power rectification, the impedance of zero bias Schottky are matched
to the receiving antenna. The matching circuit is achieved by intentionally
selecting an antenna which has a reactance which resonates with the junction
capacitance in the Schottky diodes or using inductance elements to match the
impedance of the antenna with that of the Schottky diodes (see European Patent
publication numbers EP-0 344 885 and EP-0 458 821). These methods of

matching constrain the types of antennas and Schottky diodes used. Further,



2 these approaches rely predoninantly on the junction capacitance of the
rectifying diodes wwthin the voltage rectification circuit to achieve the
vol tage magnification. Since the antenna and di ode are fixed, the resonant
frequency cannot be tuned wi thout redesigning the circuit or the antenna.
Ms-matching - as a result of the tolerances inherent in the conponents in
the printed circuit board of the transporfler - results in frequency

det uni ng whi ch can cause an undesjrabpl e reduction in, the optjmsed range of
the passive #eserappachpsr rely predomingatlyepnpthspiiastion tqapacitancec Hfathe ance

of the di ode_whi.ch i nanj¢ in nature wild be hi.ghly dependent upon the
power | evel ’Eﬁcﬂf}%‘gr‘ﬁea%/% W“Wéﬁ? é{ﬂhﬁg‘% ‘?“d'cta@nzﬁﬁ’g’“ﬁé?c%&?ﬁ%e @lﬁy ge
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current |evel. These variations in the reactance of the Schottky di ode can
change the rasaneslt fof ¢hedoleyamdes tinkereat $i thee Bbnpoaestsdndte @natet eoiroait
reduce avail abl e vol tage magnification_at a given frequency. The

. Y,
present i nvehoardnof thekfransponder c grsulinin ftequengy dotuaing mwhiph candcavge an
| nproved vol tage. nification,circuit for passive RFE t onders.
Accordi ngly, U%&’éllgg ughion i the, optupised 1 ?%CWBW’BB? %gﬁl%!’m% ng
antenna circuit for a passive RF transponder conprising a series resonant
circuit consisting of: an antenna; a voltage rectifier circuit including a
di ode; and a capaginbfitsGrobl i that e dhp4alftantd Of (RO Wod AWM IOU RAREL

primarily a voltage anplification role and the diode providing primarily a
rectificatioim matee will be highly dependent upon the power level of the rectifying

antenna circuitry and hence the current through the rectifying antenna circuitry.
The resistance of the shunting Schottky diode is also dynamic being dependent
on the current and will change the effective impedance of the Schottky diode
depending upon the current level. These variations in the reactance of the
Schottky diode can change the resonant frequency of the passive RF
transponder and hence reduce available voltage magnification at a given

frequency.

The present invention seeks to overcome the above problems by
providing an improved voltage magnification circuit for passive RF

transponders.

Accordingly, one aspect of the present invention provides a rectifying
antenna circuit for a passive RF transponder comprising a serieg resonant
circuit consisting of: an antenna; a voltage rectifier circuit including a diode;
and a capacitance shunting the diode, the capacitance providing primarily a

voltage amplification role and the diode providing primarily a rectification role.



3 In order that the present invention nmay be nore readily

under st ood, embodi nents thereof will now be described, by way of exanple,
with reference to the acconpanyi ng draw ngs, in which: Figure 1 is
a circuit diagramof a Schottky di ode equivalent circuit; Figure 2

is a schematic representation of a nodel of the circuit of Figure 1;
Figure 3 is a schematic circuit diagram & a rectifying antenna circuit
enbodyi ng the present i ure 4 is a wi ng,the

i nyent | on; . .Fi raph s
simul at ed rel ati oifs BRdETLtalhe Bresenf invsption, dua s Bore HRadly Andersieodi gur o
3 according t fir e i | . ng. i nyention: . . Fi gure
5is agr ag herﬁh@%e&?%ﬂg?%ﬁd\g{[gﬁé\g{ﬁ)& %@@é@f@a@y@&&gﬁ%@%‘gﬁ% ﬁg%r?ﬁcea
first exanpl ' t tdeuit of Figure 3; Figure -
6 is agr aphﬁsﬁ%vﬂaﬁgﬁwg rrpg‘fv?{sggh et\i/\dglgn a nmeasured out put DC vol tage
and a sinul ated output DC voltage of the circuit of Figure 3;-and

Figure 7 is a graph illustrating a sinulated and a neasured vol tage out put
of a second exanpFiguoé ltisie citcuitidiagram ¢f gSckottky diode equivalent circuit;

Figure 2 is a schematic representation of a model of the circuit of

Figure 1;

Figure 3 is a schematic circuit diagram of a rectifying antenna circuit

embodying the present invention;

Figure 4 is a graph showing the simulated relationship between the
voltage outputs of the circuit of Figure 3 according to a first embodiment of the

present invention;

Figure 5 is a graph showing a simulated and a measured frequency

response of a first example of an embodiment of the circuit of Figure 3;

Figure 6 is a graph showing the comparison between a measured output

DC voltage and a simulated output DC voltage of the circuit of Figure 3; and

Figure 7 is a graph illustrating a simulated and a measured voltage
output of a second example of the circuit of Figure 3.

Referring to Figure 1, in RF design, a Schottky diode can be modelled as
a combination of a resistance and a capacitance and, more particularly, as a
first resistance Ry, in parallel with a capacitance C; , which parallel

arrangement is shunted by a second resistance Ry. The first resistance Ryq is



Referring to Figure 1, in RF design, a Schottky diode can be nodelled as a
conbi nation of a resistance and a capacitance and, nore particularly, as a
first resistance Rlerr] in parallel with a capacitance Cl[err] , which
paral |l el arrangenent is shunted by a second resistance R err]. The first
resistance Rerr] is 4 the
resi stance of the barrier at the rectifyi4g contact of the Schottky di ode

and varies with the current flaow ng throygh the rectifying contact, This
resi stance i $he msistangecef thebasaenat thy rﬁpegeng soptack ph the Brhettyy amdesmd |

when the Schottky dj,ode is faormard-Dbiased. .As the.forward-bi.ased current

i ncr eases, tP@nF%W@‘t ﬂ’t‘?c@lrlf&’grfh\a c g}{gglst_heﬂqggggggﬁgnfaggi PEBSIRAREE ] i s
the parasiti E siat : ] H{H?f' e sum-
of the bond \?\ﬁ ri%_rggn‘cif_l*ga{c}i'?r géﬁé&gsidg@n%@%%ﬁérgb&g%%@ _gl SSI pat edrﬂ%;

this resi st ageRofRy AictR iBFbAVardHIASRS. - ATHRe FORMATIERA Gdrrért ihORabdsN Ehe ON
capaci tance which "arises fromthe storage of charge in the boundary | ayer

of the Schot résistanced R,y Tdeerenges.v alhetsecond wesistahosvR 4 nisFthgu perasiticaseties
sinplified to that shown in Figure 2 where R[_err! ([err]t) and Cerr]

([err]) are resistaree ob thehSchottigodiodeansheamprisesthgusuan pfihe thonds wieoandhg
rel ati onship V\/nerajco I s, the

resonant f rez‘{?gﬁ@ﬂe qui'kStar"rcﬁF-'E %lﬁ%ﬁ"%r‘h’jﬂpéﬁi i’&']t!‘iséféilsfaj"(cfé ssipated or r

and Rierr] (pehbhy - Thg[c%ﬁclitance C; is the junction capacitance which arises from the
storage of charge in the boundary layer of the Schottky diode. The equivalent
circuit shown in Figure 1 can be simpliﬁed to that shown in Figure 2 where Ry

(o) and C4 (@) are related to the components shown in Figure 1 by the

following relationships:

R
R,(w)=R_ +——2 1
1(@)=R,, I+w’R,,’C/ 1

J

1
Cd (60) = C"(I+WJ (2)

1
where o is the resonant frequency, the limits being Rpq —0, C4(w) = G

and R4 (0)— Ry.

Referring to Figure 3, a rectifying antenna circuit embodying the present
invention is shown which comprises a voltage doubler rectifier circuit
comprising a load resistance 1 and a filtering capacitor 2 connected in parallel
to one another and shunted by a pair of Schottky diodes 3,4 and a series
capacitor 5. The voltage doubler rectifier circuit is connected in parallel with
an external capacitor 6. The capacitor 6 is termed an external capacitor 6 since
it is connected external of and across the voltage rectifier circuit. An antenna 7

is connected to the external capacitor 6 and voltage doubler rectifier circuit



Referring to Figure 3, a rectifying antenna circuit enbodying the present
Invention is shown which conprises a voltage doubler rectifier circuit
conprising a load resistance 1 and a filtering capacitor 2 connected in
parallel to one another and shunted by a pair of Schottky diodes 3,4 and a
series capacitor 5. The voltage doubler rectifier circuit is connected in
parallel with an external capacitor 6. Th® capacitor 6 is terned an
external capacitor 6 since it is connected external of and across the

vol t age r ect Firough @ishott stub matehing sirguit 8. Slt bas heen shown thatasBu @hal

capacitor 6 and vol tage ,doubl.er rectifier circuit . ]
5 !to hrough a ¥3Pascs( #&@ﬁdﬁgﬂ@?%&fifhﬂ&an optimised exterul apacitar 6 gIvas) er r |

([err]) increases. wifh. th i ent .- i opt 1.1 I
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hi gher diode currents (in the order of tens of m Croanps). Such higher

di ode currenpgdeardf tersiof méctohmpe).i Such highbadivdevurentsaretrequirédindriessi ve
RF transponders so as to performnore and/or faster processing of signals.
In the circuihe hasehand cirouis within passivecRExttanspendars saas t@ pefoamdnoiee
shunted | oad of the diodes 3,4 f'gr,e mat ched with a single short stub
mcrostrip t ARORTasiEProcesfango quF%lSprovi des maxi num power transfer to the
external capacitor 6 which is then used as an AC source to be rectified by
the Schottky diodes 3,4 to a DC signal. The external capacitor 6 can be in
the formof a di S¢j&cirONRYABIh Fgtecs, 4t ekitmdllcablciisPd g e capac tor
6 has a small capacitance, tn the ordgr of pF, then"mcrostrip Is used
instead of askinfed 41 60MHRAU168¢s 32 a2 niddclisdwith @Sdifigle BhortStal afitfdsRip
capaci tance can be changed by varying the dinmensions of the mcrostrip if

t he design i sransmissioadline8bd hieptovidas maxinpun powesn transfearto thaiexterdfalequency.
| f the capacitance of the .external then it is
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capacitance, in the order of 1 pF, then microstrip is used instead of a discrete
component so as to save costs. The microstrip capacitance can be changed by
varying the dimensions of the microstrip if the design is required to be de-tuned
to operate at a particular frequency. If the capacitance of the external capacitor
6 is large, then it is preferable to use a discrete component other than microstrip
as the dimensions of the necessary microstrip would be too large to be practical
- for use in a passive RF transponder. To provide such a rectifying antenna
circuit with a retuning capability, the external capacitor 6 in the form of a
discrete component would be replaced by a variable capacitor.
In a first example of the embodiment shown in Figure 3, the following
values listed in the Table below are attributed to the respective components of

the circuit.



di screte conmponent woul d be replaced by a variable capacitor. In a
first exanple of the enbodi ment shown in Figure 3, the follow ng val ues
listed in the Table below are attributed to the respecti ve conponents of
the circuit. 6

TABLE COVPONENT VALUE Capacitor CR
1000pF Load Resistor RL 6 33 Kk[err] Schot t ky

di odes 3,4 HSMS 2852 Ser I'FZ acitor 1000
pF Ext ernal Capacitor ?iﬁ PCB di el ectric

const ant -3 Referring to Figure 4, the voltage out put across

the external capacitor 6 (Verr]) and the DC voltage output (Verr]) are
shown. This sinmul gdPRIENTES a signal i npgArpgwer of -10dBmreceived at
the antenna 7. The equivarent input voltage at this power |evel for
SO[err] mcrostrip line is 100 nV. The external capacitor 6 provides a
primarily voltage arrpllflcatlon role and the two diodes in the voltage
doubl er rectifier CapacitonCgerve mainly to r&e@4pE the input voltage fromAC
to DC al t hough they al so _have a small role in voltage magnification.
This arrangenent po8d J{@bﬁ@rﬁnltage out put 3%k&r]) across the

Schottky diodes 3,4 HSMS 2852
Series capacitor 1000 pF
External Capacitor 1 pF

PCB dielectric constant 3

Referring to Figure 4, the voltage output across the external capacitor 6
(V) and the DC voltage output (V,,) are shown. This simulation assumes a
signal input power of -10dBm received at the antenna 7. The equivalent input
voltage at this power level for 50 microstrip line is 100 mV. The external
capacitor 6 provides a primarily voltage amplification role and the two diodes
in the voltage doubler rectifier circuit serve mainly to rectify the input voltage
from AC to DC although they may also have a small role in voltage
magnification. This arrangement produces a voltage output (V) across the
external capacitor 6 of in the region of 0.6 V and a DC output voltage (Vou)
across the load resistor Ry, in the region of 0.92 V. The external capacitor 6

thereby provides a magnification of the input voltage by a factor of 9.

Figure 5 illustrates the frequency response of the rectifying
antenna circuit. The solid line represents the results of a simulation using the
components of the above example and the dashed line represents the results as

actually measured.



external capacitor 6 of in the region of 0.6 V and a DC out put vol tage
(V[err]) across the load resistor RL in the region of 0.92 V. The external
capacitor 6 thereby provides a magnification of .the input voltage by a
factor of 9. Figure 5 illustrates the frequency response of
the rectifying antenna circuit. The solid line represents the results of a
simul ati on using the conponents of the abbve exanple and the dashed |line

represents the results as actually neasured. -
7 The freq J&ﬁc‘i‘e@?ﬁ%r@ép% @lﬁf sutpuf groltage measurerar resplis agree

Shcerved i n Bt fetdiaitig A GHEN pePEniEl RIS YIRS ekt By
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mat ching circu Ich1's susceptible to error during the PCB processing.

A few nils otaghicifop 6rethe 3ingl®isfub lehgthr efthe ahbortistelsitreching @frichit-8 which

The above exanple of a rectifying antenna circuit provides nore than 25%
conver si on efs susceptihle fto emor daripgube PEIB proeessingalA few aiilscof differemceocarput
voltage. This jis substantially higher than the efficiency achieved by known
| ow power r e8hift thergsanang fiequencyeeastly. | n anot her exanpl e of the
rectifying antenna circuit of Figure 3, the sane values for the conponents
identified in the above table were used except the 1 pF external capacitor

6 is replaced wt [ i\ O | . A9
the discrete corrpg‘%lgmb%g}# métdgr??\g&@g&&@é&%%ﬁ%%ﬁ%&@?ﬁ p are
that of cost 9844 gsriversioReHiCieABPI A the power off the Sighal veckived @ the' Gitput
capacitor). Figure 7 illustrates the sinulated and neasured out put voltages
for this exawpltggeof Thisds selstaritydllychigherethan the efficienqy. achievesl by kaowd lofrer r ]

Is identified as Vout and the neasuyred V[err] is identified as Vout(exp.).
The power rectifying antenna circuits.

In another example of -the rectifying antenna circuit of Figure 3, the
same values for the components identified in the above table were used except
the 1 pF external capacitor 6 is replaced with an equivalent microstrip. The
advantages of replacing the discrete component of the external capacitor 6 with
a microstrip are that of cost-effectiveness (compared to a high accuracy 1 pF
discrete capacitor). Figure 7 illustrates the simulated and measured output
voltages for this example of the rectifying antenna circuitry. The simulated Vo
is identified as Vout and the measured V,, is identified as Vout(exp.). The
voltage across the external capacitor 6 comprising the microstrip is identified as
Vc. As can be seen from the magnitude of the voltage (V) across the external
capacitance 6 it is apparent that the voltage magnification is caused by the
microstrip comprising the external capacitor 6, the diodes in the voltage
doubler rectifier circuit primarily rectifying the voltage. The measu;'ed output
voltages are close to those predicted by the simulation (V,). The resonant
frequency can be tuned by varying the width and length of the microstrip that

replaced the external capacitor 6.



vol t age across the external capacitor 6 conprising the microstrip is
identified as Vc. As can be seen fromthe nagnitude of the voltage (Vierr])
across the external capacitance 6 it is apparent that the voltage

magni fication is caused by the mcrostrip conprising the external capacitor
6, the diodes in the voltage doubler rectifier circuit primarily rectifying
the voltage. The neasured output voltagesgare close to those predicted by
the sinmulation (V[err]). The resonant frequency can be tuned by varying the
wi dth and | ength dhetise of dhesxtémal icapacitapcades anathex advantage dpathat dt 6.
8 The use of the external, ,capacitance, has agﬁthe advant.age.in, t hat
it serves tosegsteredusedhesapacitive reastancsof the oveealbyeltaga reghifies gircuit.
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conpact t hanpysaié ntu%cﬁihg HewEen/\lic@itbnid'? andethefvoliage eedtifidhtionCaiRafifryance.
For exanpl e, "the external capacitance can reduce.the |l ength of the

t ransm ssi onThisxmakés thecovarall ftircyitey nwre tcompact thant weuld be the ddse Witheut s
primarily because the capacitive reactance of the external capacitor is
| ess than t hthe use efithegedarngl gapacitanee,e Foslexample, dhe extesnalgapsgitance can

Whilst th b d i bed | es. sh t he .di od ith. it , It
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rectifying antenna circuits enbodyl ng n

Whilst the above described examples shunt the diode with a capacitance,
it is to be appreciated that similar effects are achieved by using a primarily
inductive component to shunt the diode instead of the above described
primarily capacitive component. Thus, any component having reactance - be it
primarily capacitive or inductive - provides the above advantages to rectifying

antenna circuits embodying the present invention.



9 CLAI Ms: 1. i na circuit for a passive RF transponder
conprising a seri e:“l mﬂnmgmngm consisting of: an antenna; a voltage
rectifier circuit ineluding a dsode; and a reactance shunting the diode,

t he reactance providing primarily a voltage anplification role and the

‘di ode providing primarily a rectification role. 2. A circuit
according to Claim 1, wherein the reactapce conprises primarily an

i nduct ance. 3. A circuit according to daim 1, wherein the reactance
conpri ses pr OIAIM$:a capacitance.. 4. A circuit according to Claim 3,
wherein the capacitance conprises a discrete capacitive conmponent. 5.

A circuit according to Claim4, wherein the capacitive conponent is a

vari abl e capacitor, adjustnment of the capacitanc t uni ng, t he resanant :
frequency of 1t he PERHEYIRRGAIRIENFCW ol A Passive RE Transpondar; OmRLgRG g o
any one of clai - Wher el n. a Ge conpr | 1.6l O- ie
transm ssi ongéﬁ%‘;?gg&l%tg bu%ﬁ&cﬁr@%%aégo%i S g) a@@ e%ﬁ&?n&{‘ﬁ{é@
react ance of; oy R g r LSS ' i | fhat M t he
i monel ons. o R Biolly b ' 8REEHES il fhe iof) e R ANY ploviMinY

t he resonant pfinegily e wobfagé hemplification role and the diode providing primarily a

rectification role.

2. A circuit according to Claim 1, wherein the reactance comprises

primarily an inductance.

3. A circuit according to Claim 1, wherein the reactance comprises

-primarily a capacitance.

4, A circuit according to Claim 3, wherein the capacitance comprises a

discrete capacitive component.

5. A circuit according to Claim 4, wherein the capacitive component is a
variable capacitor, adjustment of the capacitance retuning the resonant

frequency of the rectifying antenna circuit.

6. A circuit according to any one of claims 1 to 3, wherein the reactance
comprises a micro-strip transmission line.

7. A circuit according to Claim 6, wherein the reactance of the micro-strip
transmission line is adjustable by varying the dimensions of the micro-strip,
such adjustment of the reactance retuning the resonant frequency of the

rectifying antenna circuit.



rectifying antenna citcuit. 10 8.

Acircuit accord' ing claim wherein the voltage rectifier
circuit incl udes"| mllmll*@ ! A circuit according to any preceding
claim wherein the of eac IsO conprises a Schotft 10. A

circuit according to any preceding claim whereinjfa nﬁtséﬁlmgugl S
“BhAds .Eﬁ’g

provided in series betvveen t he antenna and t he re
rectifier circuit A circuit accordin aim .he
mat chi ng ci r &ui t Acgcgmpﬁoréﬂ%tmxmmdm aﬁm,w ereie the,vokage 1e6tifiehs s

mcro-strip tran A passive RF transponder including

a rectifying °!Iﬁ’f‘§ﬁﬂ W?a?%@énrdl ng to any preceding claim

9. A circuit according to any preceding claim, wherein the or each diode

comprises a Schottky diode.
10. A circuit according to any preceding claim, wherein a matching circuit is
provided in series between the antenna and the reactance and voltage rectifier

circuit.

11. A circuit according to Claim 8, wherein the matching circuit is a short

stub matching circuit in the form of low-loss micro-strip transmission lines.

12. A passive RF transponder including a rectifying antenna circuit

according to any preceding claim.

13. A rectifying antenna circuit substantially as hereinbefore described with

reference to and as shown in the accompanying drawings.

14.  Any novel feature or combination of features disclosed herein.

This Sheet Has Been Replaced

ARG




